
|
|

l

l

O a e->to>

!

!

,

TN-24 DRY STORAGE CASK

TOPICAL REPORT

JULY 25,1988

|

;

I

TRANSNUCLEAR, INC.

TWO SKYLINE DRIVE

HAWTHORNE.N.Y. 10532

O i

8808020293 880727
PDR PROJ
M-42 PDC

i

- - --- .-.-._ _._.__.__.___ ___ _. __ _ _ . ___.



. _ _ _ _ _ _ _ . _ . _ . _ . _

!.

! !

! !
! |

t

O <

REVISION LOG

!

l r

!
;

I Rev. No. Date Description ;

I
i

! 0 8/30/85 Originals as listed in Table
,

} of Contents, List of Tables '

and List of Figures.
!

1 7/25/88 All Rev 0 pages replaced.
;

;

i

: t

!
'

!O
, 1

I

I !

|
'

f
'i

l
1 !

!

)
i

i

O

RL-1
.- . _ _ _ _ - .~ _ _ _ __ __ - _ _ _ . - - _ _ - _ _ _ _ _ _ _ _ _ _ _



TABLE OF CONTENTS

\ Page

1. INTRODUCTION AND GENERAL DESCRIPTION

1.1 INTRODUCT10N.................................... 1.1-1
1.1.1 Genera 1.................................. 1.1-1
1.1.2 Principal Design Features of Installation.1.1-2

1.1.2.1 Type Of Dry Storage Mode........ 1.1-2
1.1.2.2 Description of Installation..... 1.1-3
1.1.2.3 Location Of Installation........ 1.1-3
1.1.2.4 Capacity of The Installation.... 1.1-3
1.1.2.5 Spent Fuel Identification....... 1.1-3
1.1.2.6 Waste Products.................. 1.1-4
1.1.2.7 Corporate Entities.............. 1.1-4
1.1.2.8 Time Schedules.................. 1.1-5

References For Section 1.1...................... 1.1-9

1.2 GENERAL DESCRIPTION OF INSTALLATION............. 1.2-1
1.2.1 Principal Characteristics Of The Site.... 1.2-1
1.2.2 Principal Design Criteria................ 1.2-1
1.2.3 operating Systems........................ 1.2-2
1.2.4 Fuel Handling............................ 1.2-2
1.2.5 Structural Features...................... 1.2-2
1.2.6 Passive Decay Heat Dissipation System.... 1.2-4
1.2.7 Radioactive Waste Treatment.............. 1.2-4
1.2.8 Special Features That Are Safety Related. 1.2-5
References For Section 1.2...................... 1.2-9

1.3 GENERAL SYSTEMS DESCRIPTION..................... 1.3-1

1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS........ 1.4-1

1.5 MATERIAL INCORPORATED BY REFERENCE.............. 1.5-1

APPENDIX 1A........................................... 1A-1

2. SITE CllARACTERISTICS

2.0 GENERAL......................................... 2.0-1

2.1 GEOGRAPHY AND DEMOGRAPilY OF SITE SELECTED....... 2.1-1
References For Section 2.1...................... 2.1-2

2.2 NEARBY INDUSTRIAL. TRANSPORTATION AND
MILITARY FACILITIES............................ 2.2-1

2.3 METEOROLOGY..................................... 2.3 1
References For Section 2.3...................... 2.3-2

2.4 SURFACE HYDROLOGY............................... 2.4-1

2.5 SUBSURFACE HYDROLOGY............................ 2.5-1

1

I ---. ____- ____



'

TABLE OF CONTENTS
(continued)

'

Pace

2.6 GEOLOGY AND SE1SMOLOGY.......................... 2.6-1
References For Section 2.6...................... 2.6-2

2.7 EUMMARY OF SITE CONDITIONS AFFECTING CONSTRUCTION
AND OPERATIONS REQUIREMENTS.................... 2.7-1

3. PRINCIPAL DESIGN CRITERIA

3.1 PURPOSES OF INSTALLATION........................ 3.1-1
3.1.1 Materials To Be Stored................... 3.1-1
3.1.2 General Operating Function............... 3.1-2
References For Section 3.1...................... 3.1-8

3.2 STRUCTURAL AND MECHANICAL SAFETY CRITERIA....... 3.2-1
3.2.1 Tornado and Wind Loadings................ 3.2-1

3.2.1.1 Applicable Design Parameters.... 3.2-1
3.2.1.2 Determination Of Forces On

Structures..................... 3.2-2
3.2.1.2a Stability of The Cask in The

Vertical Position Under
Wind Loading................... 3.2-3

3.2.1.2b Stability Of The Cask in The
Vertical Position Under
Missile Impact................. 3.2-5

3.2.1.2c Stability Of The Cask In The
Horizontal Position Under
Wind Loding.................... 3.2-8

3.2.1.2d Stability of The Cask In The
Horizontal Position Under
Missile Impact................. 3.2-9

3.2.1.3 Local Effect On Containment
of Missile Impact............. 3.2-10 1

3.2.1.3a Missle A....................... 3.2-10
3.2.1.3b Missile D...................... 3.2-10 |
3.2.1.3c Missile C...................... 3.2-11 j
3.2.1.4 Ability Of Structures To Perform i

Despite Failure Of Structures
Not Designed For Tornado Loads.3.2-12

3.2.2 Water Level (Flood. Hurricanes. Tsunami.
And Seiches). Design................... 3.2-13

3.2.3 Seismic (Earthquake) Design............. 3.2-14
3.2.3.1 Input Criteria................. 3.2-14
3.2.3.2 Seismic System Analysis........ 3.2-15

3.2.4 Snow And Ice Loadings................... 3.2-17
3.2.5 Dead (Weight) Loads..................... 3.2-18
3.2.6 Handling Loads.......................... 3.2-18

h3.2.7 Internal Pressure....................... 3.2-20
3.2.8 External Pressure....................... 3.2-21
3.2.9 Bolt Loads.............................. 3.2-22
3.2.10 Thermal Loads.. ........................ 3.2-23

11



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ __

i
<

l
i

!
TABLE OF CONTENTS

(continued) !

(~h !

Q,) Page
'

3.2.11 Cask Drops.............................. 3.2-27
3.2.11.1 Crushing Strength Of. Foundation.3.2-28
3.2.11.2 Analysis Of Cask Im

3 . 2 .12 Ca s k T i p p i n g . . . . . . . . . . . . . . . . p a c t . . . . . . . . 3 . 2 - 31............ 3.2-36
3.2.12.1 Analysis Of Tipping Accidents.. 3.2-37

3.2.13 Combined Loading Criteria For
Containment Vessel..................... 3.2-40

3.2.13.1 Containment Vessel............. 3.2-40
3.2.13.2 Basket......................... 3.2-42
3.2.13.3 Trunnions...................... 3.2-43
3.2.13.4 Outer Shell.................... 3.2-44

References For Section 3.2..................... 3.2-58

3.3 SAFETY PROTECTION E'? STEMS....................... 3.3-1
3.3.1 General.................................. 3.3-1
3.3.2 Protection by Multiple Confinement........

Barriers and Systems.................... 3.3-1
3.3.2.1 Confinement Barriers And

Systems........................ 3.3-1
3.3.2.2 Analysis Of Cask Pressures And

Leakage Rates.................. 3.3-3
3.3.3 Protection by Equipment And

rs Instrumentation......................... 3.3-7() 3.3.3.1 Equipment....................... 3.3-7,

3.3.3.2 Insttumentat1on................ 3.3-7
3.3.4 Nuclear Criticality Safety............... 3.3-8

3.3.4.1 Control Methods For Prevention Of
Cricicality.................... 3.3-8

3.3.4.2 Error Contingency Criteria..... 3.3-10
3.4.3.3 Verification Analysis -

Benchmarking.................. 3.3-10
3.3.5 Radiological Protection................. 3.3-11

3.3.5.1 Access Control................. 3.3-11
3.3.5.2 Shielding...................... 3.3-11
3.3.5.3 Radiological Alarm System...... 3.3-12

3.3.6 Fire And Explosion Protection........... 3.3-12
3.3.7 Material Handling And Storage........... 3.3-13

3.3.7.1 Spent Fuel Handling And Storage.3.3-13
3.3.7.2 Radioactive Waste Treatment.... 3.3-15
3.3.7.3 Waste Storage Pacility......... 3.3-16

3.3.8 Indus t r ial And Chemical Sa f ety. . . . . . . . . . 3. 3- 16
References For Section 3.3..................... 3.3-28

3.4 CLASSIFICATION OF STRUCTURES. COMPONENTS AND
SYSTEMS........................................ 3.4-1

3.5 DECOMMISSIONING CONSIDERATIONS................ . 3.5-1

(O) APPENDIX 3A CRITICALITY COMPUTER INPUT................ 3A-1
'

|

|

iii
!

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ - _ _ _ . _____ _ _. __ _ _ - _ _ _ _ _ _ _ _



TABLE OF CONTENTS
(continued)

Pace

4. INSTALLATION DESIGN

4.1 SUMMARY DESCRIPTION............................. 4.1-1

4.2 STORAGE STRUCTURES.............................. 4.2-1

4.2.1 Structural Specifications................ 4.2-1
4.2.1.1 Containment Vessel.............. 4.2-1

4.2.1.2 Basket.......................... 4.2-8
4.2.1.3 Trunnions...................... 4.2-10
4.2.1.4 Outer Shell.................... 4.2-13

4.2.2 Installation Layout..................... 4.2-14

4.2.3 Individual Unit Description............. 4.2-15
References For Section 4.2..................... 4.2-36

4.3 AUXILIARY SYSTEMS............................... 4.3-1

4.4 DECONTAMINATION SYSTEMS......................... 4.4-1

4.5 SHIPPING CASK REPAIR AND MAINTENANCE............ 4.5-1

4.6 CATHODIC PROTECTION............................. 4.6-1

4.7 FUEL llANDLING OPERATING SYSTEMS................. 4.7-1

APPENDIX 4A STRUCTURAL ANALYSES OF TN-24 STORAGE CASK

4A.1 I N T R ODU C T I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 A - 1

4A.2 DESCRIPTION...................................... 4A-1

4A.3 LOADING CONDITIONS AND STRESSES.................. 4A-2

4A 4 MATERIAL PROPERTIES DATA......................... 4A-2
1

4A.5 STRUCTURAL ANALYSIS OF THE CONTAINMENT VESSEL.... 4A-3
4A.5.1 Local Stresses At Connections

To Containment Vessel.................... 4A-3
4A.5.1.1 Local Stresses Due To Attachment :

ILoad Applied By Trunnions....... 4A-3
4A.S.I.2 Local Stresses Due To Attachment

Loads Applied By Outer The
Outer Shell Connection.......... 4A-5

4 A.5.2 Stress Analysis Of Junction Of Cask Body |

Cylindrical Shell With The Bottom I
Closure P1 ate............................ 4A-6
4A.S.2.1 Description...................... 4A-6
aA.S.2.2 Method of Analysis............... 4A-6
4A.S.2.3 Model. Boundary Conditions And h

.

Assumptions..................... 4A-7

|

iv

_ - _ _ _ _ _



. _ _ _ _ .

|

j

|

TABLE OF CONTENTS
(continued)

Paqo

4A.5.2.4 Ana1ysiu......................... 4A-8'

'

4A.S.2.5 Analysis Results................ 4A-31
4A.S.3 Stress Analysis Of The tid And The t

; Junction Of The Lid With The Cask Body
Cylindrical Shell....................... 4A-32 :

4A.5.3.1 Description..................... 4A-32
1 4A.5.3.2 Loading Conditions.............. 4A-32 ;

'

,
4A.5.3.3 Method Of Analysis.............. 4A-33

i 4A.S.3.4 Models. Boundary Conditions
! And Assumptions................ 4A-33
' ,

4A.S.3.5 Materials Used.................. 4A-35 '

} 4A.S.3.6 Analysis........................ 4A-36 i

: 4A.5.3.7 Analysis Results................ 4A-54
i 4A.S.4 Bolt Stresses............................ 4A-55 i

4A.5.4.1 Bolt Preload.................... 4A-55,

4A.S.4.2 Effect Of Discontinuity Of
t

4 Cylinder At The Lid End................. 4A-56 ;

4A.5.4.3 Bolt Load Due To Differential (
j Thermal Expansion....................... 4A-58 !

! 4A.S.4.4 Anaylsis Results................ 4A-60 t

: 4A.5.5 Stress Analysis Of Cask
l Cylindrical Shell....................... 4A-61
1 4A.5.5.1 Description..................... 4A-61
! 4A.5.5.2 Loading Conditions.............. 4A-61 ['
j 4A.5.5.3 Method Of Analysis.............. 4A-61 L

| 4A.5.5.4 Assumptions..................... 4A-62 [
] 4A.5.5.5 Material Used................... 4A-62 L

j 4A.S.5.6 Analysis........................ 4A-62 I
; 4A.5.5.7 Analysis Results................ 4A-73 |

4A.5.6 Containment Vessel Stresses Due To |
'

Cask Drop Accidents..................... 4A-751
i

l 4A.S.6.1 Introduction.................... 4A-75 |

j 4A.S.6.2 Method.......................... 4A-75 |'

4A.5.6.3 Stresses Resulting From
,

Drop Accidents................. 4A-76 !

4A.S.6.4 Analysis Results................ 4A-91 :
: 4A.5.7 Containment Vessel Stresses Due To !

Cask Tipping Accidents.................. 4A-91 [
a

] 4A.S.7.1 Introduction.................... 4A-91 ;

4A.5.7.2 Rotation About The Trunnions i
*

j Support As A Pivot............. 4A-92 |4A.5.7.3 Tipping Of Cask About -

*

The Bottom.................... 4A-102 ;

; 4A.S.7.4 Summary Of Stresses............:4A-103 I

; 4A.S.8 Containment Vessel Stresses Due To '

i Tornado Missile Impact................. 4A-104 i
4A.S.8.1 Introduction................... 4A-104 t,

(x 4A.5.8.2 Method......................... 4A-104
; () 4A.S.8.3 Stress Analysis................ 4A-106 |
; :
! i

y |
: t

) ;

|
. _ - _ . .- _- . . . . . _ _ _ . _ .- . ___ a



_ _ _ _ _ _ _ _ _ _ _ _

TABLE OF CONTENTS
(continued)

ggear 2

4A.6 STRUCTURAL ANALYSIS OF THE BASKET.............. 4A-180
4A.6.1 Introduction............................ 4A-180
4A.6.2 Description............................. 4A-180
4A.6.3 Material Propertiet And

Design Criteria........................ 4A-101
4A.6.4 Loading Conditions...................... 4A-182
4A.6.5 Fuel Basket Plate Panel Analysis........ 4A-183
4A.6.6 Fuel Basket Frame Analysis.............. 4A-184

4A.6.6.1 ANSYS Model.................... 4A-184
4A.6.6.2 Boundary Conditions.

Loading And Assumptions....... 4A-185
4A.6.6.3 Results........................ 4A-186

4 A.7 STRUCTURAL ANALYSIS OF THE TRUNNIONS . . . . . . . . . . . 4 A-202
4A.7.1 Description............................. 4A-202
4A.7.2 Materials Input Data.................... 4A-203
4A.7.3 Applied Loads........................... 4A-203
4A.7.4 Method Of Analysis...................... 4A-204

4A.7.4.1 Trunnion Shoulders............. 4A-204
4A.7.4.2 Trunnion Flange................ 4A-205
4A.7.4.3 Trunnion Bolts................. 4A-208

4A.7.5 Analysis Results........................ 4A-211
4A.7.5.1 Trunnion Shoulders............. 4A-211
4A.7.5.2 Trunnion Flange And Bolts...... 4A-211

4 A . 8 OU T E R S HE L L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 A- 218
4 A . B .1 D e s c r i p t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 A- 218
4 A . 8. 2 Ma t e t t a l s i npu t Da t a . . . . . . . . . . . . . . . . . . . . 4 A- 218
4A.S.3 Applied Loads........................... 4A-218
4A.8.4 Method of Analysis...................... 4A-219

,

4A.8.4.1 Stresses Due To Pressure....... 4A-219
4A.8.4.2 Stresses Due To Handling Loads. 4A-220
4A.8.4.3 Results........................ 4A-222

i References For Appendix 4A.......................... 4A-226

APPENDIX 4D PROCUREMENT SPECIFICATION FOR PURCilASE OF
BORATED STAINLESS STEEL PLATES............... 4B-1

5. OPERATION SYSTEMS

5.1 OPERATION DESCRIPTION........................... 5.1-1

5.1.1 General Description...................... 5.1-1

5.1.2 Flow Sheets.............................. 5.1-2
5.1.3 Identification Of Subjects For

Safety Analysis.......................... 5.1-2
5.1.3.1 Criticality Prevention.......... 5.1-2

vi



- - . .__ - _ . . - . - . . _ _ - - - _. __

t .

:

I '

'
;

P

; TABLE OF CONTENTS
j (continued) j
i

Page !
e

t
1

a 5.1.3.2 Chemical Safety................. 5.1-2 i'

5.1.3.3 Operation Shutdown Modes........ 5.1-2 [

5.1.3.4 Instrumentation................. 5.1-3 [
j 5.1.3.5 Maintenance Techniques.......... 5.1-3 i

5.1.3.6 !! eat Transfer Design............ 5.1-3 t

References For Section 5.1..................... 5.1-51 t

i |
,

| 5.2 FUEL HANDLING SYSTEMS........................... 5.2-1 i
l

! 5.3 OTHER OPERATING SYSTEMS......................... 5.3-1 l
i f

ff 5.4 OPERATION SUPPORT SYSTEMS....................... 5.4-1

5.5 CONTROL ROOM AND/OR CONTROL AREA................ 5.5-1

! 5.6 ANALYTICAL SAMPLES.............................. 5.6 1 i
i

*

I !
;

j 6. WASTE CONFINEMENT AND MANAGEMENT....................... 6-1 |-
i >

i 7. RADIATION PROTECTION !
1 !

| 7.1 ENSURING THAT CCCUPATIONAL RADIATION EXPOSURES
1 ARE AS LOW AS 16 REASONABLY ACHIEVABLE (ALARA). 7.1-1

7.1.1 Policy Considerations.................... 7.1-1
7.1.2 Design Considerations.................... 7.1-1 |
7.1.3 ope ra tional Conside r a tion. . . . . . . . . . . . . . . . 7.1 2 (

) Re f e r ence s Fo r Sec tion 7.1. . . . . . . . . . . . . . . . . . . . . . 7.1- 3 |
|

7.2 RADIATION SOURCES............................... 7.2-1 l
7.2.1 Characterization Of Sources.............. 7.2-1 '

7.2.2 Airborne Radioactive Material Sources.... 7.2-3
References For Section 7.2..................... 7.2-11 I.

l '

t l
1 7.3 RADI ATION PROTECTION DESIGN FEATURES. . . . . . . . . . . . 7. 3-1

)
! 7.3.1 Installation Design Features............. 7.3 1

|7.3.2 Shielding................................ 7.3-1 !

'

7.3.2.1 Shielding Design Features....... 7.3-1
! 7.3.2.2 Shielding Analyses.............. 7.3-2 ;

j 7.3.2.3 Expe r iment al Result s . . . . . . . . . . . . 7. 3-6 i

{ 7.3.J Ventilation.............................. 7.3-7 |
{ 7.3.4 Area Radiation And Airborne Radioactivity |
1 Monitoring Instrumentation.............. 7.3-7 '

] References For Section 7.3..................... 7.3-18 |

|
I

| 7.4 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT... 7.4-1 ;

l
1 7.5 HEALTH PHYSICS Ph0GPAM.......................... 7.5-1 )

I |
f ,

'
. i

vii,
-

,

,

. . _ . - _ _ _ _ _ . . - . _ - _ _ - - _ - _ _ _ . _ _ _ _ . . _ _ _ _ . _ _ - - . - - _ . . _ _ - _ _ . _ . _ . - - - - - - _ _ _ _ _ _ . _ _ _ - - . - - - - _ _ _



_ _ _ _ _ _ _

1

1

!

TABLE OF CONTENTS
(continued)

i

Paae

7.6 BSTiMATED OFF-SITE COLLECTIVE DOSE ASSESSMENT. . . 7.6-1

APPENDIX 7A COMPUTER INPUTS FOR SHIELDING CALCULATIONS.7A-1

8. ACCIDENT ANALYSIS

8.1 OFF-NORMAL OPERAT10NS............................ 8.1-1
8.1.1 Event.................................... 8.1-1

8.1.1.1 Postulated Cause Of The Event... 8.1-2
8.1.1.2 Detection Of Event.............. 8.1-2
8.1.1.3 Analysis Of Effects

And Consequences............... 8.1-2
8.1.1.4 Corrective Action............... 8.1-3

8.1.2 Radiological Impact Fron
Off-Normal Operations................... 8.1-3

References For Section 8.1............... 8.1-7

8.2 ACCIDENTS....................................... 8.2-1
8.2.1 Earthquake............................... 8.2-1

8.2.1.1 Cause Of Accident............... 8.2-1
0.2.1.2 Accident Analysis............... 8.2-1

8.2.2 Tornado.................................. 8.2-1
8.2.2.1 Cause Of Accident............... 8.2-1
8.2.2.2 Accident Analysis............... 6.2-2

8.2.3 Flood.....................................B.2-2
8.2.3.1 Cause Of Accident............... 8.2-2
8.2.3.2 Accident Analysis............... 8.2-2

8.2.4 Explosion Nearby......................... 8.2-2
8.2.4.1 Cause Of Accident............... 8.2-2
8.2.4.2 Accident Analysis............... 8.2-2

8.2.5 Fire..................................... 8.2-3
8.2.5.1 Cause Of Accident............... 8.2-3
8.2.5.2 Accident Analysis............... 8.2-3

8.2.6 Cast. Drop................................ 8.2-3
8.2.6.1 Cause Of Accident............... 8.2-3
8.2.6.2 Accident Analysis............... 8.2-4

8.2.7 Casa Tipping............................. 8.2-4
8.2.7.1 Cause Of Accident............... 8.2-4
8.2.7.2 Accident Analysis............... 8.2-4

8.2.8 Buried or Insulated cask................. 8.2-5
8.2.8.1 Cause Of Accident............... 8.2-5
8.2.8.2 Accident Analysis............... 8.2-5
heterences For Section 8.2............... 8.2-6 ,

8.3 SITE CHABACTERISTICS AFFECTING SAFETY ANALYSIS. . 8.3-1

viii



TABLE OF CONTENTS
(continued)

Pace

9. CONDUCT OF OPERAT10NS.................................. 9-1

10. OPERATING CONTROLS AND LIMITS

10.1 PROPOSED OPERATING CONTROLS AND LIMITS......... 10.1-1
10.1.1 Contents Of Operating Controls And

Limits................................. 10.1-1
10.1.2 Bases For Operating Controls And Limits. 10.1-1

10.1.2.1 Cask Surface Temperature Limit. 10.1-1
10.1.2.2 Cask Surface Dose Rate Limit... 10.1-1
10.1.2.3 Cask Leakage Limits............ 10.1-2
10.1.2.4 Fuel Characteristics Limit..... 10.1-2
10.1.2.5 Sitting Limitation............. 10.1-2
References For Section 10.1............. 10.1-4

10.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS... 10.2-1
10.2.1 Functional And Operating Limits.

Monitoring InstrumentG. And
. Limiting Control Settings.............. 10.2-1
! 10.2.2 Limiting Conditions For Operations...... 10.2-1
j 10.2.2.1 Equipment...................... 10.2-1

10.2.2.2 Technical Conditions And'

Characteristics............... 10.2-1
10.2.3 Surveillance Requirements............... 10.2-2

'

10.2.4 Design Features......................... 10.2-2
j 10.2.5 Administrative Controls................. 10.2-2
J 10.2.6 Suggested Format For Operating

Controls And Limits.................... 10.2 2,

:

1 11. ouALiTv xSSuRANce..................................... 11-1

4

|
:

!

i

e

i
a

l

|O
4

$
J

j ix

!
- . . - - - - - - - . _- - . - - - .-_ -



LIST OF TABLg3

E^92

1.2-1 Principal Design Bases For TN-24 Cask......... 1.2-6
1.2-2 Dimensions And Weight of The TN-24 Cask....... 1.2-7
1.2-3 List of Components............................ 1.2-8

2.7-1 Summary Of Bounding Site Characteristics...... 2.7-2

3.1-1 Physical Characteristics Of Westinghouse Fuel
Assemblies................................... 3.1-3

3.1-2 Thermal. Gamma And Neutron Sources For The
Design Basis 17 X 17 pWR Fuel Assombly....... 3.1-4

3.2-1 Summary Of Internal And Exteraal pressure
Loads....................................... 3.2-45

3.2-2 Summary Of Distributed Loads Acting In Cask.. 3.2-46
3.2-3 Summary Of Weights............................).2-47
3.2-4 Summary Of Inertia g Loads Due

To Handling Operations...................... 3.2-48
3.2-5 Attachment Loads On Cask Body Applied By

Trunnions .................................. 3.2-49
3.2-6 Bolt Loads................................... 3.2-50
3.2-7 Temperature Gradients in The Cask Body

Used For The Structural Analysis............ 3.2-51
3.2-8 Storage Loading Conditions................... 3.2-52
3.2-9 Primary Service Loads........................ 3.2-53
3.2-10 Level A Service Loads........................ 3.2-54
3.2-11 Level B Service Loads........................ 3.2-55
3.2-12 Level C Service Loads........................ 3.2-56
3.2-13 Level D Service Loads........................ 3.2-57
3.2-14 Load Combinations On Vessel.................. 3.2-58

3.3-1 Materials Composition
for KENO Mode 1.............................. 3.3-17

3.3-2 pHL Benchmark Experiments.................... 3.3-10
3.3-3 KENO-Va Benchmark Results.................... 3.3-19
3.3-4 Occupational Exposures for Cask Loading.

Transport. And Emplacement.................. 3.3-20
3.3-5 Fuel Cladding Temperature Limites............ 3.3-21
3.3-6 Decay Heat and Maximum Fuel C4 adding

Temperature As A Function of Fuel Age........ 3.3-22

3.4-1 Clasification Of Structures. Compor.ents And
Systems...................................... 3.4-2

3.5-1 Data For TN-24 Activation Analysis............ 3.5-3
3.5-? Result.s Of ORIGEN2 Activation calculation..... 3.5-4
3.5-3 Comparison Of TN-24 Activity Wit h

Class A Waste Linits.......................... 3.5-5

i

.-. _ _ - _ -



.

l
I f
I l

i LIST OF TABLES
i (continued) ,

f
4.2-1 Des!gt. Bases For Containment Vessel......... 4.2-16 |

4

j 4.2-2a Stress Limits............................... 4.2-17 !
4.2-2b ASME Code Stress Limits For Bolts........... 4.2-18 !

'

4 4.2-3 Magnitude of Loads Acting on Containment [
4 Vessel For Primary Service Loads........... 4.2 19

|
j 4.2-4 hagnitude of Loads Acting on Containment !

3 Vessel For Level A Service Loads........... 4.2-20 l
1 4.2-0 Magnitude of Loads Acting On Containment

|1 Vessel For Level B Service Loads. . . . . . . . . . . 4.2-21 i

! 4.2-6 Magnitude of Loads Acting on containment [
] Vessel For Level D Service Loads........... 4.2-22 i

{ 4.2-7 Magnitude Of Loads Acting On Containment !
Vessel For Level D Service Loada........... 4.2-23 |

4.2.8a Comparison at Actual With Allowable Stress j
Intensity In The ccntainment Vessel t

i Lid Flange At Seal......................... 4.2-24
4.2.8b Comparison of Actual With Allowable Stress

Intensity In The Containment Vessel i
Shell Away From Ends....................... 4.2-25 i

4.2.8c Comparison of Actual With A11owatlo Stress !
| Intensity In The Containment Vessel

{~

Shell At Junction With Botton P14te........ 4.2-26 ;

4.2.8d Comparison Of Actual With Allowable Stress i

Intensity In The Containment VesselO Botton Plate At Center..................... 4.2-27
4.2.8e Summary Of Maximum Stress Intensities And i

Allowable Stress Limits For The Containment i
i Vesse1..................................... 4.2-28 f
1 4.2.8C Summary Of Maximum Stress Intensity Values I
j And Allowable Stress Limits For Lid Bolts.. 4.2-29 {
j 4.2-9 Design Basis For Basket..................... 4.2-30 j

4.2-10 Comparison Of Actual With Allowable Stress,
8 Detoraations In Basket..................... 4.2-31

4.2-11 Compariscn of Maximum Stress intensity With
| Allowable In Trunnion Shoulder s. . . . . . . . . . . . 4.2-32
! 4.2-12 Comparison of Trunnion Flange And Bolts
| Stress Intensity With A11owable............ 4.2-33

4.2-13 Compatison of Maximum Stress Intensity With'

Allowables In Outer Shell.................. 4.2-34

|

l 4A.5-1 Computation Sheet For Local Stress In

| Cylindrical She11s......................... 4A-120 6

4A.5-2 List Of Bijlaard Parameters... ............. 4A-121 }
,

| 4A.5-3 Attachment Loads Applied To Cask Body....... 4A-122 |
) 4A.5-4 Stress Components In Cylinder At Trunnion

|' Due To Attachment Loads.................... 4A-123 i

4A.5-5 Applied Loads At the Outer Shell Closure I

; Plate Connection Compared To Applied Loads !
| At Trunnion................................ 4A-124 !

J 4A.5-6 Stress Components In Cylinder At Junction 1
Of Cylinder Wit h Bot tom Pla te. . . . . . . . . . . . . . 4 A-12 5 i

1

xi |

|

|



.-_____ ___

LIST OF TABLES
(continued)

Case

4A.5-7 Stress Components In Bottom Plate At
Junction With Cylinder..................... 4A-127

4A.5-8 Stress Component in Bottom Plate
At Center.................................. 4A-129

4A.5-9 Material Properties Used For The Cask Lid
And The Cylinder Shell... ................. 4A-131

4A.5-10 Stress Components In Lid - At Center........ 4A-132
4A.5-11 Stress Components in Ltd - At Step In

Lid F1ange................................. 4A-133
4A.5-12 Stress Components in Lid - At Seal Locatio... 4A-134
4A.5-13 Ltd Bolt Stresses........................... 4A-135
4A.5-14 Stress Components in Cylinder -

At Junction With Lid....................... 4A-136
4A.5-15 Stress Components In Cylinder -

Away From Ends............................. 4A-137
4A.5-16 ... DELETED.................................. 4A-138
4A.5-17 Stress Components In Cylinder Due To

Distributed Loads.......................... 4A-139
4A.5-18a Stress Components Due To 8 Ft Vertical Drop -

Cylinder At Junction With Bottom Plate..... 4A-140
4A.5-18b Stress Components Due To 8 Ft Vertical Drop -

Bottom Plate At Junction With Cylinder..... 4A-141
4A.5-18c Sttess Components Due To 8 Yt Vertical Drop -

Bottom Plate At Center..................... 4A-142
4A.5-18d Stress Components Due To 8 Ft Vertical Drop -

At Seal With Lid Plange.................... 4A-143
4A.5-18e Stresh Components Due To 8 Ft Vartical Drop -

Central Portion At Step in Lid............. 4A-144
4A.5-19 Stress components Due To Horizontal 7 Ft Drop -

Cylinder Away From Ends.................... 4A-145
4A.5-20a Stress Components Due To Tipping Accidents -

At Seal In tid Flange...................... 4A-146
4A.5-20b Stress Components Due To Tipping Accidents -

Central Portion At Step in Ltd............. 4A-147
4A.5-21a Stress Components Due To Tornado Missiles.

Cask in Vertical Orientation -
Cylinder Away From Ends.................... 4A-148

4A.5-21b Stress Components Due To Tornado Missiles.
Cask in Horizontal Orientation -
Impact On Center Of Cask................... 4A-149

4A.5-21c Stress Components Due To Tornado Missilee.
Cask in Horizontal Orientation -
Impact On L11 And Bottom................... 4A-150 ;,

4A.6-1 Mitetici Properties For TN-24 basket........ 4A-188
4A.6-? Basket Plate Thermal Expansion

Calculation Summary........................ 4A-189 |

4A.6-3 Summary Of Stresses. Strains And Deflections.4A-190 i

O
xii



. ._____ . __ _ __ ___. __ _ __ _ _ _ _ _ _ -.-

J '

, t

|
! i

'

LIST OF TABLES'

i (continued) !

|(:) ;e-

{ 4A.7-1 Summary of Stresses in Trunnion Shoulders... 4A-212 ,

t 4A.7-2 Summary of Stresses In Flange And Bolts..... 4A-213 i
<a

l
; 4 A . P. - 1 Stress Components In outer Shell And Closure
1 Plates..................................... 4A-223 ,.

] 5.1-1 Sequence of Operations...................... 5.1-24 (
) 5.1-2 Anticipated Time And Personnel Requirement For i

j Cask Handling operations................... 5.1-27
j 5.1-3 Summary of Results.......................... 5.1-29 .

! 5.1-4 Properties of Materials Used in |
! Thornal Analyses........................... 5.1-30 ,

! 5.1-5 Component Temperatures During |
1 Normal Storage............................. 5.1-31

1 5.1-6 Maximum Transient Temperatures - i

|
Thermal-Accident............................b.1 32

;

| 7.2-1 Material Distribution In
PWR Fuel Assembly............................ 7.2-4'

7.2-2 Gamma And Neutron Radiation Sources i

(5 Year Cooling Time)....................... 7.2-5
7.2-3 Fission Product Activities (Curies /MTU)...... 7.2-6

,

7.2-4 Primary Gamma source spectrun'

,

ORIGEN2 Group Structure..................... 7.2-7 t

7.2-5 Neutron Source Distribution.................. 7.2-8'

7.2-6 Parameters For The Scale
27n-189 Library........................,.... 7.2-9

,

7.2-7 Fission Gas And Volatile Nuclides inventory. 7.2-10

7.3-1 TN-24 Cask Shield Materials.................. 7.3-8 |
'

| 7.3-2 Ma t e r ials input For OAD Model . . . . . . . . . . . . . . . . 7. 3-9 (
! 7.3-3 Materials Input For XSDRNPM................. 7.3-10 t

7.3-4 TN-24 Cask Dose Rates At Short Distances.... 7.3-11 |
|

7.4-3 Maintenance And Repair Operations Annual i
Exposure..................................... 7.4-2 .

I
i

8.1-1 Doses From Complete Containment Failure...... 8.1-6
|

.

1
'

!
,

10.1 Operating Limits Summary................... 10.1-3
I
!

i
! I
i i
1 !

|($) !
'

>
.

I4

) ;

a xiii |
J
1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ _ _ _ _ _ _ __ _ ________ _ _______ _ __ _ _ _ _



LIST OF FIGURES

1.1-1 TN-24 Dry Storage Cask......................... 1.1-6

1.1-2 Typical ISPSI Vertical Storage..................l.1-7
1.1-3 Typical ISFSI Horizontal Storage............... 1.1-8

3.1-1 Decay Heat PWR Assemblies...................... 3.1-5

3.1-2 Gammas Sourco Lesign Basis
PWR Assembly.................................. 3.1-6

3.1-3 Neutron Source Design Basis
PWR Assemo1y........................... ..... 3.1-7

3.2-la Distributed Loads Due To Earthquake, Wind
And Water; Cask In Vertical Storage Position. 3.2-60

3.2-lb Distributed Loads Due To Earthquake, Wi.d And
Water: Cask In Horizontal Storage Pocition... 3.2-61

3.2-lc Tornado Missile Impact On Cask
In Vertical Orientation...................,.. 3.2-62

3.2-ld Tornado Missile Impact On Cask
In Horizontal Orientation............ ....... 3.2-63

3.2-2 Handling Loads Applied To Trunnions For A
Vertical Lift - Cask Vertical................. 3.2-64

3.2-3 Handling Loads Applied To Trunnions Foc A
Vertical Lift-Cask Horizontal................ 3.2-65

3.2-4 Handling Loads Applied To Trunnions For
Tilting Operation............................ 3.2-66

3.2-5 Handling Loads Applied To Trunnions Due To
Transfer Operations.......................... 3.2-67

3.2-6 Application of Distributed Loads On Cask
Due To Handling Operations................... 3.2-68

3.2-7 Handling Loads Applied To Trunnions........... 3.2-69
3.2-8 Cask Drop Accidents Considered................ 3.2-70
3.2-9 Corner Impact............................ .... 3.2-71
3.2-10 Horizontal Impact................ ............ 3.2-72
3.2-11 Cask Tipping Accident - Rotation

About Trunnions.............................. 3.2-73
3.2-12 Cask Tipping Accident - Rotation

About Base................................... 3.2-74 |
i

3.3-1 Seal And Pressure Monitoring System........... 3.3-23 |

3.3-2 Determination Of Maximum Allowable Helium i

Test Leakage Rate............................ 3.3-24 |
3.3-3 Change In Monit' ing System And Cavity ;

Pressure During Storage...................... 3.3-25
3.3-4 TN-24 KENO V.a Geometry................. -... 3.3-26 |

3.3-5 PNL Benchaark Experiment Fuel Rods............ 3.3-27 i

3.3-6 Typical PNL Benchmark Experiment.............. 3.3-28 |
3.3-7 Maximum And Allowable Fuel

Rod Temperatures............................. 3.3-30 '

;

xiv

>



LIST OF FIGURES
(continued)

_j Paae

4.2-1 TN-24 Containment Vessel...................... 4.2-35

4A.5-1 TN-24 Storage Cask-Longitudinal Section....... 4A-151
4A.5-2 Sign Convention For Discontinuity Moments

And Shears At Junction Of Cylinder To Plate.. 4A-152
4A.5-3 Model Of The Cylinder And Plate At

The Junction................................. 4A-153
4A.5-4 Lid And Junction Of Lid And Cask Body Cylinder.4A-154
4A.5-5 Modifit Lid Flange At Junction With Cask Body

Cylinder..................................... 4A-155
4A.5-6 Lid Elements And Sign Convention.............. 4A-156
4A.5-7 Model Of Lid Used For Analysis Purposes....... 4A-157
4A.5-8 Model Of Lid For Pressure Load................ 4A-158
4A.5-9 Model Of Lid For Bolt Preload................. 4A-159
4 A.5-lO Model Of Lid For Analysis Of Thermal Gradient

Across Lid Thickness......................... 4A-160
4A.5-11 Model Of Lid And Bolts For Analysis Of

Differential Thermal Expansion Between Lid
And Cylinder................................. 4A-161

4A.5-12 Loads Acting At Junction Of Lid And Cylinder.. 4A-162
4A.5-13 Loads Imposed On Shell By Trunnions........... 4A-163
4A.5-14 Load Distribution On Lid Or Bottom Plate DueO To Vertical Cask Drop Accident Onto Concrete

Storage Pad.................................. 4A-164
4A.5-15 Load Acting On Lid Flange Due To Vertical

Drop On Bottom Plate......................... 4A-165
4A.5-16 Loaa Dictribution And Reactions On A Ring

Section Of The Cylinder Due To Horizontal
Cask Dcop Into A Concrete Storage Pad........ 4A-166

4A.5-17 Load On Lid And Lid Bolts For Horizontal
Drop Accident................................ 4A-167

4A.5-18 Loading On Cask Due To Cask Center
Of Gravity Over Bottom Corner................ 4A-168

4A.5-19 Enveloping The Calculated Force Vs Time Curve
To Determine Dynamic Load Factors............ 4A-169

4A.5-20 Load Distribution On Cylinder And Reaction At
Concrete Storage Pad Due To Cask Tipping
Accident (i.e. Rotation About Truanion)...... 4A-170

4A.5-21 System Of Inertia Lesd8 Applied On Cask
For Tipping About 1.unnion................... 4A-171

4A.5-22 Inert ia Loads Applied On Lid For Tipping
Abou Trunnion............................... 4A-172

4A.5-23 Lid Bolts Reacting Inertia Loads.............. 4A-173
4A.5-?4 Geometry Terms For Lid Bending Homent......... 4A-174
4A.5-25 Analysis Model Tornado Missile Impact

On Vertical Cask............................. 4A-175
4A.5-26 Analysis Model Tornado Missile Impact

O on Horizontal Cask........................... 4A-176
4A.5-27 Missile A Impact On A king Section

Of A Vertical Cask........................... 4A-177 |4A.5-28 Missile B Impact On Cask Bottom............... 4A-l'8
xv



|

LIST OF FIGURES I

(continued) |

Page
.

1

4A.5-29 Missile B Impact On Cask Lid.................. 4A-179

4A.6-1 Stress - Strain Curve For it Borated
Stainless Steel At 650*F..................... 4A-191

4A.6-2 TN-24 Fuel Basket Plate.Shell Model........... 4A-192

4A.6-3 TN-24 Fuel Basket Plate Equivalent Beam Model. 4A-193
4h.6-4 Frame Model Compartment Detail................ 4A-194
4A.6-5 TN-24 Fuel Basket Frame Model................. 4A-195
4A.6-6 Boundary Conditions........................... 4A-196
4A.6-7 Load Distribution............................. 4A-197
4A.6-8 Plate Slot Region Stresses (3G)............... 4A-190
4A.6-9 Plate Center Region Stresses (3G)............. 4A-199
4A.6 10 Plate Slot Region Stesses (75G)............... 4A-200
4A.6-ll Plate Center Region Stresses (75G)............ 4A-201

4A.7-1 Bolted Trunnion............................... 4A-214
4A.7-2 Free Body Diagram No Loss Of Contact

Bearing Pressure............................. 4A-215
4A.7-3 Local Loss Of Contact Bearing Pressure........ 4A-216
4A.7-4 Trunnion Bolts - Homents...................... 4A-217

4A.8-1 Outer Shull And Connection H'th Cask Body..... 4A-224
Used For Analysis4A.8-2 Load Distributions And Mod -

Of Outer Shell............ ................. 4A-225

5.1-1 Sequence of Operations........................ 5.1-33
5.1-2 Sketch of Thermal Model For

TN-24 Packaging Cross Section................ 5.1-34
5.1-3 Finite Element Model For

TN-24 Packaging Cross section................ 5.1-35
5.1-4 Temperature Distribution In The TN-24 Packaging

Cross Section Model - Normal Conditions...... 5.1-36
5.1-5 Sketch Of Thermal Model For TN-24 Cask Body

Vertical Storage............................. 5.1-37
5.1-6 Vertical Storage Of The TN-24

In A 2 x 10 Attay............................ 5.1-38
5.1-7 Finite Element Model For The TN-24 Cask Body

Vertical Storage............................. 5.1-39
5.1-8 Temperature Distribution In The TN-24 Cask

Body Vertical Storage - Normal Conditions.... 5.1-40
5.1-9 Temperature Distribution In The TN-24 Lid

Region Vertical Storage - Normal Conditons... 5.1-41
5.1-10 Temperature Distribution in The TN-24 Bottom

Region Vertical Storage - Normal Conditons... 5.1-42
5.1-11 Sketch Of Thermal Model For The TN-24 Cask Body

rio r i z o n t a l S t o r a g e . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 .1 - 4 3
5.1-12 Horizontal Storage of The TN-24 i

In A 2 x 10................... .............. 5.1-44
5.1-13 Finite Element Model For The TN-24 Cask Body

Horizontal Storage........................... 5.1-45

xvi



I

LIST OF FIGURES
(continued)

Paoe

5.1-14 Temperature Distribution In The TN-24 Cask Body
Horizontal Storage - Normal Conditions....... 5.1-46

5.1-15 Temperature Distribution In The TN-24
Packaging Cross Section Model At The End
Of The Thermal Accident...................... 5.1-47

5.1-16 Maximum Temperature - Time History For The
TN-24 Packaging During Accident Conditions... 5.1-48

5.1-17 Finite Element Model For The TN-24
Seal-Lid Region Model........................ 5.1-49

5.1-18 Maximum Temperature-Time History For A Buried
TN-24 Packaging.............................. 5.1-50

7.3-1 TN-24 Cask Shielding Configuration............ 7.3-12
7.3-2 QAD Model..................................... 7.3-13
7.3-3 XSDRN-PM Radial Model......................... 7.3-14
7.3-4 XSDRN-PM Axial Mode 1.......................... 7.3-15
7.3-5 XSDRN-PM Spherical Model (Long Distance)...... 7.3-16

'

7.3-6 Dose Rate At A Long Distance.................. 7.4-17

|

,

i

O

L
l

1

>

I

!

.

L

(_),

:
;

I
'

xvii

._ _ _ . - - _ _ _ _ _ _ _ _ _ _ _ _ - , _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ -._...______a



-. .

1. INTRODUCTION AND GENERAL DESCRIPTION

O,
1.1 INTRODUCTION

1.1.1 General
:

,

This topical report addresses the safety related aspects of storing ;

spent fuel in the TN-24 dry storage cask. The format follows the

guidance provided in NRC Regulatory Guide 3.48 (Throughout.

this report, superscripte6 numbers in parenthest s ref er to ref erence

numbers for the Section.) The report is intended for review by the

NRC under 10CFR72 It can be incorporated by reference into a.

Safety Analysis Report (SAR) submitted by an applicant for a 10CFR72

license for an Independent Spent Fuel Storage Installation (ICFSI).

The TN-24 dry storage cask provides containment, shielding.

criticality control and passive heat removal independent of any

other facility structures or components. It can be used eitherO singly or as the basic storage module in an ISFSI. The site for an

ISFSI could either be located at a reactor (AR) or away from reactor

(AFR).

