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NOTICE

This Safety Analysis Report for the NuPac Nodel 10/140M0 Shipping
Cosk and ol]l sssocinted dravings including smendments thereto are
the property of Nuclesr Pockaging, Ine., Federal, Vesbhington,
This material is being made available for the purpose of obisin~
ing required certificotions from the U, S, Nuclesr Regulatory
Commission and to eneble oOthers to register with the V.S .N.R.C,
s & user of this package, No other wse of this materinl i
suthorized voless by written consent of Nuoclesr Packeging, Inec,
Parties who may come into possession of this materisl are cau-
tioned thet the informstion is mot to be reproduced in any form

vithout the prior written comsent of Nucleor Packaging, Ine,

Unpublished = All rights reserved uvonder lav,



NePec 10/140M8, Rov. 0 July 1909

Base
1.0 GENERAL INFORMAT ION -1
1.1 Ietrodection -1
1.2 Package Description 1-1
1.2 Pachkeging 1~1
1.2.1.1  Gevers) Description -1
1,2.1,2  Materinls of Comstruction,
Dimeosions and Febricating
Methods 1-2
1.2,1,3 Conteinment Vessel 1-2
1.2.1.4  Neutron Absorbers 1-32
1.2,0.5  Peckage VWeight 1-8
1.2.1.6 Receptacles 1~}
1,2.1,7 Conteinment Penetrations 1-3
1.2.1,8 Tiedowns 1-4
1.2.1.9 Liftisg Devices 1-4
1.2.1,10 Pressure Relief Systen i-4
1.2.1.11 HBest Dissipation 14
1,2,1.12 Coolants 1-4
1,2,1.13 Protrusions 1-§
1,2.1.14 Shielding 1-§
3483 Operstions)l Festures 1-§
1.2.9 Contents of Packeging 1-6

APPENDIX 1.3.1 jef=l~]




2.0 STRUCTURAL EVALUATION

2.2
2.3
2.4

2.5

Structural Design

2.1 Discussion
2.1.2 Design Criterin
2.0.2.1  Basic Design Criterin
2.1.2.2  Miscelloneovs Structural
Failure Modes
2.1.2.8  Component Allowable Stresses
2.1.2.4 Impect Limiter Design

Criterie

Weights and Centers of Gravity
Mechanicel Properties of Materials
Genersl Stenderds for Al]l Packeges

2.4.1 Mivimuw Packege Size

2.4.2 Tempe r~proof Festure

2.4.3 Positive Closure

2.4.4, Chemicel and Galvanic Resctions

Lifting snd Tie=Dewn Stondards for All
Packages
2.5 Lifting Devices

2,8,1.1
2.5.1.2

Primery Lid Liftiong Lugs
Secondery Lid Lifting Lug

Tie~down Devices

13

-2

2-8
=26
=26

2-50
2-56
=60

2-60

260

2=60

2=60

=61

2-61

2-61
-74

*

"

-76



2.6 Normsl Copditions of Tramsport

2.6.1
.62
2.6.3
2.6.4
2.6.8

Beat

Cold

Reduced Externsl Pressure
Ioncressed External Presswe
Vibration

2.6.8.1 Trensport Vibratory Accel~

erstions

2.6.,8.2 Trapsport Vibratory Stresses

2.6,5.3 Comparison of Vibratory

Stresses with Allowable
Limits

2.6.8.4 Stresses in the Polyurethene

2.6.6
2.6.9

*
-

*>

L)

6.8
6.9
6,10
6.11

" O

"

Foam Impact Limiters

Water Spray
Free Drop

6$.%7.1 Flat End Drop
.6,
6.7.3 Flat Side lmpact

7.2 Obl ique lmpect

Corner Drop
Compression
Penetration

Summs ry

111

2-86
2-86
2-102
2-108
2-108

2-109
=110

=113

2-114

2-11§
2-118

2-118%
=162
2=179

2186
2-186
2-186
2~186



NuPec 10/14008, Bov. O

2.7 HBypotbeticsl Accident Conditions

3.7.4 Free Drop

2.7.1.2  Obligue lupact
2.7.1.3  Flat Side lapact

3:.%.3 Puncture

2.7.2.1  Side ¥Wall Puncture Resistonce

2.7.2.2  Cosk Lid Puncture Resistonce

2,7.2.3 Lid Closure Systen

2.7.2.4 lepact Limiter Puncture
Resistance

;7.3 Therms!l 2-302

>

e TPl Supma ry of Pressures and

Temperatures 2=302
$atidad Differential Thermal

Expension 2~302
2.7.8.3 Stress Calculations 2-302

2.7.3,4  Coupsrison with Allowable
Siresses 2-303%
2.7 .4 Iomersion =~ Fissile Material 2-303
2.7.8 Inmersion = All Packages 2-303
.18 Susmery of Demage 2-304
2.8 Special Fore 2-204
2.9 Fuel Rods 2-30¢%



July 2009

Bess
APPENDIX 2,10, Stability and Buckling Design
Criterin 2=10-1~4
2.10.1 Stability and Buckling Design
Criterie 2-10-1~1
2.,10,1,1 Criateris Definition 2=10-1+2
2,10,1.2 Beckgrouvnd 2-10-1~§
2,10,1,% Craverie Rationale 2-10-1~9
2,10,1.4 Safety Anslysis 2-10-1~11
2,10,1.5 References 2-10~1-21
APPENDIX 2.10.2 ANSYS Program Description 2-10~2~4
APFENDIX 2.10.3 Tie~down Lug Losds snd Stress
Ansiysis 2-10-3~§
2,10,3.1 Tie-down Losds Analysis 2-10~3+-1
2,10,5,2 Finite Element Apslysis 2-10-3~1
2.10,3,3 Tie~down Lug Weld Stress
Celculations 2~10-3-13
2,10,3.4 Tie~down Lug VWeld Ultimate
Strepgth 2=10-3-16
APPENDIX 2.10.4 Quarter Scele Drop Test 2=10=4+~j
2,10,4.1 Test Objectives 2=10=4~1
2,10,4,2 Test Article 2-10~4~4
2,10,4.3 Drop Pad Description 2=10~4-6
2.10,4.4 Test Results (=10~4=6
2,10,4,5 Conclusions 2«10~4-26

2,10,4.6 Discossion of Impact

Limiter Fosm Response 2=10-4-27




APPENDIX 2.10.5 Description of NuPee Proprietary
Drop Programs
2.10.8.1 Twpact Limiter Deformetion
Bebavior
2.10,5.2 Obligue lmpact Dynamic
Anelysis
2.,00.8.% Ssmple Program loput end
Output
2,10.5.4 NuPsc Computer Code Quality

APPENDIX 2.10.6

Assurance

Cosk Vall Buckling Anslysis

2.10,6.1 Finite Element Anslysis

2.10.6,2 Normsl Condition Stress
Results

2.10.6.3 Accident Condition Stress
Results

2.10.6,.4 Normal Condition Buckling
Consideration

2.10,6.5 Hypotheticel Accident
Condition Buckling
Considerations

2.10,6.6 Lesd Slump

APPENDIN 2.,10.7

.

A0.7.1
.10.7.2

End Drop Lié Analytis

Finit Element Anelysis
Accident Condition Stress

Results - Bottom Lid

2-10-8~14

2-10-8-1

2-10-§-10

2=10-8-26

2-10~5-44

2=10-6~1

2=10~6-1

2-10-6-9

2=10-§-10

2-10-6~12

2-10~€-13

2-10-6-15

2=10-7-4

2-10-7-1

2-10-7-3



July 1989

APPENDIX 2.10.9 (Continned) 2-10-7-4

2.10,7.3 Normsl Condition Stress

Results =~ Bottom Lid 2-10-7~§
2.10,7.4 Accident Condition Stress
Results = Top Lid 2-10-7-9
2,10.7.5 Normal Condition Stress
Results = Top Lid 2-10-7-9
APPENDIX 2.10.8 Lid Puncture Anslysis 2-10-8~14
2.10,8.1 Finite Element Analysis 2-10-8~1
2,10,8.2 Bottom Lid Eveluation 2=10-8~2
2.10,8,3 Top Lid Evelmtion 2-10-8~3

APPENDIX 2.10.9 ANSYS Anslysis Output

(Microfiche) 2100~
3.0 THERMAL EVALUATION 3-1
5.1 Discussicn -1
3.2 Summary of Thermal Properties of

Muterials 3-2
3.3 Techrical Specifications of Components 3-$

3.4 Thermel Evalua‘tion For Normel Conditions
of Transport 3-8
3.4.1 Thermal Model 3-6
$.4.1.1 Apelytical Model 3-6

5. 8.1.3 Test Model 3-10



July 1989

.42 Mezimum Temperstures 3~10
340 Nisimwus Temperstures 12
F. 44 NKazimuw Normal Comdition

Internal Pressure =22
.48 Thermel Stresses -1
5.4.6 Eveluation of Peckage Performance

For Normsl Comditions of Tressport 3-16

8.5 Hypothetical Accident Thermal Eveluation 3~16

3.5 Thermel Model 8-16

3,5.1,1  Anslyticel Model 3-16

3.5.1.2 Test Model 3-11

8.5.3 Peckage Conditions snd Enviromment 3~18

3.5.3 Peckege Temperatures 3-21

3.5.4 Mexiomus Intermal Pressure 325

$.5.5 Meximunm Thermal Stresses 3-28
3.5.6 Evelustion of Packege Performance

for the Hypotheticsl Accident

Thermal Conditions 3-26

APPENDIX 3.6 3-6~i

3.7 References §=7-1
4.0 CONTAINMENT 4-1
4,1 Contasinment Boundery 4-]
4.1.1 Contsinment Vessel -1

4.1.2 Containment Penetrations 4~1

Vi



MaPae 10/14008, Rov. O July 1999

-

Bage
4.1.3 Seals and VWelds 4~
4.1.4 Closcre 42
4.2 Reguiremnts for Normsl Conditions of
Trensport -2

4.2.1 Release of Rediosctive Msterial 4-3

4.2.2 Pressurization of Contsinment

Vessel 4-3
4.2.3 Coolent Contamination 4-3
4.2.4 Coolant Loss 4-3

4.3 Contaimment Regquirements for the Hypotheticsl

Accident Conditions 43
4.3.1 Fission Gas Products 4-4
4.3.2 Releases of Contents 4~4
SHIELDING EVALUATION §~1
$.1 Discussion ané Results LED |
$.2 Soorce Specification §-3

$.2.1 Gampa Source §-3

$.33 Neutron Scurce $=-3

£.3 Model Specifications §-3
5$.3.1 Description of the Redial and

Axial Shielding Configuration §-3

$.3.3.3 Radiel Shielding §-3

§.0.1.2 Azxiel Shielding §=5




§.3.2 Pachage Regionsl Densities

§.4 Shielding Evaluation
6.0 CRITICALITY
6.1 Discussion and Results
7.0 OPERATING MROCEDURES
7.1 Procedures for Losding the Package
7.2 Procedures for Unloading the Package
7.3 Preparation of sn Enpty Cask for Transport

§.0 ACCEPTANCE TESTS AND MAINTENANCE FROGRAM

8.1 Acceptance Tests
8.2 Masintenance Progrem

APPENDIX £.3.1 Gemma Scen
APPENDIX 8.2.2 Heliuz Leek Testing
5.0 QUALITY ASSURANCE
9.1 Introduction
9.2 Description of the PNSI, 10 CFR 71,
Snbpert H Quality Progran
A Orgenizetion

Quality Assursnce Program

2 Design Control

o € v v
" *
.

Proxurement Document Control

.
=~

6-1

6-1

-1

74
7-8

8-1
8-2

8=d-1-i

8-3~2~i

§~1

9-1



9.2.6
.27

$.2.9

9.2.10
$.2.11
$.2.12

9.2.13
9.2.14

$.2.1%

9.2.16
9.2.17
9.2.18
9.2.19

Instruction, Procedures and
Drevings

Document Comtrol

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

Test Control

Control of Measuring and Testing
Equipme nt

Hendling, Storage, ond Shipping
Inspection, Test and Operating
Status

Norconforming Meterial, Parts,
or Components

Corrective Action

Quelity Assurance Records
Auvdits

Refeiznces

-6
-1

-9

$-10
-11
=11

=12
9-12

9-13

9-13
§-14
9-14
9-15
=16



"——'———————*————————'—'—————w—j

NePac 10/140M8, Rev. 0 July 1999

1.0 GENERAL DNFOMNAYJON

1.0 Iatredectics

The NuPac 10/240M8 Coask bhas hes been developed for the purpose of safely
transporting Type B quantities of rrdiosctive material, The purpose of this
Safety Analysis Report is to demon.trate complisnce of the package with 10 CFR
71 regulatory requirements, The package is capable of c«afely tramsporting
Type B quantities of raddosctive materials, Authorization is sought for ship*
ment by cargo vessel, motor vehicle and rail,

1.2 Pachage Depeription
1.2, Packaging
1.2.1.0 Geperel Descraptiox

The NuPac 10/340MB  reussable shipping package is desigred to protect radio-

active material from normal snd hypothetical sccadent conditions of tramsport,

The NuPac 10/140MB Cask 3s o top and (cptiomally) bottam Josding tramsport
shield designed specafically for the safe transport of Type B levels of radio-
active materaals, The shaeld con accommodate full cepacity liners, or miscel~-

laneous form cargo such os 58 gallon drums, arradisted hardware, etc,

1.2.3.2 Matergels of Constructicn, Dimensions spnd Fabricetong Methogs

Geperal srrangement dravwings of the NuPsc 10/140MB wre included in Appendia

1.3.,1, These shovw the overall dimensions as well as materinls of comstruction,
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The cosk body consists of externsl and internsl steel shells separated by o
2.5 doed thick lesd biclogical shield in the smouwlar space between these two
shells, The top end bottom ends of the cylindrical coask are constructed of
stadnless steel continges or forgimgs., The 0,785 imeh thick immer steel shell
is constructed of BO4 stainless steel plate, The 1.25 dneh thick owter steel
shell is constanceted of coarbon steel,

The top (and as an o tion, the bottam) serves os & removable cask 1id and i
set rod to the eylimdrical cosk body by edght 2-1/2 ipebh diemeter bolts.
Bolting material ds ASTM A-320, Grode LA3, A 29 doch dismeter secondsry cask
14d 48 loceted in the center of the top primary 1id end is secnred to the pri-
pery 1id by sizteen 1-1/4 dnch bolts, Lifting lugs and tiedowns ave & strue~
tural pert of the package.

The top end dottoam impect limiters comsist of stainless steel sheet metal
enclosing hagh~density polyurethane foam,

1.2.1.3 Coptaimmest Vessel

The inper shell together with the top snd bottom end plates of the cask serve
68 the contsimment vessel, Its mechanicel conmfigursation is described in the

foregoing pearagraph,

Two paars of butyl O-ring sesls are employed in both the pramary sod secondary
140 interfeces. These 'EnviroSeals'™ are of & wurigue design, afferding on

easily meantained high level of conteinment to the comtents of the 10/140MB,

Weste products will be conteined in 55 gallon drums, in hesvy gavge disposable

steel limers, in crates or other svitable palletazed forms,

1.2.1.4  Neptron Absorbers

There are nc raterisls used os peutron adbsorbers or moderstors in the NuPac

10/140M8B packege,
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1.2.1.5 Package ¥eight

The gross, net and paylosd weights of the NuPac 10/140M8 Package snd com=

ponents are as follows:

Component Nedabt (Ub,)
Top 144 assembdly 8,430
Cask body 26,90
Bottom plate/lid 6,460
2 impact limitars 11,150
Packege tots. net weight 53,000
Maziwum payload 15,000
Package total gross weight 68,000

1,2.1.6 Receptag)es

There are no internel or esterns] structures sUPPoOrtinmg Or protecting recepta~

cles, excapt as described inm 1.2.1.7 below regarding the optionsl drain port,

1.2.1.7 (Coptainsent Penetzations

The casks are provided with & 0,44 inch diameter drain port iz the bottom
plate, suitably counter~drilled and tapped to accept an o~ring sealed pipe
plug. The drein port is used for removal of entrapped liquids, such &s rain
or decontamimation fluids, If & cask is comfigured to bottom=-losd, then no

dreinp port is provided into containment,
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1.2.1.8 Tiedowns

Tiedowns are & structural pert of the package. From the attached gemeral ar
rengement drawing, it can be seen that four reinforced tiedown locations are
provided, Refe: to Section 2.5.2 for & detailed analysis of their structural
integrity.

1.2.1.9 Lifting Devices

Lifting devices are a structural part of the package. From the genmeral ar
rangement drawing, it can be seen that three reinforced lifting locetions are
piovided, Refer to Section 2.5.1 for a detailed snalysis of their structural
integrity.

1.2.1.10 Pregsore Reljef Svstem

There are¢ no pressure relief valves im the desigun of the NuPac 10/140MB

peckaging.

1.2,1.11 llest Dissipatics

There are no specisl devices used for che transfer or dissipation of heat,

The package internsl decay heat used for design is 95 watts,

1.2.1.,12 (Coolapts

There are no coolaents utilized in the package.



R T

NePac 10/140M8, Rev, 0 July 1989

1.2.1.3 Protrsaions

There are no outer or immer protrusions, except for the lifting and tiedown
lugs described above,

1.2.1,14 w

The contents wall be limited such that the radiologicel shielding provided
will assure complisnce with DOT and IAEA regulatory requirements. Further
details sare provided in Section 5.0,

1.2.2 Qperatiops) Features

Refer to the General Arzangement drawing of the pesckaging, in Appendiz 1,3.1,
There are no complex operatiopel requirements conpected with the package, and
pone that have any transport significamce, The top primary lid &«nd optiomal
bottom 1id sre both securily ettached with standard bolts, which ere readily
removable, and which are completely recessed bemeath the protective impact
limiter to prevent inadvertent damage during normal or accident conditions of
transport. Full and reliable containment is provided by NuPac's

EoviroSeals, '™

providing a reliably high level of containment to thke package,
These devices provide sealing surfece protection during opersationpel ectiva~
ties, end are themselves easily and quickly replaceable to meintain & sure and
complete seal under all conditions. Full patent pirotection for the Emviro-

Seals'® is being sought.

1=5



NuPac 10/140MB, Rev, 0 July 1989

1.2.3 Coptents of Packsging

This spplication is for tramsporting the following redicactive materials as
defined in U.S.A. and IAEA regulations:

°

Contents include less than 2,000 times the Type A quantity of radio-
isotopes as defined in 10CFR71, Table A,

Coptents may be Type A or B quantities, includimg Low Specific Acta~
vity (LSA) in normal or special form,

Contents total less thap 95 watts of internal decay heat,

Contents may be in dispersible or sop~dispersible form (e.g., acti~
vated hardwere) and may be contained within an internal liper not
considered part of this application, or solidified in a stabilizinmg
media, or both, The containment ability of any internal liper is

pot considered in this spplication,

Contents shall be so limited thet the external radistion dose rates
are within the limits specified ax 10 CFR 71. This shall be veri~

fied by pre-shipment ainspection,

[
1
L 4
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2.0 STRUCTURAL EVALUATION

This chapter presents structursl evaluations demonstrating that the NuPac
10/140MB Shipping Cask design meets all applicadble structural criteris. The
cask is comprobensively evalusted and shown to provide sdequate protection for
the cask payload. Normal and hypothetical accident condition evaluationms,
using enalytic snd experimental techniques, are performed in sccordance with
10 CPR 71 requirements, Asalytic demonstration techniques comply with the
methodology presented in Regulatory Guide 7.6, Experimental verifications and
evaluations are of the following forms:

° 1/4~Sceie Drop Tests bhave been performed to verify the behavior of the
10/140MB Shipping Cask under hypothetical accident comdition losdimgs,

Drop test resuvits are summarized aend corpared with apalytic results in
Section 2.10.4, These comprebensive tests, coupled with appropriste
analytic evaluwations, demonstrate the capability of the psckage to meet
the structural requirements associanted with hypothetical accident
conditions as set forth in 10 CFR 71, Reduced test data provide complete
information defining deformations imposed upon the package's impact
limiters., Those date, when correlated with anelytic resulte and previous
test results, provide sccurate predictions of internsl stresses and

deformations for those combined loeding events not explicitly tested,

0 Component Tests were also performed to verify mechanical or physical pro-
perties, These tests are described within subsequent Sections where
sppropriste, Burn tests on the polyurethane foam used in the overpacks
were performed to esteablish foam characteristics during exposure to the
bypothetical fire event., A series of O-ring seal verification tests were
performed to assure thet selected O-ring material and glend geometry are
edequate to assure lesk~tight performance under all reguletory

requirements,

L
!
[
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Detailed test results cre typically relegated to the relevant appendiz of this
roport, In particular, Section 2.7 ipcludes brief discussions of the 1/4
scale drop tests, but detsiled comparisons of snalytic und experimental
results are only presented in Appendix 2,10.4,

Anslytically determined minimum Margins of Safety obtained for the major cask
components are smmmarized in Figure 2,.0-1 and Table 2.0-1,

2.1 Structural Design

2.1.1 Discussion

The principal structural member of the NuPac 10/140MB package is the contaim=
ment vessel described in Section 1.2.1, The above component is identified om
the drawing as noted in Appendix 1,3.1, A detasiled discussion of the struc-
tural design and performance of all ceask components is provided below,

2,1.2 Design Criteris

2.1.2.1 Basic Design Criteria (Allowable Stresses)

This section defines the stress eallowables for primary membrane, primary
bending, secondary, bearimg, shear, and buckling stresses for contsinment

structures and festeners, and nor-contaimment structurss and fastemers,

Regulatory Guide 7.6, Desigo Criteris for Structural Aselysis of Shipping Cesk
Coptejnment Vessels (Referenmce 2.11.1) is used in conjunction with Regula .2~

Guide 7.8, Load Combinations for the Structural Apslvsis of Shipping (...

(Reference 2.11,2) to evaluate the integrity of the NuPac 10/140MB. Where
the loads specified by Regulstory Guide 7.8 conflict with those given in the
carrent version of 10 CFR 71, the latter is used. Material properties and
design stress intensity values, § used in the anslyses can be found in Table

2.3+,
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FIGURE 2.0-1
10/140MB Component Maximum Stresses
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2.1.2.1.1 Coptsinment Stroctures

Regulatory Guide 7.6 was used for all package containment boundaries for both
the normal conditions of transport amd the hypothetical asccident comditioms.
Material data used in the evaluation correspond to the design stress values,
8.. yield strengths, S,. and ultimate stremgths, l'. given in the ASME Code
(Reference 2.11.3), Section III, Class I. The contsinment vessel is comsi~
dered to be the 66,0 inch inside diameter, .75 inch thick immer shell of the
cask, the castings or forgings at the top and bottom ends of the cask, the
bolted secondary closure lid, and the drain port in fized bottom models. A
summary of allowable stresses used for containment structures, and fastenmers
is presenmted in Table 2.1.2-1, Those data are consistent with Regulatory
Guide 7.6 and Sections NB-3000 end Appendir " of ASME Section INI.

2.1.2.1.2 Non-Contsipment Structures

Structural evaluations of nop-contsinment components, such as tiedovn and
lifting devices, and the cask outer shell, use allowable stresses for normal
and accident conditions as presented in Table 2.1.2-2, The impact limiter is
allowed to exceed yield for all conditions, The acceptance criterion for all
impact related loads within the impact limiters is that no ceask 'hard points’
directly come into contact with the impact surface. For normal lifting and
handling loads, the material vield stress values of Table 2.3-1 ere untilized
in conjunction with & load fector of three (3), per 10 CFR 71.45, These
lifting snd hepdling criteries are spplicable to all packege components,

including the impact limiter lift lugs.

L]
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TABLE 2.1.2-1
Allowable Stress Limits for Containment Structures

e e o e ——

el -1 |
[Ttem| |  Normal Comditions Accident Conditions |
IRef. | Stress Category | | |
INo. | I (A) | (B) |
| |~ | -1 |
U Primary Membrane i S, | Levser of: 2,45, |
| | Stress Intensity | | 0.78, |
|| -1 — |
| 2 | Primary Membrane + Bending | 1.58, | Lesser of: s.65, |
| | Stress Intensity | | W
R B - el DLttt ———| - |
| 3 |Range of Primary + Secondary| 3,08, | Not Applicable |
| | Stress Intensity | | |
|| = - - w— |- - R e e —————]
| 4 | Bearing Stress | S). | Sy for seal surfaces |
| | I | 8, elsewhere |
jme—n | — |- — - ———————— e - |
|'§ |  Pure Shear Stress I 0.68, | 0.42 8, l
| [ l | |
R B |omemmemm e e e e [=omm e e e |
| | Buckling | Per Section 2.1.2.2.3 |
|mome|mmmm e e e = e e e e e e |
l l I CONTAINMENT FASTENER ALLOWABLE STRESSES [
| | Stress Category R ——— = e e |
| | |  Normal Conditions | Accidert Conditions |
[ | o e e e o ——— il B . l
N LBl Membrene Stress® | 2.08, | 5, |
] | | ' |
R e et J o e e e oo e e l
| 7 |Membrane + Bending Stress * | 3.08, | 5. |
| { |

®* Net Considering Stress Concentrations
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TABLE 2.1.2-2

July 1989

Allovable Stress Limits for Non-Contsinment Structures

- ——— - - — -

|
ITteml | Normal Conditions Accident Conditions |
IRet. | Stress Category | -| |
| No.l | (A) I (B) |
|we=-| | | |
i3 4 Primary Membranme | Greater of: $, A 0.78, |
| | Stress Intensity | Sy | |
|oe=-] - | -1
| 2 | Primary Membrane + Bending | Grester of: 1.5§, | 5, |
| | Stress Intensity | Sy | |
|| ————| - oo e |
| 3 [(Range of Primary + Secondary| Greater of: 3,08, | Not Applicable |
| | Stress Intensity | Sy | |
[eoee|eremmem e e e e e e - —————— -1 - |
| 4 | Bearing Stress | S | 5, |
|omme| - -— - - -1
s | Pure Shear Stress | Greater of: 0.68, | 0.428, |
| | | 0.65, | |
e L [eemm e e e e e e - e |
| | Buckl ing | Per Section 2.1.2.2.3 |
fmmm o [ e e e ———————— e e e e |
| | |  NON-CONTAINMENT FASTENER ALLOWABLE STRESSES |
| | Stress Category o — — - - -|
| | |  Normsl Conditions | Accident Conditions |
e B Sttt L R e B ety I
ol Memhrene Stress® | Greater of: 2,08, | Greater of: 5, |
I ! I gy 0.9, |
[t s e s e b e ot i s |
| 7 | Membrane ~ Bending Stress® | Greater of: 3,05 | S, |
I I I S | I

| I

Not Consideripg Stress Concentrations
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2.1.2.2 Niscellaneous Structursl Feilure Nodes

2.1.2.2.1 Bristle Fracture

With exception of the closure bolts, all contaimment structural components are
fabricated of Type 304 sustenitic stainless steel., Since this material does
not vrodergo & doctile~to~brittle transicvion in the tempersture range of
interest (down to =40° F), it is safe from brittle fracture,

The primary and secondary 1id closure bolts are fabricated of ASTM A-320,
Grade L43, alloy steel, Per Section 5 of NUREG/CR-1815 (Referenmce 2.11.4)
bolts are generally pot considered as fracture-critical components because
multiple losd paths exist and because bolted systexs are designed to be
redundant., However, for purposes of comparison, the nil-ductility tramsition
(NDT) temperature of the closure bolts will be calculated snd compared with
the requirements of NUREG/CR~1815,

According to Sectiom 6.2.1.1 of the ASTM A-320, Grade LA3, specification, the
pinimur impact energy absorption is 20 ft=lbs at =150 °F, The Charpy impact
measurement mey be transformed into a fracture toughness value by using the
empirical relation developed in Section 4.2 of NUREG/CR-1815, as follows:

p 0.5%
‘ID ISE(CV)]
Where:
KID = dynamic freacture toughness, psi—1n°‘5
E = Modulus of Elasticity, psi
= 28.8(10)% psi at -150° F (Table I-5.0 of the ASME B
and PV code, Referenmce 2.11.3)
Cv = Charpy impact measurement, ft-lbs
= 20 ft~1bs
Then,

0.5

. £
(8128.8(10)%)(20)) = 83,665 psi=in®'"

L
1
0
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The dynamic fracture toughmess is translated to an equivalent mil-ductility
trapsition (NDT) temperature by using the Pellini referemce curve given as
Fagure 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 frscture critical components, and in section thicknesses of
1,25 end 2.5 inches (bolt diameters), Figure 3, NIREG/CR~1815, gives the mini~-
sur offset, ‘A’ as spproximately 53°F for the 1.25 inmch ¢iameter bolt. Thus,

the mazimum NDT temperature value is:

Typr ® LST = A = <20-53 = -73°F

Typr = maximus NDT temperature per NUREG/CR-18B1$
LST = lowest service temperature

= =20°F (Reg Guide 7.6)
A = 53°F, per Figure 3, NUREG/CR-181%

The ASTM A~320, Grede L43, closure bolts experience a doctile to brittle
transition temperature at -180°F whereas the criterion of NURBG/CR-1815 pre-
scribes & mazimuz NDT temperature of -73°%, The 107° margin between criteries
requirements and material capability provide comservative assurance that brit-
tle fracture failures will not occur in these ferritic closure bolt materials,
Since bolts are acceptable under Category I rules, theyr cre also acceptable

for the Category II NuPac 10/140MB.

"
1
o
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The 1.25 inch outer shell is fabriceted from ASTMN A-516 grade 70 (or alterma~-
tively, ASTM A-537 Class 1) material, Under Category II rules for qualifice~
tion of 0,625 inch to 4.0 ipeh thick sections, Figure 6 of NUREG/CR~1815 (Ref~
erence 2.11.4) may be used to determine the nil-ductility transition tempers-
ture. Since the 10/140MB will be subjected to reduced loading rates and be-
cause the yield strenmgth of ASTM A-516 grade 70 (or A-537 Class 1) steel is
less than 60 kei (it is ectually 38 ksi for A-516 and 50 ksi for A-537), curve
asmber 3 of that figure may be used. For the 1,2% imch thickness of /-516
Grade 70 (or A=537 Cless 1) the NDT temperature Typy is given as:

TNDT = LST~-A

Where rm = NDT temperature
LST = Lowest service temperature, ~20°F
determined from Figure 6 of NUREG/CR-1815
Tyt = =20~(=20)
- 0°
Typr = O°F

>
13

Therefore, all A~516 Grade 70 (or A-537 Class 1) components of the 10/140MB
greater than 0,625 inches thick are required to have a tested nil-ductility
transition less than O°F, All A-516 Grade 70 (or A=537 Class 1) components
less than 0,625 inches thick are required to be normalized only, consistent
with the requirements of NUREG/CR~1815,

This NDT may be verified by notimg thet on Figure 2, the dynamic fracture

0% 4t the NDT temperature, The

toughness KXD is defined as 40,000 psi-in
required Charpy V-notch measurement to demonstrate this fracture toughness can

be calculated by the following equation from NUREG/CR-181%:
.
Epp® = S(CLE
iaialsd
Vhere Kip = 40,000 psi~-in
E= 30010 psi

C., = Charpy V-notch measurement, {t-1lb,

So, C, = Kyp?/SE
11 ft=1d.

-~
"

2=10
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Therefore, the requirement to have an NDT of less than 0°F may be demonstrated
by showing that the Charpy messurement of O° or lower is at least 11 ft-1bs.
in the A-516 Grade 70 (or A=537 Class 1) 1.25 inch (or thinner) plate. All A~
$16 Grade 70 (or A=$537 Class 1) msterial grester than 0,625 inches thick used
in the design of the NuPac 10/140MB possess Charpy values in excess of 18 It~
ibs. as shown on the dravings in Appendix 1.3.1,

2.1,2.2.2 Fatigee

Normal operatimg cycles do not present & fatigue concern for the NoPac
10/140MB cask components which have no stress concentrations, This is becauvse
the highest allowable stress for normal conditions (38.) is less than the
allowable fatigue stress limit for the steels used in the 10/140MB design,
For erample, S  for 304 stainless components is 20,000 psi in the temperature
range of concern, Thus, essuming that the normal operating cycle stress
actoally equals the allowable (35.), Figure I-9.2.1 of Reference 2.11.3 may be
used to determine the nmmber of cycles which would be allowed. From that
figure, it can be seen that over 10,000 cycles are allowed, For the A-516
grade 70 and A-537 Cless 1 material, S; is 23,300, Thus, for fatigue to
become an importsnt consideration, the cask would be required to ondergo at
l2ast 1600 cycies ot or neear its normal stress allowaole, Since under the
most severe usage the cask might undergo 50 normel shipments per yesr, or 1000
cycles in 20 years of constant use, it seems clear that fatigue is not @

preblem for the cask components with no stress concentrations,

Fatigue considerations in the primary and secondary 1id bolts follow & similar
logic, Tbhe torque reguirements in the bolts are 440 to 470 ft-lbs and 190 to
210 ft-1bs for the primery and secondsry lid bolts, recpectively. Usimg the
simple torque-to-preload reletionship and s torque coefficient of 0,13 (for
cadmiuvm-pla.ed bults), the mezimum azxial force in both fasteners may be

determined:

P

"

T/ED
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P = bolt losd, lbs.
T = torque, ia~ld
K = 0,13

S0 for the 2-1/2 imch diameter primary 1id bolts:
P = (470)(12)/(,13)(2.5) = 17,350 1bs mazimum
For the 1~1/4 inch diameter secondary 1id bolts:

P = (2100(12)/(,18)(1.25) = 15,500 1bs mazimunm
The stress area for the secondary lid bolt is 0.969 tnz. The primary lid bolt
bas only about & 12% higher load than the secondary lid bolt, and the
secondary bolt has a much smaller tensile stress area (tensile stress area for
8 2-1/2 in, diemeter bolt is 4.0 in®). The pormal stress in the secondary
bolt is therefore the worst case., The maximum normal stress is:

5, * 15,500/0.969 = 16,000 psi
The fatigue alternating stress amplitude is then (16,000)/2 = 8,000 psi.

This stress should be multiplied by the fatigue stremgth reduction factor
(taken to be 4,0 per ASME NB~3232.3(c)) and using Figure J-9.4 from ASME
Section II1, Appendix I, the allowable number of cycles determined,

Srange = 4(8,000) = 32,000 psi

Note that since srnnge is very moch less than 2,75, for the bolt (2.7 z 34,340
= 92,720 psi, where Sn = 34,340 psi et the mazimum normal operating
temperature of 133°F), the upper curve from Figure I-9.4 may be used. From
that curve, it can be seen that the bolts may experiemce more than 10,000
cycles before exceeding the ASME fatigue criteris for the bolts, Claarly
fatigue is not & serious considerstion in the design of the NuPac 10/140MB

cask,
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2,1.2,2.3 Bucklisg

Buckling, per Regulatory Guide 7.6 (Referemce 2.11,1), is an usscceptable
failure mode for containment vessels., The iutent of this provision is to pre-
¢clude large deformations which would compromise the validity of limear anmsly-
sis assumptions and quasi~linear stress allowables, as given in Paragraph C.6
of Regulatory Guide 7.6,

There are three sets of forces that can potentially cause vuckling imstabili~
ties in cylindrical wvessels., These are azxial compression forces, bending
moments, and external pressure, The remsinder of this subsection definmes
techniques and criteris used in subsequent segments of this Safety Amalysis
Report to demonstrate that containment vessel buckling, and nom-contaimment

vessel buckling, does not occur.

