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IEM-NUCLEAR SYSTEMS, LLC 

140 Stoneridge Drive 9 Columbia, South Carolina 29210 9 (803) 256-0450 5 January, 2001 
E&L-002-01 

Mr. E. William Brach 
Director, Spent Fuel Project Office 
Office of Nuclear Material Safety and Safeguards, NMSS 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear Mr. Brach: 

Subj: Safety Analysis Report for the CNS 10-160B, C of C 9204, Rev. 15 

Enclosed is our application for the revision to the Safety Analysis Report (SAR) for the CNS 10-160B, 
Certificate of Compliance (CofC) No. 9204. We request that the maximum radioactive contents for the 
CNS 10-160B be increased from 2000 times the Type A quantity to 3000 times a Type A quantity, 
which per Regulatory Guide 7.11, is the radioactivity limit for a Category II package. The changes to 
the SAR include the following: 
"* Revision to Chapter 1 of the SAR to specify the maximum radioactive contents for the CNS 10

160B as 3000 times a Type A quantity.  
"* Revision to the containment leak rate calculations of Chapter 4 to reflect an increase in the source 

term from 2000 to 3000 times a Type A quantity.  
"* Revision to Chapter 4 incorporating a number of editorial changes to correctly identify penetrations 

of the containment boundary and describe the lid seals.  

All changes are indicated by a revision bar in the margin.  

There are two attachments to this letter. The following is a discussion of the content and purpose of 
each attachment.  

Attachment 1: The replacement pages for the SAR 
"• Cover Page 
"* Table of Contents 
"* Chapter 1, page 1-4 
"• Chapter 4, pages 4-1 through 4-28 

Attachment 2: A justification for the requested change including a section by section discussion of the 
affect on the SAR.  

We request completion of action on this request for Rev. 17 by April 2001. One user of the cask plans 
to ship TRU wastes (the subject of the submittal for Revision 16) in the second quarter of 2001 to meet 
their decommissioning schedule. NRC action on this application is requested in early 2001 to allow 
sufficient time for development of alternative shipping options should the requested revision be denied.  
The request for Rev. 16 to the CNS 10-160B SAR is currently under NRC review.  

Should you or members of your staff have any questions about the application, please contact Mark 
Whittaker at (803)758-1898.  

Sincerely, 

Patrick L. PaqZin 
General Manager - Engineering & Licensing 

Attachments: 
1. Rev. 17 Change Pages 
2. Justification for change
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E&L-002-01 2



SAFETY ANALYSIS REPORT

FOR 

CHEM-NUCLEAR SYSTEMS 

MODEL CNS 10-160B 

TYPE B RADWASTE SHIPPING CASK 

REVISION 17 

January 2001 

CHEM-NUCLEAR SYSTEMS 
CORPORATE HEADQUARTERS 

140 STONERIDGE DRIVE 
COLUMBIA, SOUTH CAROLINA 29210



Rev. 17 
January 2001 

TABLE OF CONTENTS 

1.0 GENERAL INFORMATION 

1 .1 In tro d u ctio n ............................................................................................................................ 1 -1 

1.2 Package Description ............................................................................................................... 1-1 

1 .2 .1 P a c k ag in g .................................................................................................................. 1-1 

1.2.1.1 Containment Vessel ................................................................................... 1-2 
1.2.1.2 Neutron Absorbers .................................................................................... 1-2 
1.2.1.3 Package W eight ........................................................................................ 1-2 
1.2 .1.4 R ecep ta cles ........................................................................................... 1-2 
1.2.1.5 Vent, Drain, Test Ports and Pressure Relief Systems ................................. 1-2 
1.2.1.6 Lifting Devices ......................................................................................... 1-2 
1.2 .1.7 T ie-D o w n s ........................................................................................... 1-3 
1.2.1.8 Heat Dissipation ....................................................................................... 1-3 
1.2 .1.9 C o o lan ts ........................................................................................... 1-3 
1.2 .1 .10 P rotru sio n s ........................................................................................... 1-3 
1.2 .1.1 1 S h ie ld in g ........................................................................................... 1-3 

1.2.2 Operational Features .................................................................................................. 1-3 
1.2.3 Contents of Packaging ................................................................................................ 1-3 

1.2.3.1 Cask Contents ........................................................................................... 1-4 
1.2.3.2 W aste Forms ............................................................................................ 1-4 

1.3 Appendix - CNS 10-160B Shipping Cask Drawing ................................................................. 1-6 

2.0 STRUCTURAL EVALUATION 

2 .1 S tru ctu ra l D esig n .................................................................................................................... 2 -1 

2 .1 .1 D isc u ssio n ................................................................................................................. 2 -1 

2.1.1.1 Containment Vessel ................................................................................... 2-1 
2 .1 .1.2 S h ield in g ................................................................................................... 2 -2 
2.1.1.3 Impact Limiters ........................................................................................ 2-2 
2 .1.1.4 S u m m ary .................................................................................................. 2 -2

II



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

2 .1.2 D esig n C riteria ........................................................................................................... 2 -2 

2.1.2.1 Normal and Accident Conditions of Transport ........................................... 2-2 
2.1.2.2 Tie-Downs and Lifting Devices ................................................................. 2-8 

2.2 W eights and Centers of Gravity .............................................................................................. 2-9 
2.3 M echanical Properties of M aterial ........................................................................................ 2-10 
2.4 General Standards for all Packages ....................................................................................... 2-10 

2.4.1 Chemical and Galvanic Reactions ............................................................................. 2-10 
2 .4 .2 P o sitiv e C lo su re ....................................................................................................... 2 -10 
2 .4 .3 L iftin g D ev ices ......................................................................................................... 2 -15 
2.4.4 Tie-Downs2-25 

2.4.4.1 Tie-Down Evaluation .............................................................................. 2-27 
2.4.4.2 Tie-Down Stress Evaluation .................................................................... 2-32 
2.4.4.3 Stresses in the W elds ............................................................................ 2-32.3 

2.5 Standards for Type B and Large Quantity Packaging ......................................................... 2-32.3 

2.6 Normal Conditions of Transport ........................................................................................... 2-33 

2 .6 .1 H e a t ............................................................................................................... 2 -3 3 
2 .6 .2 C o ld .............................................. .......................................................... . . 2 -3 3 
2 .6 .3 P re ssu re ............................................................................................................... 2 -3 7 
2 .6 .4 V ib ra tio n ............................................................................................................... 2 -3 7 
2 .6 .5 W ater S p ray ............................................................................................................ 2 -3 7 
2 .6 .6 F ree D ro p ............................................................................................................... 2 -3 7 

2 .6 .6 .1 E n d D ro p ................................................................................................ 2 -4 1 
2 .6 .6 .2 S id e D ro p ............................................................................................... 2 -4 1 
2.6.6.3 Com er Drop ........................................................................................... 2-41 

2.6.7 (Successive) Com er Drop ......................................................................................... 2-41 
2 .6 .8 P en etratio n ............................................................................................................... 2 -4 5 

2.7 H,. othetical Accident Condition ......................................................................................... 2-46 

2 .7 .1 F ree D ro p ............................................................................................................... 2 -4 6

III



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

2.7.1.1 Free Drop Impact - End Drop ................................................................. 2-47 

2.7.1.1.1 End Drop Lid Bolt Forces ................................................. 2-51 
2.7.1.1.2 End Drop Primary Lid Bolt Forces .................................... 2-51 
2.7.1.1.3 Lead Slum p ...................................................................... 2-54 

2.7.1.2 Free Drop Impact - Side Drop ................................................................ 2-54 
2.7.1.3 Free Drop Impact - Com er Drop ............................................................ 2-64 
2.7.1.4 Oblique Drop .......................................................................................... 2-70 
2.7.1.5 Impact Limiter Attachment Forces ....................................................... 2-72.1 

2 .7 .2 P u n ctu re ............................................................................................................... 2 -7 3 

2 .7 .2 .1 S id e s ....................................................................................................... 2 -7 3 
2 .7 .2 .2 E n d s ...................................................................... ............................. 2 -7 4 .1 

2 .7 .3 T h erm a l ............................................................................................................... 2 -7 5 

2.7.3.1 Summary of Pressures and Temperatures ................................................ 2-75 
2.7.3.2 Differential Thermal Expansion ............................................................... 2-75 
2.7.3.3 Stress Calculation ................................................................................... 2-75 

2.7.4 W ater Immersion ..................................................................................................... 2-77 
2.7.5 Summ ary of Damage ................................................................................................ 2-77 

2 .8 S p ec ia l F o rm ............................................................................................................... 2 -7 7 
2 .9 F u e l R o d s ............................................................................................................... 2 -7 9 
2.10 Appendix to Section 2.0 ........................................................................................................ 2-80 

2.10.1 Analytical M ethods .................................................................................................. 2-81 

2.10.1.1 General Discussion Foam Impact Lim iter ................................................ 2-81 
2.10.1.2 Cask Drop Computer M odel ................................................................... 2-82 

2.10.1.2.1 End Drop M odel ............................................................... 2-82 
2.10.1.2.2 Side Drop M odel ............................................................... 2-84 
2.10.1.2.3 Com er Drop ..................................................................... 2-84 

2.10.1.3 Im pact Limiter Chamfer .......................................................................... 2-96 

2.10.2 AN SYS Finite Element Analysis ............................................................................ 2-101 

IV



Rev. 17 
January 2001 

TABLE OF CONTENTS (continued) 