This topical report analyzes the safety related aspects of one cask

and also the interactions amoni casks at an ISF01. It does not oeal

directly with "he loading and Pecontamination of the cask since

these operations would take place before the cask is placed in i

storage.

,

Some sections of this report identify information that can only be

supplied by the applicant for a site-specific license. However,

where possible, typical or bounding values for installation Sr (
site-specific ir. formation are supplied in this report so that review

of cask and facility interfaces is facilitated.
,

|

:
>

t

. i

i 1.1-1

- _ _ . _ _ . . . _ _ _ _ _ _ - _ . . . _ __



|

l .2 principal Design Features of Installation lu

1.1.2.1 Type of Dry Storace Mode

Irradiated fuel assemblies are stored in a sealed TN-24 cask
fabricated mainly of forged steel. The TN-24 cask is shown in
Figure 1.1-1. In the following paragraphs describing the cask, the

numbers in parentheses refer to items shown in Figure 1.1-1.

The TN-24 has a forged steel body (l) for structural integrity and
gamma shielding, surrounded by a layer of borated polyester resin in
aluminum shelln(2) for neutron shielding which is enclosed in a
smooth steel outer shell(3). The cask is approximately 16.7 ft,

long, 8.0 ft. in diameter and weighs approximately 113 tons on the
fuel pool crane hook, tilled with 24 fuel assemblies and water. The
cask has a cylindrical cavity which holds a fuel basket (4) designed
to accommodate 24 intact pWR fuel assemblies as specified in
Sections 1.1.2.5 and 3.1.1. The basket is made of a neutron
absorbing material to control criticality. The cavity atmosphere is
helium at a positive pressure.

The cask is sealed with a lid (5) bolted to the body. A protective

cover (6) bolted to the body provides weather protection for the lid
penetrations. Two concentric metallic O-rings (7) are provided for
sealing the lid to the cask body and an elastomer 0-ring is used
with the protective cover. The annular space between the metallic

O-rings is connected to a tank (10) between the lid and the
protective cover, pressure in the tank is maintained above the

pressure in the cask to prevent fission gas leakage out of, or air
leakage into, the cavity. The body is provided with three pairs of
removable trunnions (8) for handling and transport. A polypropylene
neutron shielding disc (9) is attached to the lid when the cask is in
storaga. (If stored in a horizontal orientation, a neutron shielding
disc must also be attached to the cask bottom.)

@
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1.1.2.2 Description of Installation
,

An installation for storing spent fuel may be designed to include

one or more TN-24 casks. The casks may be stored on a concrete slab

in a free standing, vertical orientation, or horizontally using
supports at each end.

One possible configuration for a dry storage installation with casks
in a vertical orientation is shown in Figure 1.1-2. A similar i

configuration with casks in a horizontal orientation is shown in
Figure 1.1-3.

1.1.2.3 Location of Installation

The license applicant's SAR identifies the exact location of the
ISFSI. ,

1.1.2.4 Capacity of the Installation

The TN-24 cask is designed to store up to 24 intact pWR fuel !

assemblies. The ISFSI capacity will vary decording to the

requirements of the license applicant and the details of the
specific site. r

1.1.2.5 Spent Fuel Identification

The type of fuel to be stored in the TN-24 cask is LWR fuel of the

| pWR type. A pWR fuel assembly typically consists of zircaloy fuel

rods containing uranium dioxide (UO2) fuel pellets. The fuel rods

are assembled into a square array, spaced and supported laterally by>

grid structures with top and bottom fittings for vertical support

and handling.

,.

;

|
,
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Typical PWR assemblies consist of 14x14, 15x15, or 17x17 arrays of
rods. Dimensions of a PWR assembly are approximately 8.4 in. square
by 160 inches long. Each assembly weighs approximately 1470 lb and

contains about 1014 lb (460 kg) of uranium. A detailed description

of the PWR assemblies and the characteristics of the spent fuel

considered for storage in the TN-24 cask are given in Section 3.1.

1.1.2.6 Waste Products

Waste products resulting from cask operation are negligible and

would typically be limited to gloves and swipes that might be

generated during periodic cask inspection and maintenance.

1.1.2.7 Corporate Entities

Transnuclear, Inc., (TN), provides the design, analysis, licensing

support and quality assurance for the TN-24 cask. Fabrication of
the cask is done by one or more qualified fabricators under TN's

control.

Transnuclear, Inc., was incorporated in the state of New York in

1965 and now has offices in Hawthorne, New York and Aiken. South
Carolina. Transnuclear shares are privately held by Transnucle. aire,
S.A. of Paris, France.

The Transnuclear Group is a world-wide organization of affiliated

companies with special expertise in transportation and storage of
radioactive materials. The Transnuclear Group designs, licenses,

tests, owns, leases, operates and maintains special casks and

containers utilized in the transportation and storage of nuclear
fuel and other radioactive materials.

O
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|

1.1.2.8 Time Schedules

I
Refer to the license applicant's SAR.

!
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FIGURE 1.1-1
TN-24 DRY STORAGE CASK
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1.2 GENERAL DESCRIPTION OF INSTALLATION

1.2.1 Principal Characteristics of the Site

Specific site characteristics are contained in the license

applicant's SAR. Ilowever, the TN-24 cask design bases are chosen to

include a variety of possible sites. The cask has been designed to

withstand temperature extremes and forces resulting from tornados,
earthquakes, floods, pressure waves, drops and fires.

1.2.2 Principal Design Criteria

The principal design bases for the TN-24 cask are presented in Table
1.2-1. The TN-24 dry storage cask is designed to store 24 intact

PWR spent fuel assemblies, with a maximum assembly average burnup of
35,000 MWD /MTU and a minimum cooling time of 5 years.

The maximum total heat generation rate of the stored fuel is limited

to 24 kw in order to keep the maximum fuel cladding temperature
below the limit necessary to ensure cladding integrity for 40 years
storage considering a 115*F ambient temperature, solar load,

and an array of casks. The fuel cladding integrity is asssured by

the limited fuel cladding temperature and maintenance of a
nonoxidizing environment in the cask

.

The containment vessel (body and lid) is designed and fabricated to
the maximum practicable extent as a Class I component in accordance
with the rules of the ASME Boiler and Pressure Vessel Code, Section
III, Subsection NB, Articles NB-3200. The cask design, fabrication

and testing are covered by a Quality Assurance Program which
conforms to the criteria in Appendix B of 10CFH50

.

O
|

|
:
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.

The cask is designed to maintain a suberitical configuration during

() loading, handling, storage and accident conditions. Poison
materials in the fuel basket and basket gaps between fuel assemblies

are employed to maintain k,gg 5 0.95 including statistical
uncertainties. The TN-24 cask is designed to withstand the effects

of severe environmental conditions and natural phenomena such as

earthquakes, tornados, lightning, hurricanes and floods. Chapter 8

describes the cask behavior under these environmental conditions.

1.2.3 Operatino Systems

Refer to the license applicant's SAR.i

.1.2.4 Fuel _Handlino
t

t

Refer to the license applicant's SAR.
!

1.2 4 Structural Features

O ,

i

The main components of the TN-24 cask are:

-containment vessel (body and lid)

-protective cover

-neutron shield

-outer shell

-fuel basket

-sealing system.;

i A set of reference drawings is presented in Appendix 1A. Dimensions

! and design characteristics ato shown in Table 1.2-2. Table 1,2-3 is

) a list of components of the TN-24 cask.

!
;

)
i

t

I 1.2-2
1
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The containment vessel for the TN-24 cask consists of a body which
is a thick-walled, forged steel cylinder with an integrally-welded,
forged steel bottom closure and a flanged and bolted forged top

lid. The overall containment vessel length is 186.0 in, and the

side wall thickness is 9.75 in. The cylindrical cask cavity is

163.25 in. long with a diameter of 63.0 in.

There are two penetratio 3 through the containment vessel, both in

the lid: one for a drain opening and the other for venting. A

bolted blind flange with two concentric metallic O-rings is provided

for closure of each penetration. The lid is 11.5 in. thick and is

fastened to the body by 48 bolts.

Double metallic O-ring seals with interspace leakage monitoring are
provided for the lid closure. For additional protection from the

environment, a torispherical protective cover with an elastomer

0-ring is provided above the lid.

Gamma shielding is provided primarily by the thick-walled, forged
steel body and neutron shielding is provided by a borated polyester
resin compound surrounding the body. This resin has been used on
more than 50 TN-12 transport casks in use worldwide. Tests have

shown the resin to have excellent stability. Outgassing of the resin
shows less than a 1% weight loss at temperatures under 300*F. The
resin compound is cast into long, slender aluminum containers. The
array of resin-filled containers is enclosed within a smooth outer

steel shell constructed of two half cylinders, in addition to

serving as resin containers, the aluminum also provides a conduction
path for heat transfer from the cask body to the outer shell. A

disk of polypropylene encased i t- a 0.25 inch steel shell is attached

to the cask lid to provide neutron shielding during storage.

The fuel basket is designed to accept 24 pWR spent fuel assemblies
and contains 24 compartments for the proper spacing of the
assemblies. It dissipates heat to the cask body and contains

;

1.2-3 i



neutron absorbing material which assures that a subcritical

/ configuration is maintained at all times. The basket is an assembly

of mechanically interlocking plates made of borated stainless steel:

the plates are coated with copper for improved heat transfer. The

coating is applied by electroplating per ASTM B 254-79 and
;

5tested for adhesion per ASTM B 571-84 to assure that

delamination will not occur.

The cavity surfaces and the outer shell have a flame sprayed 2n/Al
alloy coating for corrosion protection. Additionally, the cavity is

coated with Ti/A1 oxide for high emissivity, and external surfaces

of the cask are painted for ease of decontamination.

For corrosion prevention, a stainless steel overlay is applied to

the 0-ring seating surfaces on the body.

Six removable trunnions are attached to the cask body for lifting.

tie-down and rotation of the storage cask.

O
1.2.6 passive Decay Heat Dissipation System

During dry storage of the spent fuel, no active systems are required

for the removal and dissipation of the decay heat from the fuel.

The TN-24 cask is designed to transfer the decay heat from the fuel

to the basket, from the basket to the cask body and ultimately to

the surrounding air by radiation and natural convection. The cask

is capable of removing 24 kw of decay heat without requiring the use

of external fins, thas providing a smooth outer surface for ease of

decontamination. |
|

J.._2 . 7 Radi_pactive_ Waste Treat _ent
,

1

Since the TN-24 dry storage casks a:e permanently sealed and are

completely passive in operation, all radioactive materials are

contained and no radioactive waste treatment is required.

1
;
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Any radioactive vastes generated during loading or decontamination

operations within a nuclear plant facility, prior to transfer to an

ISFSI, are handled by the plant radwaste systems which are governed

by a 10CFR50 license.

1.2.8 Special Features That Are Safety-Related

Some of the most important safety-related featutes of the TN-24 dry

storage cask are:

-Passive removal of spent fuel decay heat

-Poison material and configuration to maintain subcriticality

of the fuel at all times

-Radiation protection provided by sufficient gamma and neutron

shielding

-Structural integrity of the containment vessel maintained

during all normal and accident conditions

-Containment system as a barrier against activity releasc and

air leakage into cavity.

A more detailed description of the safety related features of the

TN-24 cask is given in Chapter 3.

I
1
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TABLE 1.2-1

PRINCIPAL DESIGN BASES FOR TN-24 CASK

Design life * 20 yr

Maximum weight (loaded, flooded cask

on pool crane hook) 113 U.S. tons

PWR (intact fuel)Number of fuel assemblies 24 -

Array type of fuel assemblies 14x14, 15x15, and

17x17

Spent fuel characteristics:

a) Maximum burnup** 35.000 MWD /MTU

b) Maximum enrichment 3.7 wt% U235

c) Minimum decay time 5 yr

d) Maximum heat generation 24 kw (total)

Effective multiplication factor keff 5 0.95

O Maximum fuel rod clad temperature *** 388'C

Internal cask atmosphere helium

Initial cavity pressure 2.2 atm

Ambient temperature -20*F to ll5'F

Insolation (max) 1475 Btu /ft per

12 hr day

Maximum dose rate at surface 60 mrem /hr
11andling/ storage orientation llorizontal or vertical

i '

; * No major maintenance
t

** Assembly average

See Section 3.3.7***
<

i

i

!
.

i 1.2-6
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TADLE 1.2-2

DIMENSIONS AND WEIGHT OF Tile TN-24 CASK

Overall length (with protective cover,in) 201.0

Outside diameter (in) 94.75

Cavity diameter (in) 63.00

Cavity length (in) 163.25

Body wall thickness (in) 9.75

Lid thickness (in) 11.50

Bottom thickness (in) 11.25

Resin compound thickness (in) 5.38

Outer shell thickness (in) 0.75

Cask weight:

Loaded on storage pad (tons) 107

Loaded on pool crane hook with water (tons) 112

.

:

|

|
,
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TABLE 1.2-3

'

LIST OF COMPONENTS

Item No Shown On
No. Reo'd Dwo No.* Description Material :

1 1 971-1 Shell SA-350, Gr LF1
2 1 971-1 Lid SA-350, Gr LF1
3 1 971-1 Bottom SA-350 Gr LF1
4 6 971-1 Trunnion SA-182, Gr F6NM s

5 1 971-1 Protective Cover SA-516, Gr 55
6 1 971-1 Radial Neutron Shield Borated polyester
7 1 971-1 Outer Shell SA-516, Gr. 55 :

8 6 971-1 Neutron Shield plug Borated polyester r

SA-516 Gr 55 Shell
9 1 971-1 Top Neutron Shield Polypropylene ;

SA-516 Gr 55 Shell
10 1 971-1 Bottom Neutron Shield Polypropylene

SA-516 Gr 55 Shell ,

'11 72 971-1 Trunnion Bolt SA-320, Gr L43
12 60 971-2 Radial n-Shield Box Aluminum alloy |

'

13 48 971-3 Lid Bolt SA-320, Gr L43 |

14 48 971-3 Protective Cover Bolt SA-193, Gr B-8 ,

'

15 1 971-3 Lid Seal Double metallic
O-ring

16 1 971-3 Protective Cover Seal Viton 0-ring
17 1 971-1 Drain Port Cover SA-240 TP 304
18 1 971-1 Vent Port Cover SA-240, TP 304
19 2 971-1 Drain and Vent Port Double metallic

Cover Seal 0-ring
20 11 971-1 Drain and Vent Port

Cover Bolt SA-193, Gr B-8
21 8 971-1 Top & Bottom Neutron ,

,

Shield Bolt SA-193, Gr B-8 !
22 210 971-6 Basket Plate SS304, 1.0 wtg Boron: !!

copper electroplated |
23 12 971-6 Basket Rail Aluminum Alloy

j

24 1 971-1 Over pressure Tank SS304 3

25 1 971-1 Over pressure port cover SA-240 TP304 |

26 4 971-1 Over pressure port
! cover bolts SA-193 Gr B-8
| 27 1 971-1 Over pressure port
; cover seal Single metallic

0-ring4

*See Appendix 1A;

i

!

; 1
i i

1
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1.3 GENERAL SYSTEMS DESCRIPTION

A general description of the basic storage component (storage cask)

is given in Section 1.2.

A typical storage facility is shown in Figures 1.1-2 and 1.1-3. The

facility is basically only an outdoor storage area with one or more

concrete slabs on which the casks are placed. The facility could be

located within or close to a reactor site.

The storage casks may be loaded dry and then decontaminated or they

may be loaded in a reactor spent fuel pool, drained, dried and

decontaminated. After leak testing, the cavity and over pressure ;
a

tank are pressurized. The casks are then transported to the storage

facility where they are placed on a concrete slab by a mobile

q lifting rig. The casks can be stored in either a vertical or a ,

horizontal position.
i

The cask is a totally passive system and the storage facility would*

require only visual inspection and toonitoring of the over pressure
,

system.

|
[

If the visual inspection indicates deterioration of the painted

surface, the paint can be touched up. The pressure monitoring

system should be periodically calibrated. These procedures would be |

: the responsibility of the license applicant. No other maintenance

] is necessary over the twenty year cask life under normal conditions.
[

i

3

;

1
J

,

1 <

}
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1.4 1DENTIFICATION OF AGENTS AND CONTRACTORS

The only organizations outside of the Transnuclear Group which have

been involved its the TN-24 cask design as described in this report i

are the following:

-Constantino, Miller and Associates - Assistance in

performance of structural analyses.

-Becker, Block and lia r ris , Inc. - Assistance in performance of

criticality and snielding analyses.

O

|

|

|

l
i

|

|
;

O
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1.5 MATERIAL INCORPORATED BY REFERENCE .

i

This topical report makes no references to any other topical reports.
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2. SITE CHARACTERISTICS

O !.

2.0 GENERAL ;i

L

: !
! A complete description of specific site characteristics is the |
t t

responsibility of the applicant for an ISFSI license. This {
rinformation will be included in the applicant's SAR. The design of j

'

the TN-24 dry storage cask is based on selected site characteristics }
II which are judged to be sufficiently extreme to bound the majority of
,

j potential ISFSI sites.

] !
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2.1 GEOGRAPHY AND DEMOGRAPilY OF SITE SELECTED

O
Ir.:ormation on site geography and demography is the responsibility

of the license applicant. Information to be provided by the

applicant in his SAR will include details of site location, site

description, population distribution and trends, and uses of neatby

land and waters.

The license applicant will be responsible for establishina the

controlled area for the ISFSI. Location of the storage casks within

this controlled area must comply with the requirements of paragraphs
'

72.67 and 72.68 of 10CFR72. Paragraph 72.68 states that the

minimum distance from the spent fuel handling and storage facilities

to the nearest boundary of the controlled area shall be at least 100

meters (328 ft). Analyses presented in Section 7.4 of this Topical

Report provide the basis for the license applicant to determine the

necessary boundary distance to meet the dose rate limit at the

boundary.

!
l
!

|

|

H
i,
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2.2 NEARBY INDUSTRIAL. TRANSPORTATION, AND MILITARY FACILITIES

O
Information on nearby industrial, t.ranaportation and military

facilities is site-specific and must be supplied by the license

a p p l i c a n', . Analysis of the hazards presented by such facilitiec to

the ISFSI is also the responsibility of the license applicant.

O

O'
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i

| 2.3 METEBOLOGY

; Specific meterological conditions are site dependent and must be

j supplied by the license applicant,

i r
1

; The TN-24 dry storage cask has been designed to opera'.e safely under

j extreme meteorological conditions without the protection of any

i additional structures or facilities. In particular it is designed
1

i for an ambient temperature range of -20 to 11S*r, a maximum
2

j insolation of 1475 Btu /ft per 12 he day, and ambient humidity of |
i 0-100%.
1
i

,

| Precipitation of any type or rate will not affect the safety of the :
1

TN-24 dry storage cask. The cask will also not be affected by !
lightning strikes.

;

, The cask is designed to resiat loadings resulting from tornados with
I

; characteristics defined in NRC Regulatory Guide 1.76(1) for the t

! most tornado prone regions of the United States. Section 3.2 of

j this Topical Report addresst< loads due to tornado winds of 360 mph |
| and tornado missiles,

i
:

|' Chapter 8 provides an estimate of the dose resulting from sudden |
'

| release of the entire radioactive gas invent.ory under stable !

| (Pasquill condition F) atmosphere conditions and low (1 meter /s) I

.

i wind speed. I

|

)
a

4 ,
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i |
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2.4 SURFACE HYDROLOGY

Surface hydrology conditions are site dependent and must be supplied
by the license applicant.

The cask can withstand Ilooding to a water depth of at least 56 ft

and a water flow rate of 18 ft/see without any impairment of its

safet/ functions as shown in Section 3.2 of this Topical Report.

l
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2.5 SUBSURFACE HYDROLOGY

O
Subsurface hydrology is site dependent and information on this must
be provided by the license applicant.

O

,

O'
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|

2.6 GEOLOGY AND SEISMOLOGY

For an ISFSI based on storage casks, 10CFR72 calls for a

site-specific investigation of geolog. cal and seismological

I characteristics to establish site suitability ( } Responsibility I.

for this investigation rests with the license applicant.
,

;

The design earthquake for an ISFSI will be site dependent. For

sites east of the Rocky Mountain Front that are not in areas of |
'

known seismic activity, 10CFR72 suggests that the design earthquake

I
can be described by an appropriate response spectrum anchored at
0.25 g(1) Therefore, the safety of the TN-24 dry storage cask

'

1 .

j subject to an earthquake with a peak horizontal acceleration of

] 0.25g is demonstrated in Section 3.2 of this Topical Report. The
value et 0.25 g is not a strict limit since the cask can endure

| higher accelerations without sliding or tipping over.
!
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2.7 SUMMARY OF SITE CONDITIONS AFFECTING CONSTRUCTION AND t() OPERATIONS REQUIREMENTS

i

i
A summary of the bounding site characteristics discussed in this !

i chapter is given in Table 2.7-1. The characteristics listed in this i

| tcble should allow siting of an ISFSI using TN-24 dry storage casks
i
J at the majority of potential sites in the United States. In some |

cases a more detailed analysis using site-specific data would allow i

j siting outside of the envelope in Table 2.7-1. I

.I
i L
! A complete summary of site conditions affecting construction and

i;^

operating requirements must be provided by the license applicant for j
i

an ISFS1. i

!i

! l
.

1
'

.

!()
!

! |
1 i

|
1 i

'
!

i

'

(1)
|

\

1 |
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TABLE 2.7-1

SUMMARY OF BOUNDING

SITE CllARACTERISTICS

Cask to boundary distance (m) 100

Ambient temperature (*F) -20 to 115

Ambient humidity (t) O to 100

Insolation (Btu /ft por 12 hr day) 1475

Maximum tornado winds (mph) 360

Tornado winds (mph, rotational) 290

Tornado winds (mph, translational) 70

Tornado pressure drop (psi) 3

Flood maximum depth (ft) 56

Flood maximum velocity (ft/sec) 19.7

Earthquake peak horizontal acceleration (g) 0.25

Dispersion conditions (short term) Pasquill F

1 m/s wind
speed

|

l
i
!
I

|
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J

3. PRINCIPAL DESIGN CRITERIA

( .
|

| 3.1 PURPOSES OF INSTALLATION|O
The purpose of the installation is the interim storage of spent i

'

fuel. The TN-24 cask is designed to provide for the interim dry ;

j storage of spent fuel assemblies in a modular form at an Independent
,

j Spent Fuel Storage Installation.

[ 3.1.1 Materials To Be Stored

i

The TN-24 cask is designed to store up to 24 intact PWR fueli

j assemblies. The physical charact3ristics of Westinghouse PWR fuel
assemblies are given in Table 3.1-1. The design basis fuel for the

i TN-24 cask is the Westinghouse 17x17 PWR asseably. {
!

i
ij The thermal and radiological characteristics for the PWR spent fuel
i

were generated using the ORIGEN2 computer code These.

. characteristics for the Westinghouse 17x17 assembly are shown in j
: Table 3.1-2. For the thermal and radiological chtracteristics, the

f! 17x17 assembly with an enrichment of 3.2 w/o U-235 wac assumed. For !
t

; criticality considerations, the 17x17 OFA assembly with an
: enrichment of 3.7 w/o U-235 was selected. For the containment i

analyses, the 15 x 15 assembly was conservatively used. (See
| Section 3.3.2.2). |

'

;
!

*
e

Fuel with various combinations of burnup, specific power, enrichment
.

; and cooling time can be stored in the TN-24 cask as long as values
for decay heat and gamma and neutron sources. including spectra. [

$ fall within the design limits specified in Table 3.1-2. For I

reference. Figure 3.1-1 shows the relationship between burnup.,

,

'coaling time and decay heat for a typical PWR fuel assembly. '

Figures 3.1-2 and 3.1-3 show the total photon and neutron sources !
!respectively as a function of cooling time for the design basis

17x17 PWR assembly,
i i

!

O |
i

; ;

' i
j 3.1-1 ;

i i
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Specific gamma and neutron uource spectra and fission product gas
inventory is given in Section 7.2.

O;
Specific fuel assembly data vill be submitted by the applicant for a
site-specific ISFSI. Although analyses in this topical report are

i

performed only for the design basis fuel, any other intact PWR fuel

which falls within the geometric, thermal and nuclear limits

established for the design basis fuel could be stored in the TN-24

cask.

3.1.2 _GeJJeral Operatino Functions

The TN-24 dry storage cask is a totally passive system. Information

on the general operating functions of an ISFSI using TN-24 casks
will be supplied by the license applicant.

O

O
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TABLE 3.1-1

() PHYSICAL CHARACTERISTICS OF WESTINGHOUSE FUEL ASSEMBLIES

Parameter 14x14 15x15 17x17

Number of Rods 179 204 264

Cross Section (in.) 7.763x7.763 8.426x8.426 8.426x8.426

Length (in.) 160 160 160

Fuel Rod Pitch (in.) 0.556 0.563 0.496 |

I")Fuel Rod O.D. (in.) 0.422 0.422 0.374

|Clad Material Zircaloy Zircaloy Zircaloy '

Clad Thickness (in.) 0.0243 0.0243 0.0225

Pellet 0.D. (in.) 0.367 0.366 0.322(b)
U235 Enrichment (w/o) 3.7 3.7 3.7

Theoretical Density (%) 95 95 95

Active Fuel Length (in.) 144 144 144

I#U Content (kg) 382 459 461

'Assembly Weight (1b) 1300 1439 1467
i

NOTES: a. W17x17 OFA - 0.360 in,
b. W17x17 OFA - 0.309 in,
c. W17xl? OFA - 423 kg
d. W17x17 OFA - 1380 lb

O

3.1-3
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TABLE 3.1-2

O
THERMAL, GAMMA AND NEUTRON SOURCES FOR

THE DESIGN DASIS 17x17 PWR PUEL ASSEMBLY

U235 Enrichment (w/o) 3.7 for criticality
3.2 for thermal / radiological *

Burnup (MWD /MTU) 35,000

Specific Power (MW/MTU) 37.5

Cooling Time (yr) 5

Decay Heat (kW/ assembly) 1.0

Gamma Source (photons /sec) 8.17E+15'

Neutron Source (n/sec) 2.9E48*

For a given specific power and burn-up,*

a lower enrichment will givslightly higher thermal and radiological sources.

|
i
i

<

:
|
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References for Section 3.1

1. "ORIGEN2, Isotope Generation and Depletion Code." Oak Ridge
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2. "Spent Fuel lleat Generation in an Independent Spent Fuel

Storage Installation," Regulatory Guide 3.54 U. S. Nuclear

Regulatory Commission Washington D.C., Sept. 1984.
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I
3.2 STRUCTURAL AND MECHANICAL SAFETY CRITERIA

'

i

; The structural and mechanical safety criteria used for design and
! evaluation of the TN-24 storage cask are identified in this

i
i section. These criteria satisfy the requirements of 10 CFR Part

72 They consider the effects of normal operation, natural |
.

phenomena and postulated man-made accidents. The criteria are
j detined in terms of loading conditions imposed on the storage cask.

|| The loading conditions are evaluated to determine the type and |
q magnitude of loads induced on the storage cask. The combination of
i these loading conditions is then established based on the rules for '

i
; a Class 1 nuclear component found in Section III, subsection NB. of ,

the ASME Boiler and Pressure Vessel Code. !
.

1 i

g Since the storage cask is designed as an independent self-contained i
i storage structure, it is the only structure important to safety

i

which is addressed in this report.
i,

r

,

] 3.2.1 Tornado and Wind Loadinos
1 |
! :

{ The TN-24 storage cask is designed to resist tornado loadings
'

'

s

I resulting from those in the most tornado prone regions of the United
States as detined in NRC Regulatory Guide 1.76( An analysis of1 .

; impact on the cask by tornado missiles in accord with -

j
NUREG-0800 Section 3.5.1.4 is presented in this Topical [

j Report. Wind loading is not significant in comparison to that due
I

-

to tornados; therefore, the wind loading is conservatively taken to
be the same as the tornado loading.

I
,

j 3.2.1,1 hpD11 cable Desion Parameters
! '

j The design basis tornado wind velocity and external pressure drop
j based on NRC Regulatory Guide 1,76 are taken to be 360 mph and 3 psi
) respectively. The external pressure drop of 3 psi associated witt.

:

passing of the tornado is small and, when combined with the other !

: i

O
.

i
i I
: i
1 3.2-1 !

!, f,



intornal pressure loads is far exceeded by the design internal

pressure (250 psi) for the cask. Its effect is included in the

f,effects of the other internal pressure loadings listed in Table

3.2-1.

3.2.1.2 Determination of Forces on Structures

The 360 mph tornado wind loading is converted to a dynamic pressure

(psf) acting on the cask by multiplying the square of the wind

velocity (in mph) by a coefficient (0.002558 at ambient sea level

condition) dependent on the air density. The result is a pressure

of 332 psf. This is based on data presented in a paper by

T.W. Singe 11.( The net force acting on the cask is obtained by

multiplying this pressure by the product of the area of the cask

projected onto a plane normal to the direction of wind times a drag

coefficient. A draq coefficient of 1 is used based on the geometric

proportions of the cask (i.e. length to diameter ratio of

approximately 2) and the conservative assumption that the cask

surface is rough.

O
This results in a distributed load, w lb/in, acting on the cask in a

vertical orientation over the lengtn of 200.5 in, as shown in

Figure. 3.2-la. The load is calculated as follows:

w- x outer shell diameter
4

- x 94.75
4

218.5 lb/in-

The distributed loads acting on the cask in the horizontal

orientation, as shown in Figure 3.2-lb, would be equivalent.

This load and other distributed loads are listed in Table 3.2-2.

O

3.2-2
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An coditional typo of load on the structuro, listed in Tablo 3.2-13
is that created by the impact of tornado missiles on the cask.

,

! These impacts are analyzed for 3 types of missiles:
i I

- Missile A: high energy deformable type missile (1800 kg |

.

| automobile) impacting the cask horizontally at normal incidence at i

35% of the design basis tornado horizontal wind speed.
.

- Missile B: rigid missile (125 kg. 8" diameter armor piercing '

'

artillery shell) impacting the cask:
!

'

! l

j horizontally at normal incidence at 35% of the design basis j
*

| tornado horizontal wind speed.
|

|

! ;

| vertically at normal incidence at 70% of the horizontal
|

*

| component (i.e. 24.5% of the design basis tornado horizontal
1

1 wind speed).
i

] - Missile C: small rigid steel sphere 1" in diameter impinging upon
|

1 the barrier openings in the most damaging directions at 35% of the
a

design basis tornado horizontal wind speed.
|
:

f 3.2.1.24 EtabilitY of the Cask in the Vertical Position Under [
Wind Loadinq

!
l !

| The cask rests in an upright position on a concrete pad. The !

!

1 coefficient of friction between the steel cask and the concrete may !
;

be taken as 0.25 for dry concrete. This is based on data in Mark's [
; Handbook which gives a value of 0.29 for steel on sandstone. !

Steel on concrete would be similar. A wind velocity of 398 mph
| would then be required to cause the cask to slide, i

|
t4

f

) !,,

I I

i

i
;

i 3.2-3 |
? |
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This valuo is calculctcd bolow.

q = 0.002558 V

=fand q

where F = f orce to overcome f riction f orce. F I
2A = projected area of cask length, ft

and F = F = cask weight x 0.25
g

214,000 x 0.25=

53,500 lb.=

A 200.5 x 94.75/144=

132 ft=

0
Therefore 0.002558 V y,39g ,ph=

If the cask does not slide. a constant wind velocity of 511 mph

would be required to tip the cask which is calculated as follows:

The tipping moment about the bottom edge of the cask is:

*W-V xM *
=

c

where W = cask weight 214.000 lb=

w = distributed load to tip cask. Ib/in

Therefore

w = 82.5W/2 x 2/(200.5) 439 lb/in.=

1

O
|

3.2-4
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Tho corrosponding pressuro load, q. is:

'
9=j 7{ x 144 667 pst=

The corresponding wind speed. V, is:

.

667
*

O.002558

= 511 aph

3.2.1.2b Stability of the Cask in the Vertical Position Under

Missile impact

It is assumed that both Missile A and Missile B impact inelastically
on the cask as shown in Figure 3.2-Ic. Missile A (the automobile)
is assumed to crush and Missile B (the rigid shell) is assumed to
partially penetrate the cask wall. The cask will tend to slide if

the missile strikes it below the CG (unless it is blocked in
position) or tilt if the missile strikes it above the CG.

[ Conservation of momentum is assumed for both sliding and tipping
with a coefficient of restitution of zero. The energy trancierred

to the cask is dissipated by friction in the sliding case or
transformed into potential energy as the cask CG lifts in the

tipping case. When a missile strikes the side of the cask at an
elevation near the CG:

In the sliding case:

V=av o
M+a

In the tipping case:

mdCG Voup =

m(dCG) *I p

O

3.2-5
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Where:
V cask translational velocity after impact=

0 missile initial velocityv =

cask angular velocity about p after impactu =

mass of Missile Am .

M cask mass=

d s ance from CG to pivot point p=
CG

I moment of inertia of cask about pivot point p-

When the appropriate substitutions are perf ormed f or Missile A
(automobile) impact, the cask velocity after impact. V. in the
sliding case is found to be 3.48 ft/sec. The rotational velocity

about F. u is found to be .26 rad /see for impact at the CGp,
elevation and .53 rad /see for impact at the top. Missile B impact

produces lower cask translational and rotational velocities because

of its lower initial momeraum. Vertical impact of Missile B has no

effect on cask stability.

If the cask slides on the concrete pad, the cask kinetic energy
,

after impact is absorbed by friction. The friction work can be
equated to the kinetic energy. Assuming a coefficient of friction
of .25:

E friction " " 9I "I I*

1/2 (M + m) V=

Where:
E g g g9 energy absorbed in friction.

coefficient of frictionu .

acceleration of gravity7 =

1 distance cask slides on concrete pad-

When a solution is performed to determine 1 the sliding distance is

determined to be 1.8 ft. This is acceptable since it is less than
the 8 foot spacing between catks.

O

3.2-6
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f

! !

When the cask tips or pivots about point P aftor impact, the kinotic f
I energy is transformed into potential energy as the CG rises:

E g pp gg = Increase in Potential Energy - Kinetic Energy
tipping = Mg deg(cos(6+a-y)-cosS) =fI 2

|
E up p

|
|tWhere: i

3

) E is the increase in potential energy of the cask fggppgng
! since the CG rises as the cank pivots about the corner.

!
i

8,a are indicated in Figure 3.2-1c. f
i ;

| |

j The angle a is determined to be 02.2 degrees for impact at the top |
) of the cask (the cask tilts 7.8 degrees and the CG lifts about 5 *

2 !

j in.), The cash is stable and will not tip over since it will return '

j to the vertical position as long as a is greater than about 62
|

I degrees.
I
! >

Even at this 82.2 degree angle wind will not tip over the cask (if |
| the wind force occurs simultaneously with Missile A impact). At an i

82 degree angle the tipping moment about Point P due to the 360 mph
] wind is less than 70% of the restoring moment due to the weight.

f
l Therefore the cask is stable in the vertical orientation under I
! simultaneous tornado wind and tornado missile loading.

|
f

1 '

!
The impact forces applied to the cask as it is struck by the

) missiles are determined as follows:
|

1

- Missile A - (automobile) ic assumed to crush 3 feet under a
,

, constant force during the impact. The loss of kinetic energy is j
{ assumed to be dissipated by crushing of the missile. !

:

= f ( m, y, 2
F, x 3 ft (M + m,) V)-

:
Tho frontal area of the automodite is assumed to be 3 ft. x 6 ft. l

p, = P,/16 ft.

!O '

.

!
'

3.2-7
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I

where:
j

Impact force on cask by Missile A hF, -

p, - Impact pressure on cask by Missile A

The impact force. F is determined to be 683,000 lb, and the crusha,
pressure on the frontal area of the automobile, p,, is 266 psi.

- Missile B - (rigid missile) does not deform under impact. The
loss in kinetic energy is assumed to be dissipated as the missile
partially penetrates the cask wall. The penetration force is

assumed to be equal to the yield strength of the cask body
material multiplied by the frontal area of the 8 in diameter
missile.

Fb"Uy* I8I

The impact force. F is determined to be 1.38 x 10 lb,b.
assuming a cask body yield stress. S,, of 27.300 psi. This torce
is higher than that developed by Missile A. but the impact time

duration ic much smaller so that a smaller impulse is applied to the
cask producing less casX movement than Missile A. Missile C (1 in,

diameter sphere) impact has no effect on cask stability.

The above forcos, F and F are used in the stress analysic ofg g,
the cask body; they also apply when the cask is stored horizontally
(see below).

3.2.1.2e Sta_bility of_the cask in__the Horizonia) _PositLqn_Undet
Wind __Loadino

The cask rests on two concrete saddles as shown in Figure 3.2-Id.
Per stability:

'

,

FRcos 0 < WR sin 0
or

F < W tan 0

3.2-B
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,

: :
4

j

i Whero:
|

F = drag force due to wind speed, ib.

! W = cask weight, 214,000 lb. i

;

l

(For 0 60', Tan 0 = 1.732 and)
'

Drag force = 43,709 lb. < 1.732 x 214.000 = 369,600 lb. fa

i

9 <

!
! A wind velocity of 1048 aph is required to coll the cask over. I

l
!

; 3.2.1.2d Stability of the Cask _in the Horizontal Position Under
[4

i Missile Impact (
|

[1 *

i The transfer of momentum during missile impact is determined
f

| similarly to that described in 3.2.1.2b, above. If the missile :

i strikes the side of the cask and tips it about pivot point P as
|

;

)j shown in Figure 3.2-1d:
{
:

.

) (

; up - aRv (actually assumes missile strikes '(o
! at a height Reese above pivot poiat)

[; n(R)2 1"
+

'

O i
'

; p, n. Y, are as detined above in 3.2.1.2b.u

] R outside cask radius=
i

1 1 = moment of inertia of cask (horizontal in this case) aboutp
) Pivot Point P.

f
!The energy required to tip the cask about point P to an angle of a f

-

| is:

!

j E = (m + M) R (cosa cos0)ggp -

a and 0 are defined in Figure 3.2-1d I
'

I I
4

7 !! O is initially 60 degrees, the cack will stay in the cradle
until a uecomes o degrees. !! we substitute values in the above

f equations a, is found to be 57 degrees for Missile A (displaced
| 3 degrees-very stable) and a is 59.9 degrees for Missile B,b

| (almost no displacement).

1

i

J 3.2-9 |
' r
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Therefore, the cask is stable and will not roll out of the cradle

due to missile in pact. When the cask is displaced to 4, the

weight recovery moment exceeds the wind drag moment even under the h
360 mph wind and the cask returns to its equilibrium position.

The forces acting on the cask during the impact are the same forces

as defined in 3.2.1.2b. above.

3.2.1.3 Local Effect on Containment of Missile Impaqi

3.2.1.3a Mis _q11_e_A

Missile A (automobile) deforms and is crushed during the impact.

The local pressure on the cask structure is between 1 and 2% of the

body yield ottength, therefore, no local penetration occurs.

3.2.1.3b Missile B

Missile B (rigid) partially penetrates the cask wall. The loss in

kinetic energy is dissipated as strain energy in the cask wall. The

force developed as the 8 in, diameter missile penetrates the cask

body is:

6
F S x (B) 1.38 x 10 lb.b* y =

From conservation of energy:

1 2-

P dxb 3mb oY

Or for constant puncture force:

2x = mh Vo
2F

Where x is the penetration distance.

O

3.2-10
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The penetration distance is found to be 1.26 in, for perpendicular
impact of the blunt missile and about 2.56 in, for the worst angular() impact.

When the impact angle is not 90 degrees, the missile will rotate

during impact (conservatively neglected). limiting the energy
available for penetration since part of the energy will be
transformed into rotary kinetic energy. When hitting the weather

protective cover. Missile B deforms the dished head before

penetration begins (see Figure 3.2-ic, botton). This will decrease
the penetration distance from the above values.

In the worst case (cask horizontal with Missile B impacting at 35%
of tornado wind), the following results are obtained for impact in
the center of the protective cover:

43% of the kinetic energy is absorbed by weather
protective cover deformation (aee Fig. 3.2.1d)

57% of the energy is absorbed in puncning through
the cover and the lid.

Depth of penetration into the lid: 0.35 in.

The cask lid is penetrated only .35 in, which is much less than its
miniaun thickness of 3.5 in.

3.2.1.3c Missile C (steel sphere 1" diameter)

The impact of the steel sphere can result in a local dent by
penetrating into the cask surface at the yield strength S for ay
penetration depth, d. The contact area on the cask surface is:

A=n (2 Rd - d )

O Where:

R is the radius of the sphere
d is the penetration depth

3.2-11
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The kinetic energy of the steel sphere is dissipated by displacing
the cask surface material:

d

fm V "S n (2 Rd - d ) ddc o y
o

Where:

m = sphere mass

hence:

d-O. s.

A maximut impact. force of 11,74A lb. Will be developed. It can be

concluded that only local denting of the cask will result.

If the impact point is at the center of the protective cover (dished
head) the deformation will be largely elastic with no possibility of
penetrating the cover.

3.2.1.4 Ability of Structures to Perform Despite Failure of
Structures not Desioned for Tornado Loads

it.e TN-24 cask itself can withstand the tornado loading. Generally, ,

lthe casks will be stored outside on a flat concrete slab. Therefore,

there will be no structures that could collapse about the storage i
1cask. If such structures were present at an ISFSI, further analysis
|

would be required.
|

|
|

O
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3.2.2 Water Level (Floods. Hurricanes. . Tsunami end seiches)
Desion

it is anticipated that the storage casks will be located on

flood-dry sites. However, the storage cask is designed for an

external proosute of 25 psi which would be equivalent to a static

head of water c. ximately 56 ft. This is greater than vould be

anticipated due to floods, tsunami and seiches regardless of the
site.

Using a friction coefficient of 0.25, a drag force greater than
40,630 lb. is required to move the cask when the cask is if an

upright position (after taking into account the bouyant force on the
cack). This force is equivalent to a stream of water flowing past
the cask at 18 ft/sec.

The water velocity was calculated using the following formula:

F =CD^#

where F = Drag force, 40,630 lb

C " *
D

2A Projected area, 132 ft-

p = 62.4 lb/ft

V = water velocity it/sec

Therefore V = 2Fg

CD^#

18 ft/sec=,

For c lower friction coefficient, the drag force is less and the
water velocity to move the cask is less. Since thia is a site

i specific event, no at teept was made to establish a finud requirement.

O ,
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The effect of this force, which is very small, is equivalent to a

uniformly distributed load along the cask outer surface of 203 lb/in.

If the cask is in a horizontal storege position, the force required

to roll the cask over is much greater as shown in Section 3.2.1.2d,

thus requiring a water velocity greater than 18 ft/sec.

The storage cask is designed for an internal pressure of 250 psi.

The maximum cavity operating pressure is 32 psi (2.2 atm). At this

pressure it is demonstrated in Section 3.3.2.2 that the leakage rate

past tne seals will not result in dose levels exceeding regulatory
requirements. The seals are equally efficient against in-leakage

due to external pressure. Therefore, there would be no leakage of

water into the cask. However, even if the cask did become filled

with water there would be no criticality problem since the cask is

designed with sufficient poison to remain suberitical with the fuel

submerged.

Therefore, the cask is evaluated for a water level of 56 ft and a

water drag force of 40,630 lbs due to floods, hurricanes, tsunami

and seiches. It is demonstrated that the cask is acceptable for

these conditions. If a specific site would have conditions

exceeding these values, further analysis would be required

3.2.3 Seismic (Earthquake) Design

Seismic design criteria are dependent on the specific site
location. These criteria are established based on the general
requirements stated in 10CFR Part 72.

3.2 .1 Jnput Criteria

The .torage cask is a stiff structure having high natural

frequencies of vibration. When the cask is stored in a horizontal
,

position supported from the four trunnions, it has a fundamental l

i
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frequency of 165 cps. If the cask rests vertically on the ground it
sill have a "cantilever" freo ency of 41 cps. Both of these

'g frequencies are above the minimum required (33 cps) to treat a
#

structure as a rigic body and to ignore amplification of free field
seismic motion.

As a result the cask is designed for equivalent static seismic
loadings equal to the weight of the cask times the free field peak
acceleration. As such there is no need to specify a design response
spectrum or its associated time history. For areas east of the

Rocky Mountain Front, 10CF11 Part 72 suggests tnat the peak horizontal
acceleration can be taken to be 0.25 g's. The peak vertical

acceleration is taken to be 2/3 of the horizontal (0.17 g). These

loads are assumed to be distributed over the cask length and cask
bottom areas as shown in Figure 3.2-1 and listed in Table 3 '2 - 2 .
The seismic load distribution for the cask supporteC in the
horizontal crientation (Figure 3.2-lb). would be the same.

3.2.3.2 Seismic-System Analysis

O
The only significant effects of seismic loading would be sliding and
tipping or overturning of the cask.

The cask will not tip over due to a seismic event with a horizontal
{

acceleration of 0.25 g's and a vertical acceleration of 0.17 g's
2(i.e., y of the horizontal acceletation). For a circular cask

the horizontal g value necessary to tip the cask is calculated below: '

tgp=gxWxl +fgxWx1M
y r

Where:

.