There are two shells within the NuPsc 10/140M8 Cask where buckling prevention
criteria are applicable - i.,e., the inner and outer shells of the cask. For
reference purposes the principal geometric features of these shells are as

follows:
Dj | (ipe)
Mean
Radius Thickness Length
Shell L A TR ddele
Inner Shell 33.378 18 75.5
Outer Shell 36.625 1.25 75,3

1. Elsstic Buckling

Representative elastic buckling stress estimates for the shells and

applicable loading modes are as follows:
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Shell

Elastic Buckling Stresses (ksi)

Inner Shell (304 SST)
Outer Shell (A-$516 Gr.70
or A~537 C1,

ot 212%F)
Axial
Compressiop Bending
261.7 280.4
4401 469.8

1)

External

Eressure

177.5
N/A

July 1989

The above elastic buckling values are all based upon & temperature of 212°F,

consistent with the stress~strain data for 304 stainless steel given in Figure

2.8-1,

the following paragraphs,

Shells, by Baker, Kovalevsky and Rish (Referemce 2.11.5).

e)

Calculations discussing these elastic buckling estimates are found in

Equations are taken from Structursl Anslysis of

Crippling of Moderstely Long Cylipders (Structural Amalysis of

Shells (Referemce 2.11.5), p. 230) for the gask jpper shell (com

tainment vessel)!:

Ser/ta

Where:

m o

=

Then,

(y4)CE(t/R)

buckling stress

plasticity coefficient

a factor which accounts for the difference
beiween theoretical and experimental results
0.70 (at R/t = 44.5)

(31 = 41793 « 0,605

27.8010)% psi (st 212°F)

0.78 in

33,378 in

0.3

(0.70) (0.608) [27.5(10)%)(0.78/33.378)

261,700 psi

i-14
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Likevise, for the gashk ontes shell (mon~containment):

Soe/ty = (v,)CB(L/R)

Where:
Yo * 0.74 (st R/t = 29.3)
t = 1,25 in
R = 36.625 in
E=28.80100% pei (AS16 at 200°F)
Then,
S../8, = (0.74)(0.608) [28.8(10)%) (1,28/36.628)

= 440,100 psi

‘) Euvler Column Bucklipng -~ The cask inner shell (containment) is

laterally restrained and supported by the outer shell of the outer
cask, Thus, Evler column buckling is governed by the geometric pro-

perties of the cask outer shell. The applied axial forces are dis~
tributed 'self weight' loads, thus buckling stresses are found as

(per Theory of Elastic Stabjlity by Timoshenko, (Referenmce
2.11,6) p. 118, Eq. 88):

§ . (qL),p/A = nE1/(1,222L)%A

/
cr {l

Where:
load per unit length (1b/in)

o
"

L' = column length = 75.5 in
L'/2 = 87,78 in

= mean radivs = 36,625 in
= 1,25 in

= 2nRt ip® = 287.65 in®
= nR%t in* = 192,900 in
= 28.8000)% psi (200° F)

=
L]

4

™ > e



NePac 10/140M8, Rev. 0

Then,
Ser/ly ®

. [2!..(10)‘/2](a(".‘i!)/(l.llz)(’7.75)]2

(B/2) [nR/ (1.222)1)2

1.063(10)% put

July 1989

Thus, crippling is more critical for the outer cask she'l than gross columnmar

instability,

¢) Bendipg Moments

PP

Scr/ta

Where:

T

Then,

Scr/ls

Likewise, for

SC!' {l

Vhere:

Ty

Then,

(Structurel Analigis of Shells (Referemce 2.11.5)

234-235) for the gask jponer shell (contaimment vessel):

= (y,)CE(t/R)

0.75 (at R/t = 44.5)
0.75 in
83,378 ian

= (0.75)(,608) [27.8(10)%)(0,78/33.,3178)

280,400 psi

the vask outer sheil (non-containment):

= (7b)C£(tfR)

0.79 (at R/t = 29,3)
1,25 in

36.625 in

28.8(10)°

(0.79) (.60%) [28.8(10)%)(1.25/36.625)
469,800 psi
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d) Exterpsl Pressure, with external comstreint, The case of & shell
encased in & cavity is discussed in Pressure Buckling of Rias
Incased in 8 Cavity James A, Cheney, ASCE EM Journmal, April 1971,
Vol. 97 (Reference 2.11.7). Upon buckiing, the shell can only move
invard. This case corresponds to the cask junmer shell where
external constraint is provided by the lead biological shield. From
Equation 47 of the referred document, the critical buckling pressure
is:

Ger = (X% = DE(/RI/1201 - 42)

Utilizing thip~walled pressure vessel theory, the critice] buckling stress may

be written as:

/
scr " quR' t

Then,
S ./t = (k2 - DE(/R)2/1201 - 42)
er'Sp

For the cask inper shell (containment)

1.57(R/p)0°4 (Equation 29)
= 11.78

P
L

R/p = R(12)0'5/t (Equation 48)

33,3125 in
= 27.5010)% psi (at 212° F)
0.3

m X e
L

=
"

Then,
e [(11.78)° = 1)[27.5(10)%)(0.75/33.378%)

\
er' ™y

= 177,500 psi
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2. Bashliss Critesis

The bigh elsstic buoklin, stress limits oocimated for the cask shells within
the provious peregreaph (477.5 to 469.8 kei) provide solid generalised assns~
snce that dnstability fai.ure wodes do not exist for compressively losded com-
ponents of the NoPeco 10/240MB Cask, To¢ ,wantify this assertion, all compres~
sively losded states of stress are tested vorsus the stability and buockling
eriterie oot forth within Appendiz 2.40,1, These criteria recognize that com
prossively Josded structures behave in different foshions depending upon the
peometric sspect roatio of the structure, The .ature of the criteris is such
that the tectors of safety vary with this geometric sspect rotio uvp to asym-
ptotic values of 5 and 7.5, versus elostic buckling stresses, for sccident apd
pormal conditions of tramsport, respectively, These assymptotic factors of
safety may be considered conservative for gemersl use os readiosctive materinls
peckage design oriterias,

Appendiz 2.10,1 defines both the s1ationsle and the specifics of the applicable
criteria, Briefly, the criterin are as follows:

Direct primary compressive membrane stresses, S in coutsinment vessels shall
be les: than the lesser of s'/R‘ 0 s).. S' is defined as the aporopriste
e)-vtic bocklimg stress limit ocomsiderinmg odjustments resolving theoreticael
end experimentsl results, bdut meglecting plasticity corrections, The reduc~
tion coefficient Rd is to be teken as 7.5 for normel comditions of tramsport
snd 8 for cecident conditions of tremsport. This reduction coefficient, R,,
corresponds to the intcnded factor of safety of the method st high aspect
ratios of the structure, SJ is & geueralized 'Johuson' parabolic tramsiting
curve baviog & value of S ., at sn aspect ratio, G, of zero., This parabolic
transition curve is also tapgent to the expression 3./ld st & stress level of
2/3 S.. The tern S. depotes the applicabiz stremgth limit of the material ==
s. for normel conditions of tramsport and Sy for hypotheticel sccident comdi~
t.ons, both as defined within Reg Guide 7.6, Tohe deteils of the criteris, in

syebdolic form sre os follows:



Where: s

The clossicel olastic duckling stress expression
(including sdjustments for theory versus tests) cast ip
the generalized form:

k/G,

A numericsl constent unique to each compressive loading
pechanise reflecting materials properties (Youmg's Nodu-
lus, Poisson's ratio) and empiricsl or theoreticsl coeffi~
cients, Sece Table 2.10,1,1-1 for & smmary versus typiesl
losding mechanisms,

A pop-dimensionslized geometric espect ratio wunique to
esch losding mechamism, See Table 2.10.1.1-1 for a
smemery versus typical losding mechanisms, For example:

(L"o’z. for colusn type 10sdings [Note: p = (I/A)Uz).

(R/t), for exterpsl pressures on lomg cylinders and axinl

compression losdings of cylinders,

7.5, for Normal Conditions,
$.0, for Accident Conditions,

The paradolic transition from S‘ to (S"Rd)

s, - 45,263/ 120/ %],
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G . The sspect ratio, G, where the parsbole defined by l,
intercopts amd is tampent to the curve dof ined by (l./l‘)t
in other words, G ocorresponds to the sspect ratio where
l, “ (8,/Ry), or:

. (/D (R/RY/S,.

s - l.. for Normal Comditions,

B 8’. for Accident Conditions,

§ = Design Stress Intensity as uvsed within Section III, ASME
Boiler and Pressure Vessel Code (Referemce 2.11.3),

S B Minimum Yield Stress per Referemce 2.11.3,

5. Specific Bocklipg Limits

Application of these criteria to the specific shell geometries of the NuPac
10/140M8 Cask are wresented in Tebles 2.1,2-3 thru 2.1.2-6 for normel and
sccident conditions, respectively, The sllowable stresses bdesed on the
buckling criteria have been derived usimg & combimation of the sbell pgeome~
tries introdoced ot the beginming of this Section and the criteris described
immedistely sbove., A single example serves to demonstrate the method for cal-
culstion of these allowables. For this example, consider normsl conditions of

transport and sxisl compression of the Cask loper Shell et 250°F,

The parometers, K and G, are evaluated as follows:

K= y,CE, see preceding 'Elsstic Bocklipg' discussion (Section 2.1.2.2.3,
peragrapk 1)

. (,70)(.608)(27.3000%) « 1.186010)7

G =R/t = 33,378/0.7% = 44,5

o e
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r‘u ’0103.’

Normal Conditions of Transport
Crippling and Bockling Allowables

for laner Shell
Losding Condition L il TEMPERATURE (Deg~F) LA
and Shell -20 70 100 150 200 250
Materinl Properties (psi):

E 2870000® 28300000 281000000* 27900000° 27600000 2730000C*
Sy 34100%* 30000 30000 275000 25000 237500
Sm 200000  20000¢* 20000 20000e 20000 200000
S 20000 20000 20000 20000 20000 20000

Azisl Compression Buckling Allowables (psi):

19106 19081 19068 19054 19034 19012

Bepding Buckling Allowables (psi):

19222 19199 19188 19176 19158 19140

Saterns) Pressure Buckling Allowables (psi):

18004 17948 17919 17689 17843 17794

. Interpolated from ASME Code, Section III Appendiz Deta (See Table 2.3-1)

®%  Extrapoleted from ASME Code, Section IIl Appendiz Data (See Tadle 2.3-1)
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TABLE 2.1.2~4

Normal Conditions of Tramsport
Crippling end Guckling Allovables
for Outer Shell

July 1989

Losding Condition soeee TENPERATURE (Deg~F) senee
snd Shell -20 70 100 150 200 280
Material Properties (psi):
‘ E 2990000% 2950000 2930000° 2910000° 2880000 2860000
’ Sy 40200%% 38000 38000 36300 34600 342000
} So 238000 235000 23300 282000 23100 228000
$s 23800 23500 23300 23200 33100 22800
Axisl Compression Bockijng Allowsbles (psi):
23262 22968 22774 22674 22870 22283
Benling Buckling Allowebles (psi):
23328 23033 22839 22738 22638 22346

. Interpolater from ASME Code, Section III Appendix Data (See Table 2.3-1)

*¢  Extrepole.ed from ASME Code, Section IJI Appendiz Data (See Tadle 2,3-1)



TABLE 2.1.2-5

Aceident Conditions of Tramsport
Crippling end Buckling Allovables
for Inner Shell

Losding Condition Ladd TENFERATURE (Deg-F) sseee
snd Shell ~20 70 100 150 200 250
Materinl Properties (poi):
E 2870000 28300000 28100000% 27900000% 27600000 27300000°
Sy 34100%* 30000 30000 27500¢ 25000 23750
Sm 200000 200000 20000 200000 20000 200000
Ss 34100 30000 30000 27500 25000 23750
Azisl Compression Buckling Allowables (psi):
32131 28621 28602 26408 24161 28018
Bepding Buckling Allowsbles (psi):
82388 287889 28782 26548 24269 23110
Exterpe) Pressure Bockling Allovables (psi):
29704 26923 26877 25061 23200 22109

. Interpolated from ASME Code, Section III Appendix Data (See Table 2.3~1)

e Extrapolated from ASME Code, Section III Appendix Dats (See Table 2.8-1)
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TABLE 2.1.2-6

Accident Conditions of Trensport
Crippling and Buckling Allovables
for Outer Shell

Losding Condition 00000 TEMFERATIRE (Deg-F) Ladd
and Shell -20 70 100 150 200 250

Material Properties (psi):

E 29900000 2950000 2930000° 2910000 2880000 2860000°
Sy 40200%° 38000 38000 36300° 34600 34200¢
So 238000  23500%* 23300 232000 23100 22800¢
Ss 40200 38000 38000 36300° 34600 M200°

Azisl Compression Buckling Allowables (psil:

35047 37000 16586 35404 33808 33424

Bepding Bucklipg Allowsbles (psi):

39189 3”2 27110 35514 33908 33519

. Interpolated from ASME Code, Section ITI Appendix Dats (See Table 2.3-1)

**  Extrapolated from ASME Code, Section III Appendiz Data (See Tabie 2.3-1)

.
1
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Elastic Buckling stress, l‘. is:
S, = K/G = 259,800 pui
For sormsl conditions
Ry = 1.8
5, = L * 20,000 psi
The intercept tamgent point G® is:

G = (3/2) (K/Ry)/S,
. (1.5)(1.186(20)7/7.8)/20,000 = 118.6

Since G <(C G*, the allowable stress is given by:

- [4s.? 6 2
s, = 5, = [4s.? ¢*/[2rximp?]]
- (20,000) - 4(20,000)% (44.$)%/[27(1.28610)7/7.9)%]
= 19,012 psi

4, Combiped Bucklipg Stresses are treated in the folloving fasbion:

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

compressive pripcipal stresses exist:
R = S/Sc,

Where:
§ = stress component under consideration
Scr = buckling stress allovable for the
stress component under consideration
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(b) The stress rotios are summed linesrly and compared with unity (Structurad
Anslyais of Shells (Referenmce 2.11.5) pp. 240-241):

M8, = (1/(R, % Ry ¢ R)) =1

Vhere:
l‘ = stress roatic for azial stress
Ry = stress ratio for bending stress

l’ = stress rotio fur external pressure stress

2.1,2.3 (Compopent Allowatle Stresses

The allowable stress limits from Tebles 2.1.2~1 and 2.1,2-2 and the buckling
sllowebles from Tebles 2.1.2-3 through 2.1.2-€6 have been combimed with ihe
sppropriste materisl properties from Table 2.3~1 below, st appropriste temper—
stures, teken from Section 3.0, to derive allowable stress levels for the
various cask compooents unier the different .updeted losding conditions, In
sddition, lifting snd tiedown stress allowubles, genmerally ome-third ! the
yield streogth of the affected material, have been determined in Sect.uu 2.8
below, All these stress sllowables have been conveniently summerized in Table
2.1.2-7, The derivations of these allowables csn be found in the relevant
portious of this SAR pertaiming to the particular component and losding

situation,

2.1.2.4 lppert Limiter Desigo Criteris

The NuPsc 10/140MB packoge design incorporetes epergy-absorbing polyurethane
foam~filled impact limiters to mitigate the comsequences of many of the
regolatory events, The foum used is & closed-cell polyurethane foam, with @
pominel density of 20 1b per cudic foot (PCF), The properties of this rigid
polyurethane foam hsve been studied st great lemgth ip preparation for this
spplication, The foum wes studied with regard to the effects o1 verietions in
ss=poured demsity, tempersture, ond direction of losd aepplication on the

s'ress~strain relationsbip of the foam,

=]
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f.u 30‘0’-,
(Page 1 of 2)
10/140M8 Allovable Stress Values
Component Losding Surface Centroidal
Type (Membrasne (Membrane)
+ Bending)

Inner Shell ONCT 30000 20000
(Stress)

Ioner Shell NCT - 17905 (Roop)
(Buckling) 19062 (Axial)

Inner Shell SORAC 72000 48000
(Stress)

Inner Shell HAC - 26042 (Hoop)
(Buckling) 27593 (Axial)

Outer Shell NCT 37200 37200
(Stress)

Outer Shell NCT - 22728 (Aziel)
(Buckling)

Outer Shell HAC 70000 45000
(Stress)

Outer Shell HAC - 36258 (Axial)
(Buckling)

Outer Shell Operationsl 37388 37388
(Trensport)

Lids NCT 30000 20000

Lids HAC 68785 48000

Lids Operstionsl (1/3)(28400) (1/3)(28400)
Lifting)

NCT =~ Normel Conditions of Tramsport
#% HAC - Hypothetical Accident Conditions



=28

NaPac 10/14618, Rev. 0 July 1989
TABLE 2.1.2+7
(Page 2 of 2)
10/140M8 Allowable Stress Values
Component Loading Surface Controidal
Type (Membrane (Membrane)
+ Bending)
Bolts NCT 103000 58720
Bolts BAC 103000 103000
Bolts Operational (1/3)(103000) (1/83)(103000)
(Lifting)
Bolt Lugs NCT 30000 20000
(Lid)
Bolt Logs HAC 68785 48000
(Lid)
Bolt Lugs Operstional (1/3)(28400) (1/3)(28400)
(Lid) (Lifving)
Bolt Lugs NCT 34855 23288
(Coask)
Bolt Lugs BAC 70000 45000
(Cask)
Belt Lugs Operstional (1/3)(36900) (1/3)(36900)
(Cask) (Lifting)
Tiedown Lugs Operationsl 99240 99240
(Trapsport)
Lifting Lugs Operational (1/3)(28400) (1/3)(28400)
{(Lifting)
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An dpitial test series was performed oo many samples of 20 PCF foam ot
temperatures of =20°F, 75°F and 180°F. These samples were all compressed in
the direction parallel to the rise of the foam (the foam is inserted into the
impect limiters in liquid form, where it then rises and sots up in its final
solid configuration), Later, o comprebensive test program wvas ocomducted to
charscterize bebavior of several demsities of foam over & wide range of
temperatures, Foam densities tested dmcluded 5, 10, 15, 20 and 25 PCF fous,
ot tomperatures of =20°F, 78°F, 100°F, 140°F and 180°F, Bach density st each
temperature was repestedly tested in tvo different orientations: Parallel to
direction of rise, and perpendicular to rise, In eddition to the stress~
stradn dats, other fosm charscteristics were also investigated, These
ipcluded elastic modulns, yield stress, and thermsl properties such as comduc~
tivity, From this large data base of test results, emveloping stress-strein
relaticnships were developed for design.

An  important considerstion in impact limiter design and anmalysis involves the
testing procedure uvsed to derive the polyurethane foam stress-strain curves,
These compression tests are performed in sccordamce with ASTM D1621-63 (Ref~
eremce 2.11.8), which mandates cubical test specimens one inch on ¢ side, For
large~deformation materials, suck ss polyurethane foam, such o small test
specimen tends to introduce ap elemnt of upcercainty ot higher strein levels,
where the materisl is essentially beinmg crushed flat, At these bhigh strain
levels, where the foam celluler siructure hes collapsed, the charscter of the
material begins to become sufficiently altered such that test results should
be interpreted with & certein amovnt of cantion. Additiomally, the force re~
quired to crush foam specimens to higher strain levels begins to approsch the
limitetions of the testimg device, such thet the specimen support system
begins to exhidit interpal deformations that may contridbute o significant por-

tiop of the overall measured strains,

To ensure that these stipulated muterial properties are maintained, continnous
monitoring of the foam takes place through the pouring operation, vhich occurs
in severkl steges. During febrication, the stress-strain properties of the
fosm are controlled by pouring samples from esch batch ip o specisl box. Test

specimens sre then prepared from eack box and tested to determine their
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FIGURE 2.1.2-1
Average Stress-Strain Properties

\
|
|
|
st Variovs Temperatures |
Parallel to the Directior of Rise

THIS INFORMATION 1§ PROPRIETARY
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Aversge Strese~Strain Properting

st Various Temperstures
Perpesdicular to the Direction of Rise

THIS INFORMATICON 1S PROPRIETARY
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stress=strain choracteristics ot 75°F, The dimpact limiter 4s oconsidered
scceptable 4if the average streso-strain properties from all pours, uwp to 758
stradn, is within 15% of the mean curves ot 75°F shows in Figures 2.1.2-1 and
2.1,2-2, Due to incressing uncerteinties in measurement sccuracy between 75%
and BO% strain, the alioveble meosured wvaristion from mean properties st 80N
stradn s conservatively dncrensed to 2208, Individusl batches of foum
exbibiting properties more then 20% from the required meon curve (25% ot 80N
strein) are rejected,

A omber of fectors were taken taken into coms.deration in ettempting to
charscterize polyurethane foam properties for design purposes., The logic uvsed
in constructing euveloping foam stress~strain relstionships is presented

below:

First, while samples of foam of exsctly the same dentity exhibit an extremely
consistent stress~strain curve, it is difficult to reproduce that density to
within better than five percent, The resulting variation in the stress-strain
relationship can easily exceed the demsity wvarjiation, It was determined that
foam placement technigues could not comsistently hold the as~placed stress-
strein relationship better thar within plus or minus 15% of the mesr value up
to 75% strein, and 220% st BO% strainm, In order to emvelope the bebhavior
varistions due to the slight varistions in density, the stress data are thus
scaled by plus or minus 195% (2208 for B0% strein), depending on whether stiff

or soft foam is more detrimental.

Second, it was found thet the stress~strainm relatiomship of the foam varies
with the temperature of the tested specimen, Interestimgly, the properties of
the foan at =20°F were very much stiffer and stromger tham at the higher
temperatures, At 180°F, the foam was considerably softer than st room
temperature, Fowever, it is important to note that the foam rescted to temp~
erature ip & very consisvent mamner -~ that is, the stress-strain properties
in all specimens tested were very consistent at & given temperature, To
determine the beheavior of the foam at an intermediste tempersture, the stress

4t & given strein is linearly interpolated between the curves,

Finally, samples were iested to determine the varistion of properties with

respect to the orientation of the applied stress in relation to the direction

2-32
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of foam rise, VWhile this is an important concern for same rigid foams, it was
foend that the foam used in the NuPac 10/140MB exhibits relatively little
directionality, In genmeral, for all temperatures of imterest, 20 PCF foam,
vhen testad perpendiculer to the direction of rise, is sliabtly stronger then
that tested parallel to rise, up to streim levels of abent 40 ~ SOB, At
bigher strain levels, the 'parallel’ foam starts to become o!’ghtly stromger
than the ‘perpendicular’ foam, The difference between stress levels for the
tvo orientations runs about 3 ~ 4% in the 'platesu’ region (s region of pearly
constant stress between about 108 and 40% stra.n) for foam at ~20°F, This
percentage differonce decresses as foam temperature imcresses.

In sunmary, there are s pumber of factors imherent in the polyurethane foam,
which, ip comcert, dictate the strenpgth level of amy given foam under any
given set of circumsiances., For purposes of cass design, only tvo bounding
cases are of practice)l ianterest, These cases are those where the foam
exhibits its grestest stremgth, and where it exbibits minimum strenjth,

Mazimum strength foam will tend to induce the grestest impact loads upon the
package under the requirements of the Normal Comdition and Hypothetical
Accident Condition free drop tests, Minimum stremgth foam will tend to inmcur
the largest deflections under the drop requirements, increasing the potential
for 'bottoming out' of the cask, This would be a cose where the foam does not
remove enough energy to evoid & large sccelersation spike at the end of the
impact stroke, The integrity of the smelysis methods used in this Report to
evaluste the impact forces requires that nope of the protrusions on the side
of the cask or the cylindricel edge of the lead and steel shield actually
strike the unyielding surface, While such an impact would not necessarily
cause & loss of peckaging effectiveness, the loads output from the various
impact apalysis programs used to verify tho desigr wounld not be correct, A
determination of the sctual loads would imvolve a fairly complicated analysis
for which there is little experimental dats to verify the results,

Therefore, the impect limiters must be desigmed to imsure that peckage 'hard
spots’ do not strike the impact surface under ccnditions of mimisum foam
strength, At the same time, the desiga must consider the effects of mezimme
strempts foam to prevent excessive impsct loading under copditions of minimun

foam deformetion, To suvccessfully incorporate both these comsiderstions imto
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the impact liaiter design basically requires apalysis whick scconnts for two
bounding foam property extremes: Meximum stremgth for mazimum impact losding,
snd minimum strength for mezimum impact deflections,

In order to comservatively bound these tvo extremes in foam material preper
ties, all the factors outlined asbove are taken isto sccounnt, For maziswm
strengt! foam, the follovwing perameters are considered: |Minimus regulatory
transport temperature of ~20°F; maximum demsity =~ ‘momimal’ =20°F stress date
increased by o factor of 15% (20% ot B0% strein); mazimms directionsl proper
ties =~ strength perpendiculear to rise up to 40 - 50% strein, end then
strength parallel to rise ot higher strains, Note that this latter assmption
sutomatically eliminates drop orienmtation as @ design comsideration, since
pazisunm foam properties will be im effect at all times. For example, o flat
end drop would ordimarily mobilize foaw mostly parallel to the direction of
rise, In the lower strain regioms, this would tend to induce lower load
levels on the package than would be the case if the crush were in a direction
primarily perpendicular to the rise, Flat side drop, where crush is primarily
perpendicular to rise, would be just the opposite case: Larger deflections
(greater than sbout JO% strain) would tend to induce lower load levels than
vould arise from parallel type crush, With mazisum properties beimg utilized
irreperdless of rise direction, meximum dimpact loading is conservatively

assured irregardless of impact orijemtation,

Miniwum strength foam would be derived from the following comdimation of fec~
tors: Mazximum anticipated foam temperature (169°F for Normal Comditioms of
Transport, and 108°F for foam prior to Hypotheticeal Accident Conditions == see
Sections 2.6.1, 2.7.1.1, and 3.1 for details); minieum foam denmsity at these
temperatures, ¢.§., 'nominal’ stress derated by 15% (20% ot BO% strain); mini~
pus directionally dependent foam stremgth == 'parallel’ dats at lower streins,
snd 'perpendicular’ date at higher strains,

Note that the mazimum temperatures otilized in the impact analyses are for
relatively small, locelized areas only, and ere not indicative of the overall
aversge foam tempersture (refer to Section 3.0, 'Thermel Evaluation'). For
instance, under Normal Conditions of Tranmsport solar losdirg, the maximum tem-
perature on the side of the upper impact limiter is oanly 123°F, as opposed to

the 169°F shown mear the top surface. Assuming that the entire impact limiter

=34
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.8 8t the higher temperature is oxtremely oconservetive, and /ill temd to
result in theoreiical deflections much grester them would asctually take place
in real 1ife conditions., Additione] conservatiss i introduced by evalumating
both impect limiters ot the mazismm texpersture, even though the temperature
of the lower limiter will genevally be lovwer under Normal Conditions of
Transport, due to less solar losdimg. It should also be noted that Normsl
Condition impact limiter temperatures were derived by assmming constrat soler
losding., A more realistic, intermittent solar losding smalysis will result in
siguificantly lover temperature levels.

In sddivion to impact response evaluations at the temperature extremes dis
sussed above, drop analyses were also performed for a naminal ssbient tempera~
tore condition of 75°F. The results of these sualyses con then be directly
compared to drop test results to determine the spprozimate degree of sccuracy
of predicted impact limiter deflections and cesk sccelerstion losds. Drop
tests were performed votiliziog impact limiters stabilized ot spprozimately
room tempersture, so the comparison should be valid, For spalysis purposes,
the fosm properties are token st '‘neminal’ velues for 20 PCF foam ot 15°F,
with no density bias, Since strength differences between ‘parsllel’ and "per
pendicular’ fosm are minor, aversges of ‘paraliel’ and 'perpendicular’ proper~
ties sre utilized inm the enslyses, The effects of this sssmption sre ex-
pected to be insignificant for purposes of comperison to test results, Refer
to Appendix 2,10.4 for a detailed discussion of drop test results,

Figures 2.1.2=1 end 2.1.2-2 present the average stress=strain behavior of the
20 PCF foam at the four temperatures of interest for strains parallel and
perpendicalar to the direction of rise, respectively, Vhen the sdjustments
described above sre made to this dets, bounding design curves are generated.

These bounding stress=strain properties are shovn in Figure 2.1.2-3.

Becsuse the force required to strain o sample of this foam much beyvond BO% i
greater than the ceapacity of the instrument vsed to measure it, the bebavior
of the foam beyond this point is not well defined. It is clear, however, that
the foar peither dissppesars nor becomes perfectly rigid, It apalyses where
deflections sre criticel (soch os when clesrance betveen hard spots on ‘he

A4 peckage and the essentially uoyielding surfece is required to meintdin the



NaPoe 10/14008, Rev. 0 July 1989
FIGURE 2.1.2-)

Stress~Strain Properties
Used for Design

THIS INTORMATION IS PROPRIETARY
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fstegrity of the amalysis), predicted stroins may sometimes slightly exoeed
80%., The force from foam stained beyond B0% is comservatively (for deflection
prodiction) limearly extispoleted from the stress-strain states ot 75% and
S80%., This is outomatically done by the emergy balance computer programs
EYIROP, SYIROP, end CYIROP, which are discussed ot lenjth in Appendiz 2.10.5.
Io such situations, the force of impact is slightly uwiderpredictad, Bowever,
the highest impact forces occur when the foam is cosumed to exhibit ite
stiffest streso~strain relationship. For EYDROP, SYDROP, and CYIROP anslyses
performed to determine the grestest forces on the package, the foam strein is
pot permitted to exceed 80N, theredby imsurinmg @ high degree of accuracy for
the prediction of impact foroes,

Additiomally, it should be recognized that compression test results are valid
for fosm thet is umniformly c¢rushed between two essentially sunyielding sur~
faces, Accordingly, fosm strain can be ideslized to & high degree of sccurscy
as o function of the depth of crushed foam between the cask surface and the
impacted surface, for foam deformations arising from impacts., However, the
pature of the impact limiter geometry is such that ocertain portions of fosm
podilized during en dmpact event will lie outside of directly-crushed areas
for most drop orientations. This charscteriatic precludes ezact analysis of
certain portions of the impact limiter, NuPac has found from experiemce (as
discussed ot the beginning of Section 2,0) that the response of these
‘'wnbacked' portions of the mobilized impact limiter cam be accurately
spprozimated by assuming thet the foam in these aress will exhibit @ vnifore
stress corresponding to it. pletean’ region, 10 - 40% strain (refer to Figure
2.1,2-2), These sssumptions have been borne out by drop test resuits,

Finally, the somevhat uncooventional geametry of the impact limiter design bas
necessitated severa) simplifying assumptions for spalysis purposes vith regard
to impact limiter configuration under the imposed drop comditions, These
assumptions were made to develop equivalent geometries which are more amenable
to NoPac’'s standard impact limiter amalysis techniques. The resulting simpli-
fications are conservative for the imdividusl aepplication, whether for pur-
poses of mazimizing losds or meximizing deflections, These gecmetry sssmp-
tions sare sommerized groaphically in Figure 2.1.2-4,  “ief explamations of the
sssumptiors are provided in Table 2.1.2-8, Detailed explonations sre given in
the specific relevant sections shown in Table 2.1.2-8,
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FIGURE 2.1.2-4
(Page 4 of &)

Iapsct Limiver Geametry Assmptions
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TABLE 2.1.2-8
(Page 1 of 8)
Ispact Limiter Geometry Assmptions
Case No, Ezplenmation Relevant
SAR Section
Baseline The sctusl impect limiter geometry 1.3,
Reference consists of two outside diameters, the
Geometry mejor diameter bdeing 108 inches, and the

minor being 101 inches. The major dis~
meter is flattened equally in two places,
180° apart, Distance betveen the tvo
flattened surfaces is 102 inches. The
minor diameter is flettened similarly,
with the distance between flats being 96
inches, The portion of the impact limi~
ter encompassing the mejor diemeter is 30
inches deep, and the minor diameter por-
tion is 10 inches deep. The cask is in-
serted 22 imches deep into the limiter,
in 8 77.5~inch diemeter opening., Primsry
and bottom 1id lug gussets sre accomo-
dated by individual ‘pockets’' duilt imto
the inside diameter of the impact
limiter, For the fized-bottom version,
there are no lug 'pockets’ on the lower
impact limiter, A S5~jnch diameter
opening connects the cavity which con
teins the cesk to the outside end surface

of the limiter,

July 1989
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NaPse 10/34008, Rov. 9
TABLE 2.1.2~8
(Page 2 of §)
Ispact Limiter Geametry Assmmptions
Case No. Explemation Relovant
SAR Section
1 The ares of the minor diameter is resolved 2.6.7.1
into s full circle (without flattened 3.%.4.4
sides) of equivalent ares, The diameter (Flat End
of this equivalent circle is 100,34 inches. Drop)
2 The diameter of the entire impact limiter 2.6,7.2.1
is sssumed to be equal to the distance 2.7.1.3.14
across the flats on the sctusl minor (Max, Oblique
diameter., This diemeter is 96 inches, Deflections)
3 The diameter of the entire impact limiter 2.6.7.2.1
is assumed to be equal to the sctual minor 2.7.1.2.1
diameter. This diameter is 101 inches, (Max, Obligque
Deflections)
4 The diameter of the entire impact limiter 2.6.7.2.2
is assmed to be the average of the major 2.7.1.2.2
snd minor disameters., This disameter is 2.10.4

104.5 inches., The total heighc of the
impact limiter (40 imches) and the height
of the section encompassing the major
diameter (20 ipches). This height is 3§

inches,

2-413

(Oblique Force~

Deflection

Charscteristics)
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TABLE 2.1.2-8
(Page 3 of 8)

Impsct Limiter Geometry Assumptions

Case No, Explenation Relevant
SAR Section
) The diameter of the entire impact limiter 2.6.7.2.8
is assumed to be the same 4s the major $.7:1.8.9
diameter, This diameter is 108 inmches, (Oblique =

Max. Loads)

’ The outside dismeter of the major dismeter 2.6.7.3.1
portion of the impact limiter is assmmed (Side Drop -
to be equal to the distance scross the Max. Normal
flats on the actusl major diameter, This Condition
diameter is 102 inches, The outside dia- Deflections)

meter of the minor diameter portion of

the impact limiter is assumed to be equal
to the distance @across the flats on the
ac'vel minor dismeter, This dismvter is
96 imches. For losds snalysis, the ineide
dismeter of the entire impact limiter is
assumed to be equel to the distanmce across
sny opposing pair of bolt lug ‘pockets’.
This diameter is 88,5 inches, For
deflection snalysis, an inside diameter

of 77.5 inches is assumed,



TABLE 2.1.2-8
(Page 4 of 8)

Ispact Limiter Geometry Assumptions

Explanation

Relevant

SAR Section

The outside diameter of the major diameter
portion of the impect limiter is assumed
to be egual to the average of the major
diameter and the distence scross the flats
of the major diameter, This diameter is
105 inches, The ontside diameter of the
pinor diameter portion of the impact
limiter is asswed to be the average of
the minor diameter, This diameter is

98.5 The inside diameter of the
entire impact limiter is assmed to be

inches.

equel to the distance across any oppo~
sing pair of bolt lug 'pockets', This
diameter is B8.5 inches.