2.10.2.1 Finite Elem ent M odel Discussion ..................................... 2-101 
2.10.2.2 Finite Element M odel Internal Constraints ....................... 2-120 
2.10.2.3 Finite Elem ent M odel Boundary Conditions ..................... 2-120 
2.10.2.4 Finite Element M odel Solution Techniques ...................... 2-125 
2.10.2.5 Loading .......................................................................... 2-135 
2.10.2.6 Stress Linearization ......................................................... 2-144 

2.10.3 Data Reduction of Cask Structural Computation Results ........................................ 2-146 

2.10.3.1 Results of 3-Dim ensional Linear M odel ................................................. 2-146 
2.10.3.2 Results of 2-Dimensional Nonlinear M odel ............................................ 2-146 

2.10.4 References for Chapter 2 ....................................................................................... 2-191 

Attachment 1 
Attachment 2 
Attachment 3 
Attachment 4 
Attachment 5 

3.0 THERMAL EVALUATION 

3 .1 D isc u ss io n ................................................................................................................. 3 -1 
3.2 Summ ary of Therm al Properties of M aterials .......................................................................... 3-5 
3.3 Technical Specification of Components ................................................................................... 3-5 
3.4 Therm al Evaluation for N orm al Conditions of Transport ......................................................... 3-7 

3.4.1 Therm al M odel .......................................................................................................... 3-7 

3.4.1.1 Analytical M odel ...................................................................................... 3-7 
3.4.1.2 Test M odel ............................................................................................. 3-10 

3.4.2 M axim um Tem peratures .......................................................................................... 3-10 
3.4.3 M inimum Temperatures ........................................................................................... 3-10 
3.4.4 M axim um Internal Pressures .................................................................................... 3-10 
3.4.5 M axim um Therm al Stress ........................................................................................ 3-11 
3.4.6 Evaluation of Package Performance for Normal Conditions of Transport .................. 3-11 

3.5 Hypothetical Accident Therm al Evaluation ............................................................................ 3-12 

3.5.1 Therm al M odel ........................................................................................................ 3-12 

3.5.1.1 Analytical M odel .................................................................................... 3-12 
3 .5 .1 .2 T est M o d el ............................................................................................. 3 -13

V



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

3.5.2 Package Conditions and Environm ent ....................................................................... 3-13 
3.5.3 Package Tem peratures ............................................................................................. 3-13 
3.5.4 M axim um Internal Pressures .................................................................................... 3-18 
3.5.5 M axim um Therm al Stresses ..................................................................................... 3-18 
3.5.6 Evaluation of Package Performance for the Hypothetical Accident Conditions ........... 3-19 

3 .6 R efe ren ces ............................................................................................................... 3 -2 0 

4.0 CONTAINMENT 

4.1 Containm ent Boundary ........................................................................................................... 4-1 

4.1.1 Containm ent Vessel .................................................................................................... 4-1 
4.1.2 Containm ent Penetration ............................................................................................ 4-1 
4 .1 .3 W e ld s ................................................................................................................. 4 -1 
4 .1.4 C lo su re an d S ea ls ....................................................................................................... 4 -1 

4.2 Containm ent Requirements for Normal Conditions of Transport .............................................. 4-2 

4.2.1 Leakage Test Requirements ........................................................................................ 4-2 
4.2.2 Pressurization of the Containm ent Vessel .................................................................... 4-6 
4.2.3 Coolant Containm ent .................................................................................................. 4-6 
4 .2 .4 C o o lan t L o ss .............................................................................................................. 4 -6 

4.3 Containm ent Requirements for Hypothetical Accident Conditions ............................................ 4-6 

4.3.1 Leakage Test Requirem ents ........................................................................................ 4-6 

4.4 Determ ination of Test Conditions for Assembly Venification Leak Test ................................... 4-8 

4.4.1 M axim um Perm issible Leak Rate at Standard Conditions ........................................... 4-8 
4.4.2 Detector Sensitivity - Test Conditions ........................................................................ 4-9 
4.4.3 Required Charge Pressure at the Test Temperature ................................................... 4-10

VI



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

4.5 Periodic Verification Leak Rate Determination Using R-12 Test Gas ..................................... 4-10 

4 .5 .1 In tro d u ctio n ............................................................................................................. 4 -10 
4.5.2 Detector Sensitivity Calculation - Test Conditions ................................................... 4-11 

4.6 Periodic Verification Leak Rate Determ ination using Helium Test Gas .................................. 4-16 

4 .6 .1 In tro d u ctio n ............................................................................................................. 4 -16 
4.6.2 Detector Sensitivity Calculation - Test Conditions .................................................... 4-17 

4.7 Periodic Verification Leak Rate Determ ination Using R-134a Test Gas ................................. 4-21 

4 .7 .1 In tro d u ctio n ............................................................................................................. 4 -2 1 
4.7.2 Detector Sensitivity Calculation - Test Conditions .................................................... 4-21 

4.8 Combustible Gas Generation Safety Assurance ..................................................................... 4-26 

4 .9 R eferen c es ............................................................................................................... 4 -2 7 

4 .1 0 A p p en d ices .............................................................................................................. 4 -2 9 

4.10.1 Properties of R-134a ................................................................................................ 4-30 
4.10.2 Transuranic (TRU) Waste Compliance Methodology for Hydrogen Gas Generation.. 4-31 

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

5.1 Discussion and Results ........................................................................................................... 5-1 

5.1.1 Operating Design ....................................................................................................... 5-1 
5.1.2 Shielding Design Features .......................................................................................... 5-1 
5.1.3 M axim um Dose Rate Calculations .............................................................................. 5-2 

5.1.3.1 Norm al Conditions ............................................................................... 5-2 
5.1.3.2 Accident Conditions .................................................................................. 5-2 

5.1.4 Transport Index ......................................................................................................... 5-2 

5.2 Source Specifications .............................................................................................................. 5-3 

5.2.1 Gam ma Source .......................................................................................................... 5-3 
5 .2 .2 N eu tro n S o u rce .......................................................................................................... 5 -3 

5.3 M odel Specification ................................................................................................................ 5-4 

5.3.1 Description of Radial and Axial Shielding Configuration ............................................ 5-4 
5.3.2 Shield Region Densities .............................................................................................. 5-6 

VII



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

5.4 Shielding Evaluation ............................................................................................................... 5-6 

5 .4 .1 R a d ia l M o d el ............................................................................................................. 5 -6 
5 .4 .2 A x ia l M o d e l ............................................................................................................. 5 -10 
5.4.3 Accident Conditions ................................................................................................. 5-13 

5 .5 R e fe re n c e s ............................................................................................................... 5 -14 

6.0 CRITICALITY EVALUATION 

7.0 OPERATING PROCEDURES 

7.1 Procedure for Loading the Package ......................................................................................... 7-1 
7.2 Procedure for Unloading the Package ...................................................................................... 7-6 
7.3 Preparation of Empty Packages for Transport ......................................................................... 7-7 
7.4 Procedures for Shipment of Packages Which Generate Combustible Gases .............................. 7-8 

7.4.1 Com bustible Gas Control Inerting .............................................................................. 7-8 
7.4.2 Com bustible Gas Suppression .................................................................................... 7-9 

8.0 ACCEPTANCE TESTS AND MAINTENANCE 

8.1 ACCEPTAN CE TESTS ......................................................................................................... 8-1 

8.1.1 Visual Examination ............................................................................................... 8-1 
8.1.2 Structural Tests .................................................................................................... 8-1 
8 .1 .3 L ea k T ests ................................................................................................................. 8 -2 
8.1.4 Component Tests ....................................................................................................... 8-3 
8.1.5 Tests for Shielding Integrity ....................................................................................... 8-3 
8.1.6 Therm al Acceptance Tests .......................................................................................... 8-3 
8.1.7 Im pact Lim iter Foam .................................................................................................. 8-3 
8.1.8 Pressure Tests ................................................................................................... 8-3 

8.2 M aintenance Program ............................................................................................................. 8-4 

8.2.1 Routine M aintenance .................................................................................................. 8-4 

8 .2 .1.1 F asten e rs .................................................................................................. 8 -4 
8.2.1.2 Gaskets and Seals ..................................................................................... 8-5 
8.2.1.3 Painted Surfaces, Identification Markings, and Match 

M arks used for Closure Orientation ........................................................... 8-6

VIII



Rev. 17 
January 2001 

TABLE OF CONTENTS (CONTINUED) 

8.2.2 Periodic M aintenance ................................................................................................. 8-6 

8.2.2.1 Periodic Leak Tests ................................................................................... 8-6 
8.2.2.2 Assembly Verification Leak Test ............................................................... 8-7 
8.2.2.3 Ratchet Binders ........................................................................................ 8-8 

8.2.3 Subsystem M aintenance ............................................................................................. 8-8 

8.2.4 Valves, Rupture Discs and Gaskets ............................................................................ 8-9 

8 .2 .5 S h ie ld in g ................................................................................................................. 8 -9 

8.3 Appendix 

8.3.1 Polyurethane Foam Specification ES-M -172 ............................................................. 8-10

IX



Rev. 17 
January 2001 

LIST OF TABLES 

TABLE NO. DESCRIPTION 

2-1 Summary of Normal and Accident Condition Loading .......................................... 2-3 
2-2 Mechanical Properties of Materials used in Fabrication of 10-160B Cask ........... 2-l 1 
2-3 M aterial Properties Versus Tem perature ............................................................ 2-12 
2-4 Prim ary Stress Intensity A llow ables ................................................................... 2-13 
2-5 Stress Summ ary of Lift Lugs and W elds ............................................................ 2-17 
2-5.1 Stress Sum m ary of T ie-D ow ns ........................................................................... 2-26 
2-5A Nil Ductivity Temperatures Requirements for Fracture Critical 

