NuPac 10/140M8

SAFETY ANALYSIS REPORT

FOR THE

NUPAC 10/140MB SHIPPING CASK

AUGUST, 1985

Prepared by: Nuclear Packaging, Ine¢.
1010 South 336th Street
Federal Way, WA 98003

Angust 1985

'//-‘/‘///



NuPac 10/140MB August 1985

NOTICE

This Safety Analysis Report for the NuPac Model 10/140MB Shipping
Cask and all associated drawings including amendments thereto are
the property of Nuclear Packaging, Inc., Federal, Washington.
This material is being made available for the purpose of obtain-
ing required certifications from the U, 8. Nuclear Regqulatory
Commission and to enable others to register with the U,S.N.R.C.
as a user of this package. No other use of this material is
authorized unless by written consent of Nuclear Packaging, Inc.
Parties who may come into possession of this material are cau-
tioned that the information is not to be reproduced in any form
without the prior written consent of Nuclear Packaging, Inc.

Unpublished - All rights reserved under law.



NuPsec 10/14088

1.0 GENERAL INFORMATION

1.1 Introduction

1.2 Package Description

1.2.1 Packaging
3:8:2.4 General Description
1.2.1.2 Materials of Coamstruction,
Dimensions and Fabricating
Methods
1.2.1.3 Containment Vessel
1.2.1.4 Neutron Absorbers
. ‘ $.3.1.3 Package Weight
1.2.1.6 Receptacles
1.2.1.7 Containment Penetrations
1.2.1.8 Tiedowns
1.2.1.9 Lifting Devices
1.2.1.10 Pressure Relief System
1.2.1.11 Heat Dissipation
1.2,1.12 Coolants
1.2.1.13 Protrusions
1.2.1.14 Shielding
1.2.2 Operational Features
1.3.9 Contents of Packaging

APPENDIX 1.3.1

1-1

3~3

Angust 1985



NePac 10/140M8

2.0 STRUCTURAL EVALUATION

2.1

3.2
2.3
2.4

2.5

Structural Desiga

3:1.1 Discussion

2.1.2 Design Criteria

2:1.3.1 Basic Design Criteria

2.1.2.2 Miscellaneous Structural
Failure Modes

3.1.3.3 Overprck Design Criteria

Weights and Centers of Gravity
Mechanical Properties of Materials

General Standards for All Packages

2.4.1 Minimum Package Size
2.4,2 Tamper-proof Feature
2.4.3 Positive Closure

2.4.4, Chemical and Galvanic Reactions

Lifting and Tie~Down Standards for All
Packages

2.5.1 Lifting Devices

3:5.,1.1 Primary Lid Lifting Lugs
$.5.1.2 Secondary Lid Lifting Lug

2.5.3 Tie~down Devices

ii

August 1985

2-1

2-5
2~26

2-32
2-32
2-37
2-37
2-3"
2-37
2-37
2-38

2-38

2-38
2-42

2-45



NuPac 10/140M8

2.6 Normal Conditions of Transport

3.

-

Heat

Cold

Reduced External Pressure
Increased External Pressure
Vibration

Water Spray

NONN NN NN
- . - - . . .
D O O O O O
. . . . . .
S O v e W N -

Free Drop

2.6.7.1 Flat End Drop
2.6.7.3 Oblique Impact
2.6.7.3 Flat Side Impact

2.6.8 Corner Drop
2.6.9 Compression
2.6.10 Penetration

Hypothetical Accident Conditions
S T2 Free Drop

5 P % Flat End Drop

Ss P sl Oblique Impact

- B 8 Flat Side Impact

- B Puncture

3-33

2-58
2-55
2-70
2~-73
2-73
2-73
2-73

2-74

2-100

2-111

2-118

2-118

2-118

2-119

2-119

2-120

2-144

2-165

2-183

- P B | Side Wall Puncture Resistance 2-184

2.7.2.2 Cask Lid Puncture Resistance
2.7.2.3 Overpack Puncture Resistance

iii

2-186
2-187

August 1985



NuPac 10/140M8 August 1985

‘ Page

3.7:9 Thermal 2-190

3.7.5.13 Summary of Pressures and
Temperatures 2-190
2.7.5.3 Differential Thermal

Expansion 2-190
- W Stress Calculations 2-190
2:7.5.4 Comparison with Allowable
Stresses 2-190
2.7.4 Immersion - Fissile Material 2-191
2.7.3 Immersion - All Packages 2-191
2.7.6 Summary of Damage 2-192
APPENDIX 2.10.1 Stability and Buckling Design

‘ Criteria 2-10-1-1

2.10.1 Stability and Buckling Design

Criteria 2-10-1-1
2.10.1.1 Criteria Definition 2-10~-1-2
2.10,1.2 Background 2-10-1-5
2.10,1.,3 Criteria Rationale 2-10-1-9
2.10,1.4 Safety Analysis 2-10-1-11
2.10.1.5 Reference 2-10~1-21

APPENDIX 2.10.2 ANSYS Program Description 2-10-2~-i

iv



NaPac 10/140M8

APPENDIX 2.10.3

APPENDIX 2.10.4

® :

APPENDIX 2.10.5

.10.3
.10.3.2
.10.8.3

.10,

.10,
.10,
10,

.10,
.10,

.10,

.10,

Tiedown Lug Loads and Stress
Analysis

.1 Tiedown Loads Analysis
Finite Element Analys’s
Tiedown Lug Weld Stress
Calculations

3.4 Tiedown Lug Weld Ultimate
Strength

EnviroLock™ Structural

Analysis

4.1 Body Section
4.2 Lid Structure
4.3 Clamping Bolt

Description of NuPac Proprietary

Drop Programs

5.1 Overpack Deformation Behavior

5.2 Oblique Impact Dynamic
Analysis

5.3 Sample Program Input and
Output

5.4 NuPac Computer Code Quality

Assurance

2-10-3-i

2-10-3~1
2-10-3-3

2-10-3-12

2-10-3-15

2-10-4-i

2-10-4~1

2-10-4-7

2-10-4-11

3~-10~-5~1

2-10-5~1

2-10-5-10

2-10-5-28

2-10-5-46

Angust 1985



NuPac 10/140M8

APPENDIX 2.10.6

APPENDIX 2.10.7

APPENDIX 2.10.8

APPENDIX 2.10.9

2.10,6.1
2.10.6.2

2.10,6.3

2.10,6.4

2.10.6.5

2.10.6.6

Cask Wall Buckling Analysis

Finite Element Analysis
Normal Condition Scress
Results

Accident Condition Stress
Results

Normal Condition Buckling
Consideration
Hypothetical Accident
Condition Buckling
Considerations

Lead Slump

Fnd Drop Lid Analysis

Lid Puncture Analysis

ANSYS ANALYSIS OUTPUT

(Microfiche)

3.0 THERMAL EVALUATION

5.3
3.4

Discussion

Summary of Thermal Properties of

Materials

Technical Specifications of Components

Thermal Evaluation For Normal Conditions

of Transport

3.4.1 Thermai, Model

vi

2-10-6~i

2-10~-6~-1

2-10-6-§

2-10-6-6

2-10~6-7

2-10-6-7

2-10-6~8

2-10-7~i

2-10~8~i

2-10~9~4

KRS |

3-2
-4

Aungust 1985



NuPre 10/140M8 August 1985

Page
3.4.1.1 Analytical Model 3-6
3.4.1,2 Test Model 3-8
31.4.2 Maximum Temperatures 3-9
3.4.3 Minimum Temperatures 3-11
J.4.4 Maximam Normal Condition
Internal Pressure 3-11
3.4.5 Thermal Stresses I-14
3.4.6 Evaluation of Package Performance

For Normal Conditions of Transport 3-14

3.5 Hypothetical Accident Thermal Evaluation 3-15%
5.5.1 Thermal Model 3-15
5v8.3.3 Analytical Model 3-15%
3.9.1.3 Test Model J-16
5.5.3 Package Conditions and Eanviromment 3~16
3.5.3 Package Temperatures 3-17
3.5.4 Maximum Internal Pressure 3-19
3.5.5 Mazimum Thermal Stresses 3-19

3.5.6 Evaluation of Package Performance

for the Hypothetical Accident

Thermal Conditions 3-20
APPENDIX 3.6 3-6-14
3.7 References 3-28

vil



NuPac 10/140M8

(1 g
4.0 CONTAINMENT 4-1
4.1 Containment Boundary 4-1
4.1.1 Containment Vessel 4-1
4.1.2 Containment Penetrations 4-1
4.1.3 Seals and Welds 4-1
4.1.4 Closure 4-2
4.2 Requirements for Normal Conditions of
Transport 4-2
4.2.1 Release of Radioactive Material 4-3
4.2.2 Pressurization of Containment
Vessel 4-3
‘ 4.2.3 Coolant Contamination 4-3
4.2.4 Coolant Loss 4-3