For sssumed impact on & rounded edge of
the impect limiter, directly over a lid
bolt lag 'pocket’, the impact limiter is
divided into four separste components for

eveluation of mezimum deflections.

1, The 10-inch length comprising the
mivor diameier is treated as @
¢ylinder with outside diameter of
101 inches and inside diameter of
77.% incaes. Note that this portion

of the ipact limiter does not begin

245

2.7.1.31
(Side Drop -
Mex, Accident
Condition
Deflections)

2.6.7.3.2
2.7.1.8.2
(Side Drop ~
Max, Accident
Conditicn
Deflections
for Impact on
Rounded Side)
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Case No.

TABLE 2.1.2-8
wape § of 0)

Impact Li. .7v: Geometry Assumptio.s

Explanation Relevant
SAR Section

8 (Cont'd)

to ¢rush until the portion compris~

ing the major diameter (108 imches)

has already compressed (108 - 101)/2
« 3.5 inches.

The R-inch long segment comprising
the portion of the major diameter
which extends beyond the top of the
bolt lug 'pocket’ is treated as o
eylinder with outside diameter of
108 inches snd inside diameter of

77.85 inches.

The 22-inch long, 8.9-inch wide seg~
ment of the major diameter portion
of the impact limiter directly over
the bolt lug 'pocket’ is treated as
s rectangulear slao, 22 inches long
by 8.9 inches wide by (108 ~ 88.5)/2
= 9.75 inches deep.

The two 22-inch long sections of the
major diameter portion of the impact
limiter to the side of the lug bolt
'pocket’' are rendered into &n equive
alent cylinder with an outside dia~

meter of (108 -~ 8,9) = 99,1 inches,

2-4¢
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TAB. " 2,1.2-8
(Page 6 o' 8)

Impact Limiter Geometry Assumptions

Case No. Explanation Relevant
SAR Section

and an inside diameter of (77.5 ~
8.9) = 68,6 inches,

The development of componments 3 and 4 is
i)lustrated in Figure 2.1.2.3-4,

9 For assmed impact on & flattened edge of 2.6.7.5.3
the impect limiter, straddling two 2.7.4.8.3
adjacent bolt lug 'pockets’, the impact (Side Drop -
limiter is divided into four separate Max. Accident
components for evaluation of mazimum Condition
deflections, Deflections

for Impact on

: The 10-inche length comprising the Flattened Side)

minor diameter is trested as @

cylinder with an outside diameter

equel to the distence across the

flattened areas (96 inches), and an

inside diameter of 77.5 inches.

Note that this portion of the impact

limiter does not begin to crush

until the portion comprising the

flettened ares of the mejor diameter

(102 inches) has slready compressed

(102 - 96)/2 = 3,0 inches,
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TABLE 2.1,2-8
(Page 7 of 8)

Ispact Limiter Goeometry Assmptions

Case No. Explenation Relevant
SAR Section

3, The B-inch long segment comprising
the portion of the major diameter
which extends deyond the top of the
bolt lug ‘pocket’ is treated as o
eylinder with outside diameter equal
to the distance across the flattened
areas (102 inches), and an inside
diametes of 77.5 inches.

3i The 22-inch long, 41.8-inch wide

segment of the major diameter por-
tion of the impact limiter over the
two adjecent bolt lug 'pockets’' is
treated es three rectanguler slabs:
The two directly over the lugs are

2 inches long by 9.6 inches wide by
(102 = 79)/2 = 11,5 inches deep; The
ares between is trested as a single
slab 22 inches long by 22.6 inches
wide by (102 - 74,2)/2 = 13.9 inches
deep.

2-4 8
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Case No.

TABLE 2.1.2-8
(Page 8 of 8)

Impact Limiter Geometry Assmptions

Ezplamation

July 1989

Relevant
SAR Section

10

4, The twvo 22-inch long sectioms of the
major diameter portion of the impact
limiter to the side of the two
adjscent lug 'pockets’ are rendered
into an equivalent cylinder with an
outside diameter of (108 - 41.8) =
66,2 inches, snd an inside diameter
of 77.5 - 41.8) = 35,73 inches.

The develomment of components 3 and 4 is
illustrated in Figure 2.1.2.3-4,

The mejor diameter portion of the impact
limiter is sssumed to be the average of
the mejor diameter and the distance
scross the flats, This dismeter is 105
inches. The minor diameter portion of
the impect limiter is assumed to be the
average of the minor diameter and the
distance across the flats, This diameter

is 98,5 inches,

2-49

2.10.4

(Side Drcp -

Mex. Accident
Condition
Deflections

for Comparison
to Test Results)
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The basic analysis techniques and assumptions are similar to those ueed to
snalyze the performence «f the NuPac 125-B Fue! Shipping Cask (Certificate of
Compliance No. 9200)., An extensive dtop test program was performed on that
cask, shoving that the sssumptions and smalytic techmiques used on both that
cask and the NuPac 10/140MB are both reasonmably sccurate and slightly
conservative, These findinmgs have been further reinforced by wore recent
scale model testing of the 10/140MB cosk. Refer to Sectionm 2.10.4 for details
of this latter test program.

In conclusion, the NuPac 10/140MB employs & very efficient impact limiter
design, which imsures that protubersnces such as the tie-down lugs and closure
bolt gussets are adequately protected during the impact cvents, yet the sides
of the cask are not protected more than required where there are no such
protoberances. Such a design makes for a lighter impact limiter than might
otherwise be required, but forces certsin bounding calculations, since the
impact analyris programs are written for a simpler design. These bdounding
calculations ave degorived du deteil in Sect.oms 2.6.7 and 2.7.1.

2.2 Weights and Centers of Cravity

The weight of the cask and payload is approximately 68,000 1b, The center of
gravity for the assembled package is located st the spproximate geometric

center of the assembly,

A peckage weight breakdown by mejor components is shown in the table below,

2=50
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Compopent Yeight (1b)
Primary 1lid 6,730
Secondary 1id 1,700
Bottom 1id/plate 6,460
Cask body 26,960
Impact limiters (2) 11,180
Net Weight §3,000
Mazimum payload 15,000
Gross Weight 68,000

In order to derive these component weights, as well as oversall package centir
of gravity and imertial properties, the compoments were broken down into sis
ple geametric shapes. This process simplifies the calculation procedure for
defiring section properties. As ar exazple, the cask secondary 1id is shown

below:

i

.....
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The weights of the indivifr~sl portioms of the 1id are derived by caleculating
the volume of each portion, and then multiplying by th? mass density of steim~
less steel, Taus, the weight of segment 1 above is:

vy = 7(21.26)2(0.29 16/4s®) = 411 1b,

Similarly, all segments are calculated and stmmed to give the overall com~
ponent weight. Individual componment ocenters of gravity can be derived in »
similer manper:

Fou 2y OM

Vhere: 3 ® location of individual segment ¢.§.

A; = segment cross—sectionsl ares

From this, the ¢,g. of the secondary 1id is found to be 5.70 inches from the
lowermost surface of the 1lid, Inspection of the drevings in Section 1.3
revel's that this locetion corresponds to a height of 104,20 inches above the
package baseline, defined as the bottom surface of the lower impact limiter,

In & similar mannmer, all component weights and centers of gravity can be
derived. The overall package center of gravity cen then be defined as:

e BB

Where: Yi = distance of cask component from baseline

Ij = component weight
T = 61.17 in,

In order to investigate the impact response of the package under the
regulatory oblique drop requirements (refer to Sections 2.6,7.2.3 and
2.7.1.2.3), the mass moment of imertia about the center of gravity,
perpendicular to the cask exis, must be derived. In order to simplify this

procedure, while still maipteinipg accurscy, the cssk compopents were

L]
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converted into equivalent simplified shapes. Again, as an exzample, the
secondary 144 is depicted as & simple disk, This was done by taking the total
weight of the 1id, as calculated above, and deriving s disk of equal weight.
An equivalent 1id diameter of 32.0 inches was sssumed, end the equivalent 1id
thickness was then .ound:

teq ® 1700 16/1(0.29 1b/ia®)n(16.00%) = 7.29 4a,

This equivalent 1id shepe was then superimposed on the actual 1id center of
gravity., All cesk components were trested in this memmer, and an equivalent
package was derived, as shown in Figure 2.2-1., In this equivalent package,
the following additional sssumptirns were made:

Primery 1i¢ includes the weight of the thermal nrotective cushion, 1id
bolts, and bolt sttachment gussets, It has equivalent diameters of 75.0
in, 0.D., and 32.0 in, I.D., end ean equivalent thickness of 5.78 iun,

Cask body is trested s & homogeneous cylinder comprised of inner and
outer steel shells and thermal shield, lesad shielding, and sprurtemances
such as tiedown lugs end primary 1id sttachment bolt gussets. Outside
diameter is 74.5 in., inside diameter is 6€,.0 in.,, and overall height is
79.0 in,

Impsct limiters are treated es fully circular, homogeneous structures,

with outside Ciameter of 108.0 in., mejor imside diameter of 75.0 inm.,

minor I.D, of 55.0 in., and overall height of 40,0 in.

Paylosd wes assumed to be a homogeneouvs cylinder weighing 15,000 1b.,
73,0 in. bhigh, with s diameter of 66.0 in,

2=53
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FIGURE 2.2~1
Package Equivalent Goometry
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Component weights, corresponding to Figure 2.2-1, are smmarized below:

Coppopent pumber Yeisht (1b)

3,006
1,700
6,730
2,569
15,000 (payload)
26,960
2,569
6,460
3,006

O e 2 A WM AW D -

The package mass moment of inertis was derived from individual equivalent com~
ponent moments of inertis, These latter were calculated according to Shigley,

Mechanicsl Engipeering Design (Referesce 2.11.9), Table A-32,

For solid cylinders (secondary lid, bottom plate, payload):

B 2 2
(1) (ni/4s>(3ui + 4L,%)

¥here: m, = component mass = weight/386.4 in/sec?
d‘ = compoment diameter

L1 = component lemgth

For bholilow cylinders (primary lid, body, impact limiter components) :

2 2 2
(1‘)’ = (ni/43>[3(aowi * 3(6‘)‘ + 4L, )

Vhere: (do)i = component outside diameter

(dj)i = component inside diameter
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The overall package mass moment of inertia was then found from the expression:
2
Ig = 2010, + r%0)
Where: J distance from component ¢.§. to package c.§.

Iy = 265,000 in-1b-sec’

2.3 Mecbanical Properties of Materisls

The cask outer shell and tiedowy lug gussets are febricated from ASTM A-516
Grade 70 or, altermatively, A-537 Class 1 carbon steel. The tiedown lugs are
constructed of ASTM A~517 Grade P alloy steel plate., The inmer shell is conm-
strocted of ASTM A-240 Type 304 stainless steel, and the top and bottom lids
are either ASTM A-351 Grade CF8 or CFBA Type 304 stainless steel castings or
ASTM A-182 Type F304 forgings. Bolts are ASTM A-320, Grade 143, Figures 2.3~
1 and 2.3-2 show the tensile and compressive stress~strain curves for lead at
verious temperatures. Properties of these structural components are delineated
in Tadle 2.3-1.

L]
L)
o
o
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8L 3.3
Meshanionl Propertios of Materiale Dood n the MuPae 10/140M Cast

M

Contficiont’

Steel Class Blostie of Thernsl
Meterial Type or tnpgo-o aleet .......a
Specifimition  Orede ") s, " 0% pat) QO™ da/ia/®M)
ASTE A-240 104 -100 - - - "
(laser Mol 70 30.000 75,000 - . 0.4
end Upper 100 0.0 "o 0.0 - 0.5
Mimrey Li¢ 00 5.0 1.0 0.0 2.4 [ 1)
Belt Lage) 00 FR ) 6.0 0.0 3.0 9.00
400 0. () n. .8 (B
00 1.4 6)s 179 FEN "»"m
600 .3 6. 16.4 P | '
00 4 | 6. 16,0 FEN ) .6
ASTH A=320 (V) =100 - - - s -
(Belts ane 70 108,000 125,000 - »ra 630
Nuta) 100 108.0 - .0 - L
00 "0 - 1.0 . 6.54
100 L - "y 60 «&n
ASTN A~351  CPBA/B04 =100 - . - HL Y -
(Lidy ane 10 35 . 000 77.000 - ns [T
Upper Primrey 100 5.0 7.0 na - .88
Lid boit Lagy) 00 2.4 "na Ny L | P ]
200 0 (AN} e 7.0 9.00
ASTH A-J02 Fi04 ~100 - - - FL -
(Lie 70 30,000 0. 00000 - s 0.4
Altersate 100 0.0 70.0 0.0 - 8.4
mtl) 200 8.0 6.2 0.0 .6 %
s00 1. 1.8 0.0 2.0 $.00
ASTW A-311 Cre /a0 =100 - - . . -
(Lids - 7 30,000 10,000 - H 0.46
Altarnate 100 0.0 7.0 0.0 - 8.4
Wt 200 a0 6.2 30.0 7.6 "”
300 3.8 61,4 0.0 1.0 9.00
ASTH A=11¢ 70 =100 - - - 0.2 .
(Onter S2e)) 70 38 0% 70,000 - 9.t f.42
Cask Tivdowe 100 no %0.0 e - .9
Log Oussets, and 00 Mo 70.0 3. i .09
Li¢ Bolt Lans jJoc .0 70.0 13 i €.36
400 3.4 %0.0 1.9 . 6.6
00 30,7 70.0 20.¢ 2. €91
$00 i 7.0 . FL 7.1*
100 T %0.0 1.3 28.! t 4l
AsdL” p «10¢ - - - ’o: »
‘:‘::onl Lear el 100 .00 115 0800 - b OI.E
100 100.0 B 38! - 6.2
200 ¥ .2 - Mn.: 0.0 6.4
20 9.0 - M . &N
TH A-t2” =100 - - - 30.2 -
f:.nv Sbell 1 7¢ §0.¢ 70.0 - 9.4 .42
Alterpate 100 $0.0 %0.0 3.2 . !::
Meterial 20¢ 4] 7.0 3.3 H 5.
300 .t 0.6 3.0 . €3¢
a0c 37.% (1 ) 2.9 3%.? 0.6?
$00 335.2 €8 ¢ 3.0 27 ! 5 ’:
600 11,9 68t 334 2¢ 74
20¢ 3.1 €16 1.4 LR 41
- e e e
.
Coefficiant
e Proportional’ Yiele’ Titimm ¢! !;u'nc' of nnu‘..
Raterin, Tepe cr Tewpetature 5‘ 5y ’ S, 'I: aios lgn.::’::
Specificatoe Grade Tens Comy T Comy Tess ] LN
- 2 15.28
ST ES Lpmer '4;‘ — — - : : ; :: ;: -+
Beariug N oy p .y 2 B 4
10 376 0.215 0.504 0,490 §.370 3.3 i6.84
1% 0.293  0.207 ©0.609 0.438 1.16 230 1408
2 2°°  0.10° 0490 0.391 0.04¢ 3.0 169
134 0.389 0.093 0331 0.930 0.642 1.9¢ slige
a“ — — —- o — 1.2 i s
620 — -—— - — —— - — 1.0¢ 0.9
e ———
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. Meen from 70°F

¢  ASME Boiler and Pressure Vessel Code, Sect., II, Material Specifice-
tiops, Part A, 1983 Edituon

®e¢ Tbid, minisum of specified range

eese Ibhid, derated from 75 ksi for sections greater than 5.0 in., ihick

Carbon steel density taken at 0,283 1b/in3, Poisson’'s Ratio = 0.2
Steinless steel depsity talcon at 0.29 lb/in.s, Poisson’s Ratio = 0.3
Lead density taken at (.41 lb/ins. Poisson's Ratio = 0,45, melting
point = 620°F,
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The leed shielding will possess those properties referenmced in WADC Technical

Report 57-695, ASTIA Document No. 151165, Determipstion of the Mechapicel Pro-
pexties of o Higb-Purity Lead aad o 0,058% Copper-Lead Alloy (Reference
2,11,10), April 1958, by Thomas Tietz, Stanford Ressarch Institute, pp. 14, 21

and 26,

2.4 Gepersl Standazds for All Packages

This section demonstrates that the general standards for all packages are met,

2.4.1 Mipipuw Package Size

The NoPac 10/140MB package does not have amy overall dimension less than 4
inches.

2.4.2 Tepper—proof Feature

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

and suiteble locks to prevent insdvertent and undetected opening.

2.4.3., itive "¢

As described in Section 1.2.1, the positive ciosure system consists of a pri-
mary top (and, optiomally, bottuam) 1id, secured by eigit 2-1/2 inch dismeter
bolts, and & secondary 1id effizxed wiih sixteen 1-1/4 inch diameter bolts,

2.4.4, i d lyvani e

The materisls from which this package is febricated (carbon, alloy snd stainp-
less steel, lesd end polvurethanme foam) wili not ceuse significant chemical,
galvanic, or other resction im sir, mitrogen, or water atmosphere, The tech-
nical basis for this fact is that all =etalli materials of comstruction are

essentialiy of equal potential in the Galvapic Series of Metals and Alloyvs.
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2.5 Liftiag and Tie-Dowp Standazds for All Packsnes

All 10/140M5 1ifting end tie-dow:t devices have been evaluated under their
anticipated operational conditions, A swmmary of resulting critical compoment
stresses is presented in Figure 2.5-1 and Table 2.5-1,

2.5.1, Lifting Devices

There are three lifting lugs for the 1id assembly (primary and secondary
1iés), and there is a single lifting lug for the secomdary 1id. These lugs
sare fabricated from ASTM A-240 Type 304 stainless steel. All lifting lugs are
evalusted per the requirements of 10 CFR 71, Section 71.45(a).

2.5.1.1, Primery Lid Lifting Lugs

The three primary 1id lifting lugs will be utilized ic bendling both the en
tire cask as well as the primary 1id assembly. For this reason, the fol=-
lowing spalysis will consider loads due to the maximum loaded cask weight, The
net weight of the cask is 53,000 1b., and the maximum payload weight is 15,000
1b., for & combined gross weight of 68,000 1bs, 10 CFR 71 Para, 45(a) states
that lifting ettachments must be designed with s mipimum safety factor of
three ageinst yieldimg., For threes lifting lugs and & minimum lifting cable

sngle of 60° from the horizontal, the load per lug is:
P = (68,000 1bs/sis 60°)(3)/(3 1ags)
P, = 78,520 ibs/lug

Using the conventional 40° shear-out equation, the yield capacity is:

- - - I n -0
P‘ Fsy‘t (e, d/2 cos 4C")

Where: Fyp ™ (,6)(28,400 psi)

= 17,040 psi
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FIGIRE 2.5-1
Lifring and Tie=Down Devices
Component Mazimue Loade and Stresses
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TARLY 2.5

I0/140W Component Stresses
Marimem loede end Stresses for Liftimg 20d Tie Down

C mponent  Component focetton toading Losd Tepe of Resulitant Acceptance A loweble Wrgie of <2
Ref . %o Dasc tptiom Tiehin Condition Cembination Stress Campoment Strese Criteris Value Safoty Reforeomse
Campones Totemaity or Losd of Stress/Loss Looet ton
1 Primmey 112 Iug Poe 1Lifting Shesr Oar Sheer TR0 1. 9, 84106 1. 2. 2:9.8.8
fifring Ing (Losd Pactor!
of 3
2 Secondary 1id fLag Fre Lifting Shear Ome Shear 100 1. !, 31540 1». - 2 2512
1ift . mg ing fLoesd Factor
of V)
3 Primary 142 Shank Lifting Tension Sembrane 29900 1% l' 412000 1%, ‘Large 251
Roilte (Load Factor
of 3)
4 Primmry 144 Cask iug Liftimg Remting Hembrane 877 pei " 36900 poi -8.92 2511
Bolt Lugs Werd (Losd Factor end Shear ‘Bending
of 3)
s Seconds ry Shenmk Lifting Tension Sembrane 5100 1% !, 1996912 1. slargy 2.9.1.2
Lty Bolts tosd Factor
of %)
6 Cask Tisdown Lug "go Tie Down Rearing Rearing S498%0 15, !' 98228 1%, 0. 02 2519
Leg {Tramsportat ion
fosds)
. Top 144 Tastde fifring Rending Neabrane 10873 ped s' 28400 pot “1.62 2.%5.1.2
As somh )y Dismmter {Lrad Pactor “Beading
of M
112 Outer She!! Adjscent to Tie Dowe Bending Sembrane JE2TE pat S' 37998 gt -0 09 2.9.1.9
Tail Pad of (Trameportetios and Thes
Tie Dowsn Lug Loads)
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Where 28,400 psi is the yield stress of the stainless steel lug material ot
the mazimum anticipsted sormal operating temperature of 133°F (Refer to Table
2."1).

t= 2,0 in,
d= 2,00 inm,
.‘ L 3000 “-

P, = (17,040)(2)(2,0 in.)[2.00 = (2,00 in./2) cos 40°)

" 84,106 1bs
The yield Margin of Safety, using the meximum lug load, is:

H.§ =P /P ~1-= (84,206)/(78,520) = 1
NS, = + 0,07

Becsuse of the uncomventional geometry of the lifting lug welds, as well as
losding situsations imvolving both temsile and bending loads, a detailed weld
sanalysis will be undertaken, The basis for the analysis method derives from

Shigley, Mechenicsl Engipeering Desigr (Referemce 2.11.9), pp. 421-423, Weld-

ment details are shown below:
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Siuce the weldment consists of & double weld comprised of two idenmticnl 7/8~-
inch beveled [illet welds, only one weld will be amalyzed, using om-half the
mazimum lifting lug load. The 1/2-imch and 1/4~imch fillet welds along the
edges of the lug will be conservatively igonored. The weld and load patterns
are illustrated belov:

78,520/2 = 39,260 1b,

o
-
"

® = 60° = n/3 rediens (minimum)

¢ = 45° = n/4 readiens

For the 2.5 inch long streight section of weld, moments of inmertis about the

z~y cocrdinate axes may be defined as:

3/
I, = by & °/12
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Where d; = weld throat length = 0.875 in/sin 4s5°
= 1,237 in.

I1 = wold longth = 2.3 in.

I, = 0.995 4o
nt o ‘

VWeld torsional moment is:
Toy ® Iy ¢ I, = 2.006 in?
and weld shear ares is:
Ay = dy by = 3.094 in?
For section properties of the curved, querter-circle area of the weld, refer

to Roark, Formulas for Stress snd Straip, 5th Ed. (Referemce 2.11.11), Table

1, Case 19. Moments of inertis about the x' = y' coordinate axes ure as

follows:

I,» = 8362 ((1 - 3d,/2R + 422,’R2 - 623/4R3)(c + sina cosa = 2 sin®a/a)
+ (8,% sin? @) (1 = dy/R + d,7/6R%) /3R? ai2 = &y/R))

whera! R= 2,25 in,

dy = & = 1,237 in.

1,, = 0.809 in.*
Iy, = B, (1= 3¢;/2R + ;%/R% = 4)*/4R%) (a - sina cosa)
* 6.790 in.*
4
Tga = I+ * 1y = 7.598 in,

A, = ad, (2R = d;) = $.118 in.?

R[1 - (2 sina)(1 = dy/R + 1/(2 = d:’R))/3a]
= 0,837 in,
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The center of gravity of the weld group is defined as:

i) '5‘1/2 Ay

= [(1,25)(3,094) + (4,206)(5,315)/(3.094 + 5.1195))
= 3,002 in,

oo 2 ’a‘u’i Ay

= [(1,237/2)(5.,004) + {(1,544)(5,115)/(3,094 + $.115))
= 1,195 in,

Distances from the weld group center of grevity to individual weld component
centers of gravity are:

£, % [(3.092 - 2,8/2)% + (1,195 = 0.619)%11/2 = 1,930 ia,
£y = [(3.092 - 4.206)2 + (1,195 - 1.544)211/2 = 1,167 is,
Weld grouvp torsional moment of inmertia is:

- 2 * 2
= 28,098 in.*

The moment arm of load FL with respect to the weld group center of gravity may
be Zound by defining the lime describimg the load path, and then defining
another line perpendicular to the first and intersecting the weld group c.g.
The equation of the line defining the losd path may be expressed as:

y = 3.13 = m(x - 2.50)

Vhere: m= slope of the line = tan 60° = 1,782
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The equation of the line defining the moment arm can be written as:
Yy~ 1,195 = (~1/m)(z ~ 3,092)

Solving these eguations for the intersection point (x,y) yields x = 1,810 and
y ™= 1,935, from which the moment arm length may be derived:

L= [(3.092 - 1.810)% + (1,198 - 1.988)%)1/2
= 1,480 in,

The critical stress point on the weld will be point 'o', whose distance from
the weld group ¢.g. is:

r o= [(3,092)% + (1.,198)2)172
. 3,318 is,

The total weld shear stress is:

4 = V/A + Mr/)
= 11,638 psi

Conservatively using base metal materisl properties (304 stainless steel
plate) st & meximum normel operatiny temperature of 133°F, the mazimum shear
stress allowedle is (0.6)5 = (0,6) (28,400 psi) = 17,040 psi, The margin of
sefety is thus: .

K.S., = 17,040/11,638 ~ 1 = +0.46
It can therefore be concluded that the primary 14d lifting lugs are adequate

to resist & load equel to three times the maximum weight of the fully loaded

cask,
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To evaluste the effect of lifting lug losds on the primmry containment system,
consider stress levels in the primarr 14d end closure bolts, To
conservatively amalyze the 1id structure, sssume & flat circular plate of §.2§
in, constent thickness., Ignoring ipmer and outer edge 'lips', outside
diameter is 65.75 ic. end inper diameter is 33.25 dn. Also assume lug load is
vniformly distributed around the inmer ecge, and is:

L P'/ubi
Where

e
L)

Vertical Component of Lifting Lug Load
(3)(68,000) = 204,000 1b,
204,000/n(33,25) = 1,983 1b./in,

From Rosrk and Young, Formules for Stress and Strain, 5th ed. (Referemce

2,11,11), Table 24, case la, maxiwun bending moment is:

llll ” utb
Where:
Mep = Eyqpve
¢ = Outside Radius = 65,75/2 = 32,88 in.
b = Inside Radius = 33.25/2 = 16.63 in.
b/s = 16,63/32.88 = 0,506
Therefore:
Eyep ® 0.778
and:

Mip = (0,778)(1,953)(32,.88) = 49,957 in.~1b./in,

Mazimum bending stress thus beccmes:

L]

v
mex “tb

2=69
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Where:
t = Plate Thickness = 5,25 in,

Sgax = (6)(49,957)/(5.26)% = 10,875 pa.

Note that the horizontal componest of the lifting load will tend to induce &
bending moment of opposite sign as that resulting from the vertical compoment.
This will sct to reduce maximum bemding stress., Therefore, the above stress
value is the mazimum possible bending stress that could result fror the
regulatory lifting requirements,

Mizximum anticipated lid temperature at the inner edge (point of maximum
stress) for normal conditions of tramsport will be 133° (refer to Sectinn
3.0, Thermal Evaluation for details), Interpolating Table 2.3~1 for the
pinimum strength 1id material (ASTM A-182 Type F304 or A-351 Type CFB/304) at
this tempersture results in s minimum material yield strenmgth of 28,400 psi,
The Margin of Safety for 1/3 yield then becomes:

M.S, = 28,400/10,875 - 1 = + 1,61

The mazimum primary lid bolt load thet canm be anticipated from lifting lug

loads is:
PB = (3)(68,000)/8 = 25,500 1b,/bolt

Tensile yield strength of the bolting material at 133° is given in Section
2.3 as 103,300 psi, and the bolt termsile stress ares is 4.0 in.z. The bdolt
yield load is thes (103,000)(4.0) = 412,000 1b, and the Margin of Safety is

thus:
M.S. = 412,000/25,500 - 1 = + Large

To evelute the strength of the primary 1. bolt sttachment lug welds, & simple
bear bdending analysis will be performed, Since the lug welds sre all full
penetration welds, the weld section will be treated ss an ares eguivalest to
the lug plate thicknesses, loaded iv bending and shear., The lug geametry, as

showp in the dravings of Section 1.3, is reproduced below:

-
0
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The weld areas of the upper and lower lugs are identical, The load offset on
the lower lug is grester than on the upper, resulting in a greater bending
moment, However, the minimum yield stress st normsl transport temperatures
(133° mazimuw) for the lower lug (A=516) is 36,900 psi (See Table 2.3-1),
This is greater than the yield stress of the 304 stainless steel 1id compo~
pents, which is 28,400 psi at the same temperature, Therefore, both lugs will
be evelusted under the imposed lifting losd of 25,500 1b/lug (same as the bolt
load), The weld pattern is shown below, The losding c¢.nfiguretion is the

same for both lugs.

b 7, 38

|
e

e

2

;g
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The distance to the centroid of “ne weld pattern is:

= [(1,0)(2.0)(7.38) + 2 (5.0)(1.5)(6.0)/[(2.0)(7.38)
+2 (1,58)(6.0)

= 3,20 in,
The moment of ipertis of the sectionm is:

I = (7.38)(2.003/22 + (3.20 - 1.0)% (7.38)(2.0) +
201.8)(6.003/12 + 2(8,0 - 3.200% (1.8)(6.0)

- 188,68 in*
Bending stress for the upper (1id) lug is:
op = Me/I,
= (25,500)(2,50)(8,0 - 3,20) /188,68
= 1,622 psi
Bending stress for the lower (cask) lug is:
og * 25,500)(3.75)(4,80)/188,68
= 2,433 psi
Shear stress for both lugs is:

v = (25,500)/[(2,0)(7.38) + 2(1,8)(6.0))

= 778 psi
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Maximum combined stress for the lug weld is then:

€c = op * [(«'/2)z + (0412
For the upper lug:

oc * 2,746 psi
For the lower lug:

oc = 3,877 psi
The margin of safety on ope-third of yield stress is, for the upper lug:

M.S, = 28,400/2,746 -~ 1 = +9,34
For the lower lug:

M.S, = 36,900/3,87) ~ 1 = +8,52
The critically loaded lug is thos the lower lug, with the smaller margin of
safety, though both lugs are more than adequate to carry the cask lifting
load,
All the margins of safety for all components are larger than the 0.07 margin
for the tear out of the eye of the lug., This indicates that excessive loading
would pot affect the contsinwent imtegrity of the cask, since lug failure

would occur before feilure of amy critical component could take place.

Thus, lifting forces will not sigpificantly affect the containment capability
of the cask.
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3.5.1.2. Secomdary Lid lifting Lus

The secondary 14€ weight will be spprosimstely 1,700 1bs, The total lug losd
is then!

L (1,700 1bs) (3)

'L = 5,100 1bs
Using the conventionsl 40° shear-out equation, .he yield capacity is: |

P, * F.’ﬂt (0g = 4/2 oo 40°)

Vhere: P., ® 17,040 psi (shear yield at 133°)
t = 1,0 is.
d=1.% in,

!‘ . 10’ “t ‘

P, = (17,0400(2) (1.0 (1.8 =~ (1.5/2) oos 40°)

P. = 31,540 1bs
The yield Margin of Safety, uveing the mazimun lug load, is:

|
1
|
NS, = P /P = 1 (31,840)/(5,100) |
¥.8, = + 8,18 ]

The yield ~apacity of the lug=to-1{d weld may be estimted os:

|
|
RS R PR 3

* sy
Vhere: F.y = 17,040 »nsi
Ay ® Lyty
Ly = 2(4,0 4o, + 1.0 dp,) = 10,0 in,
iy * (0,707)(,80 4p,) = 0,35 in.