C om ponents of the 10-160B C ask ...................................................................... 2-36 
2-6 Maximum Stress Intensities in Cask Components 

H ypothetical Accident - 1-ft End D rop ............................................................... 2-42 
2-7 Maximum Stress Intensities in Cask Components 

Hypothetical Accident - 1-ft Side Drop ......................................................... 2-4 3 
2-8 Maximum Stress Intensities in Cask Components 

Hypothetical Accident - 1-ft Comer Drop ..................................................... 2-44 
2-9 Caskdrop Program Output for End Drop (Soft Foam) .................................... 2-48 
2-10 Caskdrop Program Output for End Drop (Hard Foam) ....................................... 2-49 
2-11 Maximum Stress Intensities in Cask Components 

Hypothetical Accident - 30-ft End Drop ............................................................. 2-50 
2-12 10-160B Cask - End Drop Analysis Secondary' - Lid 

B o lt L o a d in g ...................................................................................................... 2 -5 3 
2-13 Caskdrop Program Output for Side Drop (Soft Foam) ........................................ 2-55 
2-14 Caskdrop Program output for Side Drop (Hard Foam) ........................................ 2-56 
2-15 Maximum Stress Intensities in Cask Components 

Hypothetical Accident - 30-ft Side Drop ............................................................ 2-57 
2-16 (a) 10-160B - Side Drop Analysis Secondary Lid 

B o lt L o a d in g ...................................................................................................... 2 -6 2 
2-16 (b) 10-160 B - Side Drop Analysis Primary Lid Bolt Loading .................................. 2-63 
2-17 Not Used

X



Rev. 17 
January 2001 

LIST OF TABLES (CONTINUED) 

TABLE NO. DESCRIPTION 

2-18 Caskdrop Program Output for Comer Drop (Soft Foam) .................................... 2-65 
2-19 Caskdrop Program Output for Comer Drop (Hard Foam) ................................... 2-66 
2-20 Maximum Stress Intensities in Cask Components 

Hypothetical Accident - 30 Foot Com er Drop .................................................... 2-67 
2-21 (a) 10-160B Cask - Comer Drop Analysis Secondary Lid 

B o lt L o a d in g ...................................................................................................... 2 -7 1 
2-21 (b) 10-160B Cask - Comer Drop Analysis Primary Lid 

B o lt L o a d in g ...................................................................................................... 2 -7 2 
2-21 Not used 
2-22 Not Used 
2-23 Not Used 
2-24 Not Used 
2-25 Summary of Largest Secondary Stress Intensity in 10-160B Cask 

U nd er F ire A ccident ........................................................................................... 2 -7 6 
2-26 Summary of Largest Primary Stress Intensity in 

10-160B Cask Under Hypothetical Condition ..................................................... 2-78 
A2-1 10-160B Cask Finite Element Model Substructure Detail ................................. 2-104 
A2-2 Material Properties Used in the Drop Analysis ................................................. 2-105 
A2-3 Constraint Reactions - 30' End D rop ............................................................... 2-126 
A 2-4 C onstraint - 30' Side D rop .............................................................................. 2-127 
A2-5 Constraint Reactions - 30' Com er Drop ........................................................... 2-128 
A2-6 Summary of Distribution of Various Loading Over the 

Cask Components Under Different Drop Conditions ......................................... 2-136 
A 2-7 Side D rops C rush Planes Forces ....................................................................... 2-137 
A 2-8 Com er D rops Crush Planes Forces ................................................................... 2-142 
A2-9 Unit Load Vectors Used for Various Substructures ........................................... 2-143 
A2-10 Membrane Stresses in Various Components of the Cask 

E nd D rop (3 0 -foot) .......................................................................................... 2 -14 7 
A2-1 1 Membrane Plus Bending Stresses in Various Components of the Cask 

E nd D ro p (30 -foo t) .......................................................................................... 2 -14 8

XI



Rev. 17 
January 2001 

LIST OF TABLES (CONTINUED) 

TABLE NO. DESCRIPTION 

A2-12 Maximum Stress Intensities in the Cask Due to 30-ft End Drop ........................ 2-150 

A2-13 Stress Intensity Combinations Due to 30-ft End Drop ....................................... 2-151 

A2-14 Membrane Stresses in Various Components of the Cask 30-ft Side Drop .......... 2-152 

A2-15 Membrane Plus Bending Stresses in Various Components 

O f the C ask 30-ft Side D rop ............................................................................. 2-154 

A2-16 Maximum Stress Intensities in the Cask Due to 30-ft Side Drop ....................... 2-156 

A2-17 Stress Intensity Combinations due to 30-ft Side Drop ....................................... 2-157 

A2-18 Membrane Stresses in Various Components of the Cask 

3 0 -ft C o m er D ro p ............................................................................................ 2 -15 8 

A2-19 Membrane Plus Bending Stresses in Various Components 

O f the C ask 30-ft C om er D rop ......................................................................... 2-160 

A2-20 Maximum Stress Intensities in the Cask Due to 30-ft Comer Drop .................... 2-162 

A2-21 Stress Intensity Combinations Due to 30-ft Comer Drop .................................. 2-163 

A2-22 Maximum Stress Intensities in the Cask due to 1 -ft End Drop ........................... 2-164 

A2-23 Stress Intensity Combinations due to 1-Ft End Drop ......................................... 2-165 

A2-24 Maximum Stress Intensities in the Cask Due to 1-ft Side Drop ......................... 2-166 

A2-25 Stress Intensity Combinations due to 1-Ft Side Drop ........................................ 2-167 

A2-26 Maximum Stress Intensities in the Cask Due to 1-ft Comer Drop ..................... 2-168 

A2-27 Stress Intensity Combinations due to 1-ft Comer Drop ..................................... 2-169 

A 2-28 Intentionally Left B lank ................................................................................... 2-170

XII



Rev. 17 
January 2001 

LIST OF TABLES (CONTINUED) 

TABLE NO. DESCRIPTION 

A2-29 Membrane Stresses in Various Components of the 

C ask C old E nvironm ent ................................................................................... 2-174 

A2-30 Membrane Plus Bending Stresses in Various Components 

O f the C ask C old Environm ent ......................................................................... 2-175 

A2-31 Membrane Stresses in Various Components of the Cask Hot 

E n v iro nm en t .................................................................................................... 2 -17 6 

A2-32 Membrane Plus Bending Stresses in Various Components 

O f the C ask H ot Environm ent .......................................................................... 2-177 

A2-33 Membrane Stresses in Various Components of the Cask 

Increased E xtern al P ressure ............................................................................. 2-178 

A2-34 Membrane Plus Bending Stresses in Various Components 

Of the Cask Increased External Pressure .......................................................... 2-179 

A2-35 Membrane Stresses in Various Components of the Cask 

M inim um E xtern al Pressure ............................................................................. 2-180 

A2-36 Membrane Plus Bending Stresses in Various Components of 

The Cask M inim um External Pressure ............................................................. 2-181 

A2-37 Membrane Stresses in Various Components of the Cask Internal 

P ressu re o f 10 P sig .......................................................................................... 2 -18 2 

A2-38 Membrane Plus Bending Stresses in Various Components of the 

C ask Intern al Pressure of 10 PSIG ................................................................... 2-184 

A2-39 Membrane Stresses in Various Components of the Cask External 

P ressu re of 2 5 P S IG ........................................................................................ 2 -185 

A2-40 Membrane Plus Bending Stresses in Various Components 

Of the Cask External Pressure of 25 PSIG ....................................................... 2-186 

A2-41 Membrane Stresses in Various Components of the Cask Fire Accident .............. 2-187 

A2-42 Membrane Plus Bending Stresses in Various Components 

of the C ask F ire A ccident ................................................................................. 2-190 

3.1 Sum m ary of T herm al R esults ............................................................................... 3-2 

3.2 Summary of Initial Conditions & Assumptions .............................. 3-4

XlII



Rev. 17 
January 2001 

LIST OF TABLES (CONTINUED) 

TABLE NO. DESCRIPTION 

3.3 (a) Temperature - Independent Thermal Properties ................................................... 3-5 

3.3 (b) Temperature Dependent Therm al Properties ......................................................... 3-6 

3.4 Summary of Maximum Hypothetical Accident Temperatures 

A ccident T em peratu res ...................................................................................... 3-15 

4.1 Bolt and Cap Screw Torque Requirements ........................................................... 4-2 

5.1 Sum m ary of M axim um D ose Rates ...................................................................... 5-2

XIV



Rev. 17 
January 2001

LIST OF FIGURES

FIGURE NO.  