M Moment necessar, to tip the cask. in lbs=
g

9 - Acceleration value necessary to tip the cask
W = Weight of cask on pad

- 214.000 lb

|
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|

|
vertical distance to CG1

|
-

93 in-
i

radial distance to CG1 -r
- 41.25 in

"stab " * r

Where:

s ab = stabilizing moment on cask, in lbsM

W 214,300 lb=

1 41.25 in.-
r

Therefore the G value necessary to tip the cask is found by equating
tip stab

2(g r W x ly) (3 x W x 1 r) "WI+
r

41.25
9 " 93 + 0.66 + 41.25 0.34-

Reg. Guide 92 states that the maximum values of the'

structural esponses to each of the three components of earthquake

motion should be combined by taking the square root of the sum of
the squares et the maximum values vf the codirectional responses
(caused by each of the three earthquake components) at a particular
point of the structure.

Therefore the combined horizontal acceleration acting on the cask is

/ 2(0.707 x .25)2 or O.25 g.

Since the applied horizontal acceleration of 0.25 g is less than the
0.34 g required to tip the cask, the cask will not tip over.

O
l
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If the cask is to slide due to soisnic loadit.g. the horizontal

component of the seismic load must overcome the normal force acting
- at the cask / ground interface multiplied by the coefficient of

) friction. The vertical seismic force is applied upward so as to

decrease the normal forces and hence the sliding resistance force.

When this is done it is found that a coefficient oc friction between

the cask and ground of 0.3 is required to prevent sliding. However,

even if the cask slides without tipping over, contact with other

casks is unlikely cince they are spaced at 16 ft. intervals. If in

the extreme event contact occurred, the cask velocity would be very

low and any impact between casks would be much less severe than the

accidents described in Sections 3.2.11 and 3.2.12. ;

3.2.4 Snow and Ice Loadinos

The decay heat of the contained fuel will maintain the storage cask l

outer surface temperature above 32*F throughout its service life,

including the end of life, with an ambient temperature of -20*F.

Therefore. snow or ice would melt when it comes in contact with the
~g cask so that snow and ice loadings need not be considered for the
d storage cask.

The temperature of the protective cover attached to the top of the
cask above the lid under certain conditions could fall below 32*F
and a layer of snow or ice might build up. A1 ft layer of snow or i

a1 in, layer of ice might form. These are equivalent to 0.056 psi

and 0.034 psi, respectively, external pressures acting on the
cover. These loads are insignificant since the cover is a 0.38 in. |
thick dished head. Therefore, the cover will maintain its intended |

.

.

protective function under these snow or ice loading conditions.

Another possible influence is a thermal shock when the warm outer
;

shell is suddenly cooled by cold rain at 32*F. A number of such
1 cycles is considered in the thermal fatigue analysis, i

;

t
,

9
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3.2.5 Dead (Weight) Loads

The only dead loads (hereafter referred to as weight loads) on the
cask are the cask weight including the contents. The calculated
weights of the individual components of the cask and the total

weights are given in Table 3.2-3.

3.2.6 Handling Loads

Handling loads are those which occur during lifting, tilting between
vertical and horizontal positions, and on-site transfer to the

storage pad. The cask is provided with four trunnions at the top
spaced 90 degrees apart for redundant lifting. Two trunnions are

provided at the bottom 180 degrees apart. (See Drawings 971-1 and -2
in Chapter 1.)

The handling conditions result in ~ ads applied directly to trunnions
used during all handling operatio' The trunnions then transmit the
handling loads onto the cask bor

The trunnions are evaluated for g levels equivalent to 3 times and 5
times the weight of the cask. These values are based on ANSI
14.6, Section 4.2 which requires that lifting devices be capable
of lifting 3 times and 5 times the cask weight without exceeding the
yield and ultimate strengths of the material. The loads acting on

the trunnions for the handling conditions are described further in

Section 3.2.13.3 .

The cask body is evaluated for a vertical lift load of 3g (i.e., 3

times the weight of the cask). This load is transmitted to the cask
boay by each trunnion involved in the handling operation.

The loads per trunnion for vertical and horizontal cask orientations

are shown in Figores 3.2-2 through 3.2-5 in terms of g levels. The
loads acting on the trunnions during tilting are based on a 1.5 g
vertical load on the lifting device. The rear trunnions on which the
cask rests during tilting support one-half of the cask weight or
1.5 g. The longitudinal and vertical components at the trunnions

depend on the angle of tilt.
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The naxitum axial and vertical componsnts cro 0.75 g et each
trunnion as shown in Figure 3.2-4 for any angle of tilt.

The load used for transfer is 2 g in any direction with the cask
|

horizontal. This value should be sufficient since it is expected
that the on-site transf er is over a short distance at a very slow
rate of speed. The loads acting on the trunnions during transfer
are shown in Figure 3.2-5.

The statically applied inertia loads acting on the cask during these
operations are listed in Table 3.2-4. This table shows the loads
acting on the cask center of gravity and the trunnions. The loads
are presented in terms of g levels and in kips acting on each

i trunnion for each handling condition. The weight of the cask used

for the analysis is the loaded weight (including water), of
225,000 lb (i.e. rounded up from 224,285 lb).

These handling loading conditions result in loads being applied to
the cask in three ways.

O
First, loads are applied to the cask body due to handling through
the trunnion attachments. The TN-24 cask is provided with six

trunnions for handling the cask. These trunnions are bolted to the
cask body. The trunnions have two shoulders, an inner shoulder used

tilting and transfer and an outer shoulder used for lifting.for

The handling loads are transmitted to the cask body through the
twelve 1-1/2 in. bolts which are provided for each trunnion.

Figure 3.2-7 shows the location at which the handling loads are
applied to the trunnions. The lifting load, F, is applied at the

.

g
midlength of the outer shoulder and the transfer load, F i"T'applied at the midlength of the inner shoulder. The transfer
lateral load, p, acts on the trunnion flange. The tilting loadsT
at the top end of the cask are applied to the outer shoulder and at

j the bottom end of the cask to the inner shoulder.

.
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The attachment loads are then calculated in terms of forces and
moments actir / locally on the cask body. The maximum values
considered to be acting during handling operations are given in
Table 3.2-5.

Secondly, the cask and/or cask component weight acts as a uniformly
distributed load either over the cask length, its cross-sectional

area or the area the weight contacts. Two distributed loads will be

used to represent all possible distributed leading conditions during
handling. These are shown in Figure 3.2-6 and are the maximum

values which would be expected.

The third manner in which handling operations result in applied
loads is through the g loads of the contents (i.e. basket and fuel)

and the lid. These loads are applied to the lid and lid bolts at

the top of the cask. The lid bolts then induce forces and moments
on the top end of the cask body shell. Applied bolt loads are

described further in Section 3.2-9. For a g load in the other

direction the contents act on the bottom plate. The contents are

assumed to act as a uniformly distributed load on the lid or the

bottom as shown in

Figure 3.2-6

3.2.7 Internal Pressure

The cavity pressures are calculated in Section 3.3.2.2. The pressure

inside the cavity of the storage cask results from several sources.
Initially the cavity will be pressurized with a gas such that the
cavity pressure will be 2.2 atm at thermal equilibrium. The purpose

of pressurizing the cavity above atmospheric pressure is to prevent
in-leakage of air. The initial pressure is determined on the basis

that a 1.1 atm pressure must exist in the cavity on the coldest day
at the end of life. Pressure variations due to daily and seasonal

changes in ambient temperature conditions will be small due to the

large thermal capacity of the cask.

O
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Fuel clad failure results in the release of fission gas which
increases cavity pressure. Under normal storage conditions a lot

|fission gas release is assumed due to fuel clad failure. This |() results in an increase in cavity pressure of 1.9 psi.

Another condition when internal pressure could inctease is the
cooldown prior to unloading. This could occur at the beginning or
end of life. Unloading of fuel at the beginning of life would only
be necessary due to excessive leakage past the lid seals or a severe
accident, e.g. cask drop. The cask cavity wall temperature at the
beginning of life is just below 320'F. Therefore, before returning

the cask into a pool, cold water would be pumped into the cavity to
reduce the temperature. When the water hits the cavity surface,

steam would be produced and the resulting pressure inside the cavity
would reach the saturated steam pressure of 75 psi (5.16 ata)
corresponding to the cavity wall temperature of 320*F.

Another condition which could cause an increase of cavity internal
pressure is a fire. Fires can be considered minor and major, as
discussed and defined in Section 5.1.3.6. The increase in cavityO pressure due to a minor fire is negligible. The major fire (which
is the transport fire defined in 10CPR71 results in maximum
cavity pressure of 53 psia. Table 3.2-1 presents a summary of
internal pressures for the conditions identified. A pressure of

250 psi was chosen as the design internal pressure, since this value
exceeds the cumulative effects of all conditions producing an
internal pressure.

3.2.8 External pressure

j

There are several conditions which can result in external pressure
1

on the cask. The external pressure due to floods is assumed to be '

equal to or less than 25 psi which is equivalent to a 56 ft head of
water as discussed in Section 3.2.2.

1

O
,
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During fuel ioading or unloading the cask is at the bottom of a

spent fuel pool which may be 40 to 50 ft deep. This results in an

external hydrostatic pressure of approximately 20 psi.

An earth pressure loading would occur if the cask were to be buried

under dirt. This is similar to a hydrostatic pressure head of

water. The density of loose dirt or earth is approximately 100

lb/ft compared to 62.4 lb/ft for that of water. Therefore 36

ft of earth is equivalent to a 56 ft head of water and an external

pressure of 25 psi.

The cask is designed and evaluated for an external pressure of 25
psi. This value was selected because it exceeds the maximum
external pressure which would be anticipated for the loading
conditions considered above.

3.2.9 Bolt Loads

Bolt loads are induced by several loading conditions including
internal pressure, handling, thermal expansion and accidents.
Internal pressure loads include cavity pressurization, fission gas
release, minor fire and major fire. The bolts will be preloaded so

that the internal pressure loads and handling will not result in a
bolt load which exceeds the preload. The handling conditions result

in statically applied inertia g loads from the contents and lid.
|

Under thermal loading conditions there is differential thermal
expansion between the lid flange and lid bolts. This results in a
slight increase in bolt load. This occurs for all the thermal
loading conditions except for lightning and explosions. Explosions

|
would cause an external pressure and ,therefore, would not induce a
tensile load in the bolts. Since the cask can be grounded and
provides such a latge thermal inertia due to its mass, lightning |
Will not result in a significant thermal loading (see Section

i

3.2-10). Therefore, no effect on the bolts from these two sources

is considered.
|

|
|

|
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Bolt loads are also induced due to accident conditions which include
cask drop. cask tipping and a major fire. The bolt loads due to the

cask drops and tipping are a result of the inertia g loadings

applied upon impact with the target surface by the contents and the
lid. The major fire will result in differential thermal expansion

between the lid flange and bolts and an increase in cavity
pressure. For these accident conditions the bolt preload can be

exceeded but the criteria presented in Section 4.2 cannot be

exceeded. These accident loads are additive to the other loads
described above.

A summary of bolt loads due to the conditions described above is

given in Table 3.2-6. The method and calculations which show how
these loads are obtained are given in Sections 4A.5.4 and 4A.5.7.2B

3.2.10 Thermal Loads

( Thermal loads are induced by the follouing thermal loading ,

conditions:

Fuel loading*

* Decay heat

Insolation*

!

* Beginning of life unloading

* Ambient variations
Lightning*

* Minor Fire

* Major Fire

The thermal loads which are of concern structurally are the
temperature gradients in the cask and the differential thermal

expansions of interfacing cask components. The magnitude of these

values will be established below.

:

|
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Fuel Loadinc

The cask is loaded in a spent fuel pool under 30-40 ft of water.

The cask will be in the pool for a short time and is cooled by pool

water: therefore, the thermal gradients established during fuel

loading will be negligible.

Decay Heat / Solar Load

After the cask is loaded and removed from a pool, the body

temperature will gradually reach steady state conditions. Since the

mass of the cask is large, the time to reach equilibrium will be

approximately 4 tv 5 days. The temperature gradients in the cask

body have an insignificant effect on the structural integrity of the

body.

Several thermal analysis calculations were made for different

ambient conditions. The methods used to obtain these results are

discussed in Section 5.1.3.6. The maximum temperature gradients

resulting from the thermal analyses were used for the structural

analysis. The temperature gradients for the cask body and cask

components are listed in Table 3.2-7.

Becinninc of Life Unloadina

This condition would occur if it were necessary to place the cask

back in the pool at the beginning of life after it had been loaded

and reached thermal equilibrium. Prior to placing the cask in the

pool, the cask and fuel would have to be cooled by circulating water

through the cask. Therefore, cold water would contact the hotter

cask inside surfaces. This condition has been evaluated and is
described in detail in Section 5.1.3.6. This evaluation showed that

the tharmal gradients in the cask body are small and would have an

insignificant effect on the cask body.

O
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Anbient Variations

Because the cask thermal inertia is large, the cask temperature
O~ response to changes in atmospheric conditions will be relatively

slow. Ambient temperature variations due to changes in atmospheric
conditions i.e. sun, ice, snow, rain and wind will not affect the

performance of the cask. Snow or ice will melt as it contacts the

cask because the outer surface will be above 32*F for ambient
temperatures above -20*F. The cyclical variation of insolation

during a day will also create insignificant thermal gradients. One

condition which is evaluated structurally is cold rain or a hot ;

cask. This evaluation is presented in Section 4A.5.5.61. The
assumption is made that the outer surface of the cask is restrained

from contracting by the mass of the cask.

'

The thermal effects due to ambient variations and conditions are
discussed in further detail in Section 5.1.3.6.

Lightnino

Lightning will not cause a significant thermal effect. The cask can

be grounded, and if struck by lightning on the lid, the electrical

charge will be conducted by paths provided by the lid bolts to the
body.

The lid metallic O-ring seals can withstand temperatures of up to
700*F without loss of sealing capability. It is not anticipated

that lightning could result in the seals reaching temperatures above
these values.

Minor and Maior Fires

There are two fire conditions evaluated for the cask - a minor fire
and a major fire. The latter is equivalent to the 10CFR Part

71 hypothetical fire accident. This major fire condition would

result in maximum outside and inside cask body surface temperatures
of 850*F and 300*F respectively and a maximum gradient from outside

() to inside surfaces of 550*F. This would produce a thermal strain of

approximately 0.4 in./in.,

:
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This is slightly above the yield strain for the cask body material;
however, it is well below the rupture elongation of 25%. Also this
effect is a surface effect and the effect through the thickness is

much less. Under the fire conditions, the maximum temperature of
the seal is 479'F, which will not affect the sealing capabilities of
the metal 0-rings and the lid-shell joint.

Since a protective cover is placed over the closures in the lid, the
temperatures will be less than those given above and the thermal

loads will also be less severe.

A minor fire is defined as one which could occur from a gasoline
truck catching fire in the vicinity of the cask storage arca but not
immediately adjacent to the cask. One of the effects would be to

increase the air temperature around the cask by several degrees.
Some heat from the fire would be radiated to part of the cask outer
surface area facing the fire. This generally has a negligible

effect on the cask in terms of structural considerations. Minor
fires at specific sites can be evaluated to assure their effect is
negligible.

Buried Cask

An evaluation was made to determine the increase in cask temperature
l

with time assuming the cask was completely buried by dirt and debris
with very low thermal conductivity. The details of this analysis is |
given in Section 5.1.3.6. The containment integrity of the cask
will not be endangered if all the fuel fails. The cask body would |
experience less thermal strain at t!is tempere.ture than during
normal storage. The basket would still have sufficient structural
rigidity to maintain its integrity. The analysis further showc that '

the cask will maintain its containment integrity up to a maximum
burial period of 80 hr.

O
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3.2.11 Cask Drops

The TN-24 cask can be transported from the spent fuel pool to its
i storage location in either a vertical or a horizontal position.
I Vertical transporters carry the cask with the bottom only about one

foot off the ground. A cask drop from this height will be much less

severe than the drop from a horizontal transporter as described
below.

The cask will be supported on four trunnions during horizontal
transport; it will be rotated to vertical about the lower trunnions..

] lifted off the transporter and placed on the concrete slab.
!

j Two potential accidents during this load / unload operation are
considered, and these are illustrated in Figure 3.2-8. Each is i

j based on the assumption that the trunnion support loca!. ion on the !

transporter will be no more than 8 ft off the foundation of the !
facility. The first drop accident is postulated to occur when the
cask is vertically oriented. Since the trunnion in located two feetO from the end of the cask, this accident would result in a six foot !

drop (from the bottom of the cask to the foundation) if it begins f
with the trunnion located at its initial eight foot height. An
eight foot drop height is used assuming that the cask is lifted two
feet off of the trunnion support. The cask may be vertical or

orientated so that the center of gravity is directly above the
(corner of the cask) so that no energy is diverted into rotational

{' motion. '

O |
tThe second postulated accident is based on the cask falling off of !

the transporter in the unlikely event of a failure in the trunnion !
) supports. In this case, the accident would actually be initiated
! with the lowest point of the cask about $ feet above the foundation

i
surface (8 feet to the trunnion support minus the cask radius). A '

s

drop height of seven feet is conservatively used for this accident
:

assuming that the cask could be raised two feet off the trunnion t,

/ aupports. The cask is assumed to be oriented with its axis para?.lel
{

,

to the foundation or at a chailow angle relative to the foundation. !!

I *

. 3.2-27
i,

e

1

. _ . _ _ _ _ _ _ . _ _ . . _ . _ . . - - _ - _ _ _ _ . , . _ - _.-,______..m. _ . . _ _ - . ~ . - - - -



For each of these accident conditions, the cask is assumed to fall

onto a surftce which consists of a concrete slab resting on a soil h
f ounda tior..

The energy associated with the drop conditions must be absorbed by
either deformation of the cask or deformation of the concrete
slab / soil foundation system. Since there are no impact limiters on

the storage cask, the cask surface will be rigid in comparison with

the foundation target materials. An evaluation of the crushing

strength of typical foundations is discussed in Section 3.2.11.1

below.

Results of the analysis in terms of peak decelerations acting on the

cask are given in Section 3.2.11.2. Tnese decelerations are used to

determine cask loadings and stresses in Appendix 4A.

3.2.11.1 Crushing Strength of Foundation

The foundation is assumed to be a concrete slab resting on soil.
The model used to describe the response of the concrete slab / soil

system is described below.

The slab / soil system is an infinite disk (slab) on an elastic

foundation (soil) that absorbs energy by elastic deformation. The
concrete simultaneously absorbs energy by being crushed if the
contact stress between cask and concreto exceeds the concrete
crushing strength. As the slab / soil system is deformed during cask

impact, the total deflection is then the elastic deflection of the

disk on elastic foundation plus the depth of penetration into the
concrete.

O
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The total energy absorbcd in the foundation is:

O (Crushing of Concrete) +E, (Deflecting Slab / Soil)E=E

6 6
5; Fd6 + Fdo-

o o

Where:

E is the total energy absorbod
F is the impact force

o is the depth of cask penetration into the concrete
'

o, is the slab / soil system elastic deflection

!
The impact force is equal to both the concrete crushing force and
the elastic force on the slab / soil system

P=o So"K6s

O s"tand a
K

Where:

is the concrete crushing stress, 1,000 psi, in thiso

report.

is the crushed concrete surface area projected normalG 13 to
j the cask at a given penetration.

6 6 |
f f Ko, do,

E.
J

o S de +3
o o

|

|

6

c l' S do + 2 I 0
1

6}2
E=

o c
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The change in potential energy of the cask between the initial state
and at the end of the impact is:

O
E =W (Elevation Change of CG)

The change in potential energy is then equated to the absorbed
energy and solved for the various cases of interest. Note that the
concrete crush area, S varies with penetration distance, o,3,

in a different manner for different cask orientations. When the

solution is obtained the riximum impact force. F, and moment about
the CG, M (based on force F and centroid of concrete crushCG,
atea), are determined. Then the inertia loads become:

F
G = g for cask translation i

&" =MCG for cask rotation |
| I
| CG

Where:;

|

9iW is the cask weight
|
)M is the moment of the impact force about the CG or other pivot I

point

I is the cask moment of inertia about its CG or other pivotCG
point

The solution for K, the slab / scil stiffness, is obtained from

Timoshenko, "Tneory of Plates and Shells"(
,

8 k E Tg 3K =

12(1-v )
Whore:

Soil foundation modulusk =

E Concrete Young's Modulus (3500 ksi)=

O
Concrete Poisson's Ratio (0.lt)v -

T slab thickness (36 in.)=

3 ?-30
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Analyses were performed for a range of soil (k) stiffnesses. A

value of 380 psi per in, was selected as a conservative (high),

value for final analysis.

3.2.11.2 Analysis of Cask Impact

End Impact

In this case, the slab deforms slightly until the concrete crushing

stress is reached. At that point, the crush area is constant, and

hence the force on and acceleration of the cask are constant also.

S6=nR where R is the end radius of the cask

F aS=

SC c o , too qG =

W
'

,

Although some energy is absorbed elastically by the soil / slab
system, crushing eventually begins and at that point the elastic

slab deflection remains constant:

Slab Detlection, o,, = 1.2 in.

: Concrete Penetration, o, = 0.4 in.

i

Crush Area, S 37 ft=3,

Corner impacl !
I.

) r

The corner impact orientation (Figure 3.2.9) is a "near vertical" i

|drop with the center of gravity directly above the impact point, j

i

!,
;
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The concrete crush area is:

2 cos-1 f, f
6 - 1 sin 2 cos-1 6So - R

_
y,

sin a l
; R cos a) [2 R cos a)

\-

)
_

1

Integrating to find the energy absorbed in concrete crushing:

6

Ee= a S d6c6

o

1
E, = 3K(o 6}2c

.

E = W (ll' ) = W(ll+6+6 ) E +E=
p s e s

|
i These equations are solved iteratively for a drop height, 11 o f 8 ft

yielding:

G 279=

6 - 8.85 in.

o = 0.3 in.s

S 10.1 sq. ft.=

llorizontal Impact

in this case crush area increases with cask penetration into the
concrete (see Figure 3.2.10)

6=R (1 - cos 0)

O
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S = 2L R sin O

#

c" ] #cE 0 d6 = [0/2-1/2 cose sin 0) 2Lr o6 c
o

1
E, = 3 K( 6)2c

E = WH' =E +Ep c s

: H', the total elevation change of the CG, equals the drop height, H.
plus the penetration into the concrete, 6, plus the slab / soil

q deflection, 4,. An iterative solution is performed until E =
p

E +E and H' = H+6 46 .c s c s

i

| For a drop height, H, of 7 ft:

t

G 65 g
I

=

!

; 6 - 1.36 in.

; 6 = 0.84 in.
i

.

|Crush area, S = 24 sq. ft.,

i

; _ Impact on a Trunnion
r

:
i If a trunnion hits the foundation first, it will penetrate the
j concrete since it protrudes approximately two inches beyond the

outer surface (outet shell) of the cask. The area of crushed4

j
; concrete is 26.2 in,2 and the force generated on the cask is:
a

i
F =c (26.2) = 104.600 lb.

t

!

!

J

<
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A3 ths trunnion ponetrates the concrete, the cask will rotate about
its center of gravity through an angle, 4, such that:

\
I = n ment of F about the cask CG

"

CG

Where:

I is the moment of inertia of the cask about its CGCG

Integration of this equation shows that:

4 - 130 t

Since the cask body impacts .0073 seconds after the trunnion, & =
.0071 degrees. Therefore, the effect of trunnion impact i;
negligible.

Shallow Angle Slapdown

!

! If the cask is not quite horizontal at impact, one end will contact
first and then the cask vill rotate about this point that first
embeds itself in the concrat.c (point P in Figure 3.2-10). The cask
will then slapdown againct the other end. It is assumed that the
first impact is perfectly inelastic (coefficient of restitution = 0)
and that the impact applies an impulsive loading to the cask that
initiates rotation. Then:

| Initial System Momentum + External impulse = Final Syctem Nomentum

Iranslation

MV -
I
Fdt MV (Gin e the impulsive loading decreases2

the initial velocir.y)

O
,
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$

Rotation

F
P idistarace, a, to CG)dt =I u (The impulsive loading

O gg
initiates rotation)

Where

M is the mass of the cask

V is initial cask velocity (at CG)
7

V is CG velocity after first impact
2

u is rotational velocity about pivot point P after first

impact

I is moment of inertia of cinSK about CG

We can solve the translational and rotational equations for the

impulse. Fdt, and equate:

Fdt = M (Vi-V) *ICG G2

a

Atter the initial contact, the velocity at the contact point is

assumed to be zero. The cask is then rotating so that:

o = V /a

If we substitute for u in the impulse equation, we find that:

V2
- M+ I

M V1"
--

CG a2/

and

u =1 M Vi_

a M< Ica/a2

Wo can then determine the energy absorbed by the initial impact:

4E=fMV-(fMV4 fICG" 3

When the computation in performed, it is found that 301L of the

initial kinetic energy ic absorbed in this ficst contact and 70t of

the energy remains to be absorbed in the second impact.

3.2-35
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Section 3.2.12. below, provides a complete discussion of rotating or

h
tipping impact. Slapdown after a shallow angle, near horizontal

drop is similar to the case of the cask tipping about its base. See
and compare Figures 3.2-9 and 3.2-12. The slapdown analysis is

performed using the approach of Section 3.2.12 assuming that 70% of
the potential energy is absorbed during the secondary impact. The
recalts obtained are:

6 - 2.08 in.

6 = 0.62 in.
I S 19.9 sq. ft.=

175 rad /sec.$" =
1

O 69.8 qcask tip =

l
| 3.2.12 Cask Tippino

Two tipping accidents are considered (see Figures 3.2.11 and
3.2.12). The first would occur if the cask were accidently released
while being rotated about one set of trunnions to bring it from the |
horizontal position to the vertical position (or vertical to

,

ihorizontal position). If released, the cask could then rotate about
|

the trunnions, which are 8 ft. above the foundation, and impact on
the foundation. The second accident considered occurs if the cask
tips over from its normal uptight position on the concrete storage
pad. 1

l
As discussed in Section 3.2.11, the cask is conservatively assumed {
to be rigid and all deformation occurs in the foundation. The
concrete crushing and slab / soil deformation assumptions are
discussed in Section 3.2.11.1 and apply to the tipping accidents as
well as the drop accidents.

The tipping accidents differ f rom the drop accidents in that the
cask rotates about a fixad point as it deforms the foundation in the
tipping accidents while it translates in a fixed orientation during
the drop accidents (3.2.11).
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:3.2.12.1 Analysis of Tippino Accidents

Two types of tipping accidents are considered. The first involves
rotating about the trunnions when the trunnions are positioned 8
feet above the concrete foundation. The second involves tipping
over when the cask is standing upright on its foundation. !

a. Tippino_About Trunnions

,

.
The case considered is shown in Figure 3.2-11. The total potential

| energy to be absorbed is: '

'

,

I

E = WH' = W (1 + sin a) GCCp

, The vertical distance that the cask center of gravity drops during
,i this accident is the sum of two components (80 in.+80 in. sin a).

The 80 in. figure is a conservative estimate of the distance from
the pivot point (i.e., trunnion centerline) to the cask center of

| gravity. The greater the distance assumed, the more conservative
j the calculation the actual value with the fuel centered in the '

) cavity is 75.75 in. The second component (80 in, sin a) is the
; drop distance due to the rotation of the cask below the pivot

point. This value is shown on Figure 3.2.11 and is greater than it
,

would be using 75.75 in. Therefore, the total energy to be

|fabsorbed, from which the deceleration loads are determined, is
'

conservative. '

,

The change in potential energy is absorbed by crushing of the ;
.

concrete and elastic deflection of the slab / soil system. The ;"

crushed and displaced concrete is shown cross hatched on Figure
] 3.2-11. If the tip of the cask penetrates into the concrete by an
} amount 6, then the portion of the cask shown cross hatched is

embedded in the concrete. The force developed on the cask is the
j crushing strength of the concrete slab material multiplied by the ||

projected area of this cross hatched zone of material on the cask. |

|() The energy absorbed by concrete crushing is the integral of the
force versus displacement through the concrete.;

i

;
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l
The energy absorbed by the elastic slab / soil system is amall

,

compared to that absorbed by concrete crushing and is calculated in

the same manner as in the cask drop cases described in Section

3.2.11. Equating the energy absorbed by the concrete crushing plus
slab / soil deflection to the change in potential energy during the

accident allows an iterative solution for the deformation ,6.

Once o is known, the projected area. and therefore the total force

can be calculated. Then the translational and rotational

decelerations are determined.

The following is a development of the analysis described above.

Consider the slice of crushed material, dz, located z in. from the

corner as shown in Figure 3.2-11. The force exerted on the cask by

the crushing of this slice of concrete is dF and is given by:

4F 2 dz (1)=
e c

where

1
X [ cos a - 6 cos a)=

c

6= (6 - zTan a)

The deformation across the slice varies from o at the center to 0
at the ends and follows an elliptic profile in between. The
increment of energy absorbed in crushing this slice of concrete is:

X

2 e [6 - chg o (1- 1f)2)]AE dx-g N

0

(2)

O
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The equations are evaluated numerically by dividing the crushed region
into 10 segmenta (see Figure 3.2-11). The solution is obtained byO assuming a deformation. 6, and then using Equations (1) and (2) to to
calculate the energy increment in each of the ten segments. These are
then summed to obtain the crushing energy to which is added the
slab / soil energy. The total absorbed energy is then compared with the

change in potential energy and the o required to absorb the potential
energy is found iteratively. The maximum force on the cask occurs when
4 is maximum. Hence F = S xo3 c "U'#' S is the projectedo
area of the crushed concrete shown in Figure 3.2-11. Force F exerts a
moment, M. about the trunnion equal to F multiplied by the momelit armt

from the centroid of S to r.he trunnion pivot point O. The angular

deceleration of the cask is then:

= M /1,4" g

I = the moment of inertia of the cast about pivot O.

1

Solving the above equations results in:

O
o = 11.6 in.

6, .26 in.=

S 8.28 sq. ft.=

2
$" = 135 rad /sec

O
cask tip " 9

The linear deceleration at any point on the cask is then this angular
deceleration multiplied by the distance between the trunnion and the
point of interest.

b. Tippino About Base of_ Cask

This problem involves tipping of the cask about its base (falling over)
as shown in Figure 3.2-12. The analysis is identical to the above

except that concrete crushing occurs along the entire length of the
cack. The same type of analysis is performed and the following results

() are determined:
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)

d. 1,64 in.
,

0.55 in.6 =

S 17.6 so. ft.=

4" = 155 rad /sec

C tip = 67 gr sk

3.2.13 Combined Loadino Criteria for Containment Vessel

The storage loading conditions are listed in Table 1.2-8. These

loading conditions inc2ude those described in 10CFR Part 72, which

are categorized as normal, man-made and natural phenomena. The
appl?od pads acting on the different cast components due to these

loading coaditions have been determined and are discussed in the

preceding Sections 3.2.1 through 3.2.1.7. This section describes the

tsses which ara used to combine the load,s for each cask component

a r.d the criteria against which each load combit.ation will be

comparea.

3.?.13.1 Containment Vensel

The o.or390 loading ccnditions for the cor.tainment vessel arer

categorized based on the rules of the ASME Boiler and pressure
Vessel Code Section 111 Subsection NB, for a Class 1 nuclear

component.

These storage ?oading conditions translate into five st ice loaoing

conditions in terms of the ASME csde. They include Pr it. ;y Service

and Levels A, B. C and D Service Loadings. The Primary Service

Loadings a e 'sasically equivalent to the Design Loadings as defined
by Section 11 sf .te AFME Boiler and Pressure Vessel Code.

For each of t' a- 'i ce 'ng conditions there are several

applied loadi > . on the cont?'nment vessel. The-

Primary Serv..e < v <<ed in Table 3.2-9. They include
internal and ex . c r, - ;, re: lid bolt preload including the
r;|ect - _ gasket : .cns: distributed loads due to weight.

eind. and handlin9: a design earthquake; and attachment loads.

applied .e / the trunnion to the cask t iody.
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.

The inertia 9 loads are statically applied loads which are multiples
,

of the weight of the cask and/or contents. The magnitude of the ;O Primary Service Loads envelops the maximum Level A, B and C Service
,

Loads. Thermal effects are excluded, except for their influence oni

the preload of the lid bolts because the ASME Code does not consider
1

these as design (i.e. primary service) loads. !
t

|

The Level A Service loads are listed in Table 3.2-10 and are
i basically the same as the Primary Service 1oadings except toe Level
j B and C loads have been excluded and 'she thermal loads acting on the
f containment vessel are included. The thermal loads consist of

temperature differences and differential thermal expansion due to
; decay heat, solar insolation, ambient temperature variations and

ambient conditions, e.g. ice, snow, Wind, sun.
1

The loads due to the Level B and C Service Loading Conditions are
listed in Tables 3.2-11 and 3.2-12; they include natural phenomena
and minor accidents respectively. These conditions occur less

j frequently and therefore higher stress values are allowcJ.
. .

The loads due to Level D Service Loading Condi'. ions, which are-

accident conditions, are listed in Taulo 3.2-13. ,

.

Loading con.binations for Primary Service and Level A, D, C and D
! Service Loadings which are evaluated are given in Table 3.2-14. The ;

loads are listed across the top of the table and the Load '

Combinations are designated in the first column of the table. These !

are three Primary Service Load combinations listed, three level Aj
i

combinations, two Level B and C combinations and seven Level D
k combinatio'a.. The loads which are acting simultaneously for each ofi
'

these combinat!ons arc denoted by an "X" under the load column
heading. As an example, for Prima.y Service Load Combination P2

{
) internal pressure due to cavity precsurikition, tission gas release

|! and minor fire, distributed weight, vind or water and seismic loads,
! and lid bolt preload are acting simultananusly.

,

i I
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l

The stresses due to each of the loads acting on the containment
vessel are calculated in Appendix 4A. The maximum stresses due to ;

the worst combination of service loading conditions were determined h
and compared with the ASME Code allowable stress intensity limits.
The limits and the results of the comparison are summarized in
Secelon 4.2.1.1, Subsection E and listed in Table 4.2-0 through
4.2-10.

3.2.13.2 pasket

The loadings acting on the basket are categorized as handling loads
due to lifting, tilting and transfer; thermal loads due to thermal

gradients and temperature differences; and storage accident
conditions.

The handling loads, i.e. inertia g lo&de, which are listed in Table

3.2-4 are limited by the yield strength. Therafore, they would

produce no permanent deformation of the material. The thermal loads
in combination with the normal handling loads are limited to two
times the yield strength.

This allows some local yielding of the basket structure. However,

since thermal stresses are self-relieving the deformction would be
insignificant. This repcesents a one time deformation since there
is no cycling. In addition, the thermal stress will decrease with

time as the decay heat load decreases.

Toe storage accident conditions are considered separately. The
thermal stresses are self-relioving and cannot cause failure vf a
structure from a one-time occurrence. Therefore, they are not

combined with the inertia q loads due to the storage accidents. The

accident loads are allowed to result in local plastic deformation.
The criteria allows a plastic hinge to form at the support, i.e. at

intersecting plates. and yield etress to be exceeded at the surface
of the plates at the center between supports.

O
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;

The thortal analysis of the basket is given in Soction 5.1.3.6. The
structural analysis of the basket is in Section 4A.6 of Appendix 4A

O including the material properties on which the analysis is based. A

summary of the results and comparison with design criteria are given4

in Section 4.2.1.2.

The specification to which the basket material would be procured is :

given in Appendix 4B.

3.2.13.3 Trunnions L

i
1

The trunnions are evaluated for the combined effect of inertia q
loads during handling operations of lifting, tilting, and transfer.

j. During lifting, the trunnions are evaluated for a vertical lift on
the outer shoulders equivalent to three times and five times the;

weight of a fully loaded (including water) cask. For a load three
times the weight, the maximum tensile stressec shall not exceed the
minimum yield strength of the trunnion material. For a load five
times the weight, the maximum tensile stresses shall not exceed the

! minimum ultimate tensile strength of the trunnion material. '

For tilting, the trunnions are evaluated for a 3 g load on the inner,

shoulder. The stresses are limited to the minimum specified yield
| strength of the trunnion material,
i -

!

For transfer the trunnions are evaluated for the combined inertia g
4 loads of 2 9 vertical. 2 g longitudinal and 1 g lateral. The !

stresses are limited to the minimum specified yield strength of the
[

;

i trunnion material.
>

1
1 :
j The loads acting on the trunnions are given in Table 3.2-4 in terms '

! of
1

g levels and in terms of force (kips), the structural analysis
; of the trunnions is presented in Section 4A.7 of Appendix 4A. A {
| summary of the results and comparison with allowable design criteria l

| are given in Section 4.2.1.3.
1 |

'

()
,

i :
;

<
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3.2.13.4 Outer Shell

The outer shell is evaluated for the combined effects of inertia g h
loads due to handling operations of lifting, tilting and transfer,

and internal pressure. The inertia g loads which are multiples of

the weights acting on the outer shell are listed in Table 3.2-4.

Outgassing from the resin between the cask body and outer shell may
cause a slight pressure on the inside of the outer shell. A

pressure relief valve is provided in the outer shell to assure any

pressure build-up is small. The design is based on several years

operating experience with this type of resin neutron shield. An

internal pressure of 3 psi will occur due to the reduced external

pressure during a tornado. However, since the cask is designed for

an external pressure of 25 psi, an internal pressure of 25 psi is

used to evaluate the outer shell for ccaservatism. The outer shell

is supported by the resin shield material under an external pressure.

The structural analysis of the outer shell is presented in Section

4A.8 of Appendix A. A summary of results and comparison with design

criteria are given in Section 4.2 1.4.

The combined effect of the inertia g loads and pressure is limited

to the minimum yield strength of the outer shell material.

,

I

9
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:i

|

!

l

< TABLE 3.2-1

SUMMARY OF INTERNAL AND EXTERNAL PRESSURE LOADS
,

i

;

! Loading Condition Maximum Ii
;

, Pressure, psi
1

}
Internal:;

| (a) Initial cavity pressurization 32
|

(b) With 10% fuel failure 35 !

4

I

] (c) In a minor fire 32 ;

r

!

(d) In a major fire (100% fuel failure) 53

; (e) Beginning of life unloading 120
i

(f) Tornado 3*
-

External Pressure:
(a) Flood 25i

i. (b) Fuel Loading & Unloading 20 I

! (c) Earth 25

iO '

|

* This is due to a reduced external pressure
i
.

{
i

1 >'
l

1 t

:| |

3
'

i !

! I
; i

!
;

I

- (

) :

! >
1 -

! .

j

|O
|:

1 ,

i !
i 3.2-4s !

t
'
! r
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hTABLE 3.2-2

SUMMARY OF DISTRIBUTED LOADS ACTING ON CASK

Loadino Condition Macnitude
.

Wind or water 218.5 lb/in.

Tornado Driven Missile (5) 1.38 x 10 lb. (max)
Wcl.ght Note (3)

Seismic

Vertical (1) 17 lb/in.

Lateral 297 lb/in.

Handling ( '
Cask Weight 225.000 lb

Cask Vertical 290 lb/in.

Cask Hotizontal 3670 lb/in.

Contents

Cask Vertical 81 lb/in.

Cask Horizontal 1230 lb/in.

(1) Value based on area of cask in contact with concrete pad.
(2) Values based on 3 g static inertia load.

(3) Distributed loads due to weight (i.e. 1 g dead weight)

are 1/3 of handling load values listed.

(4) Dry weight used in calculations (weight iticluding water used

for trunnion calculations)
(5) Several values are used in the analysis.

1

9
,
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TABLE 3.2-3
SUMMARY OF WEIGHTS

|

COMPONENT WEIGHT,1b
Body 105.758
Bottom 17.010
Lid 11.624
Aluminum Boxet 2.186
Resin 10.484
Outer Shell 10.344
Trunnions 1.453
protective Cover 1.413
Basket and rails 17.372 iFuel Assemblies 36.000
Water in Voids _JJ! , 05.4

225.698 (calculated)
'

O

Weight Loaded (including water 224.285
and w/o protective cover

Weight Unloaded (w/o was..i. and 176.231
w/o protective cover)

Weight on Crane llook (w/o lift beam) 224.285

Weight on Storage Pad 213.644
(dry with protective cover)

l

' O
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TABLE 3.2-4

SUMMARY OF INERTI A G LOADS DUE TO IIANDLING OPERATIONS |

0
Load in o's at Cask CG

llandlino condition yertical Loncitudinal Latera},

Lifting - Cask Vertical 3 0 0

Cask llorizontal 3 0 0

8
Tilting 3 0 0

Transfer 2 2 1

Load in c's at each Trunnion

Lifting Cask Vertical 1.5 0 0-

Cask llorizontal 0.75 1.30 0

Tilting 0.75 0.75 0

0
Transfer 0.5 0.5 1

Load in Kl.ps at Each Trunnion

Litt;ng - Cask Vertical 337.5 0 0

Cask llorizontal 169.75 292.5 0

Tilting 168.75 168.75 0

Transfer 112.5 112.5 225

a - Load evenly split between one set of front and rear

trunnions,

b - Maximum value from t'orizontal to vertical orientation.
c - Based on a cask weight of 225.000 l b r. .
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i

TABLE 3.2-5 l
!

,I ATTACHMENT LOADS ON CASK BODY APPLIED BY TRUNNIONS !

LOAD
Shear Force Radial Moments

Longitu- Circum- Force Longitu- Circum-
.dinal ferent. dinal ferent. '

Handling V -FL V =F3

L e T P=P ML Mt e; Operation (1b) (lb) (1b) (in.-lb) (in.-lb)
! Lifting- i

| Cask Vertical 3.375ES O O 2.6E6 0 '

Cask llorizontal 2.925E5 1.69E5 0 2.35E6 1.3E6
r

j Tilting 1.69ES 1.69E5 0 1.3E6 1.3E6
i

;

Transfer 1.12SES 1.125E5 2.25E5 5.54E5 5.54E5
,

)
4 6

|

i Attachment loads acting on cask body are obtained as follows:
l

| Radial Force: P=P
T

i. i

ICircumferential Moment, M4

) M F (4.13 + 3.54) = 7.67FT (Lifting / Tilting
|

=
c T

{ Front 7tunnions) i

L
4

M F (1.38 + 3.54) = 4.92FT (Transfer / Tilting i
= .

T

Rear Trunnions) i
,

i !
Longitudinal Moment, M ;

;

Mg = 7.67F (Lifting / Tilting Front Trunnions)
or '

M = 4.92FT (Transfer / Tilting Rear Trunnions)g

i |
;
;

Note: The maximum values in the table are used for the ;

!
t

t r un'. ions and the local effects on the cask body
shell.

|
-
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TABLE 3.2-6

BOLT LOADS

6
Loading Total Bolt Load (x10 lb)

Cavity Pressurization 0.110

Fission Gas Release (100\ major fire) 0.182
Gasket Seating 0.929

Ilandling 0.278

Differential Thermal Expansion (normal) 0.194

Subtotal 1.693

Preload 1.79x10 lb > 1.693x10 lb: therefore the-

criteria is met.

Eax Load Per Bolt (1b)
Cask Drop - Tipping 19,640

Major Fire 10,640

0\
l
!

|
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TABLE 3.2-7 ;

j TEMPERATURE GRADIENTS IN THE CASK BODY USED F03
THE STRUCTURAL ANALYSIS>\O -

a

.b t

>

LOCATION MAX AT,

q 1. At junction between cylinder 25*F j
i and bottom plate

!
1
'

i

2. Axial gradient in cylinder .5*F/in.

1
r

| 3. Radial gradient across cylinder wall 27*F '

4

I
4. Radial gradient in bottom plate 10*F l'

.,

i
L

j $. Gradient across thickness
t,

j of bottom plate 25'F

6. Gradient through thickness
"

of inner portion of lid 15*F
i

i

7. Gradient through thicknoss

of outer puttion of lid (lid flange) 10*Fi

l

i
; 8. Radial gradient in lid

i
} Center inner portion 6.5*F !i

Outer portion (flar.ge) 3.5*F
'

j i

! |
;

! ,

:
i

) |
,

i

1 |

| |

; I

|O i
; 1

i 3.2.s1
a
i
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TABLE 3.2-8 l

STORAGE LOADING CONDITIONS

S
Normal.

Pressure

Weight
llandling

Thermal variations (e.g. insolation, heat decay, rain, snow,

ice, ambient)

Man-Made

Fuel cladding failure

Fire

Explosion

Cask drop

Cask tipping

Natural Phenomena

Earthquakes

Tornados

llurricane

Flood

Tsunami

Seiches
Lightning

i

|

I
,

9

3,2-52
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TABLE 3.2-9
PRIMARY SERVICE LOADS

O
hoplied Load Loadino Condition

Internal Pressure (1) and (2)

External Pressure (3)

Distributed Loads Weight
Cask Body
Contents

Live
Snow |

Ice
Wind
Flood (includes

Tsunami & Seiches)
Seismic
Handling

Lifting
Tilting
Transfer I

I

Attachment Loads Handling
Lifting
Tilting
Transfer

Bolt Loads Preload for 250 psi
Handling

(1) Cask designed for 250 psi internal pressure which envelopes all
internal pressure effects.

(2) For normal conditions, the fission gas release should be less
than 10%. however. for analysis purposes 100% release is assumed.

(3) Cask designed for 25 psi external pressure which envelopes all
external pressure effects.