A, * (10.0)(,38) = 3.8 xn‘z

o
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n..’ '. - (‘,00‘0) "o’) - .’o“o TR
The lug-to-lid weld Margin of Safety is:

NS, =P /P =1 (59,640)/(5,100) =~ 1
NS, = « Large

The secondary 144 4s beld on by the use of sisteen 1-1/4 inch ASTM A-320 L4AD
bolts,

They bave o yield losd uf:

P, * (0.969) (103,000) = 95,800 1bs/bolt

or
P « (16)(99,800)

1,596,800 1bs

ytotel

This gives o yield margin of safety of:

NS, =P el 1,596,800/5,100 ~ 1 = + Large

y-',oul/
Therefore, by comparing the margins of safety it canm be comcluded that the
secondary 147 1ift eye will fail prior to amy of the contsinment boundary

components,

It can therefore be concluded that the secomdary 1id lifting lug is more thin
sdequate to resist & load equal to three times its sormal mezimum load. Since
the secondary 14¢ 1ifting lug is not designed to resct the full peckage load,

it will be covered during tramsit,

">

-7



WaPse 10/14008, Rev. O July 1989

2.5.2. Iie-down Devices

Four tie=down lugs are provided to resist transportation induced loads. Fros
10 CPR 71, Pars, 71,48(0) (1), the roquired losd factors are:

Ay = 10g (longitudisal)
A, « $53 (latensl)
A 2 (verticsl)

The four tie~down lugs are located with their lug-eyes ot 90° fstervals sround
the peckage side wall, The lugs are positioned ot an angle of 38° with respect
to the horizontal, with their snd tips ot the same approzimste elevation &
the lower surface of the upper impact limiter. To evenly distribute the tie~
down cable load from the lug into the cask cuter shell, tvo pairs of gussets
were added to the lug, s shown in Figure 2.5.2-1, The genpersl tie-down
srrangement 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 tension due to borizontal
sccelerations can be determined vy summing moments about the bottam cormer of
the nackage opposite the rescting cables, Conservatively ignoring the weight
of the cask itself, the longitudimel accelerstion case can derived s

follows:
(Age)¥ = 2 (Pd' + Ppd)
¥here:! ¥ = Mazimum packege weight
P, = Vertical (2 - Direction) cable furce component
Pb = Borizontsl (3 = Direction) cable force component
¢, @', b are defined inp Figure 2,5.2-1
But,
(Age)VW = Pp(B, 8" B,b)
Vhere Bl « Cable Direction Cosime with Respect to the X-axis

= g/Coble Lengtk L
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FIGURE 2.5.2-1
Tie~Down Lug Geometry
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FIGURE 2.5.3-2
Tie=Down Ceble Arrengement
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Solving for Pg:

Pe . (lll)((A.o)/(D‘l' . l,h))
long

Similarly, the cable temsion duwe to the lateral scceleration is:

Pc - ('/3)((‘,0)/(!,6" * l’h))
it

Vhere: l’ - y/L
The cable tension due to the verticel sccoeleration is simply:
4P, = A.t - CB'PC

Solving for Po:

Pe . Al'/ll:

vert

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

Pe = (W/2) [Age/(B,d" * B.b) gc/(n,e" - Byh) . A'/JB,]
Yhere, for the NuPac 10/140MB Cask:

¥ = Cask Gross Weight = 68,000 1b,
¢ = 61,17 in.
d' = 78,96 in.
a'' = 19.54 ip.
h= 71,50 in,

July 1909
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To obtais the tie~down losds, the direction cosines of the tie~down cable must
be defined. Simce the cable will always lie in the plane of the tie~dovs lug,
whose angle P 48 constant, the cable direction cosines will be entirely doper
dent on the ¢able angle P, Cable angle s defined as the true angle which the
tie~dovn coble makes with respect to the tenpent lime of the tie~dowr lug
(zofer to Figure 2,5.2-1),

Coble direction cosines can be determined ss o fumnction of lug sngle P ané
cable angle # in the following manner:

-
Projected Lug /}7
-
/ \ . ""r‘”rt ',_;’m 1 /
ISRV T, ) 4
o - - ’
\__.‘-/4 ~\ : -l s \{‘
e B e / v |
Ve o W é' Y e \ L
‘C“' o > 7 / 3 /\ k. -
¢ . AV " // .
ot (-':‘ ./, < . ‘..)?\‘ S -
) '\'.“ -~ X3 '//" RO -1
4 - -t wgV "cfn
- » «
- L i 8O .
- e 1 ™
. 5 -
[y e : .
l \:T‘e-co\n L
Point

Truve Lug Tengent Line Length T = h/sin §

True Deviation Distance D = Projected Devietion Distence D' = T tan @

Projected Log Tengeot Line Length T' = h/ten §
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Te allov same flexibil!ty im the tie~down arrangement, tvo cable asmgles were
fovestigated, One angle, 18°, corresponds to the amgle ot which the lime of
sction of the cable describes o tappent with the controid of the cosk outer
well, This 4s comsidered to be the optimmm configuration for obteimimg the
most smifors losd distridution from the tie~down lug into the ~ask omter wall,
Thus, tie~down location is:

True Lug Tengest Line Length T = 71.8/4in 38° = 116.1 in,
Deviation Pistasce D = (116.1)(tan 18°) = 37,7 in,
Projected Lug Tengent Live Lengtt T' = 71.5/ten 38° = 91,4 iu,

These dimensions were used !¢ loeccte the trailer tie-down point, shown in
Appendix 2,10.3, The coordinates of this location were then utilized in cal~
uleting direction cosines, os defined sbove (refer to Figure 2.5.2-2), with
which the corresponding mezimun tie~down load could be determined, This load,
calculated io Appendix 2,10.3, was found to be 545,850 1b,

In order to obtain grester latersl sopport for the cask in its tied dovn pos~
ition (refer to Figure 2.5.2-2), o smaller cable angle, 14°, was also selected
for evaluation, Ibp 6. sasiysis similar to that above and detailed in Appendiz
2.10.3, the tie-down cadle losd for thic angle was [ound to be 525,211 1b,

To eusure that Jug and cask ouvter shell stresses did not exceed the regulatory
limitation (material yield strenmgth) under these tie-down loads, @& detailed
computer spalysis was undertaken, This emalysis wes performed utilizing the
fipite element program ANSYS, Revision 4.,1¢c, available on the Boeing Computer
Services (BCS) Natiomal Networl, MAINSTREAM - EES, The capabilities of ANSYS
sre outlined in Appendiz 2.10.. and details of the analysis are giver in
Appendix 2.10,3,
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From the sbove tie-dovn loads amalysie, it 4s epperent theat cable direciion
cosines, snd thms loads, will chemge with veryimg ocable ample. Simce the
finite element analysis is baced entirely on elastic material properties, e¢le~
mnt stresses coan be varied in direct proportion to the chemging cable load.
For analysis purposes, s 500,000 1b, coble load wes applied to the lug eye.
Adjusted stress levels for the aryimg cable loads are calenlated in Appendis
2,10, ond smmarized in Teble 2.5.2-1, Resulting sires: Yargins of Safety
are also given in Teble 2.5.2-1,

Each tie~down lug is made of 2.5 inmeh thick ASTH A~517 steel plate welded to
the cask outer skin, The lug is designed and positioned so that the tie-down
coble lies in the plave of lug, end there are no tvisting moments induced in
the lug. The finite element analysis resuvits for the lug are outlined in
Appendix 2,10.3 and summesized in Teble 2.5,2~1,

To check lug shear yield copacity, the comventionsl 40° shesrout equation weas
vtilized:

P, * F.,.’:t[od - (4/2)c0s ¢40°)

Wheve! F.y e (,6)(99,240 psi) = 59,546 psi

Whire 99,240 psi is the yield stremgth of the tiedove lug material at the
prrwal operating temppersture of 114% (refer to Table 2.3-1)

t = 2.5 in,
6, " 3.0 in,

d = 2,25 in,

Then: Py ® (89,846)(2)(2,8)1(3.0) = (2.28/2)¢0s 40°)

= 636,610 1b.



TABLE 2.5.2.+1

Tuly 1989

Tie~Dowe Lug Aselysis Stress Lovels and Margine of Safety

Structursl Component

Magzimoue Outer Skin Stress
Nargin of Safety

Moximun Tie-Down Lug Staess
Mergin of Sefety

Maximum Tie~Down Lug Weld Shear Stress
Margin of Safety

2-83

Tie~Downp Cable Angle

18°

86,276 pei
+0.03

89,777 poi
.11

17,125 psi
. 31

1u°

54,533 pai
+0.08

81,398 pai
«0.22

17,870 pai
0,29
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Shoar yield mrgin of safety is:
NS, = (636,610/845,850) - 1 = +0,17

For shackle pin bearing stress, assume coble losd is evenly distributed (round
cne-balf of toe lug~eye diameter, The maxzisum cable load then becomes:

F, = (99,240 poi) (2,28 i%) (7,50 in)
= §58,225 1b.

Then: M.S, ~ (558,225/545,850) -~ 1 = +0,02

The cadle load co.sisty of both radisl and temgential (to the cas: wall)
comropents, introdveing both & bending moment and & shear losd into the outer
shell through the lug-to-skell weld, The weld stresses in the ‘gg-to-shell
weld are thus composed of pure shear and tension/compression due to the

poments (refer to Figure 2.5.2-1),

With the tie-down cable acting in the plane of tae lug, *od sstwming weld load
components parsllel to the lug tamgent lime, the lug veld stress components
can be determined., Results ar. given ir Appendiz 2,10.3 snd smmaiized in

Tedle 2.5.2-1,

To ensure that excessive cable loads will mot result in damege to the cask,

the lug ultim'’ shesr-out cepacity was evalasted:

. 2 - 0o
Pyo * 3F  tley = (4/2)c0s 40°)

¥here: l»“n = Maximum Shear Stremgth of Lug Material
= (,6)(115,000) = 69,000 psi

Py = (2)(69,000)(2,8) (3.0 = (2,28/2)c08 40°)
= 737,680 1b,

2~84
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Likevise, ultiwate stremgth of the lug welds was checked for the two extrene
cable sngles, ¢ shown in Appendix 2.10.3., The results indicated that “he
controlling feilure load would be lug shear-out st 787,680 1b. Applying .his
losd st the mazimus cable amgle of 18° (worst cass losd comdition) and
directly ratioing mazimum stress obtained from the finite element anslysis
yiclds o coask outer shell stress of:

Paor: ® (737,680/500,000) (33,229) = 49,028 pai

Specified minimum ultimste stremgth o the A-516 Gr., 70 materisl comprisinmg
the cask outer shell is 70,000 psi ot 114°F, Feilure mrgin of safety for the

cask is thus:
M.S. = 70,000/49,028 - 1 = +0.43
It can therefose be coumcluded thet the tie~down Jug is more than adequate to

resist (bhe loads specified in 10 CFR 71 Pare, 45(b) (1), snd yet not compromise
the structural imtegrity of the cask under more extreme losding conditions,

D

-85
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2.6 Norsal Sonditions of Joanay L

The NoPac 10/140MB cask bas been d-signed and the contenis are so limited (as
described in Section 1.2.3 sbove) thet the perfcrmarce riquirements specified
i 10 CFR 71.71 will be met when the package is subjocted to the Normel Cou-
ditions of Travsport specified therein. The sbility of the NuPae 10/140MB to
setisfo-‘orily withetand the Normsl Comditions of Tramsport has been sssessed
as cescribed on the follovwing pages. A sommary of mazimum stresses in the
major cesk components .rising from Normsl Conditions of Trapsport is presented
in Figure 2.6-1 and Table 2.6-1,

2.6.1 Hear

Adetsiled thermal snalysis con be found in Section 3.4 wherein the package
was exposed to o combination of solar hesting, 55 watts internal decav boat
and 100°F smbient sir. The stesdy state apalysis conservatively assured o 24
hour day s maximum solar best losd., The mezimue steady state temperature in
any coask component was found to be i74°F, This tempersture will bave no

detrimen.al effect on the package.

For the cold condition, o =40 gteady state ambient temperature is assumed s
is po internal boat generstion., This will result in o vniform tempersture
throughont the cask of =40°F, The materinls of comstraction for the cask are
pot adversely affected by the ~40°F comdition. Ip particular, brittle frac~

ture is nct 8 concern, ot discussed in Section 2.1.2.2.1,

The only concern identified vith the cold condition is with shrinkage of the
lesd onto the incer shell of the outer cask. As shown by the following
celculations, s boop stress of =2,934 psy and op axinl stress of «2,820 psa
cep develop 1u the i1zper shell when cooied to «40°F, This cese is independent
of otber loesd cases. Lo chbeck bucklimg intersction, allovable boop and axiel

stresses ma be taker from Table 2.1.2-3., Conservatively using sllowatles for
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FIGUR® 2.6-1
Cask Components Affected by Normsl Conditions of Tramsport
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s teaperature of ~20°F (lower temperature allowable stresses will be higher),
s Margin of Safety may be colculated, The allowa'le stresses are 16,004 puy
(hoop) and 19,106 psi (axinl). The Margin of fNafety sgainst ouvckling i
there ore:

M.S, = 1/((2,914/28,004) + (2,820/19,106)) - 1 = +2.23

It ¢aa thus be seen that the ~40°F minimum temperature requirement will have
0o sdverse effect on the cask.

Bowever, & =20°F case must be considered ss » possible initisl condition for
other load csses per 10 CFR 71,71(b). The boop stress will be spprozimstely
2,462 psi and the axinl stress approsimately =2,708 psi ot ~20°F, These

stresses are determined by conservatively neglecting lead creep effects,

Iabrication Sixesses Ras 1o Lead Ponx:

Assume & oniform sceel and lesd temperature of 620°F. The static besd (pres~

sure) due to o column of leod is sivply:

p = ph
¥Yhere:

p = 0,306 lbfxas (1iquid lesd)

b = 77.8 ¢« 10.0 = 87,8 & (10.0 ipches fcr overflovw pipe)
Then,

(0,386)(87.,5) = 33,78 psi

-
"

The physicel properties of ASTV A-240, Type 304, stoinless steel uvseld for the

cask ipper shell are catracted from Section 2.3, are:

c~8¥
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Temperature E [}

(°F) “‘6““ “9-6““.‘0:}
70 8.2 8.46

100 81 8.58

200 27.6 8.79

300 2.0 9.00

400 26.5 9.9

500 25.8 9.37

600 °5.8 9.53

620 28.2 9.56

The physical properties
Class 1, coarbon stec)l used for the cosk cuter shell are:

Tempersture

L0 20%pa4) Q0% iplialF)

70
100
200
300
400
$00
€00
620

e
0.3

0.8
0.3
0.3
0.3
0.2
0.2
0.3

July 1909

f ASTM A-516 Grade "0, and, elternatively, A-537

E

29.5
29.9
28,8
8.3
27.7
27.3
26.7
26.5

5.42
5.5%
5.89
6.26
6.61
6.91
7.17
7.22

e
0.3

0.8
0.2
0.3
0.3
0.3
0.3
0.3

The pbysicel proverties of lesd (copperized) ave also taken from Section 2.3,

ot follows:
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Tomperature E [
(°F) i!ﬁ‘il ) l!Q.‘I! Lial®E) '
70 "848 16,07 0.45
100 2.5%0 16.22 0.45
200 2.17 16,70 0.45
3C0 2.00 \7.8) 0,48
400 1.82 18,1 0.45
500 1,61 i9.12 0.45
600 1,40 a0 A7 0.45
620 1,36 20,38 0.4%

E = Young's (Elastic) Modulus

6 » coefficient of thermal expension (mean from 70°F)

u = Poisson's Ratio

70°F, the steel s'.ell geometry is os follows:

Geometry Inper Shell Outer Shell

(ag J20°F

‘II\
loside Diameter, Pl 66.00 72.00
Outside Digmeter, D 7.3 74,50
Shell Thickoess, t 5 b 1,28

Meon Shell Radius, R 56.62°5

At 620°F, witbout le¢ed, the shells wil) grov os follows:

« aAT

< 8A.

in °F (204 Stainless Steel

10/ %F (A=8516 or A-537 Cardbon Steel
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The::
' = 33.97801 + 5.26(20)76(550)) = 33,5508 in
ty' ® 0.9800 + 9.56(20)70(580)) = €,7539 in
R,' = 3662501 + 7.2202007%(550)) = 36,7701 {n

-
-
L

o = 1.3811 ¢ 7.22020)"%(850)) = 1.2550 in

Vhon filled with moltrn leud, the inror ond outer shells of the outer cask
will be subjected to the 33,78 pei pressvure bead., This will decrense the
redive of the dmmer sbell and inozease the redive of outer shell., Vtilils g
Rosrk, Raymond J., and Young, Varren €., Eozmnlas £or Stzass and Stzain. Stk
ed, (Reference 2.11,31), Table 29, Case 1b, the change in rodivs for esch

shell is:
-
AR ' = QR IS /Ee !
. (=93.78)(88.8508'%/28.20209)(0.7589) =0.0020 is.
o' s qin 1%ir

(33.78)(36.7703)2/26.8(20)€(1,2880) » 0.0034 is.

Iv summary, the initisl condition of the steel shells Just before lend solidi~
fication at 6209, (R « AR' # ¢'/2) is:

Inner Radivs Outer Redius

~aball PR Y — VY N—
Inner 331716 33.9258
Outer 16,1440 37,3860

Lead experiences & decrvase in volume of approximately 3.85% gpon solidifice~
tion, As the Jeod soladifies, it will shrink and liquid lesd frow sbove will
fill in betvween » solidifying lend snd the outer cosk inner ané ovter
shells, thus maintaiving o 35,78 psi pressvre on the sbells. Eventuaily, the
frll annuler regior between the shells will be filled with lead, sudjected to

8 losding as 1llostrated below:
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t = 1,0 in,
(arbitrary)

33,78 psi

‘| .I I : Note: the 33.78 pai
-

pressuvre sctually only
- - e
3.7 PEL ;:33'7! pei exists ot the base of the

“|'|||||l } lesd column snd will
linesrly decrease toward the
top of the column,

Under this losding, R,y = 33,9055 inebes ond Ry = 36,1440 inches, the outer
recivs of the joner shell and inner radivs of the outer shell, respecrively.
Geometry of the vnloeded leod shell is decermined os follows:

L -1 |
b+ AD

P
-—
Al

8 * outer radius

b = inner radius

Solve for o ead b by suvperimposing Cases 1b and 14, Table 32, of the Reference
sbove with g = 33,78 psi:

-

Ay = gub:t2 - u)f[\O: - b:J - q.lo:kl - 2u) + b:ll « WI/E(a* = »*)

® g
p(. .

=93
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Ab = gbla?(2 « )« 301 = 200 )/B(a? < b?) = gua?(2 = W/RG2 - ¥Y)
- .“ -b
Simplifying the tvo eguations yields:
(1) & = =qa(3-24)/B

[2) b = =qu(d=2,)/E

For q(1=20)/E » (33,90 [1-20.45))/1.96(10)¢ = 2.4840200°,

(1) (208002070 = p,,
(20 [a2.e80307 0wk,

Vhere:
E = 1,360000° 5494
o= 0,45
= 36,1440 1n
83.9285 in

ol
il

The.. solving for & and b

o * 36,14409 10,
b = 33,92858 jn.

At this poi . t, the boop stress in the inmer and outer stoel shells of the

outer cask i1

o, = pRi/t‘
(«35.78) (33,9258 + 23,3726)/2 /(30,9285 « 33,3726) = 1,503 psi

o, * PR/t

¢

(83.96){ (37309 » 36,244)/2)/(57,309 = 36,244) = §°0 pus

=54
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Agoin, vtilizding Table 32, Cases 10 and 14, of Referecce 2,103,101, the stross
is the Jead shell, Oy *axinl, oy *hoop, oy » redinl, wpon solidification,
®ey be determined o

Oy oy oy =30.78 pui

Deteimine the tempersture st which leesd will separate from the outer shell,
r“,. Separetion imitiates when the lead outer redivs, lﬂ. end outer stewl
sbell imner radivus, l". become equal. The uarestrained state of esch of the
sbove shells, at 620°F, i4:

l“ R, - Lo /2 = 36,1426 40
Ry ®oe 86,14405% i

At T0%, the Jeod ovter radiuns, R, is such that R« RaoAT » 36,4409 inches ot
620°F., Tren, solving for R

R = 36.04409/(1 # aAT)
“ 36.34409/(3 « 20.38(2075(8850)) = 38,7434 i

At 70°F, the outer steel shel) inner roadiuns is 36,0 imches. At the tempera~

ture of separation, T » the following relationship is true:

sey

B5.,7434(1 + 0, AT) = 36,001 » 0. AT)
A solution for T“’ is schieved by triel and error. At spproximstely 600°F;

AT = 600 ~ 70 = $30° F
oy * 20.37020)7" in/in/F
o, = 7.37030°® {n/in/°F
end:

36,0288 < 36,1368

At “00°F, lead sbell outer redius bas decressed to less than the ovter shell

iBDEr TECiUE, €.f., SEpRTALIOn Bas taker plece between €20°F and 600°F,
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At $20°F, AR - By “Roy = =0.001465 in.
' 11 ‘00.’0 ‘. - .‘. - ..‘ « 0,01610 ju.
Linearly interpolating for the temperature st AN « 0

(620 - T..,)/(‘!O ~ 600) = (~0,001465 ~0)/(~0,001465 - 0,01610)

Toep = 618.0°F

Teat 48, lesd seporation from the outer shell coimences almost immedintely
when cool~down begins.

Av 61IB.3°F, check press fit of the lesd onto the inper steel shell. At 70°F,
lesd ioner readivs, B, is svod that B « R g AT = 33.72558 fnches ot 620°F,
Then, solving for R

R« 33.92888/() ¢ gAT)
o 33.92888/01 + 20.38(20)°6(550)) » 93,550 ie

At 70°F, the stee) impmer shell outer radivs is 33.7% inches. At 616.3°F, the

interference is calceculated as:

b v ~33.55001 « 20.862(20)°%(848.32)) + 33.78(2
+ 9.86(10)7%(848.23))
« +0,002829 is

Ctilizing the press fit equation (2-67) from Ohigley, Josepd E., Neclasnigal
Exgizeeszing Dassgn, 4th Ed, (Referenmce 2.11.9), for the interface pressure, p,

st & temperature of €18.3°F, the interference is:

” .y
b= bypllte® » v %)/ (e® » ‘x"l * uy l/Ey

P R TR, )
't“}*\[\b‘ « %)/ (b -8 L 8

a=5t
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¥here, from previous cnlenlations] techniques:

& = inner radive of dmoer steel sbell = 33,1729 j»
b, * outer redivs of fsmer steel shell = 33,9268 i
by = dnner redive of lead shell « 33,92542 in

¢ = onter roadivs of lesd shell = 36,14392 4
E, o« 25,2000 pai

¢

“. - 0.3
Ey = 1.360200% pui
v‘ - 0.“

h‘.:
b e pla, 0484803007 « 5,94949020)7%) « 0.002826 40
p = 47.6 pes dnterface pressure

Using thick=walied pressur ssel ‘Leory, the inmer shell boop stress is:

e, » -pln,% « 42)/(x 2 - 4?))
« =2,116 psi

Likevise, the lead shell hoop stress is:

9y & pl\c: “« b 2)/(c‘ - rzz))

« 752 psi

Note thet ot 325°F, the proportionsl limit of the leod is 189 psi, or with an
offset of 0.2% strain, yield is 31) psd which indicates the lead will yield
under such o pressvre. To fully sccommodate the 0.002829 jmed interference,
the lend would de required to see o strein of 0,002829/33,92542 « 0.0000%2
in/in, or 0,0083%, Utjlizing Figure 2.3-1 [rom Section 2.3, the corresponding
lead stress for o strainp of O.00B3% would be spprozimately 270 poia.  The
interfuce pressvre would then be:

" - .

"
p* oy /lle® «py*)/(e® = b))

.

p = 17.1 psi interface pressure
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Now, ¢00) to 70°F and summarize the steel and lesd shell, stzess~free dimon~
sions from the snslyses perforesd above. The geometry end properties are, ot
T0°F, as fol.ows:

s = 33,00 jn
$3.78 in

by v 33,550 in
35,7484 in
28.3010)% pus
by * 0.3
2,34010)% pui
0.48

-
L

d
~
L .

”
.-
r

=
-—
L

and:
b = b‘ - * 0.200 in

Utiliziog the same press-fit equation as above, the interface pressure is:

8= bypllte? o vy 870e? « 0,90 « )08,
s, 2 e adn,? - ad)) = 008,

b= [2.8887(207%)p

Then:
p = 0.200/2.8587(10)°% « 700 psi interfoce pressure

This corresponds to s leod shell hoop stress of:

0y = plie? + v, 2)/(e? - v,
= 11,080 psi

which, obviously, cennot be sustained.
To felly sccommodete the 0,200 ipch in . erferenmce, the iesd would be reguired

to see o strair of 0,200/33.85 « 0,00896 in/in, or 0.60%, Eztrapolating lead

stress-strainp éate from Section 2.3, o beop stress of spprozimately 725 poi

2-38
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will exist in the lend for this strain., The effective interface pressure
vould be:

peooy/lte? « 0062 - ny )
= 45,85 psi interfece pressure

(NOTE: & of somer shell for ~45.85 pai = 2,430 ¥-45,85) » ~0.0011 inenes,
whick can be conservatively no.looto‘.]

The hoop stress ir the imner steel shell st 70°F would be:

o, »pl(v, % ¢ airp, 2 - 4?)

u «2,041 ps:

Next, consider cooling to =20°F (~90 AT) for the vorst doop stress on the
ioner steel sbell during o)) bypotbetical sccident drop events. The steel and
lesd properties may be estrapolated from Table 2.3-1 as:

8.21(307% iu/in/®F
29,0020)¢ pas
oy * 15.703007° ya/in/°F
2,43030)% pas

™m o
L "

—
-
"

The steel end Jead sbell snitisl shell conditions are determined as:

(33,00)[1 « 8.23(20)°6(=90)) = 32,9756 in
(38.78)(1 « 8.220(20)°%(=90)) = 33,7281 in
(33.8550)(1 » 28.7020)°6(<90)) = 33,8026 in
(38,7434)[1 « 15,7(30)"%(=90)) = 35,6920 in

y =
.- -
» s 0w

Le]
”

and,
b = b‘ “ 9 o 0.2228 in

To fully sccommodate the 02225 ipeb interference, the lesd would be required
(o see & straip of 0.,2228/38.8026 = 0,0064 jn/in, or 0.€6«%, Extrapoleting

from dete given iv Section 2.3, o boop stress of approzimately 875 psi will

=99
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exist in the lead for this strein., The effective interface pressure would be:

TV (LR The AR TR b
w 55,3 pei interface pressure

The boop etress in the immer steel thell at =20°F, conservatively meglecting
the beneficial effects of lead creep, would be:

o, = plv, 2 e aizn, 2 -4
- ~2,462 pei

Finslly, consider cooling to ~40°F (=110 AT) for the worst hoop stress on the

ioper steel shell., The steel and lesd properties, extrapolated from Table
2.8-1, are:

£.35(100°% in/in/°F
29.0030)% pus
15,6(30)°¢ in/in/°F
2.43(30)% puy

- o m o
e
" " L] "

The steel and lesd shell imitial shell conditious sre determined as:

s (33,0001 « 8.215(30)7%(=220)) = 32,9704 is

b= (38,785)03 « £.38(30)7%(-210)) = 33.7197 s

by = (33.850)(1  15,6020)76(-220)) = 33,4724 4
¢ = (38,7430)[1 « 15,6(30)°%(-210)) = 35,6821 i

and:

b - b‘ - bl - 0:227 tb
To fully sccommodate the 0.227 inch interference, the lesd would be required
10 see & streip of 0,227/33,4924 « 0,00679 in/in, or 0,68% Eztrepolating
from the dats given in Section 2.3, o hoop stress of approzimately 1,035 poi
will exist ip the Jesd for this strein., The effective anterface pressure

vould te

2-100
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p " c,/((c’ . blg)l(o’ - 'l”)
« 65.5 poi interface pressure

The boop stress in the immer steel shell ot ~40°F, comservatively neglecting
the beneficinl effects of lesd creep, would be:

V, » pl(b.’ - .z)/(\.z -
- -3.’1‘ ’.‘

The preceding colounlations desl only with the calenlation of hoop stresses.
Asial stress will slso develop in the inver steel ond losd shells due to axianl
shrinkage of the lead. In cocolinmg to «20°F, axiel streinp in the lesd,
sssuming bonding of the lesd to the ipmer steel shell, is:

8, ® “‘1 - ..)611620 * l“l - ..)AT],:O
« [(20,38 ~ 9.86)(10)°%(620 - 70)) - [(18.7 - 0.21)(10)"(-20 - 70))
« 0,00663 = 0,663% gstrain (temsile)

Extrapolating from the data in Section 2.3, sn exial stress of spprozimetely
990 pod will exist in the lead for this strein, The effective force in the
lead shell would be:

Pu . ’Ai

o 990n] (36.6929)% - (33.7251)%) « 424,854 1bs

From equilibriuve, this sewe force can develop in the imper steel shell. Thus,

the compressive axial stress in the inme. steel shell ot «20°F is:

9, » P/As

« ~424,854/20(38,7280)% - (32.9786)%) = =2,708 pui

This 48 # conservative estimete ir that it sssumes the ends of the ovter cask

inner sbell are free and thet no losd develops in the ouvter shell,

It cooling to =40°F, axiel streip in the lead, sssvming bonding of the lead to

the inner steel shell, is:

=101
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¢, = llay ~a )aT)ga0 + [(ay =@ )aT] 4
. ((20.38 - 9.56)(20)76(620 = 70)) + [(18.6 - 8.15)(10)"6(-40 - 70))
« 0,00677 = 0.,67"% strain (temsile)

Extrapolating from the dats is Section 2.3, an exial stiress of approzimctely
1,085 psi will exist in the lesd for this strain. The effective force in the
lead shell would be:

’ ’ PAI

-

« 1,038n((35,6820)% - (33.7197)2) = v42,820 1bs

From equilibrium, this same force cen develop in the imner steel shell. Thus,

the compressive axial strass in the inper steel shell at ~40°F §s:

V, = P/A,
. ~442,820/00(33.7297)% - (32.97C4)%) = =2,820 psi

Agein, this calculstion conservatively ::somed thet the ends of the outer cask

inner shell are frec and that no losd develops in the cuter shell.

2.6.3 Rednced Extexsal Pressnze

Fror Section 3.4.4, the mezimup normal operatiug pressvre of the NuPac

10/140MB is 6.8 psig, assoming the cask was loaded ot standerd stmospheric

pressvre (14,7 psia). An extermel pressure of 3.5 psia wi 1 resuvlt in sz

sdditions] cask ioternsl pressure differentinl of 11.2 psig. Total maximue

differentianl pressure scting internally on the cask is thus 11,2 + 6.8 = 18.0

psig, which will be reacted by the 1id and its sssocinted closures, comrrised
"

of eight 2.5 isch dismeter bolts for the primary 1id and sixteen 1.25 inch

Jismeter bolts for the secondary lid.
Stresses induced in the cyiipdricsl portion of the cask are conservatively

estimeted by sssuming the pressure differential is totally Ytorme by the 0.75

in., thick spne~ shell w ot backing by the lesd shielding. The boop,

-30s

"



HaPas 10/1408B, Bev. ® Jaly 1089

longitudinel end rodisl stressen are:

f, = PR/T = (18.0)(33,375/0.75) = 801 pss
f, = PR/2T » (18,0)(33,375/0.75)(1/2) = 401 psi
{, = =P = =18.0 i

Simce those are the primciple strecses, the otress intemsity may be celculated
by subtrecting the pinipus velve from the mazimum:

s.!. - fh - f’
« 801 ~ (~18.0) = R19.0 psi

The allowable membrope stress intensity for comtaimmeny structures st Normal
Conditions of Transport is Sn (Teble 2.1.2-1, item reference number 1(A)),
From Table 2.3-1, the value of Sn for the 304 stainless steel imner shell at

its espected mazimum opersting temperature of 128°F is 20,000 psi. The Hargin
o. Sufety is:

M.S, = 20,000/819.0 - 1 = 4 Large

Pressure across the lids is carried in plate bendinp by (he 6,00 in (average)
thick steel plates top and bottom. For the bottom iid of the bottom~loading
configuration assume & ci-sular plate, vniformly loaded and with edges simply
supported. The maximum stress cap be calculated as follows (refer to Roark,
cozmnlias fox Sizess and Strain, 4th ed., Referenmce 2.11.11, Table 74, Case
pusber 10a), Conservatively assuming & uniform pressure distribution over the

entires cireuler plate, the maximum bending moment (at the cenmter of the plate)

may be expressed as:

M, = qa-(34u)/16

q = Pressure loading = 18.0 psag
Lid rodivs = 3B.0 in

visson's ratio = 0.3
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M, = (18.0)(38.0)2(3 + 0.3)/16 = 5,361 in-1b/in

The bending stzess et this locetion mey then be derived os:

op = M /t? = (6)(5,361)/(6.0)
+ B93 psi

For purposes of verifying the cbove hand calcvlation, o finite element
apalysis was pesformed on the Dottom 1id uwnder an ascomed 10 peig internal
pressure loading. The ANSYS finite element program, discussed in Appendis
2,30.2, wes vntilized for this enalysis. The model usod is discussed in
Section 2.10.7.1 of Appendis 2.10.7, and is sbown im Figure 2.10.7-5. The
mezimum surface (membrone plus bending) stress intensity was founmd to be 1,048
psi on the 1id ‘skirt’ (overhemging the cosk outer wall), at the primary bolt
sttechment point. The mazimum centroidal (membrope) stress iutensity wes 756
psi, 6c.ing st the some location as the mezimum bending stress. Since the
snalysis wvas linear, maximum stresses arising from the octual mezimum pressure

of 18,0 peig may be found by (irectly ratioing derived strosses by a factor of

18.0/10.0. At the actus. masimum pressure of i3.0 peig, these stresses become

1,881 psi (surface) and 1,721 psi (centroidel). A (18,0/10.0)(479) = 862 psi

bending stress vas found ov the inside surface at the ceuter of the 1id, and

compares very well with the band-calculated result of B9S2 psi given above.

Due to the complex seometry of the cask top 1id assembly, o finite element

snalysis was also performed to determine stresses arising irom internal

pressure loasding on this structural member. The model used is discuvesed in
Section 2.10.7.1 of Appendiz 2.310.7, snd is shown in Figure 2.10.7-13. As
intens! pressure of 10 psig was spplied to the imper surface of the tnp 1id,
with a2 resvlting maxismum surfece (membrene plus bending’' stress intenmsity of
3,790 psi. This stress intemsity was located on the outer surface of the

secondary 1 d, mear the secondary bolt circle diameter. A mazimum centroidal

(membrane) stress iptensity of 1,194 psi eas developed near the sime location,

st the midpoint of the secondary 1:4 sectinn. The actval surface stress

intensity for 18 psip iaterpsl pressure is 6,822 psi, and the sctual

centroidal stress epsity is 2,149 psi.
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The mazimom allovable membrane stress intensity, from Table 2.1.2+1, iten
reference number 1(A), is 8.. For the lovest-strength material suitsble for
144 construction, sccording to Table 2.3-1, §_ i 20,000 psi (ot the 1id's
serimom normal opersting temperature of 133°F). The maxianme centroidel
stress, 2,149 psi, from the top 1id finite element snalysis, yields & Margin
of Safety of:

.n’o - 20.000/2."9 -1 = 4 '-,1
The mozimum allovable membrane plus bending stress intensity, from Table
2.1,.-3, itew reference number 2(A), is 1.58.. or (2.5)(20,000) = 30,000 psi.

From the top 1id finite element analysis, the maximum surface stress intemsity

of 6,822 psi yields Margin of Safety of:

.5, = 30,000/6,822 ~ = + 3,40
It is thus demonstrated that both the top and bottom lids for the 10/140MB
cask easily meet the reduced external pressure requirement. Since the fized~
bottom cesk configuration bas an essentially ¢lamped=-edge bottom plate, it may
pe assumed that the more flexible bottom-losding version will present the
wOorst casv.
Loads on the primary lid attschment bolts mey be approzimated as:

P‘ « Ap/N

"
Ares that the internsl pressure scts on = nD“/4

Vhere:
Mazimum O-rivg seal Giameter = 69.0 in

« Mazimum internal pressvre = 18,0 psi

Z 9 O >
L]

Nopber of primary 1id bolts = B

For the worst cese loading

P, = [n(65.0)%/4)(18.0)/8

= B,413 1bs.

2=108



Similiezly for the secondry 1id bolts, the load is:

P, o« (n(32,0)2/41(18.0)/16
= 905 1bs.

Since both the bolt losds are well belov the mazimum bolt prelosd value of
17,350 1b and 15,500 1b, respectively (refer to Section 2.1.2.2.2), it would
seem that bolt losds under the Reduced Externsl Pressure requirement are
inconsequential. However, imspection of the “imite element results &iscussed
sbove reveanls that the simple approsch to bolt loeds used here is mon-

conservative.

