
Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

i

       
 
 
 
 
 

Safety Analysis Report 
 for 

Century Industries 
Versa-Pac Shipping Container 

 
Application for License 

Docket No. 71-9342 
 
 
 

Revision 3 
April 09, 2010 

 
 
 
 
 
 

Designed and Submitted By:  
Century Industries,  

Bristol, Virginia 
 
 
 
 
 
 
 
 
 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

ii

 
TABLE OF CONTENTS 

 
1 GENERAL INFORMATION…………………………………………..1-1 

1.1 Introduction………………………………..……………………...1-1 
1.2 Package Description………………………..……………………..1-2 

1.2.1 Packaging…………………………..……………………..1-2 
1.2.2 Contents………...……………………….………………...1-5 
1.2.3 Special Requirements for Plutonium….…………………..1-5 
1.2.4 Operational Features………………………………………1-6 

1.3 List of Appendices…………………………………………..…….1-7 
1.3.1 Versa-Pac Shipping Container Drawings, Century Industries 

Drawing No. VP-55-LD-1 & 2, VP-110-LD-1 & 2.…….1-13 
1.3.2 General Notes,…………………………………………...1-18 
1.3.3 SOP 6.11 – Polyurethane Closed Cell Foam 
       Specification for Century Industries Products……….......1-20 
1.3.4 SOP 6.12 Ceramic Fiber Insulation Specification  
       for Century Industries Products…….……..……………..1-27 
1.3.5 SOP 6.13 – Structural Fiberglass Component  
       Specification for Century Industries Products………..….1-31 
 

List of Tables and Figures 
 
Figure 1-1 Versa-Pac Component Illustration……………….………..1-6 
  
Table 1-1 Versa-Pac Shipping Container Gross Weights.…….……..1-8 
Table 1-2 55 Gallon Versa-Pac Materials of Construction……….….1-9 
Table 1-3 110 Gallon Versa-Pac Materials of Construction……......1-10 
Table 1-4 Auto-Ignition Temperature for Selected Materials for 

Packaging within the Versa-Pac…………………………1-11 
Table 1-5 Summary of Uranium Isotope Limits for U-234 & U236.1-12 

 
2 STRUCTURAL EVALUATION 

2.1 Description of Structural Design……………………………...…..2-1 
2.1.1 Discussion…………………………………………….…...2-1 
2.1.2 Design Criteria...………………………………………..…2-2 
2.1.3 Weights and Centers of Gravity…………………….…….2-3 
2.1.4 Identification of Codes and Standards for Package 

Design……………………………………………………..2-3 
2.2 Materials…………………………………………………………..2-4 

2.2.1 Mechanical Properties of Materials……………………….2-4 
2.2.2 Chemicals, Galvanic Reactions and Other Reactions.........2-4 
2.2.3 Effects of Radiation on Materials……………………........2-4 

2.3 Fabrication and Examination………………………………….......2-4 
2.3.1 Fabrication……………………………………………….,,2-4 
2.3.2 Examination……………………………………………….2-5 
 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

iii

2.4 General Requirements for All Packages…………………………..2-5 
2.4.1 Minimum Package Size…………………………………...2-5 
2.4.2 Tamper-Indicating Feature………………………………..2-5 
2.4.3 Positive Closure……………………..…………………….2-5 

2.5 Lifting and Tie-Down Standards for All Packages.........................2-6 
2.5.1 Lifting Devices……………………………………………2-6 
2.5.2 Tie-Down Devices………………………………………...2-6 

2.6 Normal Condition of Transport…………………………………...2-6 
 Evaluation by Test………………………………………………...2-6 
 Evaluation by Analysis……………………………………………2-6 

2.6.1 Heat………………………………………………………..2-7 
2.6.1.1 Summary of Pressures and Temperatures………………...2-7 
2.6.1.2 Differential Thermal Expansion…………………………..2-7 
2.6.1.3 Stress Calculations………………………………………...2-7 
2.6.1.4 Comparison with Allowable Stresses……………………..2-7 
2.6.2 Cold……………………………………………………….2-8 
2.6.3 Reduced External Pressure………………………………..2-8 
2.6.4 Increased External Pressure……………………………….2-8 
2.6.5 Vibration………………………………………………......2-8 
2.6.6 Water Spray……………………………………………….2-9 
2.6.7 Free Drop………………………………………………….2-9 
2.6.8 Corner Drop……………………………………………….2-9 
2.6.9 Compression………………………………………………2-9 
2.6.10 Penetration……………………………………………….2-10 