1-1 

2-1.1 

2-1 

2-2 

2-3 

2-4 

2-9 

2-9A 

2-10 

2-11 

2-12 

2-13 

2-14 

2-15 

2-16 

2-17 

2-18 

2-18.1 

A2-1 

A2-2 

A2-3 

A2-4 

A2-5 

A2-6 

A2-7 

A2-8 

A2-9 

A2-10 

A2-11

DESCRIPTION 

CNS 10-160B General Arrangement .................................................................... 1-5 

Constituted Stress-Strain Curve For A516 GR.70 ............................................. 2-7-5 

Compressive Stress-Strain Curve for Foam ........................................................ 2-14 

C a sk L ift L u g .................................................................................................... 2 -16 

Top View Tie-Down Arrangement ..................................................................... 2-28 

T ie-D ow n L ug D eta il ...................................................................................... 2 -32 .1 

Fracture C ritical C om ponents ............................................................................ 2-34 

Design Chart for Category 11 Fracture Critical Components .............................. 2-35 

1-Foot End Drop CASKDROP Printout ............................................................. 2-38 

1-Foot Side Drop CASKDROP Printout ............................................................ 2-39 

1-Foot Comer Drop CASKDROP Printout ........................................................ 2-40 

End-Drop - Stress Intensity Contour Plot Secondary Lid .................................. 2-52 

Side Drop - Stress Intensity Contour Plot Bolt Ring ......................................... 2-58 

Side Drop - Stress Intensity Contour Plot Primary Lid ..................................... 2-59 

Side Drop - Stress Intensity Contour Plot Lower Shell ..................................... 2-60 

Comer Drop - Stress Intensity Contour Plot Bolt Ring ..................................... 2-68 

Comer Drop - Stress Intensity Contour Plot Primary Lid ................................. 2-69 

Load Distribution During the Puncture Accident ............................................ 2-74.4 

End Drop - Region Definition ............................................................................ 2-83 

Side Drop - Circumferential Load Distribution .................................................. 2-85 

Side Drop - Variable Definition ......................................................................... 2-86 

Side Drop - Region Definition ........................................................................... 2-87 

Corner Drop - Crush Plane and Grid ................................................................. 2-88 

Comer Drop - Regions Along Center Line ......................................................... 2-90 

Comer Drop - Payload Inertia Distribution ........................................................ 2-92 

Upper Impact Limiter Inertia Distribution .......................................................... 2-93 

Comer Drop - Regions Along Cask Centerline ................................................... 2-94 

C ham fer G eom etry ............................................................................................. 2-97 

Comer Drop - Chamfer Effect ......................................................................... 2-100

XV



Rev. 17 
January 2001 

LIST OF FIGURES (Continued) 

FIGURE NO. DESCRIPTION 

A2-12 Finite Element Model - Substructure Overview ................................................ 2-102 

A2-13 Substructure N o. 1 - N ode N um bers ................................................................ 2-106 

A2-14 Substructure N o. 2 - N ode N um bers ................................................................ 2-107 

A2-15 Substructure N o. 3 - N ode N um bers ................................................................ 2-108 

A2-16 Substructure N o. 4 - N ode N um bers ................................................................ 2-109 

A2-17 Substructure No. 5 - Node N um bers ................................................................ 2-110 

A2-18 Substructure N o. 6 - N ode N um bers ................................................................ 2-111 

A2-19 Substructure N o. 7 - N ode N um bers ................................................................ 2-112 

A2-20 Substructure No. 1 - Elem ent N um bers ............................................................ 2-113 

A2-21 Substructure N o. 2 - Elem ent N um bers ............................................................ 2-114 

A2-22 Substructure N o. 3 - Elem ent N um bers ........................................................... 2-115 

A2-23 Substructure No. 4 - Elem ent N um bers ............................................................ 2-116 

A2-24 Substructure No. 5 - Elem ent N um bers ............................................................ 2-117 

A2-25 Substructure N o. 6 - Elem ent N um bers ............................................................ 2-118 

A2-26 Substructure N o. 7 - Elem ent N um bers ............................................................ 2-119 

A2-27 Internal Constraints Used in ANSYS Drop Analyses ........................................ 2-121 

A 2-28 Boundary Conditions - End D rop ..................................................................... 2-122 

A 2-29 Boundary Conditions - Side D rop .................................................................... 2-123 

A2-30 Boundary Conditions - Com er D rop ................................................................ 2-124 

A2-31 Flow Diagram - Substructure Generation Analysis ........................................... 2-130 

A2-32 Flow Diagram - Substructure Node No. Transformation .................................. 2-131 

A2-33 Flow Diagram - Cask Drop Analysis ............................................................... 2-132 

A2-34 Flow Diagram -Substructure Node No. Retransformation ................................ 2-133 

A2-35 Flow Diagram - Substructure Stress Pass ........................................................ 2-134 

A 2-36 Load D istribution - End D rop .......................................................................... 2-138 

A 2-37 Load D istribution - Side D rop ......................................................................... 2-139 

A 2-38 Load D istribution - Com er D rop ..................................................................... 2-140 

A2-39 Linearization of Finite Element Stress Results .................................................. 2-145 

A2-40 Location of Stresses Indicated in Tables A2-10 and A2-11 ............................... 2-149

XVI



Rev. 17 
January 2001 

LIST OF FIGURES (Continued) 

FIGURE NO. DESCRIPTION 

A2-41 Locations of Stresses Indicated in Table A2-14 ................................................ 2-153 

A2-42 30-Ft Side Drop Locations of Stresses Indicated in Table A2-15 ....................... 2-155 

A2-43 30-Ft Comer Drop Locations of Stresses Indicated in Table A2-18 ................... 2-159 

A2-44 30-Ft Comer Drop Locations of Stresses Indicated in Table A2-19 ................... 2-161 

A2-44.1 Two-Dimensional Finite Element Model Used in the Analysis of 10-160B 
Cask Under A xisym m etric Loading .................................................................. 2-171 

A2-45 Locations of Stresses Indicated in Tables A2-29 Through A2-36 ...................... 2-173 

A2-46 Locations of Stresses Indicated in Tables A2-37 Through A2-40 ..................... 2-183 

A2-47 Fire Accident Temperature Distribution ............................................................ 2-188 

A2-48 Fire Accident Locations of Stresses Indicated in Table A2-41 and A2-42 .......... 2-189 

3.1 Location of Components Analyzed in Thermal Design .......................................... 3-3 

3.2 Node and Element Locations in the CNS 10-160B Cask Thermal Finite 
E lem en t M od el ..................................................................................................... 3 -8 

3.3 Transient Fire Analysis - Load Step and Boundary Conditions Schematic .......... 3-14 

3.4 Hypothetical Accident - Fire Transient: Temperature Versus Time .................... 3-16 

3.5 Hypothetical Accident - Cooldown: Temperature Versus Time .......................... 3-17 

4.1 Allowable R-12/Air Mixture Test Leakage, cm 3/sec, versus test 
tem p eratu re d eg . F ............................................................................................. 4 -13 

4.2 Allowable R-12 test leakage, cm 3/sec versus test temperature, deg. F .................. 4-14 

4.3 Allowable R-12 test leakage, oz/yr, versus test temperature, deg. F ..................... 4-15 

4.4 Allowable R-12 test leakage sensitivity, oz/yr, versus test temperature, deg. F ..... 4-15

XVII



Rev. 17 
January 2001 

LIST OF FIGURES (Continued) 

FIGURE NO. DESCRIPTION 

4.5 Allowable He/Air Mixture Test Leakage, cm 3/sec, versus test 
tem p eratu re, deg. F ............................................................................................ 4 -18 

4.6 Allowable Helium test leakage, cm3/sec versus test temperature, deg. F ............... 4-19 

4.7 Allowable helium test leakage, oz/yr, versus test temperature, deg F .................. 4-20 

4.8 Allowable helium test leakage sensitivity, oz/yr, versus test temperature, 
d e g . F ................................................................................................................ 4 -2 0 

4.9 Allowable R134a/Air Mixture Test Leakage, cm 3/sec, versus test 
tem p eratu re, d eg . F ............................................................................................ 4 -2 3 

4.10 Allowable R-134a test leakage, cm 3/sec versus test temperature, deg. F .............. 4-24 

4.11 Allowable R134a test leakage, oz/yr, versus test temperature, deg. F .................. 4-25 

4.12 Allowable R134a test leakage sensitivity, oz/vr. versus test temperature, 
d e g . F ................................................................................................................ 4 -2 5 

5.2 R adial and A xial Shielding M odels ....................................................................... 5-5 

5.3 Dose Rate Versus Point Source Strength - Side of Cask ....................................... 5-9 

5.4 Dose Rate Versus Point Source Strength - Top/Bottom of Cask ......................... 5-12

XVIII



Rev. 17 
January 2001 

The contents of the cask will consist of: 

1) Greater than Type A quantities (up to a maximum of 3000 A2) of radioactive material in the 

form of solids or dewatered materials in secondary containers.  

2) Greater than Type A quantities (up to a maximum of 3000 A2) of radioactive material in the 

form of activated reactor components or segments of components of waste from a nuclear 

power plant.  

3) That quantity of any radioactive material which does not exceed 3000 A2 and which does not 

generate spontaneously more than 100 thermal watts of radioactive decay heat.  

4) The weight of the contents in the cask cavity will be limited to 14,500 lbs. If an insert is in

stalled in the cavity, the maximum payload is reduced by the weight of the insert.  

1.2.3.2 Waste Forms 

The type and form of waste material will include: 

1) By-product, source, or special nuclear material consisting of process solids or resins, either 

dewatered, solid, or solidified in secondary containers. (See Section 4.2.1 for specific limita

tions). TRU wastes are limited as described in Appendix 4.10.2, Transuranic (TRU) Waste 

Compliance Methodology for Hydrogen Gas Generation.  

2) Neutron activated metals or metal oxides in solid form.  

3) Miscellaneous radioactive solid waste materials.
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4. CONTAINMENT 

This chapter describes the containment configuration and test requirements for the CNS 10-160B Cask.  

Both normal conditions of transport and hypothetical accident conditions are discussed.  