The primary 1id top and bottom bolt losds are indeed reduced to values below
preload. For the top 1id, the load decresses from the preload value of 16,774
1b/bolt to 14,152 1b/bolt, and the bottom 1id bdolt losd is reduced from 16,730
I1b/bolt to 13,883 1b/bolt, for an assumed initernsl pressure of 10.0 psig. It
can be seen that they mezimom residoal primary bolt losd will be that of the
top 1id bolts. The losd on these bolts decresses under internsl pressure
loading an aversge of (16,774 - 14,152)/10.0 = 262.2 1b/psis It canm be
expected then, that the maximom possible residusl load on ¢ primary 1:4 bolt,

sssuming ap initisl preload to the mazimum value of 17,350 1b/bolt, wounld be:

Pvoit * 17,350 - (18)(262.7) = 12,630 1b/bolt

vnder 18.0 psig for the Reduced External Pressure case.

The secondary 1id bolt losd, on the other hand, actually inpcresses, from the
spplied preload valve of 14,756 1b/bolt to 15,380 1b/bolt, for 10.0 prig
interns]l pressure. This represents & bolt loed increase of (15,380 =~
14,756)/10.0 = 62.4 1b per psi of ap,lied interna) pressvre. If the secondary
bolts were tightened vp to their mazximum preloed of 15,500 1b, 1t can be
expected that the bolt losd celculated in the finite elemeni snalysis wounld
increase to:

Ppory = 15,500 + (18)(62.4) = 16,625 1b/bolt

2~106
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for sn internsl pressure cf 18.0 psig. This would ip turn induce & secondary
bolt tensile stress of:

Svolt ® 16,623/0.969 = 17,155 psi

The mechanism bebhind this umexzpected resnlt becomes clear upon inspection of
the exagerated 1id deflection plot shown in Figure 2.,10.7-19 of Apprndix
2,10.7. While this plot is for an end drop losd with mazimum peyload
distribated over the inner surface of the 1id, the intermsl pressure loading
wili producre the rame goeneral effect. As can be seen from the plot, the
deformstion of the primary :id acts to impart » prying sction on the secondary
144, The ret result is an incressed pressure on the secondary EnvigrSealtm

plate, reactid by an increased secondary bolt loasd.

The sllovwable stress of the bolting saterinl, from Table 2.1.2-1, item

soferance peabes 6(A), is 28y Fros Tadle dd-1, By for this meterisl st the
maximum anticipated operating tempersture of 1330F is 34,360 psi. The
sllowable stress is them (2)(34,360) = 68,720 psi.

The mazimup primary 1id bolt stress will be conservatively taken as the
paximum prelosd value of 17,350/4,0 = 4,340 psi. The resulting Margin of
Safety of primary bolts is:

M.S., = 68,720/4,250 = 1 = + Large
For the secondary bolts, the Margin of Safety is:

M.S. = 68,720/17,185 - 1 = + 3,01

Even with the unezpected loading mechenism acting on the secondary bolts, bolt

stresses are still well below sllowable values for Leduced External Pressure.

1t cep thus be concluded from the sabove anplyses that the packeging can safely

resct & reduced external prewsure of 3.5 psie.



NaPac 10/140MB, Rev. © July 1989

2,6.4 lacraassd Exteraal Prasanzse

Conservatively assuming the cask is losded at the previouvsly evalvated minime
stmospheric pressuvre of 3.5 psia, end increase of external pressvre to 20
psis will resuolt in & cesk minimum .oternel pressure of «16.5 psig. The
sbsolute magnitude of this pressure is less than for Section 2.6.3 above, so
cusk 1id margins of safety for this condition will be even larger than those
ealoulated sbove.

For rdditional conservatism, sssum2 that the negative nrassure differential is
applied directly to the inner shell, snd vtilizing the results of the previous

section, the resulting compressive boop snd axial stresses are:
y ® (=16.5/18.0)(801) = ~734,3 psi
fy = (=16.5/18,0)(401) = -367.1 psi

These are very much less than the same compressive stress components cal~
culated in Section 2.6.2 sbove for a ~40°F temperature. Therefore, no ¢Xces~
sive compressive stresses will be applied to ths eritical inper sbell under

increased externsl pressure.

2.6.5 Yikzation

The effects of vibrations pormally incident to tramsport are of limited
consequence to the 10/140MB Package. This conclusion is resched based on a
relatively simple comparison of worst case truck tranmsport vibreatory
sccelerstions with the tiedown sccelerstions sddressed in Section 2.5.2 (10, 5
and 2 g's). As established herein, vibratory losdings are significantly less
then the 10, £ and 2 g tiedown losdings previouvsly esddressed. Since stresses

dve o the .eintively large tiedown loads sie required to remain less thean

yie’ sul‘ing from normal vibration will be considerebly less than
¥ ‘o Jtent stress levels are also readily shown to remain below
t p " ¢s for the applicable meterinls of comstruction. Details

¢ prova., <« . the following subsections.
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2.6.5.1 Izanapoct Yibratory Accalarations

Draft ANSI Stendard N14,23, Reference 2.11.20, DRasisn Basis forx Rasistasca 1o
Shosk and Yibration of Radiocactive Matacrial Packages Graarar than Ona Ion da
Iznck Icanaposs, provides o basis for estimating pesk truck bed vibration
inputs and package response scceleratious. Table 2 of ANSI N14.23 summarizes
pesk vibratory sccelerations st the truck trailer bed for heavy losds (over 20
tons, which spplies even for an empty 10/140NB), as follows:

Irnck Bad Yibratory Accelerations

Rizsstion — Magaitnde
Longitudinal 0.3 3
Lateral 0.3 g
Vertical 0.6 g

Since some smplificatior of these inpu. loads cap occur, the package
scceleration response cen be somevhat greater than presented above. As »
conservative estimate of the smplified response of the package, it will be
sssumed that the package responds et centipvously cycling sccelerations equal
to the greater of tvice the sbove tabulated truck bed vibretory accelerstions
or one balf of the maximum shock scceleration response of the package. The
mazimum shock response of the package is readily available as Teble 1 of ANSI
N14,23, That table provides pesk shock sccelerations for the bed of tue
trock. Additionally, per the commeantary provided within Section 4,2 of ANSI
N14.23, these pesk accelerstions cap also be diractly used to estimate the
mazimum inertial loading scting op the cask tiedown system. The pesk shock
sccelerations sare as follows (Note: the vertical down acceleration from Table
1 of N14,23 is vsed, as this ncceleration tends to separ:te the package from
the truck bed, tho loading the tiedown systems the vertical .p scceleration

forces the peckage into the truck bed and does not losd the tiedown system):
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Baak Shosk Accalazation Rasponas of the Package

Risaction Magnitnda
Longitudinal 2.3
Latersl 1.6
Vertical 2.0

By uvsing the greater of ome aslf of these peak shock accelerations, or twice
the vibratory scceleration ipput at the bed of the trock the mazimum cyciic
sccelerstion r.sponse of the package used for the apalysis berein therefore

hecomes

Mazirus Cxclic Reaponse Accelesation of the Package

Rixsction Magaitrdse
Longitudinal 1.15 3
Lateral 0.8 g
Viitical 1.2 ¢

2.6.5.2 Izasapors Yibratory Srrassss

Under norma)] vibreation losdings, the most *ignificantly stressed 10/140MB
components will be those components which directly react the losds that
develop in the tiedown system. The components to be sddressed are therefore
the tiedown 1ug, the welds attaching the tiedown lugs to the cast body, and
the cosk ovter shell itself ip tbe vicinity of the tiedovn lugs. Nominsl
stress levels in these components are read.ly determined by ratioing the
stress results sveilable from Section 2.5.2. These resultapt nominel rtresses
cap then be multiplied by epprovriste stress concentration factors to errive
8t pesk stress magnitudes. As the tiedown cables nre tension=-only components,
the alternating stress to be considered in the fatigue evaloation 18 simply

one balf the peak stress sagnitode. The remairder of this subsection develops
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the alterssting stresses to be considered in esch component of interest.
2.6.5.2.1 Mazimux Cable Load

The mazimum cable 1oad resvlting from the simultaneons application of the
peckage cyolic respcnse sccelerations of 1.15 g longitudinally, 0.8 ¢
laterslly and 1.2 § vertically, is resdily determined uvsing the methodology
presented in Section 2.10.3.1 of Appendixz 2.30.3. Using that methodology, the
resultant csble load to be considered for this mormal vibration case becomes:

For an 18 cable angle, Fp = 103,305 1b

For s 14° cable sngle, Po = 99,354 1p
2,6.5.2.2 Mazimam Alternating Streas lotesaity lo Las
The pesk stress intensity in the lug will occur im the vicinity of the 2.25
inch diemeter hole used to interface with the tiedown bardware, due to stress

concentrations associated with the presence of the bole. To determine this

pesk stress intensity, the lug geometry is approximated as follows:

Vi
gV l b = 3.0 inches
/‘\ 3‘/ w = 6.0 inches
/
3 - pm— Y v t = 2.5 inches
>~ / 0/ d = 2.25 inches
\, M 4
/\ g ey
/'/ ‘ V—-.-
—— b
v

e=111
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Utilizing Figure A~26~12 ov page 842 of Stigley, Tosepd E., Mashaiisas
Essinsscing Dasign. 4th Ed. (Rejference 2.14.9), the peak stress intensity in
the lug becomes:

ep = Kylo,) = K (F/A) = 37,465 pui

Vhere:

E = 3.4 (directly from Figure A=20~12 for h/w = (.5 and
d/w = 0,375)

F = Po = 103,305 1v

A= (v=d)t = 9,875 in?

The mezimuw alternating stress intemsity, O,+ is one balf of this peak valne,

or:

o, = 18,733 psi

2.6.5.2.3 Mazimam Alte .ating Stress lotessaity lo Lag o Body ¥eld

To determine the peak stress intensity in the lug to body weld, s nominal
shear stress in the weld will first be determined by simply applying
appropriste ratios to the resulits aveliable froe Tablo 2.5.2=1 of Section

2.5.2, The resvitant pominel weld shear stresses thereforc become:
(108,308/84%,850)17,128 = 3,241 pss for an 18° cabdle snple
(99,354/525,211)17,370 = 3,286 psi for a 14° cable angie

To sc.ount for stress concentrations associatel with the bevel/fil'et weld, s
factor of .7 will be applied to the sbove nominel weld shear stresses (per
Teble 95 on page ¢ of Reference 2.11.9), Additionally, to obtai stress
intensities, the resultant peak shear stresses must be further increased by an
edditionsl factor of two. The resnltent peak stress intepsities ip the weld

ere therefore
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17,503 psi for sn 18° cable angle
17,744 psi four o 14° cable angle

The mazimum o) ternating stress intensity, o, is one balf of the wvorst cose
peak value of 17,744 psi (for the 14° cable angle), or:

o, = 8,872 psi

2.6,5.2.4 Ma imum Alteznating Strass Intenaity o Cask Ontar Shell

There cre no stres: concentraticn faciors assccanted with the ovuter cask shell
in the vicimity of the tiedown lug. For tkis re'son. the peak stress
intensity can bde directly obtained by applying sppropriste .atios to the
stress intensity results savailable in Table 2.5.2-1 of Section 2.5.2. The

resultant peak stress intensities in the cask outer shell therefoxe become:
(10.,305/545,850)36,276 = 6,865 psi for an 18° ceble an le
(99,354/325,211)84,533 = 6,533 psi for s 14° cable angle

The meximup slternsting stress intensity, Jg+ 34 ome half of the worst case
peak value of 6,86" psi (for the 18° cable wumgl ), or'

o, * 3,433 psi

2.6.5.3 Compaziscn of Viblzazory Stressss Xiskh Allaowsble Limits

The allowsble o'ternating stress intepsity limits for the A-517 lug meterial
and the A-516 or A-537 ouvter shell materisl ere available from Figure I-5.1
end Table 19,1 of <eference 2.11.3 (ASHE B und PV Code, Section 111). From
that “igore and Tab.e, the following sllovable slternating stress intensities

sre obtained at 1(20)° cycles.

20,000 psi for A-517
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12,500 psi for A=516 or A-537

As Figure 1-9.1 is based on & modtlus of elasticity of 30(10)€ psi, the above
allowable lim ts must be adjusted to reflect the modulus of elasticity oi the
A- %17 lug and A-516 or A-537 cask onter shell at their normal operating
temperature of 114°F (29.44(20)6 gsi and 29.24(10) psi respectively). The
sdjusted allowable alturnating struss intemsiiy limits therefore become:

19,625 psi for A-517

12,180 pei for A-516 or A-537

From Subsections 2.6.5.2.2 through 2.6.5.2.4, the mezimum alternating stress
intensity for tiae A-517 log is 16,733 psi and the mazimum alternating stress
intensity for the A~516 or A-537 cask ooter shell or weld attaching the lug to
te shell is 8,872 si. The corsesponding Margins of Safety are therefore as
follows:

M.S. = (19,625/18,733) - 1 = +0,05 for A~-517
.85, = (12,180/8,872) = 1 = 40,37 for A-516 or A=-537

As indiceted, the allowabl- limits are met end the respomse of the 10/140MB

Feckage to normel vibrations is fully acceptable.

2.6.5.4 Siresses in the Polyuzethane Foam lmpast Limiters

To estimate the effect of transportation shock and +waibrition on the supporting
impact limiter, vse the maximum vertical vp shock valuve from Table 1 of
Refererce 2.21.20. This valve is 3.6 g's. Assoming that the cask is
supported in trapsport ov the 10 inch high, reduced diameter end section only,
peak stress of the foam due to trsusportation shock may be derived by
multiplying the pesk shock loadiag by the support ares. The ares of the
reduced ciameter segment of the impsct limiter can be determired by taking the
srea of an equivelent outside diameter, calculated in Section 2.7.1.1 ws

100,54 inches, end subtractipsg the ares of the 55 inch Jdiemeter center
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opening .
Ares = (n/4)[(100.34)% = (55.0)2) « 8,532 in?

The cask gross weight is 68,000 1b, as dexived in Section 2.2. Combined with
the peak znock losd factor of 3.6, the stress on the foam in the support base
of the impact limiter is:

%oin * (68,000)(5.€)/5,532 = 44 s

The polyuvretbhane foam vsed in the impact limiters experiences its lovest
mechanical strength at elevated temperatures. Conservatively using the
paximim foam temperatore for Normal Condit! of Transport of 169°F (sctually
found ¢nly in the npper impact limiter), tne ‘platesv’ stress is found to be
approzimetely 700 psi (srefer to Figure 2.1.2=%), It can thus be seen that,
ever under worst ce-e conditions, the po’ “urethane foam in the impact limiters
remains well below its compressive yield stremgth, and its impact absorbing

integrity will not be dimenished.

2.6.6 Yater Spray

Since the package exterior 48 cous.ructed of steel, this test will have Do

detrimenta)l effects on the NuPac 10/140KB.

2.6.7 kzse Rroy

The NuPac 10/140MB Shipping Cask weight approximately £8,000 pounds. Subpert
F of 10 CFR 71 requires .hat & package in excess of 33,000 pouads be capable
of resisting the effects of a one foot drop onto @ flat, essentially
unyielding, horizontal surface strikimg the surfece in e position for whiek
maximum damage is expected The frllowirg subsections address free drops . n

ary oriestation, snd show thet the requirements of 10 CFR 71 are net.

For end epd side impect events, the peackage 1is apalyzed uvsimg nuclesrs

2-118
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Packaging's EYDROP and SYDROP programe, respectively. These programs are
descrided in detail in Appendis 2.,10.5. The progrems predict s mazimum
scceleration impsrted *o th2 cask during tho event, which is thea oppl od
statically to the package as & whole. Since the iapact limiter foam stress~
strain vurve is dependent op tempirature, the fos= e:fcrmance st the extreme
tempetatures predicted for the foum under Normal Conmditicas of Transport (=20°
to J69°F) is assumed s & menns of bounding the performance of the impact
limite.., Additiomally, since the programs sssume & relatively simple
eylindrical impact limiter surrovnding & smeller ¢ylinder, additionsl bonnding
saslyses bave been performed .. scornnt for the flat scovions of the impact

limiter, as well as the 'sotch’ ‘n the side of the impact limiter.

For oblique impacts, the package was anslyzed using N-clear Packagiry's CYDROP
and CBLIQUE cowputer programs. These progrrms sre also detailed in Appendix
2.10.5. Again, bounding celculations were performed to imsure sdequate con-
siderntion wis taken with respect to the somevhat umconventional shape of the

impact limites and the temperature varistion of the polyrrethane foam.

A graphical and descriptive sumpa'y of the impact limiter geometry sssumption.

made for esch typo of apalysis is given in Figzre 2.1.2-4 and Table 2.1.2-8,

Polyurethane foem impact limiter behavior is becoming increasingly well under~
stood, due to the many drop tert progracs thet huve been undertaken in the
past tev years., Notable smong these prcgrams are the tests performed in
surport of the 1 13, I1 peckage, the NuPac 125~B Fuel Shipping Cask (Docket
Number 71-5200), apd, most recently, the 1C/140MB quartes-scale cask, as
detailed in Appendix 2.10.4, These tests indicste that snalysis metbods and

sssumpptions used in this application are reasonable and conservative.

It bas beep determived in the free drop soalyser which follow, that drops .n
the veriouvs crientations pioduce differant sitvations critical to oversll ¢*sk
design., For example, in genersal, flat end drops result in loads which tend to
indoce the governing stress resultants on the major cask compopents. Obligue
drops tepd to crente mazximom primary lid seperation loads. Becsuse of the
verions sppurtenances extending from the side of the cask (tie=dowy .ugs and

primary 1id bolt lugs), ss well as the relotively ‘soft’ impact limiter res~
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ponse im the ‘'ide drop crientation (foam strein hardening effects are genersl~
ly less for side drop “ban for otuer orientations), flat side drop vwill tend
to result in the most critical deformations conducive to potential 'bottoming
out’ of the cesk. All of tb se considerations are sddressed in detail in the
folloving sections.

An important consideratior in the detsiled apslyses whic! follow is the fact
thet cask response to the regulatory drops is temperature dependent. At
maximnm tempersture conditions, the structursl materisl comprising the cask
will exhibit lower mechepical stremgth than at lover temperaturss. As &
consequence, the stress and bockling sllowables will also be lower. However,
becevse the polyurethane foam in the impact limiters likewise exhibits lower
mechanical stremgth at elevated tamroratures, it wi'l deform more on impact
then would be th: case at lower temperstures. The resvlt will be smeller

impact losds occuring st bhigher temperatures.

Conversely, at the minimom regulatory tempersture, while the mechanical
strengt! of the structural components will t, greater, so will the michunical
strength of the fosew The rerult will be greater impac. loading at reduced

temperatures.

In order to conservatively bound temperature effects in the free drop events
that follow, the meximupm impact loads, derived at the minipum temperature,
will be applied to the cask. Simultaneouvsly, the cask respoure will be
eveluoeted utilizirg mechanical properties at the highest no:ual operating
.emperature derived tor the individuel cask componerets st the mazimum
tmperature condition, Ip this extremely copservative fashion, cask integrity
will be demonstrered acioss the full range of temperstures expected urder all

Normal Conditions of Trasmsport.



2.6.7.1 Elas Esd Rrop

Analysis of the NuPac 10/149Kb Cusk bebavior during normsl condition drops

»

from 1 foot is performad in the following steps:

1. Agslyze the mazimum impect limiter deformsti = using the EYDROP
enorgy baiapce computer program.

2. Anpalyze the mazimum impact force using the EYDROP computer progras.
3. Apalyze the azial and }oop stresses in the cask shells and lead.

4, Apslyze the cask 1id for bending, sssnming that the paylosd acts as
s vniform load op the inside surface of the 1id, and the impact
limiter foam pressvre acts in the opporvite direction in the
spopropriste place on the outside of the lid. Reanalyze the 1id,

omitting payload resction.

S Anslyze the stresses in the primary and secondary 1id bolts,

6. Analyze bearing stiesses on the EnviroSealt®

piates.

The flat end free drop event wil) tend to impose mazximum loading on the wa jor
cask components, compared to other impact orientations. Lids will generally
exrerience their grestest bending forces, while the cask shells will undergo
maximum compressive loading conducive to buckling. In sddition, there are @
number of cesk~specific considerations which could govers component loads and

determine which are the most critical., These are as follows:

3. The NuPac 10/140ME :ask bas two dif erent basic configurations == @
fized~bottom end a remcvadle-bottom Version. Each will respond

ditferently to the tame :imposed drop load.

>

Drop orientstion couvld be an important fector Impects for both top-dovs

and bottom=-dowr end dxops must be addressecl.

2-118



NaPac 10/140MB, Ryv. O July 1989

3., The presence of the cask payload may, ip certain circumstances, temd to
counteract &nd relieve impact loading on some components. Resporse of
the 1ids, for ezemple, under uniform losdings applied externally by the
impect limiters and ipternally bty the payload will diffe: from the
response where o payload is reduced or constraired from applying en
evenly distridbuted losding. Consequently, two bounding csses are
considered: One, where the impact is modeli:4 as though the full 15,000
!b paylosd were present, and the other with mo peylosd resction st all.

4, The msximum normal condition internal pressure (6.8 psig, from Section
3.4.4) must be accounted for, when this will result in & worse~case
stress condition, OGeperally, the presence of internmal pressure will tend
to increese the critical inner shell (conteinment boundary) buckling
strength, Conversely, for 1id analysis purposes, internal prersure will
resv [t in additions]l tepding stress. Therefore, for the following shell
taslyses, internsl pressure will be conservetively neglected. For 144
and closure compovent stross evaluation, internal pressure will be

applied.

$. The state of the leead shielding will be an important factor on cesk shell
losding. As demonstrated in Section 2.6.2, it is possible that the lead
will shrimk onto the cask ipmer shell during the cool=-down process, and
would be c¢linging to the shell during the drop event. Whether or not the
force of the impict would be sufficient to cavse the lead to slip down is
an important considerstion ip how severely the shell is loaded during
this event. Conversely, over a period of time, the lead could creep
completly away from :he inner shell. Response to end drop losding wounld

vary accordingly.

In the snalyses that follow, worst-case combinations of all these factors bave
been evaluated., Where simple geometries and load patterns allow, classical
stresr snalysis techniques are utilized to determine component response to end
‘rop losding. For more comp'er geometries, the ANS.S fipite element program

vas used to determine meXimua stresses.
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A summary of all e3d drcp analyses performed in Section 2.6.7.1 is presented
it. Tables 2.6.7-1 and 4.6.7-2. This summary details esch component anslysed,
the initisl conditious sssumed, analysis technique uvtilized, and results. It
is from these Tables that the vorst~case oend drop stress states dotailed in
Table 2.6-1 s%ove are drawn.

Waterial properties of structural components utilized in the analyses were
token foom Teble 2.5~1. Stress allowables were dravn from Tables 2.1..-1 and
2.1.2-%, and buckling sllovables came frecm Tables 2.1.2-3 and 2.1.2-4,
Polyurethane foam properties were derived from Figure 2.1.2-3

The impact limiter is modeled as baving ap ootside Giameter of 100.34 inches.
This dimensiun corresponds to the dismeter of a circle with the seme area s
s 101 ipch diameter circle flatteved to 96 inches on each side. Refer to
Section 2.7.1.1 below for the derivation of this equivalent diameter. As a
result, the impacted ares calcalated by EYDROP is exactly equivalent to the
end contact ares of the impact limiter. Tests performed on a variety of
packages indicate that loads calculated inm tlhis manper are slightly
conserveative (overpredisted)., The assumed impect limiter geometry is shown in
Figore 2.6,7-1,

2.6.7.1.1 lmpact Limiter Deflection.

Teble 2.6.7-3 presents the results frum the EYDROP energy balarce progran for
a0 impect limiter st 169°F., This correspoads to the maximom texperature the
polyuretbane fosr in the peckage might experience under normal conditicas, es
described im 10 CFR 71 (see Section 3.4.2), Note that the 169°F temperature
represents the meximom foem tempersture, which occurs in the vpper imprct
limiter, and not the average temperature., JThe minimum temperature in tle
opper impact limiter is actually only 119°F. The lower impact limitar is
considerably coocler, with temperatures rangin; from 113°F to 129°F, It should
elso be vroted that the foam properties ssrumed were taken et the lower bound
that might be expected st that temperstvre. Thet is, foem strength was
derated by 15% up to 75% strain, and by 20% thereafter. Refer to Section

2.1.2.4 for further details.
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Normal Conditions of Transport
Flat End Prop Structural Component Asulysis Parameters

July 1989

Component Case Cask Droyp Peylosd Lend Iaternal Analyasis
Ref. No. Configuration Oriestation Stoetus Proessure Tochaigee
1 Bottom Pottom No Slump No ANSTS
Losding Dowe
p Fized Bottoe Yes Cling No Classical
NNER Bottom Dowe
SRl 3 Fiszed Bottom No Cling No Clossicel
Bott ez Dowe
4 Fized Bottae Yes Slusp No Clessical
Bottom Down
L] Fized Bottoe No Slump Ne Classical
botioe Dowe
6 Bottam Bottam No Slump N/A ANSYS
Lapcing Dowe
7 Fized Bottoe Yes Cling N/ A Classical
OUTER Bottam Dowe
SHELL ] Fized Bottae N Cling N/ A Classicel
Btix Dowe
N Fized Bottam Tes Slump N/A Classical
Bttoe Dowe
10 Fize? Bottoe Ne Slmmp N/A Tlassical
Pt Down
1l Botk Top Yes N/ A Yes ANSYS
TOP Dowp
L1D
13 Botk Top No NA No ANSTS
Dowsn
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TABLE 2.6.7-1
(Page 2 of 2)

Component Cone Cask Drop Paylosd Lesd lsternal Anslysis
Ref. Mo, Comfigurstios Oriestatios Stotus Pressure Techaigque
BOTTOM 13 Bottom Bottom Yo N/A (T ANSTS
Losding Dows
LID
1" Bottam Bottwm No N A No ANSYS
Lesding Dows
18 Fised Bottam Yes Cling Neo Classies!
Bottom Dowen
BOTTOM 16 Fised botton No Cling No Clessicel
Bottem Down
PLATE
17 Fized Bottaom Yes Slump No Classical
Bottoe Down
18 Fised Bottem Ne Slump No Classicel
Bottoe Dove
PR I MAERY 19 Botk Top No N A No Classircal
LID BOLTS Dowe
BOLT 20 Both Top No N A Ne Clessicsl
LUGS Dowe
SECONDARY 21 Both lop Yes N A Yes ANSTS

LID BOLTS Down

"
L
"
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TARLE 2.6.7 2
Page 1 ot ¥

Norma! Comditions of Tramsport

Filat Fad Brop Strecters!l Component Stress Fralmmt om

Resultant Stress

omponen t Caen foed fype of u";.; Mrgin of San
Ref. Neo within Comb i nation Stress Tt omponent oy Valwe of Safer~ Referomre
Component Stress latgmaity Stress Location
fpach fpet)
“’..0 VI X
“Banding St - TS ST < l.,s. l.’!. R L) 2.9
Bin. Payloa® = = e TN T RS T LR - e —_— 2.0.9.2.900
] fevact Fad toad Siump Membrane Si - saen St (s, S, ~ 10000 2. 1.19.6.2
Bockl ing o, ~ 2558 L o, _ = 17909
Interaction o, = $862 0. = 19062 1.0
Hemhr ane St - ees St ¢ !. S. - 20000 +1.94%%
2 lmpact Fnd e e e e TR = 34.7.2.93)
fead C)l'ng  Buckling e, ~ 2462 e ~ 17903
Intersction s, = TS .- ®as * 19042 o.n
NNFR — = AT g A i e e B S A
Membr ame ST -~ 961 st ¢S ’! - 10000 +1.08
3 impact Fod Min,. Peylosd e DR o =
SHFL 1 Lead Cling Rockl ing oy ~ 2462 - 17903 2672 .%1)
Intersction e, = 9619 L 0,0 = 19062 0.9
Wemhr ane St « san st (S, S, = 20000 2. 690
4 Tmpact Fad Max. Paylosd YUY
tLead Stump Pockliing -, = 2462 e = 17908 .67
Interaction o~ San L ad - - 19062 41 3700
Membr ane e adb st ¢ S. !. - 26000 “1.80
Nin. Peyload ™ T
s tmpact Fad Lesd Slamp Buckl ing oy = 2482 “ae = 17903 2.6.7.1.310)
interaction o, ~ 7151 *e .o * 19062 +0.99
— e T
¢ Bendinmg Si = 7568 St (S ’1 - 300 “3. %
—— = 26700
o B fmpac. End Win. Peyl ad Membrane 1 - 577 L LIRS 3, I’ - 100 9 44 2.106.2
tead Stump —
SHALL Buck!ing o, ~ 1243
intersction - aa e o__ ~ 22728 3.0
L L - L8
* ST - Stress Intenmsity, o, = Woop compressive s ress, o_ = axial compressive stress

*% Packling Intersction
*e® Not specifically present

agja ) ¢ to fo 01 S 2
herein - mot & govermimg worst ceee
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TARLE 2. 6.72
(Page 2 of 3}

Norma! Tonditions of Tremsport
Flat rad Berop Strecturel Ciwsonent Stress Fvalme® tom

Locat ton Towe “Type of Resnitant Stress

o Accopt ance Allowable Mrgin of AR
Ref . No. Withie Combination Stress Compoaent or Criterss Yalue of Safety Reforemee
{ cmponent Stress Intensity stress Locat ton
(pesr)e fpat)
- ORI Membrane 51 - 4618 St ¢s s, - n00 1ee
a3 i A SRS L e ST i
7 fmpact Fad Max. Poylond e
lead Cling Pack! ing e, ~ 0 e T 1T B 2.6.7.1.3)
Intersction o B 4618 Lo
Mentr ane St - %70 St ¢ S, S~ 17200 9 1400
% lwpect End e e o e e a g e
Lead Cling Buackling e, + 0 2.6.7.1.%t1)
e e T o i o o e B
Wembrane St - &3y st ¢ s, i’ - IMmes a0
K] fmpect Fnd Mas Paylosd 267 . 4D
Load Siump Buckiing e, "0
Interaction o_ - 4937 Lad o __ - 22728 3. 60
. - e e e L L1
Mambrane ST - Samms ™ ‘1. 1200 +5 91eee
10 lmpect Fad Min. Peylosd 2.6.7.0.(D
Lead Stemp Buck!ing o " o
% MF » !.tcr.t(l? s :_’_"I Lad “se ” 1M 4 _G9oee
Secondary 144 Rombrane St - %14 sy S, ~ 10000 L
e Max. Payiosd S o 2.6.7.0.4
Out aide Dia. Rembr ane 2.10.7.8
‘Rendtang Si =19 LS N 1.55_ = 30000 +1.24
Out side Dia Wembrene ST = Y48 L AR l! '.:- 20000 2.6
12 Win. Payload 7 2.6.7.10.4
Out aide Dia. Memby ane 2.10.7."
“Randing ST~ 16%6 L LIRS l.!i !.!l-- 30000 +4.%0
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TARMLY 2 6.7 2
(Page 3 ot 1)

Normal Tonditions of Tramsport
Flat Fod Deop Structural Componment Stress Fealiwmt ton

€ omponent Case Locat fon “losd }'; ot Resultamt Stress h;::.m At owed ie Sargin of A
Ref. No. Witain Combineiinn Stress Crmponsat or Criteria Yeluwe ~f Sefery Re”erence
Component Stress latemsity Stresse Locat ton
(pat)* (pet)
S Ble. . Smiewmes Sr6® = 0 BiL S, © 20000 PN T
13 Max. Payload " T N P T S T T o e = 26704
TN Conter Hembr ane 2,107
Lo ¢ Rending S1 -~ 8788 St ¢ LSS |.55 = 30000 +2. 4%
Out side Pla. Hembr ane ST =~ 34 St < S, !. - 20000 -4.93
i Bin. Paylosd g =N o .25 gt 26714
Wor Srane 2.10.7%
Comtar e - ._,,-.'_!'_',"_‘! ,,_A_“.._. 21’! St ¢ ""I I.Sl’ - 30000 +4.67
Mazx. Paylosd Membraeme
1% Cenmter Lesd Cling ‘Reanding S1 = IRATeee ST ¢ l.’!! I.!S! ~ 30000 46 T72%** 26.7.0.4
Max. Payload Meshrene
BOTTOR 16 Conter Lasd Cling * Bending St -~ mm ST ¢ 1.9 1.9 = 20000 +2.62 16734
mA P TS e et s - 3
Max. Payload Weshrane
17 Center Lesd Stemp * Beading ST = 413300 st ¢ l.’& l.’i‘ 30000 +6.09%%s 1 6.7.1.4
Win. Paylosd Hemi: -ne
" Coamter Leesd Stvmp + Sending S1 ~ T935%ee T < l.’i ‘.’& - 30000 +2.78%%s 2 46.7.1.4
PRINARY
11D AOLTYS 19 She-k Maz. Payloed ¥ .abrene St - S740 T ¢ l.._l' 1.0_'! - 68720 ¢ Lavge 2.6.7.1.9
LB 14 to Hemheane
s 20 Cask Rody Mex. Pavioad + Bending S1 « 3500 st ¢ l.".L I.’i- 34998 8.3 2.6.7.1.9%
SPONDARY 26729
LIn pOL S 21 Shemk Wax. Paylosd Wembrane $1 - 4%m ST ¢ t.ﬂ I.ﬁ - 68720 +0.%% 2.10.7.9

2-1128
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FIGURE 2.6.7-1

lmpact Limiter Assumed Geometry for Flat End Drop

July 1989
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From the Table, the deformation at which all the impact emergy is sbsorbed by
the impact limiter may be calcolated by interpolation. Evenm with the
conservative assumptions regarding foam stremgth, the maximum impact limiter
deflection resulting froma 1 foot flat end drop was calceculated to be only
0.60 inches. Comsidering the depth of foam on the bottom part of the impact
limiter, it is obvious that this .mpact limiter deformetion is imsignificant,
and that the impact limiter would be expected to perform nearly elastically.

Impact losding for this case was found to be 40.2 g's, which is significantly

less than that calculated for the cold foam case below,

2.6.7.1.2 lmpact Fozces

Teble 2.6.7~4 presents tbe resvlts from EYDROP for an impact limiter at =20°F,
corresponding to the coldest service temperature the polyurethane foam in the

package might experience under normal conditions. Foam properties assumed for
~20°F were taken st the npper bound that might be expected at that

temperature,

From the Table, the sccelerstion st which all the impact energy is sbsorbed by
the impact limiter is calculated to be 62.7 g's. This losd is well belov that

reported in Section 2.7.1.1.2 for the hypotheticsl sccident free drop event,
2,6.7.1.3 Azial and HBoop Stressss in the Shells

The response of the cask steel shells and lead shielding to the normal end
drop event is determined using both hand calculaticns and finite element
snalyses., The principel concern for the cask is with buckliug of the inner
shell, whick is the containment structure. As shown by the following
calculiations, bockling will not occur as the resnlt of the hoop and azial
compressive stresses which develop in the cesk innmer shell under pormel enc

drop conditions.