5.0

4.3 Containment Requirements for the Hypothetical

Accident Conditions 4-3
4.3.1 Fission Gas Products 4-4
4,3.2 Releases of Contents 4-4
SHIELDING EVALUATION 5-1
£.1 Discussion and Results 5-1
5.2 Source Specification §-3
$.2.1 Gamma Source §-1
2.5.3 Neutron Soarce §-3

viid

Aagust 1985



NuPac 10/140M8

5.3 Model Specifications

3.3:1% Description of the Radial and
Axial Shielding Configuration

3.5.2:1 Radial Shielding

53:.9.3 Package Regional Densities

5.4 Shielding Evaluation

6.0 CRITICALITY

6.1 Discussion and Results

7.0 OPERATING PROCEDURES

7.1 Procedures for Loading the Package

7.2 Procedures for Unloading the Package

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Tests

8.2 Maintenance Prograa

APPENDIX 8.3.1 Gamma Scan

APPENDIX 8.3.2 Helium Leak Testing

ix

August 1985

5-3

5~3

5-3

5~3

5-6

6-1

6-1

7-1
7-4

8-1
8-2

8-3-1-1

8-2-2-i



NuPac 10/140M8

9.0 QUALITY ASSURANCE

9.1 Introduction
9.2 Description of the PNSI, 10 CFR 71,
Subpart H Quality Program

9.2.1
9.2.2
9.2.3
9.2.4
9.2.5

92.2.6
9.2.7

' 9.2.8

9.2.9

$:.4.10
9.2.11
9.2.12

9.2.13
9.2.14

9.2.13

9.2.16
9.2.17
9.2,18
9.2.19

Organization

Quality Assurance Program
Design Control

Procurement Document Control
Instruction, Procedures and
Drawings

Document Control

Control of Purchased Materials,
Parts and Components
Identification and Control of
Materials, Parts and Components
Control of Special Processes
Inspection

Test Control

Control of Measuring and Testing
Equipment

Handling, Storage, and Shipping
Inspection, Test and Operating
Status

Non-conforming Material, Parts,
or Components

Corrective Action

Quality Assurance Records
Audits

References

August 1985

9-9

9-10
9-11
9-11

9-12
9-13

9-13

9-14
9-14
9-15
9-16
9-16



NuPac 10/140M8 August 1985

1.0 GENERAL INFORMATION

1.1 Introduction

The NuPac 10/140MB Cask has has been developed for the purpose of safely
transporting Type B quantities of radiocactive material. The purpose of this
Safety Analysis Report is to demonstrate compliance of the package with 10 CFR
71 regulatory requirements., The package is capable of safely transporting
Type B quantities of radioactive materials, including quantities greater than
Type B meeting the definition of LSA. Authorizationm is sought for shipment

by cargo vessel, motor vehicle and rail.

1.2 Package Description

1.2.1.1 General Description

The NuPac 10/140MB reusable shipping packages designed to protect radioactive

material from normal and hypothetical accident conditions of transport,

The NuPac 10/140MB Cask is a top and (optional ly) bottom loading transport
shield designed specifically for the safe transport of Type B levels of radio-
active materials. The shields can accommodate full capacity liners, or mis-

cel laneous form cargo such as 55 gallon drums, irradiated hardware, etc.

-3



NuPac 10/140M8 Aungust 1985

General arrangement drawings of the NuPac 10/140MB is included in Appendix
1.3.1, These show the overall dimensions as well as materials of construc~

tion.

The cask body comsists of external and intermal steel shells separated by a
lead biological shield in the annular space between these two shells. The top
and bottom ends of the cylindrical cask are constructed of stainless steel
castings or forgings. The innmer steel shell is comstructed of 304 stainless

steel piate.

The top (and as an option, the bottom) serves as a removable cask 1lid and is
secured to the cylindrical cask body by eight, high strength, 'Eav i roLock ™
binders, A 29 inch diameter secondary cask lid is located in the ceanter of the
top primary 1id and is securaed to the primary 1id by eight 1-1/4 inch studs.

Lifting lugs and tiedowns are a structural part of the package.

1.2.1.3 Containment Vessel

The inner shell together with the top and bottom end plates of the cask serve
as the containment vessel. Its mechanical configuration is described in the

foregoing paragraph.

Two pairs of neopreme O-ring seals are employed in both the primary and
secondary lid interfaces. These 'EaviroSeals®™, are of a unique desijgn,
affording an unprecedented level of containment to the contents of the

10/140MB.

Waste products will be contained in 55 gallon drums, in heavy gauge disposable

steel liners, in crates or other suitable palletized forms,

1-2
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1.2.1.4 Neutron Absozbers

There are no materials used as neutron absorbers or moderators in the NuPac

10/140MB package.

1,2.1.5 Package Weight

The gross, net and payload weights of the NuPac 10/140MB Package are as

follows:

Gross Empty Weight 50,000
Payload Weight 15,000
Total Weight 65,000 (approx.)

1.2.1.6 Receptacles

There are no internal or extermal structures supporting or protecting recepta-

clrs, except as described in 1.2.1.7 below regarding the optiomal draim port,

1.2.1.7 Containment Pemetrations

The casks are provided with a 0.44 inch diameter drain port in the bottom
plate, suitably counter-drilled and tapped to accept am o-ring sealed pipe
plug. The drain port is used for removal of entrapped liquids, such as rain
or decontamination fluids., If a cask is configured to bottom~load, then no

drain port is provided into containment.

1-3
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1.2.1.8 Tiedowns

Tiedowns are a structural part of the package. From the attached general
arrangement drawing, it can be seen that four reinforced tiedown locations are
provided. Refer to Section 2.5.2 for a detailed analysis of their structural

integrity.

1.2.1.9 Lifting Devices

Lifting devices are a structural part of the package. From the general
arrangement drawing, it can be seen that three reinforced lifting locations
are provided. Refer to Section 2.5.1 for a detailed analysis of their struc

tural integrity.

1.2.1.10 Pressure Relief System

There are no pressure relief valves in the design of the NuPac 10/140MB

packaging.

1.2.1.11 Heat Dissipation

There are no special devices used for the transfer or dissipation of heat.

The package intermal decay heat used for design is 95 watts.

1.2.1.12 Coolants

There are no coolants utilized in the package.

1.2,1.13 Protrusions

There are no outer or inner protrusions, except for the lifting and tiedown

lags described above.

1-4
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1.2.1.14 Shielding

The conteats will be limited such that the radiological shielding provided
will assure compliance with DOT and IAEA regulatory requirements. Should lead
slump occur, as the result of a flat end drop, the deeply stepped 1id will

provide full shielding protection.

1.2.2 Operational Features

Refer to the General Arrangement drawing of the packaging, in Appendix 1.10.1.
There are no complex operational requirements connected with the packages and
none that have amy transport significance. The top primary lid and optional
bottom lid are both readily removable with NuPac’'s rapid action EnviroLocks®®
which, when not in use, are completely recessed beneath the protective over-
pack to prevent inadvertent damage during normal ¢r accident conditions of
transport. Full and reliable containment is provided by NuPac's EaviroSeals®®
providing an unprecedented level of containment to the package. These devices
provide sealing surface protection during operational activities, and are
themselves easily and quickly replaceable to maintain a sure and complete seal

gnder all conditioms. Full patent protection for both the Envirolocks®™ and

the EnviroSeals™ is being sought.

1.2.3 Contents of Packaging

This application is for transporting the following radicactive materials as
defined in U.S.A. and IAEA regulationms:

o Contents include less than 2,000 times the Type A quantity of
radioisotopes as defined in 10CFR71, Table A.

o Contents may be Type A or B quantities, including Low Specific

Activity (LSA) in normal or special form.

o Contents total less than 95 watts of internal decay heat.

=5
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o Contents may be in dispersible or non-dispersible form (e.g.,

. activated hardware) and may be contained within an intermal liner
not considered part of this application or solidified in a

stabilizing media or both. The containment ability of any internal

iiner is not considered in this application,

o Contents shall be so limited that the external radiation dose rates
are within the limits specified in 10 CFR 71. This shall be verified

by pre-shipment inspection.



NuPac 10/140M8 August 1985

. APPENDIX 1.3.1

THIS SECTION IS PROPRIETARY
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2,0 STRUCTURAL EVALUATION

This section identifies and describes the principal structural engineering
design of the NuPac 10/140MB packaging, components, and systems important to

safety and to compliance with the performance requirements of 10 CFR 71.
2,1 Structural Desizn

2,1,1. Discussion

The principal structural member of the NuPac 10/140MB package is the contain-
ment vessel described in Sectiomn 1.2.1. The above component is identified on
the drawing as noted in Appendix 1.3.1., A detailed discussion of the struc~-

tural design and performance of all cask components is provided below.

2.1,2 Desisa Criteri

2,1.2.1 Basic Design Criteria (Allowable Stresses)

This section defines the stress allowables for primary membrane, primary
bending, secondary, bearing, shear, and buckling stresses for containment

structures and fasteners, and non-containment structures and fasteners.