O
3.2-53
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TABLE 3.2-10
LEVEL A SERVICE LOADS

Applied Loa _d Loading Condition

Internal Pressure (1) and (2)

External Pressure (3)

Distributed Loads Weight
Cacy Dody
Contents

Live
Snow
Ice
Wind

Handling
Lifting
Tilting
Transfer

Bolt Loads Preload for 250 psi
Handling
Thermal Effects

Attachment Loads 1;a nd ling
Lifting
Transfer
Tilting

'ihermal Loads Decay Heat
Solar Insolation
Cold Rain on Hot Cask

(1) Cask designed for 250 psi internal pressure which envelopes all
internal pressure effects.

I (2) For normal conditions, the fission gas release should be less
than 10%. however, for analysis purposes 100% release is assumed.

(3) Cask designed for 25 psi external pressure which envelopes all
external pressure effects.

G
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I

,
.

I

i TABLE 3.2-11 I

i
LEVEL B SERVICE LOADSj

Load Loadino Condition
I ;

I |
3

i Internal Pressure (1) and (2)
1 i

1

J

i

}- Distributed Loads Weight 3
i

4

| Live ;

j Handling }
i

;

4
:
l

i
!

i
i Thermal Decay Heat !

c

t
i Solar Insolation !
! !

I f
i i

I

Bolt Load Preload for 250 psi e
, !

Handling f'

Thermal Effects fO i

t
.

t

Attachment Loads Handling

Lifting j
'

Tilting ;
o

Transfer

I

(
!

i

I
p

I
!

(1) Caak designed for 250 psi internal pressure which envelopes all

internal pressure effects. 3

'

| !
, ,

f (2) For normal conditions. the fission gas release should be less |

| tnan 10t. hwevu . for analysis purposes loos release is assumed. t

I|O :,

1
;

I 3.2-55
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TABLE 3.2-12

LEVEL C SERVICE LOADS

9
Load Loadino condition

Internal Pressure (1) and (2)

External Pressure (3)

Distributed Loads Wind (Tornado)
Weight

Bolt Loads Preload for 250 psi

Thermal Effect

Thermal Loads Minor Fire

Decay lieat

Solar Insolation

(1) Cask designed for 250 psi int (rnal pressure which envelopes all
internal pressure effects.

(2) For normal conditions, the fission gas release should be less

than 10%. however. for analycis purposes 100% release is assumed,
i

(3) Ca'K designed for 25 psi external pressure which envelopes all
external pressore effectc.

O
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TABLE 3.2-13
LEVEL D SERVICE LOADS

Load cause

Internal Pressure (1) and (2)

External Pressure (3)

Inertia g Loads Cask Drop

Cask Tipping

4

Bolt Loads Preload for 250 psi

Differential Thermal Expansien
due to Fire

Drop / Tipping Accidentt

Local Loads Tctnado Wind Drivon Missiles

Thermal Loads Fire

Beginning of Life Unioading

Distributed Loads Weight

Tornado
Seismic

(1) Cask designed for 250 psi internal pressure which envelopes all
internal pressure effects.i

(2) 'or normal conditions, the fission gas release should be less
than 104 however, for analysis purposes 1004 release is assumed,

I

; (3) Cask designed tot 25 psi extnenal pressure which envelopes all
external pressure effects.

(4) Explosions close to the cask are unexpected. Explosions at a() significant distance from the cask would have a negligible
ettect and certainly be less than the equivalent external
pressure which acts during drop and tipping accidents,

3.2-57
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TABLE 3.2-14
(continued)

Notes:

(1) Bolt prelcad acts simultaneously with internal or

external pressure.

(2) All internal pressure effects are covered because the

cask is evaluated for an internal pressure of 250

psi. It should be notid that the handling loads do

not act at the same time that the internal pressure

is at its maximum value or at the rated value of 250
psi. The handlir.7 loads would act with initial cavity
pressurization but this is a less critical combination.

(3) This column also includes the condition of a buried cask.
|
|

(4) Handling results in both distributed loads on the entire
cask body and local loads at the trunnion attachments.
herefore, there are two columns for x's for some load
combinations.

(5) The thermal effects of fuel loading through minor fire
are negligible compared to the effects of decay heat and
solar load. One exception is the case of a cold rain

on a hot cask which is evaluated.
,

9
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FIGURE 3.2-2

"*NDLING LOADS APPLIED TO TRUNNIONS FOR A-

VERTICAL LIFT-CASK VERTICAL
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FIGURE 3.2-3

HANDLING LOADS APPLIEb TO TRUNNIONS FOR

A VERTICAL LIFT - CASK HORIZONTAL
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FIGURE 3.2-4

HANDLING LOADS APPLIED TO TRUNNIONS

FOR TILTING OPERATION
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FIGURE 3.2-5

HANDLING LOADS APPLIED TO TRUNNIONS
DUE TO TRANSFER OPERATIONS
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2 g VERTICAL LOAD DISTRIBUTED ON FOUR TRUNNIONS (i.e. 0. 5 g

PER TPUNNION) AND APPLIED TO INNER SHOULDER. THIS CAUSES A
CIRCU!!FERENTIAL ftOMENT ON CASK BODY.

2g LONGITUDINAL LOAD DISTRIBUTED ON FOUR TRUNNIONS (i.e.
0.5 g PER TRUNNION) APPLIED TO INNER S:iOULDER. THIS CAUSES

lA LONGITUDINnL !!O!!ENT ON CASK BODY.
,

2g LATEPAL LOAD DISTRIBUTED ON TV 0 TRUNNIONS (i.e. 1.00
PER TRUNNION). TllIS CAUSES A PADI/sL LOAD ON CASK B OD's .
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FIGURE 3,2-y

HANDLING LOADS APPLIED To TRUNNIONS
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3.3 SAFETY PROTECTION SYSTEMS

3.3.1 General

The TN-24 dry storage cask is designed to provide storage of spent
fuel for at least twenty years. The cask cavity pressure is always

above ambient during the storage period as a precaution against the

in-leakage of air 'thich might be harmful to the fuel. Since the

containment vessel consists of a thick-walled forged stoel cylinder

with an integrally-welded forged bottom closure, the cavity gas can
escape only through the lid closure system. In order to ensure cask

leak tightness, two safety systems are employed. A double barrier

system for all potential 11d leakage paths consisting of covers with

multiple seals is utilized. Additionally, pressurization of

monitored seal interspaces provides , continuous positive inward and
outward pressure gradient which guards against a release of the

cavity gas to the environment and the admission of air to the cavity.

3.3.2 Protection By Multiple Confinement Barriers and Systems

O
3.3.2.1 confinement Barriers and Systems

A combined cover-seal pressure monitoring system (Figure 3.3-1)
alsdys stets or exceeds the requirement of a double barrier closure
which guarantees tight, permanent containment. There are two lid

penet r ations, one for a drain pipe and one for venting and
pressurization. When the cask ic placed in storage, a pressure

greater than that of the cavity is set up in the gaps (interspaces)

between the double metallic seals of the lid and the lid
penetrations. A decrease in the pressure of the monitoring system
to below 3 atm would be signalled by pressure transducers located in

the overpressure tank which is located on top of the cask lid
(Figure 3.3-1). Three tratisducers are provided to ensure

measurement redtndancy. The system is pressurized through a fill
valve mounted 'on the overpressure tank.

O

3.3-1
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Connoctions to the ovorprossuto tonk ago welded or Cajon VCR

fittings.( A quick connect Hansen coupling with a NUPRO i

'

diaphraga valve is used to fill the tank.

The Helicoflex metallic face seals of the lid and lid penetrations

possess long-term stability and have high corrosion resistance over

the entire storage period. These high performance seals are

l comprised of two metal linings formed around a helically-wound
spring. The sealing principle is based on plastica 11y deforming the

]
seal's outer lining. Permanent contact of the lining against the

; sealing surface is ensured by the outward force exerted by the

! helically-wound spring. Additionally, all metallic seal seating

I areas are stainless steel overlay for improved surface control. The

overlay technique has been used Ior Transnuclear's taa.. port casks.
|

:

j For protection against the environment, a totispherical protective

cover equipped with an elastomer seal is provided above the lid. In

the unlikely event that unacceptable leakage was detected in the

f monitoring system. a containment cover (described in See ion 4.5)

j could replace the protective cover. The space between this

j containment cover and the lid could be used as a pressure-monitored
I

gas barrier. The option to weld the containment cover to the cask

body is also available, if necessary.

The lid and cover seals describe 3 above are contal'.ed in grooves. A

high level of sealing over the storage period is assured by

) utilizing seals in a deformation-controlled design. The deformation |

) of the seals is constant since belt loads assure 1. hat the nating

] surfaces remain in contact. The seal deformation is set by its |
| ur!ginal diameter and the depth of the groove. ;
l !

) :
Cnjon VCR fittings NUPRO diaphram valves and Helicollex metallic,

! seals are all capable of limiting leak rates to less than 1 x 10'

ate-ec/see of helium. )
I

i

,
.

!
'

|
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3.3.2.2 Analysis of__ Cask Presoures and Leakace Rates

The cask cavity's maximum operating pressure is 2.2 atm. This hpressure will assure an end of storage (20 years) pressure of 1.1
atm based on a decay heat load of 0.3 kw/ assembly and a minimum
ambient temperature of -20*F. The maximum operating pressure of 2.2
atm corresponds to the maximum decay heat load of 1 kW/assy,
insolation, a 115'F ambient temperature and the storage of the casks
in a 2 x 10 array.

During normal storage, pressure variations due to changing ambient
conditions will be small. However, fuel clad failure could result

in an increase in cavity presrure due to free gas release of the
fuel rods. Based on data from Ref. 2, the Westinghouse 15x15

assembly contains the most free gas, 3.72 m at STP. The TN-24
cask has a cavity tree volume of 5.49 m. A lot release of
fission gas would cause an increase in cavity pressure of about 1.9
psi at an average cavity gas temperature of 480*F (Table 5.1-3).

The pressure during a major fire is calculated assuming a 100% fuel
failure. In Section 5.1.3.6, the maximum cavity gas temperature is
calculated to be no more than $18'F for a cask stored in an array.
This results in a maximum cavity pressure of 3.6 atm (53 psia).

The monitoring system's initial operating pressure is s(t at 5.8
atm. Over the storage period, the monitoring system's pretsure
decreases as a result of leakage (tom the system and as a result of
'emperature reduction of the gas in the system. Since the level of
permeation through the containment vessel is negligible and Isakage
past the higher pressure of the monitoring system is physically
impossi51e, a decrease in cavity pressure during the storage period
occurs only as a result of a reduction in the cavity gas temperature
with time. As long as the cavity pressure is greater than ambient
pressure and the pressure in the monitoring system is greater than

!

that of the cavity, no in-leakage of air nor cut-leakage of cavity i
|

gas is possible.

3.3-3
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,

Tho calculations which follow define the Conitoring systCo holiun |

8

test leakage rate which ensures that no cavity gas can be released

to the environment not air admitted to the casks for the twenty-year

storage period. All seals are considered collectively in the

) analysis as the monitoring system pressure boundary.
t

I

j The instantaneous leakage L from the monitoring system is equal to !

; the leakage rate L, during an infinitely small time period dt and
; L is also equal to the system volume V times the change in systen

pressure dp.

i

{

L = L,dt . Vdp |
i

j dt . Vdp/L
I

,

f From ANSI N14.5( ':
i

L * b N (Pu -Pd )x/[N,(Pu -Pd )y)4 x yy

|

] L, . actual leakage rate of helium at the monitoring system {
temperature (ata-cc/sec)

I i

]
L measured leakage rate of helium test gas at 77'F (atm j.

y
cc/sec) !

!1

fluid viscosity of helium at the monitoring system || N, .

j temperature (cp) |
.

3

1 i

t

fluid viscosity of helium at 77'F . 0.0223 cp jN .

I ;

r

1

; Pu, . actual upstream pressure (ata)

Po actual downstream pressure . 1.0 atn.
r

!
! Pu . test upstream pressure . 1.0 ate
I y
l

! Pd test downstream pressure . o.O ate-

"
I (2)
.

1

! 3.3-4
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l

I

Thoroforo,

dt = Vdp L N (Pu2 - Pd2) xy y

2Ng (Pu? - Pd ) y

and
PB

Vdp L Ny (Pu2 . Pd2)t x- y

PE Nr (Pu2 - Pd2) y

PB = monitoring system pressure at the beginning of the storage

period 5.8 atm=

PE = monitoring system pressure at the end of the storage period (ata)

V = monitoring system volume (ce)

The integration of this equation accounts for the change in the

monitoring system leakage rate which occurs ducir,g the storage period

because of the change in the monitoring system pressure. Although

the cask cavity pressure is initially 2.2 atm and remains above

ambient during the storage period. it is conbervatively assursed in

this analysis that both the inner and outer seals of the monitoring

system are subject to a constant 1.0 atm downstream pressure.

Since V. L N. N Pd and (Pu Pd )y are constant.-y. y x, x.

PB

t A dp/(Pu Pd )-

x
PE

where A =VNx(Pu - Pd )y/(L Ny)y

O'

3.3-5
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,

l

1

Porforcing tho intogration yiolds: !

:

I lP"

f = (A/2Pdx))1n ((Pu - Pd),/(Pu + Pd),)t

i E :

I !

j Expressing P as a une n y rearran6 ng and
E

i simplifying the above equation. |

! !
'

t
1)/(1 - B/exp(2t Pd,/A))

'

E* x( exp (2t Pd,/A)]
P +

I

t

where B = (P - Pd,)/(PB + Pd,) [
:

g
!

i
i

! Since this equation only accounts for the monitoring systen pressure I

I

i loss due to leakage, a correction of pressure based on a decrease in

i system gas temperature was employed at the end of each three month j

j time step at which the relation was evaluated. In order to ensure !

j that the monitoring system pressure is simultaneously greater than the [

ambient and the cavity gas pressures, both the monitoring system gas f|
and the cavity gas temperatures were established as a function of

time. The cavity gas and the monitoring system gas temperatures were |
calculated for both the beginning and end of storage conditions and |.

{f they were assumed to decrease linearly during the storage period. The

; end of storage condition for this calculation was conservatively |

| assumed to be 0.3 kw/ assembly and an ambient temprirature of 115*F. It [

! was determined that the cavity pressure would decrease f rom an initial |
< i

{
value of 2.2 ata to 1.68 ata in 20 years due to an average gas [

} temperature reduction. The viscosity of the monitoring system gas was
'

r,

j also corrected for temperature change for each successive time ;

i increment evaluated. |

|
:

1

j The determination of the maximum allowable helium test leatage rate is |
f graphically depicted in Figure 3.3 2. According to this figure. the |
1

j cavity pressure of 1,68 atm after twenty years is equivalent to the
]

i

4

i

! 3.3-6
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Conitoring systc0 prosauro attor twsnty ycars wh0n tho holiua test
~

leakage rate is 1.1 x 10 atm ec/sec. In Figure 3.3-3. the change
in both the monitoring system gas and the cavity gas pressures are
shown as a function of time.

),3.3 Protection by_ E_1ulp m e n t and Instrumentation

3.3.3.1 Equipment

The metallic seals utilized in the Safety Protection System are
destibed in Section 3.3.2.1.

3.3.3.2 instrumentation

The only safety-related instrumentation that is part of the cast are
the pressure transducers which provide a continuous monitoring signal
of t.he pressure in the seal intarspaces. Since the pressure is higher
in these interspaces than in the cask cavity, the transducers would
provide an indication of seal failure before any release occurs.
Three pressure tranducers are provided for redundancy. |h
_3,3.4 Nuclear Criticality Safety

3.3.4.1 Control Methods for Prevention of Criticality
|

The design criterion for criticality is that the effective neutron
multiplication factor, k neluding statistical uncertainties.ett,
shall be less than 0.95 for all postulated arrangements of fuel within
the cask under all conditions.

The control methods used to prevent criticality are:
|

(1) Incorporation of neutron absorbing material (boron) in t he basket
matettal !

|
i

O
|

3.3-1
\
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i I

(2) Incorporation of gaps in tho basket to separato ossotblics cod to

act as neutron traps when the cask is filled with water, as it;

may be at the time of loading.

1O
The amount of boron in the basket and the gap width are selected to

assure an ample margin of safety against criticality under the |
J condition of cask flooding. The methods of criticality control are in

Ikeeping with the requirements of 10CPR72.73 i.

| l

II
Criticality analysis is performed using the KENO-V.a Monte Carlo I

Icode along with data prepared using the NITAWL code and the

1 SCALE 27-group cross section library. These codes and cross section
Ilibrary are part of the SCALE systen prepared by Oak Ridge

National Laboratory f or the U.S. Nuclear Regulatory Commi+sion Of fice j

) of Nuclear Regulatory Research. They are widely used for criticality L

|
analysis of shipping casks. fuel storage pools and storage casks.

j Benchmark problems are run to verify the codes, niethodology and cross |

section library, f
i !
3 In the criticality calculation, fuel assembly, basket, and cask wall

geometries are modeled explicitly. Within each assembly, each fuel ,

pin and each guide tube is represented. Materials are not homogenized. !
r

The f uel assembly analyzed is the Westinghouse 17x17 OPA (optimized
i fuel assembly) with 3.7t enriched fuel. This fuel assembly design is :

i
' conservative (yields higher k,g ) with respect to similar analyses |

2)using a 14x14 or a 15x15 design The analysis uses fresh fuel !; .

3 composition and a fuel length of 2000 en (compared to the typical I
t

active length of 366 cm). |

f

I
!suberiticality is established for the case of a cask fully flooded
l

with water and surrounded by a water reflector. Tne geometric model

used is shown in Figure 3.3-4 and the material compositions used in

the model are listed in Table 3.3-1. The gap in the eight outside |

; compartments was not explicitly modeled. However, the boron stainless (
steel plate thickness was reduced by 0.1 cm and the outside layer of

copper neglected. Varying the water density in calculations for L
,

| sittilar easks has verified that optimum moderation (maximum Agg)
! occurs with full density water. Calculations have also verified that ;

surrounding the model with a neutron reflector to simulate an intinite {
array of casks does not change k,gg.,

_ . - - _ _ _ _ _ _ _ _ _ _ _ __)'
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Tho ecsult of tho calculation is k,gg o 0.9206 1 0.0044. Including

the bias determined f rom bench mark calculations and 2 signa yields
O.,41, which satisfies the critetton. (|)k,,, .

Therefore, the TN-24 storage cask is safe with respect to criticality
for the specified fuel designs and enrichment.

3.'J.4.2 Krror Contingepey Criteria

Provision for error contingency is built into the criterion used in

Section 3.3.4.1. above. The criterion, used in conjunction with the

KENO-V.a and N1TAWL codes, is common practice for licensing
submittals. Because conservative assumptions are made in modeling. it
is not necessary to introduce additional contingency for error.

3.3.4.3 V_eff f i c a t_l o n A n a l y s i s - B e n c h m a r k i n a

(Five critical experiments by Pacific Northwest Laboratory
(PNi) are used to validate the criticality analysis. The PNL
experiments were designed to simulate conditions associated with botL
fuel element shipping packages and with fuel storage pools. The
experiments selected are associated with critical separation between
water flooded suberitical clusters of fuel rods with and without
poison plates between clusters. Hun A contained Doral plates. Run B

borated stainless steel plates, Run C SS304L plates and Run D no
poison plates. All four experiments have steel reflecting walle. The

fifth experiment (E) contains no poison plates and no reflecting walls,
f

The NITAWL code is used to perform resonance calculations and to
prepare the working library from the SCALIA5 27 group cross section
library for input to KENO-V.a.

Fuel rods .ind dimensions are illustrated in Figure 3.3-5. The

experimental geometry is shown in Figure 3.3-6. The poison plates,

when present, are positioned at the outer cell boundary of the center
fuel cluster. Dimensions are shown in Table 3.3-2.

3.3-9
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i
,!

*
The KENO.V.a geometric representation includes the explicit model of

! each fuel rod and poison plate. The NITAWb and KENO..V.a inputs for ;

) Run A are shown in the Appendix. ,

I

'
E

The results of the calculations are shown in Table 3.3-3. The i

j results show a non-conservative average bias of 1.2%. Thus the |

| criticality result for the TH-24 is increased by a factor of 1.012. |

!.

6

; 3.3.5 Radig_loalcal Protection !
i :

!

3.3.5.1 Access Control |)

I

1 The storage casks will be located in a restricted area on a site to L

I which access is controlled. In keeping with the terminology of |

) 10CFR72 the terms restricted and unrestricted area refer only !.

to areas within the controlled area. The controlled area and the ,

site are taken to be the same. The term restricted area is defined |

in 10CFR20.3 The specific procedures for controlling access.

j to the site and to the restricted area within the site are to be I

addressed by the license applicant's Safety Analysis Report. [
;

! 3.3.5.2 Shielding '

d (
1 -

! l
j Shielding has the objective of assuring that radiation dose rates at (
j key locations are at acceptable levels for those locations. Three
q locations are of pa:ticular interest:

I
(1) Immediate Vicinity of the cask

i (2) Restricted Area Boundary
8 :
) (3) Controlled Area (Site) Boundary i

: \

Dose rates in the immediate vicinity of the cask are important in

consideration of occupational exposure. The design criterion for
,

shielding is 60 mrem /hr at the cask surface. Because of the passive
a

nature of storage with this cask, occupational tasks related to the

j cask are infrequent and short. A list of expected tasks is provided

i

| 3.3-10
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in Tablo 3.3-4. Tho dose ratos aro bao,ed on thoso calculated in

Chapter 7. Time required to perform the operation is based on

Transnuclear's experience with transport casks. Maintenance type
activities are listed in Table 7.4-1. Most of the exposures listed

in this table will occur before the cask is placed in storage at an
ISFSI.

Dose rates at the restricted area boundary should be such that

people outside the restricted area need not have their radiation

exposures monitored. Dose rates at the site boundary should be in

accordance with applicable regulatory guides. The estimated
occupational doses for personnel comply v;th the requirements of
10CFR20.101.

Detailed discussion of shielding is provided in Chapter 7 Radiation

Protection.

3.3.5.3 R a d tglogj c a l Al aimJys t em
i

No radiologigcal alarm system is prosided with the TN-24 storage
cask. Such a svstem can be provided oy the license applicant if
deemed necessary.

) , 3 . f> F i.t e and E xpJ o s Lo n P r e t e c t t of]
;

There are no combustible or explosive materials associated with the
operation of the TN-24 dry storage cask, in general no cuch

! ta.terials would be stored within the ISFSI controlled area,

't;ven though the occurrence of a fire or explosion is highly
unlikely, these events have been analyzed:

a) tiluoL.f_lle This is categorized as a Level C Service Loading
Condition. It might be caused by an event such as the accidental

release and ignition of fuel oil from a storage facility located
outside of the controlled area. Such a fire vould raise the ambient

temperature of the casa outer surface by only a few degrees.

3.3-11
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I

!

b) Maior Filt This is categorised as O Level D Servico Leading'

condition. It assumes exposure of 1475'r for a period of 30 minutes,

under the conditions specified in 10CFR71 '. It is shown in

| Section 5.1.3.6 that the integrity of the cask is maintained and
'

I that the dose rate limits of 10CFR72 for accident conditions are not
exceeded.

I

! c) Explosion (external) This is categorized as a Level D Service ;

I Loading condition. Since the cask is designed for an external i

{ pressure of 25 psia (as a L6 vel A Service Loading condition), the :

I cask will withstand external pressures of several psi due to a |

j chemical explosion. The structural calculations for ext 9tnal
t

; pressure are presented in Chapter 4.
I r

!

I

i 3.3.7 Material Handlina and Storale
!,

3.3.7.1 Epen1_tyel Handlina and Storace ,
,

| I

'

The handling and storage of spent fuel within a nuclear power

(} station is addressed as part of the facility license under
i ;

10CFR50( '. This includes loading the spent fuel into the cask [
! and handling of the cask prior to transfer to the ISPSI. No actual !

| fuel handling occurs at the ISFS1 since the casks are sealed and
1

j decontaminated prior to the arrival at the ISFSI. |
| l

t
i No increase in surface contamination levels will occur during |1

1 storage at the ISFS1 because all sources of potential contamination !

1
i

are sealed within the cask. The exterior surfaces of the cask are Ij
metal spray coated and/or painted for corrosion protection and ease'

of decontamination. f
i

; The design criteria for the TN-24 dry storage cask require that the
1

! maximum fuel eladding temperatore of the hottest fuel rod in the '

cask shall not exceed the temperature limit calculated according to :

| PNL-6109 This temperature limit, has been calculated as a |.

} function of fuel age to account for the effect of fuel age on creep f
deformation and fuel cladding rupture. As the age of fuel

,

! :
1
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incroasos, its cooling rate rcpidly d0ereasos. If tho initial fuel

temperature is too high at loading. significant creep deformation
can occur as a result of the decreasing cooling rates with fuel
age. The Commercial Spent Fuel Management Program (CSPM) used
the TN-24P packaging as one of its models for developing generic
fuel cladding temperature limit curves for 40 year dry storage.
Since the TN-24 and TN-24P are similar cask designs, the CSFH
generic curves are used to establish fusi cladding temperature
limits for 5. 6. 7. 10- and 15- year fuel ages. The TN-24 has a

storage life of 20 years and it is conservative to use the CSFM

curves developed for 40 year storage.

From Ret. 10 the midwall hoop-stress is given by the equation.

S T (PDg /2t)(a)(T /T )=gg,p. 2

where

S '1 the midwall hoop stress (psi) at temperature of. .
2

interest T ('K)

the internal pressure (psi) at the hot-volumeP .

average temperature. T ('K)g

D the midwall diameter (in.) accounting for cladding.g
corrosion

the cladding thickness (in.)t =

a = 0.95 for PWR fuel assembl.'.es

Using fuel data provided in ket. 2. aW 15 x 15 a s settbly ( r od dia . .

0.422 in.. cladding thickness 0.0243 in.) with a burnup of 35.

GWD/MTU has a lead fuel rod pressure of 635 psia at 100'C. The
corresponding preccure for a W 17 x 17 assembly (tod dia. 0.374
in.. cladding thickness 0.0225 in.) is 816 psia.

3.3-13
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! !
| |

substituting valnos and sloplifying. i

|
5

psi /K f r W 15 x 15 assemblies and |S, T2 = 17.4 T2.

T = 16.3 T psi /K f r W 17 x 17 assemblies.S,g,p. 2 2
'

.

6

3 For conservatism, the W 15 x 15 fuel assembly equation is used to (

| determine the fuel rod temperature limits. The temperature limits

are determined graphically by plotting the midwall hoop-stress {
! equation on the CSFM generic limit curves of Ref. 10. Table 3.3-5
i !

j lists the fuel cladding temperature limits.
[

! !
1 Using the ORIGEN2 code, decay heat and source teras have are i

) generated for a W 17 x 17 fuel assembly cooled for 5. 6 8 10 12 [

and 15 years. The corresponding decay heats are listed in Table !
i

) 3.3-6. i

1
'

I f
i in Section 5.1.3.6 an ANSYS finite element model of the packaging I

1
l

i cross section was developed for the normal storage analysir, j

computer runs are made with decay heat loads corresponding to 5 . 6.
8. 10 . 12 and 15-year cooled fuel. The maximum fuel cladding

;

temperature is calculated for each run and is reported in Table ii

, r

) 3.3-6. The maximum f uel cladding t emperature is plotted as a }

f function of fuel age in Figure 3.3 7 along with the fuel cladding i

f temperature limits. |
i

t :

| The design criteria f or the TN-24 dry storage cask require that j

| nuclear criticality safety be assured under all operating and {
j accident conditions by maintaining an etfeetive neutron multi- !

plication factor (A,gg) of less nan 0.%. The u d ear ana ysis

demonstrating that this is achieved. even with a loading of fresh j
I

; tuel and the cavity i111ed with water, is presented in Section 3.3.4.

i
.

'

| i
j

!O |i

|
'

,

|
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Suberiticality is maintained by means of borated stainless steel

basket plates and gaps (flux traps) which are part of the basket

assembly structure. Structural calculations, presented in Section

4.4.6 demonstrate that the basket structure vill perform its

criticality control function under all operating and accident

conditions.

The design criteria f or nuclear criticality saf ety discussed above

permit an infinite array of casks to be stored at the ISFS1 with no

limitation on cask-to-cask spacing.

However, because of radiation heat transfe. :nsiderations, in order

not to excered the cladding temperature li i: of the cask array

configuration will be double rows of casks with a minimum

cask-to-cask centerline spacing of 16 ft.

3.3.7.2 Radir> active _ Waste Trea(Ita g

Since the TN-24 dry storage casks are permanently sealed and are

completely passive in operation, all radicactive materials are

contained and no radioactive waste treatment is required.

Any radioactive wastes generated during loading or decontamination

operationc within the nuclear plant facility, prior to transfer to

the ISFS1, are handled by the plant radwaste systems which are part

of the 10CFR50 licensed activities.

,

9
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3.3.7.3 Weste Storace Facilities

No waste storage facilitien are required for ISFSI operation with the !

TN-24 casks.

3.3.8 Industrial and Chemical Safety

-Fire and explosion hazards are covered in Section 3.3.6.

Since no hazardous chemicals are used in connection with the storage

of TN-24 cashs at an ISFSI. personnel or plant safety are not

impaired due to potentially dangerous chemical reactions.
,

?

Transfer of the storage cask from the nuclear plant to the ISFSI will

require lifting, rotating, and lowering operations which are

important to plant personnel safety. Adherence to the ISPSI

procedures covering these operations will ensure that the r.sks

incurred are minimized,

j

O
|

,

4

1

|

)
1

l
,.

,

.
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1

|

|
TABLE 3.3-1 i

MATERIAL COMPOSITION FOR KENO MODEL

MIXTURE DENSITY NUCLIDE/ LIBRARY DENSITY

c/cm ELEMENT NUMBER Atoms /b.cm

UO Fuel 10.41 U235 92235 8.7014E-4
2

3.7 wtt U235 U238 92238 2.2361E-2

O 8016 4.6462E-2

Zircaloy 6.44 * 40302 4.2518E-2

Water 0.998 11 1001 6.6759E-2

O 8016 3.3380E-2

Borated (1.0 wtt)

Stainless Steel 7.8 B10 5010 8.5866E-4

Bil 5011 3.4859E-3

Cr 24304 1.6994E-2

Mn 25055 1.6930E-3

Fe 26304 5.7875E-2

Ni 28304 7.5252E-3

Copper 8.96 Cu 29000 8.4918E-2

Carbon Steel 7.82 C 6012 3.9217E-3

Fe 26000 8.3500E-2

*40302 is a composite cross section for 97.91 wtt Zr,

1.59% Sn. 0.5% Fe

O
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TABLE 3.3-2

*eNL BENCHMARK EXPERIMENTS

Fuel Cluster
Length x Width Poison Plates Separation

Case No. (fuel rods) (mm) (mm)

A* (1) 25 x 18 Borated SS (2.98) 48.0

(2) 20 x 18

B* (2) 20 x 18 Boral (2.92) 26.9

C* (2) 20 x 18 SS304L (3.02) 82.8

D* (1) 25 x 18 None 95.1
(2) 20 x 18

O lE* 20 x 15 None 63.9 )
l

* 17.85 cm thick steel walls placed at 1.32 ce from fuel clusters

O I

I
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|

TABLE 3.3-3

KENO-V.a BENCHMARK RESULTS

l
|

Experiment No. Keff Sigma

A O.9900 0.004

B 0.9909 0.004

C O.9865 0.005

D 0.9885 0.004

E O.9856 0.004

Avg = 0.9883

0
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TABLE 3.3-4

OCCUPATIONAL EXPOSUEES FOR CASK LOADING TRANSPORT. AND EMPLACEMENTO (One Time Exposure)

Time No. of Dose Rate
Task Required (hr) Persons frem/hr) Man-Res

Placement in pool and '

Loading process 6 3 0.005 .09
1

Removal from pool 1 3 0.030* .09
Processing of cask 10 3 0.030* .90
Leak testing 2 2 0.030* .123

| Decontamination and inspection 3 3 0.030* .27
'

Preparation for transport 2 3 0.030* .18
Transfer of cask to ISFSI 1 3 0.020** .06
Fx: placement of cask 2 3 0.030* .18

i Monitoring system connection

and trunnion removal 2 2 0.030* .12

O-

!
Total 2.01

!

* Based on effective distance of 1 meter from cask surface.
i ** Based on effective distance of 2 meters from cask surface. I

|

,

e

! |
. ,

4

,

I I

, I

-

|
1
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TABLE 3.3-5 |

FUEL CLADDING TEMPERATUhE LIMITS

Initial Fuel Ace Temperature Limit

5 years 730*F (388'C)

6 years 707*F (375'C)
7 years 666*F (352*C)

10 years 655'F (346*C)
15 years 642*F (339'C)

O
;

)
!

|
,

l

.

|

|
.

O
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i
1

i
'

TABLE 3.3-6

DECAY HEAT AND MAXIMUM FUEL CLADDING TEMPERATURE

AS A FUNCTION OF FUEL AGE

|
|

|

lFuel Decay Heat Maximum Fuel i

AQe Per Assembly CladdinQ TemDecaturei

j

|

5 years 1.000 kw 642*F (339'C)
6 years 0.821 kw 575'F (302*C) I

i 8 years 0.680 kw 518'F (270*C)
: 10 years 0.616 kw 490*F (254*C)

12 years 0.572 kw 471*F (244*C)
s

15 years 0.518 kw 446*P (230*C) I
l

: (

'
:
.

!

[

>

i
,

i

|

>

!

|

,

I
i

.

!O
1

!

:
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FIGURE 3.3-1

SEAL AND PRESSURE MONITORING SYSTEM
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FIGUPI 3.3-2

DETERMINATION OF MAXIMUM ALLOWABLE

HELIUM TEST LEAKAGE RATE

|

S.

|

MONITORING SYSTEM VOLUME = 14,000 cc j
1

INITIAL MONITORING
SYSTEM PRESSURE = 5. 8 a tin

_

DohmSTREAM PRESSURE = 1. 0 a tin

h
s
W 3. -

O a
n.

2. .

_'__ _ __ _ _ _ ._ __ _ _ _ _ _

CAVITY PRESSUPI MAX ALLok'ABLE HEM
MTER 20 Y N S TEST LEAYAGE RATE'

1. = 1.1 x 10'S i
,

,,

, , , , , ,

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3

HELIUM TEST LEAY. AGE RATE, L (10* b ATM CC/SEC)y

O

3.3-24



FIGURE 3.3-3
CHANGE IN MONITORING SYSTrM

AND CAVITY PRESSURE DURING STORAGE
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FIGURE 3.3-4

TN-24 KEJO-V.a GEOKETRY

Axial length of model = 2000 cm plus 30 ce water top
and bottom
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FIGURI 3.3-4 cont'd

T!;-24 YINO-V.a E ML7RY (DL7 AIL)
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FIGURE 3.3-5
.

PNL BENCHMARK EXPERIMENT FUEL RODS :
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FIGURE 3.3-6

TYPICAL PNL BENCHMARK EXPERIMENT
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Facilities", 10CFR Part 50 Rules and Regulations. Title
- 10. Chapter 1. Code of Federal Regulations - :nergy.

(,,/ U.S. Nuclear Regulatory Commission, Washington, D.C. Jan |

1987.
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3.4 CLASSIFICATION OF STRUCTURES, COMPONEN11, AMD SYSTEMS
|

The structures, components and systems of the TN-24 Dry Storage Cask

may be elassified as "Important to Safety" and "Not important to

Safety." A tabulation of the structures, components, systems by

their classification is shown in Table 3.4-1.

The criteria for w. electing the classification for particular

structures, components, or systems, are based on the definitions

given in 10CFR72 Subpart A.,

All items, regardless of their classification, are designed in

accordance with the requirements of the TN-?4 Design Criteria which

ensure that the General Design Criteria of 10CFR72, Subpart F, are

satisfied. Those items which are classified as important to safety

are designed, fabricated, inspected and tested, to the maximum

practicable extent, in accordance with the ASME Boiler and Pressure

Vessel Code, Section Ill, Subsection NB, Article NB-3200. The

seismic denign considerations of 10CFR72, and the quality assurance

requirements of Appendix B to 10CFR50 are applied. h

Those items which are classified as not important to safety are

designed in accordance with design rules which ate indicated in the

structural analysis of those items in Section 4.2.

The classification of structures, components, and systems which are

part of the ISFSI, but not part of the cask, is included in the

Safety Analysis Report submitted by the applicant for a license

under 10CFR72.

O

3.4-1
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,

I

l
l

I
!TABLE 3.4-1
|

'
CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS

,

Japortant to Safety Not Important to safety
|

Containment Vessel Protective Cover

| Cask Body Shell Overpressure System
)

|
Cask Body Botton 6

Lid
t

Lid Bolts

Lid Gaskets
i

Lid Penetration Covers,

|
Bolts., Gaskets

,

Basket Assembly
i

| Port Covers '

] Bolts

Gaskets ,'
,

{ Trunnions
Trunnion Bolts

Neutron Shield I

'

i

a

i :
!

t

4
,

I |

i >

!
1

i :
) i

'

I

!,:
4

I |
: ;

l
2

l

i
j 3.4-2
i
.i
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1. "Licensing Requirements for the Storage of Spent Fuel in an

Independent Spent Fuel Storage Installation", lOCFR Part 72,

Rules and Regulations, Title 10. Chapter 1 Code of Federal

Regulations - Energy, U.S. Nuclear Regulatory Commission,

Washington, D.C. Jan 1987.

2. "Domestic Licensing of Production and Utilization Facilities",

10CFR Part 50, Rules and Regulations, Title 10, Chapter 1. Code

of Federal Regulations - Energy, U.S. Nuclear Regulatory

Commission, Washington D.C. Jan 1987.

,

O
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3.5 DECOMMISSIONING CONSIDERATIONS

|

The TN-24 storage cask is designed for dry storage and will ;

/ requira no decontamination of any liquids or associated i

liquid handling systems. The cask has smooth interior and

exterior surfaces to facilitate decontamination after

unloading of the fuel assemblies. The inside of the cask can !

{ be flushed with water and/or chemical decontamination agents
. ,

to remove particulate materials.

[
Another consideration for decommissioning is the slight I

r
activation of the cask from the neutron flux present.

!

Activation calculations are performed to address this f
subject. The following assumptions were made: i

1. The cask contains 24 reference PWR assemblies.
3
r

I

2. The neutron flux is assumed constant for 20 years.
,

1

3. The neutron spectrum is the same as in a PWR reactor.

.

i The activation calculation is performed using the computer {

code ORIGEN2 with the total neutron fluxes taken from

the radial shielding calculation performed with the XSDRN-PM f
|code (See Chapter 7). The fluxes at the cask centerline, the '

! cavity wall, the inside radius of the neutron shield, and the !

inside radius of the outer shell are used to irradiate the
basket, the body lid, the neutron shield, and the outer shell

| and protective cover, respectively. The fluxes, material
.

j compositions, and masses of irradiated material are listed in

f Table 3.5-1. The ORIGEN2 cross section library for PWR's at (
| a burnup of 33000 MWD /MTU is used. !
i

|!
i

The results listed in Table 3.5-2 indicate that after 20 ;

} years irradiation and 30 days decay (to eliminate very short

! lived radionuclides), the total activity is less than 0.06 C1.

!([)
i
1

1 3.5-1
1

!. - . - - _ . . - -_ - - - . - _ - - ___ _ - _ - -



To ovoluato tho TN-24 cask and baskot for disposol, tho specific
activity of the isotypes listed in Tables 1 and 2 of 10CPR61.55
is determined and compared with the limits for Class A wastes in
those tables.

-

The actual material volumes of the cask components are used to
evaluate their specific activity, rather than diluting the activity
over t.be envelope of the entire cask.

The reaults of the calculation, shown in Table 3.5-3, show that the

TN-14 will be far below the specific activity limits for both long
and short lived nuclides for Class A waste.

O

O

3.5-2
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a

< i ;

i

i TABLE 3.5-1 -

|
DATA FOR TN-24 ACTIVATION ANALYSISa

(
{ ZONE ] FLUX MATERIAL MASS COMPOSITION

^

i i n/cm3/s kg wtt ;

l Basket i 3.1E5 I Borated SS 5140 Mn 1.3 |
'

I | Cr 19.2
,

) Ni 12.8 i'

) | , | Cr 0.04 i

| | Cu 0.16 ;' '

4 | Mo 0.07 |
2 l , Fe 64.89 i'

'
j B 1.0 ,

4 l l | I I C 0.04 ;
'

j Si 0.5
.

'

1 Copper 2503 Cu 100 ;' '

Body, Lid, 1.9E5 Carbon 5tl 60947 Fe 98.5 |;

1 Basket Rails'
,

Mn 1.0
'

;
'

i | | C 0. 2 ' '

j | | l Si 0.3 |

1 | | Aluminum 1 237 I Si 0.6 j
1 | | | | l Mg 1.0 i
; I l I Cr 0.2 ;

I l | 1 Cu 0.3 !

| | 1 | )' 97.9 {
j | Ecutron 1 2.3E4 i Resin 1 4755 | h 5.05 !

| Shield B 1.05
C 35.13 |

a l 1 l 0 41.73 i
| | | A1 14.93 |

'

1
'

Zn 2.11'

2
| Aluminum 992 (See above)

] | Shell, Cever l 6.lE2 lCarbon Stl ! 5333 | (See above) H |
* s

,

O:

! 3.5 3
|
4

|
!
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T*BLE 3.5-2

RESllLTS OF ORIGEN2 ACTIVATION CALCULATION

O
i NUCLIDE I ACTIVITY (Ci)
! __l Basket | Body l_N-Shield Shell | TOTAL

B3 | | ,1 3.49E-10
, 2.48E-14| 9.36E-10

1 3.49E-10
C14 | 2.43E-12 ! 8.83E-Il ! 8.45E-10 |

| Cr51 1 2.90E-3 ! M 35E-5 | | | 2.98E-3
| Mn51 | 3.32E-4 | 3.66E-3 | | | 3.99E-3
i Fe55

'

3.65E-3 1 3.97E 2 | 1.12E-5 1 4.34E-2
l Fe59 6.73E-5 7.42E-4 | 8.10E-4
| CoS8 6.03E-4 [ l 6.03E-4 |

| Co60 3.17E-3 | | 3.17E-3 |

| Ni63 | 4.26E-4 L | | | 4.26E-4 |

| NiS9 | 3.25E-6 | | | | 1.98E-5 |

| Nb94 1 3.06E-12 | |
1 | 3.06E-12

l Tc99 | 8.55E-11 | | 8.85E-11
| Zn65 | | 1.98E-5 | 1.98E-5 |

TOTAL 5.56E-2

Note: Only nuclides with activity greater than 10-5 curie and those
nuclides listed in 10CFR61,55 are reported here.

O

;

1

i

|

9
3.; i



TABLE 3.5-3

COMPARISON OF TN-24 ACTIVITY WITH
- CLASS A WASTE LIMITS

Long Lived Isotopes, 10CTR61.55, Table 1

| Zone | Vojume Nuclide Specific I Limjt, |

| | m Activ ty | Ci/m
| Ci/m |

'

Basket | 0.941 Cl4 1 2.5SE-12 80
| | NiS9 ! 3.46E-6 220 |

| | Nb94 1 3.25E-12 0.2
| | l Tc99 | 9.40E-11 3

| Body | 7.78 C14 1.14E-11 80'

N-Shield 3.71 ! C14 2.28E-10 8
Shell 0.69 C14 1.59E-14 | 80 |

'
Short Lived Isotopes, 10CFR61.55, Table 2, Column 1

I Zone Nuclide Specific Limit 1

| Activity l
Basket Co60 3.36E-3 | 700 !

Ni63 4.53E-4 | 35 ;
I | T5a | 8.03E-3 | 700

Ol l Body | T5* | 5.68E-3 700'

N-Shield i H3 | 9.42E-11 40
l | TS* | 5.33E-6 700'

| Shell i T5a l 1.64E-5 700
_

.i
i

*Nuclides with half life less than 5 years:
Cr51, Mn54, Fe55, Fe59, CoS8, In65

i

:
1

|
1

1

1

!

)

3.5-5
-i

ti

1
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2. "Licensing Requirements for Land Disposal of Radioactive
Waste", 10CFR Part 61, Rules and Regulations, Title 10. Chapter
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4. INSTALLATION DESIGN !

!( i

4.1 SUMMARY DESCRIPTION '

|i

1
!

j Two possible contigurations for an ISFS1 using TN-24 dry storage |
t

] casks are shown in Figure 1.1-2 and 1.1-3. One arrangement is for
{

! vertical cask storage while the other is for horizontal cask |
j storage. In both arrangements, the casks would be stored cn !

treinforced concrete slabs, in double rows, spaced on 16 ft centero. f,

i,.

i A complete summary description of an ISFS1 using TN-24 casks will be ,

i
fj provided in the Safety Analysis Report submitted as part of the
iA

\

license application under 10CFR Part 72.

i e

1
.
,

:
! !

l-
|

| e

4
1

I ,r

i |
1

'

!

i !

?
'

|
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i |
1 t

|
!<

,
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-
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o
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4.2 STORAGE STRUCTURES

4.2.1 S t r u e_t u_t a 1_S p e c i f i_c a t i_o rts
_

This section summarizes the structural analysis of the TN-24 storage

cask. For purposes of structural analysis, the cask has been

divided into four basic components: the containment vessel, the

trunnions, the outer shell, and the basket. For each of these

components, the following information is provided: a brief

description of the components: the design bases and criteria; the

method of analysis used; a summary of stresses for the most critical

or highest stressed locations; a comparison with the allowable

stress criteria: and a review of the applicable codes and standards

for materials, fabrication, and examination.