Variovs initisl copditions cen be assomed for the normel drcp event. In

L ]
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particulear, o temperature must be assumed in order to establish an initiel

fabrication stress for the dnner shell. A lover assumed temperature will
result in & higher ipitial hoop stress on the immer shell (see Section 2.6.2)
but bigher allowable stresses. For purposes of this analysis, drops st 126°F
(mazimoe lead normel temperature per Section 3.4.2), 75°F, and -20°F are
considered.

To adequately bound the ccmnsequences of the drop event at a given temperature,
two initial lead conditions are also considered. These are: (1) The lead
shielding clings to the cask inmer shell for the duration of the drop eventy
and (2) The lead shielding is free to slump during the drop event. For
additional comservatism, twe snalyses will be performed to determine mazimup
stress states, The first will assume a unifore paylosd weight distribution on
the bottom plate in the form of a pressure load., The same computationsl
techoique will then be used (o determine cask stresses without the payload

resction, to find ovt if this is & potential worse-case condition.

(1) Stresses ip the Cask Shells and Lead (Maximum Fabrication Stress

Condition Assumed)

The first condition assumes that the lesd bes shrunk onto the imper shell and
swey from the ovter shell., Ir addition, due to the combined effects of
friction between the leed and inner shell, and axiel shrinkage of the lead
reletive to the inner and outer shells, axisl gaps will develop between the
leed and the steel structures at the top and bottom end of the lead column,
These axiel goaps are important in that, until friction is overcome, under
incressed azial losding, the lesd will impose o direct axial load on the inper

shell.

Opce friction is overcome, the 'ead will become supported at its base (the
bottom of the lead column) end will grov radially ootward doe to the Poisscu
Effect' vnder incressed axisl losdimg., This radisl growth will tend to
relieve the initial fabricetion boop stress sas the lead separstes from the
inper shell. I1f sufficient axiel load develops, the lead would grow omt to

the outer shell creating tensile hoop stresses therein. Under further

2-13(



losding, the lead would eventually begin to yield and flov back inwerd into
t%s dipper shell, thereby developing compressive hoop stresses in the inmer
stell., Since the primary mechanism of this load case vould be to relieve
stresses on the critical immer shell, it is uwot considered to be vorst-case
conditlion.

From Section 2.6.2, hoop stress in the inner shell due to fabrication is as

follows:
inner Shell
Temperature Hoop Stress
(°F) (psi)
128 -1,793 (extrapolated)
75 ~-2,041
'20 "2.6‘2
Note:

The outer shell boop stress is considered negligible sincy *he lead separates

from the outer shell upon cooling.

The equivalent pressore st the lesd/inner shell interface is as follows:
p = ot/r

Vhere:
t = 0,75 in

r = 33,375 in

Thus, the interface pressures et the different temperstures sre



Interface
Temperature Pressure, p
(°F) (psi)
128 40.3
75 45.9
~20 59.4

With & coefficien: of friction, f, for lead on stainless steel assumed to fall

in the 0.5 to 1.0 range (Refer to Mark's Standard Handbook for Meshanical En-
sinesza, Bth ed., 978, (Reference 2.,11.12), pp. 3-26), the load, P, which con
be supported by fr ction at the lead/inner shell interface, may be determined
as follows:

P = nDLpf

Vhere:

D= 67,5 in (inner shell outside diameter)

L= 77.5 in (lesd column bheight)

interface pressure, psi

-
L

f = 0.5 to 1.0 (coefficient of friction)

Applying the interface pressures determivred esrlier, the totsl load whichk mey

i
be supported 1s:

2=132
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Temperature Coefficient Losd Supported

(°F) of Friction (1bs)

1286 0.5 331,000

1.0 662,179

75 0.5 376,885

1.0 753,769

-20 0.5 487,863
1.0 978,121

Total lead weight can be calceulated as:
2 2
VL = niRg, " = Ry “Mlcry

Vhere:
lo‘ » Octer Shell lnside Radius = 36,0 in

.lo « Ipnar Shell Outside Redivs = 33.75 in

L, = Beighbt of Lesd Column = 77.5 in

pp = Lesd Density = 0.4] lb/xn!

¥ o= n[(36.0)% = (33.75)2)(77.8)(0.41) = 15,666 10

At the Normsl Conditions of Trapsport mavipum lesd temperature of 128°F, the
pazimum g-load which cen be supported by friction is (662,179/15,666) = 40.6
g's. Since this exceeds the maXimom temperature Normal Condition end drop
losd of 40,2 g's, it is possible that the entire lJead weight would c¢ling to
the ioner shell durimg the drop event st the peximum Normal Condition
tempersture. Likewise, ot the minimue tempersture of «20°F, mezimum sUS~
tainsble g-load is (975,727/15,666) = 62.3 g's. End drop scceleration at this
tempersture condition is 62.7 g's, which is very near the mazipum sustainsble
losd. Jt is clear, therefore, that lesd cling is @ possible losd condition

pcross the entire anticipeted pormal condition temperature range.
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To conservatively bound the end drop event, the mazimum g~load of 62.7 g's
(derived at ~20°F) will be used to caloulate shell siresses (and scoompanying
hottom plate deflections), while the minimum applicable stress inteusity sad
buckling stress sllowables and material properties (derived at 128°F) will be
vsed to evaluate Margins of Safety. The goeometry to be addressed is as

follows:

- T —
-_py— ——
. P‘__—; e
¥
r

‘3}6,‘ KA
1]
W
Q- " !

For calculating structurel deflections, refer to Pilkey and Pin, Modezs
Formplas for Statics and Dynamics (Referenmce 2.11.13), Tables 11-1 and 11-2,

Relevant structurel weight components are:

(Weight of top impact limiter and cask 1id assembly) (€2.7 g's)
(14,000)(62,7) = 877,800 1bs

¥, = (Weight of cask outer sbell, thermal shield, etc.) (62.7 g's)
= (7,790)(62.7) = 488,430 1bs
2=-134



¥y = (Veight of cask immer shell) (62.7 g's)
= (3,510)(62.7) = 220,080 1bs

W = (Weight of lead) (62.7 g's)
- (15,666)(62.7) = 982,260 1bs

¥p = (Veight of bottom plate) (62.7 g's)
« (6,460)(02.7) = 405,040 1bs

gz * (Veight of paylosd) (62.7 g'e)/n(33,378)3
. (15,000)(62.7)/3,499,.4 = 268,76 1b/ip>

Gy = (W) o %y o Wy o W+ Wge qun(33,378)71/n(36.6287 - 27.8%)
= 2129.2 1b/in?

a3 = ¥p/n(36.625)°
96,12 1b/in?

Free-body dingrams of the outer cask innper epd outer shells, and end plate are

illustrated below:
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Inner Quter

Assuming resction RS does not affect the deflection of the lower end plate
(conservative for maximum R3). the differential deflection, 61 - 6:. zay be
calculated. The snalysis requires superposition of three pressuvre losds: Gy
due to the reaction force of the bottom impact limiter: Gy due to the package
payload; and Qas @ue to the self~weight of the bottom plate. For the first

108d case, the differential deflection is:

By = by =y - W £2/2D(1 + ) + F,

2-136€
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e re3y, 375

t=6.0

IR Y

‘ql--212..2 psi

b &, SOR®36 ¢ 625 i

-

Where:
2/
Yo * °[°R /2D(1 + “)]FM'r-OR = Fy|za0R

D = Et®/[1201 - 4]
E = 28.000)% psi (at 128°F)
t = 6.0 in (average 1id thickness)
b 0.3

D= 553,85(20)°

Pl enor = =(93/4) [Fyyy (OR,ay) = Fyyy (OR,0)]

July 1989
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Fag1(OR.ay) = OR-a°((3 + wOR%/4 = 42 «
(1« wWag*740R? = (1 + way? 1000870

OR = 36.625 in.

0y = 27.8 s,

COR - #,°° = 1 when s, ¢ OR
(OR ~ '1’0 * 0 when sy 2 OR

Fie1 (OR,ay) = 143,30

Similarly:
F.‘I(Olnlz) = 0, since OR - a5 = 0

Therefore:
Fylowor = 76,279

FolemOR * (a3/8D)[F 1 (OR,09) = F_ ,(O0R,a,)]

Fogy(OR.ay) = COR - 2,20 [OR%/8 - $a,%/8 + o %0R%/2
- 8,%(0R? + 4,%/2) 18 (OR/s,))

Fog1 ' OR,ay) = 2,064.62

Similarly:
Fv11‘°R":’ = 0

-4
FilewOrR = =9.521(10)

Then:

Y. * «0.07007 in., (positive downward)

M: " _FM‘r-OF‘. « «76,279 ip-1b/in
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Fo = (qu/8D)[F  (r.ay) = F y(ray)]

Fopalromg) = oo ap® [e%8 - 50,4800y 2022 - 200
+ 0342 18 (2/89))

r = 33,378 in
(g = ‘1)° = 1 whes &y € ¢
= 0 vhen ay 2 1
F"l(t'.l) - ’760‘1
Simce r ¢ 2y, (r = 02)° = 0 and F o (r,ay) = 0

F, = -1.7675(20)"

Then:

by = By = =0.07007 - (=76,279)(33.878)%/(2)(553.85010)%) (1.3
+ (=1.,7675(10)"Y)

61 = 6, » =0.01124 1pn (positive downward)

The second load case ropresents the differential deflection due to the distri~

buted payload pressure q,.
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R R
8,%0 3 4
p—— rema ,*33.375
astrs vt (LU LY o o

t=6.0

et
OR=36,625

An enslysis similer to that above yields o deflection of:
8y = 8, = 0.007301 in (positive downward), and
M, = 73,007 sp=1b/in

The third losd case represents the differential deflection due to an

equivelent pressure g3 of the bottom plete self~weight.

2-140
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p—  r=33.375

J

o962 pst YOAATITATITIOA] ©°°
]
——

ppee OR®=a@  ®36,625

For this cese, relative deflection at r = 33,375 in is:
by = b, = 0,002686 in (positive downward), and
N, 26,583 in-1b/in

Soperposition of the results of the three load cases yields:
B, - by = ~0,001253 sn (positive downward)

lc = 23,321 in-1b/in (positive for tension on bottom surface of base

plete)

To neglect the effect of the peylosd on bottom plate deflections, the first

end third load cases are superposed., Note that this copservatively assumes
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that qy does not decrease when paylosd is eliminated. The resuiting
differentinl deflection and bending moment is:

8y ~ 8, = ~0,008554 in (positive downvward)

N, - ~44,686 in-1b/in (positive for temsion on bottom surface)
To obtain stresses in the cask inner end outer shells, the relative defloc~
tions obtsined sbove will be wtilized. The first case to be snalysed will be
that where full paylosd weight is applied as s uniform pressure losd. The
differentisl deflection for this case, as derived above, is &y -~ B, =
~0,001253 in. It should agnin be emphasized at this point that this plate
deflection is derived by comservatively igmoring the stiffening effect that
the presence of the cask shells would induce. The bottom plate was analysed
as simply~supported at the outer edge. This sssumption corresponds to the
finite element analysis procedure, which utilized the bottom-londing cask
option (e.g., bottom 1id configoration, with the bottom plate not rigidly
sttached to the cask walls).

The cask shell analysis will be performed by imposing these relatively large
plate deflections on the shells as though shells and bottom plate were rigidly
sttached. As canm be seen, this is & very conservative sapalysis procedure
which mezimizes both plete end shell stresses, while epalytically bounding

both the fizxed=bottom and botiom~loading cask geometries.
From the free~body disgrams for the cosk inner 4«nd ovter shells, end axial
stiffness relations for the shells (& = PL/AE for ap end losd, and 6 = PL/2AE
for self-weight, i.e., distributed losd), the deflections, 61 and b,, and
reactions, Ry end Rg» may be found:

61 © R3L/A1£l - (‘3 - 'L)L/2A151
Vhere:

L& 77:.9% 48

2-142
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Ey

E,
Then:

8

b,
end:

Ry
or:

Ry

n[ (33,792 - (33.00%)
157.28 in?

nl(37.28)2 - (36.0)%)
287.68 in®

28.0030)% psi (st 128°F)

29.2020)% pei (st 128°F)

(1.760020)" )Ry - 0.01088

(9.227(10)"%)R, - 0.00225

Ry = '1 4 '2 - '3 . ‘L = 2,568,570 1bs

2,568,570 - Ry

Solving simultaneonsly:

R? L 1.2‘0.660 ibs

R‘ = 2.56"570 - 112‘;"660 bd 1:327.910 lb‘

Therefore, sssuming full paylosd resction on the bottom plate, the axial

compressive stress in the cask inner shell, G4 and outer shell, o5, is:

01 = RS/AI L4 71‘88 psi

°2 = R4/A: = ‘,61(‘ psa

Using the same anslysis procedure, shell stiesses for the case where payload
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resction is ignored, cam be derived as:

oy = 9,619 pui

0y = 3,670 pui
From Section 2.6.2, worst~case inmer shell bhoop stress for Normal Comdition of
Transport temperstures is =2,462 psi ot «20°F, Comservatively taking radial
stress (pressure) os 2ero, masximum imner shell stress intensity Lecomes:

'.1.1 - o - (".“9) - ’p‘l’ ’.‘
From Table 2.1.2-1, referepce cose number 1(A), the allowable membrane stress
limit for the inper shell material is 8 = 20,000 psi ot 128°F (Refer to Table
2.3°1), Stress Margin of Safety is therefore:

.oSc s 2 ,000/9:61’ - 1= +1,08

From Teble 2.1,2-3, ot 128°F, inpner shell buckling allowables are 19,062 psi
(axinl) and 17,908 psi (hoop). Buckling Mergin of Safety is thus:

.S, = 1/{(9,618/29,062) + (2,462/27,908)] = 1
. +0.56

From Section 2.6.2, the outer sbell will mot be in contect with the lead, and

will, therefore, undergo axinl stress only.

$.ug = 0 = (=4,616) = 4,616 psi
Teble 2.1.2-2, reference case pumber 1(A), yields an ellowable membrane stress
(for non~conteinment componenets) of Sy = 37,200 pss (grester than S.I ®
23,250) ot 128°F, Stress Margin of Sefety is thus:

H.S5. = 37,200/4,616 -~ 1 = 47,06

Teble 2.1.2+4 yields ap s3ial compression buckling allowable of 22,728 psi ot

2-144



128°F, for o Margin of Safety of:
.S, = 1/(4,616/22,728) -~ 1 = +3,92

Therefore, the cesk inmei and outer shell structuores are both well in excess
of regunlatory requirements for the Normal Conditions of Transport end drop
event when the lesd shielding is completely supported by the iomer shell.

(2) Stresses in the Outer Cask Shells and Lesd (Zero Fabrication Stress
Condition Assumed)

The second initial lesd condition assumes that the fabrication stress bes
fully crept avway, resulting in o stress free colump of lead just in contact
with the inner and outer shells. This is @ potentisl worst case, since any
s2isl loed imposed on the lead will directly losd, redially, both the inner
snd outer shells (i.e., the lead need not flov awey from the imner shell, into
the outer shell and beck into the imner shell to develop e compressive hoop

stress in the inner shell),

For this condition, initial stresses in the lesd and the steel shells are
teaken as z2ero. As sxiel losd is applied to the lesd sand shells, the lead will
attempt to move downward snd ovtward end develop pressures on both the ipner

and outer shells.

Under sccelerstion, the leed ¢column will experience o linearly incressing

szisl stress distridbotion from top to bottom:
o, = YPL2

Vhere:
o, * Lead Axial Stress (psi)

y = Acceleration (g's)

3
pp = beed Density = 0,41 1b/in”

e~145
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¢ = Distance Down From Top of Lesd Column (im)

Bovever, from the lesd strxess-strain curves shown in Figures 2.3-1 and 2.3-2,
it is apparent thet, as the losd s12aches o stress level arouvnd its yield
point, the stress will tend to remsin fairly unifore under continved losding.
The resnlting axial stress distribution canp chos be illvstrated as follows:

—

S
\\\ L
h
SRR i, |
- >
L max

¥here:

Oyl * Yield Stremgth of Lesd (psi)

Opag“¥azimoe Stress at Applied Accelerstion for Fully

Elastic Materieal (psi)
L = Lesd Colomn Beight = 77.8 in

The beigbt b ot which the lesd resches its yield point can be foond by
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L=bh= .’LIVDL

Or:
helL ~ 'yL’V’L

For the mezimum Normsl Condition of Tramsport end drop scceleration of 62.7

$'s, b becomes:

b= 7785 - 600/(62,7)(0,41) = 54,16 in.

¥here 'yL is conservatively taken as 600 psi, the approzimate yield stremgth
of lead at 128°F,
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The sum of the azial forces scting on the lesd column may now be expressed as:

y Ty Tt ol 1

(15,666)(62.7) = 982,260 1b.

=
F
L]

(600)n(36.0% - 33.75%) = 295,820 1v.

-
w
]

Frictionasl Resction Force of Junmer Shell

-
)
—

.

Frictions] Resction Force of Outer Shell

-
-
»

.

The sbove frictionsl forces result from radial forces exerted %. the lesd
column onto the steel shells. These radial forces will be a fu.ction of the
lead ~to~steel coefficient of friction. Comservatively sssuming the minisue

friction coefficient of 0.5, the pet redial forezs become:

FRI - F‘l/o.s. or Ff‘ - 0.5 FR1

FR: = F”/O.E. or Ffz « 0,8 FR:
These radinl forces can then be expressed in terms of & lead maximpom radial
pressure, pp, which is assumed to be equel on both shell~. For vnifore
pressure pp in the lesd yield region and lipesrly varying pressure in the lead
elastic region, the redisl force on the inper shell may be expressed as:

Where:

01 #« loner shell ovtside diameter = 67.5 in

Or:
Fpy = 0.5 pgrDy (Leb)
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From which:
Likevise, for the outer shell:
th - 0,25 "Ibz (L+h)

Where:
Dz = Outer shell imside diameter = 72,0 in

The lead equilibrium equation may nov be re-written as:
'L -~ Fg = 0.28npg (01 * Dz) (L+b)

or:
pp = 4% = Fp)/[n(Dy + Dy (Lem)]

Substituting in the proper terms, the equivalent shell pressure becomes.
’E = ‘7-59 P'i

Therefore, the inner shell compressive hoop stress is:

o7 = =ppRy/ty
. =(47.59)(33.278)/(0.78) » 2,118 psi

The ovter shell tensile hoop stress is:

Un = p£R2/12
(47.589)(36.628)/(1,25) = 1,894 psi

To evaluate azial stresses in the shells, & similar approsch to the previous
spelysis i: vtilized.,  Appropriste frictionsl forces are sdded to the imner
and ovter shells, and en spplied pressure load Q4 representing the force to

yield the lead column, is sdded to the bottom plate betveen the inner and
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orter shells., From the above amalysis, shell frictionsl forces may be

calculated:

Fgg = 354,317 1bs

¥
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- I
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For this evalustion:
qq = Fp/n(36.625% = 33.375%) « 413.9 psi

Repesting the previous celculationsl epprosch, end takimg Q4 into

account

b, - by, = =0,008229 in (positive downward) for no peylosd resction.

1
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l‘.'IQ'z"’*F‘IQth-.’
- 2.2’20.00 - l’

Also, the bending moment at the center of the plate for this pressure load
combinstion is:

M, = ~47,609 in~1b/in (positive for temsion on bottom surface)
Solving simultaneonsly, iuner shell reaction loed becomes:

Ry = 1,124,730 1bs
Thus, outer shell resction is:

Ry = 1,148,070 1bs.

Therefore, assuming mo payload reaction on the bottom plate, compressive axial

stresses on the imner and outer shell are:
oy = R3/A1 = 7,151 psi
0, = R4.A: = 3,991 psi
¥ith paylosd resction pressure §y+ the follovwing results:
61 = by = =0,000828 in. (positive dovnward)
M, = 25,398 in-1b/in (positive for tension on bottom surface)
Resulting compressive sxial stresses for the inper and ovter shells are
oy = 5,421 psi

0, = 4,937 psi
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UConservatively ignorimg shell redial pressure losding, the mazimum inner shell
stress intensity is:

‘.1.1 = 0~ (~7,181) = 7,18 pei

From the previous section, the stress sllowable for the inmuer shell at 128°F
is 8. * 20,000 psi. The stress Margio of Safety is thuns:

.o‘. - 30.000/7.131 -1l= ‘10.0
The meximum inner shell hoop stress which would arise due to lead slomp, as
calculated above, is =2,118 psi. This is less than the inner shell hoop
stress due to fadbrication, as derived inm Section 2.6.2. This value, which is

«2,862 psi, will be used for the inner shell bucklinpg evaluation.

Buckling allowables at 128°F are 19,062 psi (axinl) and 17,905 pei (boop).
Buckling Margin of Safety is then:

M8, = 1/{(7,252/19,062) + (2,462/17,908)] = 1 = +0.95
Mazimum stress intensity of the outey shell is:
S.l.: w ),394 - (-4,937) = 6,33) psi

¥With an 1llowable stress intensity of 37,200 psi ot 128°F, the Margin of

Safety becomes:
.nSo L 37.200/6.331 - 1= ‘4088

The axisl buckling allowable ot 128°F 45 22,728 psi, and the bduckling Margin

of Safety is thus:
M.S, = 1/(4,937/22,728) =1 = 43,60

This analysas indicates that the cask inner and cuter shells will not be
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sdversely affected by the Normel Conditions of Tramsport end drop event with
po febrication stresses present in the lead shielding.

It shovld be noted that the sssumptions mede regaxding the responce of the
lesd shieldinmg to end drop impsct losds are spprozimstions only., Prediction
of the actual state of the lead is difficult to schieve by classical asnalysis
techniques. To more sccurately snalyze the complex intersction of lesd
shielding with inner and outer steel shells during the end drop event, »
finite element snalysis was condncted with the ANSYS program. Details of this
program are given in Appendix 2.10.2, the amslysis results are shown in
Appendix 2.10.6, and these results are summarized bdelow.

¥hile the minimam temperstore condation for the drop event (=20°) induces the
highest scceleration loeding (62.7 g's), the materisl properties and buckling
and stress intensity allowables are slso at a maximum (refer to Sections 2.1
and 2.3 for details), Likewise, though the mazimum temperature cese results
iz lowver impact losds (s mazimnp of 40.2 g's), material properties and
buckling and stress intensity sllowables are also reduced at the bigher
temperature condition., Refer to Section 2.1.2.4, Igpact Limiter Design
Criteria, as vell as Sections 2.6.7.1.1 and 2.6.7.1.2 above for details of the

effects of temperature varistion on drop loads.

To conservatively bound the buckling end stress allowable calculations, the
waripum g-losd (obtained at the minimum tempersture condition) was applied to
the snalysis while utilizing reduced meaterial] stremgth properties (found at
the higher tempersature), which will tend to meximize stresses. Therefore, the
snalysis vtilized material properties besed on & maximum expected wormal

condition of transport temperature of 128°F at the inber shell,

The sweller buckling end stress ollowable vealues found st the higher
tempersture were then used to derive Margins of Safety., Thus, meximum
possible losds were combined with minimum possible material strengtl

conditions for s worst=case spnalysis and minimow possible Margins of Safety.

Fhe resvlts of the stress ard buckling anslyses for Normel Conditions of

2-183



MaPee 10/1408, Rov. 0 July 1989

Troassport, detailoed in Appendiz 2,00.6, are summarined in Tables 2,.6.7-5 and
2,676, Model)ling sssumptions veed for the finite element snalysis, and
Justification for their vee, ore detailed in Section 2.7.1.0.4.

As o point of dmterent, it should be noted thot the finite oloement rosnits
indioste that imner and ovter shell boop stresses under ond drop londing
incronse gradoslly from the top (non~impacted) ond of the cosk to & point
spprosimately one~third of the way dove. They then tend to remain fairly
vnifors dows to the bottom (impacted) end of the oask. These resvlts provide
turther justiceation for the lead slump pattern ssiuvmed in the hand
calenlations sbove.

2,6.7.0.4 Lid Strasass

The 14d snalyses performed for Normal Conditions of Transport vtilize the same
finite element techoiques as ontlined in Section 2.7.3.3.4 for the
Bypotheticel Accident Conditicon 30 foot drop. Note that the worst case impact
puder normal comditions is only 3B.2% of the worst case for sccident
eonditions (62.7/164,0 = 0,382, where 164,0 is the worst case sccident
condition g~load). Since the allovable membrane stress for normsl conditions,
derived at the same tempernture os for sccoident conditions, is 41.7% of the
sccident allowable (S. verses 2.45.). and sllowable bending stress is 43.6%
(1.53‘ versus $‘>. then clesrly the normal condition meargins of sefety will
slways be larger than the sccident margins of sofety for the 1id during end

impact.

A summary of the 1id stresses and margins of safety during the norme
condition 1 foot end drop is given below as Table 2.6.7-7. The Table is
deriveo fzom 14¢ analysis resnlts detailed in Appendis 2,10.7, Allowable
pormel condition stresses are derived from colume (A) of Table 2.1.2-1, in
copjunction with Tadble 2.3-1, Tt should be noted that, since the 1ids are not
directly sttached to the cask shells, but instesd pivot on the EnviroSeal '™
pletes, their resonse tc end drop losding will be independent of the state of

the lesd shielding (e.g., either clinging or slomping under ioad),
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End Drop Finite Element Shell Stress Anslysis
Results Summary

Drop Losd = 65 3's
(Actual Drop Losd = 62.7 g's st ~20°F)

Material Properties and Stress Allovables Temperature = 128°F

Maximuw Iomer Shell Stress
Intensities

Sarlace
(Element $1)

Membzane

(Element 51)

7,824 psi 6,458 pss

Stress Intensity Allowables®

30,000 psi 20,000 psi

Margins of Safety

+ 2.9§ « 2,08

® Interpolated from Tadble 2,1.2-1

4

-
-

-

-
eT e

®% Jnterpolated from Tadle

Nazimum Outer Shell Stress
Intensities

Snxface
(Element 60)

Maslzans

(Element 66)
7.496 pai $,778 poi
50
Stress Intensity Allowables
37,200 psi 87,200 pai
Margins of Safety

« 3,90 « 5,44

2~=158
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(Page 1 of 2)

End Drop Finite Element Shell Buchling Asslysis
Resolts Suamery
Prop Losd = 65 g’
(Aetusl Drop Losd is 62.7 g's at =20°F)

Material Properties and Stress Allovable Tempersture » 128°F

Mezimum Outer Shell
Stress

Mezimum Juner Shell
Stresses

Anaal
(Element 42)

Aial Besy
(Element §7)

~5,663 pes

“6,4€62 psi «2,558 psi

Bockling Allowables' Buckling Allowsdle '

22,728 psi

19,062 psi 17,908 pss

Mergin of Safery

. 1'05

Margin of Safety

+« 3.0
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TABLE 2.6.7-6
(Page 2 of 2)

Bendizg Banding
(Element 51) (Element 60)
7,524 pai 7,896 pui
Buckling Allowable" Buckling Allowsbie®’
19,182 pas 22,793 pas
Margin of Sefery Margin of Safery
« 1,88 + 2,00

¢ Interpolated frop Toable 2.1.2-3

% Jpteryoloted from Toble 2.1.2-4

=187
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For the cone of the fined bottom configuration, the previovsly determined
soments (Section 2.6.7.1.3) con be directly uwoed to arrive st the mazinen
bending stress ot the conter of the ond plate. The mezimum moment ot the
conier of the ond ploate was dotermined to be:

l. » 49,686 in-1%/in (no paylosd, lesd cling)
The corresponding bending stress is therefore:

op = 6N /1% « 8,280 pui
¥here t = 6,0 in (aversge bottom plate thickness)

Vith sn allowable stress of 3.98. w» 30,000 pai, the corresponding Margin of
Safety becomes:

.0$o - 50.000/'.3.1 . 1 L4 ‘20‘2

From the results geperated ir this sectiom, 4t is spperent that the lids and

bottom plate of the 10/140ME can withsteand any worst~cese 1 foot end drop.
2,6.7.0.5  Prisazxy asd Sesondazy hid Balis

From the finite element 1id spalysis results presented in Appendiz 2.00,7 and
svmmerized sabove in Section 2.6,7.0.4, it was found that peither the top or
bottom primery 1id closure bolts exceed their tensile prestress doring the oend
impect event, with the full paylosd present. VWithout paylosd, the bottom 1id
bolts meaistedin & losding somevwhat lover than their preload, while top 1id
bolts slightly exceed their preloed valve. The sazimem bolt losd (top 1id,
vithout paylond) is 39,430 1b per bolt., This value will thus be taken os o
vorst cose for pores) condition end drops. The resviting stress on the 4.0

1&2 tensile stress ares is thus:

°bolt « 19,430/4.0 = 4,853 pei

The materisl for ai) 10/140MB conteinment closure bolts is ASTH A-320 Grade

o188
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L4, The Margin of Safety oo the allovwable stress of 33. (taking l. s 34,060
pei for ASTN A-320 Grade L4} ot 133°F), i

NS, = 68,720/4,850 - 1 » « L.".

From Section 2,500, 4t wes determined that, for prisary bolt losds, the most
eritienlly losded dolt Jug vould be the Jug attached to the cask body, Is
that Section, o bending stress intensity of 3,997 poad was colonlated for e
1ifting losd imposed on the bolts of 25,500 1b. For o bolt load of 19,400 1y,
this stress dntepsity eounld be (19,410/25,500)(8,042) = 2,665 pai. The
sllovable membrane plus bending stress for the A-517 Grade 70 Jug materinl i
188, = (1,8)(23,287) = 24,855 pad ot & temperstore of 133°F, The bolt lug
Margin of Sefety for bolt prelosd is them:

l.‘- L "o.”’.(“: g l L L.t..

Primary bolt losds will therefore not be o considerstion for pormel condition
flat end drops.

The stresses in the secondary 14d dolts are also derived from the Jid anniysin
results given in Appendix 2.30.7 and svmmorized in Section 2.6.7.0.4 above,
The mazimve Joad in the secondary 14d dolts from e 65 g dmpect sccelerstion
wos determined to be 42,139 1b, for the coase of o top dovwn impact with full
paylond present and 6.8 peig internal gpressure. This resvlits in & stress on

the 0.565% xa: tensile stress ares of:
Opory * 43,139/0,968 « 43,487 pui

Tocluding the losd in the bdolts due to the pormel condition mesimup pressure
iy conservative for two ressons: (1) The mazimum internal pressure occurs ot
s temperature for which the impact sccelerations are copsiderably lower; and
(2) The pressvre lond, being less theonp the bolt preload, will nvot sctually

gesult in sdditional boit losding.

The wargin of sefety on the sllowable stress of 2 S

for ASTM A=320 Grade L42 ot 133°F), is:

g (taking S‘ ey 34,360 psi
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H.5, » ‘..’30/“.‘., L «0,.58

2.6,.7.0.6 Baxizafaal'® Plata Basacins Stcassss

Io Section 2.7.0.0.6 belov, positive Margine of Safety are calenliated for
bearing stresses on BoviroSes1'® plotes ond mating surfaces. Since the
sllovwable stress (l,) is the same for normel ceonditions os for sccident
conditions, with materials being evalunted at the same tompersture, wvhile
imposed losds are considerably less, it may resdily be seen thot Margine of
Safety for norme] conditions will be much greater than for the more extreme
sccident condition losding, Therefore, besring stresses 4n senl sress ore of
50 consequence to pachage performence for Normel Comditions of Tramsport,

From a)) the above snalyses, it is evident thet Normal Conditions of Transport
end drop will bave po detrimentsl effect on the JO/140MB Cask sntegrity.

L

|
=1¢1
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2.6.7.2 Onligsse lspast

Asslysis of the NuPac 10/140MB package bebavior during normsl condition drops
from 1 foot procaeds in the following steps, waing the same conservative
sesumptions made in the snalysis of the bypotbetical scoident 30 foot droyp
event discussed in Section 2.7.0.2 below.

1. Use CYDEOP to determine worst=case impact limiter deformations for
minimun foam properties.

2. Use CYDROP with the bighest (coldest) foam stress~strain dats to deter
mive & conservative estimete of the force~deflection relationship of the
10/140MB jmpact limiter design ot variouvs impect angles, This force
deflection relationship is identicel to the one vsed (and discussed in
detnil) for the snclysis of the bypotbeticnl 30 foot drop (see Section
2.7.1.2.2),

3. Use the OBLIQGUE program to determine internsl forces in the cosk body.

Geometry sssumptions will be the some o5 used in Section 2.7.1.2.3 belovw.

4, Deterpine the worst case stress stote from internsl forces in the coslk
body.

o~

Determine 1ié attochment forces and stresses in the 1id closure system
ppder-vorst conditions, The OBLIQUE program will be utilized in the same

copservative manner as ovtlined in Section 2.7.1.2.5,

2,6.7.2.0 Yozas Sass Sozaez Defozaations

Doder porme] conditions ss defined by 10 CFR 71, the polynretbocve fosm-filled
impact limiters may range in temperature from «20°F to 169°F during normel
operations. It 18 clesr fror an ezsminetion of the stress~strein propesties
of the polyurethane foam at VYariovs temperatuies thet the bighest 1mpact
limiter deformations will occur ot the bighest temperature extreme, and that

the bhighest impoct forces would develop ot the lovest temperature eatreme.
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Tebles 2.6.7+8 snd 2,6.7-9 present the ovtput from NuPao's CYDROP ecergy
balence progrem for impact limiters of 96-imoh and 101-imobh diameters,
sssuming an impect angle corresponding to the ¢uf. OVOr struck corner ook,
Fosm properties are taken st the sezimum temporsture for Normal Conditions of
Trensport, 169°F, The two impact limiter dismeters chosen for snalysis
provide & conservative estimate of the deformation which would occur in the
sctosl impect limiter should it be subjected to this event, A more complete
discussion of the consesvative nature of thoese analyses appesrs in Section
2,7.0.2.0, The sssumed geometries of the impact limiter appesar in Figures
2.6,7-2 (96-inch dismeter) and 2.6.7-3 (101~ipeh diameter),

The Tebles shov that & norms) condition drop event wenld be expected to result
in less thap B inches of deformation uvnder the worst conditions. Compared to
the depth of fosm ip the impact limiters, ond considering the conservatism of

the snalysis approsch, this deflection con be considered inconsequential.