2.7 Hypothetical Accident Conditions……………………………….2-10 
2.7.1 Free Drop………………………………………………...2-11 
2.7.1.1 End Drop…………………………………………………2-11 
2.7.1.2 Side Drop………………………………………………...2-12 
2.7.1.3 Corner Drop……………………………………………...2-12 
2.7.1.4 Oblique Drops……………………………………………2-13 
2.7.1.5 Summary of Results……………………………………...2-13 
2.7.2 Crush…………………………………………………..…2-14 
2.7.3 Puncture……………………………………………….…2-14 
2.7.4 Thermal………………………………………………..…2-19 
2.7.4.1 Summary of Pressure and Temperatures……………..….2-19 
2.7.4.2 Differential Thermal Expansion..................................…..2-19 
2.7.4.3 Stress Calculations………………………………….……2-19 
2.7.5 Immersion - Fissile Material……………………….…….2-20 
2.7.6 Immersion – All Packages………………………….……2-20 
2.7.7 Deep Water Immersion Test (for Type B Packages 

Containing More than 105 A2)…………………………...2-20 
2.7.8 Summary of Damage…………………………………….2-20 

2.8 Accident Conditions for Air Transport of Plutonium……………2-21 
2.9 Accident Conditions for Fissile Material Packages for  
 Air Transport…………………………………………………….2-21 
2.10 Special Form……………………………………………………..2-21 
2.11 Fuel Rods………………………………………………………...2-21 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

iv

2.12 Appendix…...……………………………………………………2-21 
2.12.1 MATEC Report on Material Compatibility………….2-26 
2.12.2 Century Industries Performance Test Report 
 for the Versa-Pac…………………………………….2-29 
2.12.3 Excerpted from Safety Analysis Report for the  
 Century Champion Type B Package Immersion Test.2-30 
2.12.4 Century Industries Test Report for the 55-Gallon Versa-
 Pac Shipping Container (Shallow Angle Drops)……2-31 
2.12.5 NCT Versa-Pac Test Report for Compression & 
 Penetration…………………………………………..2-32 
 

List of Tables and Figures 
Table 2-1 Evaluation Results…………………………………………...2-23 
Table 2-1 Mechanical Properties of Materials………………………….2-25 
 

   
3 THERMAL EVALUATION……………………………………………3-1 

3.1 Description of Thermal Design……………………………….…..3-1 
3.1.1 Design Features…………………………………………….……..3-1 
3.1.2 Content’s Decay Heat……………………………………….…….3-1 
3.1.3 Summary Tables of Temperatures………………………….……..3-2 
3.1.4 Summary Tables of Maximum Pressures…………………………3-2 
3.2 Material Properties and Component Specifications………………3-2 
3.2.1 Material Properties………………………………………………..3-2 
3.2.2 Component Specifications………………………………………...3-2 
3.3 Thermal Evaluation under Normal Conditions of Transport……...3-3 
3.3.1 Heat and Cold……………………………………………………..3-3 
3.3.2 Maximum Normal Operating Pressure……………………………3-4 
3.4 Thermal Evaluation under Hypothetical Accident Conditions…....3-4 
3.4.1 Initial Conditions………………………………………………….3-4 
3.4.2 Fire Test Conditions……………………………………………....3-4 
3.4.3 Cool-down Conditions………………………….…………………3-4 
3.4.4 Maximum HAC Temperature and Pressures ……………………..3-5 
3.4.4.1 HAC Temperatures………………………………………………..3-5 
3.4.4.2 HAC Pressures…………………………………………………….3-5 
3.4.5 Maximum Thermal Stresses………………………………………3-5 
3.4.6 Accident Conditions for Fissile Material Packages for 
 Air Transport……………………………………………………...3-5 
3.5 Appendix……………………………………………………….....3-5 
3.5.1 Description of Thermal Model…………………………………….3.5 
3.5.2 Excerpted from ALGOR Non-Linear Thermal Transient Heat  
 Transfer Analysis Manual, “Emulation of body-to-body  
 radiation as temperature dependent conduction”……………..….3-5 
3.5.3 Summary of thermal testing of the Champion for demonstration 

of thermal stress acceptability…………………………………….3-5 
3.5.4 Heat Sources and Boundary Illustrations…………………………3-5  
3.6 References.………………………………………………………..3-5 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

v

3.6.1 MatWeb material database, a division of Automation  
 Creations, Inc. (ACI) of Blacksburg, Virginia………………...….3-5 
3.6.2 ALGOR FEMPRO FEA Software by Autodesk, Pittsburg, PA, 