4.2.1.1 Co n.t_alDm e n t Vesse_1.

A. Description

The containment vessel is the primary boundary for containment of

the stored radioactive material. It consists of the cask body, the

lid and lid bolts, the seals, the port closures and their bolts and

seals. The containment vessel is shown in Figure 4.2-1. Details

ato shown on drawings 971-1, -2, -3 and -4 in Appendix 1A.

B. Design Bases and Criteria

The design bases specific for the containment vessel are listed in

Table 4,2-1. These design bases are consistent with thr, general

design bases for the storage cask as described in Chapter 1.

The stress limits for the containment vessel are those of the ASME

Boiler and pressure Vessel Code, Section 111. Subcection NB ,

except the limits for Design Loadings are applied to the primary

Service Loadingc,

4.2-1
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I

: -

Stress limits f or Pr L*ary Service and Levels A. B. C. and D service '

( loading conditions are givan in Tables 4.2-2a and 2b. The allowable,

'
stress limits used for; Level D load-induced stresses, determined on

1 an elastic banis, are based on the entire structure resisting the
1

J accident load. Local yielding at the point of contact with the
I applied load is allowed. The allowable elastic stress limits of

I )Appendix F of Sectdon 111 are usad.

,

'The allowable stress intensity value. S,. as defined by the Code
'

may be taken at the temperature calculated for each service load

condition or at the design temperature.

The deviations from the rules of Subsection NB are as follows: '

t

(1) The Design Loads have been designated as Primary Service Loads
which are basically equivalent. However, the maximum primary

service load does not necessarily act concurrently with the |
'

maximum primity service temperature although for this analysisO they are evaluated coincidentally. |

(2) The design pressure and temperature have been replaced by rated
pressure and temperature, respectively. The difference is that

the rated pressure does not necessarily act coincidentally with -

the rated temperature.

!

C Method of Analysis
|
i

The stresses induced in the containment vessel due to the applied ;

loads are calculated using the methods described in Sections 4A.S.t. ;

4A.5.2. 4A.S.3. 4A.S.4. 4A.5.5 4A.S.6 4A.5.7 and 4A.S.8.
;

For purposes of analysis, the containment vessel is divided into

tour areas: the bottom plate and its connection with the |

cylindrical shell, the lid and its connection with the cylindrical I

(''/i shell, t!.e lid bolts. and the cylindrical shell. The analyses of
\,- ,

:

I

l

4.2-2
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these areas for the Primary Service. Level A. Level B. and Level C

loads are given in Appendix 4A, Section 4A.5.2. 4A.S.3, 4A.S.4 and

4A.5.5. respectively. The analyses of the connections of the lid

and bottom plate with the shell are performed using discontinuity

methods equivalent to the ASME code methods. The local stresses in

the shell at the trunnions are calculated separately using

Bijlaard's method and then combined with the results of the other

calculations. The details of the analysis are given in Section

4A.5.1.

The analyses of the containment vessel for the accident loads, i.e.

Lavel D. are given in Sections 4A.5.6, *A.S.? and 4A.5.8 of Appendix
.

4A.

D. Loads Acting on the Containment Vessel

The magnitude of the loads acting on the containment vessel for each

service loading combination is listed in Tables 4.2-3 through 4.2-7.

In each table the type of load is listed in the left hand column and

the magnitude of the load for each combination of each loading

condition. i.e. Primary. Level A. Level B. Level C, and Level D, is

given on the right side of the table. The loads are established and
discussed in Sections 3.2.1 through 3.2.12. The load combinations

which are listed are taken from Section 3.2.13 and Table 3.2-14.

E. Summary of Stresses

Stresses which were calculated at various locations in the primary

containment vessel for the applied loads are given in Appendix 4A. j

These results werc reviewed to determine the maximun stresses and
their location and the stresses at other locations of interest. For

locations which were expected to have the lowest margin of safety,

strecses were combined for each load combination. A summary of the

hmaximum stresses at critical locations in the containment vessel for

4.2-3
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g- the most severe load combinations is presented in Table 4.2-8a, 8 b,
(m)) 8c and 8d. The fit.t column identifies the load combination for

which stress summaries are presented. The next column identifies
the ASME code stress categories. The surface on which the stress
acts is indicated in the next column.

The first set of stresses listed are the maximum combined stress
components. i.e. tangential (circumferential) o longitudinal,

o. radial o and shear t. These are listed for cachg ,

stress category for which an allowable limit must be determined.

The stress intensity limits are identified for the service loading
in Tables 4.2-2a and 2b. Using the three stress components and the
shear stress, the principal stresses were calculated and are listed
in the three columns adjacent to the stress components. Table

4.2-8a, 8b. 8c and 8d show that either longitudinal stress, c,
in the lid flange and bottom or the radial stresses, o in the,

shell are most frequently zero or of very small magnitude and,
(''g therefore, the stress state can be considered as one of plane
\2 stress. Negligible error is introduced by net using the cubic

equation for triaxial stress states because the longitudinal or
radial stresses are small compared to the other stress components.

For the plane stress state, when a shear F*,tess 13 acting, the
maximum and minimum ?tincipal stress are obtained from Mohr's
equations for plane stress. If the shear stress is zero, the

principal stresses are the same as the stress components. The
maximum shear stress theory, i.e. the difference between the maximum
and minimum principle stresses, is used to obtain the actual stress
intensity, S for comparison to the allowable stress intensity limit.
S,. The values of S are c btained f rom the Section III
Appendices for the particular material at the temperature and
location considered. The S vclue for Primary Service Limits is
based on the rated temperature. The Level A. B. C. and D Service

Limits are based on the actual temperature which exists at the
() location for the service loads acting for each combination.

4.2-4
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1

l

The most highly stressed loc 3tions in the containment vessel are in

the lid flange at the gasket location. at the junction of the shell

with the bottom plate, in the shell at the trunnions, and in the lid

bolts. The stresses in the shell at the trunnions are of interest

because of the local stresses due to the attachment loads transmitted

by the trunnions.

The maximum stresses due to the accident loads do not always act at

the same location as the maximum stresses due to the other loads.
However, in the load combination they are conservatively added to the

maximum stresses due to the other loads.
!
|

The load combinations for which the maximum stresses occur are i

presented and discussed below. The effects of distributed loads due

to weight, wind, water and seismic effects are negligible.

The Primary Service Load combination P3 is presented in Table 4.2-8a.

8b. 8c. and Ed for comparison of calculated versus allowable

stresses. The internal pressure P3 is 250 psi compared to a 25 psi

external pressure for combination Pl. The stresses due to the

internal pressure are approximately 10 times larger than those due to

external pressure. therefore P3 is the more cevere load combination.

The handling loads due to lifting, transfer and tilting do not act

with the maximum internal pressure of 250 psi. The handling loads

would act with an internal pressure of 32 psi which corresponds to

initial pressurization. Further the internal pressure shou'.d never

exceed one-half the value of 250 psi used. Therefore, the stresses

presented are significantly higher than those which would actually

occur. However, load combination P3 is evaluted for the stresses

acting in the shell at the connection with the bottom plate due to the

attachment loads acting on the trunnions. For Primary Service Loads

thermal loads do not have to be considered.

The Level A2 load combination is also presented i n Ta b:.e s 4. 2- B a , 8b.

8c. and 6d for comparison. Again this load combination includes |

4.2-5
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!

i

i
i

internal pressure and is more severe than the load combination A3
| ) which includes external rather than internal pressure. The solar

iload in combination with the decay heat load results in the maximum '

: temperatures, ther.nal gradients and differential thermal expansions.
!

j Therefore. these effects are combined in load case A2. This load f
} combination also includes the effects of tho attachment loads acting L

{ on the trunnions. I
i
4 i

Level B2 combination is presented for comparison in Tables 4.2-8a,
j 8b. 8c and 8d. As it turned out. load combination B2 is the same as [
! load combination A2. I

'
j

i ;

j Level C load conbinations are less severe than Level A and B i

j combinations, therefore, results are not presented.
I I

j Comparison of stresses for Level D service load combination D3 (cask |

) drop). D4 (cask tipping) and D7 (tornado missiles) are presented in [;

] ;4 Tables 4.2-8a. 8b. 8c. and 8d. These combinations consider that an ;
j internal pressure of 250 psi and bolt preload are acting during !

! these accidents. No ather loadings are acting. Thermal stresses [i
i

, are considered sr.condary and do not have to be ovaluated in
!

l
.ombinations with these accidents. Accident uonditions D2 DS, and :7

! D6 are less severe than D3. D4. and D7.
l

'

i

{ As shown in Chapter 3.0 the seismic g loads due to an earthquake I

are low, i.e. 0.25 vertical and 0.17 horizontat. These are j
j insignificant compared to the g loads for the drop and tipping
<

| accident.
,

J
,

1j The effects of the major fire are discussed in Section 3.2.10. The
! maximum temperatures and thermal gradients are considerably higher i

than for other thermal loads, however the ASME code does not require
analysis of thermally induced stresses due to accident conditions.
These stresses are self-limiting and cannot induce failure. The

( material will deform to accommodate the temperature variation, by an

d

4.2-6
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amount which is approximately 0.4 percent strain. T he r e f. o r e , this

one time event would not cause failure of the primary containment

boundary.

Load combination D5 considers the effect of a cask burial due to

some accident event. e.g. an earthquake. The discussion in Section

3.2.10 shows that, the cask would have to be uncovered in 80 hours,

based on the assumption of no heat dissipation through the earth in

order to prevent high temperatures. Since thermal stresses need not

be evaluated per the ASME code, no comparison is presented in Tables
4.2-8a. 8b. Sc, and 8d.

An explosion near the cask is unlikely. However, it is not

anticipated that an explosion could produce an equivalent pressure

load equal to that for which the cask was evaluated. The vertical

drop equivalent pressure load is 2260 psi. Therefore is not

necessary to evaluate the explosion as a separate condition.

The maximum stress intensities for the loading combination from

Tables 4.2-8a. 8b. 8c and 8d are listed in Table 4.2-8c and comared

with the AS".E code allowable stress intensities. The margins of

safety for each service condition are also calculated. As shown,

the calculated stress intensities are lower than the allowable

limits and the margins of safety positive. The maximum bolt stress

intensities for each service condition are listed in Table 4.2-8f.

These stresses are compared to the allowable stress intensities and

margins of safety determined. As shown, the calculated stress

intensities are less than the allowable stress limits and the

margins of safety are positive. Therefore the containment vessel

meets the ASME code stress criteria.

Also, the maximum bolt stresses, even for the storage accident

conditions. are less than the yield strength of the bolt material, j

Therefore, the bolts will restore the sealing load on the gaskets

hiattet the accident has occurred,

1

4.2-7
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t

|

1

! 4.2.1.2 Basket
;

.'
i

| A. Description

!

The basket of the TN-24 dry storage cask is shown in drawings |
1

971-005 and 006 in Appendix 1A. "

J
;

) It is fabricated of borated stainless steel plates. 0.276 in, thick
,

; by 16.18 in, high. The plates are electroplated with a 0.060 in.

layer of copper on each side. The plates are slotted at intervals,

of approximately 9 in, along the sides, as shown in drawing
971-005. When assembled, they interlock to form an egg crate,

.'

j structure with compartments having a cross section of 8.7 in, by 8.7 6

j in, as shown on drawing 971-006. Brackets and channels are used at ;
1

the cavity wall to provide restraint against bending and bucklings '

of the plates at the ends.
,

!
!

- B. Design Bases and Criteria
!

)

The basket for the TN-24 dry storage cask contains 24 compartments !

j for the propet spacing of the intact spent fuel assemblies. The

| basket plates transfers heat to the cask body wall, and provides
I. neutron absorbing material which assures that he nuclear criticality

;

| safety requirements are met. The compartment size is based on the !

j denign basis-fuel assembly dimensions with a nominal gap of 1/8 in. !
! ;
1 i

Differential thermal expansion between the basket and the cask body. j
'

and between the basket plates themselves is considered. The {'

specific decign bases for the structural design and analysis of the
;

basket are given in Table 4.2-9.
i

l
'

e ,

j The maximum tensile stress et any location in the basket due to the
application of the handling loads is not to exceed the minimum yield

I strength of the basket material.

4

$

l.

4.2-8
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The basket may plastically deform locally without gross deformation

when subjected to the cask drop and tipping accidents. The plastic

deformation is expected to occur at the slotted intersection of the

basket plates. If a plastic hinge forms at a slotted plate region,

the local strain is limited and the stress at the center of the

plate between slots is also limited to prevent formation of a

plastic hinge in this area.

C. Method of Analysis )

The basket assembly is analyzed using the ANSYS finite element

computer program. A frame model of the egg crate structure is

constructed by representing the plates as beam elements. The depth

of the beam is the height of one plate, 16.18 in. The frame model
is used to determine the response of the basket structure and obtain

load distributions, deformations, and stresses for normal handling

and storage accident conditions. The results of the analysis are

compared with the allowable stresses and deformations to assure that

the design criteria are met.

|

D. Loads Acting on Basket

The loads acting on the basket are a result of handling operations,

thermal load, and storage accidents.

The inertia g loads due to the handling operations are listed in

Table 3.2-4. The inertia loads on the basket plates applied by the

fuel assemblies and the load due to the weight of the plates

themselves are represented by distributed loads oh the compartment

valls.

The decay heat load of the fuel produces differential thermal

expansion between the basket and the cask body. There is ample gap

between the end of the plates and the cavity wall for differential

thermal expansion. Radial temperature differences occur with the h
|

|

4.2-9
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maximum temperatures at the center. The slots interrupt the heat() transfer path, but the resulting axial gradient in the plate is
negligible.

The maximum inertia g load due to the cask drop and tipping accident
conditions is less than 75 g. (See Sections 3.2.11 and 3.2.12).
This value (75 g) is used for analysis purposes.

E. Summary of Results

The calculated stresses and deformations due to the applied loadings
are listed in Table 4.2-10. Ic can be seen that the maximum
stresses due to handling and accident loads do not excead the
allowable stress valuer. Plastic hinges do not foru at the slot or
center of the plates.

4.2.1.3 Trunnions

A. Description

Six removable trunnions are bolted to the cask body. four near the
top and two near the bottom. The trunnions consist of an outer
shoulder (small diameter). an inner shoulder (large diameter). and a
trunnion flange which is bolted to the cask body by twelve 1.5 in,
diameter bolts. The outer shoulder is used for lifting. The inner

shoulder is used for rotation of the cask between horizontal and
vertical and for support during transfer. The trunnlons are shown
in Fig. 3.2-7 and on drawing 971-002 in Appendir, lA.

B. Design Bases and Criteria

The trunnions are designed in accord with the design requirements of
ANSI 14.6( } in addition to the requirements herein. The
trunnions are constructed to the requirements of ASME material
specification SA-5641 Type 630. The bolt material conforms to ASME

4.2-10



material specification SA-320. Gr.L43. The temperature at which the

mechanical properties are obtained is 300*F.

Each pair of trunnions is evaluated for a vertical lift, on the

outer shoulders of the trunnions, equivalent tc three and five times

the weight of the fully-loaded cask (inertia g loads of 39 and Sg
statically applied). For three times the weight, the maximum

tensile stresses shall not exceed the minimum yield strength of the

trunnion materials. For five times the weight. the minimum ultimate

strength of the trunnion materials shall not be exceeded.

Th9 trunnions are also evaluated for the loads due to tilting and
transfer from the pool area to a storage pad. These loads shall not

result in maximum tensile stresses exceeding the minimum yield

strength of the material.

C. Method of Analysis

The trunnion shoulders, flange, and bolts are analyzed for the worst

load which is the lifting load acting on the outer shoulder.

The trunnion shoulders are analyzed assuming they are cantilevered

from the flange. The bending and shear stresses, and stress

intensities due to the applied loads are calculated at the base of

each shoulder and the results are compared to the allowable stress

criteria.

The trunnion flange is analyzed using a conservative approach. The

applied bending moment is assumed to be simply reacted by the
tension of the bolts and the bearing pressure (contact force) at the

flange cask body interface.

The trunnion bolts are also analyzed in a conservative manner by

disregarding the bolt preload contribution, and by equating the |

applied mor ent to the moments of the bolt loads about a pivot point h
on the vector of the resultant bearing force,

4.2-11
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:

!
: :

I
'

D. Loads Acting on Trunnions
)

i The load acting on the trunnions are a result of the handling
operations due to lifting, tilting, and transfer. The inertia g-

loads due to these handling operations are listed in Table 3.2-4. !
.

| The maximum loads on the trunnion outer shoulder are the 3g and Sg
loads due to the vertical litt. The maximum load on the trunnion |

| inner shoulder is 0.75 g which occurs during the tilting operation,

j E. Summary of Stresses

|>

| The calculated stresses on the trunnion shoulders are reported in

j Table 4.2-11. The maximum stress intensities occur at the base of 5

the outer (Section A-A) and inner (Section B-B) shoulder. The

stresses for a 3 g load are 46,190 psi and 34.850 psi, respectively.

j which are less than the minimum yield strength of 93.000 psi for the *

| material. The stresses for a 5 g load are 77.000 psi and
1

:
J 58.000 psi. respectively, which are both less than the minimum ;
1

ultimate strength cf 133.000 psi for the trunnion material. I
1

1
:
1

! The calculated stresses acting on the trunnion flange and/or bolts ,

{ are listed in Table 4.2-12. The maximum stress intensities in the !

] flange and bolts due to the 3 g and 5 g loads are considerably less f
than the minimum yield and ultimate strengths of the flange and bolt

|
materials. The friction force acting at the trunnion flange-cask i

i
lbody interface is larger than the load applied to the trunnion untili
:i
i

{ the load exceeds 3.6 9 Therefore, the bolts do not carry a shear
|

load for the 3 g case as shown in Table 4A.7-2. The bolts do carry {
a shear load in 5 g case; but the combined stress intensity is well
below the ultimate strength,

i I

j Based on the comparison of analysis results with allowable values.
4 it is concluded that design criteria have been met.
I
1

!O
3

3 4.2-12
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4.2.1.4 Outer Shell

A. Description

The outer shell (Drawing 971-001) consists of a cylindrical shell

section with closure plates at each end. The closure plates are

welded to the outer burface of the body. The outer shell provides

an enclosure for the resin-filled aluminum containers and maintains
the resin in the proper location with terrect to the active length

of the spent fuel assemblies in the cavity. The outer shell has no

other structural function.

The outer shell is shown in Drawing 971-001 in Appendix 1A.

B. Design Bases and Criteria

The outer shell is designed for the loads due to handling operations

and a pressure differential of 25 psi. The material is carbon steel

which conforms to an ASTM material specification or equivalent. The

maximum operating temperature is 250*F. The outer surface of the

outer shell is protected by a metallic coating and paint. The

thickness of the outer shell is based on dose rate requirements as

well as structural require'.nents.

The maximum tensile stress in the outer shell due to the application

of normal handling loads and pressure loads is not to exceed the

minimum yield strength of the material. The resin and the aluminum
containers are not considered to have ).oad-carrying capability. The

outer shell may undergo local plastic deformation due to the cask

drop and tipping accidents and the neutron resin shield may be

crushed. The dose rate limits for accident conditions are not to be

exceeded.

O
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i
l
i

1

C. Mettsod of Analysis

I

The outer shell is analyzed using simplified conservative methods
|

i and assumptions. The cylindrical shell section is analyzed as a |

| simple beam for handling loads and as a cylinder under internal
! pressure. The closure plates are analyzed as plates cantilevered

from the cask body for both the handling and pressure loads. !

I
!

) D. Loads Acting on Outer Shell '

'
i
!

! The loads acting on the outer shell are a result of the handling f
oprtations and internal pressure. The inertia q loads due to thee

I
handling operations are listed in Table 3.2-4. The g values are

multiples of the weights acting on the outer shell including its own
{

weight. |

I1

i

] The internal pressure is a result of outgassing in the resin |
.

| material. A pressure reliet value is provided in the outer shell to i

limit the pressure build-up. Therefore, an internal pressure of 25 fpsi accounts tot this ettect and for the reduced external pressure
f of 3 pai. I
t

!E. Summary of Stresces

i

The combined stress intensities in the outer sna11 and closure
plates are reported in Table 4.2-13. The .aaximum stress intensity j

{ occurs in the closure plate at the june'. ion between the plate and
fthe containment vessel. These stresses are lower than the allowable

{
values therefore the design criterio are met.

;
i

4.2.2 _ Instal}1llon Layout

The details of installation layout for an ISFSI are site specific.
{ Typical installations have been depicted in Figures 1.1-2 and 1.1-3.

!
i

!

!
4.2-14 l
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4.? a .l rldly i d u a l U n i t Descriltion

The TN-24 dry storage cask is the individual unit. It is described

in Section 1.2 and 1.3. The function, components and design bases

of the TN-24 cask are also been described in Sections 1.2 and 1.3.

The safety-related components of the cask are listed in Table
3.4-1. The cask components are designed and fabricated under a

quality assurance program which meets the requirements of 10CFR50
Appendix B.

O

.

1

9'
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 4.2-17-s
NY

DESIGN BASES FOR CONTAINMENT VESSEL

Code Classification: ASME Section 111. Subsection NB
Rated Pressure (1): 250 psi

Rated Temperature: 350*F
Internal Atmosphere: llelium

Closures:

Lid Flanged & bolted; double

metallic O-rings

Lid Penetrations Eolted. metallic O-rings

Instrumentation Access Openings: To be determined

Material:

Cask body SA-350 Gr.LF1

(~ Lid SA-350. Gr.LF1
k-- Bolts SA-320 Gr.L43.

Surface protection:

a) Interior containment vessel

vessel surfaces Metallic Coating

b) Exterior exposed surfaces Metallie Coating and Paint

c) Sealing surfaces Stainless Steel Overlay

Containment Vessel Dimensions:
a) 1.D. and cavity length to oe minimum consistent with the

requirement of the cask capacity,

b) Thicknesses (radial, top and bottom) shall be based on lowest

dose rates consistent with weight limitations and neutron

shield thickness requirements.
.

I I

Note (1) This value is intended to exceed any pressure resulting

from the combination of loading conditions and is a

Primary Service Loading Condition.
|

[ -) Is_ ,

i
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TABLE 4.2-2a

STRESS i.IMITS (1)

Primary Service

Cla_s_sitisa t io n Stress Intensity Limit

P, S,
P 1.5 S,
P, (or P ) + P 1.5 S,

Level A

C.La s siLLq a t i9n Stress Intensity Limit _

30P (or Pg) + Pb*O m
P (or P ) *P +0+F S,

kJtvel D (2)

QMsMLLg alloJ1 Stress Intensity Limit

P, Smaller of 2.4 S, or 0.7 S u
P Smaller of 3.6 S or Sg

P, (or P ) +P Smaller of 3.6 S or S

NQlTES: (1) Terms are as defined in ASME B&PV Code. Section Ill,

Atticle NB-3200 and Appendix X111.

(2) Limits are in accordance with ASME B&PV Code. Section 111.
Appendix F.

O
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TABLE 4.2-2b

%.
ASME CODE STRESS LIMITS FOR BOLTS (1)

Primary Service

ClassificatiqD Stress Intensity Limit

P,(Tensile) S,

Level A and Level B

CJassification Stress Intensity Limit

P, (Tensile) 2S,
Pg+P (Tensile + Bending) 3S,b
Combined 3S

Level D (2)

ClaAf1L) Lali_qn Stress Intensity Limit

P, (Tensile) Smaller of S or 0.7 Sy u
PLPb (Tensile + Bending) S u

Shear Smaller of 0.42 Su or 0.6 S y

Combined Shear & Tension (f t)2 (gy)2
.

(Ftb) IIvb)

tLQIlm: (1) Terms are defined in ASME B&PV Code. Section 111.
Article NB-3200.

(2) Limits are in accordance with ASME le PV Code. Section 111.
Appendix F.
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TABLE 4.2-3

MAGillTUDE OF LOADS ACTl!JG ON cot 4TAl' .MEtJT VESSEL

FOR PRIMARY SERVICE LOADI

kQA4 ELb>ALY__Q e_t vlg e Lo a o Con ba t i om

P1 __ P_ L ._ PJ

Pressure (psi)

32 250Internal -

Externa) 25 - -

Distributed (1)

(1b/in, and Ib/in. )

Weight

Wind / Water
*Seismic 4900/290 4900/290 -

llandling
,

Attachment Loads

lla nd ling

0.225x10Radial Force (1b) - -

Longitudinal Moment

2.6x10(in. -lb. ) - -

circumferential Moment

1.3x10(in.-1b.) - -

bolt Loads (lb)
6

Preload 1.79x10 1.79x10 1.79x10

(1) Values listed are maximum values for distributed load effects.

O
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i

!

! :
| !
) TABLE 4.2-4

i

i
,i

j MAGNITUDE OF LOADS ACTING ON CONTAINMENT VESSEL
,

{ FOR LEVEL A SERVICE LOADS
I

.

!*

kg3A Level A Service Load Combinations

| Al A2 _ A3 i
; e

j Predsure (psi)

! Internal 32 250 (-

l
J External 25- -

)
|

| Distributed (1) i

(1b/in, and lb/in. )
i

,

Weight

j Wind / Water p 4900/290 4900/290-

I Seismic
i

Handling
,

r

f
Attachment Loads

) Handling
! Radial Force (1b) 0.225x10' O.225x10' O.025x10'

Longitudinal Moment
|

(in.-lb. ) 2.6x10' 2.6x10' 2.6x10' f
Circumferential Moment !

; ( i n . - I ls . ) 1.3x10' 1.3x10 1.3x10'
i Bolt Loads (1b)(2) j

Preload 1.79x10' 1.79x10' 1.79x10' !

!<

(| Thermal
f1

Decay lleat + Solar Load (See Table 3.2-7)
'

|-

Rain Cold Rain on llot Cask j-,

i
|

|

(1) Values listed are maximum values for distributed load effects. j

! 4.2 20
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TABLE 4. 2-5

MAGNITUDE OF LOADS ACTING ON COPTAINMENT VESSEL

FOR LEVEL B SERVICE LOADS

L9aA_. 141ve l _ _ B _S e E1LLt o a d Co m t i q a t i o n s4

El El

Pressure (psi)

Internal 32 250
External - -

Distributed (1)
(IB/in, and lb/ inh)

'

Weight

Wind / Water .

hSeismic 4900/290
'

-

llandling
!

)

Attachment Loads

llandling

Radial Force (1b) 0.225x10 0.225x10
Longitudinal Homent (in.-lb) 2.6x10 2.6x10

Circumferential Moment (in.-lb) 1.36x10 1.36x10

Bolt Loads (1b)
Preload 1.79x10 1.79x10

Thermal

Decay lieat + Solar Load (See Table 3.2-7)

_

(1) Values listed are maximum values for distributed load effects.

4.2-21
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TABLE 4.2-6n
q ,/ MAGNITUDE OF LOADS ACTING ON CONTAINMENT VESSEL

FOR LEVEL C SERVICE LOADS
,

i
,

Lggd Level C Service 1,oad Combinations

!

G G

Pressure (psi)
'

Internal 250 - <

F.x t e r na l 25-

i

; Distributed (1b/in, and lb/in )
'

Weight 4900/290 4900/290 !,

Wind / Water
'

a

Bolt Loads (10)
Preload 1.79x10 1.79x10,

i

Thermal

Decay lleat + Solar Load (See Table 3.2-7)
Minor Fire (2)

1

) I

!

!
; i

l
i

,

.'; (1) Values listed are maximum values for distributed load t

ettects !

(2) Negilgible ettect
.

I

l
'

i

|
,

j

!
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TABLt 4.2-7

MV.NITUDt ut LoADO ACTINi ON CONTt!NM6 tit VtOSFL,

) >0k 1 > W k L D :: t > V I C L LO Alis
|

I

| Level ti Serv)(e Load CeMnation.s
!

k li 01 C' ? D) D! D) (i P!
,

i P' r e s su re (psi)
I Internal 230 250 250 250 250 - 250

En t e rn a l - - - - - 25 -

| Distrituted (1)
'

(It>/in. and it / in. 2 4900/290 - - - 4900/290
I Weight ,

Wind j
teismic '

H a n 111r,g (!t)(2) - - - - - - -

F)lt Loa $s (1b)
l Preloed (total) 1.79x106 1.79x104 1.79m10 1.79m106 g,ygago6 g,pgago6 3,;gagcA6

i

{ Thetv.e1 (3) - - - - - - -

i i

I Inertia 1,oads (g)

j Cesk Drop - - - -

Yertical 100 |.' Horizontal 69

! ca tu r - o ve r C . C . 27 i
! Cork Tippling -- - - - -

|
j Atout Tru mio.is SS

,

I About base e2 j
i

,

,

] Torme$o Missiles (Mas) |
' Missile A (1b) 0.68m10' i

! Missile ti ( I t> ) 1.381104
I

,
_ . _ _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ .____ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ __ _ _ _ . . _ _ _ _

(1) M aa t naam v alue s of M s t ritaat e s le a is , are liste$
\

j (2) Han1114 loads i .e. a t t a doent Ice $s at tivnnions are not acting daring a*cidents

(3) Thersel toeds w'ich induced setor.dary stresses, do not have to be considered in
j torbinaticn with other accident sundittens. The z.a j or f ir e is evaluated separately.
i

1
1
a

|
\

l

i

i
!

i
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TABLE 4.2-Se

9 SUMMAkT OF MA11 MUM STSLS$ INTENSITITh$ AND
ALLO.ABLE STkts3 LIMIT tok THE CCNTAthMtNT Vt$$tL'

. = r.: = z:- = ;- . ,_ ; a :; ; ==; ; = =_= = ; = _ -_ __, _.. __ _
_

ILEVICL MAAIMVM STELS$ AttNAblE MARCIW
*

CONDITION LOCATICW IWftWSITY (pst) (pat) og ggygty

===::.=______._2- -- __ _ _ , , _ _ _ _ ._
_

|

FRIMAkT IN THE SHEt.L r, 1,2to 3 17,450 12.5

1,[WILS A IN THE LID AT THE P +P * 2"'90$ l'$ S 6.175 0,05 (1).
b a

B and C SEAL toCAfl0W P +P +Q . 37.455 3 5, * 52.350 0.4b
. _ - _

LIVLL D IN THE LID AT THL P +P . 45.645 3,6 $ 60.000 0.3
SEAL 1.0CATICN or 3,

i u
j

-
- _

9 )

(1) It shw14 be ncted that the stresses and z.artiri of saf ety is based on an internal
tressure of 250 psi. It is not antistrated that the presrure would even reach |
ent-half this value. Therefore, astuel stresses ww14 t>e meh lower and margine of |

;
j

I safety higher, i

)
|

!

i

I
:

1 <

i

l
,

I

I
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TABLE 4.2-9 :
4

0
t! DESIGN BASIS FOR BASKET '

,

|

|
;

i

!

|
t

Number and Type of Fuel Assemblies 24 - h PWR (intact fuel) (
'

t

Fuel Assembif Dimensions (after 1,
,

irradiation) 8.426" x 8.426" x 160.46"
|

; Active Fuel Length 144 in. j
i

!
Maximum Fuel Asserably Weight 1500 lb. |

3

?

1 '6
'

,

j Basket Material Bordted Stainless Steel * |

:

lu (1.0% Boron) !t

i

Maximum Operating Temperature 650*F !

|

|

|

* All plates are coated with copper i

!

i

j

|
|

I.

I
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TABLE 4.2-10

COMPARISON OF ACTUAL WITil ALLOWABLE

STRESS AND DEFORMATIONS IN BASKET

LOADING MAXIMUM ALLOWABLE MAXIMUM

STRESS / STRAIN STRESS / STRAIN DEFLECTION

(psi) (psi) (in.)

_.

HANDLING, 3 g 4.380 25.840 0.0052

ACCIDENT

CONDITION (1) 47.700 67,310 1,219

IlORIZONTAL DROP 0.0927 f.n/in. 0.100

(1) The design criteria for the accident load is not based on a

single comparison of stress values. It is based on the condition
that plastic hinges do not form, that strain leve)s are

maintained and that the basket compartment walls maintain

separation of adjacent fuel assemblies (See Appendix 4A, Section
4A.6.3.

O

4.2-31



TABLE 4.2-13

i

COMPARISON OF MAXIMUM STRESS INTENSITY

WITH ALLOWABLES IN OUTER SHELL

:

l

MAXIMUM STRESS INTENSITY (psi) i

A L'. 'r STRESS
LOAD

:

OUTER INNER

SHOULDER SHOULDER (psi)

INTERNAL PRESSURE
,

PLUS 3 g HANDLING

INERTIA LOAD 1.820 13,770 c = 26,600
y

I
4

i

!
;

|

I
!

(

!O
,

!

)
4.2-34
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FIGURE 4.2-1
TN-24 CONTAINMENT VESSEL

73.75" DIA
4
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References for Section 4.2

,

1. "Rules for the Construction of Nuclear Power Plant Components,"

I &SME_Ro_i.ler_and Pressure Vessel Code _, Section III, Division 1 -
; Subsection NB, The American Society of Mechanical Engineers,

New York.

2. "Rules for the Construction of Nuclear Power Plant Components "
AS141.39.il.e_I a nd P r e s su r e '% s s el Ce d e , Section III, Division 1 -

|
Appendices The Americar Society of Mechanical Engineers,|

l New York.
|

1

3. "American National Standard f or Special Lif ting Devices f or4

Shipping Containers Weighing 10,000 Pounds (4500 kg) or More for,

i Nuclear Materials," ANSI N14.6. American National Standards
Institute. New York, February 1978."

'

O
.

!
i

)

!
4

:

1
4

0
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4.3 AUXILIARY SYSTEMS

'

The TN-24 dry storage cask is a totally passive system and requires
no auxiliary systems for its operation. Information on the
auxiliary systems of an ISFSI using TN-24 casks will be supplied by
the license applicant.

O

O
4.3-1
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4.4 DECONTAMINATION SYSTEMS

Systems for decontamination of equipment and personnel are site
specific and will be addressed by the applicant for a site specific
license under 10CFR Part 72.

i

,

; O

|

|

1

.

O
4.4-1
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4.5 SHIPPING CASK REPAIR AND MAfNTENANCE

After the TN-24 casks have been loaded, decontaminated, and placed
into storage at an ISFSI, no repair operations are anticipated which
would require moving casks from their permanent storage location.
periodic maintinance procedures will consist of:

a. Washdown of e tterior surf aces
b. Inspection and touchup on exterior surface protective coating
c. Annual calibration of leak detection instrumentation.

The cash sealing system, which is described in Section 3.3.2, may

require maintenance if the leak rate through the lid seal or the
penetration cover seals exceeds operational limits. The maintenance

procedures would involve tightening of lid bolts and penitration
cover bolts. If the leak rate does not decrease sufficiently, the
cask could be transfered back to the fuel pool area where new seals
would be installed or the protective cover could be replaced by a
containment cover at the ISFSI site. The containment cover is

that it containsessentially the same as the protective cover except
hdouble metallic seals and is thicker. The containment cover is

bolted onto the cask, replacing the protective cover, and it becomes
part of the containment boundary. The volume under the protective
cover is backfilled with helium and a pressure transducer installed
to monitor the "cavity" pressure. If desired, the containment cover

could also be seal welded to the cask.

All the above maintenance procedures can be performed within the
ISFSI area, without the need for cask transfer. Estimates of

in Sectionpersonnel exposure during these opetations are presented
7.4.

O
4.5-1
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4.6 CATHODIC PROTECTION

() Surface protection is provided for the TN-24 cask, both on the

interior snd exterior surfaces, by a metallic flame-sprayed

coating. In addition, the exterior surfaces will be covered by a
|

sealer which acts to protect the metal spray coating and provide a
P

'

smooth surface for decontamination. Coating systems of this type

have been developed to provide long-term service under the operating
conditions anticipated for the TN-24 cask. The specific materials ;

wnich will be used for the coating system will be selected based or.

a test program which is currently in progress. All seal seating ,

surfaces will be stainless steel clad by weld overlay. j

i

Although cathodic protection, as such, is not required because the
inert gas internal atmosphere and the surrounding air atmosphere are
poor electrolytes, many of the metal spray coatings do provide !

1

| cathodic protection for the base metal. However, the principal

purpose of the surface coatings is protection against other types of |

corrosion.[)

i
.

i

e

1

:1

d

i O
.

j 4.6-1
1

1
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|
4.7 FUEL HANDLING OPERATING SYSTEMS |

Fuel handling operation systems are site specific and will be
addressed by the applicant for a site specific license under 10CFR
Part 72.

O

O
4.7-1
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APPENDIX 4A

O STRUCTURAL ANALYSES OF TN-24 STORAGE CASK
1

: _4 A .1_ INTRODUCTION
i

P

This appendix contains the details of the structural analysis of the

TN-24 storage cask which consists of the cask body, trunnions, outer

shell and basket. The cask body consists of the cylindrical shell

section, the integrally-welded bottom closure and the bolted on
t

lid. The cask body, lid bolts and gaskets, and the port closures,4

constitute the primary pressure boundary which is hereafter referred

j to as the containment vessel. The detailed calculations for the

containment vessel are given in Section 4A.5 below. The detailed

calculations for the basket, trunnions, and outer shell, are

presented in Sections 4A.6, 4A.7, and 4A.8 respectively.

4

The design basis and criteria for the containment vessel are in !

O accordance with the ASME Boiler and Pressure Vessel Code, Section
III, Subsection NB( ) The stress criteria is also in accord with.

Subsection NB, Class 1 components. The allowable stress intensity
value, Sm, is obtained from Table I-1.1( The criteria are

~

.

discussed in detail in Section 4.2.1.1.
.

The design criteria for-the basket, trunnions, and outer shell, are

described in Sections 4.2.1.2, 4.2.1.3 and 4.2.1.4, respectively..

,

|

AA.2 DESCRIPTION,

'

1

A description of the storage cask is presented in Chapter l. The

) individual descriptions of the cask body and components which were
analyzed, are presented in each of the appropriate sections,

d

)
.

:
I

** l

:
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4A.3 LOADING CONDITIONS AND STRESSES

The loading conditions and the loads they produced on the

containment vessel or components are identified and described in

Section 3.2. The loads which are acting on the containment vessel

or component are identified in each appropriate section herein. The

effects of the accident loads on the containment vessel are

addressed separately in Sections 4A.5.6 and 4A.S.7.

Stresses in the containment vessel due to each load are calculated

and tabulated according to the appropriate stress categories and

presented in the tables at the end of Section 4A.S. These stresses

are summarized and compared with the allowable stress values in

Section 4.2.1.1 for each loading combination identified in Section

3.2.13.

Stresses in the basket, trunnions and outer shell due to each load

are calculated and tabulated in Sections 4A.6, 4A.7 and 4A.8,

respectively. These stresses are summarized and compared with the h
appropriate allowable stress values in Sections 4.2.1.2, 4.2.1.3 and

4.2.1.4.

4A.4 MATERIALS PROPERTIES DATA

physical and mechanical material property data for the containment

vessel are obtained from the ASME Boiler and pressure Vessel Code,
Sectior. III. Appendices when available. Other sources which,

are used are identified separately.

The material property data ured for the other components are given
in the appropriate section. The materials property data used for

the borated stainless basket material are based on the procurement
specification in Appendix 4B.

|

|

|
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3A.5 STRUCTURAL ANALYSIS OF THE CONTAINMENT VESSEL

O The structural analysis of the containment vessel for all loads is

presented herein. For purpose of analysis, the containment vessel

is divided into separate areas and the analysis performed for each

individual load. The results are then combined by superposition as

appropriate. .

:

The different areas are as follows:;

1. Containment vessel at trunnions and outer shell
11. Containment vessel to bottom closure plate junction

111. Containment vessel to lid junction

iv. Containment vessel cylindrical shell

4A.5.1 Local Stresses at Connections to Containment Vessel
J

I 4A.5.1.1 Local Stresses Due to Attachment Loads Applied by Trunnions

Local membrane and bending stresses are induced in the shell of the,

containment vessel in the area of the trunnions. The lateral forces

and bending moments are applied to the shell by the trunnion flange
and tne 12-1.5 in, diameter bolts which attach the trunnion to the

shell. The radial force is a direct tensile or compressive load

applied at the shell-trunnion flange interface.

5
4.A 5.1.la ' Method _of Analysis '

The local stresses induced in the shell (referred to hereafter as i

ithe cylinder) by the trunnions are calculated using Bijlaard's
method The modified set of reference curves of Reference 3,.

which take into account the res.11ts of actual vessel tests, are
! used. The trunnion is approximated by an equivalent attachment so !

j that the curves of Reference 3 can be used to obtain the (coefficients necessary to calculate membrane forces and moments in
the cylinder induced by the applied loads. These coefficients are i

() plotted for the cylinder parameter down to a value of 5 only. The

|

|
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parameter for the cask body cylinder is 3.731. Therefore, these

curves are replotted and extrapolated so that coefficients at the

parameter of 3.731 can be obtained and the value of the membrane

forces and moments calculated. With the membrane forces and
moments, the membrane and bending stresses are calculated for each I

of the applied loads, i.e., radial force P, longitudinal moment

M and circumferential moment M The computation sheet usedg, .

in this method is shown in Table 4A.5-1.

4A.5.1.lb Model. Boundary Conditions and Assumptions
,

The cask body cylinder is assumed to be a hollow cylinder of

infinite length. Since the trunnions are located well in from the

ends of the body, this assumption is acceptable because the local

effects are not significantly affected by the end restraints. This

is conservative since the end restraint would reduce the local
bending effects. The attachment parameter, S. is obtained by

using an attachment radius, t based on the bolt circle,

diameter. This is also conse vative since it results in a lower
value of S which results in higher calculated stresses,

i
1

4A.5.1.lc _ Input Data

The only required input data for this method are the dimensions of

the trunnion and the cylinder. Inese are obtained from drawings
971-1 and -2 in Appendix 1A. The dimensions and Bijlaard parameters

are listed in Table 4A.5-2.

4 A. 5.1.1d Applied Loads

The loads applied to the cylinder by the attachments are based on

Section 3.2. The method by which these values are obtained is given
Section 3.2.6. The magnitudes of the loads are listed in Table

4A.5-3 and shown in Fig. 4A.5-13.

The maximum longitudinal load occurs during vertical lifting. The
cask is lifted by two trunnions and each takes one-half the load or

337.500 lb. The load is applied to the middle of the outer

4A-4



trunnion shoulder, therefore, the longitudinal moment acting at the
! 6

shell is 2.6 x 10 in-lbs. During a horizontal lift, four() trunnions (two front and two rear) share the load. This results in'

a circumferential load and moment of 168,750 lb and 1.3 x 10

in-lbs respectively. During the horizontal lift, the longitudinal

load per trunnion is less (Section 3.2, Fig. 3.2-3) than the i

longitudinal load during the vertical lift. Therefore, the latter i
,

J is used for analysis and combined with the other loads. The maximum

| radial load is assumed to occur during transfer of the cask to the

storage pad and is 225,000 lb per trunnion. All the loads are

assumed to act simultaneously and at the same location on the cask

shell (i.e., cylinder).

4A.5.1.le Results

The tangential, o longitudinal, c), and shear, T,,

stresses due to the applied loads are listed in Table 4A.5-4. The .

1 radial stresses, o are zero. The local membrane stresses areg,
categorized as P stresses and the bending stresses are

s_) categorized as Q stresses in accordance with Subsection NB of the

ASME Boiler and Pressure Vessel Code ( '. These stresses are
combined and the principal stresses and stress intensities are

calculated and compared with ASME Code allowable stress intensity
values presented in Section 4.2, Table 4.2-2.

|

4A.S.I.2 Lc a1 Stresses _Due to Attachment Loads Applied by the outer
-

Shell Connection

1 The loads applied to the cask body cylinder by the outer shell are
i less in magnitude than the attachment loads acting at the !
!

; trunnions. A comparison of the loads is given in Table 4A.5-5. The i

magnitudes of tut loads applied by the outer shell are given in
i

j Section 4A.8.8. In addition the loads are applied over a greater
j contact area between the outer shell and cask body as comp.' red to

) the trunn! n-cask body interface. Therefore, if the stresses in the

) cask body cylinder at the trunnions are acceptable they are also
; acceptable at the outer shell connection.
I |

|

|

4A-5 |
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4A&_2 S tJ_e_s_s A n a_lys i s of Junction of Cask B_o_dy Cylindrical
Shell with the Bottom Closure Plate

4A.S.2.1 Description

This section describes the analysis performed and results obtained

for the containment vessel at the junction of the cask body

cylindrical shell with the bottom closure plate. A longitudinal

section of the storage cask is shown in Figure 4A.5-1; more detail

is available f rom drawing 971-1 in Appendix 1A.

4A.S.2.2 Method of Analysis

The cylinder and the bottom closure plate (referred to as the plate)

are first analyzed as free bodies. The cylinder is assumed to be

free at the edges and the plate simply supported. For each loading

condition, stresses, deflections and rotations are obtained.

Then for each loading condition a compatibility analysis is

performed by equating the deflection and rotation at the edge of the

cylinder to the corresponding deflection and rotation of the plate

at the connection with the cylinder. The discontinuity stress

resultants (bending moments and shears) and the discontinuity

stresses are thus obtained. The discontinuity analysis method used

follows that described in Article A-6000 of the Appendices .