2.6,7.2.2 [Fozse - Dallscticn Relationalin

As stated sbove, the conservative force~deflection relationship for normsl
conditions is identical to the the hypotbetical sccident force-deflection
relation, since the relationship is o fonction of impact limiter geometry, not
dzop beigbt., A complete discussion on the conservative and reasonsble nature
of the force~deflection relationsbip used for the 10/140MB oblique impact
analysis is preser.ed ip Section 2.7.1.2.2. The sssumed impact limiter
geometry veed for developing the force~deflection relationship is shovn in

Figure 2.6,7~4,

2.6.7.2,8  lotezsal Forees DPuzing Qbligue lsgact

Cash interpsl forces are calenlated by NoPac's OBLIQUE computer program,
discussed ip Appendiz 2,30.5, The force~deflection relationshap celculoted
vsing the sssvpptions presented ip Section 2,7.1.2,2 was veed in conjunction
with the physicel properties of the packege colenlated in Section 2.7.1.2.3 by

OBLIGUE to determine o conservative estimate of cask internal forces., As

=163
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Ispact Limiter Assumed Goometry for Conter of Gravity Over
Struck Corser Drop ~ 96 Inch Dismetor lapoct Limiter

July 1909
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FIOGURE 2.6.7-3

lspoct Limiter Assumed Geometry for Conter of Gravity Over
Streck Corner Drop = 301 lneh Diameter lmpact Limiter

July 1989
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FIGURZ 2.6.7-4

lapsct Limiter Assumed Geometry for Oblique Drops
To Meximize lmpoct Forces

2~168
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explained in that section, o mazimum dismeter impoct limiter will vend to
inoresse cosk bdody forces for obligue impacts ot drop angles where losd
combinstions will be mazximus. The sssumed impact limiter geometry wsed for
developing meximom cosk internal losding is shows in Figure 2.6.7-5,

Table 2.6.7-10 presents o svmmary of these internal forces onlovlated by
OBLICGUE for o drop of 1 ft. The forces and moments axe presented graphicslly
in Figores 2,6.7-6 (internsl forces) and 2.6.7-7 (cask bending moments). Not
surprisingly, the internsl forces for a drop from one foot are very much less
theo for o drop irom 30 feet (refer to Section 2.7.1.2.8),

2,6,7.2.4  Sizeas Salenlations in Cask Bads

From the sommary of interssl forces in Table 2.6.7-10, the worst case state of
comrressive stress may be found., From that table, 4t 45 evident that the
worst stress stote will occur during drops from sugles betveen 65 and 30
degrees from borizontsl. Using the standard formuls for cosbined axisl and

bending stress:
o = P/A « Mg/l

ené conservatively assuming ol ) stress is corried by the ovter shell, the

folloving teble may be copstruocted:

lapast Angle Ihzaas Mament Siress
(10® 1vs) (10% 1p-in) (pai)

65 5848 3,228 2688

60 5554 3,820 2668

&8 8264 6477 2708

0 RITE £,08¢ 2678

4t 4347 5,462 2866

40 3701 £,636 2378

it L3062 £.650 2168

30 2836 €654 1977

2=1¢9
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Iapsct Limiter Asrumed Geowetry for Obiique Drops
te Mezimine Cask Boly Loeds
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7IGURE 2.6.7-7

Oviique Impact Cosk Benmding Moments
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The stresses above were calevlated sssuming that all of the bending and axial
forces ore corried by the outer shoell, which hos o ¢ross sectionsl ares of
287.6 in? and moment of imertis of 1.93(100% 1a* (see Section 2.7.1.2.4),
Thase stresses bhove been derived uvsing extremely conservative techniques, o
deteiloed in Section 2.7.0.2.4 belovw, lu addition, the stress mezimum for
combined Josding for the pockage for 1 foot oblique impacts oocurs at the
point of Joes) peak in thrust load, 65° From the table ebove, the mazinua
stress intemsity duve to combined losding is 2,708 pei, occuring at sn impact
sngle of 55 degrees from borizontal,

For Norwal Conditions of Trensport, the mesimum allovable membrane stress
(conservetively dignoring the small bending comtribution) for the mon~
conteinment ounter sbell i 8’ (Table 2.3.2-2, reference case pumber 1(A)),
From Tadvle 2.8-1, this is 37,200 psi ot the merimom norme) outer shell
temperature of 128°F., The Margin of Safety is therefore:

M.S, = 37,200/2,708 « 1 = « Laszge

The mesiooe cosk dending moment for this obligue impact event 45 9,186,95] jo-
1b, occuring ot an sngle of £° with respect to borizonteal, Caek bending
poments are higher in side impacts, as domonstrated in Section 2.6.7.3 which
follows, Therefore, bending effects will not be o significant foctor for

obligue drops.
2,6.7.2.8 Lid Aszachasst [oziss

Iv order to evaluste the masimum forces acting on the 10/140MB closure systen
during the obligue impacts, o different set of assuvmptions regarding impact
limiter geometry must be made. Separstion forces ore maxzimized through the
vee of ap essumed minioum diameter impact limiter. The detsiled logic bebind
this essumption is set out in Section 2.7.1.2.5 below, and basically revolves
sround minimizing cesk ipertisl effects io order to mamimite impact limiter
deformation epd consequent throst losdimg., For this resson, snpotber OBLIOUE
analysis was performed, this time utilizimg en sssumed 96 inch dismeter impact
Jimiter., The impect limiter geometry used in thais smalysis 3¢ allustrated in

Figure 2.6.7=2 above. The results of the apalysis ore listed in Table 2.6.7-
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11,

A dotailed evaluation of the cask closure system under oblique impoct loading
i set out in Section 2.7.3.2.5 belov., This same approsch will be vtilined
here.

The mezimus throst losd for norme] condition obliqgue drops is found from Table
2.6.7-11 to be 1,008,864 1b, derived ot an impect angle of 85° with respect to
borizontal. The resulting sxisl g-losd is thus:

- 100’.0.6‘/(‘..000)(.‘. .'0)
« 15,3 ¢'»

Tanial

It should be noted thet thrust losds are significontly bigher during end
impects (62,7 g's, as demonstrated in Section 2.6.7.0 sbove), so axisl effects
ot the cask body itself will not be o foctor for obligue impacts.

Iepact op the cask closure system con be caleulated by factoring the combined
top 11€ assembly and mazimum payload weights by the sxinl g-losd:

Poes * (18.0)(23,430) = 358,479 1v

The resulting 1id separstion moment con nov be foond:

Moe (386,479)(41,0) = 34,6980000° jp-2v
¥here 43,0 ip is the redive of the primery 14d belt cisele. In Section
2.7.0.2.5, it was demonstrated that the mazimom force actipg ©p any component
of the cosk closure system can be derived as:

!' « 4N/ 3RN

¥here R« Liéd bdolt circle rodive = 41,0 in

N o« Number of ¢losure sttachments = &

f = 4(24,698(2C €)/8(42,0)(8

e=178



July 1909

TABLE 2.6.7-11
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« 59,747 1y

The 6.8 poig vorme] opersting pressnre, dorived in Seotion 3.4.4, will exert
on sdditional 3,080 1b on eoch primary 14¢ bolt. Total bdolt losding is
thorefore 59,747 « 3,080 = 62,927 1b., The 2-1/2 inch closure bolts have o 40
u' tensile stress aren. Resulting bolt stress ds therefore 62,927/4,0 «
15,782 pod. From Table 20,21, reference cane numbor 6(A), the alloveble
stress for Normel Conditions of Tramsport is “.. From Table 2.0+, 8, for
the bolting materinl ot the mazimom service temporature of 130°F 44 34,060
Pod, #0 the allovable stress s (2)(34,360) = 68,720 pod. The Margin of
Safery in:

.o‘o . b.o’20/1507,2 - 1 . ”o’,

From Section 2.7.0.2.5, it was found that the most severly losded bolt
sttachment Jug is the lovwer lug, stteched to the cosk wall, For this Jug, the
bolt circle 49 3,75 ipches from the lug sttochment ot the cask wall, The
moment of imertia of the sttachment section bes been derived in Section 2.5
es 188,68 10, and the distance from the centroid of the stischment ares to
the tip of the log gpusset was fouvnd to be 4.8 in, So the bending stress

sctipg on the lug vnder mazimum obligue loading is:

« 6,008 pyi

Shear stress on the sttochment section it

t = 62,927/82.%¢
« 1,921 pei

¥here 32.76 40® 44 the ores of the lug sttachment section, Combined stress
for the section is:

oc = op * [le/2 s (%)%}

« 9,567 paa
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From Teble 2.0.2-1, reference cose number 2(A), the allovable menbrane ples
bepding stress on containment components i 1,85, For the A-516 lover 1ug
materinl, S = 20,286 pai 0t 138°F, so the sllowable is (1.5)(23,206) = 34,858
poic The Margin of Bafety is:

.S, » "."’/’o“, - 1= 42,6/

To Section 2.7.0.2.5 below, it 4o demonstrated that closure syston bearing
surfaces oxhibit large mergine of sefety is bearing sgeinst an sllovable of
yield for the much more extreme sccident condition losdings. It is therefore
obvions that the smaller norms! condition losdings will result in even higher
pergins for bearimg stress with the saue sllovable stress ot the same
tempersture.

Tt bes thus been demonstrated that Normal Conditions of Trensport oblique drop
sopacts will bave megligivrle effect on the the 10/140NB cask.

=178
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3693 Eiat Sida lspass

Anslysis of the 20/240MP cosk bedavior during side impact from one foot
follows the same spprosch describod in Section 2.7.1.3 for the hypothotical
secident impoct event, Beceuse the vormel condition impact 45 much loss
severe then the sccident condition impact, the evaluation of the event i
somevhat less complicated.

The sralysis presented bere follows these steps:

3. Deterwine the mezximon impact Jimiter deflections using the SYDROP
computer progrem, utiliting conservative assumptions regarding

impact limiter geometry.

2., Determine the smpact forces vaing the SYDKOP computer progrom o
well o some bond snelyses, vtilizing conservative sssumptions

regarding impact lipiter geometry.

I Determine stresses in the outer shell assuming 4t rescts the entire
impact bending lced.

4, Determine stresses in the inmer shell sssuming it rescts the payiosd

weight and helf the lend weight in bending.

2.6.7.3.1 Side lapasi: Rellsstiozs

In order to conservatively masimize impact limiter deformations, the SYDROP
energy balance program was vsed, with minimpum impact limiter ovtaide diameters
sssvmed, These diometers correspond to the distances scross the flattened
sides of the major and minor portions of the dimpact limiter, ond were 102
inches and 96 ipches, respectively, The sssumed outside dismeters are
illustrated in Figure 2.6,7~8, Ip this¢ gonner, impacts on both the rounded
and flattened sides of the smpact limiters are effectively bounded. The
inside diameter was sssumed to be the miniwum value of 77.% inches. This

sssvmption copservatively ignores the presenmce of the bolt ivg 'pockets’

*
'
[

’
e
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FIGURE 2.6.7-8

Iapect Limiter Assumed Geometry for Flat Side Prop

July 1989
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enbedded in the sides of the impact limiters. As will be shows in Section
2.9.0.5.0 belov, these pockets tend to iuduce Jooel strain bhardening offocts
in the polyurethane foam, and thus esct to reduce deformations. Ignoring thes
will result v higher colevloted deflections then would othervise oconr,

AMditionslly, the mazimus tempersture foam preperties were wtilised., Simoe
the polyurethane foam 45 ot its lowest strength ot elevated temperatures, this
sssumption will tend to meximize defloctions. Foam properties taken st the
pezimum normsl condition tempersture of 169°F wore derated by 158 (208 ot the
seximum strain of BO%N), as exploined in Section 2.0.2.4, The resnlts of the
SYDROP soelysis are giver in Toble 2.6.7-12, As con be seon, the maximun
predicted deflection, even with the conservative ssscmptions made, is only
1,74 ipebes. Tt shouvld be noted that, since the difference in radii of the
impect limiters is (302 = 96)/2 = 3.0 ipches, only the 30 inch long major
dismeter portion of the impact limiter will be affecteld by normsl condition
side drop. The 10 inch long, mivor dismeter ‘cop’ portion will 2ot imenr sny
damage.

o Section 2,7.1.3.) below, it is shown that the miniwim distonce betveen an
ovter snd ap iomer surface of the dmpact limiter is 8.0 inches. Norme!l

coundition impact limiter deflections are therefore of no consequence.
2.6.7.3.2 Side lapacs Fozses

Side impact forces were likevise determined using the SYDROP energy balonce
program. For this evaluntion, the snalysis was performed assuming fosm
properties ot =20°F, jpcressed 1f% to 20%, At this mivicum temperature
copdition, fosm strength will be greatest, and ensving impact loading will
therefore be mazimue. The seme miniwum ovtside dismeters were vaed for this
snalysis as were used sbove in the deflection analysis, HBovever, to
copserveatively maximize impact losding, & maximom inside diameter of 88.5
inchbes wos assumed. This dimension corresponds to the distance #cross any
opposing pasr of bolt lug ‘pockets’ embedded within the impact limiter. The
full 30 inch length of goajor diameter portion of the impact Jlimiter on each
end is sssuvmed effective., This has been showp by test to be the mort

reslistic mode) ond results in bhigher loasds.

s=181
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The results of the SYDROP evalustion are given im Table 2.6.7-13. The 10 imeh
‘esp’ portion of the impact limiter is again shown to be unaffected by one
foot drops, since the impact limiter does not deflect enough to mobilize this
part of the fosm. As shown in the Table, the meximum scceleration during »
normel condition side impact would mot be expected to exceed 28.2 g's.

2,6.7.5.3 QOusiex Shell Bonding Strassss

The outer shell bending stresses for the hypothetical asccident 30 foot side
impact were determined using o linear asnalyeis (see section 2.7.1.3.2).
Therefore, the stresses derived from that analysis may be factored by the
ratio of the normsl condition iwpect acceleration to the hypothetical sccident
impact scceleration. The mazimom stress intemsity from boop and longitudinal
beadinug during the sccident event is given in Section 2.7.1.3.2 as 17,380 psi,
for an impact scceleration of 163.2 g's. Therefore, during normal conditions,

the corresponding stress would be:
(28,2/163,2)(17,380) = 3,003 psi

The sllowable membrane stress under normal conditions for the non-containment
A-516 Crade 70, or, alternatively, A~527 Class 1 steel outer shell is the
grester of Sm or S5, (Table 2.1.2-2, reference case pumber 1(A)), At the
mexipum expected onte-r shell temperature of 128°F, the allowable is thus S’, =

37,200 psi (grester than S"1 = 23,350 psi). So the Margin of Safety is:
M.S., = 37,200/3,003 = 1 = + Laxge

The pormal condition bending buckling allowable is 22,793 psi (Tadble 2.1.2-4),

so the Margin of Safety on bending buckling is:
M.S. = 22,793/3,003 « 1 = +6,59

2.6.7.3.4 Jagnes Shell Stxessss

The ipper shell stresses mny be factored from the bypotbheticel eaccident
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conditions in the same manner that ouvter shell stresses were. Thus, the
19,150 psi mazimum stress in the immer shell durimg the hypotheticel scoident
side impact event tacomes:

(28.2/163,2)19,150) = 3,309 psi

Using the membrane stress allowable of 8. = 20,000 psi for the stainless stoeel
inner shell, the Margin of Safety is then :

.QSQ - 20.000/’)’0’ » 1 L4 0’.04

The buckling bending allowable is 19,182 psi (Table 2.1.2-3), so the Margin of
Safety on bending buckling is then:

MQSQ - 1931.2/’.’09 - 1 - ¢ ‘0‘0
It can tlus be seen from the sbove analyses that Normal Conditions of

Transport flat side drops will be of little comsequence to the 10/140MB cask,

even under the worst possible conditions.

2~18S
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2.6.8 Cozaas DRrop

This reguirement is mot sppliceble, since the NuPac 10/140ME is constructed
primerily of steel and lesd, and exceeds 220 pounds gross weight.

2.6.9 Comprassion

This requirement is not aeppliceble, since the NuPac 10/140MB exceeds 10,000
pounds weight.

2,6.10 PEanstzation

From previous container tests, os well as engineering judgement, it can be

concluded that o 13 pound rod wvould have o megligidble effect on the heavy

gauge steel sheet impact limiter or cask.

2.6.11 Sommary

As the result of the above sssessment, it is concluded that in norwsl comdi~

tions of tramsport:
1. There will be no releese of readiosctive materisl from the package.

2. The effectiveness of the packeaging will pot be substautially

reduoed.,
3, There will be no misture of gases or vapors in the packege which

could, throvgh apy credible increase ip pressure Or apn explosion,

significantly reduce the effectiveness of the package.

2~186
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2.7 Hxpothetisal Accidant Conditions

The NuPac 10/140MB Cask, when subjected to Bypotbeticsl Accident Conditions as
specified in 10 CFR 71,73, meets the performance requirements specified in
Subpart B of 10 CFR 71, This i devonstrated in the folloving subsections
whese esch sccident condition is eddressed snd shown to meet the appliceble
design criteria previously discussed in Section 2.1.2. A suvamary of maximms
stresses in the major cesk component: arising from the Bypothetical Accident
Conditions is presented in Figure 2.7-1 and Teble 2.7-1.

2.7.1 Ezsas Dzop

Subpart F of 10 CFR 71 requires that a 30 foot free drop be considered for the
NuPac 10/140MB Cask. The drop is to be onto & flat, essentially unyielding,
borizontal surfece, and the cask is to strike the surfeace in & position for
which mazimup damage is expected. Per 10 CFR 71.73(b) the inmitisl temperature
for the drop is to be the worst case constant apbient sir temperature betveen
«20°F and 100°F., Ilnternal hest generation from the payloasd (95 watts) is slso
considered when it is conservative to do so. (Note: 10 CFR 71 does not re~
quire consideration of insolation as sp imitial comdition for sccident condi=
tions)., Regarding initial internal pressure, the maximum pormal operating
pressure most be considerel unless s lover internsl pressure consistent with
the ambient temperature sassumed to precede and follow the drop is more nn~

favorable.

The spalyses in this section extract sccelerstions from NuPac's impact apel-
yses programs (EYDROP, SYDROP, CYDROP, and OBLIQUE) and statically apply them
to tbe peckage. Static epplication is justified since the patural frequencies
of the cask are relatively bigh and the durstion of the impact losdings rela-
tively long. The cosk frequencies are high as the result of using relatively
thick, stiff shells in the cask design. The duration of impact loadings azxe
relatively long as the result of using soit (relative to the stee!l stroctures)
energy absorbing impact limiters to protect the cask during free drop events.

In sddition, spspection of sccelerometer data available from previovs Crop

2-187
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Cask Components Affected by Bypotbetical Accident Conditions
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tests indicates that casks such os the J0/140KB respond essentinlly as o
rigid body. This observetion furtber justifies static spplicetion of § loads.

It bas been determined in the free drop snalyses which follow, thet drops in
the variouvs orientations produce different situastions criticel to overasll cask
design. For ezemple, in general, flat end drops result in loads which temd to
induce the governing stress resvltants on the mejor cask strocturasl com~
ponents. Oblique drops tend to creste maximum primary lid and impect limiter
separation loads. Because of the various appurtensnces extending from the
side of the cask (tie~down lugs and primery 14id bolt lugs), as well as the
relatively ‘soft' imwpesct limiter response in the side drop orientation (fosm
strain hardening 15 geverally less for side drop than for other orientations),
flat side drop will tend to resuvlt in the most critical deformations conducive
to potentinl ‘bottoming ouvt' of the cark., All of the considerstions are

addressed in doeteil in the following sections.

An important consideration in the detailed anslyses which follow is the fact
that cask response to the regulatory drops is temperature dependent. At
meximum tempersture conditions, the structursl material comprising the cask
will exhibit lower mechanical strength than st lower temperstures. As @
copsequence, the stress and buckling allowables will also be lower., However,
becsvse the polyuretbene foemr in the impect limiters likewise exhibits lower
mecharical strenmgth at elevated temperstures, it will deform more on impact
than would be the case st Jower temperatures., The result will be smaller

impact loads occuring et higher temperatures.

Conversely, at the minimom regulatory temperature, while the mechanicel
strengtk of the structurel componenis will be grester, so will toe mechbanical
strength of the foam., The resclt will be greater impact loeding et reduced

temperastures.

In order to conservatively bound temperature effects in the free drop events
that follow, the mazimum impact loesds, derived at the minipux temperatuore,
w»ill be applied to the cask, Simultaneouvsly, the cask response will be
evelusted wtilizing mechanicel properties at the higbest Norme! Conditions of

Transport temperatvre derived for the individuel cesk compopenets st the

2=15¢(
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sazimum temperature comdition. This introduces edditional copservatism, dume
to the fact that component temperstures at the start of the Hypothetical
Accident Conditions will be significently lower then for Normal Copditions of
Trensport., In this extremely conserveativs fashion, oask integrity will be
demonstrated scross the full range of temperatures expected under all
Bypothetical Accident Conditionms.

Finslly, 4t should be moted that, while the following snslyses are based on
conservetive sssumptions derived from sound engineering Judgement, the finmal
evaluation of the 10/140MB Cask integrity rests in the results of the quarter-
scale drop tests performed to verify the cosk design. Details of this test
program are given in Appendix 2.10.4, The results derived therefrom fully
vindicete the sccident condition analyses performed in this Section, and
demonstrate that the NuPac 10/140MB is fully capable of meeting the most

stringent regulatory requirements.



MaPac 10/3140MB, Rev. 0 July 1989

2.7.0.0 Elss &ad Rron

Apslysis of the NoPac 10/140MB Cask bebavior during the sccident condition
drops from 30 feet is performed in the following steps:

1. Apslyze the meximum impact limiter deflections vsing the EYDROP
energy balance computer program.

2. Anslyze the meximum impact force using the EYDROP computer program.
3. Analyze the azisl and hoop stresses in the cask shells and lead.

4, Anslyze the cask 1id for bending, assuming the payload scts as @
vniform load on s plute supported by the impact limiters exerting »
uvpiform pressure in the opposite direction. Resnalyze the 1id,

omitting payload reaction.
S, Anelyze the stresses in the cask primary and secondary l1id bolts.

6. Anelyze mezimum bearing stresses ip tbe EnviroSeals'® and sdjacent

sealing surface.
1 Determine the amount of lead slump.

The flat end free drop event will tend to impose crivical loads on the major
cask structurel components., Lids will generally experience their greatest
bending forces, while the cesk shells will undergo meximum comprersive loading
conducive to buckling, In sddition, there are a number of cesk~specific
considerations which covld govern component loads and determine which are the

most criticel. These ere as follows:
1, The NuPcc 10/140MB cesk bas tvo different basic configurations ~= a

fized-bottor enu & removable-bottom version. Each will respond

differently to the same imposed drop Joad.

2=152
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2. Drop orientation could be an important factor. Impects for both top-~dows
snd bottom~down end drops muwst be addressed.

8. The presence of the cask paylosd may, in certein circumstances, tend to
counteract snd zelieve impact losdimg on some components. Response of
the 1ide, for example, under uvnifore losdings applied extersally by the
impact limiters and internslly by the paylosd will differ from the
response where o paylosd is reduced or constrained from spplying an
evenly distriduted losding. Comsequently, two bounding cases are
considered: One, where the impact is modelled as though the foil 15,000
I1b paylosd were present, and the otber with no payload resction et all.

4. The masimom norsel condition internsl pressure (6.8 poig, from Section
8.4,4) gust be sccounted for, when this will result in & worse~case
stress condition., Gemerslly, the presence of internsl pressuvre wili tend
to incresse the criticel) inper shell (containment boundery) buckling
strength. Conversely, for 1id snalysis purposes, internsl pressuvre will
result in sdditional bending stress. Therefore, for the following shell
analyses, internal pressure will be copservatively neglected. For 1id

stress evalustion, internal pressuvre will be spplied.

1t should be noted that the snalyses below demonstrate that the lead sbhielding
will slways slip under Hypotbhetical Accident Conditions end drop losdings.
Assumed .ead condition for structural snslysis purposes will therefore always

reflect this initial state.

In the anelyses that follow, worst=case combinations of sll the above factors
bave been evaloated. Where simple geometries snd load patterns allow,
classical stress snalysis techniques are vtilized to determine component
response to end drop losding. For more complex geometries, the ANSYS finite

element program was used to determine maXimum stresses,

A summary of all end drop snalyses performed in Section 2.7.1.1 is presented
in Tebles 2.7.1-1 apd 2.7.1-2. This summery details each component snalysed,

the ipitisl conditions sssumed, epslysis technigque uvtilized, and resuits. It
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TA.L' 3.7.1-'1
(Page 1 of 2)

Juiy 1999

Bypotbetical Accident Condition
Flat End Drop Structural Component Analysis Parameters
(Foam Temperature of -20°F)

Component Case Cank Drop Payload laad lotersal Anslysas
Ref. No. Configurstion OUriestation fratus Presswre Technique
INNER 1 Botioe Bottom No Slemp No ANSYS
Losding Dove
SHELL
2 Fased Bottom Yes Siuap No Classical
botios Down
3 Figed Bottmm Ne Slusp Ne Classical
Bott Dowen
OUTER 4 Bottom Botiae Ne Slusp N/A ANSYS
Losding Dowe
SEE.L
$ Fined Botton Yes Slump N/A Clansical
Bttt Dows
6 Fuiaed Bottoe No Slusp N/A Clossienl
Bottom Dowe
TOP 1 Bot: Top Yes NA Yes ANSYS
Dowyp
LI
] Botb Top Ne NA No ANSYS
Dowyp
BOTTOM ] Bottae Bottm Yes N A Yes ANSYS
Lesding Dowe
Lib
10 Bottax Bottm Neo N/ A Ne ANSYS
Losding Dowe
BOTTOM 11 Fised Bottox Yesr Sluny Ne Classicnl
Bottoe Dowsr
PLATE
i2 Fiaed Bettom Ne Slump Ne Classaical
Dottt Lowe
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TABLE 2.7.1-1
(Page 2 of 2)
Component Cone Cosk Drop Paylosd Leed Isterve) Anslysis
RBef. No. Comfiguration Orientation States Presenre Technigue
PRINARY 13 Both Top No N/A Ne Clossical
Lm Down
BOLTS
BOLT 14 Both Tep No N A No Classicnl
LUGS Dowr
SECONDARY 18 Both Top Yes N A Yesu ANSYS
LID BOLTS Down
2-190°¢
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TARLE 2 7.1 2
(Page 1 of 2)

fypothetical Accident Conditon
Flae Fnd Drop Structarel Composent Stress Fvalmat s

Type :l_ _—i;_o.l'nt Stress

Componnnt Load Acceptance Al lowahle Margia of AR
Ref  Neo. Within Combinstion Stress Component or Criterin Vales of Safety Reforomre
(omponent Stress Intensity Stress Locat ion
fpein= (pei)
[R———" S it s [ e o
‘Mending St - 21698 S1 (s D.Oq! - 72000 +2.32
L - RS — 110D
1 Twpact Fad Min. Pavioad Membrane St - 18417 ST ¢ I.CSL 2.48_ = 28000 +1.6) 2.10.6
e s e Stefmie Mmoo
Lead S)ump
1N R Pock! ing e, = TIN1 N 26042
SHN ) Interactic ., > (L AL . ®ee * 2759 -0 06
Wenhrane St = 195 St ¢ 1.‘!- 2.‘!" 48000 <2 09
2 Tepact Fad R . T Seai s e e S T TR
lLesd Slump PBuckl ing e, = $320 - 240402 2.7.0.0.42)
Taternct fom o, ~ 13338 e O, " 17393 “0.24%0
Rin. Tayload Nembrane $1 - 20086 ST ¢ 2.45 1.4%_ ~ 40000 1. M
3 Impact Fad Lead Stemp T —= 2714
Fmckling oy~ 6320 e 26042
Interection ., ~ 20006 Lo ®oe 27993 -0.03
e e TSI
¢ Bending s1 -~ 20007 St ¢ ‘L S. - 70050 “2.%0
2.7
4 Tapact Fad Min Payiosd Neabrane SI -~ 13806 st ¢ ..ﬂ. ..7'! - 49000 +1 %% 21063
Lesd Stemp T
Reck! ing o " 127
MTER Interact fon ., & 114622 .~ o__ = 36258 “1.43
e e o e s ey 28
SHe L Wemhrone S1 -~ 17980 St £ ..7'. ..7’. - 4%000 +1.73
Sex. Paylosd 2.7.10.0.(D)
L) Tapact Fad Lesd Stump S
Bockl tng o0 " o
+ ﬁl"?rnt tos v W 13820 b ®se * Je29e +1.62
Min. Payload Wembrane s7 - 15504 St ¢ ..”. .".l- 49000 +2 _14%%
. fepact Fnd Lead Stemp 1.7.1. 0.
Buckling oy - o
fateract ion . " 11344 b ®as 36298 42,2000

* ST = Stress Istestsity,
*% Bucrling Intersction: (!
$8% Not specifically present

@y = Soop compressive stress,

o fo, ) ¢ (e o)) ¢ 1
-,mm-:oc.:m..mtn“

_ axisl compressive strves
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TARLF 2.7.1-2
(Page 2 of 2)

fypothetica! Accident “onditon

Flat Fad Drop Strectors]l Composesnt Stress Bvalmtice

Compowss:!  Tase Locatiom  Losd  Type of

Resnitant Stress Asceptaves Al lowable Ergin of e
Ref. Mo, Withis Combinetion Stress Component or Criteris Velee of Safety Reforeane
Component Stress latesetty S*ress Losation
fpat)* fpst)
e ST " Dutsetds Din.  Sembrame ST - 19923 ST (2.4 1.48_ - 49000 +2.01 2.7.1.1.4
T Sax Payload — s 21074
Pembrase
Tor Out stde Die. + Bandtrg ST « 343%4 e s, - saTes +1.00
L T e m plt
Outstde Dia. Hear:ane ST - 1e0m LI Y !.O& 2.0& - 400090 242 172104
. Win. Peylosd 2.19.7.4
Oatalde Dia. Bemdrese
+ Beading ST - 11763 e Y s, = sa78s 4.0
Out atde Dia. Bowbrase SI - 1397 st ¢ !.‘L !.Ot’ 4% 1. 27114
L] ez, Paylosd 2.10.72
Camter Wembrone
ROTTON ¢ Banding S1 ~ 12493 L LIRS ‘.l s, - ss78s “2.06
Lin - -
Out side Dia. Beatrane St~ 19 L LIRS 3.0& 1.‘&- 48000 +2.49 27314
10 Win. Paylosd 2.10.7.2
Outside Die. Beabrane
« Reading 1 - 11918 L LIS 'L s_ =~ és7es “.”n
s, Pey losd Nembreas
nOTTON 1" Conter Lesd Simmp + Boadieg S1 = 10517~ T 8 e seves *9.5¢%% 1. 7.1.1.4
mATR - S i TR T S
Hie. Peyloed Sewbrane
12 Coster Lesd Siump * Bending S - 21918 st (8 s, - s9es .2.29 2.7.1.1.4
Lo 4l B 44
LD ALTY 13 heak Proload Semh sme S1 - 4290 s, S, = 102000 “Large 2.7.2.1.8
LY Weld to Bem svone
LGS 1s Cask Body Preolrad + Bending 1 - 266 .I !. - 79000 “Large 2.7.1.1.8%
SFO WDARY 271218
LID soLTS 19 Shent Haz. Payiced Wembrese 1 - 2000 s S = 105000 -0.2¢ 2.10.7.4
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is from these Tables that the vorst~case end drop stress states detailed in
Table 2.7=1 are drawn.

Material properties utilized in the anslyses vere taken from Table 2.3~1.
Stress allovables were dravwn from Tables 2.1.2~1 and 2.1.2-2, and bduckling
sllovables came from Tables 2.1,2-5 and 2.1.2-6. Polyurethane foam properties
were derived from Figure 2.1.2-3,

The impact limiter is conservatively assumed to resist the impact over its
entire footprint ares. Tests performed on a variety of packages indicate that
loads calculeted in this manner are overpredicted. Since the EYDROP program
assumes @ circular impact limiter, & geometry asssumption wes made to
sccurstely account for the irregular footprint of the 10/140MB. The impact
limiter diameter used for input to EYDROP is ad justed to sccount for the
impact limiter 'flats’, whick reduce the impact - resisting aves of the impact

limiter. The equivalent diameter may be calculated as fol lows:
D, » [D2-132(2/1«)(a-—sumc:om)]o'5

¥here D, = equivalent diameter.
D = major diemeter (101.0 in. in this cese)
@ = cos™ (Flat width/D) = cos™2(96/101) = .316 radians
D, = [102%-203%(2/7)(.316-5in(0.326)cos(.316))]0 "

= 100.34 inches

The equivalent impact limiter geometry sssumed for flat impeact evalustion is

-

shown in Figure 2.7.1~-1,

2.7.1.1.1 lspast Lisiter Deformation

Teble 2.7.1-3 presecnts the results from the EYDROP energy bealance program for

v
J
P
©
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Impact Limiter Assumed Geometry for Flat End Drop
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s impect limiter st 105°F, This corresponds to the maximus temperature the
polyurethane foem thet the peckage might experionce prior to the sccident
conditions tests, as descrided ip 10 CFR 71 (see Section 3.4,6), Note that the
105°F temperature represents the maziwum foem tempersure, and not the average
temperature. The minimum “empersture in the impact limiter foam is sctumally
only 101°F, It should also be soted that the foam properties sssumed vere
taken st the lower bound that might be expected st thet tempersture. That is,
fosw strength was derated by 15% up to 75% stradn, and by 20% theresfter.
Refer to Section 2.1.2.4 for furthexr detaiin.

Interpolation of results for the emergy balance point yields s meximue impect
limiter deflection of 5.52 inchbes. Since the bottom of the impact limiter is
18 ipches deop, it mey be seen that this deformation will be of 0o
consequence. The impact load for warm foem is caleulated as BO.8 g's, which

ir less thar balf of the cold temperature loading derived in the nmext section.

2.7.1.1.2 Eod lspact Eoxce Determination

The maximum acceleration imparted to the 10/140MB cask during o flat end
impact from 30 feet was also calculated vaing the EYDROP progream. For this
bounding case, the highest fosm strength possible (15% grester than the
average for foam at ~20°F, up *to 75% strain, and 20% greater thereafter) was

assumed .

The resvlts of tbe EYDROP anelysis sre presented in Table 2.7.1-4. The
accelerations for this case con be interpoleted from the appropriate lines cf
output on the Table. As cen be seen, the maximuw end drop impact acceleration

which migbt be expected for the 30 foot drop is 164.0 g's.

2.7.1.1.3 Azial and Hoop Stzessss in tbhe Shells

Of al) impact orieptations, the flat end impact cavies the greatest
sccelerstion to be imparted to the cosk. This scceleratiop crestes &
significant compression losd to be cerried by the inner and outer shells of

tbe package. The lesd between the two shells complicates the state of stress,
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sipce it is much softer thanm the steel. As the scceleration incresses; the
1osd expands radinlly ot s difforent rate than the steel, and vhea the lend
sctoally yields, both imner sné outer shells support and contain the lesd.