4.1 Containment Boundary 

4. 1.1 Containment Vessel 

The package containment vessel is defined as the inner shell of the shielded transport cask and the pri

mary and secondary lids together with the associated o-ring seals and lid closure bolts. The inner shell of 

the cask, or containment vessel, consists of a right circular cylinder of 68 inches inner diameter and 77 

inches inside height (nominal dimensions). The shell is fabricated of an outer shell of 2-inch thick steel 

plate, a 1 7/8 inch layer of lead, and an inner shell of 1 1/8 - inch thick steel. The cylindrical shell is at

tached at the base to a circular end plate construction with full penetration welds. The primary lid is at

tached to the cask body with 24, 1 ¾/ inch 8 UN bolts. A secondary lid covers the 31 inch opening in the 

primary lid and is attached to the primary lid using 12, 13/4 inch 8 UN bolts. See Section 4.1.4 for closure 

details.  

4.1.2 Containment Penetrations 

There are two penetrations of the containment vessel. These are (1) an optional drain line, and (2) an op

tional cask vent port located in the secondary lid. The drain line is located at the cask base and consists of 

a V2 inch diameter hole drilled into the stainless steel cask bottom. The dram line is sealed by a plug with 

a seal at its outer opening. An optional vent port penetrates the secondary lid into the main cask cavity.  

The vent and drain port penetrations are sealed with silicone Parker Stat-o-Seals or self-sealing type Tef

lon-coated hex socket plugs.  

4.1.3 Welds 

The containment vessel is fabricated from steel using full penetration welds.  

4.1.4 Closure and Seals 

The primary lid closure consists of a two layer steel plate construction, stepped to fit over and within the 

top edge of the cylindrical body. The lid is supported at the perimeter of the cylindrical body by a 3.00

inch thick plate (bolt ring) welded to the top of the inner and outer cylindrical body walls. The lid con

fines two (2) solid, high temperature silicone o-rings (Parker or equivalent) in machined grooves. Groove 

dimensions prevent over-compression of the o-rings by the lid closure bolt preload forces and hypotheti-
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cal accident preload forces. The primary lid is attached to the cask body by 24 bolts. The primary lid is 

fitted with a secondary lid of similar construction attached with 12 bolts. The secondary lid is also sealed 

with two (2) solid, high temperature silicone o-rings (Parker or equivalent) in machined grooves. Only 

the inner o-ring of each lid is part of the containment boundary.  

The optional vent penetration, test ports, and drain penetrations are sealed as described in Section 4.1.2.  

The seal plugs in these penetrations are lockwired prior to each shipment. Table 4.1 gives the torque val

ues for bolts and cap screws.  

Table 4.1 
Bolt and Cap Screw Torque Requirements 

Torque Values +1- 10% (Lubricatd) 
Location size -bFti 

Test Ports (2) 1/2 NPT 144 12 
Primary Lid 1-3/4 inch, 8 UN 3600 300 
Second Lid 1-3/4 inch, 8 UN 3600 300 
Vent Port* 1/2 - 20 UNF 240 20 
Drain Port* 1/2 - 20 UNF 240 20 

*Optional - These ports may not be installed on cask.  

4.2 Containment Requirements for Normal Conditions of Transport 

4.2.1 Leak Test Requirements 

The CNS 10-160B cask is designed, fabricated, and leak tested to preclude a release of radioactive mate

rial in excess of the limits prescribed in NRC Regulatory Guide 7.4, paragraph C and 1OCFR71.5 l(a)(1).  

The limits on leakage during normal conditions of transport are defined by 1OCFR71.5 I(a)(1).  

The leak test procedure must be able to detect leaks of 3.25x10 6 atm-cm3/sec (based on dry air at 250C 

with a pressure differential of one atmosphere) to assure compliance with 1OCFR71.51 (a)(l). A descrip

tion of the calculational procedure used to determine this value follows.  

1OCFR71.5 I(a)(1) states the containment requirements for normal conditions of transport as: 

... no loss or dispersal of radioactive contents, as demonstrated to a sensitivity of 10-6 A2 

per hour, no significant increase in external radiation levels, and no substantial reduction 
in the effectiveness of the packaging;
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ANSI N 14.5-1997 (Reference 4) states that the permissible leak rate shall be determined by equation 1 

(below): 

R 
(Equation 1) L = 

C 

where: 

L = permissible volumetric leak rate for the medium 

R = package containment requirement (Ci/sec) 

C = activity per unit volume of the medium that could escape from the containment system 

In Section 3.4.4, it is noted that the saturated water vapor in equilibrium at 168 degrees-F and 8.4 psig 

could exist within the internal shipping containers (liners or drains). It is assumed that these conditions 

exist within the cask cavity. The containment must limit the leakage of this water vapor to that prescribed 

in ANSI N 14.5. It is very conservative to assume that the concentration of nuclides in the free liquid is 

equal to that of the solids which comprise the vast majority of material being transported in the cask. This 

value is determined below: 

Total Curie Content of Vapor 
Minimum Void Volume in Cask Cavity 

"* Cask curie content = 3000 x A2 or less 

"* Free water is limited to restriction of one-percent of solid volume 

"* Hence the curie content = 0.01 x 3000 A2 

"* The minimum void volume occurs when the largest liner is shipped 

(Equation 2) V (cask cavity) - x 67.252 x 75.75 = 269,064 in3 

4 

The largest liner will have at least 1/ inch of radial clearance and a 1 V2 inch of height difference, giving a 

volume,
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(Equation 3)

Void Volume

V (liner) =it x (67.25 - 2 x 0.75) 2 x (75.75 - 1.5) in 3 
4 

= 252,103 in 3

= 269,064 - 252,103 = 16,961 in3

= 16,961 in3 x 16.4 cm 3/in3 

- 278,161 cm3

Hence,

(Equation 4) 30A 2 Ci ..  
C 2= 3A6Cm3 =1.08x10 A2 Ci/cm3 

278,161cm3

And,

(Equation 5)
-10 

Rn 2.78 x 10 A2 Ci/sec 
-4 3 C 1.08 x10- A2 Ci/cm3 Eqn. 3, Ref. 4

= 2.57 x 10-6 cm 3/sec 

A leak rate at standard conditions will be calculated which is equivalent to a volumetric leak rate of 2.57 x 

10.6 cm 3/sec.  

EquationsB.3, B.4,and B.5 are used to determine the diameter of hole that would give a leak rate of 2.57 x 

10-6 cm 3/sec.

Lu =(Fc + Fm)(Pu - Pd) u P 

3.81 x 103 D 3  T 

Fm= M 
a Pa 

Fc =D

Eqn. B.5, Reference 4 

Eqn. B.4, Reference 4 

Eqn. B.3, Reference 4

where:
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Lu = upstream leakage rate, cm 3/sec 

I-air = 0.0185cP 

T = 168TF - 349°K Section 3.4.4 

P,- 8.4 psig = 1.57 atm 

Pd- 1.0 atm 

Pa (1.57 + 1.0)/2 = 1.28 atm 

Mwater = 18 g/gmole 

a - length of hole; assume 0.6 cm 

Substituting into Eqns. B.3, B.4, and B.5: 

Fc= 2.49x106 D4 = 2.24x 108 D4 

(0.6)(0.0185) 

3.81x10
3 D 3  31 

Fmr= 18 =2.18x10 4 D 3 

(0.6)(1.28) 

2"57x1O- 6 =(2.24x10 8D4 +2.18x104D3)(1.57-1.0) 1.2 8  Solve for D 

D = 3.74 x 10-4 cm 

Next, using Equation B.5 from Reference 4, determine the flow of air at standard conditions through a 

hole of this size. Where: 

a = 0.6 cm 

Mair = 29 g/gmole 

Ptair = 0.0185 cP 

P- = 1.0 atm 

Pd = 0.01 atm 

Pa = (1.0 + 0.01)/2 = 0.505 atm 

T = 298'K 

Fc=( 2 "4 9 x1 06 )(3.74x10- 4.38x10-6  cm3 

(0.6)(0.0185) atm - sec
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(3.81x10 3 )(3.74x10- 4 ) 3  298 

Fm 29 _2.11 x10-6 cm 3 

(0.60)(0.505) atm - sec 

Substituting into B.5: 
Sc3 

Lstd = (4.38x10-6 + 2.1 lx10-6)(1.0 -0.01 0.5) = 3.25 X 10.6 at-CM 

( 1.0sec 
4.2.2 Pressurization of the Containment Vessel 

Section 2.4.4 summarizes normal condition temperatures and pressures within the containment vessel.  

These pressures and associated temperatures are used to evaluate the integrity of the CNS 10-160B pack

age. None of these conditions reduce the effectiveness of the package containment.  

4.2.3 Coolant Containment 

Not applicable; there are no coolants in the CNS 10-160B package.  

4.2.4 Coolant Loss 

Not applicable; there are no coolants in the CNS 10-160B package.  

4.3 Containment Requirements for Hypothetical Accident Conditions 

4.3.1 Leak Test Requirements 

Section 2.7 demonstrates that the CNS 10-160B cask will maintain its containment capability throughout 

the hypothetical accident conditions. Fission gas products will not be carried within the cask so there can 

be no release of fission gases. The CNS 10-160B cask is designed, fabricated, and leak tested to preclude 

a release of radioactive material in excess of the limits prescribed in NRC Regulatory Guide 7.4, para

graph C and 1OCFR71.5 I(a)(2). The limits on leakage during normal conditions of transport are defined 

by 1OCFR71.51(a)(2).  

The leak test procedure which assures compliance with leakage during normal conditions of transport will 

also be sufficient to assure compliance during hypothetical accident conditions. A description follows of 

the calculational procedure which demonstrates that the maximum leakage requirement during normal 

conditions of transport is more stringent than the maximum leakage requirement during the hypothetical 

accident.
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1 OCFR71.5 1 (a)(2) states the containment requirements for the hypothetical accident conditions as: 

... no escape of krypton-85 exceeding 10,000 curies in one week, no escape of other ra
dioactive material exceeding a total amount of A2 in one week, and no external radiation 
dose rate exceeding one rem per hour at one meter from the external surface of the pack
age.  