Version 18.1……………………………………………………….3-5 
3.6.3 Inropera & DeWitt, Fundamentals of Heat and Mass Transfer  
 3rd Edition, John Wiley & Sons, New York, 1990………………..3-5 
 
List of Tables and Figures 
Table 3-1 Evaluation Results…………………………………………….3-7 
Table 3-2 Applied Heat Loads and Initial Conditions…………………...3-8 
 
Figure 3-1 Normal Hot Package Peak Temperature Distribution,  
  55-gallon Versa-Pac…………………………………………..3-9 
Figure 3-2 Normal Hot Outer Surface Peak Temperature Distribution,  
  55-gallon Versa-Pac…………………………………………3-10 
Figure 3-3 Normal Hot Contents Peak Temperature Distribution,  
  55-gallon Versa-Pac.………………………………………...3-11 
Figure 3-4 Maximum Fire Event Temperature at 30 Minutes, Contents..3-12 
Figure 3-5 Fire Event Temperature at 30 Minutes, Payload Cavity and 
  Flanges (including Polyurethane Plug Area)………………...3-13 
Figure 3-6 Fire Event Temperature at 30 Minutes, Package Lid………..3-14 
Figure 3-7 Fire Event Temperature at 30 Minutes, Package Side View...3-15 
Figure 3-8 Fire Event Temperature at 30 Minutes, Polyurethane Plug….3-15 
Figure 3-9 Fire Event Temperature at 30 Minutes, Isometric View 
  of Temperature Distribution…………………………………3-16 
Figure 3-10 Fire Event and Cool-down Temperature at 55 Total Minutes, 

   Package Side View…………………………………………3-17 
Figure 3-11 Fire Event Temperature at 30 Minutes, Polyurethane Plug...3-18 
Figure 3-12 Fire Event and Cool-down Temperature at 55 Minutes,      

   Polyurethane Plug…………………………………………..3-18 
Figure 3-13 Fire Event Temperature at 30 Minutes, Isometric View of 

Temperature Distribution………………………………………..3-19 
Figure 3-14 Fire Event and Cool-down Temperature at 55 Total Minutes,      

   Isometric View of Temperature Distribution………………3-20 
Figure 3-15 Fire Event and Cool-down Temperature as a Function of 

Seconds (Beginning of Cool-down = 0 sec) for Payload Cavity 
Nodes 72302 (at the Bottom of the Polyurethane Insert) and 14619 
(at the Center of the Payload Cavity Floor Part PB)…………….3-21 

 
 
 
 
 
 
 
 
  



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

vi

4 CONTAINMENT………………………………………………………..4-1 
4.1 Description of the Containment System…………………………..4-1 
4.2 Containment Under Normal Conditions of Transport………...…..4-1 
4.3 Containment Requirements for Hypothetical Accident 

Conditions……………………………………………………..…..4-1 
4.4 Leakage Rate Tests for Type B Packages……………………...…4-2 
4.5 List of Appendices………………………………………………...4-2 

 
5 SHIELDING EVALUATION…………………………………………..5-1 
 
6 CRITICALITY EVALUATION………………………………………..6-1 

6.1 Description of Criticality Design..………………………………...6-3 
6.1.1 Design Features..………………………………………….6-3 
6.1.2 Summary Table of Criticality Evaluation…………………6-3 
6.1.3 Criticality Safety Index……………………………………6.4 

6.2 Fissile Material Contents………………………………………….6-4 
6.3 General Considerations……………………………………………6-5 

6.3.1 Model Configuration……………………………………...6-5 
6.3.2 Material Properties………………………………………..6-7 
6.3.3 Computer Codes and Cross Section Libraries……………6-7 
6.3.4 Demonstration of Maximum Reactivity………………….6-7 

6.4 Single Package Evaluation……………………………………….6-9 
6.4.1 Configuration……………………………………………..6-9 
6.4.2 Results…………………………………………………...6-10 

6.5 Evaluation of Package Arrays Under Normal Conditions of 
Transport…………………………………………………………6-10 
6.5.1 Configuration……………………………………………..610 
6.5.2 Results…………………………………………………...6-11 

6.6 Evaluation of Package Under Hypothetical Accident Conditions.6-11 
6.6.1 Configuration…………………………………………….6-11 
6.6.2 Results…………………………………………………...6-13 

6.7 Fissile Material Packages for Air Transport……………………..6-21 
6.8 Benchmark Evaluations…………………..……………………...6-21 

6.8.1 Benchmark Experiments and Applicability……………...6-21 
6.8.2 Bias Determination………………………………………6-22 
6.8.3 Benchmark Results………………………………………6-22 