Regulatory Guide 7.6, Design Criteria for Structural Analvsis of Shipping Cask
Containment Vessels is used in conjunction with Regulatory Guide 7.8, Load

Combinations for the Structural Apalysis of Shipping Casks to evaluate the
integrity of the NuPac 10/140MB. Where the loads specified by Regulatory

Guide 7.8 conflict with those given in the current version of 10 CFR 71, the
latter is used. Material properties and design stress intensity values, S_,

m
used in the analyses can be found in Table 2.3-1,
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2,1.2.1.1 Containment Structures

Regulatory Guide 7.6 was used for all package containment boundaries for both
the normal conditions of tramsport and the hypothetical accident conditions,
Material data used in the evaluation correspond to the design stress values,
S-, yield strengths, Sy. and ultimate strengths, Su. given in the ASME Code,
Section III, Class I. The containment vessel is considered to be the 66,0
inch inside diameter, .75 inch thick inner shell of the cask, the castings or
forgings at the top and bottom ends of the cask, the bc "ted secondary closure
1id, and the drain port in fixed bottom modules. A _ummary of allowable
stresses used for containment structures, non-containment structures, and

fasteners is presented in Table 2.1.2-1, These data are comsistent with
Regulatory Guide 7.6 and Sections NB-3000 and Appendix F of ASME Section III.

2 2 Non-C

Structural evaluations of non—containment boundaries, such as tie down and
lifting devices, and the cask outer shell use allowable stresses for normal
and accident conditions as presented in Table 2.1.2-1., The overpack is al~-
lowed to exceed yield for all conditions. The acceptance criterion for all
impact related loads within the overpacks is that no cask 'hard points’ di~-
rectly come into contact with the impact surface. For 1ifting and handling
loads, the 'non-containment’ allowables of Table 2.1.2-1 are utilized in
conjunction with a load factor of three (3), per 10 CFR 71.45. These lifting
and handling allowables are applicable to all package compoments, including
the overpack lift lugs.
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TABLE 2.1.2-1
. Allowable Stress Limits

(Table 1 of 2)

b ol A eyl

| |  CONTAINMENT STRUCTURE ALLOWABLE STRESSES |

| Stress Category |-———- |- |
| | Normal Conditions | Accident Conditions |
|- I- |- -
| Primary Membrane | Slll | Lesser of: 2.48- |
| Stress Intensity | | 0.78u |
I- — e | - l-— |
| Primary Membrane + Bending | 1.58, | Lesser of: 3.68 |
| Stress Iniensity | | S, |
I I | |
|Range of Primary + Secondaryl 3.08, | Not Applicable |
| Stress Intensity | | |
I- — | | — |
. | Bearing Stress | Sy | Sy for seal surfaces |
| ‘ | | S, elsewhere |
I | | !
| Pure Shear Stress | 0.65, | Lesser of: 1.208 |
I l l 0.358, |
I — | I |
| Buckling | Per Sectiom 2.1.2.2.3 |
I- | I
I | CONTAINMENT FASTENER ALLOWABLE STRESSES |
| Stress Category |- |-— - |
| | Normal Conditions | Accident Conditions |
| | | |
| Membrane Stress | 2.08, | Lesser of: Sy |
| o | I 0.7, |
I | | |
|Membrane + Bending Stress * | 3.08, | S, |
| | | |

‘ * Not Considering Stress Concentrations

2-3
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TABLE 2.1.2-1
Allowable Stress Limits
(Table 2 of 2)

I- - ——e —|
| | NON-CONTAINMENT STRUCTURE ALLOWABLE STRESSES |
| Stress Category |- - st - |
| | Normal Conditions | Accident Conditions |
I -—| I |
| Primary Membrane | Greater of: S- | 0.7Sn |
| Stress Intensity | Sy | |
| | — — | ————————— |
| Primary Membrane + Bending | Greater of: 1.58- | S‘ |
| Stress Inteasity | Sy | |
| -—-| -|— -1
|Range of Primary + Secondary|l Greater of: 3.08. | Not Applicable |
| Stress Intensity | Sy | |
I | | |
| Bearing Stress | Sy | Sn |
f— e B |— - |
| Pure Shear Stress | Greater of: 0.6S, i 0.358, |
| | 0.6, | |
I - —|——— — -1
| Buckling | Per Section 2.1.2.2.3 |
I -1 I
I | NON-CONTAINMENT FASTENER ALLOWABLE STRESSES |
| Stress Category | | -1
| | Normal Conditions | Accident Conditions |
| ~| I -1
| Membrane Stress | Greater of: 2.08, | Greater of: S’ |
P I sy | 0.78, |
I — —| -—|- |
| Membrane + Bending Stress | Greater of: 3.08_ | S, |
| o | s, | |
I | | |
.

Not Considering Stress Concentrations
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2.1.2.2 Miscell s | Fail Mod
2.1.2.2.1 Brittle Fracture

With exception of the closure bolts and EnvirolLocks, all containment structu-
ral components are fabricated of Type 304 austenitic stainless steel. Since
this material does not undergo a ductile-to-brittle transition in the tempera-

ture range of interest (down to -40° F), it is safe from brittle fracture.

The secondary lid closure bolts are fabricated of ASTM A-320, Grade L43, alloy
steel. Per Section 5 of NUREG/CR-1815 bolts are generally not considered as
fracture-critical components because multiple load paths exist and because
bolted systems 2re designed to be redundant. However, for purposes of compar-
ison, the nil-ductility transition (NDT) (cmperature of the closure bolts will

be caiculated and compared with the requirements of NUREG/CR-1815.

ccording to Section 6.2.1.1 of the ASTM A-320, Grade L43, specification, the
minimum impact energy absorptiom is 20 ft-1bs at -150 °F. The Charpy impact
measurement may . transformed into a fracture toughness value by using the

empirical relation developed in Section 4.2 of NUREG/CR-1815, as follows:
= 0.5
Kip [SE(Cv)l

Where:

‘ID = dynamic fracture toughness, psi-ino's

E = Modulus of Elasticity, psi
28.8(10)6 psi at -150° F (Table I-5.0 of the ASME B
and PV code)

C, = Charpy impact measurement, ft-lbs
20 ft-1bs
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Then,
By (5028.8(10)51(20)19+5 = 53,665 psi-in®*3

The dynamic fracture toughness is translated to an equivalent nil ductility
transition (NDT) temperature by using the Fellini reference curve given as

Figure 2 in NUREG/CR-1815.

By interpolation, the temperature relative to NDT is found as:
(T - NDT) = 30°F

Accordingly, the nil-ductility transition temperature is:

NDT = -150-(+30)
= -180°F

For Category I fracture critical compoments, and in sectiom thicknesses of 1.5
inches (bolt diameter), Figure 3, NUREG/CR-1815, gives the minimum offset, ‘A’

as approximately 60°F, Thus, the maximum NDT temperature valune is:

= - = - -—o
Typr = LST - A = -20-60 = -80°F
Where:
Typr = maxizmum NDT temperature per NUREG/CR-1815

LST = lowest service temperature
-20°F (Reg Guide 7.6)
A = 60°F, per Figure 3, NUREG/CR-1815

The ASTM A-320, Grade L43, closure bolts experience a ductile to brittle
transition temperature at -180°F whereas the criterion of NJREG/CR-1815 pre-
scribes a maximum NDT temperature of -80°F, The 100°F margin between criteria
requirements and material capability provide conservative assurance that brit-
tle fracture failures will not occur in these ferritic closure bolt materials.
Since bolts are acceptable under Category I rules, they are also acceptable
for the Category II NuPac 10/140MB.

2-6
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The EnviroLock® closure devices include ASTM A522 grade I material, two
inches in diameter. The material has a minimum tensile yield of 75,000 psi.
NURKEG/CR-1815 states that for steels with yield strengths greater than 70,000
psi, the dynamic yield strength (cyd) may be taken as 15,000 psi greater than

the static yield for brittle fracture considerations. So, for AS522 material,
%yd = 90,000 ps:

From Figure 7 of NUREG/CR-1815 for 2 inch material and taking adventage of the
relief allowed for reduced loading rates for steels with yield strengths in
excess of 70,000 psi, a required NDT offset (A) of 27°F is obtained. Since
the lowest service temperature (LST) of the 10/140MB is -20°F, the maximum nil

ductility transition temperature (TNDT) may be calculated:
- o
Typr = LST -A = -20-27 = -47 F

Using the same curve in Figure 7, the ratio of the stress intensity factor KI

to the dynamic yield required at the NDT temperature (when A equals zero) is:
‘Ilcyd = .8
Since Ovd = 90,000, ‘I at the NDT temperature is
K; = .8(90,000) = 72,000 psi-ia®*%
Therefore, the required fracture toughness at the NDT temperature (-47°F) may
be demonstrated by Charpy V-notch measurements using the following

relationship:

2
C = K[°/SE

v-reqd

Where: Ky = 72,000 psi—ino‘s

E = Young's modulus = 28:106 psi
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C = Required Charpy V notch measurement in ft-1b.

v-reqd

C = 37.0 ft-1b

v-reqd
Therefore, if the A522 Class I material has a measured Charpy toughness of 37
ft-1bs at -50°F, it demonstrates the toughness required to meet the criteria
for Category II packages per NUREG/CR-1815.