Other articles of Appendix A of the Appendices are also used in this

section and are referenced as appropriate. The sign convention. |

arbitrarily chosen for the analysis, is as indicated in Figure

4A.5-2. |
|

|

I

O
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|

The stress components for each loading condition are calculated and

categorized according to the ASME code, Subsection NB( '.

4A.S.2.3 Model. Boundary Conditions and Assump_tions ;

The model of the cylinder and plate used in the analysis is shown in

Figure 4A.5-3. The boundary conditions and assumptions made for the

analysis are as follows.
;

a) Forces and moments are calculated based upon elastic behavior of

the elements. i

r

b) The cylinder and plate are of constant thickness. [
t

c) The upper end of the cylinder is at a distance greater than 3/8

from the junction of the cylinder with the bottom end: i

Where
,

_ -

1/4
3(1 - v2)

8= l

2 2 I
Rm tg

--

9 = poisson's ratio, 0.3
|

R, = mean radius of cylinder, 36,375 in.
t = cylinder thickness, 9.75 in.

s4

l

l

) The value of 3/B is approximately 45 in. and the cylinder length
. is 168.25 in, tnerefore the influence of the top edge on the bottom

edge is negligible (paragraph A2251(2)) and each end can be
j

j evaluated separately.
I

c :

d) The statically-tpplied inertia loads due to the cask contents,
j resulting from handling operations, are assumed to act as a

|

uniformly distributed load and are cimulated by an equivalent |
|

() pressure.
;

J |
J '

i !
i 4A-7
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4A.S.2.4 Analysis

A. Internal Pressur_ee

A.la Free Body Disp _lacements

Cylinder

The radial displacement of the mid-surface of a closed-end thick

cylinder under internal pressure is given by (Para. A-6230, Article

6000 ):

p cl i [ 2 2 1

(WL)CYL = Rm (1 - 29) + Ro (1 + v) Eq. 1
2 2 )3

E(Ro - R i ) Rm
And the rotation is:

(OL)CYL =0 Eq. 2

Where

W = displacements, in.

0 = rotations, radians

p = pressure, 250 psi

R, = mean cylinder radius, 36.375 in.
inside cylinder radius, 41.25 in.R =

outside cylinder radius, 31.5 in.R =

E = Young's modulus

v = poisson's ratio. 0.3

thickness of cylinder, 9.75 in.t -

Subscript L is the location at the junction of plate

and cylinder (See Fig. 4A.5-2)

P (31 5}2(WL)CYL "

E (41,252 - 31.52) 36.375
x (36,3752(1-2 x 0.3) + 41,252(1 , o,3))

f105.4=

9
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I

! Plate ii

I ,'

The radial displacement and the rotation at point L. Figure 4A.5-2,

due to internal pressure is given by (A-5223 Article 5000(2)): f,

}
|

. (Wg)pg (t/2)(O )pg Eq. 3= -
g

t !

F1 f,j (O )pt = p Eq. 4L

} E(t/R) !
1 ,

; '
1

| Where
| |

1 !

j thickness of plate, 11.25t =

j R = outer radius of plate, 41.25 in. |
i

j Fy = geometry constant as detined in Para. A-5240 of |
Atticle A-5000(2)) ;,.

! 1.01 -=
!

i
i
1 ;

( Therefore

f(O )pg +49.68=g
1 :

li And i

l:
'

i

(W )pg =-279.43f |; g
4

I

| A.lb Free Body Stresses due to Internal pressure

}

! Cylinder
1

,I-

The stresses are (para. A-2212 Article 2000 5 }):

o = p(1 + Z2)/(Y2 !

1) Eq. 5 !
-

t
2 !4 o = p/(Y 1) Eq. 6 |

-
g

2 'o = p(1 - Z )/(Y - 1) Eq. 7!o r
,

: :
4 i

) ',

!
,'

4A-9 |

; !
'

- - . . - . - - . . - , , ..,_.-,. _ ,_, -.--...-, - ..-.,. . .-.--,,,,- - -..,_..- . - - , . . , - - . , - . - , . , . __



Where

tangential stresso =

longitudinal stresso -

radial stresso -

Y R /R 1.31= =

Z = R /R. R being an intermediate radius between R and R

where the stress is calculated

Subscript pl means bottom plate

Subscript CYL means cylinder

Subscript L is the location at the junction of plate and

cylinder (See Fig. 4A.5-2)

Orientation of Stror,s inside Surface Outside Surface

_ psi psi

o + 3.79 p + 2.79 p
0 + 1.4 p + 1.4 p

7

o - p 0r

Plate

The stresses are (Para. A-5224 Article A-5000 ):
f f

(x) o_ (F2) - 3(3+V)12or -
- gg, g

t(-t/R)2 482

ot = (x) p (F2) - 3 ( 1 + 3 932 Eq. 9
t(-t/R)2 4R2 1

\ I

(x-t/2)h/to - Eq. 10g

where

(1) surface at which stress acts, in.=

Note that inside surface is (-) t/2
internal pressure. 250 psip =

4A-10
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|

t = plate thickness, 11.25 in.

R = outer radius of plate. 41.25 in.

9 = poisson's ratio, 0.3

r - radius at which stress acts, in.
;
< r

F = geometry constant as detined in Para. A-5240, Article |2

A-5000(2) |1

1.762=

:

Therefore the stresses are:

Orientation of Stress At Junction with Cylinder At Center of Plate L

psi psi !__

o: inside - 2.14 p - 11.84 p i

outside + 2.14 p + 11.84 p .

f
o : inside 6.26 p 11.84 p- -

'

outside + 6.26 p + 11.84 p ;

g p - p Io: inside -

outside O p 0O
| A.2 Discontinuity Analysis for Internal Pressure

!

The calculated values of the deflection and rotation for the free
cylinder and plate at point L. caused by the internal pressure, are;

1

different. To maintain continuity at point L. it is therefore i,

j necessary to apply uniform moments and shears at the cylinder edge
'

and at the plate, to make those deflections coincide. i

:

J The expressions for the displacements due to discontinuity loads in
j the cylinder are (Para. A-2243 Article A-2000( )).

] (W )CYL + 1 ML )1 OLL *

3 2
{ 28 D 28 p (
i

j Eq. 11

j (O )CYL I OL + .--.1 MLL *

2
] 28 0 gp

i
4

I
1 4A-11
!
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Where

distributed discontinuity force at junction L, lb/in.O =g
M = distributed discontinuity moment at junction L, in-lb/in.

E t /12(1-v2) 84.8 ED = =
CYL

thickness of cylinder, 9.75 in.t =
CYL

0.064 in.-1B =

For this calculation 6 was based on the outer radius of the
shell, 41.25 in rather than the inner shell rasius of 36.375 in.

This results in slightly higher stresses.

Therefore

(Wg)CYL = (23 0 + 1.43 M )l/E

(G.)CYL L+ 0.184 M )1/E" '

The expression for the discontinuity loads in the plate are (Para.
A-5223.2 Article A-5000( }:

(WL)pt -2F3 QL - F3 ML
-

3E(t/R) ER(t/R)2

Eq. 12

(O )pt F3 OL - 2F3 MLL -

ER(t/R)2 ER2(t/R)3

Where

F geometry constant as defined in A-5240 of Article=
3

A-5000(2)
3.42=

plate thickness, 11.25 in.t a

R radius of outer edge of plate. 41.25 in,=

l

)4A-12 l
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Therefore

r-)
! j (W )pg (-8.36 0 + 1.11 M )1/E=

(0 )pg - (1.11 O - 0.2 M )1/Eg g

Adding to these displacements those due to the pressure, yields the
expressions for the total displacements for the cylinder and plate
respectively as follows:

For the cylinder

(W ) C'! L L L
" * * E 9** *

OUTWARD DISPLACEMENT +

(0 )CYL (1'43 /E + 0.184 M /E + 0) Eq. 11b"

L
COUNTER CLOCKWISE ROTATION +

-) For the plate

d
(Wg) pg (-8.36 0 /E + 1.11 M /E - 279.43p/E) Eq. 12a=

OUTWAPD DISPLACEMENT +

(Og) pg g(1.11 0 /E - 0.2 M /E + 49.68 p/E) Eq. 12b=

COUNTER CLOCKWISE ROTATION +

by imposing the condition that the total displacements of the
cylinder and the plate must be compatible, i.e.

Total cylinder " Total plate |

Total cylinder " Total plate
i

PV

4A-13
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I

This prcvides two equations relating the discontinuity forces. These

are:

31.36 O + 0.32 M -384.83p=g g

0.32 0 + 0.384 M 49.68p=

or in matrix form

K x F 6 Eq. 13=
3

where
'

31.36 0.32

K - x 1/E
3

0.32 0.382

Q
- -384.83g; 7 ,,

( :P' 6)= x p/E Eq. 13a.,

M L3 49.68 ;g

Multiplying both members of Eq. 13 by (K3) ~ yields

K
~

6 Eq. 14F =
3

where

-1 0.0318 -0.0264
4

{K E Eq. 14a-
3

( -0.0264 2.64

is the inverse of (K3).

The final expression for the discontinuity forces cauced by the

internal pressure is:

O
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i

i
'

.

!
;

7

i 0 -13.54
|

- x p Eq. 14a
|

) M 141.29.) I

,
'

i

! !
;,

1
| Eq. 14a gives the values of the discontinuity moment and shear as a

function of pressure. When these values are substituted back into
i Equations 11 and 12, the displacements resulting from discontinuity

loads are obtained. Only the displacements for the cylinder which,

are required to calculate the discontinuity stresses are given here:I

;

'W -8.985L CYL
j )= x p/E Eq 14b

O '

*L CYL'

! i
( i

! >
i

| Now that the discontinuity resultant forces and displacements are
! obtained, the discontinuity stresses in the cylinder and plate can be

|1

| calculated using the following general expressions: I

'
>
i

For the cylinder,

i i
t

j N 6(uM ) it L
: ot = +

!
j tCYL (tCYL)2 |
1 !)! 6"' ioi sq. 1s.

1

CYL)2
)

| I

4 :

| Where N resultant tangential force per unit length, ib/in..
g

i i
, i

d |

1
'

1 J

!O j
,

.

'
; l
; 4A-1s i
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O
EtCYL (WL)CYL Eq. 16

Nt -

m

cylinder thickness, 9.75 in.and t =

Poisson's ratio, 0.3V =

discontinuity moment, in.-lbs./in.M =

(W ) = displacement in cylinder at L, in.

mean radius of cylinder, 36.375 in.R =

For the plate

F4 1 6(1) QL- 12F4 (1) MLo "O t - -r Eq. 17

t t

Where F geometry constant as detined in Para. A-5240, Article=
4

5000( ) .

0.922-

plate thickness, 11.25 in.t =

(1) surface at which stress acts=

N>te that inside surface is (-) t/2

Og= discontinuity shear force, lbs/in.
discontinuity moment, in-lbs/in.M =

Direction of action of Q and M

p._. t/2q _.

ML4 _._

r
Al g

i

_. __
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l !

i
!

i

! f
These stresses are summarized below:

!O ,

0 Orientation of Stress Cylinder Plate at Junction and Center (
< l

j psi psi
j

i

o : inside (0.25 + 2.68) p 1.74 p

outside (0.25 - 2.68) p - 3.96 p
.

1 '

o: inside + 8.94 p O fg

1 outside - 8.94 p 0 |
1

!o: inside 0 1.74 pr
outside 0 - 3.96 p -

| .

] I

j This completes the analysis for the internal pressure. f
! ,

: [

B. koads Due to Handlino Operations
j !
d

!
l The loads which occur on the cask during handling are described in

|
Section 3.2.6. The maximum load which occurs during handling is a 3 i.O ,

' g or 3 times the weight of the cask on the crane hook. The !
I i
j orientation of the cask is vertical when this maximum load occurs.
j For the analysis of the junction of the cylinder to bottom plato,
i the loads on the bottom plate are the weights of the fuel, basket, i

f contained water and the bottom plate itself. This is assumed to be !
1 I

; a statically applied load. !

,

i l

i The total load is calculated as follow;
i ,

! ;

T* fuel * basket Vater plate
* *

! = 36.000 + 17.372 + 12.054 + 17.010
1 .

! = 82.436 lb.
|
!

j The weight of the m'er and botton plate are uniformly distributed
| (i.e. equivalent pressure) loads. The fuel assemblies apply 24

|

| 4A-17
i

!
_ _ _ _ _ _ _ _ - - _ _ _ _ _ - __



|

point loads at the center of the basket compartments. The basket

plates apply line loads at the contact surfaces with the bottom

plate. Since the fuel assemblies and basket plates are uniformly
spaced across the bottom plate these loads are also assumed to be

uniformly distributed as an equivalent pressure. The total
equivalent pressure, p is calculated as follows:

E

3 WTPE *

nR

Where

W,- total weight acting on plate, 82,436 lb.

inside radius of cylinder at plate junction, 31.5 in.R =

Theretore

PE = LX 8L',431 79.4 psi (Use 81 psi)
n x 31.52

The free body displacement of the cylinder due to the equivalent
pressure on the plate is zero. Also, as before, the free body
rotation of the cylinder is zero.

The free body displacement and rotation of the plate due to the
equivalent pressure are determined using Equations 3 and 4.

The discontinuity analysis due to the equivalent pressure is
evaluated using Equations 11 and 12.

Using the same approach as for an internal pressure, we obtain

O
{-10.19g

x P Eq. 18-

E
M 138.51,g

4A-18
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,

The values of the deflection and totation imposed on the cylinder as,

,

a result of the compatibility condition are under an equivalent-

|() pressure on the bottom plate are:

f(W )CYL {-14.9915g
x p /E Eq. 19j g

(0 )gy L 10. 9 |
;
.

t

| The stresses in the cylinder and the plate are calculated with the

; same equat. ions as used for the internal pressure except for the free !
ibody stresses of the cylinder. Since the equivalent pressure does i

'

not act on the cylinder, the free body stresses are zero. All the
!

other equations are uced as shown except the equivalent pressure
p 1s used instead of p.g

!

*

Therefore Equations 10 and 19 aro used in Equations 15 16 and 17 to

obtain stresses in terms of the equivalent pressure p . These are
|g

1 shown below:
!
1

!

| Orientation of Stress Cylinder Plate at Junction and Center [
_ psi psi j.

| !

; a : inside (-1.1 + 2.62) p +2.71 p !

g E !outside (-1.1 - 2.62) p ~4'4 EE E
o : inside + 8.74 p O

{
; g
{ outside - 8.74 P O

E
o : inside 0 +2.71 p ir E toutside 0 -4.4 P

E
i

r
:Stress 6a in the bottom plate due to pressure only are given by i

Equations B. 9 and 10.
: |

i

. C. Thermal _koadincl
e

I

g Detailed temperature distributions in the cylinder and plate for the
{

*" cask in the horizontal and vertical position and for different
'
i
i

$
4A-19
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ambient conditions were calculated as described in Section 5.1.3.6.
These temperature data show that there exists:

a) A differential thermai expansion between cylinder and plate,

b) A thermal gradient across the cylinder wall,

c) A thermal gradient across the plate thickness.

d) An axial gradient in the cylinder,

e) A radial gradient in the plate

Each of these loads are analyzed separately and their ofrects

superimposed.

C.a) Dit _f_e r e n t_i a LT_h e r_ma l Expa_nsion

The temperature distribution in the cylinder and plate show that the

average temperature of the cylinder and that of the plate are

different. The shell and plate are assumed free and irow a

different amount. Also in this calculation the cylinder is assumed

hto be at a uniform temperature and the plate at a uniform

temperature where

T1 average temperature of cylinder near the junction-

261*F (See Fig. 5.1-10 of Chapter 5.0)=

T2 . average temperature of the plate

246*F (See Fig. 5.1-14 of Chapter 5.0)-

Room temperature of cylinder and plate (70*F)Tb .

Therefore the maximum difference in the average temperature of the

cylinder and plate is 15'F. A value of 25*F was used for analysis,

it should be noted that the temperature shown for each color in the

temperature distribution figures is the maximum value for that color

in that region. The low temperature for the color is the value for

the next lowest temperature region and associated color.

O
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iThen the free deflections of the cylinder and plate are:e

i

f
,

= a Rm(51-T): OCYL = 0; WCYL b
{ _

- T ): O

;

Eq. 20 |W - a R (T 0=pg p
|'

;

Stresses due to the differential thermal expansions of the cylinder
'

and plate are calculated below and superimposed 9ith the st: esses
|

J due to thermal gradients calculated in succeeding sections.

l
,

! To determine the discontinuity loads caused by the differential !
| thermal expansion, use is made of Eqs. 14, and 14a Where the

deflection matrix obtained from Eq. 13a is now:

2-T)1 !
_ _

i arm (T 1 |

i |! ^ -

! o J 1
i?
|
|

Where a R, (T2~T) is the difference in displacement1

between the cylinder and plate due to differential thermal
!

i expansion. There is no rotati. of the plate or cylinder due to the
i differential thermal expansion. Eq. 14a then becomes:I

|

| 4A-21
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|

I

{QL .0318 -0.0264 aR (Em 2 - E) '

l
) E

M -0.0264 2.64 0

or

Oc 1.151
_ _

- x Ea(T -T) Eq. 21
2 g

M O.96

and the deflection of the Cylinder due to the discontinuity

forces is:

WCYL - 1 (23.37 QL+ 1.43 ML)
E

Eq. 22
or

_ _

WCYL 25.56 o (T2 T1)- -

Equations 21 and 22 are used in Equations 15, 16 and 17 to obtain

stresses in terms of Ea (T -T ). These stresses are shown
below. The values of E and a are taken from Table 4A.5-9.

STFISSES DUE 70 DISCOhTINUITY FOFCES CAUSFD I4Y DIFFrk!.NTI AL
T H f F3tAl T\fANbION
E T F 1 S t.10 CYl.INDf b i'L ATI

* 3T ANGI.' T I A!. (CJ054 30.0182 ) ! Q (i -i )g g
,

r Q (i -i ) iy g

1 -'"m 1 T L'D 2 N AL
I O.001 F 0ti;'i l) 0

. ._ , _ _ - - . . . . . - - - . _ . _ - - -- . . - _ _ - - - . - - . .
__.

iF.ADI A L o +0.337
. . I)-0.146 f G(T *T 0

2
. - - . . . . . . . - - . - . - - . . - - - - - - - . . - - - - ._

O
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!
!

t<

! !
r

,

:

! C.b) Thermal Gradient Across Cylinder Wall
,

I i

i i

I Let T * and T a be the uniform temperatures of the cylinder wall {g 2

j at the inside and outside surfaces respectively and let the

temperature variation through the thickness be linear: then the '

I stresses in the free cylinder at large distances L greater than 38 ,

. from the ends of the cylinder are given by (Reference 4, p. 498): i
i,

r

f at = c1 1 Eu(T1 -T2 *) !
*

=

2(1 - v) [
!

0 !.At the edge x=L (ol) =

i and I
1 >

Ea(T1 -T2 *)*

2

/1 - v1-vet = ,

,

j 2 (1 - v) {
3 j;

! t

| Where T = Maximum temperature at inner surface of cylinder |g

313*F (See Fig. 5.1-14)=
;

*

!
n

*

i T = Maximum temperature at outer surface of cylinder f4 2

} 286*F (See Fig. 5.1-14) !=

!

ITheref ore the maximum temperature dif f erences radially in the ;

cylinder wall would be 27*F. The more detailed temperature !

gradients as shown in Figs. 5.1-9 and 5.1-10 would indicate a much
! lower temperature differences, i.e.. approximately 7'F. i

I
i

a

l At the edge of the cylinder the f ree deflectio: and rotation are

(Ref. 4 p. 470):
'

. ?

| (wg)cyg . x
*

1 +v a(T1 -T2 *) {
i '82 tCYL |
| .

!
'

i (::)
'

:
! |

t
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1x9 1, - T *)2(O ycyg ;, Xt

Og
CYL

and those of the plate are:

(W )p 0; (0 )p =0=

The deflection matrix used in Eq. 13a to obtain the discontinuity

forces is obtained Irom the above boundary conditions and is:

c. 1 q.

28 t
i] CYL;

3 4
ya (T - T ) Eq. 23=

y 2
;>- , . ,

CYL

- 14.31)
3 a (T - T )=

(-1.953

Substituting into Equation 13 yields

0 - 0.403

aE (T -T ) Eq. 24=
g 2

M - 4.778
L (

Substituting Eq. 24 into Eq. 11a. the detlection of the cylinder due
to the compatibility forces is obtained.

W [23.37 x ( -- 0.403) + 1,43 x (-4.778)] a (T r - T *) Eq. 25=

2
= - 16.251 (T -T )1 2

i

O
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. .

Equations 24 and 25 are used in Equations 15, 16 and 17 to obtainO stresses in terms of Ea(T * ~ 'I *). These stresses are shown2 1
below. The values of E and a a re taken at 300*F from Table 4A.5-9.

DJSCONTINUATY STRESS

STFESS cygggggp
ORiciTA7102i_ ---

ptA7g

TANGE'iT!AL I . 44 7.; .090!J E O (7 ' 7 'I '

3 2 E GIT *'T *I
1 2,

1oNc17ect ;o.302 E G87 **T *)
1 2 0

AAD: L' -0j0
t a(7 *-7 *3

3 2_ . - _ __
_,

O

C.c) Thermal Gradient Across the Thickness of the Bottom Closure
Plate

The top and bottom of the plate are assumed to be at uniform
temperatures with a linear variation actnss the thickness.

Fig. 5.1-14 would indicate an almost unif orm temperature of the
bottom plate. Fig. 5.1-10 shows a small gradient at the junction
with the cylinder, i.e. 237'F at the inner surface and 258'F at the
outer surface. A linear gradient. AT. of 25'F was used as a
conservative value.

O
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This distribution causes a rotation of the plate and results in

discontinuity loads since the cylinder wall resists this r o t a t ).o n .

The boundary conditions for the discontinuity analysis are: )

For the cylinder:

(W ) (0 ) =0-

For the plate

(Wg, ) pg - (OL) pg pL(t /2)

(0 ) R AT/t=
PL p

The deflection matrix for use in Eq. 13a to obtain the ciscontinuity

moment and c. hear is:

{ Rm )

2]a6T
') 18.19

I6;. < a6T Eq. 26,j 1 R 1 -3.233m

PL

and the discontinuity moment and shear from Eq. 13a and Eq. 26 are:

O 0.664g
E a6T Eq. 27-

I

(M
-9.02g

The deflection in the cylinder from Eq. 27 and Eq. 11a is:

(W ) - 2.62 a6T Eq. 28

O
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Equations 27 and 28 are used in Equations 15, 16 and 17 to obtain

stresses in terms of EuoT. These stresses are shown below. The

values of E and a are taken from Table 4A.5-9. '

,

DISCOtJTI ?iUITY STRESSES
,

5fhTFi CyLisDEk I LDE ~

_

TANGE';TIAL (.072 i'171 ) EQ(d77) -0.176 EQ(877) i

+0.285 o

;0.569EGIST;)LONOITUDI:AL 0

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ ._

-0,172MDI A: 0 g g ,37,3 i

+0.285 o*

;
_ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ -_

..

I

!

!
'

C.d) Linear Gradient in the Axial Direction of the cylindet

The stress in the free cylinder a large distance from the edge is

given by (Reference 4 p. 500):

_. _.

c = 0.353 E Rt, (T -T)y 3

.] ;

by<

.

1

d

at 901 !=

,

;

,

I|
,

| |
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Where:

E Average temperature of the cylinder at the edge1
.

location x -L

232*F at lid end a rid 259'r at bottomed (See Fig. 5.1-14)-

T - Maxi 5um temperature of the cylinder at distant b
3 y

313*F (See Fig. 5.1-14)-

The temperature over most of the cylinder length is 313*F as shown

in Fig. 5.1-14. This is basically a uniform temperature over most

of the cylinder. The maximum axial temperature gradient is

criculated as f olloits :

-Y)6T = (T3 1

V

Where

y= cylinder lengthb

168.25 in.-

Therefore 6T = 313 - 232

168.25

*F
= 0.48 Use 0.5 pg,

The axial gradient results in a rotation of the end of the cylinder
which produces a discontinuity between the cylinder and plate. The
boundary conditions for the discontinuity analysis are es follows:

O
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|
i

] Por the cylinder:

LJ
(W ) =0

'
a _ _

(O ) CYL = - a (T3 -T)mL 1

b

For the plate:

(W ) and (0 ) =0g pg p

The deflection matrix used in Eq. 13a to obtain the discontinuity |

moment and shear is;

O (i3 - 5 ), O (Y3-5)1 16 - , y Eq. 29
[} Rm) LV -33.37j Ly

and the discontinuity moment and shear from Eq. 13a and 29 are

'

( QL/ 0.9603 Ea(T3 - T)1x
M ( ,(-96.03

Eq. 30 -

L
L.. V

The deflection of the cylinder trom Eq. lla and 30 is:

(WL) CYL = -114.88 xa (Y3 - it) gq, 33
! L

V

.

Equations 30 and 31 are used in Equations 15. 16 and 17 to obtain
stresses in terms Ea6T. These stresses are shown below. The
values of E and a are taken from Table 4A.5-9.

ossecm:num 5:nsse s
I Til T1 ] C ) QN Mj_ ,! T5ig

it-3.16;1.618)'041 3 3-t i -3.68 r at73.73:,
+4.0,

t -, ov L

'
th% 2 T L DI N M ;g,gggt Qti -i i3 g c

l |v

) ip.A: : A L c. -3.88 r ci 3-:,i
, ,,

''
+4.04 --- o

_________u__ ' v

4A-29
- _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _



C.e) Fadia_1_grM ien_t_in the Bottom closure plate g
!

For this condition the temperature in the plate, which is a function '

of the radius, is assumed constant across the thickness. The plate !

is simply supported and free to expand. The effect of a gradient

through the plate is analyzed in Section C.c) above.

The stresses due to the radial gradient are (Ref. 8, p. 217):
At the center of plate:

r Ea (T2 - Tc)Ot C" -

2

where:

5 Average temperature of the plate.2
(259 + 232)/2 (Fig. 5.1-14)-

245.50*F=

Tc = Temperature at the center of the plate.
(244 4 237)/2 (Fig. 5.1-10)-

240.5*F=

At the outer edge:

o O: ot ' Ea (5r 2 - Ta)
Where:

Ta Temperature of the plate outer edge.-

(251 + 244)/2 (Fig. 5.1-10)-

247.5*F=

These stresses are additive to the discontinuity stresses due to the

other thermal effects described above. The values of E and a are
taken from Table 4A 5-9.

O
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| >

|

! 4A.S.2.5 Analysis Results

|O
The tangential stress, o, the longitudinal stress, o, the ,

radial stress, o , and the shear stress. T. due to the applied !,

I r f
loads, were calculated for the most critical sections and are listed |:

\ .

| in Tables 4A.5-6 through 4A.5-8. The applicable stress

| classification per the ASME Boiler and Pressure Vessel Code are also

| indicated in these tables for each load. Table 4A.5-6 presents the >

! stresses in the cylinder at the junction between the cylinder and

j the bottom plate.

Tables 4A.5-7 and 4A.5-8 present the stresses in the bottom plate at t

! the junction with the cylinder and at its center, respectively, f

!
l' These stresses are combined, principal stresses and stress

7
,

) intensities detcamined, and compared to the allowable stress
|

intensity values in Section 4.2.
|<

i
'

f

|
'

:
} '

t.

i
I h

i '

4

!

!

:
4

} l

;

l<

;

;
i

j

!
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31Lt3 . 3 S t r3 sd_hrlaly_s_Lc _ o f the_ Lid and t he J u nc tio_n o f the
birL_wi_t.tt_t_tte Ca s k Body Cy_1_iAdrical Shell

4A.S.3.1 Description

This section describes the analysis performed and the results

obtained for the containment vessel lid and the junction of the lid

with the cask body cylindrical shell, ref erred to as the cylitider.
Figure 4A.5-1 shows a longitudinal section of the storage cask.
Figure 4A.5-4 shows the geometry and dimensions of the lid and the
lid to cylinder junction.

4A.S.3.2 Loadin_g__ Conditions

The loading conditions analy:ed are listed below:

1) Internal pressure

h2) Bolt preload and load required to seat the gaskets

3) Inertia loads of the internals acting on the lid during handling
operations.

4) Temperature gradient across the lid thickness.

5) Temperature gradient in lid in the radial direction.

6) Differential thermal expansion between lid and cylinder.

The internal pressure used in the analysis is 250 psi at a
tempetiture of 350*F.

O
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4A.S.3.3 Method of Analysis

) The cask lid is analyzed as a circular plate which is simply

supported at the periphery by the bolts. Because of the reduced

thickness of the lid at the lid flange, the lid is divided into two

parts: an inner solid circular plate of thickness t y = 11.5 in.
and an outer circular plate of thickness t = 3.5 in, which

represents the lid flange as shown in Figure 4A.5-5. The

interaction of the junction of the two plates is considered.

Each loading condition is analyzed separately and the stress

components calculated and categorized in accordance with the ASME

Code. Subsection NB( '. Stresses are calculated at the locations

of interest. i.e. the center of the plate and the lid flange at the

step and gasket location.

4A.5.3.4 Models. Boundary Conditions and Assumptions

The model of the lid and the junction of the lid and cylinder areO shown in Figures 4A.5-5 -7 and -12. Figure 4A.5-6 shows the aign

convention used in the analysis. The formulas used in this analysis

are taken from References 7 and 2 and their validity is based on the
ifollowing assumptions:

t

1) The lid is flat. and the inner and outer plates are of

f
homogeneous and isotropic material. The mid surfaces of the
plates are horizontal and the loads are perpendicular to the

{
plates.

:
i

2) The inner and outer plates have the same mid surface.

3) The thicknesses of the plates are less than 1/4 of their l

diameters, and the deflections are small compared to the
thicknesses of the plates.

I
,

O |
!
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i

1

4) There is no deformation in the middle plane of the plates. This

plane remains neutral during bending.

5) The stresses are below the clastic limit so that flo o k e ' s law is
valid.

6) As shown in Figure 4A.5-5 a portion of the lid is omitted.

This assumption is conservative since it results in higher

deflections and stresses in this area than actually exist.

7) The outer plate thickness at the gasket location is reduced to

account for the groove.

1

0

,

O
|

|

'
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4A.S.3.5 Materlais Used

The cask lid and the cylindrical shell are made of SA-350 Gr. LF1.

The bolts connecting the lid flange to the cylinder are made of

SA-320, Gr. L43.

The properties for the above materials are taken from Reference 2

And are listed in Table 4A.5-9. '

4A.5.3.6 Analysis
.

A. J rtt_e gal _ P r e ssf_e,

The following conservative assumptions are made for this loading

condition (See Figure 4A.5-8):

1) The portion of the plate outside the bolt circle is not

considered for the pressure loading.

O
V 2) The outer plate is considered simply-supported at the bolt

j circle,

i

i 3) The pressure is assumed to act up to the middle of the gasket.
I
.

4) The pressure in the area between the periphery of the inner|

plate and the gasket is conservatively replaced by a resultant
line load p in Ib/in, applied at the periphery of the inner2
plate as shown on Figure 4A.5-8.

i

The moments and forces due to the pressurb are obtained by writing
the expressions of the slope at t b for Case 1. Case 2a and Case-

2b (Figure 4A 5-8), and imposing the condition that the slopes at
r b for the inner and outer plates must be equal,

(~f

\
'

,
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The express'.ons for the slope at r = b are (Formulas from
Ret. 7 Table 24):

Case 1 (Cases 10a plus 13a. Ref. 7):

3pb Mbxb Eq. 1(03) 1 = .

8D(1 + 9) D(1 + v)

Case 2a (Case la, Ref. 7):

(Ob)2a * 9 '

D Cy

Case 2b (Case Sa, Ref. 7):

Mb3 L8 Eq. 3(Ob) 2b *

D C7

Where

(Ob)1 rotation (slope) of inner plate at junction=

with outer plate due to pressure load and moment
Mb (See Fig. 4A.5-8)

(Ob)2a = rotation (slope) of outer plate at junction
with inner plate due to line load W (See Fig.
4A.5-8)

(O )2b = rotation (slope) of outer plate at junctionb
with inner plate due to moment 'b (See Fig.
4A.5-8)

internal pressure load, psip -

W - line load due to internal pressure, Ib./in.

Mb - moment at interface of outer and inner plates,
in . -l b . / i ri,

radial dirtance to bolt center line, 35.16 in,a -

b radial dfstance to interface of inner and outer-

plates, 31.86, in.

V = Poisson's Ratio. 0.3
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3D= E tp (Note: t for inner plate is 11.25 in.p

2) and t for outer plate is 3.5 in.12(1 v p

3.93 E for the outer plate=

L + 9 + (1 - v)(b/a) )(1/2)(1=
g

= 0.9367

E " In ~

(1 - (b/a) )
*

L +=
9 a 2 b 4

0.0874=

(1/2)(1 -9 )[(a/b) - (b/a))C =
7

0.0909=

|

| (See Reference 7 Table 24 for dimensionless coefficients) !

NJ
!

; Substitution of the numerical values for a. b. D. C L and
7 g

L and of the expression for W (See Fig. 5A.5-8) as a function of
9

p yields:
1

(O I 22.244(p/E) + 0.176 (M /E) Eq. 4=
b l b

(0 )2 (0 )2a + (O )2b
= '

b

= 5196 (p/E) 92.275 (M /E) Eq. 5-

!

Equating Eq. 4 to Eq. 5 and solving for M yields

(0 ) (0 ),=

M 55.962 p
|

=
b

PO '
,

i

|
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\

|
|

|
|The moment M at the center of the plate is:

O'MC" 16 E * "b b 264.79 p8

Note: L 1 for r b=
g

The reaction at the support is:

Q, W (b/a) 15.533 p=

The moment at the seal location M, is conservatively taken equal

to M . i.e.

M, =M 55.962 p=

The expressions for the stLesses are:

At the plate center or"Ot #*

(tip)2 Eq. 6

At the junction of inner and outer plates,

6M /ISop)b ; * " 9/l Eq. 7
" =

t t op

At the gasket where t = (t - O.26)3 gp

6M /(t 3) : I* # = = Q,/t) Eq. 8r t g

Where

Q, = W (63.63/66/10) 17.164 p x 0.964=

16.55 p=

Also

|o, radial stress, psi=

|

tangential stress, psio,, =

:
i

|
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longitudinal stress. psio =

250 psi at inside surface (i.e. o =N - p)
O psi at outside surface

D. Bolt p r el o a._4._a3L4_ kqa 4_Elqu i r e d_ _t o S e a t the Ga_slel

For this loading condition the outer plate (lid flange) is

considered simply-supported at the step location. The loads acting

on the lid flange are shown in Figure 4A.5 9 and are:

1) The bolt preload. which is selected on the basis of the

following requirements:

a) It has to be greater than the load required to seat the

metallic seals,

b) It has to be of such a magnitude that tt.e seal between the

lid and vessel is maintained under eny loading condition.

A bolt preload corresponding to a bolt direct stress of Sm (i.e..

25000 psi), satisfies the above requirements. Hence the bolt
| preload is:

1
t

F* = S, x A ;g g

Expressed as a line load acting. Ib/in.. at the bolt circle: !i

F nFg /(2 nRBC)*3=
,

nS A /(2nR )j =

|

| hhere:

i i

number of bolts. 46n -

i R radius of bolt circle. 35.16 in.-

( 1.492 in.2A bolt area= -
B

|
|

.

1 '

i

I
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I

Therefore |

48 * 2}000 X 1'492F =
B 2 x 3.14 x 35.16

8108 lb./in.=

2) The load, required to seat the metal gasket is

4474 lb/in, from Ref. 5.

Trie solution to the problem is obtained by imposing the condition

that, for continuity. the slopes at r = b of the inner and outer

plates are equal. and solvinq for the unknown moment M
b

(Figure 4A.5-9).

The slope at t = b for Case 1 is (Case 13a. Ref. 7):

(01) r = b, -Mbxb -0.176 M /E= b Eq. 9
D(1 + v)

The slope at I b for Case 2 is the sum of the slopes of Cases 2a.a

2b and 2c.

Case 2a (Bef. 4 pg. 58):

bMb b2 a2 I'

(Ob) r = b " -- , tq. l0a
2

D(a - b2) (g, v 1,v l

Where

M D and v vere previously defined,b
a and b as defined on Fig. 4A.5-9.

I

1

4A-40 i

l



Therefore

I
'

Ug2 , _3,_g,gg2(O ) r =bb -
_

3.93 E (36.88 2- 31.822) (1 , o,3) (1 . o,3) ,

(
Eq. 10a

Mb= 63.46
E

>,

Case 2b (Case ik. Ref. 7):d

ij4

IB 2 9
(O ) r r2 -L9 Eq. 10bb o . -

DC7 b j

-192.4486 F /Ej - B
| Where
i

'
F bolt preload. 8108 lb/in.-

g
a and r as detined on Fig. 4A.5-9g

4
,

D 3.93 E=

C and C as detined before and equal to 0.135 and 0.1214 I7 9
'

respectively for this case,
I,
.

:

f 2' |To2 1* V a 1-V| L9 1 , 1 r2 io. ,

j a 2 r 4 T
{ o2 ) >

0.0445 :=

I ;
. ,

j Therefore
!

FB (36.88)2 1 35.16 x 0.1214(O ) f "b fM - 0.0H5=

3.93E x 0.135 31.82 ;

I FB |229.5.

E
I

!

1
i

s
1

l1

: I
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Case 2c (Case It, Ref. 7):

O)I2 f
(Ob) [ * -L9 Eq. 10cfol .

DC b
(

j7

Where

l' metal gasket seating load, 4474 lb/in.-

D 3.93 E=

a, b and r are as defined in Fig. 4A.5-9gg
C and C, as defined before and equal to 0.135 and 0.12147
tespectively for this case

L 0.095 for r a r
9 og

Therefore

t

S(Ob)r * * *
rol - - 0.095*-

3.93E x 0.135 31.82 )
= 80.4 [S

E

Therefore

| 0 (O ) r=b+ (O ) r.t + (0 ) r.t.

1/E (63.40M - 229.5 F 80.43 F3]
- g+

Equating the slopes of Eq. 9 with Eqs. 10a, 10b and 10e yields

Mb 10.176 (63.46 Mb - 229.5 F3+ 80.43 FS)
E =E

Therefore

M 'I3'493 Ib B - 1.264 Fg) Eq. Ila '"

|
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1

i

The reaction at the support t . b as a function of P and P is:g g
/G

rl rloQb -Fg o-
, 79-

b b

Q -1.039 F 1.105 P3+ g Eq. lib=

-1.039 x 4474 + 1.105 x 0108=

4310 lb/in..

and the bending moment at the center of the inner plate is the same

as M I
b

M .M -(3.493 P 1.264 Fg) Eq. 11e= -

b g
. -(3.493 x 8108 - 1.264 x 4474)

. - 22666 in-lb/in.

The same moment M and reacti nO are nservatively used tob b
calculate the stresses at the gasket location. Equations 6. 7 and 8

are used to calculate the stresses.

C. Inertia Loaqs Due to_HaDdllpa operatign_s,

The inertia load due to handling is applied by the internal
components to the lid. This load is equal to the weight multiplied

by a g factor of 3 and is approximated by an equivalent pressure
p. If W is the total weight acting on the lid, then:g

3 *
81pg . .

R g

Where

H is the inside radius of the evlinder 31.5 in.g

W 82436 (See Section 4A.5.2.4B).

N The analysis tot this loading condition is ideatical to that of the

internal pressure Section 4A.5.3.6A where p is now replaced by p .
|g

|
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D. Ille.c m a l G r a d_LeJLt_s_ /Lgro_s s thg Lid Thicknees

The following assumptions are made for this condition:

a) The temperature variation across the thickness of the lid is
linear,

b) For the inner and outer plates into which the lid in divided.

the temperature, which is different in each plate, does not vary
in planes parallel to the middle surface of the plates.

For this temperature distribution, stresses arise only if the plate
is restrained from freely deforming to a spherical surface of
curvature:

_J_ n_AI.

r t

The lid is considered pinned at the bolt circle and simply supported h
at the point where the change in thickness occurs as shown in Figure
4A.5-10.

For continuity the slopes at r b for the inner and outer plates
must be equal. By setting the slopes equal to each other, it is

possible to solve for the unknown moment M at r - b. and tob
calculate the moment at the other locations of interest.

D.1 loner _EJAle

The slope at t = b in the case of a simply supported unrestrained
plate is:

(0 ) =a (T - T )b/t Eq. 122 g gp

|
:
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I
I

I
i

{ Where

j (O I r tati n (slope) of inner plate at b.
bl

] thermal expansion coefficient of inner plate, in/in *Fa .

j B radius to interface of inner and outer plates, 31.82 in,.

thickness of inner plate, 11,5 in.t =
gp

1 -

j T2 . average temperature at inner surface of inner plate. 'T
(228 + 215)/2 = 221.5'T (See Figure 5.1-9)i .

! Y . average temperature at outer surface of inner plate. *Fg

; (215 + 202)/2 208.5'r (See Figure 5.1-9).

!
!

I Therefore

:

, 2.767 a (Y(0 )
2 1)

~

i

D.2 Outer Plate
l

i

The free rotation of the outer plate at ra b is given by the
expression (Case 8c Table 24, Ret. 7):

1
-G2 (1 + 9)a(i4 - i3) C9 L2 + C3 (1 - L8)(O ) 2 .d x

I C C -C Cop g 9 3 7
1

| Where
i

(O }2 r tati n (n1 pe) ! uter plate at b=
b

j a, thermal expansion coefficient of outer plate, in/in 'T.

1 a . radius to bolt centerline, 35.16 in.
J

5 ave': age temperature of inner surface of outer plate. 'F4 .

. (228 + 215)/2 221.5'F (See Figure 5.1-9),

| 5 . average temperature of outer surface of outer plate. *F3

(228 + 215)/2 = 221.5'F (See Figure 5.1-9).

t . thickr.ess of outer plate. 3.5 in.op

'O
| i

.

!
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|

|

C. C). C. C. L and L are constant depending on7 9 2 g

geometry and are given by equations in Tabic 24 Ref. 7 and are
|

C 0.094-
y i

C 0.00 m-
3

C 0.0909=
7

C = 0.0974
9

L 0.0044.

L 0.937g

Therefore

(Ob)2 .- 2 (1.3) 35.16 (i4 - i3) f0.874 x 0.0049 + 0.000!4(1-0.937)
3.5 40.094 x 0.074 - 0.00014 x 0.09084

-0.62 a2(t4 - I).
3

D.3 Lu ncil o n_q f_In ne r to Qutet_f_1ateq

If the lid is split at the step location into two plates a
discontinuity will result at the split line. To reestablish
continuity at t = b a moment M. as shown in Figure (A.5-10 mustb
be added to make the slope of the inner plate equal to that of the
outer plate. Therefore Equation 12 becomes:

M,btEq. 12 -

D (1 + v)

(O >)1t Eq. 13a
-

Where

Eq. 12 2.767 a (T T)= -

y
H = m mer.t at interface of inner and outer plate. in-lb/in,b
b 31.82 in.=

El (tip)3 (11,5)3 ElD = ,

12(1-v ) 12(1-0.3 )
139.3E=

g

,

1
1
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'

t

(O )1 final becomes:Therefore
b

(Y -T) -0.176 M /E Eq. 12a(0 ) ''I a=
b i

And
:
i

IMba C L -C L23 8 9(gb)2 ;, 13- -

D C C -C C(y9 3 7

i Where
4

'

i
'

'
-0.62 a (Y -T )Eq. 13 -

!

'
M. a and Constants C C, C C L and L8 '#*

'

b y. 3 7, 9, 2
1 defined above in D.2.
i

Therefore

t

(O }2 - -0.62 a (T -T) + 0.278 M /E Eq. 13ab 2 2 b 2

When the slopes at r - b are equated, i.e., Eq. 12a = Eq. 13a
i
t

-
|.- .-

2.767 a (T -T) -0.176 M /E -0.62 a (T -T) + 0.228 M /E=
2 4 3 2

i

j This yields the unknown value of M
b i;

,

j M (6.0955 a (T -T) + 1.3722 a (T - T )) E
=

b 2 4 3
I

-

where E is assumed equal to E . All the other required
|

; y 2
| quantities can now be evaluated. ;
8

|O '

4
,
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D.4 Reactions (Shear) Loads

At t =b (Case 5c and 8c, Table 24, Ref. 7)

9 ,a2(1 + v) D2 (T4 - T3) [CL+Ct(1-L8 )$7 2x ,

/a top \C C -C C37I 9

Mb [C L -C L2) Eq. 141 8 7

\C C -C C, /a
3

Where

a v, D T a. M and t are as defined, 2' 4, 3
previously

C C a e staus predously3' 7' 9' 2"" 8
,

defined

Therefore

05 = 0.032 E a (T -T3) + 0.304 M2 4 b

And substituting for M '
b

O = 0.032 E a (T - T)) + 0.304E (6.095 a (T -T]b 4

+ 1.3722 a (T -T3)4

Therefore

O (0.45 a ( -T) + 1.053 a d- ) E=
b 2 4 3 1 2 1

i

O1
l
,
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l
,

The reaction at t - a:

(~h
V

31'82[0.45a E2(T4 3 t y(T2
- - - - '

0, - b/a Ob" -T) + 1.853 a E -T1) |35.16 2

1(Y; - 0.406 (E "2(T4 3)-T + 1.677 a ~

2 2 l

i

[
Substituting the values of monents and shears thus found into the

stress equations 6, 7 and 8 comp'etes the analysis for tnis loading+

r

condition. In these equations the moment at the center of the lid.