6.9 List of Appendices……………………………………………….6-23 
6.9.1 SCALE 4-4a Input Decks – Bounding Cases……….…...6-74 
6.9.2 [6-1] Montgomery, Richard D., Validation of  
       SCALE-PC for High Enriched Uranium (HEU) Systems     
       MTS 423, Rev. 1 5/30/09………………………………6-107 

6.10 References……………………………………………………….6-23 
 
 
 
 
 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

vii

List of Tables and Figures 
 
Table 6-1 Summary of Results………………………………………….6-24 
Table 6-2 Century Versa-Pac Shipping Container – Test Package  
  Dimensional Changes………………………………………..6-26 
Table 6-3 Century Versa-Pac Shipping Container Dimensions and  
  Materials……………………………………………………..6-27 
Table 6-4 Package Regional Densities………………………………….6-29 
Table 6-5 Summary of Single Package Results………………………...6-30 
Table 6-6 Summary of Hypothetical Accident Condition Package  
  Results for Homogeneous Models…………………………...6-32 
Table 6-7 Summary of Hypothetical Accident Condition Package 
  Results for Lumped Fissile Mass Models……………………6-34 
Table 6-8 Summary of Hypothetical Accident Condition Package  
  Results for Lumped Fissile Mass Models – Increased Array 
  Size and Increased Poly-Moderation Sensitivity ……………6-38 
Table 6-9 Summary of Hypothetical Accident Condition Package  
  Results for Lumped Fissile Mass Models – Cross Section, 
  Fissile Mass, Interspersed Moderation, Fissile Moderator 
  Density, and Package Carbon Steel Sensitivity……………...6-41 
Table 6-10 Summary of Sphere Sensitivity Placement Calculations for  
  MOD0, MOD1, MOD2, MOD3, and MOD4 Arrays (Note:  
  Yellow high-lighted cells represent the bounding case)……..6-43 
Table 6-11 Summary of Sphere Sensitivity Placement Calculations for  
    MOD0, MOD1, MOD2, MOD3, and MOD4 Arrays (Note:  
  Yellow high-lighted cells represent the bounding case,  
  interspersed moderator VF=0.0001, poly-moderation density-
  0.98 g/cc)…………………………………………………….6-46 
Table 6-12 Summary of Region Dependent Interspersed Moderation  
  Calculations for MOD0 and MOD1 Array Configurations 
  (Note: Yellow high-lighted cells represent the bounding  
  case)………………………………………………………….6-47 
 
Figure 6-1 Illustration of the KENO Model of Century Versa-Pac  
  Shipping Container for the Normal Condition of Transport  
  and hypothetical Accident Condition………………………..6-60 
Figure 6-2 KENO VI results for single model calculation as a  
  function of drum fill percentage for the Normal Condition  
  of Transport and Hypothetical Condition……………………6-61 
Figure 6-3 KENO VI results for single model calculation as a  
  function of poly-moderator (20% filled drum) for the 
  Normal Condition of Transport and Hypothetical Condition..6-61 
Figure 6-4 KENO VI results for single model calculation as a  
  function of interspersed moderator (20% filled drum) 
  for the Normal Condition of Transport and Hypothetical  
  Condition…………………………………………………….6-62 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