Since the cask does not carry fission products or radioactive gases, only the A2 per week require

ment is limiting. A release of A2 in one week is equivalent to the activity release rate, R,, given 

by equation 9.  

(Equation 9) Ra = (A2/week)(1 week/168 hr) 

=5.952x10-3 A2/hr 

In Section 3.5.4, it is noted that the saturated water vapor in equilibrium at 243 degrees-F and 31.2 psig 

could exist within the internal shipping containers (liners or drains). It is assumed that these conditions 

exist within the cask cavity. The containment must limit the leakage of this water vapor to that prescribed 

in ANSI N14.5. It is very conservative to assume that the concentration of nuclides in the free liquid is 

equal to that of the solids which comprise the vast majority of material being transported in the cask. This 

value is determined below: 

C = Total Curie Content of Vapor 
Minimum Void Volume in Cask Cavity 

"* Cask curie content = 3000 x A2 or less 

"* Free water is limited to restriction of one-percent of solid volume 

"* Hence the curie content = 0.01 x 3000 A2 

"* The minimum void volume occurs when the largest liner is shipped 

(Equation 10) V(cask cavity) -C x 67.25 x 75.75 = 269,064 
4 

The largest liner will have at least 3/ inch of radial clearance and a 11/ 2 inch of height difference, giving a 

volume,
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(Equation 11)

Void Volume

V (liner) -- x (67.25 - 2 x 0.75) 2 x (75.75-1.5) in 3 
4 

= 252,103 i

= 269,064 - 252,103 = 16,961 

= 16,961 in3 x 16.4 cm 3/in3 

= 278,161 cm3

Hence,

(Equation 12)
30A 2 Ci -5 3 

C= 3 = 1.08x10 A2 Ci/cm 
278,161 cm

The corresponding volumetric leak rate, L, is calculated by substituting C given by equation 12 and Ra 

given by equation 9 into equation 1. Equation 13 results from these substitutions.

(Equation 13)
5.952 x 10-3 A 2 Ci/hr lhr La-= 

1.08 x 10-5 A2 Ci/cm 3600sec 

= 1.53 x 10-2 cm 3/sec

The allowable leak rate during the hypothetical accident is larger than during the normal conditions of 

transport. 3.25 x 10.6 atm-cm 3/sec. Thus, the leak rate for normal conditions of transport is limiting and 

will determine the maximum permissible leak rate during tests.  

4.4 Determination of Test Conditions for Preshipment Leak Test 

4.4.1 Maximum Permissible Leak Rate at Standard Conditions 

The preshipment leak test is performed by pressurizing the annulus between the 0-ring seals of the pri

mary' and secondary lids (or if used, the vent or drain ports) with air. Pressure is read on a pressure gauge 

which is readable without estimation and which is calibrated to a maximum error of 1% full scale.
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The test pressure shall be 35 PSIG and the test shall last for V2 hour (10 minutes for vent or drain ports) 

with an allowable pressure drop of I PSIG. Any condition which results in a pressure drop of more than 

1 PSIG shall be corrected.  

ANSI N 14.5 - 1997 states (Reference 4, Table 1) that the permitted leak rate shall be either less than the 

reference air leakage rate, LR, or no detected leakage when tested to a sensitivity of lx 103 ref-cm3/sec.  

The following sections demonstrate that the sensitivity of the assembly verification test is equal to 10-3 

atm-cm 3/sec is achieved with the preshipment leak test described above..  

4.4.2 Detector Sensitivity - Test Conditions 

The test performed is a pressure drop test. The annulus between the O-ring seals is pressurized with air.  

The annulus is a 1/8 inch deep groove, 1/8 inch in width, centered between O-rings, with a minimum in

ner diameter of 68 15/16 inches. The minimum volume of the annulus is 55 cm3 . The leak rate at test 

conditions is determined from equation B. 14 of ANSI N 14.5-1997 which is given as equation 15. Note 

that the same test is used for both the primary and secondary lid annulus. The secondary lid annulus is on 

a minimum 35½ inch diameter with a 1/8 x 1/8 inch groove. Since its minimum volume is about 28 cm3 

(which is less than the primarv lid volume), the test sensitivity is greater for this test and is acceptable.  

(Equation 15) LR- VTs PIll P2 EqnB.14,Reference4 
3600HPs [Ti T2j 

where: 

LR = atm-cm 3/sec of air at standard conditions 

V gas volume in the test annulus cm3 

T, reference absolute temperature, 2980K 

H = test duration, hours 

P, = gas pressure in test item at start of test, atm, abs 

P2, gas pressure in test item at end of test, atm, abs 

P, standard pressure = 1 atm 

T= gas temperature in test item at start of test, OK 

T= gas temperature in test item at end of test, °K
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4.4.3 Required Charge Pressure at the Test Pressure 

Equation B. 16 of Reference 4 states that: 

S <L/2 

Therefore the maximum permitted leak rate for the preshipment leak test is 2 x 10.3 atm-cm3/sec. Substi

tuting this in Eqn. B-14, determine the required leak test pressure, where: 

V = 55 cm 3 

H =0.5 hr 

T,=T = T2 = 2980K 

P1 = 35 psig = 3.38 atm 

2x103 = (55cm 3 )(298°K) (3.38atm. P2 Solve for P2.  
3600(0.5 hr)(1 atm) ( 2980 K 298 0 K) 

P- = 3.31 atm = 34 psig 

Therefore, the 1 psig pressure drop test starting at 35 psig meets the preshipment test requirement for a 

minimum sensitivity of 10-3 atm-cm3/sec.  

4.5 Periodic Verification Leak Rate Determination Using R-12 Test Gas 

This section contains calculations to determine the periodic verification test measurement that is equiva

lent to the maximum permissible leak rate as determined using ANSI N 14.5-1997 (Reference 4).  

The purpose of this calculation is to determine the allowable leak rate using the R-12 halogen gas that 

may be used to perform the annual verification leak tests on the CNS 10-160B cask.  

4.5.1 Introduction 

The text of this document is prepared using Mathcad, Version 6.0, software. Most conventions used in 

the text are the same as normal practice. A benefit of the Mathcad code is that is automatically carries all 
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units with the variables used in the calculations. The code also allows output of variables in any form of 

the fundamental units (length, mass, time, etc.), allowing for automatic conversions between unit systems 

without the need for conversion factors. All Mathcad calculations in this Section 4.5 have been verified 

by hand calculations.  

This calculation uses formulas presented in ANSI N 14.5 - 1997.  

4.5.2 Detector Sensitivity Calculation - Test Conditions 

This section determines the sensitivity necessary for a leak test performed with R-12 halogen gas. This 

test is performed using a General Electric Model H-25 leak detector, along with a Yokogawa Model LS

20 leak standard containing R-12 halogen gas. The leak standard is used to calibrate the leak detector to 

alarm at the maximum allowable test leak rate. The test is performed by filling the region between the 0

rings with 25 psig of R-12 halogen gas.

3 
6 c 

L std = 3.25 10 .std. cm 
see

Section 4.2.1 of 10-160B SAR

Where, for air at standard conditions: 

Pa =.505.atm 

T -298.K

P 
U

1.O-atm

M air = 29 
mole

P d ý01atm 

Paair :0.0185cP 

Assume a, which is the length of the hole in the o-ring, is 

a 0.6cm From 4.2.1 

The maximum possible diameter of hole in the O-ring is:

4 D max - 3.74- 10 .Cm From Section 4.2.1
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Lstd (D) = (Fe (D) + Fm (D) a (P, - Pd) * Pa Pd Eqn. B5- ANSI N14.5 - 1997

Determine the equivalent air/R12 mixture (Lmix) that would leak from Dmax during a leak test. Assume 

the 0-ring void is pressurized to 25 psig (2.7 atm) with an air/R12 mixture.  

P mix = 2.7. atn 

Pair 1.Oatm 

P R12 1.7- atin

Pa Pmix+ Pair Pa~
2 

M R12 -121. gm 
mole 

t'R12 - 0.0124.cP

> Pa =1.85atm 

ANSI N14.5 - 1997 

ANSI N14.5 - 1997

Mmix MR12PRI2+ MaitPair 
Pmix

Eqn. B7 ANSI N14.5 - 1997

M mix = 86 .9 3 *gm 
mole

rtair.P air- V1 RI2.PRI2 •t mix 

P mix 

=> it mix= 0.015"cP

Eqn. B8 ANSI N14.5 - 1997

Determine Lmix as a function of temperature. The viscosities of air and R12 do not change significantly 

over the range of temperatures evaluated:

T -273.K,278K.. 318.K 

24916-Dmax-cP-std 
a P.-misec atm

Temperature range for test: 320F to 113°F 

3 
F =5.539106 cm 

sec atm
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3 3 0T o5 3 .8 1-10-Dma -QMmi-emgm 

0. 5 0m a.Pa.K -mole -sec

Lmi(T) =(Fc+Fm(T)). mix Pp ) _P-a_ 
1, ,mix a Pmix

TF(T) - (T'F

686 "10 _6 

6.85 *10-6 

L (r) 
mix 

6.84"10-6 

6 83 "10 _6

6.82 "10-6

273-K). 9 - 32 
5-K

20 40 60 80 100 120 

T F(T) 

Fie4. 1 - Allowable R-12 Gas/Air Mixture Test Leakage- cm 3 /sec- versus test temoerature- dea.F

The R-12 component of this leak rate can be determined by multiplying the leak rate of the mixture by the 

ratio of the R-12 partial pressure to the total pressure of the mix, as follows.