{
M. equals M and the moment at the gasket location is; c b
conservatively assumed to be equal to the mom 9nt M at r b.

b

E. Thermal Gradient in Lid in the Radial Direction ;

i
,

For this condition the temperature in the lid, which is a function of ;
,

.

t
4 the radius, is assumed constant across the thickness, The effect of '

() a gradient through the lid thickness is evaluated in Section -

4A.S.3.6D above. |
!

!
The plate is assumed to be simply supported and free to expand. '

| There is no differential thermal expansion between the lid and the

top of the cylinder because the lid and the top of the cylinder are
,

at the same average temperature (See Section 4A.S.3.6F below). i

!

Any effects due to the connection with the top of the cask shell

(cylinder) ar6 evaluated in Section 4A.S.3.6G below.
,

!
The stresses du3 to the radial gradient are as follows:

'
i

1 i
; Center of plate: j
i i
i i

i

: ot =or- Eu (T1 - Tc) - |
'

2

!C:) !

|

|

|*

t
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d

Where f
T average temperature of inner plate, *F-

1

215)/2 (See Figure 5.1-9)(228 +=

221.5*F=

Tg average temperature at center of inner plate, *F-

215*F (Note: the areatest portion of plate is at 221.5'F)=

E and a are taken from Table 4A.5-9)

At the outer plate (i.e., lid flange) at junction between inner and outer

plates

_

o - o - Ea (T - Ta)
2

Where

-

T avera9e temperature f uter Portion of lid=
2

(228 + 215)/2 (Fig. 5.1-9)-

221.5*F=

Ta average temperature of junction between inner and outer plates.

f228 \/2 (Fig. 5.1-9)
*

+a

\ 2 /

225*F=

E and a are taken from Table 4A.5-9

9
.

4A-50



, . . , - . .
_

l
P. Differentjal Expansion Between Lid and Cask Cylinder '

O
The thermal analysis of the cask performed in Chapter 5.0 shows that

the lid and the cylinder at the lid end are at the same average

temperatures. Figure 5.1-14 shows that all but a small pot' tion of

the lid is at the same temperature as the top of the cylinder. A

more detailed temperature distribution shown in Figuro 5.1-9
,

confirms this. The latter shows that the lid except for a small

portion in the center and the top surface are at the same

temperature as the top of the cylinder. Therefore, there is no

differential thermal expansion between the lid and top of the

cylinder.

Discontinuity effects due to other thermal gradient effects are

described in Section 4A.S.3.6G below.

G. Effect of_Discoptinuity of Cylinder on Lid

The displacement and rotation of the cylinder at the junction with

the lid introduce shear forces and bending moments at the junction.

j This induces stresses in the outer plate (i.e. lid flange) and lid

bolts. The effect on the lid bolts is described in Section 4A.5.4.2.

The displacements, rotations, edge shear forces and edge bending
,

moments acting on the end of the cylinder are calculated in Section

4A.5.5.6G.d. The loads which induce the discontinuity effects are

internal pressure, radial gradient through the cylinder wall, ans". an'

,

axial gradient along the cylinder.

.

The effect on the lid flange is obtained by assuming the rotation of
2 the cylinder is applied to the lid flange (i e. outer plate). The

moment on the lid flange can be calculated with Eq. 10a of Section

4A.S.3.68. This expression gives at the junction with the thicker

inner plate: ;

O = 63.46 (Mb) |

E
!
3
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Where

rotation imposed on outer plate (lid flange) by the0 -

cylinder

- 0.00041 rad. (Section 4A.5.5.6G.d)
Young's modulus, 29 x 10 psiE -

moment due to rotation of cylinder, in-lbs/in.(M )0 -
b

Therefore

0.00041 x 29 x 106Mb -

63.46

20 in-lbs/in.-

The shear force at the interface of the cylinder with the lid flange

would alsr induce a moment if there were no relative motion between

the lid flange and the cylinder. Making that assumption the shear

force also contributes a moment on the lid flange which is

hcalculated as follows:

(Md)g -Qxt
2

Where

(M m ment due to shear force, in-lb/in.-

bQ
Q shear force-

135 lbs/in. (Section 4A.5.5.6Gd)-

thickness of outer plates, 3.5 in.t -

Therefore
1

(Mb)Q 135 X 3 5= n ;

2 1

|
240 in-lbs/in. |

-

1

The bending stress in the lid flange is given by

<bou .

t2
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v
,

J

WhereO]

bending stress, psio =
b

| This is both the radial and tangential stress
[
*= t tal moment, in-lbs/in.M

b
240 - 20, Use 240 in-lbs/in.= ,

i t thickness, in.=

|
.

j Therefore, o and o in lid flange is j

| !

120 psi ;. or *Ot = 6 x_240 =

j 3.52 ;

And o and o at seal are

,

140 psi [6 x 240" Oto = =r

3.242

As indicated above t!.9 displacements and rotations of the cylinder
,

(
; have a very small offect on the lid. This is principally due to two r

| reasons. First, the cylinder is a very rigid structure therefore
;

; the applied load does not induce significant displacements and
3

rotations. Second, the normal operating loads on the cylinder are

small. The internal pressure is only 250 psi which induce pressure !.

stresses of less than 1000 psi. The end of the cylinder and the lid j
i are at almost uniform temperatures, therefore, thermal gradients and ;

resulting thermal stresses are also small. :;

I i
'

I
i

!

I

{
!
l

|

,

d

P

.

l !

i

|
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4A.5.3.7 Analysis Results

The tangential stress o the longitudinal stress o the.,

radial stress c , and the shear stress 1, due to the applied
r

loads were calculated at the most critical locations and are listed
on Table 4A.5-10 through 4A.5-12. The stresses at the center of the

lid, i.e. the inner plate are presented in Table 4A.5-10. The

stresses at the junction (the step in thicknesc) between the inner
and outer plates are given in Table 4A.5-ll. The stresses at the

seal in the outer plate, i.e. the lid flange, are given in Table

4A.5-12.

These stresses are combined, principal stresses and stress

intensities determined and compared with the allowable stress

intensity values in Section 4.2

O

|
|
|

|
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4A.S.4 Bolt Stresses

O(-) 4A.S.4.1 Bolt Preload

The lid is secured to the cylinder by forty eight 1.5 in, diameter

UN-8 bolts. The selected bolt preload is such that the

corresponding tensile stress in the bolts at temperature is S, -
25000 psi which is the stress allowable for the bolt material for

normal operation. The load per bolt is (See Section 4a.5.3.6B):

F
B ^B *"

m
i

The torque required to preload the bolt is:

T = 0.2 D F
N B

Where
.

AB = Bolt stress area 1.492 in.=

D = Bolt nominal dia 1.5 in.=
N

25.000 psi allowable stressS =g

The residual torque in the bolt is:

r

T 0.5625T=
R

The shear stress in the bolt is due to the residual torque from
preload given by (Ref. 9)'

i

:

TRX f 16TR 16(0.5625 x 0.2 DN AB SM) '
, . ,

J
n(DN)4 n(D )4

N

Therefore

, 16 x 0.5625 x 0.2 x 1.5 x 1.492 x 25000
J

3.14 (1.378)4

4A-55

)



|
|

\

4A.S.4.2 Effect of Discontinuity of Cylinder _at. Lid End

The effect of discontinuities of the cylinder at the lid is

described in Section 4A.5.5.6G. This results in an outward

deflection of the cylinder relative to the lid of 0.002054 in. It

is assumod that the cylinder moves through this distance but the lid

does not move. Therefore the end of the bolt in the cylinder moves

relative to the end on the lid. This induces a bending in the bolts

as shown on Figure 4A.5-ll. The moment on the bolt is calculated

assuming the bolts are fixed on the ends by the cylinder and lid.

If any rotation occurs the moment is reduced. For a bolt simply

supported on one end. the bending moment is reduced by on-half.

Therefore the assumption of fixed ends is the most conservative and

results in the highest stresses. The moment due to the offset from

the bolt centerline is also included in the analysis (See Figure

4A.5-ll).

THe total moment then is:

M "M *
T B B

The bending moment, M, s calculated as follows:
B

_P_ tM =
g

2

And

P = 12D16 for a fixed-fixed beam,

t

Where

P lateral load to deflect the bolt and distance 6, Ib.=
,

lateral displacement h6 =

= 0.002054 in.
6

E - Young's modulus, 29 x 10 0 200*F
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.

bolt length in bendingt = ,

3.5 in. |=
,

1 = nD /64 = 3.14 (1.378) /64

= 0.177 in. (D based stress area of 1.492 in. )
bolt preloadF* =

B
1.492 x 25000= >

; = 37300 lb.

Therefore |

* * ''M
B -

"

3 2
1 2 1

;

i

6 x 29 x 106 x 0.177 x 0.002054=
,

I 3.52 |

5160 in-lbs.=

;

M 5160 + 37300 x 0.002054=
T

1

i !

5240 in-lbs. i=

'

The bending stress in the bolt is I

,

MT C= 5240 x 1.5/2 ;ob =

i 1 0.177
,

4 i

22200 psia = '

'

i

| The shear stress due to the lateral force is

t = P/A = 2950/1.492 = 1980 |

1

It should be noted that the lateral displacement of the cylinder is
$ !very rmall. This is due to the fact that the cylinder is very rigid
$ and the applied loads are small.

| The maximum axial stress, o,. at the periphery of the bolt is ;

$ * #"; a m b
'

-

| 25000 + 22200 |=

I 47200 psi=

4A-57
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4h13 4.3 Bolt Load Due to Differential Thermal Expansion

Normal Condition

There is a load on the bolts due to a difference in the thermal
expansion coefficients of the bolt and lid material. As shown in

Figures 5.1-9 and 5.1-14 of Chapter 5.0 the area of the lid at the
belt location is at a uniform temperature and therefore no

differential expansion occurs due to a difference in temperatures.

The temperature of the lid under normal conditions is approximately
225'F (Figure 5.1-9. Chapter 5.0). The effect of a difference in

thermal expansion coefficients is calculated as follows:

The resulting effect on bolt length, 6, is:

g b) tat6 (o - a=

Where

Thermal expansion coefficient of lido -
g

-6
6.0 x 10 in/in. 'F (Table 4A.5-9)=

Thermal expansion coefficient of bolta -

b
-6

6.6 x 10 in/in. *F (Ta ble 4 A. 5-9 )=

length of bolt, 3.5 in.t -

difference between ambient and normal temperatureAT =

225 - 70-

155*F-

(6.0 - 6.6) x 10~ x 3.5 x 1556 -

-0.000 326 in. (bolt expands more than lid)=

O
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|

|
l

1

f-- The resulting axial stress, o is:,

E"
a

1 -

Where I

direct axial stress, psi !o, =

1 E Young's modulus at 225*F=
,

'

29 x 10=

-0.000 326 in,6 -

l 1 bolt length. 3.5 in.= .

i Therefore I

= 29 x 106 (-326 x 10-6)ca x
'

3.5

j = - 2700 psi
'

1

This would result in a reduction in bolt load. Therefore the

preload will be increased at room temperature by 2700 psi to account
for this effect.

;
P

i -

Fire Condition |
I i

| As a result of a major firo the lid of the cask body will increase

| in temperature. The maximum temperature that the lid in the seal f
and bolt area reaches is 479'F (Table 5.1-3, Chapter 5.0). This is (

i the maximum temperature which will occur for any thermal accident !
t

events. !

! The decrease in bolt stress which would occur is calculated as |

1 follows'
i 2

(
f# (c )F (Ca)N x ATy"a

ATN

( 4A-59 I
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Where

stress reduction for fire condition(a )F =

(c ) = stress reduction for normal condition

- -2700 psi

temperature difference for fire condition6T =
F

479 - 70=

409'F=

temperature difference for normal condition6T =
N

155*F=

Therefore

-2700 x 109(ca) =

155

= -7130 psi

The preload bolt stress at normal conditions in 25000 psi, therefore

a reduction in the bolt stress of 7130 psi is not critical. The

bolt load to seal the gaskets is about one-half of the preload

stress of 25000 psi. Therefore, a seal would be maintained on the

gaskets under the major fire.

iA.S.4.4 Analysis Results

The lid bolt stresses are presented in Table 4A.5-13. The stress

listed in the table for the accident condition (i.e., rotation about

the trunnions) comes from Section 4A.S.7.2B.

O
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4A.5.5 Stress Analysis of Cask Cylindrical Shell-

4A.5.5.1 Description

The section describes the analysis and reports the results obtained

for the cylinder. The geometry and dimensions of the cylinder are
shown in Figure 4A.5-1.

4A.5.5.2 Loadino Conditions

The loading conditions analyzed are listed below:

1) Internal pressure and bolt preload

2) Effect of inertia loads as a result of handling operations

3) Loads imposed by the trunnions

4) Discontinuity loads at the junction with the bottom plate and lid
5) Thermal radial gradient across the cylinder wall

6) Thermal gradient in the axial direction)
7) Differential thermal expansion between cylinder and lid and

between cylinder and bottom plate

8) Distributed loads due to weight, wind, water, seismic And
handling

4A.S.S.3 Method of Analysis

The most critical areas of the cylinder are at the junction of the
cylinder with the lid and bottom plate and at the trunnion
attachments. Stresses at the junction of the cylinder with the

bottom plate are available f rom the discontinuity analysis described
in Section 4A.S.2. This also includes the stresses in the cylinder
away from the bottom plate due to internal pressure, handling, and
radial and axial thermal gradients.

The method used to analyze the cylinder at the junction with the
() lid, which is presented herein, considers the cylinder to
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lid junction as a pinned connection with a uniformly distributed

moment applied by the bolts, gaskets, etc. to the cylinder. Stress

components are calculated for each load and categorized in
accordance with the ASME Code, Subsection NB( ). e rmu as are

in Section 4A.S.2 and are used as appropriate. The analysis of the

cylinder is carried out at the lid, at the center, and at the bottom

locations.

4A.5.5.4 Asy mptions

The analysis is based on the following assumptions:

1. The thickness of the cylinder is small compared to the radius of

curvature.

2. Deflections are small compared to the thickness.

3. The material is isotropic and stresses are in the elastic range

(i.e. Ilooks Law is valid).

4A.5.5.5 Material Used

The cylinder is made of SA-350 Gr. LF1. For the material

properties, see Table 4A.5-9.

4A.5 5.6 Analysi_s

i

A1. Internal Pressure l

l

l

The free body stresses due to internal pressure are given by Eqs. 5, |

6. and 7 in Section 4A.S.2.4A.lb. |

I

The discontinuity stresses at the bottom end of the cylinder at the

junction with the bottom plate are given in Section 4A.S.2.4A.2 and

by Eqs. 15 and 16.

The discontinuity stresses in the cylinder at the lid end are given

in this section, i.e., 4A.5.5.6G.
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)
i

1

A2. Bolt Preload

! '

1 The preload on the bolts produces a moment on the top end of the

cylinder. The moment is induced by the couple from the bolt preload |
'

l and seal reaction (See Fig. 4A.5-12). The couple or moment acting
.,

'

on the cylinder is the bolt load, F times the moment arm, d, fB,

which is the distance from the bolt circle diameter to the center of

the seal. Based on the data in Fig. 4A.5-12 the moment on the

cylinder is calculated as follows: i

;

M F= ~

B 2 1

I Where

i

M edge moment on cylinder in-lb/in.=,

bolt preload !F =
B,

! 8108 lb/in (See Section 4A.S.3.6B)=

() 1.22 in.d =
2

d 3.325 in.=
,

1

)

{ Note: P is selected to exceed the effect of internal pressure3
1 and handling loads, i.e. FB>F; p
i

Thereforea

2

M 8108 (3.325 - 1.22)=

17100 in-lbs/in.=

I

!

! The bending stress, which is a longitudinal stress is calculated as
1 follows:
I
:
1

6M
| b" 1=
1 t cyl
'
-l

()
;

2
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h
Where

cylinder thicknesst -

9.75 in.-

o -o -6 x 17100

9.75

1080 psi-

The tangential stress is pu r
t

t - O.3 x 1080 - 320 psi

B. Inertia Loads Due to Vertical _ Lifting and Handlina

The loading condition is described and evaluated in Section

4A.5.2.4B. There it is shown that the equivalent pressure acting on

the bottom plate which simulates the inertia loads caused by lifting

and handling is

8 psiP -
E

The discontinuity analysis for the inertia loads at the junction of

the cylinder with the bottom plate is found in Section 4A.5.2.4D.

The equationc to calculate stresses in the cylinder are given at the

end of Section 4A.S.2.4B.

A handling inertia load on the lid would induce an edge moment on

the cylinder, llowever the preload in the bolts exceeds the load due i

to internal pressure and handling inertia loads. Therefore the edge

moment calculated in Section 4A.5.5.6A2. above is conservative.
1

C. b.oaAnj mpSsed by the Trunnions

e
The local stresses in the cylinder at the trunniona are determined

in Section 4A.S.I. The stresses due to the trunnion loads are given

in Table 4A.5-4.
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l

D. Thermal Radial Gradient Across the Cylinder Wall

This loading condition is described and evaluated in Section,

4A.5.2.4.C.b. The equations to calculate thermal stresses at a free
! end (i.e. lid) and away from the ends are presented at the beginning

of Section 4A.S.2.4C.b.
,

,

i
' '

The equations to calculate discontinuity stresses in the cylinder at

! the cylinder-to-bottom plate junction are given at the end of ,

J

1 Section 4A.S.2.4.Cb.
i

E. Thermal _ Gradient in the Axial Direction__

i

This loading condition is described and evaluated for the cylinder
|

| in Section 4A.5.2.4.C.d. The evaluation includes the center of the
' cylinder away from the ends and the discontinuity loads and stresses ;

| at the junction of the cylinder with the bottom plate. The j
' equations to calculate discontinuity stresses are given at the end

of Section 4A.S.2.4.C.d.
|

The thermal stresses at a free end (i.e. the lid) due to an axial '
j
,

:

|
gradient are zero.

!

!

j The discontinuity stresses in the cylinder at the lid end due to an
f

j axial gradient are given in this Section, i.e., 4A.S.5.6G. below. ;

i r

j F. Dif f erential Thirm1LJKpansion
I
J !
i This loading condition is described and evaluated for the cylinder j
r

j at the bot tom end in Section 4 A.S.2.4.C.a. The equations to i
>

!
! calculate stresses in the cylinder at the cylinder-to-bottom plate

;
,

junction are given at the end of Section 4A.5.2.4.C.a. There is no '

differential thermal expansion at the lid end.

! c::> |
1 1

! !
1 ;
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G. Dis. continuity Loa _ds at the Junctior. with the Lid

The discontinuity loads are determined by calculating the

displacement and rotation of. the cylinder at the lid end, for each

applied load. The following conservative assumptions are then made

to calculate the discontinuity loads at the end of the cylinder:

1) The rotation of the cylinder is zero. This assumption is >ery

conservative and yields the maximum longitudinal edge moment.

M =M ** "*
B' d

*

Where

M = total longitudinal moment, in-lb/in.

M moment due to preload and seal reaction. in-lb/in.
g

discontinuity moment determined in this section,M -
d

in-lb/in.

A rotation in the clockwise direction would relax the bolt

moment and reduce M y.

2) The calculated differential growth between cylinder and lid is

entirely absorbed by the cylinder. This results in a tangential

load, N and a tangential stresu.
g

This second conservative assumption yields for N :

"t "
It CYL m
!

The stresses at the end of the cylinder due to the interaction

between lid and cylinder are then calculated as follows:

I

- t 6Mx/tol

6M /t !Nt/t iat t-
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I

i
|

|

Where-s

L. J \
j

M " "
t 1

The loading conditions which result in discontinuity between the

cylinder and lid are:

a) Internal prescure

b) Temperature gradient in axial direction

c) Temperature gradient in radial direction

G.a. Cylinder Detlection Due_to Internal Pressure

The radial displacement of the mid surface of a closed end cylinder

under internal pressure is given by( ':

2
p R

/ 2 2 \/~

(T) CYL \* g(1+v);W (1-29) + R"

2 2
E(R - R )R,g

105.4 P/E=

Where

6250 psi and E = 28.3x10 at T = 300*Fp =

(Wp) 0.000931 in.=

(0 ) 0=
p y

.

\-,)'
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G b. Qigplacement and RotatiqR_of CylingSr Upper End Due to Axial
Temperature Gradient

The expressions of the displacement and rotation of the cylinder
upper end due to a temperature gradient in the axial direction are
found in Section 4A.S.2.4.C.d.

"

CYL

Rm - -

CYL * [~ " I 3 - 1}O '

v
(Note: 0 is plus because rotation at top end is counterclockwise)

Where

-i - axial gradientT3 t

0.5 'F/in. (See Section 4A.S.2.4.C.d. h-

Therefore

-6
+36.375 x 6.26 x 10 0.5O =

CYL

+0.000114 radians.

G.c. DJsp.lacamsnt and_Bplalion_of CyltEdsf_tlpn9_r_F.nd Duo t o __
T ado pitM M L"JJA4.L"J1L_ilL_111"J_idJ a_1._pir c c t in

The expressions of the deflection and rotation of the cylinder upper
end due to a temperature gradient in the radial direction,are found
in Section 4A.5.2.4.C.b.

n (Ti -T2")(1 + 9)x
a

y , ,

262 tCYL

X) (T1 - T *)(1 2+

OCYL = .

O CYL
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; ;

I

Where

O1 I

.! i
'

9 - Poisson's Ratio. 0.3
i i

|
i a = thermal expansion coefficient at 250*F 1

| !

|.v2))1/4f3 (1j 6=
R 2 t 2 t'

a CYL'

; j

i = 0.068 in~
i I

1 l'

t

.| [
ream radius of cylinder, 36.375 in.

|R,4 -

CYL = ylinder thickness, 9.75 in.
|

t

temperature at inner surface at lid end of cylinder, 'FT* =

T temperature at uter surface at lid end of cylinder, *F=
j2

<
I

'

l

T * and T * are obtained from Fig. 5.1-9, Chapter 5.0. The !g 2
1 values chosen to give the maximum difference at 241*F and 228'F
!

l
} respectively. ;

i
l

{ Therefore >

j

+ 1141 x 10 in. at lid end (WCYL =
6

i OCYL = -155 x 10 radian at lid end f
1 :
4 iG.d Combintd Displacement and. Rotation of Cylinder __at Lid End

i

!

i

! Adding all the contributions of displacements and rotations from the i
a !

various loading conditions at the lid end yields: i

!

!
i

CYL}T * AX * R
*

p.

(O| CYL T * p AX * R !

,*
4

L

|O :
I |

|
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Where

total radial displacement(W )T
=

pressure displacementW =

= 0.000931 in.

axial gradient displacement, in.W -g
0-

radial gradient displacement, in.W ig
= 0.001141 in.

t tal rotation, radians
( CYL}T =

pressure rotationO =

0=

axial gradient rotationO =g
0.000114 radians=

radial gradient rotationO =
R

-0.000155 radians=

Therefore

(W * ** * *
CYL T

0.002054 in.=

(OCR)T 0.000114 - 0.000155=

0.000041 radians=

The moment and shear acting at the lid end of the cylinder due to

the displacement and rotation above is calculated using the

Equations lla and d 113 of Section 4A.S.2.4.A.2 as follows:

WCYL = 23 OL - 1.43 ML +0.002054
E E

l

OCYL " -1 43 OL + 0.184 ML -0.000041 j

E E I

Note that M is minus because a counter clockwise moment at theg
'

lid end produces an inward or negative displacement. By the same

logic, a positive shear load at the lid (i.e., outward) produces a

negative or clockwise rotation.
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.

From the above equations

39480 in-lb/inMg=
1640 lb/in.Q =

.

Using Eqs. 15 and 15 of Section 4A.S.2.4A.2, the stresses can be

calculated.

,
H. Eistributed Loads

J i

'
.

| Distributed loads act on the cask due to wind, water, earthquake and !

handling. These are considered as uniformly distributed loads that I

induce axial stresses and/or bending stresses in the cylinder wall.

i The magnitudes of these loads are listed in Table 3.2-2 and the

) manner in which they act on the cask are shown in Figs. 3.2-1 and

3.2-6 of Chapter 3.0.

, ,

,() The cask is taken as a beam:

j - cantilevered from its base when vertical
- or simply supported at both ends when horizontal

j and subjected to distributed forces.
;

d
!

| The maximum bending moment under these conditions results when the

; cask is horizontal and supported at the trunnions (See Fig. 3.2-6 of [

Chapter 3.0). This is due to the fact that the uniform load is j

j greater than the other loads.

('
, ,

] The weight of the cask and contents is distributed uniformly between j
the trunnion supports. ;

I i
i

i2
g , wt (3670 + 1230) (131)2,

8 8 |-

| 10.51 x 10 in-lbs=

I
|

! |
i l

|
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The bending stress is calculated as follows:

OB = MC
1

Where

=f4 (D - D )1 g y

(82.5 - 63 )=

1.5 x 10 in=

41*2S iU*C=D/ * "
g 2 2

10.51 x 106 x 41.25
OB .

1.5 x 10

290 psi=

O
The axial stress is due to a vertical handling load condition is

shown in Fig. 3.2-6 of Chapter 3.0. The stress is due to the weight

of the cask body below the top trunnions and the contents. Ac shown

in Fig. 3.2 6 the axial stress is 290 psi.

1. Cold Rain o.n a Hot Cask

Because the cask thermal inertia is large, the cask temperature

response to changes in atmospheric conditions will be relatively

slow. Therefore, ambient temperature variations due to changes in

atmospheric conditions will have negligible effects on the cask.

This has boon confirmed through INEL tests on the TN-24P which has a

very similar cask body. Variation of ambient conditions due to

snow, rain and wind will also have negligible effects on the cask.

Gnow or ice will melt as it contacts the cask because the outer

surface temperature will be above 32*F for ambient temperatures

above -20*F. The cyclical variation of insolation during a day will

also create insignificant thermal gradients. The thermal effects

due to ambient variations and conditions are discussed in f urther

detail in Section 5.1.3.6.
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The most severe ',hemal ef f ect from ambient variations is expected to
be an extremely cold rain after an extended period of time at

maximum temperature conditions. Local thermal stresses can occur on
exposed surfaces of the cask body under such conditions. The only

surfaces that are exposed to direct infringemsnt of rainwater are

those at the ends of the cylinder beyond the outer shell. The
maximum normal temperature at the end of the cylinder obtained from
the analysis presented in Section 5.1.3.6 is 228 F. If an extremely

cold rain occurred, it could conservatively be assumed that the

outer surface temperature is rapidly cooled to 32 F (as an upper

bound thermal shock condition).

The number of these thermal cycles that the cask body cylinder enda
could be subjected to without fatigue damage can be readily

|

determined. The curface skin temperature is assumed to be

228* - 32' or 196*F below the bulk temperature of the cask. The
1tensile stress developed in this skin of material is

() EuoT/1-v. For the cylinder material properties in Table

4A.5-9 (E 29.5 x 10 , a - 5.53 x 10 ), the stress is 45.678
psi. Since this is the stress range, the alternating stress is
22,839 psi. Appendix I of the Code indicates that the fatique life
at this alternating stress is 70,000 cycles.

Therefore, even under these severe assumptions, cold rain on a hot
cask is not a problem.

4A.5.5.7 Analysis _Results
I

The tangential stress, o , the longitudinal stress, o , the
radial stress, o , and the shear stress, t, due to the applied
loads are reported at the most critical locations. Tables 4A.5-14

and 4A.5-15, list the stresues in tha cylinder at the lid junction
and away from the ends. The stresses at the junction with the

bottom plato are given in Table 4A.5-6. The stresses due to the() distributed loads are listed in Table 4A.5-17.

|
|
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As shown in Section 4A.5.5.6H above the stress due to the cask
weight and contents in a horizontal position are very small. The

effects of wind, water and seismic loading in a vertical position

are even less. Therefore the maximum stress due to distributed
loads occurs in the vertical lift position. As shown above the

longitudinal stress, o is 290 psi. The tangential stress,
,

o is vo or 90 psi.,

These stresses are comb.'.ned, principal stresses and stress

intensities determined and compared with the allowable stress

intensity values in Section 4.2

0

1

!

III
I
1
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,

,

'
4A.S 6 Co n t a i_qmant _Ve s s e l S t r e s s_g_s Du e _ t o Ca s k Dr o p Accidents

4A.S.6.1 Lr11r odu c t i_qn
:

Tne description of the drot, accidents and the magnitudes of the

deceleration inertia g loading are determined as described in Section

3.1.11. Two vertical drop conditions are considered with the cask

falling a distance of a feet before impacting the concrete storage

pad. In the first drop condition the cask axis is vertical and the

peak deceleration is 100 g (Section 3.1.11.3). In tne second drop

accident considered, the cask center of gravity is located over the !

corner of the cask. The peak deceleration for this case is 27 g.

Drops from a clear height of 7 feet are considered for the cask in a
'

horizontal orientation. "Slap down" effects are considered Sor cases
:

where the cask axis is within a few degrees of the horizontal. These
cases are found to be only slightly more severe than drops with the

,

g-- cask axis oriented in the horizontal direction. The peak
[

deceleration for this case is found to be 69 9

4A.5.6.2 Method

I
Stresses induced in the cask by the accident drop conditions are |

treated in two stages. First the peak deceleration induced in the

cask after it impacts the storagw concrete pad is calculated. The

method and the results of this calculation are given in Section

3.2.11. The pea'a decelerations are computed based on the assumption
that the cask is rigid relative to the impact target. The target is ;

assumed to be a concrete slab resting on an elastic foundation. The

concret'e is taken to have a crushing strength of 4000 psi (27.6 i

MPa). The soil is taken to have a foundation modulus of 380
psi / inch. It should be noted that any cask flexibility would tend to
reduce the nagnitude of the deceleration.

O
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The peak decelerations are then applied as equivalent static loads
to the cask. The method of applying the loads to the cask depends

on the drop orientation under evaluation. Where possible the

methods previously developed in Sections 4A.S.2. 4A.S.3 4A.S.4 and

4A.S.5 are used for these evaluations. The particular methods used

for the various drop orientations are described in the appropriate
sections which follow.

The rise time of the dynamic loads applied to the cask as it is
decelerating is small compared to the period of vibration of the
cask. The dynamic ampl ification is not significant for the drops as
shown by application of Fig. 8.20 of Reference 11 (See Section
4A.S.6.3D below).

4A.5.6.3 Stresses Resulting f r om _Qto p__Ac c i d e n t s

A. DIop with Cask Oriented Vertically

The cask, when oriented vertically. is handled by the upper

trunnions. If the cask were C:opped, it would impact on the bottom

end and not the lid end. Therefore for this drop condition only the

bottom end is evaluated.

A.1 Bottom plate-Cylinder Junction

The method used for analysis of the bottom plate and 'onnected

cylinder follows that in Section 4A.S.2.4D. An equivalent pressure

due to the deceleration loads acting on the bottom is calculated.

Then the stresses can be calculated using the equations at the end

of Section 4A.S.2.4B.

The loads acting on the bottom of the cask due to a vertical drop

are shown in Figure 4A.5-14. The first load is a pressure loading

equal to the total weight of the cask multiplied by the deceleration
and divided by the area.
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1 1 A'"

,

Where W = Total Weight of Cask. 214,000 lb. (Table 3.2-3, Chapter 3.0)

Deceleration, 100g (See Section 3.2.11 Chapter 3.0)G =

A = Area of cack end based on outer diameter, in.2

This pressure loading acts on the interface between the cask and

concrete pad.

4000 psi214000 x 100/(n x 82.5 /4)p1 = =

1

The second load is a pressure loading resulting from the weight of

the internals, i.e., fuel and basket,

p "W2 * G #A2 A

Weight f basket and fuel assembliesWhere W 6
2

,

I 17372 + 36000 (See Table 3.2-3, Chapter 3.0)=

53372 lb. (use 54000 lb)=

A = Area of cavity, in.

|

; 1740 psi |54000 x 100__P2 = =

(n/4) x (63)2
.|

This pressure loading acts on the inner surface of the bottom'

plate. The difference between P and P is an equivalent
2

i external pressure, p, acting on the bottom plate,g

,

4000 - 1740 2260 psi |p - =g

l

The stresses due to this equivalent pressure can be determined with
j the equations at the end of Section 4A 5.2.4B. Since the accident

load results in an external pressure, the signs of the stress
> - com,nonents are reversed.
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Discontinuity _Stresces ;

Cy_linder

Tangential Stresses, o :

(-1.52 x 2260)o (inside) (-1.52 pg) --

- -3435 psi

(3.72 x 2260)a (outside) (+3.72 pg) --
t

+8410 psi

Longitudinal Stresses, o:g

(-8.74 x 2260)o (inside) (-8.74 PE) -=
g

-19750 psi

(8.74 x 2260)( utside) (8.74 p) --
1 E

= +19750 psi

O
The radial stresses are zero.

(10.19 x 2260)/9.75Shear Stress K. (10.19 pE)/t --

+2360 psi-

,

Plate at Center and Junction with CX1' nder

(-2.71 x 2260)o( (inside) (-2.71) p =-
E

-6125 psi

( utside) (-4.4) pg- (-4.4 x 2260)=
t

+9950 psi=

inside and outside"
r t.

0o =
g

-i
i
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E_quivalent Pressure Stresses

cylinder

There is no pressure acting on the cylinder for this case; therefore

there are no stresses acting on the cylinder due to the equivalent

pressure from loads p and p 11 wever there are s. tresses due i
g 2

to the load p as calcula W below.
3

4

Plate

The stresses in tne plate are calculated with the equations at the

end of Section 4A.S.2.4B. These equations are also given at the end

of Section 4A.S.2.4A.lb.

At Junction with Cylinder

a (inside) (-6.26) p (- 6 x 2260)= = .

E
ul -14150 psi=

e ( utside) (+6.26) P (6.26 x 2260)= =
t E

'

+14150 psi=

(inside) 6440 psi (interface between cylinder and plate)=
1

o (outside) -4000 psi (outer surface of plate at interface=,

g

with target.)

o inside) (-2.14) p (-2.14 x 2260)= =
E,

-4840 psij =

o (outside) (+2.14) p (2.14 x 2260)= =
E

+4840 psi ;=

Shear stress. K= (WL+W3)G (143562) 100=

2nR t 2n x 36.375 x 11.25n

5600 psi
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_A_t__Ce n t e r o f Plate

o -o (inside) (-11.84 pg)=

(-11.84 x 2260=

-26760 psi-

o =c (outside) (+11.04 P=
E

= +26760

The third load acting at the bottom is load P shown in Figure 4A.5-14.
3

This is a pressure load acting on the cylinder due to the deceleration of
the body and lid. It acts on the cross sectional area of the cylinder.

This load produces an additional longitudinal stress in the shell

calculated as follows:

og = -(WL+WB) GA
A

Where:

W,. ,, = 11e24 . 131,38
100G =

A = Area of cylinder, in.

Therefore

(143562)_JOOog =

.785 (82.52 - 632)
_

= -6440 psi

And !

|
,

uog = 0.3 x -6440 - -1930 psio =

Note the body weight includes the cylinder, outer shell, resin,

aluminum fins. trunnions and basket rails (see Table 3.2-3 Chapter l

3.0). 1
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I

!

i

62. Lid (.

As the cask body is decelerated by the impact of the bottom plate on |

j the concrete pad, the lid is also decelerated. Therefore an upward ;

| load would occur at the interface of the lid outer plate (i.e., 3.5 |
| t

1 in, thick section) and the top of the cylinder (see Figure 4A.5-15), i

i t
;'

I The upward load is assumed to act at the bolt circle diameter. This [
is conservative since as the lid is driven into the cylinder the !

'

force would move inward on the lid thus reducing the moment arm on
;

the lid outer plate (i.e. lid flange). :

i !
4 i

The resulting force, moment and stress are calculated as follows: },

;

FBC * L A " BC
r
#

!
q Where !
i '

( N = Weight of lid, 11624 lb. (Table 3,2-3, Chapter 3.0)g
G = Deceleration, 100 g |
DBC = Diameter of bolt circle, 70.32 in. [

i i
) The bending moment, M on the lid flange at the interface between |',

) the center lid section and the reduced thickness section (i.e. lid |
: i

flange) would be !
'

]
|!

.!
I

LID * BC * *
i

Where a = moment arm,

| (70.31 - 63.63)/2 (Fig. 4A.5-4)=

! = 3.34 in,
i

i !
i

'

I

|C:) |
|
; !

i !
!

;
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The resulting bending stress. which is a radial bending
b.

stress is:

=6MLipob " Or
2t

Where
thickness of reduced section of lid. 3.5 in, and 3.28 in,t =

at the seal.

Therefore

6 xFBC x ao =r
t 2

6 x J1624 x 100 x 3.34=

(3.28)2 3.14 x 70.32

9820 psi-

Also o -o

The shear stress. K. due to F s as follows:
BC

K=FBC 5264=

t 3.28

1600 psi=

The longitudinal stress, o is a compressive stress at theg,
junction with the cylinder,

'(WL*CA)/c ntact area"

t

-(11624 x 100)/.785 (68.25 - 63 )-

-2150 psi=

!

I
i
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,

[
'

,

I '

>
r

j The bending stress in the inner portion of the lid is calculated i

using the moment. M. as follows:g

L

Or " Ot =6MLIp ;

i

i t2 |
;

r
t

?
1 e

i =6 x 17608 t

(11.5)2- i
; f

2 !

I = 835 psi !
!
6

K=FBC = 5264 ;

l
t 11.25 :

.

I !

470 psi i=;

a r

)
| B. Side Drop '

.

j Two possible side drop orientations were evaluated to determine the

j maximum deceleration values. The results of these evaluations. ;

I, which are presented in Section 3.2.11 and 3.2.12 gave a maximum !
; deceleration for a drop orientation with the cask axis parallel with |

f the impact surface of 65 g. The maximum deceleration for a drop [
;

orientation with the cask axis at a slight angle with the horizontal j
(i.e., slapdown case) is 699 Therefore the latter value will be i

r

used for the stress evaluation of the side drop condition. It is ,,

a r

J assumed that the 69 g value acts uniformly along the cask length.
|
- This produces the highest. stresses in the cask body shell, i.e.,
1 ,

! cylinder. !
l I
| !

i !
i 1

1 '

i !
a

!O
,

, ;
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Bl. Ovalization Effect

Under this drop orientation the cylinder will tend to ovalize away
fron. the ends. At the bottom plate and lid ends the ovalization is

basically eliminated since these components are very rigid in the
radial direction.

The loads acting on the cylinder during the horizontal drop are
shown in Fig. 4A.5-16. One load is the weight of the body

decelerating against the target. This is assumed to be reacted at a
single point or line along the cylinder (Fig. 4A.5-16a). The second

load is due to the deceleration of the internals, i.e. basket and

fuel assemblies. Again this is reacted as a line load (Fig.
4A.5-16b). Actually the reaction on the cylinder is spread over a

finite area as the cask defortas the target, i.e. storage pad. This

load is shown as W on Fig. 4A.5-16c and is equal to Uw line
3

loads R and R The effects of these loads are determined
2

using Table 17 of Reference 7. The cylinder is assumed to act as a

ring section over its length.

The loads are calculated as follows:

Rei (Fig. 4A.5-16a):

Rei = WD X G
L

Where W = Weight of cask without lid bottom and internalsg
105,758 + 2186 + 10484 + 10344 + 1453 + 1413 + 523=

(see Table 3.2-3, Chapter 3.0)

132161 lb.=

69 g (lligher value for slapdown used)G =

Length of outer shellL =

154 in. (Fig. 4A.5-1)=

G

4A-84
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|

l
i

O Therefore

59215 lb/inll2111_x 69Ret = -

1 154

And

W1 Rei=

nD

Where
|

diameter of cylinder, in.D =

72.75-

Therefore
,

W 59215/3.14 x 72.75=
,

260 psi=
,

t

's / Rc2 (Fig. 4A.5-16b):
|

Rc2 *W1 G
L

Where
i

a

W = Weight of fuel and basket

| 17372 + 36000=

53372 lb.=

| G and L are defined above

i
I

1

!

I

.i
j

i

;
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hTherefore

Rc2 * EU1LX 61 = 23915 lb/in
154

And

W2 = Rc2 = 23915
D 72.75

328 psi-

Note that the internals are assumed to be uniformly distributed over

the projected area based on the mean cylinder radius R,of 36.375
in. (i.e., 72.75/2).

Rc3 (Fig. 4A.5-16c):

2W3 R sin a - Ret + Rc2Rc3 =

hTherefore

W3 = Rei + Rc2
2R sin a

Angle based on depth cask moves into targetWhere n =

(i.e. storage pad)

166.2* (See Section 3.1.11.2.2 of Chaptet 3.0)=

R and R are defined above
2

R = cylinder radius. 36.375

0
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And

i

W3 = 59215 + 23915
2 x 36.375 sin (166.2)

4790 psi=

The bending moments caused by these loads are calculated using Table

17 of Reference 7.

t

Rel*

M *1w R,2 (Table 17 Case 13)
el i

2
,

|

|

= 1.5 x 260 x 36.375

|

516030 in-lb/in=

Rc2

M 0.5 W R2 (Table 17 Case 12)=
2

= 0.5 x 328 x 36.375
1

|

| 217000 in-lb/in=

1

I
#

) c3
,

i

M 0.026 Wc3 3 R,2 (Table 17 Case 12)=

0.026 x 4790 x 36.375=

l

164800 in-lb/in |
=

|

|
i
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Note that the bending moment due to R i pp site t bending
c3

moments for R and R .

The bending stresses due to the sum of the effects of these is:

+ 217000 - 164800)6 (516030ob =

t2

6 x 568200=

9.752

35900 psi-

This strocs is corrected for thick shell effects using Table 16,

Case 1 of Reference 7.

Therefore

1.1 x 35900 = 39490 ps!b=
O

This is a tangential stress in the cylinder, i.e. o -e .

The longitudinal stress, o is vo ,

g

g = 0.3 x 39490o

11850 psi-

As stated above these are the highest cylinder stresses that occur

during a side drop, including slapdown.

B2. Mo.mont on 1,14

This drop condition causes a moment on the lid pulling it cff the

cask body. i.e. tensile forces acating on lid bolts (See Fig.

4A.3-17). ;
!

!
1

I

|
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If the pivot point is conservatively assumed to be at point O. thenO the moment on the lid is as follows:

M =WGxa

Where

M = moment acting on lid, in. 1bs.g
W = weight of lid. 11624 lb.

G = deceleration. 69 g

a . moment arm. 6 in.
1

{
1Therefore

M 11624 x 69 x 6.

672400 in. Ib..

It is shown in Section 4A.5.7.2B that this is much less severe than
the worst condition postulated.

C. Drop with Cask Center of Gravity Over Corner-

-

The cask is handled vertically from the trunnions at the top.
Therefore it is postulated that the cask would drop onto the bottom
corner of the cask. As described in Section 3.2.11 of Chapter 3.0
the maximum deceleration load is 27 g. This acts on the cask normal
to the target surface (See Fig. 4A.5-14). The axial. G . (alongg
cask longitudinal axis) and lateral. G (perpendicular to cask,

longitudinal exis) components are calculated as follows:

G = G Sin 69'

27 x 0.934=

25.2 g=

( G = G Cos 69*

27 x 0.358=

9.7 g=

4A-89



This is a less severe condition than the vertical and horizontal
drop orientation. The axial. G value of 25.2 g is less than the.

100 g value for the vertical drop and the lateral. G value of,

9.7 is less than the 69 g value for the side drop. Therefore

stresses resulting in the cask body are less severe for the corner

over center of gravity drop accident.

D. pyramic Rffects

The dynamic effect of the impact force on the cask from the drop or
tipping accidents depends on the duration of the loading and the
natural vibration period of the cask. The peak impact force does

not occur instantly, it increases with time after the cask strikes

the foundation. A finite time is required before the maximum force

is developed since the slab and sola must deform to reach this

force. In the end impact case approximately .005 see is required to

develop a peak force. In the side drop case concrete crushing

results in a more gradual rate of loading; approximately .010 see is

required to develop the maximum force.

I11IThe Shock and Vibration Handbook provides curves to determine

dynamic amplification factors for gradually applied impact forces.

Figure 8.20 is used to determine the TN-24 factors. The fundamental

natural period of the cask for axial vibration is .00363 sec (f n"
275 cps) and for lateral vibration (bending as a beam) is .00557 see

(t = 179 cps). The calculated force vs. time curves for the

TN-24 end and side drop cases are enveloped as indicated in Figure

4A,5-19 to determine the Figure 8.20 factors. For the end impact

.005 sec. and for the side impact case 1/2 .010case t/2 ..

sec. The ratio t/T is then 2.75 for the end case and 3.59 for the i

fside case. The dynamic load factors are both less than 0.5.

Therefore it is conservative to perform quasistatic stress analyses |

|without applying dynamic load factors.
1

O|
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I
l
1
i

l
4

| 4A.S.6.4 Ana_1ysj s Resul ts

i O !

The tangential stress, o the longitudinal stress, o. the.