The 1.25 inch outer shell, as well as the EaviroLock'® support structure
attached to the outer cask side wall are fabricated from ASTM A516 grade 70
material. Under Category II rules for qualification of 0.625 inch to 4.0 inch
thick sections, Figure 6 of NUREG/CR-1815 may be used to determine the nil~-
ductility transition temperature. Since the 10/140MB will be subjected to
reduced loading rates and because the yield strength of ASTM AS16 grade 70
steel is less than 60 ksi (it is actually 38 ksi), curve no. 3 of that figure
may be used. For the 1.25 inch maximum thickness of A516, graces 70, the NDT

temperature TNDT is given as:
‘TNDT = LST-A
Where TNDT = NDT temperature
LST = Lowest serrvice temperrature, -20°F

A = determined from Figure 6 of NUREG/CR-1815

Tm ‘2(—4-(-20)

= 0O
Typr = 0°F

Therefore, all A516 Grade 70 components of the 10/140MB greater than 0.625
inches thick are required to have a tested nil-ductility transition less than
0°F. All AS16 Grade 70 components less than 0.625 inches thick are required
to be normalized only, consistent with the requirements of NUREG/CR-1815.
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This NDT may be verified by noting that on Figure 2, the dynamic fracture

0.5

toughness ‘ID is defined as 40,000 psi~in at the NDT temperature. .fho

required Charpy V-notch measurement to demonstrate this fracture toughness can
be calculated by the fol lowing equation from NUREG/CR-1815:

2
Kpp” = S(C)E

40,000 psi-in?+3

Where ‘ID

30:106 psi

m
]

C, = Charpy V-notch measurement, ft-1b.

So,

iz
"

2
Kip“/5E

]
"

11 ft-1b,

Therefore, the requirement to have e2n NDT of less than 0°F may be demonstrated
by showing that the Charpy measurement of 0°F or lower is at least 11 ft-1bs.
in the AS16 Grade 70 1.25 inch (or thinner) plate. All AS16, Grade 70
material greater thanm 0.625 inches thick used in the design of the NuPac
10/140MB possess Charpy values in excess of 15 ft-1bs. as shown on the draw-
ings in Appendix 1.3.1.

2.1.2.2.2 Fatigue

Normal operating cycles do not present a fatigue concern for the NuPac
10/140MB cask components which have no stress concentrations. This is because
the highest al lowable stress for normal conditions (38.) is less than the
allowable fatigue stress limit for the steels used in the 10/140MB design.
For example, S- for 304 stainless components is 20,000 psi in the temperature

range of concern. Thus, assuming that the normal operating cycle stress
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actually equals the allowable (38.). Figure I-9.2.1 may be used to determine
the anumber of cycles which would be allowed. From that figure, it can be seen
that over 10,000 cycles are allowed. For the AS16 grade 70 material, 8. is
23.3. Thus, for fatigue to become an important comsideration, the cask would
be required to under go at least 1600 cycles at or near its normal stress
allowable., Since under the most severe usage the cask might under go 50
normal shipments per year, or 1000 cyc!os in 20 years of constant use, it
seems clear that fatigue is not a problem for the cask components with no

stress concenftrations.
Fatigue considerations in the secondary lid bolts and EaviroLocks®™ follow a
similar logic. The torque requirements in the bolts are 375 ft-1bs and in the
EnviroLocks®™ it is 500 ft-1bs. Using the simple torque to preload relation-
ship and a torque coefficient of 0,20, the axial force in both fasteners may
be determined:

P = T/KD

wvhere P = bolt load, lbs.

T = torque, in-1b

KE = 0.20
So for the lid bolts:

P = (375)(12)/(.20)(1.5) = 15,000 1bs

For The EnviroLocks™:

P = (500)(12)/(.20)(2,0) = 15,000 1bs
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The stress area for the bolt is 1.405 inz. Since the EnviroLockt. has the
sam» load as the bolt and the bolt has a smal ler cross~section, the normal

stress iu the bolt is the worst case. The normal stress is:
15,000/1.405 = 10,700 1bs
The fatigue alternating stress amplitude is ten 5,350 psi.

This stress should be multiplied by the fatigue strength reduction factor
(taken to be 4.0 per ASME NB-3232.3(¢)) and using Figure I-9.4 from ASME
Section III, Appendix I, the al lowable nurber of cycles determined.

St‘u.. = 4(5350) = 21,400 psi

Note that since S"n” is very much less tham 2.7 S, for the bolt (2.7x35,000
= 94,500 psi) the upper curve from Figure I-9.4 may be used. From that curve,
it can be seen that the bolts may experience over 40,000 cycles before exceed~
ing the ASME fatigue criteria for the bolts, Clearly fatigue is mot a serious

consideration in the design of the NuFac 10/140MB cask.
2.1.2.2.3 Buckling

Buckling, per Regulatory Guide 7.6, is an unacceptable failure mode for con—
tainment vessels. The intent of this provision is to preclude large defor-
mations which would compromise the validity of linear analysis assumptions and
quasi-linear stress allowables, as given in Paragraph C.6 of Regulatory Guide
7.6,

There are three sets of forces that cam potentially cause buckling instabili-
ties in cylindrical vessels. These are axial compression forces, bending
moments, and external pressure, The remainder of this subsection defines
techniques and criteria used in subsequent segments of this Safety Amalysis
Report to demonstrate that containment vessel buckling, and non-containment

vessel buckling, does not occur.
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There are two shells within the NuPac 10/140MB Cask where buckling prevention
criteria are applicable - i.e., the inmer and outer shells of the cask. For

reference purposes the principal geometric features of these shells are as

follows:
Dj . (inches)
Mean
Radius Thickness Length
Shell —(R) P . T .
Inner Shell 33.375 o135 75.5
Outer Shell 36.625 1.25 1%5.5

1. Elastic Buckling

Representative elastic buckling stress estimates for the shells and

applicable loading modes are as fol lows:

Elastic Buckling Stresses (ksi)

(at 212°F)
Axial Bending External
Shell Compression e Pressure
Inner Shell (304 SST) 261.7 280.4 177.5
Outer Shell (AS16 Gr.70) 440,1 469.8 N/A

The above elastic buckling values are all based upon a temperature of 212°F,
consistent with the stress-strain data for 304 stainless steel given in Figure
2.3-1, Calculations discussing these elastic buckling estimates are foumnd in
the following paragraphs. Equations are taken from Structural Analysis of
Shells. by Baker, Kovalevsky and Rish.
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‘ a) vlinders (Structural Analysis of Shells, p.
230) for the cask inger shell (containment vessel):

= (y JCE(t/R)

S _ = buckling stress
t‘ = plasticity coefficient

Yy =6 factor which accounts for the difference

between theoretical and experimental results
= 0.70 (at R/t = 44.5)
c= (33 - 481793 = 0.605
. E = 27.5(10)% psi (at 212° F)
| t =0.75 in
R = 33,375 in
u=20.3

Then,
$ = (0.70)(0.605) [27.5(10)%1(0.75/33.375)

= 261,700 psi

Ct’tl

Likewise, for the gask outer shell (mom-containment):

S../8, = (7,)CE(t/R)
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Where:
T, 0.74 (at R/t = 29.3)
t = 1.25 in
R = 36.625 in
E = 28.8X10% psi (AS16 at 200°F)
Then,
S../%, = (0.74)(0.605) [28.8(10)°]1(1.25/36.625)

440,100 psi

(b) Ealer Column Buckling - The cask inner shell (coatainment) is laterally

restrained and supported by the cuter shell of the outer cask. Thus,
Euler column buckling is governed by the geometric properties of the
cask outer shell. The applied axial forces are distributed 'self weight’

loads, thus buckling stresses are found as (per Theory of Elastic
Stability by Timoshenko p. 118, Eq. 83):

S

"

2 2
ee/8s = (al) /A = =®EI/(1.122L)%A

Where:
q = load per unit lemgth (1b/in)

L' = column length = 75.5 in
L=L"'"/2 = 37.75 in
R = mean radius = 36.625 in

t =1,25 ia
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& :

I =Rt in* = 192,900 in*

27Rt in® = 287.65 in®

28.8(10)% psi (200° F)

m
i

S../%, = (B/2) [nR/(1.122)L]2
[28.8(10)5/2] [n(36.625)/(1.122) (37.75) )3
1.063x10% psi

Thus, crippling is more critical for the outer cask shells than gross columnar

instability.

¢) Bending Moments (Structural Analysis of Shells pp. 234-235) for the cask inger
shell (containment vessel):

. Sop/8y = (7y) CE(t/R)

Where:
Yy = 0.75 (at R/t = 44.5)
t = 0.75 in
R = 33,375 ia
Then,
S../8, = (0.75)(.605) [27.5(10)51(0.75/33.375)

280,400 psi

Likewise, for the cask outer shell (non-containment):

S.e/8s = (¥y) CE(t/R)
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{'II' Where:
Y

S../%, =

p = 0.79 (at R/t = 29.3)

= 1.25 in

Lad
U

36.625 in

E = 28.8x10°

(0.79)(.605)[28.8(10)61(1.25/36.625)
469,800 psi

d) External Pressure, with external constraint. The case of a shell encased
in a cavity is discussed in Pressure Buckling of Ring Incased in a Cavity
James A. Cheney, ASCE EM Jourmal, April 1971, Vol. 97. Upon buckliing, the
shell can only move inward. This case corresponds to the c¢ask inner shell
where extermal comstraint is provided by the lead biological shield., From

Equation 47 of the referred document, the critical buckling pressure is:

ey = (k% - DE(/R/12(1 - 4d)

Utilizing thin-wel led pressure vessel theory, the critical buckling stress may

be written as:

S R/t

=
cr qcr

Then,
2 _ 2 .
Scrlzp = (k 1)E(t/R)“/12(1 )

For the gask inner shell (comtainment)

k = 1.57(2/9)0“ (Equation 29)
= 11.78
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R(12)%3/¢t (Equation 48)
= 154.2

R/p

0.625 in

Lad
"

33,3125 in

m
"

27.5(10)% psi (at 212° F)
p=20.3

Then,
See/tp = 111,707 - 11127.5(100°1(0.75/33.379%/1201 - (0.3)%)
= 177,500 psi

2. Buckling Criteria

The high elastic buckling stress limits estimated for the cask shells within
the previous paragraph (177.5 to 469.8 ksi) provide solid generalized assur—
ance that instability failure modes do not exist for compressively loaded
components of the NuPac 10/140MB Cask. To quantify this assertion, all com-
pressively loaded states of stress are tested versus the stability and buckl~-
ing criteria set forth withim Sectiom 2.10.1. These criteria recognize that
compressively loaded structures behave in differeant fashions depeanding upon
the geometric aspect ratio of the structure. The nature of the criteria is
such that the factors of safety vary with this geometric aspect ratio up to
asymptotic values of § and 7.5, versus elastic buckling stresses, for accident
and normal conditions of tramsport, respectively. These asymptotic factors of
safety may be considered conservative for genmeral use as radiocactive materials

package design criteria.