LRIJT) -LRkT12 

mix
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4 31; 10-6 

-6 
431 "10 

L R12(T) 

6 
4 305 "10 

4.3"10 

-6 4295"10

20 40 60 80 100 120 

T F(T) 

Fig.4.2 - Allowable R-12 test leakage, cm 3/sec versus test temperature, deg.F

Determine the equivalent mass flow rate for LR12 in oz/yr: 

N(T) - PR Ideal Gas Law 
ROT 

where, 
3 

-R molKatm 

moleK

This data can then be used to convert the volumetric leak rate for R-12 calculated above to a mass leak 

rate. By dividing N by V, the number of moles per unit volume can be multiplied by the molecular 

weight of the gas and the maximum allowable volumetric leak rate to determine the maximum allowable 

mass leak rate, as a function of test temperature as shown in the graph below. The conversion from grams 

per second to ounces per year is also shown below.  

L(T) =LRI 2 (T).N(T). M R12 yr 

V oz

4- 14
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gm = 1.113* 106 
sec yr

0.044 

0.042 

L( T) 

0.04 

0.038 

0.036

Conversion of gm/sec to oz/yr

20 40 60 so 100 120 

T F(T)

FiR.4.3 - Allowable R-12 test leakage, oz/vr, versus test temperature, deg.F

The graph above can be used to determine the allowable leak rate based on the temperature at the time of 

the test. According to ANSI N14.5 methodology, the maximum allowable leak rate must be divided by 2 

to determine the minimum sensitivity for the test. A graph of the required sensitivity in oz/yr is presented 

below:

U.022

0.0 

2 
0.

21 

02

0.019

20 40 60 80 100 120

T F(T) 

FiW.4.4 - Allowable R-12 test leakaie sensitivity, oz/vr, versus test temperature, deg.F

The values presented in Figure 4.4 should be used to determine the sensitivity to calibrate the leak detec-
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tor prior to the test.  

4.6 Periodic Verification Leak Rate Determination Using Helium Test Gas 

This section contains calculations to determine the periodic verification test measurement that is equiva

lent to the maximum permissible leak rate as determined using ANSI N 14.5-1997 (Reference 4).  

4.6.1 Introduction 

The purpose of this calculation is to determine the allowable leak rate using the Helium gas that may be 

used to perform the annual verification leak tests on the CNS 10-160B cask.  

The text of this document is prepared using Mathcad, Version 6.0, software. Most conventions used in 

the text are the same as normal practice. A benefit of the Mathcad code is that it automatically carries all 

units with the variables used in the calculations. The code also allows output of variables in any form of 

the fundamental units (length, mass, time, etc.), allowing for automatic conversions between unit systems 

without the need for conversion factors. All Mathcad calculations in this Section 4.6 have been verified 

by hand calculations.  

4.6.2 Detector Sensitivity - Test Conditions 

In Section 4.2.1, it was determined that the maximum possible diameter hole in the cask O-ring (Dmax) 

that would permit the standard leak rate (Ld = 3.25x10 6 std cm 3/sec) is: 

D m 3.74. 104 .cm 

Next, determine the equivalent air/He mixture (Lmix) that would leak from Dmax during a leak test. As

sume the O-ring void is pressurized to 25 psig (2.7 atm) with an air/He mixture.  

Pnix -2.7.atm 

P air 1.0-atm 

PHe 1.7atm 

P miPair 
Pa 2 

Pa 1.85 "atn
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M He - 4.0. gm 

mole 

P-He 0.0198-cP

ANSI N14.5 - 1997 

ANSI N14.5 - 1997

= MHeiHx+ MaitPai MmixX Eqn. B7 - ANSI N14.5

=:> M mix 13.26 gm 

mole

ý,aitPair_ PHePHe 
P.i mix

Eqn. B8 - ANSI N14.5

= 1. mix = 0.019 "cP 

Determine Lmix as a function of temperature. Assume the viscosities of air and Helium do not change 

significantly over the range of temperatures evaluated:

273.K,278.K.. 318.K Temperature range for test: 320 F to approx. 1 130F

2.49 1 Dmax cP. std 

a.j mixsec- atm 

3 

Fc =4.203 * 1 0 ".scf sec-atm

8. I T 0.5 
1.81. O.Dmax I - .cm-gm 

,! Mmix 

a-P aK 5.mole. 5 sec

Lmi4 T) , Fc+ Fm(T)'I ) Pmix Pair) 

'P.  

T F(T) r(TTE 273-K)- 9 +32
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5.94 10 6 

5.92 10-6 

59,10-6 

L mIx(T) 

5 88 "10-6 

5 86 "10-6 

5 84 °10-6
20 40 60 80 100 120 

T F(T) 

Fig.4.5 - Allowable He/Air Mixture Test Leakage, cm 3 /sec, versus test temperature, deg.F 

The Helium component of this leak rate can be determined by multiplying the leak rate of the mixture by 

the ratio of the Helium partial pressure to the total pressure of the mix, as follows.  

LHjT) Lmi(T).p 
Pmi
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3.73 "10-6 

372 "10-6 

3,71 '10-6 

L He( T) 

-6 
3 7 °10 

3 69 '10-6 

368o10-6
20 40 60 80 100 120 

T F(T) 

Fig.4.6 - Allowable Helium test leakage, cm 3/sec versus test temperature, deg.F

Determine the equivalent mass flow rate for LHe in oz/yr:

NT) ýRo.T Ideal Gas Law

where,

3 
.82.05;m- atm 

R° moleK 

This data can then be used to convert the volumetric leak rate for Helium calculated above to a mass leak 

rate. By dividing N by V, the number of moles per unit volume can be multiplied by the molecular 

weight of the gas and the maximum allowable volumetric leak rate to determine the maximum allowable 

mass leak rate, as a function of test temperature as shown in the graph below. The conversion from grams 

per second to ounces per year is also shown below.  

L(T) = L He(T). N(T) . M He 
V oz

gin -1.113 106 *OZ 

sec yr
Conversion of gm/sec to oz/yr
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0.

L(T) 

- 0.00115

0.00105
20 40 60 80 100 120 

T F(T)

Fig.4.7 - Allowable helium test leakage, oz/yr, versus test temperature, deg.F

The graph above can be used to determine the allowable leak rate based on the temperature at the time of 

the test. According to ANSI N 14.5 methodology, the maximum allowable leak rate must be divided by 2 

to determine the minimum sensitivity for the test. A graph of the required sensitivity in oz/yr is presented 

below:

000064 

0 00)062 

0 0006 
L(T) 

0,0058 

0 00056 

000054
20 40 60 80 100 120 

T F(T) 

Fi2.4.8 - Allowable helium test leakage sensitivity. oz/vr, versus test temnerature, dei.F

The values presented in Figure 4.8 should be used to determine the sensitivity to calibrate the leak detec

tor prior to the test.
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4.7 Periodic Verification Leak Rate Determination Using R-134A Test Gas 

This section contains calculations to determine the periodic verification test measurement that is equiva

lent to the maximum permissible leak rate as determined using ANSI N 14.5-1997 (Reference 8).  

4.7.1 Introduction 

The purpose of this calculation is to determine the allowable leak rate using the R-134a halogen gas that 

will be used as an alternative to perform the annual verification leak tests on the CNS 10-160B cask. This 

halogen gas is now in widespread use as a replacement gas for R-12 in many industrial applications.  

Properties for R 1 34a are included in Appendix 4.1.  

The text of this document is prepared using Mathcad, Version 6.0, software. Most conventions used in 

the text are the same as normal practice. A benefit of the Mathcad code is that it automatically carries all 

units with the variables used in the calculations. The code also allows output of variables in any form of 

the fundamental units (length, mass, time, etc.), allowing for automatic conversions between unit systems 

without the need for conversion factors. All Mathcad calculations in this Section 4.7 have been verified 

by hand calculations.  

4.7.2 Detector Sensitivity Calculation - Test Conditions 

This section determines the sensitivity necessary for a leak test performed with R-134a halogen gas. This 

test is performed using a General Electric Model H-25 leak detector, along with a Yokogawa Model LS

20 leak standard containing R-134a halogen gas. The leak standard is used to calibrate the leak detector 

to alarm at the maximum allowable test leak rate. The test is performed by filling the region between the 

o-rings with 25 psig of R-134a halogen gas. In section 4.2.1, it was determined that the maximum possi

ble diameter hole in the cask O-ring (Dmax) that would permit the standard leak rate (Lstd = 3.25 x 10.6) is: 
4 

D max 3.74 .10 .cm 

Next, determine the equivalent air/R134a mixture (Lmix) that would leak from Dmax during a leak test.  

Assume the O-ring void is pressurized to 25 psig (2.7 atm) with an air/R134a mixture.  