The response of the oask steel shells snd lead shielding to the sccident oad
drop event is determined veing both hand caleulations and finite element
snslyses. The principel concerns for the cask shield wall sssembly is with
bockling of the imner shell. As shown by the following caloslations, buckling
will pot occur ss the result of the hoop and axisl compressive stresees which
develop in the cask inner shell under accideat end drop conditions.

Verious initisl conditions cap be assumed for the accident drop event., £
particolar, & temperature must be sssumed in order to establish ap initial
fabrication stress for the inper shell., 4 lower assumed temperature will
resuli in & bigher imitisl boop stress on the imner shell (see Section 2.6.2),
but bigher allowable stresses. For purposes of this snalysis, drops ot 128°F
(mazimum lesad normal temperature per Section 3.4.2) and ~20°F are considered.
To sdequetely analyze the full consequences of the drop event st the given
temperstures, two initial lead conditions sre also considered. These are:
(1) the lead shielding clings to the cask inmer shell for the durstion of the
drop event, and (2) the lesd shielding is free to slump during the drop event.

(1) Stresses iv the Cask Shells and Lead Shielding (Mazimum Fabrication

Stress Condition Assumed)

The first condition essumes that the lead has shrunk onto the inper shell and
sway from the outer shell. In sdéditiou, dve to the combined effects ef
frictiop between the lead and ivper shell, and axisl shriokege of the lead
relative to the shells, axinl gaps will develop betveen the lead and the steel
structores at the top sand bottom end of the lead column. These axial gaps are
important in that, umtil friction is overcome, under increased axisl loesding,

the lesd will impose ¢ direct axinl losd on the inner shell.

Once friction is overcome, the lead will become supported at its base (the
bottoe of the lead column) and will grov radielly ouvtward due to the 'Poisson

Effect’ uvader incressed axiel losding. This redisl growth will tend to
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tolieve the initiel fabrication hoop stress as the lead separates from the
juner shell., If sufficient axiel load develops, the lead would grov out to
the ovter shell, creating tensile hoop stresses therein. Under further
losding, the lesd would eventually begin to yield and flow back inward oato
the inmer shell, theredy developing compressive hoop stresses in the immer
shell., Sipce the primary mechanism of this losd cave would be to relieve
stresses on the critical inmer shell, it is not considered to be a worst-case
condition.

From Section 2.6.2, hoop stress in the inner shell due to fabrication is as

follows:

Inner Sbell

Temperature Hoop Stress
ARERE L 2 T (pai)
128 =1,793 (extrapolated)
70 -2,041
=20 -2,642

Note: The outer shell hoop stress is considered pegligible since the lead

separates from the outer shell vpor cooling.

The equivalent pressure at the lead/inner shell interface is a5 follows:

p=ot/r

¥here:

t = 0,78 in

r = 33,3758 in
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Thus, the interface mressures at the different temperatures are:

Inteszface
Tempereture Pressure, p
i s {pai)
128 40.3
70 45.9
-20 59.4

With o coefficient of friction, f, for lead on stainless steel assomed to fall

in the 0.5 to 1.0 range (Refer to Mazk's Standaxd Eandbook fox Mechanical Ea-
sineers - Referemce 2.11.12, p. 3-26), the losd, P, which can be supported

by friction at the lesd/inner shell interface, may be determined as follows:

o
L]

nDLpf
¥here:

o
1

67.5 in (ioner shell outside diameter)

—
.

77,5 ins (lead column height)

interface pressure, psi

-
"

0.5 to 1.0 (coefficient of friction)

.
n

Applying the interface pressures determined earlier, the total loasd which may

be supported is:
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Temperature Coefficient Load Supported
NIV L/ af Exiction (Aka)
128 0.5 831,090
1.0 662,179
70 0.8 376,885
1,0 753,769
-20 0.5 487,863
1.0 975,127

With the total lead weight equal to 15,666 1b.,, the maximum g~load which can
be supported by friction is 975,727/15,666 = 62.3 g's. The Hypothetical
Accident Condition g-losd's range from B80.8 g's et 128°F to 164.0 g's at
=20°F, Sipce all possidble sccident condition g~loads are significantly grester
then the mazimom at which the lead cam be supported by friction, the lead will

always slip, and this load case will not be of concern here.

(2) Stresses in the Ovter Cask Shells and Leod (Zero Fabrication Stress
Condition Assumed)

The second initial lead condition assumes that fabriceation stresses, as
associsted with lead shrinkage, have fully crept awsy resulting in a stress~
free column of lead just in contact with the inner and outer shelis. This is
8 potential worst case since any axial loed imposed on the leed will directly
load, radially, both the inner and outer shells (i.e., the lead neeod not flow
avay from the inner shell, into the cuter shel!l and back into the inper shell

to develop a compressive hoop stress in the imner shell).

For this condition, initial stresses in the lead and the steel sbells are
taken as zero. As axial losd is applied to the lead and shells, the lead will
sttempt to move duwnward and outward and develop pressures on both the inner

and outer shells.

Utilizing the anelytical technique developed in Section 2.6.7.1.3, inner and

outer shell boop and aziel stresses can be calcula ed. The geometry to be
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considered is o¢s follows:

The height, b, et which the lead reaches its yield poant is:

et

v
"~
-
A

1

11

e r=33,75 <o

Fy

b - L - o)‘L'Ypl
77.5 - 600/(164,0)(0,41) = 68.6 in

b R 36, () et

Static equilibrium of the lead column yields:

Where:

"

Fp « Fgq + Fgp

(15,666)(164.0) = 2,569,220 1v

(600)7(36.0° - 33.75%) =« 295,820 1b

L]

July 1989
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'tl = Frictional Resction Force on lnner Shell

th = Frictional Reaction Force on Outer Shell

Inner and outer shell radial frzces are:

Fpy = Fg /0.5, or Fgy = 0.5 Fpy
Fpa = Fyp/0.5, or Fyy = 0.5 Fp,
Also:
Fra = 0.5 pp nDy (L+n)
and:

Flz - 0.5 ’E l02 (L+b)

Solving for Fpy an0d Fp, in terms of pp snd substituting back into the lead
equilibrium equation yields:

V,-Fg = 0,28 nPp (Dy + Dy) (Leb)

or:

pE ‘ ('L-FB)/[ﬂ(Dl‘Dz)(L*h)]

From which:

PE 142.0 psi

Therefore, the inner shell boop stress is:

01 = "pERI/tJ
= =(142,0)(33.375)/(0.75) = =6,320 psi

The outer shell, tersile hoop stress is:

0: = pER:/!:

2-208
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o (142,0)(36.625)/(2.25) = 4,160 psi

To eveluate axisl stresses in the shells, o similar spprosch to that detailed
in Section 2.6.7.1.3 i3 utilized.

{
’n"“i t{""rfz
| ‘
: ”3“ N“z
b
| l“ii——-%
q:.-“ steadatsts li'f*
RN DTS
s
T

1,099,847 1b

be 2]
-
-~

-

—
-
D
.

1,173,170 1v

-
.
]
L

‘1 = (Meight of top impect limiter ard cosk lid assepbly)(164.0 g's)
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“

A3

Q4

(34,000)(164.0) = 2,206,000 1»

(Yoight of cask onter sholl, thormel shield, ote)(264,0 g's)
(7,790)(264,0) = 1,277,560 1v

(Voight of cank dnmer sbell)(164.0 g'o)

(3,8510)(364,0) » §75,640 10

(Voight of Joad)(264.0 ')

(15,666)(264,0) = 2,869,220 1b

(Weight of bottom plate) (264,0 ')

(6,460)(164,0) » 1,059,440 1b

(Weight of paylosd)(164,0 "a)/a(”."l!)z
(15,000)(164.0)/n(33,878)% = 703,0 10/40°
(W, ¢ 0y o 9y o 9 v 0 qur30. 0953 ) /n(a6,628° - 20,89
$,569.3 1b/48°

Vg n(36.628)°

282.4 1b/4n°

Fy/n(3€.628% - 33,378%)

418.9 1b/ip°

From the computations]! technique vsed in Section 2.6,7.1.3, relotive deflec~

tiop due to the pressure losds is:

2=210



MaPae 10/14008, Rev. 0 July 1989

by = by = ~0,02208 in (positive dovavard) for no paylosd resction
o «0,002945 in with paylosd resction

o
=
B

.‘L/".’ - "’ . "”Lluzt’

N ERIRE Rttt h

6,422,220 ~ Ry
So'ving simultenecusly, the ipner ond ovter shell resction loads become:
Ry = $,189,120 1b without payload, and 2,446,920 1b with payload
Rg = 3,263,100 1b without paylosd, and 8,975,800 ib with paylosd
Therefore, axinl stresses in the inper and ovter shells are:
0y = <~Rg/Ay = =20,086 psi without paylosd, and «15,558 poi with paylosd
oy = =K /A, = =11,844 pai without paylosd, and =13,820 pei with paylond

Conservetively ignoring inmer shell radinl compressive loading, mazimum stress
intensity in the sbhell s

01" . 0~ (’20.0.6) - 20;0.6 ’.‘
Froe Table 2.0.2«1, item reference pumbexr 1(B), the stress allovable for the
iomer sbhell 48 the lesser of 2.43- or 0.78'. vhere S. = 20,000 poi and 8' -
74,000 psi ot 128°F (from Tovle 2.8-1), For the soner sbell materinl, the
sllowable is thos (2.,4)(20,000) = 48,000 psi (whieh s less then (0,7)(74,000)

« 51,800 poi).

Tie stress Margin of Safety for the inner shell is thus:

=211
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NS, . ".”"‘000“ -1 . +«1.09

From Table 2.3.2-5, buckiing sllovabloes ot 120°F are 27,590 poi (axinl) and
26,062 poi (hoop). Buckiing Nargiz of Bafoety ds thes:

NS, = l/[(“.“‘/H.l”)ﬂ‘.l”/“.“l))—l
« +0,08
Stress intessity of the ovter shell iu:

$.d, - 4,060 « (=11,044) » 15,504 pos for no paylosd resction
« 4,060 = («23,820) = 17,980 poi with paylosd resction included

From Teble 2.0.2+2, item reference num‘or 1(B), the allovable stress for this
gop-containment structore is 098, where i‘ « 70,000 pai ot 128°F. Thus, the
stress Margin of Safery is:

M8, = (0.,70(70,000)/17,980 « 1 = +1.7)

From Teble 2.0.2-6, the oxisl buckling allowable at 128°F 4s 86,258 pai. The
pockling Mergin of Safety is therefore:

NS, o 3/(13,820/36,288) « 1 = «1,62

Again, using the same computationsl technigue provided in Section 2.6.7.3.3,
bending moment st the center of the end plete is:

L «127,891 ip-ib/ie (without paylosd)
w 63,075 in~1b/in (with paylosd)

where o positive moment indicates tepsion on the bottom surface of the base

plate.

1o sédition to the band anslysas developed above, o finite element model wor
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developed to snalyne this phesomencs veing the common ANSYS strvctersl
snelysis oode. A description of ANSYS s given i» Appendiz 2,10.2, osd
details of the snalysis are shows in Appendiz 2.00.6. The snalyticsl approsch
to bounding ell tempersture~related phenomens are the same & for the
procecding classical type snalyses, ond are rocopitulated briefly belevw,

Yhile the miniwns tompersture condition for the drop event («20°F) induces the
bighest sceelerstion losding (3640 g's), “he materinl properties are also ot
s sazimum (rofer to Sectidons 2.1 and 2.0 for detaile). Likevwise, though the
sesimus tempersture csse resslts i lovwer impact losds (s mrzimua 008 '),
saterin) properties are slso redvced ot the bigher tomporature condition,
Refer to Section 2.0.2.4, lmpact Limiter Design Criteria, os well as Sections
2.7.1.1.1 snd 2.7.1.0.2 sbove for details of the effects of tempersture
veristion on drop losds.

Thus, to conservatively boond the buckling ond stress allovwadle calenintions,
the maxiwom g~load (obtained ot the minimum teapersture cordition) was applied
to the snalysis while vtilizing redoced-strengtd meterisl properties (found ot
the bigher tempersture), which will tend to maRimize strosses. Therefore the
spalysis vtilized materinl properties based on ap expected Norms) Condition of
Tiansport tempersture of 128°F ot the doner shell. Refer to Section 3.0,
Trerms) Eveluation, for details of this tempersture condition.

For the worst=case Josding to be applied to the cask inmer shell (the
coptainment boundery), internsl pressvre ond paylosd resction pressvie veze
both omitted, Neglecting internal pressore will meximize the comprestive
loséing and buckling effects of lead sbielding pressvre spplied to the ovtaide
surface of the ioper shell, Neglecting peylond resction, as devonstrated
by bend calculations above, and reinforced by the 1id snalyses belov, will
reselt in or inward bowipp of the cask 1id, resnlting in the grester portion
of the resction londing being applied to the inboard portion of the primary
EoviroSesl '™ plate., This, im torn, will meximize axial losds on the ipner
shell. A bottom-down drop orientation is sssumed, since the top 1id, being
beavier thar the bottom 1id or plete, will impose & grester losd ou the coask

shield wall assembly under end drop sccelerstions,

L
L
.~
o



MaPas 10/14008, Rev. © Jely 1989

The finite oloment snalysis was run beyond its theoreticsl mazimeue
scceloration of B0.8 g's (sccidont condition end drop losd st the spper
temporature limit) wp to 170.0 g's, to imvestigote sccident condition stresses
ot norms) condition temperstoze material properties., Further comservatiom i
thus induced in the snslysis, since the Bypothetica)l Accident Conditions drop,
whose mazimum anticipoted tomporature ot the oriticel ares during the droyp
event is only 106°F, was analyned ot the Digher norssl condition temperstusre
of 128°F, whoere metorinl propertios will be lover snd resulting stresses
bigher,

The rosulis of the strens and buockling snalyses for Bypothetical Accoident
Conditions, detailed in Appendix 2,10.6, are summarized in Tebles 2705 and
2-10"‘0

The sbove analyses voed materis]l properties and stress and buekling olloveblen
st the upper temperature extreme (128°F), which cosservatively overestimates
the stresses and underostimates marginge of safety thot wvouid sctually ocour ot
oy bypothetical eceident temperature, Additionally, becevse the sctusl cold
condition drop load was only 364.0 g's and not 170 g's, the Bigh degrec of
conservatism already inberent in the analyses becomes even grester. The
sctosl meargine of sefety will therefore be sigunificantly larger than those
showu, and 4t is thus rendily demonstrated that the shells will not buckle or

esceed allowable stress Jimits ot any temperature 3o the range of interest,

Acomparison of bhand colevloations and finite element onalysis resnlts i
presented below, As con be seen, good correlation is schieved for the stress
components on both shells. The difference in results con most Jlikely be
stiriboted to end constraint effects in the fipite mode)l which vwere not taken

into sccount in the band epal;sis.

As o finel npote, exsmination of the fivite element results indicates that the
inner and ovter shell doop stresses under end drop losding incresse gradoally
from the top (nop-impacted) end of the cask to & point sapproximately one-
quarte of the way dove. They then tend to remain fainly snifore down 1o the

vottor (impected) end of the cosk. These results support the validity of the

2=214
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TABLE 2.7.1-§

Eud Drop Finite Eloment Asslysis Shell Stress Asaiysin
Results Summary

Drop Losd = 170 g'»
(Actual Drop Losd is 164 g's et ~20°F)

Material Properties end Stress Allovadbles Tempersture = 128°F
(Aetusl Temperature During Prop 4o 106°F)

Masiwom Inner Shell Stress
lotensities

Mesbzans
(Element 28)

Suslace
(Elemwent 51)

21,695 pai 16,427 psi
Stress Intensity Allowables'
72,000 psi 48,000 poi
Margins of Safety

. SOO "‘t‘l' 2010:'1
*® See Tadle 2.1.2-2

Masimuw Outer Shell Stress
Intensities

Masbzans
(Element 60)

Saxlacse
(Element 60)

20,007 psi 15,806 psi
.
Stress lutensity Allovables
70,000 psi 45,000 poi
Margins of Safery

+ 2,50 + 2,88
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TABLE 2.7.1-6
(Page 1 of 2)

End Drop Finite Element Shell Buckling Aselysis

Resuits Summary

Drop Losd = 170 g's

(Actwal losd is 164 g's ot ~20°)

July 1999

Moterial Properties and Buchling Allovables Temperature = 128°F
(Actusl Tempereture During Drop is 106°F)

Neszimum loner Shell

Stresses

Anial Heap

(Elemwent £7)

~18,188 psi «7,341 psi

Buchling Allovables'

27,593 psi

Margin of Safety

« 0.06

® See Table 2.3.2-5

*® See Table

.
-
-
"
!
~

26,042 pai

Mazimom Outer Shell
Stress

Axial
(Element 42)

~14,8%¢ pei

Buckling Allowable''

36,258 pai

Margin of Safety

« 1,43
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TABLE 2.7.1-6
(Page 2 of 2)

Bending Banding
(Element 51) (Element 60)
21,695 poi 20,007 poi
Buchiing Allowable® Buckling Allowadle®®
27,754 psi 36,376 pai
Mazgin of Sefety Margin of Safery
+ 0.80 « 0,82

® See Tadle 2.1.2-5

*% See Table 2.1.2-6
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100d slump pottors wtilized in the band coalenlacione.

Stress Component Band Asslysis  F.E. Anelysis
Inner Shell Asial Stress (psi) ~20,086 «18,188
Inver Shell Boop Stress ‘pai) -6,320 «1.34
Ioner Shell Buckling M.§, +0.,08 +«0.,06
Ooter Shell Asiel Stress (pei) «153,820 =11,621
Outer Shel)l BHoop Stress (psi) 4,160 «3,278°
Outer Shell Buckling ¥.§. 1,62 +1,43

® Avey from end effects, outer shell boop stresses range from about 4,500 psi
to +5,800 psi.

From the preceeding snelyses, it is spparent that the cosk inver and onter
shells will withstand tbe regulatory Bypotheticol Accident Condition end drop

event for sll) epplicable temperatures ond cask parameters.

2.7.0.3.4 Li4d Sixess Asalysis

Becovse tde end drop impact scceleration st ~20°F (164.0 g's, from Table
2.7.1-=4) is very moch higker thanp that at the upper temperature bouond (BO.8
p's, from Table 2.7.1-3), margins of sefety in the 1id will be conservatively
eslculated using the scceleration expected at =20°F and materinl properties
taken At the mazimum component temperature (top 1314, under Normsl Comditions
of Trevsport) of 120, Stress allowebles are likewise conservatively derived
st the mezimom pores! condition temperature for the lids. This s

conservative becavse, ot the start of the eccident, the muzimuom 1id
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tempersture is ouly 110°F,

To sceveotely predict stresc levels under o2d drop iwpact conditions for the
rather comples 14d configurations wtilined inm the J0/J40NE ook, o finite
eloment snalysis wos vndertaken voing the ANSYS program described in Appendis
2,00.2, Both the top 14¢ sssenbly (primery snd socondary 14ds) as well a9 the
bottom 144 for the options] bottom losding configuration were evaluated,

Detoils of this snvalysis are given in Appendiz 2.00.7, snd ore svmmarized in
Table 2.7.0-7 belov,

For the oase of the fined bottom configuration, the previovsly determined
poments ‘Section 2.7.1.1.3) con be directly veed to arrive st the mezimon
bending stress ot the center of the end plate, The mezimum moment ot the

cepter o1 the oend plate is determined to be:

Mo o« 127,891 dp=1b/in (no paylosd, lesd slump)

The corresponding stress is therefore:
. 6M /1% = 21,318
‘B ‘/t ' Ppsi
Yhere t = 6.0 in (aversge plete thickness)

¥ith an alloweble of § = 66,785 pei, the corresponding Mergin of Safery

becomes:
.S, = 6B,785/21,818 ~ 1 = 2,23

It 33 therefore spparent thet the cosk bottom of either versicn of tbhe
10/140MB cask is svitably designed to withstand the regulotory drop

requirement op the end of the bottom impect limiter,
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2.7.1.1.5 PRrimary asd Sscondacy Lid Baltsa

From the finite element 14d snslysis results presented im Appendiz 2.10.7 and

suaperited sbove in Section 2.7.0.0.4, it was found thet neither the top or
bottom primary 144 closure bolts exceed their tensile prostress during the ond

smpact event, with or withoot the fo'l payload present. The primary tuits for
both top and bottom 1ids unlosd completely ot socident condition impact loeds,
for the case with full paylosd presert. This unlosding of primery 14¢ dolts
is viewed s 3 trapsitory phenomenon, oceuring only durimg the short durstion
of the impact event, In amy case, anslysis results indicate that pressure is

meintained oo the primery EnviroSesalt® ;.04 during the impact by resction
forces between the cosk and 1id.

The primery bolt meximum prelosd velve will thus be taken &% & worst cese for
sccident condition end drops. The bolt stress due to the 17,350 1b preload i
17,850/4,0 = 4,340 pei. Sivece this stress 45 less than thet for sormel
conditione (refer to Seotion 2.6.7.0.5), snd since the allovable stress is
grester for sccident conditions than for sormel conditions (S, ve 2,08, it

may be sssumed that the Margin of Safety for primery bolts uvnder sccident
condition Josding is even larger thon thot derived for normsl conditions.

Primary bolt losds will therefore not be o considerstion for sccident

condition flat end drops.

The losding on the secondary lid bolts may be derived from exsmination of the
finite e.ement results from Appendiz 2.10.7, Section 2:.10.7.4, ¥azamum
losding occeurs for the cese witk full paylosd present. The 'smenred’
secondary bolt element (element 91 of the szisymmpetric wodel shovws & merimum
losd of 175,710 1b/zadien, or snv equivalent of (278,710)(2n)/26 = 65,000
1b/bolt. The bolt losd due to pressure effects is 10,459 1b, Superposing the
two 1oad cases resnlts in o totel bolt losd of 65,000 « 10,458 = 79,459 1b,
As pointed out in Section 2.6.7.0.5, adding pressvre effects for this load

cose is conservative., The tote!l bolt losd tramslates inte @ bolt stress of:

Cpolt = 79,459 0,965 = B2,000 psi

Froe Teble 2.3.2-3, itee reference numpber 7(B), the mazimuem ellowable fastener



mesbrene stress under sccident conditions is the material’s specified minimne
yield strems l’. From Teble 2.8-1, this value for the bolt materinl ot its
mazimun temperature of 133°F (top 14¢ under Normel Comditions of Transport) i
108,000 psi. The Margin of Safety in the bolts s then:

M.S5, = 103,000/82,000 ~ 1 = +0.26

From the finite element results for the cese without payload spplied to the
1ids, it wes found that the secondary 14d bolt losd was 19,614 1b/bolt. This
is less than the cose with the paylosd present, s0 the secondary bolt Margin
of Safety will be grester for this coane.

2.6.,7.1.6 EavizoSeal'™ Plate Beazing Sizassas

The only other significact consideration for end drop londing 1 thet of
bearing stresses on the EoviroSesl'™ plates. For the primery sesl plate, the
worst=case sssumption would be that the cask 14d ot the impacted end is
supported by the dmpact limiter ot thet end, while the combined weight of the
cosk shield wall ané opposite end 1id snd impact limiter besar directly onto
the sesl ploate vnder maxinom end drop londing. The most eritically losded
seal plate will be that for the bottom 1ié during & bottom-down impact. This
is due to the fact that the seal plete dimensions for the opticnsl bottom 148
are the same o for the top primery 1id, and the top 1id sssembly weighs more
thap the bottom 1id (8,450 1b ws 6,460 1b, per Section 2.3). Teerefore, for
the same senl plote surface aren, more weight will be bearing oo the bottom
sesl plate during o bottom~down drop than would be scting on the top senl

ploate during & top=dovn impact.

Toe primery 148 FeviroSen)'® pleate besic dimensions are jllustrated below:
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e 36, 250K .1
w——— 35 GEER e |
e 35, 763K - l

e 34, 9BEK l

v 34, T63R
- 33,8750 ‘1
o

M“——‘_

Using thas sllustration snd the dravings in Section 1.3, the minimue bearing

surface ares of the senl plate can be coleulated os 3250 in®,

This besring
eree moakes sllowance for wll chemfers, O-rimp prooves, wnd test pas
comprnication ports end chenvels, The total weight of the besring structures
18, from Section 2.2, 8,430 1b (top 14¢ essembly) + 26,960 1b (cosk body) ¢+
$,57% 1v (impect limiter) = 40,965 ib., Upder the mazimum sccident condition
end drop losding of 164 g's, the bearing stress on the sesl plote snd moting

surfaces con be caleuloted as:
ey * (164)(40,968)/323.0 = 20,800 psi

The mosxioum allovable besring stress on sesl svrfaces is S,. (Table 2.3.2-3,
reference cose pumber 4(B)), At the mazimum anticipeated seal aree opersting
temperature of 133%F, for the lowest=strength seal plate or Jid meterinl, S,. .
28,400 poi (ASTH A=240 Type 204 for the seal plate, ASTH A-152 Type FR04, or
A~351 Type CFE/304 for the 11d). The Margin of Safety for besring st <58 i8]

"
'
"o
.
-



MaPae 10/140H8, Rov. © July 1989

NS, = 28,400/20,800 =« 1 = «0.37

For the top 144 secondary sesl plate, the cross~section is illustrated below.

For this geometry, the besring surfoce is 1088 u’.

16,687R 0-1
16,507k

10.282R w-‘
15.569R ’1 ,

L | ‘ ' {

ERERE

A potentinl worst~case besring stress on the secondary EnviroSesal '™ plate will
ocenr uring o bdottom~down end impact., Under this losding condition, the foll
weight of the 13,700 1b secondary 1ié, fartored by the meximom end drop g-losd
of 164 g's, will bear on the senl plate. The mozimom secondary seal plate

bearing stress is thus:

Oy * (364)(1,700) /108,85 = 2,870 psi

Apother possible worst=cuse is thet of primery J1ad besring on the secondary

seel plate durivg o top-dows end drop. Ap essminsation of the fipite element

*
'
"
L
~
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resnlts of Appendix 2.00.7 revesls the menimum bearing losd on the secondery
senl occurs during the end drop cose with full paylosd present., For thin
cese, element 52, one of the gop eloements roproesenting the secondary senl
plate interface with the primary 144, 4o closed and vnder losd. The other
sesl plate gop element (sloment 51) 49 opon for this Josd case. The totel
losd scting on the EoviroSesl®™ wader this condition 4o 52,841 1b/eadisn, or
($2,841)(2n) = 332,000 1b tote) losd. The bearivg stress 4s them:

oy * 332,000/208.8 = 3,060 pui

Both these vealoues are considerably less than the bearing stress colevlated
sbove for the primery 1id senl plate, so the MNargin of Safety will be grester

for the secondary 11d sesl plate,

2,7.3.0.7 Lead Sluss

The finite element snalysis performed in Appendis 2.10.6 demonstrates that the
Jeod might be expected to slump 0.3 inches during end impact ot the mazimunm
drop tempersture. Due to the stepped configuration of the primary lids, this
smell smount of lesd settlement will not sdversely offect the ability of the
peclage to meet the shielding reguirements of 10 CFR 71,
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2,932 Opliens lapast

Anslysis of the NuPac 10/140MB package bebavior during hypotheticel obligue
impasts from drops of 30 feet has beon performed in the following steps:

1. Use the CYDROP computer progrom in conjunction with the lovest crush
strength foam dota to detesmine worst cose impect limiter deformation to
insure that the pachage vwill not ‘bottom out',

2. Use CYDROP with the bighest orush strength foam dota to determine o
conservative estimete of the force-deflection relationship of the
J0/140MF impact Jimiter design ot variovs impact angles,

3. Use the OBLIQUE program to determine & conservative estimets of internsl
forces dn the 10/140MF during impact.

4, Determine the worst cose stress state from interna) forces in the cask
body.

$. Determine 1id sttschment forces ond stresses §p the 1id closure systenm

under vorst-cese conditions.

6. Determ:ine smpact limiter attachment forces and stresses under worst=case

conditions .

2.7.2.2.0 Mozas=Case Sozaer Defozmations

Becouse the containment and shielding strocture of the 10/140KE s many times
herder thean the polyurethane foam impact Jimiters, it is essential that it may
be demopstrated that the cask sbield ond associnted bardware will pot actually
strike the jwpact surface., The worst=case drop orientetion for impact Jimiter
deformetion 1s that where the center of gravity of the packoge is directly
over the ippact poant. In this c.g. OVver struck corner impect, the impact

limiter deformation occurs 1o essentinlly o stote of pevtrsal equilibrive,

.
.
.
-~
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Becsnse none of the kinetic energy of the thirty foot drop s dissipated in
rotationsl motien of the peckage, all the drop energy must be sabsorbed in
strain enexgy of the deforming foam impact limiters. For this resson, the
o+ Over struch corner impact i weed to demonstrate radimsm possible crush
depth, It will be demonstrated that, even vwith mesimem impact limiter
deformation, s residual clesrsnce will be meintained detveers the cosk and the
impected vayielding surface,

Additionally, since the mechenical strenmgth of the foem decresses with tem~
peratura, grester deformations may be expected with higher tomperature fosm
for &« given drop beight. Therefore, the energy balance program CYDROP wes
used iv crujupction with the minimom polysretbone foam stress=strain proper~

ties ot J05°F (o determine & conservative estimete of the mesimum deflection.

Finally, bdecsvse CYDROP is written for simple cylivders, the somevhat
sporthodos geomet:y of the 10/140MB jmpact limiters required that conservative
simplifying sssumptions be pade. To this end, two extreme bovnding cases were
ron., The first cose sssvmes that the dmpoct limiter 45 & eylinder of 101
ipches outside diameter along dts full length, This assumed configuration
corresponds to the dismeter of the 10 imed long end ‘cap’y amd ignores the
contridution of the impect Jimiter beyond the 101 ipeh diometer base of the
igpect lamiter. This will copservatively overestimste the amount of
deflection required to generste enovjgh strain energy to balence the energy of

jmpect, This assumed jeometry is illustrated in Figure 2.7.0-2.

The second bounding case assvmes & 96 inch impact ligiter diameter. This
dimension corresponds to the distence across the flats of the end ‘cop’
portion of the impact limiter. Sipee larger volumes of crushed fosm are
igpored, this sssumed geometlry is even more copservative thap thet above. The

sssemed configuration is shown in Figure 2.74-8,

Tre results of the 101 snech diameter case impacting with the pockage c.5. oOVer
the strock corner are presected in Table 2.7.1-8, sné results for the 96 dpcd
case sre given in Table 2.7.1-9, These resvits shov that the 101 ipeh
dismeter impact limiter would deflect 19,98 inches, while the 96 inch dismeter

cese would deflect 15,33 inches.

.
L
L]
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The impect orientation snalysed shove, where the conter of gravity is directly
over the impact point, is spprosimately 40° from vertionl. The available
erush depth or the flattened side of the impact limiter may be determined from
the sheted below:

The distance from point A to point B dn the figure is.

8. (9,207 « QR0O?]F w2024 tnedes
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Inpect Limiter Assumed Goometry for Conter of Gravity Over
Steveh Cormer Drop = 103 Zoekh Dismeter lmpoct Limiter

FIGURE 2.7.3-2

July 1989
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lepsct Limiter Assuned Goometzy for Conter of Gravity Over
Strochk Corner Drop « 96 Ineh Dismetor lapoct Limiter
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The sasimus possible crush depth (to the point where the cask first contacts
the impact surface) con be derived o follows:

Yhere! O« 400 - 0
L '..“(’0”/"00) - ”02.

boas = 19.74 i

Since for the 96 inech diometer cuve only 19,308 fnches of deflection 4o pre~
dicted, clesrance is maintained between the cosk hard point and the impacted
surfece, ever under this extremely conservative snalysis approsch,

For the 10) inch dismeter cose, the mesimum crush depth that could be alloved
prior to ‘bottoming out' may be derived in the seme manver os sbove. In this
case, the manimum crush deptd is 213,50, Sipee CYDROP predicts only 19.78
inches of deflection under o conservative analyssis, there will be s even
grester residoal clesrsnce remaining during impect on the 101 dpeh dismeter
portions of the impact limiter. These results indicote thot under the most
extreme conditions, the J0/240MF jepact Jimiter 45 lorge enovgh and staff
epough to protect the shield and containment structures from dmpacting the

bypothetical voyielding surface directly.

292,22 Sozas-Cass Fozee - DRellsctios Relationalin

Io order to obtain o conservative estimate of the internal forces and stresses
within the NuPac 10/340MB, assuvmptions were made regarding the {mpoct limiter
georetry input to botd CYDROP anéd OBLIQUE (Nevclear Packagping's obligue impoct
spaiysis tools) to meximize botd impect resction forces (in the CYDROP jpput)
snd cask body forces (ip the OBLIOUE ipput). These sssuvmptions were required

due to the somewkat complicated impact limiter profile vaed on the 10/140VB,

A conservetively bigh force~deflection relationship was obtained by sssuming
the igpect limiter 13 only 33 imches thick on the end of the pochage, ond

18,75 imches thick op the #1Ce of the pockege. This corresponds to sp impact
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limiter whose outer corner is balfway betveen the 10) imch diemeter cormer end

the 10F ipch diameter corver. The sssumed geometry is illustrated in Figure
’o'."‘o

Becovse the sssumed impact limiter 45 s0 much smaller thoan the sctual impect
limiter, and Dbecense the stress~strain properties of ~200F foam, incrcased by
15% (imcrensed by 20% gt 808 strain) were noed, the stresses in the crushed
polyurethane fosm are predicted to be wuoh higher than would occur in reslity.
This 45 due to the fact thet foem strains will be grester on o smaller impect
limiter for the same c¢rush depth then on on sctval, full=size impect limiter.
Strain-hardening effects will therefore be more provounced, resvliting in
bigher resction forces. Additionslly, predicted crosh depths will be greater
for the smal) geometry than for the sctusl configuration, due to the smaller
volume of fosn aveilable for energy sbsorption. This will result in an ever

grester incresse io resction forces than would ocour for equal deformstions.

The resvlits of this conservative CYDPROP snalysis, in the form of force~
deflection tables ot varicos drop sngles, were next vtilized in NuPac's
OBLIOUE progrem to determine cosk body forces resulting from impects st the

corresponding drop smgles,

2.7.3.2.%  latezsal Fozcss dazasg Obligne lapact

Cask interns) forces are colculeated by NuPac's OBLIQUE computer program dis~
cussed in Appendiz 2.10.5. OBLIQUE uwtilizes the force~deflection
relationships colculated by CYDROP to determine the rigid~body Rinematic

response of the cesh,

Required ieput to OBLIOUE includes the cask ond impoct limiter dimensions, the
package mess and mass moment of dmertia, the sccelerstion of gravity