Appendix 2.10,1 defires both the rationale and the specifics of the applicable

eriteria. Briefly, the criteria are as follows:
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Direct primary compressive membrane stresses, S, in containment vessels shall
be less than the lesser of S./Rd or Sj. S, is defined as the appropriate
elastic buckling stress limit considering adjustments resolving theoretical
and experimental results, but ae¢glecting plasticity corrections, The reduc-
tion coefficient .d is to be taken as 7.5 for normal conditions of tranmsport
and 5 for accident conditions of tramsport. This reduction coefficient, ld'
corresponds to the intended factor of safety of the method at high aspect
ratios of the structure. .?o.i is a generalized 'Johnson' parabolic¢ transition
curve having a value of S‘. at an aspect ratio, G, of zero. This parabolic
transition curve is also tangent to the expression S./l‘l at a stress level of
2/3 S5+ The term Sg denotes the applicable strength limit of the material -~
S. for normal conditions of tramsport and Sy for hypothetical accident condi-
tions, both as defined within Reg Guide 7.6, The details of the c¢riteria, in

symbolic form are as fol lows:

Whezre G is less than Q°=

S x sj)

¥here G is greater thapn or equal to §°=
S < S,/Ry.

Where: S. = The classical elastic buckling stress expression
(including adjustments for theory versus tests) cast in

the generalized form:
= Uﬁl

h = A numerical constant unique to each compressive loading
mechanism reflecting materials properties ( Young's Modu-
lus, Poisson’'s ratio) and empirical or theoretical coeffi-
cients. See Table 2,10.1.1-1 for a summary versus typical

loading mechanisms.
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A non~dimensionalized geometric aspect ratio umnique to
each loading mechanism, See Table 2.10.1.1-1 for a

summary versus typical loading mechanisms., For example:

(L/p?, for column type loadings [Note: p = (ot
(R/t), for external pressures on long cylinders and axial

compression loadings of cylinders.

7.5, for Normal Conditions,
5.0, for Accident Conditions.

The parabolic transition from S . to (S,/Ry)

- 3.2 2
s, - [4s 3%/ 210/0 0?1 ],
The aspect ratio, G, where the parabola defined by Sj
intercepts and is tangent to the curve defined by (S /Ry
in other words, G. correspones to the aspect ratio where

8j - (S./ld). or:

(3/2) (K/RH) /S .

S-. for Normal Conditions,

S’. for Accident Conditions,

Design Stress Intensity as used within Section III, ASME

Boiler and Pressure Vessel Code.

Minimum Yield Stress per Section III, ASME Boiler and

Pressure Vessel Code.
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3. Specific Buckling Limits

Application of these criteria to the specific shell geometries of the NuPac
10/140 MB Cask are presented in Tables 2.1-1 thru 2.1-4 for normal and acci-
dent conditions, respectively. The allowable stresses based on the buckling
criteria have been derived using a combination of the shell geometries intro-
duced at the beginning of this Section and the criteria described immediately

sbove. A single example serves to demonstrate the method for calculation of

these al lowables. For this example, consider normal conditions of transport
and axial compression of the Cask Inner Shell at 250°F.

The narameters, K and G, are evaluated as follows:
K = y,CE, see preceding 'Elastic Buckling’ discussion
= (.70)(.608) (27.3x10%) = 1.156x107
G =R/t = 33,375/0.75 = 44.5§

Elastic Buckling stress, S is:

e’
S, = K/G = 259,800 psi
For normal conditions

Ry = 7.5

S' -0 " 20,000 psi
The intercept tangent point G* is:

G* = (3/2) (K/RY/S,

= (1.5)(1.156X107/7.5)/20000 = 115.6
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Since G < G*, the allowable stress is given by:

SR ¥ 3 .2, 2
s, = 8, {452 6®/[27(x/Ry 1]
= (20000) - 4(20000)3(44.5)2/[27(1.1561107/7.5)2]

= 19,012 psi
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‘ Table 2.1-1

NOBMAL CONDITIONS OF TRANSPORT
Crippling and Buckling Allowables
for Inner Shell

Loading Condition ssese TEMPERATURE (Deg-F) sssee
and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2870000* 28300000 281000000* 27900000* 27600000 27300000*
Sy 34100** 30000 30000 27560% 25000 23750%
Sm 20000%*  20000%* 20000 20000* 20000 20000*
Ss 20000 20000 20000 20000 20000 20000
19106 19081 19068 19054 19034 19012
Bending Buckling Allowables (psi):
19222 19199 19188 19176 19158 19140

External Pressure Buckling Allowables (psi):
18004 17948 17919 17889 17843 17794

. Interpolated from ASME Code, Sectiom III Appendix Data (See Table 2.3-1)
s Extrapolated from ASME Code, Sectiom III Appendix Data (See Table 2.3-1)
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' Table 2.1-2

NORMAL CONDITIONS OF TRANSPORT
Crippling and Buckling Allowables
for Outer Shell

Loading Condition sehee TEMPERATURE (Deg-F) *ho0e
and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2990000* 2950000 2930000* 2910000* 2880000 2860000°*
Sy 40200** 38000 38000 36300* 34600 34200+
Sm 23800%*  23500%* 23300 23200 23100 22800*
Ss 23800 23500 23300 23200 23100 22800
Qm_w ression Buckling Allowables (psi):
23262 22968 22774 22674 22570 22283
Bending Buckling Allowables (psi):
23328 23033 22839 22738 22635 22346

. Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
¢+ Extrapolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
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‘ Table 2.1-3

ACCIDENT CONDITIONS OF TRANSPORT
Crippling and Buckling Allowables
for Inner Shell

Loading Condition sseee TEMPERATURE (Deg-F) sseee
and Shell -20 70 100 150 200 250
Material Properties (psi):
E 2870000* 28300000 28100000* 27900000* 27600000 27200000*
Sy 34100%* 30000 30000 27500* 25000 23750%
Sm 20000**  20000%** 20000 20000* 20000 20000*
Ss 34100 30000 30000 27500 25000 23750
..mmmmunumm (psi):
32131 28621 28602 26408 24161 23015
Bending Buckling Allowables (psi):
32385 28799 28782 26548 24269 23110
External Pressure Buckling Allowables (psi):
29704 26923 26877 25061 23200 22109

o Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
¢* Extrapolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
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. Table 2.1-4

ACCIDENT CONDITIONS OF TRANSPORT
Crippling and Buckling Allowables
for Outer Shell

Loading Condition seses TEMPERATURE (Deg-F) setes
and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2990000* 2950000 2930000* 2910000* 2880000 2860000*
Sy 40200%* 38000 38000 36300* 34600 34200
Sm 23800%*  23500%* 23300 23200 23100 22800
Ss 40200 38000 38000 36300 34600 34200
.m Compression Buckling Allowables (psi):
39047 37000 36986 35404 33808 33424
Bending Buckling Allowables (psi):
39189 37122 37110 35514 33908 33519

. Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
L4 Extrapoclated from ASME Code, Section III Appendix Data (See Table 2.3-1)
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4. Combined Buckling Stresses are treated in the following fashion:

(a) Stress ratios are calculated for each stress component at any point where

compressive principal stresses exist:
R = S/Scr

Where:

S = stress compon:cat under consideration

Scr = buckling stress allowable for the

stress component under comsideration

(b) The stress ratios are summed linearly and compared with unity (Structural
Analysis of Shel s pp. 240-241):

M.S. (1/(!. + Ry + lp)] -1

Where:
l. = stress ratio for axial stress
‘b = stress ratio for bending stress
lp = gstress ratio for external pressure stress

The NuPac 10/140MB package design incorporates impact-absorbing polyurethane
foam filled overpacks to mitigate the consequences of many of the regulatory
events. The properties of the closed-cell rigid polyurethane foam used in the

NuPac 10/140M8 design have been studied at great length in preparation for
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this application. The foam was studied with regard to the effects oi varia-
tions in as-poured demsity, temperature, and direction of load application on
the stress—strain relationship of the foam. From this study, eanveloping
stress-strain relationships were developed for design. The logic used in

constructing these relationships is presented below.