Pmix 2.7.atm 

P air 1.0.atm 

PR134a =1.7-atm
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Pa Pmix Pair 
2 

P = 1.85atin 

The properties of R 134a are given in the attached literature (Appendix 4.1): 

M R134a 102-m-9 
mole 

ý'R134a =0.012.cP 

Mmix'- MRI34PRI34a'M Eqn. B7 - ANSI N14.5 
mixP.  

mix 

M mix74.96"* Smx mole 

t' air'P air - 9 R134aiP R134a 
"mix P Eqn. B8 - ANSI N14.5 

m mix 

I-t -- 0.014cP 
mix 

Next, determine Lmix as a function of temperature. Assume the viscosities of air and R134a do not 

change significantly over the range of temperatures evaluated: 

T = 273-K, 278.K.. 318- K Temperature range for test: 320 F to I1 30 F 

Substitute these properties for the air/R134a mixture and the maximum diameter hole (Dmax) into equa

tions B.3, B.4, and B.5 from ANSI N14.5: 

6 4 
2.4910 .D max.cPstd 

Fc 

sec-atm
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Fm(T)

3.81.10.Dma3 - M 05 

0.5 05 

a.Pa.K -mole .see 

p
I aiý L mix(T) -FcF m(T)-P mix-P air mi 

9 TF(T) (T.F -273.K)- --321 5.K 

7"10-6 

6 99 '10-6 

L mix(T) 

698 "10-6 

697 10-6 

696 "10-6
20 40 60 80 100 120 

T F(T) 

Fig.4.9 - Allowable R1 34a/Air Mixture Test Leakage, m3/sec, versus test temperature, deg.F 

The R-134a component of this leak rate can be determined by multiplying the leak rate of the mixture by 

the ratio of the R-134a partial pressure to the total pressure of the mix, as follows.  

LR134AT) Lmi(T)" P§I-4a 

mix
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4.405"10-6 

4.4"10 6 

4.395"10-6 

L R1 3 41T) 

4.39"10-6 

4.385"10-6 

4.38"10-6
20 40 60 80 100 120

T F(T) 

Fig.4.10 - Allowable R-134a test leakage, cm 3/sec versus test temperature, deg.F 

Determine the equivalent mass flow rate for LR134a in oz/yr, the measurement used by the detector:

N(T) PR134aV 

where, 

3 
S2-05= =atm moleK

Ideal Gas Law

Universal gas constant

This data can then be used to convert the volumetric leak rate for R- I 34a calculated above to a mass leak 

rate. By dividing N by V, the number of moles per unit volume can be multiplied by the molecular 

weight of the gas and the maximum allowable volumetric leak rate to determine the maximum allowable 

mass leak rate, as a function of test temperature as shown in the graph below. The conversion from grams 

per second to ounces per year is also shown below.  

L(T) -LRI3 4 a(T) N(T) M R134a yr 
V oz

gm 113" 10 o 

see yr
Conversion of gm/sec to oz/yr
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20 40 60 80 100 120 

T F(T) 

Fiz.4. 11 - Allowable R134a test leakage. oz/vr. versus test temperature, deg.F

The graph above can be used to determine the allowable leak rate based on the temperature at the time of 

the test. According to ANSI N 14.5 methodology, the maximum allowable leak rate must be divided by 2 

to determine the minimum sensitivity for the test. A graph of the required sensitivity in oz/yr is presented 

below:

20 40 60 80 100 120

T F(T)

Fig4. 12 - Allowable RI 34a test leakage sensitivity, oz/yr, versus test temperature, deg.F 

The values presented in Figure 4.12 should be used to determine the sensitivity to calibrate the leak de

tector prior to the test.
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4.8 Combustible Gas Generation Safety Assurance 

Assurance of safe shipment of vessels which may generate combustible gas is based on meeting the fol

lowing criteria over the shipment period.  

i) The quantity of hydrogen generated must be limited to a molar quantity that would be no more 

than 5% by volume at STP (or equivalent limits for other inflammable gases) of the secondary 

container gas void (i.e., no more than 0.063 gram moles/cubic foot, or 

ii) The secondary container and the cask cavity (if required) must be inerted with a diluent to assure 

the oxygen, including that radiolytically generated, shall be limited to 5% by volume in those 

portions of the package which could have hydrogen greater than 5%.  

Criterion (i) essentially stipulates that the quantity of hydrogen shall be limited to 5% of the secondary 

container gas void at STP. This 5% hydrogen gas volume at standard conditions is equivalent to a hydro

gen partial pressure of 0.735 psi or 0.063 gram moles/cubic foot. By actual experiment (Ref 6). the pro

duce an approximate 2.3 psi incremental pressure increase above a nominally atmospheric initial pressure.  

This is because 0.063 gram moles of hydrogen per cubic foot provides such a small source that the peak 

pressure rise resulting from ignition of this source is slight. (The pressure rise is independent of the total 

volume under test, i.e. the 0063 gram moles per cubic foot relationship to a 2.3 psi pressure rise is valid 

for one or many cubic feet of specimen volume). This incremental pressure rise is an inconsequential 

load on the cask structure.  

(Ref. 7), Criteria (ii) is invoked to ensure that when a secondary container's hydrogen concentration po

tentially exceeds 5% volume, release of that hydrogen to the then existing total volume (secondary con

tainer void plus cask void) will not result in a total mixture of greater than 5% volume hydrogen in a 

greater than 5% oxygen atmosphere. Maintaining the oxygen concentration lower than five (5) volume % 

assures a nonflammable mixture.
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ATTACHMENT 2

JUSTIFICATION FOR REVISION 16 TO THE CNS 10-160B SAR AND C OF C 

The primary requested change is to increase the quantity limit to 3000 times a 
Type A quantity without a change in the currently authorized type of permitted 
content materials, material form, or other quantity limits. The currently authorized 
activity limit is "not to exceed 2000 times a Type A quantity".  
No change is requested to the maximum quantity limits listed in 5(b)(2) of: 
decay heat < 100 watts and fissile material _< the mass limits of 10 CFR 71.53.  
As the quantity limit is the basis for the containment leak rate calculations of 
Chapter 4, the leak rate calculations have been revised to reflect a limit of 3000 
times a Type A quantity.  

In addition, text changes have been made to Chapter 4 Containment, Section 
4.1. Previously, the lid leak test ports were identified as penetrations of the 
containment boundary. However, since the ports are outside the inner o-ring (the 
inner o-ring was considered the containment boundary in all analyses), the ports 
do not penetrate the containment boundary. The text in Section 4.1.2 has been 
revised to correctly identify only two containment penetrations, the optional drain 
line and the optional vent port in the secondary lid. Also, in Section 4.1.4, the 
incorrect designator of "Stat-O-Seal" has been removed from the lid o-rings (the 
seals are not Stat-O-Seals but silicone o-rings) and the inner o-ring of each lid 
pair is identified as the containment boundary for clarity.  

Evaluations of each section of the 10-160B SAR taking into consideration the 

requested change are presented below.  

CNS 10-1 60B Safety Analysis Report 

1.0 GENERAL INFORMATION 
1.1 Introduction 

The requested change has no impact on this section.  
1.2 Package Description 

1.2.1 Packaging 
The requested change has no impact on this section.  

1.2.2 Operational Features 
The requested change has no impact on this section.  

1.2.3 Contents of Packaging 
1.2.3.1 Cask Contents 

Items 1, 2, and 3 are revised to specify 3000 A2 as 
the maximum allowed activity. Regulatory Guide 
7.11 identifies the radioactivity limit for a Category 
II package as "Between 3,000 A2 and 30 A2" for 
Normal Form material. The impact of this change 
on the leak rate is discussed in Section 4,
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Containment 

1.2.3.2 Waste Forms 
The requested change has no impact on this 
section.  

1.3 Appendix - CNS 10-160B Shipping Cask Drawing 
The requested change has no impact on this section.  

2.0 STRUCTURAL EVALUATION 
The requested change to the quantity of radioactive material in the contents 
does not alter the cask structure or content weights previously approved by 
the NRC for the 10-1 60B. The requested change has no impact on this 
section.  

3.0 THERMAL EVALUATION 
The requested change to the quantity of radioactive material in the contents 
does not alter the thermal limit previously approved for the 10-160B. The 
requested change has no impact on this section.  

4.0 CONTAINMENT 
4.1 Containment Boundary 

The text now reflects the existence of only two containment boundary 
penetrations, the optional drain line and the optional vent in the 
secondary lid. The lid seals are now correctly identified as silicone o
rings without the additional qualifier of "Stat-O-Seal" and the inner o
ring is identified as the containment boundary.  

4.2 Containment Requirements for Normal Conditions of Transport 
The calculations in this section have been revised using a source term 
of 3000 A2 .  

4.3 Containment Requirements for Hypothetical Accident Conditions 
The calculations in this section have been revised using a source term 
of 3000 A2 .  

4.4 Determination of Test Conditions for Assembly Verification Leak Test 
The requested change has no impact on this section.  

4.5 Periodic Verification Leak Rate Determination Using R-12 Test Gas 
The calculations in this section have been revised for a LSTD based on 
a source term of 3000 A2.  

4.6 Periodic Verification Leak Rate Determination Using Helium Test Gas 
The calculations in this section have been revised for a LSTD based on
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a source term of 3000 A 2 .  

4.7 Periodic Verification Leak Rate Determination Using R-1 34a Test Gas 
The calculations in this section have been revised for a LsrD based on 
a source term of 3000 A2.  

4.8 Combustible Gas Generation Safety Assurance 
The requested change has no impact on this section.  

4.9 References 
The requested change has no impact on this section.  

5.0 SHIELDING EVALUATION 
The shielding evaluation is based on a gamma source limited by external 
dose rate not by total activity. As shown in the evaluation, a typical gamma 
source (60Co is used) is limited by the external dose rate on the cask. The 
maximum 60Co source, based on external dose rate, is less than the currently 
authorized activity limit of 2000 times a Type A quantity. The requested 
change to 3000 times a Type A quantity has no impact on this section.  

6.0 CRITICALITY EVALUATION 
The requested change does not alter the fissile material limit previously 
authorized. The requested change has no impact on this section.  

7.0 OPERATING PROCEDURES 
The requested change has no impact on this section.  

8.0 ACCEPTANCE TESTS AND MAINTENANCE 
The requested change has no impact on this section.
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