viii

Figure 6-5 KENO VI results for fully reflected spheres representing 
   the Normal Condition of Transport and Hypothetical 
  Condition for a single package...…………………………….6-62 
Figure 6-6 KENO VI results for infinite array model calculation as a  
  function of drum fill percentage for the Normal Condition  
  For Transport and Hypothetical Condition…………………..6-63 
Figure 6-7 KENO VI results for infinite array model calculation as a  
  function of poly-moderator density (10% filled drum) 
  for the Normal Condition of Transport and Hypothetical  
  Condition…………………………………………………….6-63 
Figure 6-8 KENO VI results for triangular package array model  
  calculation with lumped spheres as a function of package 
  array size for the Normal Condition of Transport and  
  Hypothetical Condition………………………………………6-64 
Figure 6-9 KENO VI results for triangular package array model  
  calculation with lumped spheres as a function of sphere  
  diameter for the Normal Condition of Transport and  
  Hypothetical Condition………………………………………6-64 
Figure 6-10 KENO VI results for square package array model  
   calculation with lumped spheres as a function of package  
   array size for Normal Condition of Transport and 
   Hypothetical Condition……………………………………...6-65 
Figure 6-11 KENO VI results for triangular package array model  
   calculation with lumped cylinders as a function of 
   package array size for the Normal Condition of  
   Transport and Hypothetical Condition……………………...6-65 
Figure 6-12 KENO VI results for triangular package array model  
   calculation with lumped cylinders as a function of cylinder 
   diameter for the Normal Condition of Transport and  
   Hypothetical Condition……………………………………..6-66 
Figure 6-13 KENO VI results for triangular package array model  
   calculation with lumped cylinders as a function of 
   cylinder height to diameter ratio for the Normal Condition of 
   Transport and Hypothetical Condition……………………...6-66 
Figure 6-14 KENO VI results for triangular package array model  
   calculation with poly-moderated (0.92 g/cc) lumped  
   spheres as a function of package array size for the Normal  
   Condition of Transport and Hypothetical Condition………..6-67 
Figure 6-15 KENO VI results for triangular package array model  
   calculation with poly-moderated (0.98 g/cc) lumped  
   spheres as a function of package array size for the Normal  
   Condition of Transport and Hypothetical Condition………..6-67 
Figure 6-16 Illustration of KENO VI triangular package array model with 
    orientation of lumped fissile mass for the Normal Conditions of 
    Transport And Hypothetical Condition…………………….6-68 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

ix

Figure 6-17 Illustration of KENO VI square package array model with  
    orientation of lumped fissile mass for Normal Condition of  
    Transport and Hypothetical Conditions………………….…6-68 
Figure 6-18 Illustration of KENO VI stacked X-Z view of the inverted  
    bottom package and normally orientated top package in a  
    triangular package array model with orientation of lumped 
    fissile mass for the NCT and HAC (Initial MODO   
    Configuration)……………………………………………...6-69 
Figure 6-19 Illustration of KENO VI stacked X-Z view for the triangular 
    package array model with orientation of lumped fissile mass for 
    the NCT and HAC (MOD1 Configuration)……………..….6-70 
Figure 6-20 Illustration of KENO VI stacked X-Z view for the triangular 
    package array model with orientation of lumped fissile mass for 
    the NCT and HAC (MOD2 Configuration)……………..….6-71 
Figure 6-21 Illustration of KENO VI stacked X-Z view for the triangular 
    package array model with orientation of lumped fissile mass for 
    the NCT and HAC (MOD3 Configuration – note centered  
    spheres as opposed to overlapping view as observed in Figure 
    6-19)………………………………………………………...6-72 
Figure 6-22 Illustration of KENO VI stacked X-Z view for the triangular 
    package array model with orientation of lumped fissile mass for 
    the NCT and HAC (MOD4 Configuration)………………...6-73 
 
 

7 PACKAGE OPERATIONS……………………………………………..7-1 
7.1 Package Loading…………………………………………………..7-1 

7.1.1 Preparation for Loading……..…………………………….7-1 
7.1.2 Loading of Contents………………………………………7-2 
7.1.3 Preparation for Transport………………………………….7-2 

7.2 Package Unloading………………………………………………..7-3 
7.2.1 Receipt of Package from Carrier………………………….7-3 
7.2.2 Removal of Contents……………………………………...7-3 

7.3 Preparation of Empty Package for Transport……………………..7-3 
7.4 Other Operations…………………………………………………..7-3 
7.5 Appendix………………………………………………………….7-3 
 
 
 
 
 
 
 
 
 
 
 
 



Century Versa-Pac Rev. 4                                                                                  Page 
August 9, 2010 

x

 
 

8 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM………8-1 
8.1 Fabrication Acceptance Tests……………………………………..8-1 

8.1.1 Visual Inspection and Measurements……………………..8-1 
8.1.2 Weld Inspection…………………………………………...8-1 
8.1.3 Structural and Pressure Tests……………………………...8-2 
8.1.4 Leakage Tests……………………………………………..8-2 
8.1.5 Component and Materials Tests…………………………..8-2 
8.1.6 Tests for Shielding Integrity………………………………8-2 
8.1.7 Thermal Acceptance Tests………………………………...8-2 
8.1.8 Miscellaneous Tests……………………………………….8-2 

8.2 Maintenance Program……………………………………………..8.2 
8.2.1 Structural and Pressure Tests……………………………...8-3 
8.2.2 Leakage Tests……………………………………………..8-3 
8.2.3 Component and Material Tests……………………………8-3 
8.2.4 Thermal Tests……………………………………………..8-4 
8.2.5 Miscellaneous Tests……………………………………….8-4 

8.3 List of Appendices………………………………………………...8-4 
 
 

 