First, while samples of foam of exactly the same density exhibit an extremely
consistent stress-strain curve, it is difficult to reproduce that demsity to
within better than five percent. The resulting variation in the stress—strain
relationship can easily exceed the density variation. It was determined that
foam placement techniques could not comsistently hold the as-placed stress-

strain relationship better than within plus or minus 15% of the mean value.

Second, it was found that the stress-strain relationship of the foam varies
with the temperature of the tested specimen. Tests were performesd on many
samples at temperatures of -20°F, 75°F, and 180°F. Interestingly, the proper—
ties of the foam at -20°F were very much stiffer and stronger thanm at the
higher temperatures. At 180°F, the foam was considerably softer than at room
temperature, However, it is important to note that the foam reacted to temp-
erature inm a very comnsistent manner——that is, the stress-strain properties in

all specimens tested were very consistent at a given temperature.

Finally, samples were tested to determine the variation of properties with
respect to the orientation of the applied stress in relation to the direction
of foam rise, While this is an important concern for some rigid foams, it was
found that the foam used in the NuPac 10/140MB has little or no discernible
directionality.

Figure 2.1.2-1 presents the average stress—-strain behavior expected at the
three temperatures studied. To determine the behavior of the foam at an
intermediate temperature, the stress at a given strain is linearly
interpolated between the curves. In order to envelope the behavior variations
due to the slight variations in density, the resulting curve is scaled by plus

or minus 15%, depending on whether stiff or soft foam is more detrimental.
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In general, at higher temperatures, the softer the foam, the greater the
potential for '‘bottoming out', or the case where the foam does not remove
enough energy to avoid a large acceleration spike at the end of the impact
stroke. Since the foam properties at low temperatures are much stiffer, the
highest impact accelerations will be imparted to the package during hypo-
thetical impacts at -20°F. Therefore, .he design stress-strain curve at upper
temperature extremes are degraded 15% from the mean curve estimated for that
temperature from interpolation, while the mean stress-strain curve at -20°F is
scaled up 15% to get the design stress strain curve. The resulting stress-

strain curves used for design are presented in Figure 2.1.2-2.
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FIGURE 2.1 .2-1

THIS FIGURE IS PROPRIETARY
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FIGURE 2.1.2-2

THIS FIGURE IS PROPRIETARY
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During fabrication, the stress—strain properties of the foam are coatrolled by
pouring samples of each batch in a special box, Test specimens are then
prepared from each box and tested to determine their stress-strain character-
istics at 75°F. The overpack is regarded as acceptable if the average stress-
strain properties from all pours are within 10 percent of the mean curve at
75°F shown in Figure 2.1.2-1. Thus, the use of a 15% possible variation in
properties is conservative, allowing for the occasional pour slightly further
away from the mean. Batches of foam exhibiting properties more than 20% from

the required mean curve will be rejected.

The impact analyses presented in this application are similar to those
presented in other applications. Notably, the analysis techniques and
assumptions are very similar to those usad to analyze the performance of the
NuPac 125B Fuel Shipping Cask (Docket No. 9200). An extemsive drop test
program was performed on that cask, showing that the assumptions and anmalytic
techniques used on both that cask and the NuPac 10/140MB are both reasonably

accurate and slightly conservative.

Because the force required to strain a sample of this foam much beyond 70% is
greater than the capacity of the instrument used to measure it, the behavior
of the foam beyond this point is not well definmed. It is clear, however, that
the foam neither disappears nor becomes perfectly rigid. In analyses where
deflections are critical (such as when clearance between hard spots on the
package and the essentially unyielding surface is required to maintain the
integrity of the analysis), predicted strains may exceed 70%, but the force
from foam strained beyond 70% is conservatively (for deflection prediction)
linearly extrapolated from the stress-strain states at 65% and 70%. This is
automatically done by the programs EYDROP, SYDROP, and CYDROP. In such situa-
tions, the force of impact is slightly underpredicted. However, the highest
impact forces occur when the foam is assumed to exhibit its stiffest stress-
strain relationship. For EYDROP, SYDROP, and CYDROP analyses performed to
determine the greatest forces on the package, the foam strain is not permitted
to exceed 70%, thereby insuring a high degree of accuracy for the prediction

of impact forces.
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As stated above, the integrity of the analysis method used to evaluate the
impact forces requires that none of the protrusions on the side of the cask or
the cylindrical edge of the lead and steel shield actually strike the un-
yielding surface. While such an impact would not necessarily cause a loss of
packaging effectiveness, the loads output from the various impact analysis
programs used to verify the design would not be correct. A determination of
the actual loads would involve a fairly complicated analysis for which there
is little experimental data to verify the results. Therefore, the overpack
has been designed to imsure that package 'hard :pots’ do not atrike the impact

surface,

The NuPac 10/140MB employs a very efficient overpack design, which insures
that protuberances such as the tie-down lnugs and EnviroLocks are adequately
protected during the impact events, yet the sides of the cask are not pro-
tected more than required where there are no such protuberances, Such a
design makes for a lighter overpack than might otherwise be required, but
forces certain bounding calculations since the impact analysis programs are
written for a more simple design. These bounding calculations are described

in detail in Sections 2.6.7 and 2.7.1.

2.2 Weights and Centers of Gravity

The weight of the cask and payload is approximately 65,000 1b. The center of
gravity for the assembled package is located at the approximate geometric

center of the assembly.

2.3 Mechanical Properties of Materials

The cask outer shell, tiedown lug gussets and some EaviroLock'™ binder com-
ponents are fabricated from ASTM A516 Grade 70 carbon steel. The tiedown
lugs are constructed of ASTM A517 Grade P alloy steel plate. The inmer shell
is constructed of ASTM A240 Type 304 stainless steel, and the top and bottom
lids are ASTM A351 Grade CF8A Type 304 stainless steel castings. Studs are
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ASTM A320, Grade L43. Figures 2.3-1 and 2.3~ show the tensile and compres-
sive stress-strain curves for lead at various temperatures. EaviroLock®™
binder threaded components are ASTM AS22, Grade I. Properties of these struc-

tural components are delineated im Table 2.3-1.
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TABLE 2.3-1
Nechanicsl Properties of Materials Used ia the NuPac 10/140MB Cask

Costfficient®
Steel —tkranath (kad) Elastie of Thermsl
Material Type or Temperature Tield?® Ultimate? Allowable’ Modulus® Expansion’
Specification  Grade (op) Sy 84 Sa (10% pei) (107% ju/ia/OF)
ASTH A-140 304 ~100 - - - 29.1 -
{Ianer Shell) 70 320.00* 15.0¢e - 18.3 .46
100 30.0 75.0 20.0 - 8.55
200 15.0 7i.0 0.0 7.6 8.7%
300 22.5 66.0 20.0 27.0 9.00
400 0.7 844 18.7 216.5 9.1
500 19.4 €3.5 17.% 25.8 *»"
600 i8.2 63.5 16.4 5.3 9.5
760 17.7 63.5% 16.0 4.8 9.6%
ASTM A-320 L43 -100 - - - 8.5 -
(Studs) 70 105.0%¢ 125.0%* - 7.8 6.20
106 108.0 » 35.0 - 6,27
00 9%.0 - 33.0 27.1 .54
300 95.7 - 1.9 26.7 6.78
ASTM A-351 CFBA/304 -100 - - - 9.1 -
(Lids) T0 35,00 77.0%¢ - 8.3 5.4
100 5.0 77.0 3.3 - 8.55
200 29.1 72.8 3.3 27.6 8.7%
300 6.3 67.8 2.6 7.0 .00
ASTM A-182 Fi04 -100 - - - 9.1 -
(Lids - 70 30.0°° 70,009 - 8.3 8.46
Altsrsate 100 30.0 70.0 20.0 - 858
Mac'l) 200 5.0 66.2 0.0 27.6 8.79
30u 1.5 61.5 0.0 27.0 9.00
ASTM A-351 CF8/304 ~100 - - - 5.1 -
(Lids - 70 30.0%° 70, 0% - 8.3 8.46
Altersate 100 0.0 0.0 20.0 - 8.55
Mat'l) 200 25.0 66.2 20.0 7.6 8.7%
300 2.5 61.5 20.0 7.0 9.00
ASTM A-S16 70 -100 - -» - 30.2 -
(Outer Shell) 70 38.0%° 70.0%%¢ - 9.5 s.a
100 3.0 70.0 3.3 - 5.5
200 34.6 70.0 1.1 8.8 5.99
300 33.7 0.0 2.8 8.3 6.26
400 32.6 70.0 21.7 377 6.61
500 30.7 70.0 20.5 27.3 6.91
600 8.1 70.0 8.7 6.7 .17
700 7.4 70.0 18.3 5.8 7.41
ASTH A-517 P ~100 - - - 30.4 -
(Tiedown Lugs) 70 100, 0%* 115.0%¢° - .7 6.20
100 100.0 - 383 - 6.27
200 5.8 - 38.3 2%.0 6.54
300 9.0 - 8.3 8.5 6.78
ASTM A-S522 I ~100 - - - 28.5 -
(Bavirolocks) 70 75.0%e 100, 0% - 7.8 6.60
100 - - - - -
100 - - - 7.1 7.20
oo - - - 6.7 7.60
Strensth (kai) Coefficiont”®
Lead Proportional®t Yield? Ultimate* Elastic of Thermal
Material Type of Temperature l' l’ S, wlus? lx'nuu"
Specification Grade (°F) (Tess) " (Comp) (Tens) “(Comp) (Teas) (10% pst) (107° 0/ in/®F)
Q-L-1T1e AorC -99 —— s — — e 1.5 15.28
70 — — ——— S aou 1.34 16.07
100 0.276 0.215 0.58 0.49%0 1.570 2.30 16.21
178 0,293 0.107 0,509 0.428 1.162 .20 16.58
150 0.2m 0.107 0.49% 0.0 0.844 2.09 16.9%
313 0.18% 0.09 0.311 0,320 0.642 1.96 17.54
440 — i e Svanasne w—— 1.74 18.50
620 S e e - L 1.36 0.9
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References:

ASME Boiler and Pressure Vessel Code, Sect. III, Nuclear Power Plant
Components, Pivision 1, 1983 Editiom, Tables I-2.1, I-2.2, I-13.1 and I-
13.3, except as noted.

Ibid, Tables I-3.1 and I-3.2, except as noted.

Ibid, Tables I-1.1, I-1.2, I-1.3 and I-11.1

Ibid, Table I-6.0

Ibid, Table I-5.0

WADC Technical Report 57-695, ASTIA Document No. 151165, Determination of
the Mechanical Properties of a High Purity Lead and a 0,058% Copper-Lead
Alloy, April 1958, by Thomas Tietz, Stanford Research Center, pp. 21,26
Ibid

Ibid, p.14

NUREG/CR-0481, SAND77-1872, An Assessment of Stress-Strain Data Suitable
for Fiai E] El is - P is Asalvsis of Shissi c ] i
J. Rack and G. A, Knorovsky, Sept. 1978, p.66

Ibid, p. 56

. Mean from 70°F

#* ASME Boiler and Pressure Vessel Code, Sect. II, Material Specifica-
tions, Part A, 1983 Edition

¢** 1Ibid, minimum of specified ranmge

¢%s% Ibid, derated from 75 ksi for sections greater than 5.0 in. thick
Steel density taken at 0.283 1b/in3. Poisson's Ratio = 0.3

Lead density taken at 0.41 lb/ins. Poisson's Ratio = 0.45, melting
point = 620°F,
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The lead shielding will possess those properties referenced in WADC Technical

Report $7-695, ASTIA Document No. 151165, Determination of the Mechanical
Properties of a High-Purity Lead and a 0.058% Copper—Lead Alloy, April 1958,
by Thomas Tietz, Stanford Research Imnstitute, pp. 14, 21 and 26.

2.4 General Standards for All Packages

This section demonstrates that the genmeral standards for all packages are met.

2.4.1 Mipimum Package Size

The NuPac 10/140MB package does not have any overall dimension less than 4

inches.

2.4.2 Tamper—proof Featuzre

The NuPac 10/140MB cask will be sealed with an approved tamper indicating seal

and suitable locks to prevent inadvertent and undetected opening.

2.4.3, Positive Closure

As described in Seccionm 1.2.1, the positive closure system consists of a
primary lid secured by eight high strength EnviroLock®™ binders and a
secondary lid affixed with eight 1-1/4 inch diameter studs.

The materials from which this package is fabricated (carbon, alloy and stain-
less steel, lead and polyurethaine foam) will not cause significant chemical,
galvanic, or other reaction in air, nitrogen, or water atmosphere. The tech-
nical basis for this fact is that all metallic materials of construction are

essentially of equal potential in the Galvanic Series of Metals and Al loys.
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‘ 2.5 Liftiag and Tic-Down Standards for All Packages
2,5.1, Lifting Devices

There are three lifting lugs for the lid assembly (primary and secondary
l1ids), and there is a single lifting lug for the secondary lid. All liftiang
lugs are evaluated per the requirements of 10 CFR 71, Sectiom 71.45(a).

The three primary lid lifting lugs will be utilized in handling both the
entire cask as well as the primary 1id assembly. For this reason, the
fol lowing analysis will consider loads due to the maximum loaded cask weight.
The net weight of the cask is 50,000 1b., and the maximum payload weight is
15,000 1b., for a combined gross weight of 65,000 1bs. 10 CFR 71 Para. 45(a)
states that lifting attachments must be designed with a minimum safety factor
of three against yielding. For three lifting lugs and a minimum lifting cable
‘ angle of 60° from the horizontal, the load per lug is:

P, = (65,000 1bs/sin 60°)(3)/(3 lugs)

P, = 75,056 1bs/lug

2.0 PLT / 2.0 DIA

rz.{
[

wn
—
L
| —
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‘ Using the conventional 40° shear-out equation, the yield capacity is:
_ o
r,® F.th (ey d/2 cos 40%)

Where: F‘y = (,6)(30,000) psi (yield)

= 18,000 psi

t = 2.0 ian.

d = 2,00 in.

ey = 2.00 in.
P, = (18,000)(2)(2.0 in.) (2,00 - (2.00 in./2) cos 40°]
P, = 88,844 1bs

. The yield Margin of Safety, using the maximum lug load, is:
M.S. =P /P~ 1= (88,844)/(75,056) - 1
M.S., = + 0,18
The yiela capacity of the lug~to-lid weld may be estimated as:

P, = F“tr

Where:

-
"

sy 18,000 psi (E308 Weld Rod)

A = Lyt

e
"

2{3.69 + n (5.13)/4] = 23.4 in.

~
H

(0.707)(50 im.) = 0,35 in,

>
"

(23.4)(0.35)(0.8%) = 8.3 in.?
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. Thean: P, = (18,000)(8.3) = 149,400 1bs.
The lug-to-1id weld Margin of Safety is:
M.S. =P /P - 1=1(149,400)/(75,056) - 1
M.S. = + 0,99

It can therefore be concluded that the primary lid lifting lugs are more than
adequate to resist a load equal to three times the maximum weight of the fully
loaded cask.

To evaluate the effect of lifting lug loads on the primary containment system,

consider stress levels in the primary lid and EanviroLock®™ binders. To

conservatively analyze the lid structure, assume a flat circular plate of 5.25

in. constant thicknmess. Igaoring inmer and outer edge 'lips’', outside

diameter is 65.75 in. and inner diameter is 33.25 in. Also assume lug load is
. uniformly distributed around the inner edge, and is:

w Pv/nDi

Where

o)
u

Ver:iical Component of Lifting Lug Load

(3) (65,000) = 195,000 1b.

195,000/n(33.25) = 1,867 1b./in.

From Roark and Young, Formulas for Stress and Strain, Sth ed., Table 24, case

la, mazximum bending moment is:

Maax = ¥
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"tb"

a = Outside Radius = 65.75/2 = 32.88 in.
b = Inside Radius = 33.25/2 = 16.63 in.
b/a = 16.63/32.88 = 0.506

Therefore:

and:
ltb = (0.778)(1,867)(32.88) = 47,810 in.-1b./in.

Maximum bending stress thus becomes:
. 2
Saax GItb/t
Where:
t = Plate Thickness = 5,25 in.

S = (6)(47,810)/(5.25)% = 10,406 psi

Note that the horizontal component of the lifting load will tend to induce a
bending moment of opposite sign as that resulting from the vertical component.
This wili act to reduce maximum bending stress. Therefore, the above stress
value is the maximum possible bending stress that could result from the

regulatory lifting requirements.

Maximum anticipated lid temperature at the inmner edge (point of maximum
stress) for normal conditions of transport will be 130°F (refer to Section
3.0, Thermal Evaluation for details). Interpolating Table 2.3~1 for this
temperature results in a material yield strength of 28,500 psi. The Margin of
Safety for 1/3 yield then becomes:

M.S. = 28,500/10,406 - 1 = + 1,74
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‘ The maximum EaviroLock® binder load that canm be anticipated from liftiag lug
loads is:

Pg = (3)(65,000)/8 = 28,146 1b./binder

Tensile yield strength of the EnviroLock®™ is given in Section 2.10.4 as

187,500, so the binder Margin of Safety is thus:
M.S. = 187,500/28,146 -1 = +5.66

All the margins of safety for all coaponents are larger than the 0.17 margin
for the tear out of the eye of the lug indicating that its failure would not
affect the integrity of the cask.

Thus, lifting forces will not significantly affect the containment capability
of the cask.

‘Mmmmmmm

The secondary lid weight will be 1,660 Ibs. The total lug load is then:
P = (1660 1bs)(3)

P = 4,980 1bs

—— e e e 4, 00 ——ee e
|
»-.————2.” = e
1.50 dia. === -
™~ P \\\ | 1}
A N\ |
|/ N
1.0 PLT e, ~ '

@ P
,\' : R S———_—— ‘ | '
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‘ Using the conventional 40° shear-out equation, the yield capacity is:
Py =F 2t (eg~ d/2 cos 40°)

Where: F’y

18,000 psi (yield)

1.0 in.

-
"

d = 1.5 in.
Eg = 1.5 in.
P, = (18,000)(2)(1.0)[1.5 - (1.5/2) co- 40°]
P' = 33,317 1bs
The yield Margin of Safety, using the maximum lug load, is:
‘ M.S. =P, /P - 1 =1(33,317)/(4,980)
M.S. = + 5,69
The yield capacity of the lug-to-1id weld may be estimated as:
P, = F'yt'

Where: F'y

18,000 psi (E308 Weld Rod)

A = Lty

g
i

2(4,0 in. + 1.0 in.) = 10.0 in.

(0.707)(.50 in.,) = 0.35 in.

[ad
]

(10.0)(.35) = 3.5 in.?

e
-
]
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Then: P, = (18,000)(3.5) = 63,000 1bs.
The lug-to—1id weld Margin of Safety is:

M.S. =P /P - 1= (63,000)/(4,980) - 1

M.S. = + Large

The secondary lid is held on by the use of eight 1-1/2 inch ASTM 320 L43
bolts.

They have a yield load of:

o
i

1.4041 (105,000) = 147,430 lbs/bolt

or

s-total = 8 (147,430)

1,179,444 1bs
This gives a yield margin of safety of:

M.8. = Py-totaI/PL -1 =1,179,444/4,980 -1 +Large
Therefore, by comparing the margins of safety it can be concluded that the
secondary lid 1lift eye will fail prior to any of the containment boundary

components.

It can therefore be concluded that the secondary lid lifting lug is more than
adequate to resist a load equal to three times its normal maximum load. Since
the secondary lid lifting lug is not designed to react the full package load,

it will be covered during transit,
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2.5.2. Tie-down Deviges

Four tie-down lugs are provided to resist transportation induced loads. From

10 CFR 71, Para. 71.45(b)(1), the required load factors are:

A, = 10g (longitudinal)

Ay = S§g (lateral)

A, = 2g (vertical)
The four tie~down lugs are located with their lug-eyes at 90° intervals around
the package side wall. The lugs are positioned at an angle of 38° with respect
to the horizontal, with their end tips just below the lower surface of the
upper overpack. To evenly distribute the tie-down cable load from the lug into
the cask outer shell, two pairs of gussets wer~e added to the lug, as shown in

Figure 2.5.2-1. The general tie-down arrangement for the NuPac 10/140MB Cask
is shown in Figure 2.5.2-2.

From the geometry given in Figure 2.5.2-2, the cable temnsion due to horizontal
accelerations can be determined by summing moments about the bottom corner of
the package opposite the reacting cables. Conservatively ignoring the weight

of the cask itself, the longitudinal acceleration case can be derived as

follows:
(Age)W = 2 (P d' + Pyh)
But,
(A e)W = ZPC(B‘d'+ B h)
Where: B‘ = Cable Direction Cosine with Respect to the X-axis

= x/Cable Length L
B, = z/L

L e (32 + 93 s 33)1/2
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‘ FIGURE 2.5.2-1
TIE-DOWN LUG GEOMETRY

2-46



NuPac 10/140M8 August 1985

. FIGURE 2.5.2-2

TIE-DOWN CABLE ARRANGEMENT

& AxW
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Solving for P

L =W/2 [(Axc)/(B‘d'# Blh)l
long

Similarly, the cable tension due to the lateral acceleration is:

Pe =W 2l(Age)/(B,d" + Boh)]

lat

Where: By = y/L

The cable tension due to the vertical acceleration is simply:
4?, = A‘I - 4B‘Pc
Solving for Pc:

Pe = A.l/‘lll

vert

These three loads will coincide for the most severely loaded cable:

Po= W 2[A,e/(B,d" +B_h) + A,cl(lld“* B'h) + A, /28]
Where, for the NuPac 10/140MB Cask:
W = Cask Gross Weight = 65,000 1b,
¢ = 59,75 in.
d' = 74,78 in.
d'"" = 19.72 in.

h = 71,40 in,
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To obtain the tie~down loads,
be defined.

dent on the cable angle 0.

(refer to Figure 2.5.2-1).

20

.‘\/
X \ 4
\,/,

, \ »
..,’ )
/

cable angle # in the following manner:
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the direction cosines of the tie~down cable must
Since the cable will always lie in the plane of the tie~down lug,
whose angle B is constant, the cable direction cosines will be entirely depen~—
Cable angle is defined as the true angle which the

tie-down cable makes with respect to the tangent line of the tie~down lug

Cable direction cosines can be determined as a function of lug angle § and

Al 1 -
) s > S
3 %(\"' . // ) 1
T 7 N\ g
/ “‘\*—-’ o 1
- i // \\
. P - .
~ p_ ¥ Tiedown Point ~
\\‘(
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True Lug Tangent Line Length T = h/sin B
True Deviation Distance D = Projected Deviation Distance D' = T tam #
Projected Lug Tangent Line Length T' = h/tan

To allow some flexibility in the tie-down arrangement, two cable angles were
investigated. Omne angle, 30", corresponds to the zngle at which the line of
action of the cable describes a tangent with the centroid of the cask outer
wall, This is considered to be the optimum configuration for obtaining the
most uniform load distribution from the tie-down lug into the cask ovter wall.

Thus, tie-down locationm is:
True Lug Tangent Line Length T = 71.40/sin 38° = 115.97 in.
Deviation Distance D = (115.97)(tan 18°) = 37.68 in.
Projected Lug Tangent Line Length T' = 71.40/tan 38° = 91.38 in.

These dimensions were used to locate the trailer tie-down point, shown in
Appendix 2,10.3. The coordinates of this location were thenm utilized in
calculating direction cosines, as defined above (refer to Figure 2.5.2-2),
with which the corresponding maximum tie-down load could be determined. This
load, calculated in Appendix 2.10.3, was found to be 537,464 1b.

In order to obtain greater lateral support for the cask in its tied down
position (refer to Figure 2.5.2~2), a smaller cable angle, 14°, was also
selected for evaluation. In an analysis similar to that above and detailed in
Appendix 2,10.3, the tie-down cable load for this angle was found to be
508,265 1b,

To ensure that lug and cask outer shell stresses did not exceed the regulatory
limitation (material yield strength) under these tie-down loads, a detailed
computer analysis was undertaken. This analysis was performed utilizing the
finite element program ANSYS, Revision 4.,l1c, available on the Boeing Computer
Services (BCS) National Network, MAINSTREAM - EKS. The capabilities of ANSYS
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are outlined in Appendix 2.10.2, and details of the analysis are given in
Appendix 2.10.3.

From the above tie~down loads analysis, it is apparent that cable direction
cosines, and thus loads, will change with varying cable angle. Since the
finite element analysis is based entirely onelastic material properties,
element stresses can be varied in direct proportion to the changing cable
load. For analysis purposes, a 500,000 1b., cable load was applied to the lug
eye. Adjusted stress levels for the varying cable loads are calculated in
Appendix 2.10.2 and summarized in Table 2.5.2-1. Resulting stress Margins of
Safety are also given in Table 2.5.2-1.

Each tie-down lug is made of 2.5 inch thick ASTM A-517 steel plate welded to
the cask outer skin. The lug is designed and positioned so that the tie-down
cable lies in the plame of lug, and there are no twisting moments induced in
the lug. The finite element analysis results for the lug are outlined in

Appendix 2,10.2 and summarized inm Table 2.5.2-1.

To check lug shear yield capacity, the coanventiomal 40° shear-out equation was

utilized:
- i o
l"y F‘ylt(od (d/2)cos 40%]
Where: F.y = (,6)(100,000 psi) = 60,000 psi
t = 2.5 ia.
. " 3.0 in.
d = 2.25 in.

Then: l’.y = (60,000)(2)(2.5)[(3.0) - (2.25/2)cos 40°]

= 641,460 1b,
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‘II' TABLE 2.5.2.-1

Tie-Down Lug Analysis Stress Levels and Margins of Safety

Structural Component Tie~-Down Cable Angle

18° 14°
Maximum Outer Skin Stress 35,719 psi 33,418 psi
Margin of Safety +0.0S5 +0.12
Maximum Tie-Down Lug Stress 88,398 psi 78,772 psi
Margin of Safety +0.13 +0.27
Maximum Tie-Down Lug Weld Stress 31,927 psi 32,796 psi
Margin of Safety +0.26 +0,23
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Shear vield margin of safety is
M.S. (641,460/537,464 1 +0,19

For shackle pin bearing stress, assume cable load is evenly distributed around

one~half of the lug-eye diameter. The maximum cable load then becomes
ih 100,000 psi)(2.25 in)(2.50 ia)
562,500 1b
Then M.S 562,500/537,464 1 +0.05

The cable load consists of Doth radial and tangential (to the cask wall)

i A

components, introducing both a bending moment and a shear load into the outer
ehall the naok rthe 1 o * hal s 1 4 ™ a s 1 A « - o 5 - oo 1 > "
shell through the lug-to-shell weld. ihe weld stresses in the lug-to-shel
weld are thus composed { pure shear and tension/compression due to the
momsats (refer to Figure 2.5.2-1

With the tie—~down cable acting in the planme of the lug, and assuming weld load
~ sy t nar | s 1 ¢ the l - l " o » 1ne ald re g . 3 .
components parallel t the ug tangent ine, the lug weld stress components
can be determined. Results are given in Appendix 2.10.2 and summarized in

To ensure that excessive cable loads will not result in damage to the cask,

e lug ultimate shear-out capacity was evaluated:
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