1 radial stress, o. and the shear stress, t. are presented for j
j the drop accident conditions in Tables 4A.5-18a. 18b. 18c. 18d. 18e !
4 |
j and 19. The stresses are reported only for the highest stressed I

i

locations, and the applicable ASME code stress category indicated. ;

i
'

| These stresses are combined with the stresses due to the other loads !

l

| acting at the same time as the accident. The combined stresses. |

| principal stresses and stress intensities are determined and |
i

j compared with the allowable stress intensity values in Section 4.2. j

h j
i r
j 4A.S.7 Containment Vessel Stresses Due to Cask Tippino Accidents

[

[ t

4A.5.7.1 _IntroductLqn

i
: The description of the tipping accidents and the magnitude of the (
! deceleration inertia g loadings are determined in Section 3.2.12. !
*

| One accident involves the cask tipping about the trunnions which are ,l
! !
! fixed at a point 8 feet off the ground (see Figure 3.2 11). This |

could occur while tilting the cask up on a cradle support either on
! the storage pad or transport vehicle and for some reason the

r

handling gear free wheels when the cask would be just vertical on {
the lower trunnions. The peak rotational deceleration for this

! accident is 135 rad /sec (0.350 g/ inch) for the 4000 psi crushing {
; stress for the concrete pad on an elastic soil. This translates

into a peak deceleration at the lid of $5 g.
.

i

f

The second accident involves tipping of the cask about its base. |
The peak angular deceleration for this case is 155 rad /sec . This !

translates to a peak doceleration at the lid end of 62 g. !
1

:

I

i !
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4 A . S . 7. 2 llo1MioLAb_o_u tJheltu nAlo n s S upnn a n a p lyo_t

The cask starts in a vertical position and then rotates about the

trunnions (point "O" on Fig. 4A 5-20) until it hits the target. The

peak totational deceleration is 135 rad /sec (0.350 g/ inch). This

translates to a peak deceleration of 55 g normal to the cask surface

at the lid end. These values of deceleration are determined in
Section 3.2.12-la.

There are three loading conditions which are evaluated for the

tipping about the trunnion. First, the deceleration on the lid end

results in ovalization of the cylinder near the lid. A short length

of cylinder will be in direct contact with the target, i.e. forms

part of the footprint. This results in ovalization of the end of

the cylinder away from the lid.

|

A second result is a load on the lid tending to throw it off the

hcask body and cause tensilo loads in the lid bolts.

The third effect is a' linearly varying load on the cask body caused

by the rotational deceleration. This type of loading results in

bending of the cask body as a beam. An analysis of the cask as a

beam under a uniformly distributed load is ptesented in Section '

,

4A.5.5.6H. A3g load was applied statically to the cask body

supported at the trunnion locations. The stress due to a 3 g load

is 290 psi. The load distribution due to cask tipping accidents is

not the same. how,ver the effects would not be much different.

Multiplying the 3 g case by the maximum inertia load of 62 g would

yield a bending stress in the cask body of 18000 psi. This is
!approximately one-half the stress in the cylinder due to ovalization

as calculated in Section 4A.S 6.3.Bl. Therefore the effects of this
i

loading condition are less severe than the side drop and no further '

evaluation is precented.

!
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j A. Rya li3 a_t.LgA.J;tL_Cy l i _nd e r a t _ lidAd, |
1 i

This accident causeo a peak deceleration load of 55 g at the lid end

; which acts normal to the cask surface. However this is less than r
< *

| the peak load of 69 g at the lid end due to the slapdown case, j

) Therefore the ovalization of the cask shell (cylinder) and the !

| resulting stresses due to ovalization are less for the tipping case f
] compared to the slapdown case. Since this tipping case is less r

I severe no further evaluation is required.
I !
i i

!
B. Etteet on Lid Bolts _and Lijl

|

There are two effects acting on the lid tending to push or throw it

| ott the cask body (i.e. tensile forces in the lid bolts). There is f,

t a small axial (parallel to cask longitudinal axis) inertia load due !
1

;
j to the internals acting on the lid and the lid weight itself. This

,

j ettect is calculated in Section 4A 5.7.2C, below.
{

1

;I
The load of 55 g acting normal to the cask surface will result in a

,

couple acting on the lid due to its inertia ettect. The etteet is |
| the same as described in Section 4A.5.6.3.B2 and shown in Fig. '

f 4A.5-17. However the magnitude of the tipping case is less than the
rslapdown case, which results in a deceleration load of 69 q. tu !,

order to evaluate this etteet on the lid bolts and lid a '
,

| conservative approach which uses the results of the cask center of
! gravity over the corner accident case described in Section
|

| 4A.S.6.1C. In this section it is postulated that the cask can only (
| drop on the bottom corner of the cask. However. for the evaluation !

of the lid bolts and lid it is assumed herein that the cask drops on !
the octner et the lid end. There is no other accident condition
which is postulated that would cause greater load on the lid bolts
and lid for the design of the TN-24.

I

The results as presented in Section 4A.5.6.3C and shown in Fig. I
i

4A.5-18 are used except the lateral. G load is 69 9 rather than |g.
9.7 g. The 69 9 value is the maximum lateral deceleration load of
any of the accident cases evaluated. Again this is to provide a

neasure of conservatism. The axial load value used is 25.? q.

I
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The system of loads acting on the cask are shown in Fig. 4A.5-21.
The system of loads projected onto the lid are shown in Fig.
4A.5-22. Also shown is the reaction losd at the cask interface and
the pivot point. O. for analysis of lid rotation. Fig. 4A.5-23

shows the lid bolt loads resisting rotation of the lid about pivot

point O The bolt load varies uniformly from pivot point. O. to
,

the bolt farthest from O.

The moment acting on the lid about pivot point. O. due to the

inertia load is calculated as follows:

x 25.2 x RW x 25.2 x RT*Wb TM; 3
-

+W x 69 xa+P xR
T

Where

Total moment about pivot point, in-lbM -

Weight of internalsW =

17372 x 36000.

53372 lb=

Weight of lid. 11624 lbW =

Internal pressure loadP =
3

p + A = 250 x .785 x 63=

780000 lb-

Distance from center of lid to pivot pointR =
T

36.875 in,-

a - Moment arm of lid inertia load. W in..

1 in, j=

|
,

There! ore

I

(53372 x 25.2 x 36.875) + (11624 ? 25.2 x 3b.675) |M -

+ (11624 x 69 x 1) + (780.0 W. 675; !

49.8 x 10 + 10.8 x 10-

'
+ 0.80 x 10 + 28.76 x 1C

90.16 x 10 in-lb ]-

,
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This mcmont is reduced by the effect of the preload on the lid
O)( bolts. The moment due to preload is calculated as follows:

M n,B R*-

Tp

Where

M = moment due to bolt preload, in-lb
p

number of bolts, 48n =

F = preload per bolt
B

A x S,.
g
stress area bolt xS=

1.492 x 25000=

37300 lb.=

distance from center of lid to pivot pointR =
T

36.875 in.; =

Therefore

(
M 48 x 37300 x 36.875=

p
6

1 66 x 10 in-lb.=
l

I The increaso in bolt load due to the inertia g loads is due to the '

! difference between M and M which isg p ;

i
i M =H -M
! T I p ,

6 6 i
; M = 90.16 x 10 - 66 x 10T |

24.16 x 10 in-lbs.
'

=

i

f The lid bolts resist the above moment which tends to unseat the lid
from the seals. The lid bolt loads are proportional to the distance

from the pivot Folnt. O. The resisting moment, K. applied by thep
bolts about point 0 is obtained from the following expressions.

) Refer to Fig. 4A.5-24 for terminology.

O
: H, ,,, , , , . 2 ,,1 ,,, 2,,, ,,,= . . ...

:
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And FBI "FBO IBl
h

I BO

Where

1 e c., are the distances between the pivot point O
B0' Bl.
and the bolt centerlines.

Therefore the moment. M. can be expressed in general terms ao
p

follows:

N= 23
+ 2 [ (R+R Cos 0+b)2Ma Pao (2R+b2)

N=1
2R+b

Substituting yields

1230 FM =
g BO

Equating M and M yields F fR T BO

6
19640 lb.FBo 24,16 x 10 -

1230

in the bolt is:The direct axial stress, o,.

Oa "IBO
AB

I
'

Where

bolt area. 1.492 in.A -g

13200 psica = 19610 =

1.492
l

The bending stress in the lid flange, i.e. outer reduced thickness ;

portion (3.5 in, and 3.28 in, at seal) is obtained as follows:

6Mbob =

-5
t-
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! :
1 r

i

!i

i !

3.34 F iAnd M =
g

!

{
Where M = edge moment, in-lb/in

!
| F = bolt load per inch of bolt circle circumference (B

) 48 x Fgo ;=
, >

; 6.28 x 35.16 !
1<

i 4270 lb/in=
1 ,

1 '
'

l
Note this assumes the bolt load at each bolt is equal to F

BO' |
However the bolt load varies proportional to the distance from the i,

i pivot point. An equivalent average bolt load per inch of

circumference would be approximately one-half F #
B

a -

F3= 4270/2 2135 lb/in
I t

| l'

| Therefore the bending stress in the outer portion of the lid at the !

) seal is i

|0 \
! ob 6 x 3.34 x 2135 I=

j (3.28)2 i

1 i; ,

,

3980 psi j
=

i !Note: 4200 psi was used for load combinations.

i

C. Effect of Rotational Decelleration on Lid and_L M o_Lil j
,

I
|j Analyses to deter $1ne the dynamic response of the TN-24 under :

t
) various drop and tipping accidents are described in Sections 3.2.11 !

and 3.2.12. The lid loading is directly determined for the

] translational cases by applying quasistatic inertia forces at the
|

CG's of the various components and performing typical static |

solutions to determine interface reactions.
,

|

;O 1
4 1

! ;

| !
n

1
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In the rotational impact cases. '.tects occur. The cases-

where the lid impacts onto the to..etete foundation after a tipping

accident about the bottom are more severe than an impact after

tipping about the cask bottom. Several inertia effects may occur

although probably not at the same time. These effects include:

(1) The centrifugal force required to hold on the lid as the

cask reaches t'.e maximum rotational speed.

(2) The centrifugal force required to hold in the cask contents
at that speed.

(3) The gravitatior.a1 force to keep the lid on and contents in

the cask as the cask reaches the greatest tipping angle,

and finally

(4) The moment required to halt the rotation of the lid as the

hcask is subjected to the highest rotational deceleration,

The three rotational cases that are to be studied are the trunnion
tipping case. the tipover case, and the slapdown case, in the

trunnion tipping case the cask CG drops approximately 115 in, while

it drops 46 in, in the tipover case and 84 in. in the slapdown

case. Therefore, somewhat more potential energy is converted into

rotational energy during the trunnion tipping case than in the other

rotational cases and a higher rotationel speed is developed. Thus

the highest centrifugal forces ((1) and (2)) are developed for this

case. In addition, the greatest tipping angle is developed in this

case so the lid and contents tend to develop the greatest gravity

forces ((3)). The greatest moment to react the rotary inertia force

((4)) is developed in the slapdown case which has the greatest

rotational deceleration,
i

|
If we examine the trunnion tipping case where the CG drops |

approximately 115 in.. we can determine the following numbers:
,

l
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kotational Energy at Impact Change in Potential Energy=

1 1u2Wh =

2

2 2Wh
'

v =

1

Where

h = drop height. 115 in.

| W= load cask weight. 215000 lb.
I 6 2'

I = cask moment of inertia about trunnion. 4.46 x 10 lb. in, sec.

o= cask rotational velocity, rad /see

The centritugal force developed on a particle is:

F=meu

) Where:

w
| m = particle mass. 4. Ib. see.2/in.

distance from pivot pointt =

i !

! The centrifugal torce on the lid which is at a distance of 1 |=

! 155.75 from the pivot point and has a weight, v. of 11620 lb. is: |

i

w 2 W 2Wh
j Flid. centrifugal _ tu t= =

_

9 9 1
;

11620 155.75 2 x 215.000 x 115= x x = 51.905 lb.
366 4.46 x 106

The centrifugal force applied to the lid by the cask contents at

this time is (W 52.850 lb., t = 68.37 in.):=

!

, (~ 52850 x 68.37 x2 x 215.000 x 115 [; ( f, contents-centrifugal __ = 103.800 lb. |
=

386 4.46 x 106
l
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The cask reaches an angle of 26.6 degrees below horizontal for this
case. Therefore the gravitational forces acting on the lid and

contents at this angle, in the direction of the axis of the cask are:

F = gravitati nal = v sina
lid

5200_lb_z11620 sin 26.6 =e

8 0 sin 26.6=
contents-gravitational

23660 lbs=

The greatest rotational acceleration is 175 rad /sec during the

slapdown accident. At the time of peak rotational deceleration, the

lid rotary deceleration is also the 175 rad /see The moment.

required to halt the lid rotation is then:

10"M =
11d

Where:

Moment to hold lid on cask, in. Ib.M -
11d

Lid moment of inertia about point where it pivots on cask.1 =

Ib. in, sec.

0" = Max, rotary acceleration, rad /sec.

The moment of inertia of the lid about its edge where it pivots on

the cask is:

), 2 1 2 2
+ __m t + mH1 __m R=

4 12

Where. R. the lid radius, is 32 in, and the thickness, t. is 11.5 in.
I,

11620 [ 32 11.5 2; , , + 32
l386 4 12
\

f2
38.860 lb. in, sec.=
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""
edge

38.860 x 175 LJ.qbp15_in. I b_t=

it is clear that the totees and moments acting on the lid and lid
bolts are less severe than those calculated in Section 4A.5.7.2B
above.

O

O
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4A 5.7.3 11 ppin g..o LC 1 s K .1$ t o u t_t h e_D o_tj on!

The cask is assumed to be standing vertically and then for some

reason tips and pivots about the outer edge of the bottom (See Fig.
3.2-12. Chapter 5.0). The peak rotational deceleration in 155

rads /sec (0 XXX g/ inch). This translates to a peak deceleration

of 62 g normal to the cask surface at the lid end. These values of
deceleration are determined in Section 3.2.12.1.

Again there are three loading conditions which are evaluated for the
tipping about the base of the cask. They are evaluated, basically,

by comparing the deceleration loads with those of previously
evaluated accidents. The first load is the deceleration load on the
cask which causes ovalization of the cylinder. In this case the

cask body is basically in contact with the target along its entire
length. The maximum deceleration is at the lid end and is 62 q.

This is less than the peak load of 69 9 at the lid end due to the

hslapdown case. Therefore the ovalization of the cask shell
(cylinder) and the resulting stresses due to ovalization are less
for tipping about the cask base compared to the slapdown case.

Therefore no further evaluation is required.

The second effect is composed of two components; (1) the axial load
' on the lid due to its own weight and the internals and (2) the

couple due to the deceleration load normal to the 04sk surface at

the lid. These two components for this tipping case are less severe

than the components evaluated for the tipping about the trunnion
case presented in Section 4A.5.7.2D. Therefore no further

evaluation of this case is required.

The third effect is a linearly varying load on the cask body caused

by the rotational deceleration. The value for this case is 155

rads /see which is greater than the value of 135 rads /see for

tipping about the trunnions. The higher value is used in evaluating

thic effect in E ect ion 4 A. S .7. 20. Therefore no tuttber evaluation
is necessary in t his section.
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4A.S.7.4 Summary of Stresses
,_

]
Stresses induced by the tipping accidents are summarized in Tables

4A.5-20a and 20b.

Th' 06ngential stress, o the longitudinal stress, o the, ,

re''el stress, o and the shear stress, t, are presented.g,

These stresses are combined with other loading conditions acting

simultaneously. The combined tresses, principal stresses and

stress intensities are determined and compared with the allowable

stress intensity values in Section 4.2.

\

V

,

l
l

|

(~S i\-] |
|

|
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4A.S.8 Containment Vessel Stresses Due to Tornado Missile Impact

4A.S.8.1 Introduction

The description of the tornado missile impact analysis for the three

tyF of mi3siles defined in NUREG-0800 (Ref. 6) is provided in

Section 3.2.1.2. For review, these missiles are:

Missile A - massive (1800 kg) high kinetic energy missile

(automobile) that deforms on impact contacting the cask at
a horizontal speed of 35% of the tornado wind speed or 126
mph.

Missile B - rigid missile (125 kg, 8 in. diameter) that

impacts on the cask at a horizontal velocity of 126 mph or

at a vertical velocity of 70% of the horizontal velocity or

88.2 mph.

Missile C - rigid steel one inch diameter sphere that

impacts the cask at the same velocities and orientations as

Missile B.

This section desecibes the analyses performed to determine the

global cask body stresses that could occur during impact of each of

these missiles. Tables 4A.5-21a through 21c summarize the key

stresses for the missiles and cask or!9ntations of interest.

4A.5.8.2 M_e_thod

.I.m pa c t Forces

The i rapa c t analysis for each of the three types vt tornado missiles

is described in Section 3.2.1.2. In that section the magnitudes of

the impact forces from each of the missiles are determined and

general cask stability is evaluated. It was found L ..a t : |
|

|
|
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Missile A, the high kinetic energy missile, cannot cause a vertical
l

cask to tip or fall over nor can it cause a horizontal cask to roll

! from its support cradle. This missile can slide a vertical cask a

short distance (less than two feet). The peak force due to impact1

.I

of this missile is 683,314 lb and the force is applied over a very

large area (3 ft. by 6 ft.) as the missile crushec. The average

contact pressure on this large area is only 266 psi which is well

below the yield stress of the cask material and therefore does not

cause any local damage.

Missile B, the rigid missile, has a lower initial kinetic energy
I than Missile A so that it has less effect on cask stability than

Missile A. However, it does develop a peak contact force of

1,382,000 lb. which is concentrated on an eight in, diameter

"footprint" on the cask. Missile B develops a contact pressure

equal to thq cask body yield stress of 27,300 psi,,

i
Missile C, the one inch steel sphere, impacts on a very localized

area with a peak force of only 11,350 lb. Since there are no small

recessed areas on the cask that are vulnerable to such a missile,

Missile C is trivial (compared to Missiles A and B) and is not

analyzed in any depth.
,

;

Models |
|

Por a vertical cask, Missile A impact as illustrated in Figure

4A.5-25(a) is conservatively assumed to occur on the side of the

cask away from the ends and to be reacted by a three foot high ring
of the cask body cylinder. The automobile is assumed to be upright

with the frone impacting the cask. The impact is represented as a

266 psi pressure on a 3 ft. by 6 ft. projected area on the outside
,

i of the cask, (3 ft. on the cask length and 6 ft. on its diameter).

The pressure loading is balanced by inertial loading of the full

: 360* ring and a quasistatic analysis is performed. The remainder of

( the cask body is conservatively assumed to be ineffective in

resisting this crushing or denting load.,

,

,
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For a horizontal cask. Missile A is assumed to be upright and to

impact near the center of the cask as illustrated ' n Figure.

4A.5-26. The cask is conservatively assumed to be supported in

cradles located near the end of the cask. The section bending and

shear stresses are determined with the cask assumed held at the ends
(simply supported) in rigid supports.

The stresses due to Missile B impact are determined similarly. In

the vertical case (Figure 4A.5-25(b)), the same ring of the cask

body is analyzed for the 1,382,000 lb. load concen* rated on a local
eight in. diameter 3rea. For the horizontal cask, the section

bending and shear stresses are determined as for Missile A. The

Missile B impact force due to a 126 mph impact is also applied at
the center of the cask bottom and the center of the top since the

full horizontal velocity impact can occur on these locations on a

horizontal cask (Missile 7. would apply a smaller force on a larger

area, and is therefore much less critical on the ends.). Plug shear

through (punching shear) due to Missile B is also evaluated on the

cask wall thickness.

4A.S.8.3 Stress Analysis

Missile A - Vertical Cask

As described above, it is assumed that the entire crush loading is

reacted by a 3 ft. long ring section of the cask body and that the

ends do not stiffen the ring. The outer shell and resin are

neglected, however 0 is determined assuming the resin transmits
the load to the cask body. Referring to Figure 4A.5-27(a) and (b):

72 1

Angle 0 -n- sin-1 T'- 47.775 130.5*-

346.4 psi4*i.375 x 266Pressure on cask -=

36.375

Unit load on 36 in, ring of cask =w (load per inch of are long

12.472 lb/in36 x 346.4w . -
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,

;,

The inertial load, w, required to react this impact load in '

() Figure 4A.5-27(c) is '

v2 "W1 2 R sin (n - 0) .2420 wi=
,

2nR
,

3,018 lb/in
| (.2420) (12472)w = >=

2

) (load per in, along circumference)

For all cases in Roark (Ref. 7), Table 17, the moment in the ring at '
4

angle x is:

4

M=M - T R (1 - cos x) +V R sin x + LT |

g g g M
1

1

Substituting to find these parameters for Cases 12 and 13: |
|

12,472 lb/in, R = 36.375 in, 0 - 130.5*Case 12 where w =

. r

i M 504,278 in lb- -
A1

' T,
Ai

-28,893 lb=
,

,

V 0=

LT 9 ( - c s (x - 0)) <x - 0>= , ,

M1 .

'
1

I Case 13 where W, 3,018 lb/in, R = 36.375=
j

m
:

! {
1,996,619 in lb

!
l M =

A2
54,889 lbT '

A2 I
=

,
.

1 V
|

0=
33

-3.993,238 (x sin x + cos x - 1) in lbLT -
M2

i
i

-

Gubstituting ist the moment equaticn ebove, for Cases 12 and 13 and'

i ,

| adding gives a general expression for M as a function of x:
'

i

M = 4,508,438 3,011.062 cos x - 3,993,238 x sin x-

16,502.209 (1 - cos (x - 0)) <x - 0)-

i
!

l 4A-lO7
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Where <x - 0) =0 if x50
1 if x>0<x - 0> -

The maximum absolute value of M occurs
-1,853,302 in lbat x = 98.22' and M , =

Correcting for thickness and curvature using Table 16.1:

for R = 36.375 in and c = t - 4.875 in
2

R = 7.46
c

0.904kk g = 1.099 =

The bending stress in the circumferential direction:

1.099 x6x 1,853,302001 = ki x _6 M =

bt2 36 x (9.75)2

3570 psi=

Similarly o 2936 psi=
00

If we assume a plane strain condition (i.e., that ends of ring do

not warp). the longitudinal stress is u x circumferential stress:

1071 psi.3 x 3570o = =
g

881 psi.3 x 2936o, ==

The shear stress on the end of the ring is negligible. I

|

|

|

|

|
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The shear stress around the loaded area is:O
F 683314 lbT = =

t x circumference 9.75 x 12 (2x3+2x6)

324 psi Again negligibleT =

Missile A - Horizontal Cask
|

!
When the cask is horizontal and simply supported in rigid cradles r

located near the ends of the cask, Missile A impact is illustrated

in Figure 4A.5-26. Longitudinal (beam) bending strecses can be

determined assuming all of the load is reacted at the supports:

Total Force = 683,314 lb.

Load per inch ,of length = w (on 1, the center 72 in.) i

W= 683314 9.490 lb/in=

72

\_ The homent of inertia of the section:
,

= n (OD4 - ID4)I
64

= n (82.54 63 4)
,

41,500,703 in- =

64
:

The maximum bending moment is:
j

; (i-1 |
" " *-

>
,

) = 9490 x 72 [179.5-72' 24,512,670 i n lb !=

) 2 \ 2 4 g

| |

! ;

1

l
,

;

i
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The longitudinal bending stress is then:

673.8 psiob = !_4R = L2_L S12 670)(41.25) =
2

1 1,500,703

Missile B - Vertical Cask

The same ring section described above is analyzed under the impact
from Missile B. It is assumed that the impact force is concentrated

at one point so the complete free body diagram is as illustrated in
Figure 4A.5-27(c). The bending moment in the ring is:

M=M - T R (1 - cosx) +V R sin x + LTg 3 g M

The impact loading is 1,382,000 lb. which is reacted by the inertia
loading of the ring.

6046 lb/in1,382,000W = Load ==

2nR 2nx36.375

2 (6046) (36.375)2 = 3,999,854 in lbMA = wR =

2 2

109,961 lb6046 x 36.375TA = WR ==

~

2 2

VA O

-wR (x sin x + cos x -1)LTM=

-7,999,708 (x sin x + cos x - 1)=

Then:

M = 7,999.708 - 3,999.854 cos x - 7,999,708 x sin x
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.

The maximum moment occurs at x = n:

O
11.999,562 in lbM = >

max
|
,

ik and k are again 1.099 and 0.904
g g ,

'
i

.! :

) The circumferential bending stress is:
'

i ,

' ;

001 = 1.099 x 6._x 11.999.562 = 23,121 psi !

i 36 x (9.75)2
>

19018 psi
|j o0o =

! !
i

| The longitudinal stresses, assuming plane strain, are:

g = .3 x 23,121 = 6,936 psi |
o

1 |

5,705 psi.3 x 19.018c$o
= =

,

The shear stress in the cask around the plug of material loaded by t.

|
|

; the missile contact is:
|1l'

Load 1.382.000 lb -1 = =
'

; nx8 in X t n x 88 x 9.75
'

<

' . )5640 psii =

l
; 1

If the missile penetrated 1.27 in. Anto the wall, the local |
I1 thickness would be decreased to 9.75 - 1.27 = 8.48 in. This would

i
! increase the shear stress, t, to:

1

I 1.382.000 = 6484 psitdamaged wall =
i n x 8 x 8.48
)
i
j

l

! O
i

|
,

: 1
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Missile B could impact on the protective cover and deform it onto

the lid while the cask is in the vertical orientation. However, the

vertical velocity of Missile B is only 70% of the horizontal

velocity. Missile B may strike the cash ends at the full horizontal

velocity when the cask is in the horizontal orientation. Horizontal

impact on the lid as discussed below is therefore a more severe case

than vertical impact on the lid.

Missile B - Horizontal Cask - Side Impact

Again, it is assumed that the cask is horizontal and simply
supported in rigid cradles located near the ends of the cask.
Longitudinal bending stresses are determined assuming the load is
reacted at the supports.

1,382.000 lb.Total Force =

Since the load is assumed to be concentrated at the center, the

bending moment is:

62,017,250 in IbM = EL = Ila 382,000)l179.5) =

4 4

The longitudinal bending stress is:

1704 psiob - MR 62,017,250 x 41.25 -

I 1,500,703

The circumferential stress and shear stress are small. The shear

stress in the wall around the plug of material loaded by the missile

contact is the same as calculated above.

.

O

4A-112



.- -

;

Missile B - Horizontal Cask - Impact on Bottom j
--

As described above, when the cask is horizontal Missile B can impact

on the bottom (or top) at the full horizontal velocity, 126 mph.

This is more severe than Missile A impact on these locations because

the Missile A total force is lower and the Missile A force is also

distributed over a greater area.

An analysis is performed for Missile B impact on the center of the I

bottom plate. The analysis uses the discontinuity analysis

] equations from Section 4A.S. See Figure 4A.5-28(a) for

clarification of force and displacement sign conventions.

Conservatively rewriting the equations for the radial deflection and

rotation of the edge of thC bottom plate and the end of the cask

cylinder (equations loa, 10b, lla, lib) with pressure set to zero:
u

10a'(WL)cyl = 23.0 QL + 1.43 ML
E E

#(OL)cyl = l 43 OL + 0.184 ML lob

E E

11a#(WL) plate = -0.36 OL+ 1.11 ML
E E

#(OL) plate - 1.11 OL - 0.200 ML lib

E E

i

i
'

i

f
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1

1

1

From Roark (Ref. 7), Case 16, Table 24, we have the plate edge

displacements due to application of center force, F as indicatedB,

in Figure 4A.5-28(b):

0 -FB R=

4nD(1+u)

(-0) FR ( t )W 't B==

2/ 8nD (1+u)

Where:

R = 41.25 in.

11.25 in.t -

.3v =

Et3 130.4 ED ==

12(1-u2)
Then: 1

0'
0 -0.01936 FB 1

=

E

W .936 Fu-

is-

|
|

O
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i
.

! The total displacements of the plate are then equal to those of the
'

cylinder. '

23 QL+ 1.43 ML= -8.36 QL+ 1.12 ML+ .109 FB
I E E E E E
|

; 1.43 QL + 0.184 ML = 1.12 QL - 0.200 ML - 0.01936 FB
E E E E E

i
i

Solving these equations:
f

a

j Og. B I
.00398 F

4
,

'
!

M .0539 F=g B

The highest bending stresses are at the center of the bottom plate:
I

i Msimply supported plate = FB (1+v) in Rplate + 1
a 4n Eload
<

. .

= Fg 1 1.3 in 41.25 + 1 . 3 21 FB l=
~

4n 4 )
Netg = Msimply supported plated +ML - QL

.

Netg = .321 FB- .0539 FB- .00398 FB 11.25

1

.2447 F
|

=
B

!
= (.2447)(1.382,000) = 338.192 in Ib/in.

i

i

.|
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l

6M = 6 x 338,192o "Ot at center =r
2 11.252t

16.032 psi-

The shear stress around the plug of material loaded by F s less
B

than the value calculated above for the side of the cask because of
the greater thickness of the bottom.

Missile B - Horizontal Cask - Impact on Top

Missile B may impact on the top or lid of the cask at the full 126

mph horizontal velocity when the cask is stored horizontally. If

the weather protective cover is in place on the cask, finite element

analysis indicates that a significant amount of the missile kinetic

energy is absorbed deforming the cover until it (the cover) contacts

the lid. However, the cover does "bottom out" against the lid and

the missile is assumed to penetrate the lid and apply the full

1,382,000 lb. impact force, calculated above, on the lid (Missile B

frontal area multiplied by cask yield stress).

A quasistatic analysis of the lid is performed for the instant of

time when the missile develops the maximum force as it impacts near

the center of the lid assuming tuat the force is reacted by the cask

at the lid flange. It is assumed that the lid bolts hold the lid

flange against the cask body at the diameter of the bolt circle and

that the force deforms the lid inward so that the inne edge of the

flange is also in contact with the cylinder.

O
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| The overall lid free body diagram is illustrated in Figure

4A.5-29(a). The lid has a thick inner region and a thinner

peripheral support flange. The lid is loaded in the center by force

F due to Missile B impact and is assumed to be held flat at twog
locations on the flange where it is bolted to and bears against the

cask body. A discontinuity analysis is performed for the inner

plate shown in Figure 4A.5-29(b) and the outer flange in Figure

4A.5-29(c). The unknowns from each analysis are the slope, 0, and |
moment, M, at the interface between plate and flange. The slopes !
are equated and the moment is then determined.

The inner plate solution is obtained by superimposing cases 16 and

13a from Table 24 of Roark. (Ref. 7). The resulting equations are:

0 Fgb Mb- -

4nD(1+v) D(1+v)
~

M FB (1+v) in b + 1 - M Lg-center0, 4n .r
-

_

Where:

0 slope at junction between plate and flange=

M = moment at junction between plate and flange

radius at junction between plate and flangeb =

j D plate flexural rigidity=

v - poisson's ratio+

r = radius of loaded region of plate
i M bending moment at centtir of platea

center
1 L constant defined by Roark-

g

1

O
:

4A-117

i
~ . - _ _ _ _ . . _ . - - - _ _ . _ _ _ _ _ _ _ . - - - . _ . _ . _ _ - - _ , _ . . _ _ _ _ . . _ __



The outer ilange solution is obtained by summing cases la and Sa

(each with signs reversed) from Table 24:

Deflection y at radius b is determined:

3
yb - Wa C1 L9 -L3 + Ma C1 La - L h2

|D C7D C7 )
Since this is zero, W can be determined as a function of M.

0 -(Wa ) L9 + Ma L8

DC7DC7

Substituting for W:

'

C1 L8 - L2 L9 L80 = Ma
C7

-( - . >

- L3 C7 C7

\ ,

Where:

O. M. D are as defined above

C, C, L b b are constants detined by Ref. 7.
7 7 2' 8' 9 j

lt we equate slopes from the equations for the inner plate and tim: I

"
flange plate

M= .00007466 Pg

9
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Since P is 1,382.000 lb. M= .00007466 x 1,382.000 = 103.2 in Ib/in.B

Then the moment at the center of the inner plate is:
s

M .294 F - .655 M=
B

i

M, = 406,240 in Ib/in
,

The bending stress at the flange and plate center can then be found:

Ob flange - 6M = 6 x 103.2 = 50 psi :
__

t2 3,52 i

Ob plate center = 6Meenter = 6 x 406,240 = 18430 psi
'

t center 11 52

The shear stress at the flange:

K= FB 1,382,000 1971 psi l= =
,

2ntb 2n x 3.5 x 31.875
t

,

''

If Missile B penetrates the protective cover, it may also partially
penetrate the lid. The maximum depth of penetration of the missile,
ignoring the energy absorbed in deforming the cover, is shown above !
to be 1.27 in. This will not penetrate the 11.50 inch thick lid. i

The flange of the lid is 3.5 in, thick; therefore Missile B will not
,

penetrate the thinnest portion of the containment. The flange is !

backed up by the cask body so shearing out of a plug of material is !

impossible. The shear stress around a plug of lid material loaded
by F is less than the value calculated above for the side of theg
cank because of the greater thickness of the lid.

|

H
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O
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N TABLE 4A.5-2 ;

* |

LIST OF BIJLAARD PARAMETERS

1

Parameter Parameter Parameter !

Symbol Description Value |
|
l

R, Mean radius of shell 36.375 in.

T Wall thickness of shell 9.75 in. |
Y = Rm Shell Parameter 3.731 i

|T

lr Outside radius of attachment 6.30 in.
J

(bolt circle of trunnions

O
6= .875 to Attachment parameter 0.152

R.
:

l

1

l
|

O l
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TABLE 4A.5-3

ATTACHMENT LOADS APPLIES TO CASK BODY

Load Load

Symbol Load Description Magttitude

V Maximum possible longitudinal shear 337.500 lb.
g

V ax tuum p ssible circumf erential shear 337,500 W.
C

M Maximum possible longitudinal moment 2.6 x 10 in.-lb.g

M Maxinum possible circumferential moment 1.3 x 10 in.-1
C

P Radial Load 225.000 lb.

M Torsional Moment 0 in.-lb.
T

O
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TABLE 4A 5-4

STRESS COMPONENTS IN CYLINDER AT TRUNNIONS DUE TO ATTACHMENT LOADS, - - -/s s

_

STRESS (PSI)

LOAD SURFACE CLASSFICATION

CIRCUHF. LONGIT. RADIAL SHEAR

o o o 1

Inner -600 -550 0 0

Radial Lond. P P

Outer -600 -550 0 0

Inner 2500 2300 0 0

Radial Load, P Q

Outer -2500 -2300 0 0

.

Inner 1150 1100 0 0

Circumferential
_ P

s' Homent H Outer 1150 1100 0 0
C

_

Inner 11650 11050 0 0

circumferential Q

Moment. H Outer 11650 11050 0 0

Inner 1250 1100 0 0 |

Longitudinal
_ P

Moment, M Outer 2250 1100 0 0 iL
j

!

Inner 12000 23100 0 0 I

Longitudinal Q__

Homent. ( Outer 12000 13100 0 0

|
Inner 0 0 0 1800 )

Circumferential
_ __ P

Shear, V Outer 0 0 0 1800
C

(O i

V4

Inner 0 0 0 1800 j

Longitudin.nl
_ ___ __ P

'
Shear, V outer 0 0 0 1800

..
|



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I

iTABLE 4A.5-5 O, ,

APPLIED LOADS AT THE OUTER SHELL

CLOSURE PLATE. CONNECTION C0KPARED

TO APPLIED LOADS AT TRUNNION

l

TOTAL OUTER SHELL

APPLIED CLOSURE

LOAD PLATE TRUNNION

._

RADIAL

LOAD

P (1b) 11,530 225,000

0
LONGITUDINAL

SHEAR

V (1b) 31,030 337,500
g

LONGITUDI t'AL

MOMENT

g (in-lb) 178.750 2,6 x 10

(1) This moment is distributed around the entire cask body

while the moment at the ttmnnion is concentrated locally.

9
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I

; !

i
TABLE 4A.5-6a

. STRESS COMPONENTS IN CYLINDER AT JUNCTION WITH BOTTOM PLATE f
1 t
t :

I

i
j i

STRESS (PSI) [
'

:.

; LOAD SURFACE CLASSFICAT10W j_

<

.| "t 1 r I
# *

j l
i

I
! Inner 950 350 -250 0 I'

I

] Internal Pressure P, |
! Outer 700 350 0 0 i

! !
; .

Discontinuity Inner -610 +2230 0 350 j;

Effects of P +P
b

Internal Pressure outer -730 -2230 0 350 ;,

,' i
;- . _ _ - .

Handling Acting Inner 0 0 0 0 i,

1 -

as Equivlanet I----

fI Pressure Outer 0 0 0 0 -

i ,

| !

| Discontinuity Inner 125 +710 -81 150
:

{
Effects of P +P

b
Handling outer -300 -710 0 150 |

i

i
I,

; Discontinuity Inner -3430 -290 0 560 [2

,

j Effects Due to Q [
.

1 Differential Outer -3260 +290 0 560 i

Th11IL4LIEEinsioft ,

| Discontinuity Inner -2550 -1430 0 200 f
1 Effects Due to
|

Q |

j Thermal Gradient Outer -1690 +1430 0 200

i Astu L_cyllitaee g li :
i

i .
'

f

;

!
i ;
i 1
.

i

1
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TABLE 4A.5-6 |

(CONTINUED)

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o a 1

_ _ _-

Discontinuity Inner -470 -2700 0 320

Effects Due to Q

Thennal Gradient Outer 1150 2700 0 320

Across Bottom Plate

Discontinuity Inner -130 575 0 0

Effects Due to _

_
Q

Thern.al Axial Outer -470 -575 0 0

Gradient ir. Cylinder

Local Effects Inner -850 -650 0 1800

From Trunnion P +P
b

Loads Outer -850 -550 0 1800

__

Local Effects Inner 4500 5400 0 1800

From Tnannion , Q j

Loads Outer -4500 -5400 0 1800

0
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fe] TABLE 4A.5-7

k) STRESS COMPONENTS IN BOTTOM PLATE AT JUNCTION WITH CYLINDER

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o 1
g

Inner -1565 -250 -535 400

Internal Pressure P
_

Outer 1565 0 535 400

Discontinuity Inner 435 0 435 400

Effects of P

Internal Pressure Outer -990 0 -990 400

Handlins Acting Inner -510 -61 -170 150

/]7
as Equivlanet P

t L
Pressure 0;ter +510 0 170 150

Discontinuity Inner 220 0 220 150

Effects of P

Handling Outer -360 0 -360 150

.-

Discontinuity Inner 1600 0 1600 0 |

| Effects Due to Q

Differential Outet -700 0 -700 0

Thttra LKxpanigp

Discontinuity Inner -370 0 -370 0

Effectc Due to Q

Thetwal Gradient Outer +380 0 +380 0

Ac t98 r__QyJ_ind e r_W 11
__

_

i
O

i

I

i
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TABLE 4A.5-7

(CONTINUED)

_ _

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o a 1

.

Discontinuity Inner -835 0 -835 0

Effects Due to Q

Thetual Gradient Outer 1350 0 1350 0

Across Bottom Plate

Discontinuity Inner -1620 0 -1620 0

Effects Due to , Q

Thetml Axial Outer 1300 0 1300 0

Cradient in cylinder

Thermal Radial Inner -2090 0 0 0

Gradient in Q

Bottom Plate Outer -2090 0 0 0

_ _ _

'

l

i
,

|
|

I

i

1

e1
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_ _______ _

p TABLE 4A.5-8

STRESS COMPONENTS IN BOTTOM PLATE AT CENTER

STRESS (PSI)
LOAD SURFACE

_

_ _ _ _ , CLASSFICATION
o a o s

Inner -2960 -250 -2960 0

Internal Pressure P

Outer 2960 0 2960 0

Discontinuity Inner 435 0 4s3 0

Effects of
P

Internal Pressure Outer -990 0 -990 0

.

Handling Acting Inner -960 0 -960 0
as Equivlanet

P
d Pressure Outer 960 0 960 0

___

Discontinuity Inner 220 0 220 0

Effects of
P

L :Handling Outer -360 0 -360 0 |
- - - -

Discontinuit/ Inner 1600 0 1600 0
Effects Due to

Q_ _ _ _ _

Differential Outer -700 0 -700 0

ThM7a LExnanrd 9n _
Discontinuity Inner 370 0 -370 0

Ef(cets Due to
_ _ _ _ _ _ _ _ _ _ Q

Therv.a1 Cradient Outer 380 0 380 0

Mtoes_Cylindet w411

| 4A-129
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TABLE 4A.5-8

(CONTINUED)

.-

STRESS (PSI)

LOAD SURFACE Cl. ASS FIC ATION

o o a 1

Discontinuity Inner -835 0 -835 0

Effects Due to Q

Thermal Gradient Outer 1350 0 1350 0

Across Bottom Plate

.

Discontinuity Inner -1620 0 -1620 0

Effects Due to Q

Themal Axis 1 Outer 1300 0 1300 0

Gradient in cylinder

Themal Radial Inner 1040 0 1040 0

Gradient in Q

Bottom Plate Outer 1040 0 1040 0

_ _ _ _ _ . _ _ _ _
,

|
|
1

l

i

4A-130
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TABLE 4A.5-9
's MATERIAL PROPERTIES USED FOR THE CASK LID AND CYLINDRICAL SHELL

SA-350 Gr. LF1

T'F RT 100 200 250 300 350 400

.

Su (ksi) to 60 60 60 60 60 60

|
_ _

Sy (ksi) 30 30 27.3 26.6 26.8 25.7

.

Sm (ksi) 20 18.3 17.7 17.2

ox10' in/in/F 5.53 5.89 6.09 6.26 6.43 6.61
1

Ex10 lb/in 29.5 28.8 28.3 27.7

O
MAir. RIAL PROPERTIES USED FOR THE BOLTS

!

SA-320 Ct. L43
:

1

Su (kal) 125 125 118 114 111.5 109 |
|

L

Sy (ksi) 105 105 99 95.7 93.F 91.8 !

,

Sm (ksi) 35 33 31.9 30.6

ax10~ in/in/F 6.27 6.54 6A5 6.78 6.88 6.08

'
~

t 2
|Ex10 lb/in 29.7 29.0 28.5 27.9
l

, _ _ _ _ _ - -

!
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TABLE 4A.5-10

STRESS COMPONENTS IN LID AT CENTER

-- __

STRESS (PSI)

LnAD SUFFACE CLASSFICATION

o o o t

Inner -1030 0 -1030 0

Bolt Preload __
P

b
Outer 1030 0 1030 0

- - - -

Inner -3000 -250 -3000 0

Internal Pressure ___

P
b

Outer 3000 0 3000 0

Inne- -970 81 -970 0

PHandling
_

_

Outer 970 0 970 0

Thetml Gradient Inner -905 0 ~405 530

Across Lid _ Q

Thickness Outer 905 0 905 530

-_

Inner 600 0 600 0

Thermal Gradient Q

in Radial Direction Outer 600 s- 600 0

_

Effect of Inner 0 0 0 0

Displac rent and _____ ___

---

Rotation of Outer 0 0 0 0

fylinder at Lid End

O
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n TABLE 4A.5-11

STRESS COMPONENTS IN LID AT STEP IN LID FLANGE

STRESS (PSI)

LOAD SURFACE ,CLASSFICATION___

o o o 1

Inner -11100 0 -11100 1230

Bolt Preload P
b

Outer 11100 0 11100 1230

Inner -6850 -250 -6850 3980

Internal Prescure P
b

Outer 6850 0 6850 3980
<

Inner -2220 -81 -2220 360
'

Fandling p

,

- Outer 2220 0 2220 360
i

) Thental Gradient Inner -9770 0 -9770 1750 '

Across Lid Q
.

_

Thickness Outer 9710 0 9770 1750

Inner -610 0 -610 0

Thermal Gradient o_

in Radial Direction Outer -610 0 -610 0

Effect of Inner 120 0 120 0
,

Displacement and
Q

Rotation of Outer -120 0 -120 0

GJ1tnitt_a LLLa End

:

1
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TABLE 4A.5-12

STRESS COHPONENTS IN LID AT SEAL LOCATION

STRESS (PSI)

CLASSFICATIONLOAD SURFACE __

o o o 1

-

Inner -12950 0 -12950 2660

Bolt Preload P
b

Outer 12950 0 12950 2660

Inner -8000 -250 -8000 1275

Internal Prescure P

Outer 8000 0 8000 1275

Inner -2590 -81 -2590 350

Handling P
b

outer 2590 0 2590 350

Thermal Gradient inner -11400 0 -11400 1890

Across Lid Q

Thickness Outer 11400 0 11400 1890

inner -610 0 610 0

Thermal Gradient Q

in Radial Direction Outer -610 0 -610 0

_

Etfect of Inner 140 0 140 0

Displace.ient and Q

Fotation of Outer -140 0 -140 0

Cy llDd etaLM d_ End._

9

4A-134



- - - - . . . - - - . . - . . . . - . - - _ . . _ - - - . . . . . _ . . _ _ __.-... - - . __-. - . -.___ -. . _ __- _

!

$ i
,

r,

t

I !

| TABLE 4A.5-13 |
|

:
; LID BOLT STRESSES PSI ,

!
l

.

LOAD D1kECT STRESS BENDING STRESS SHEAR STRESS ;

I

l

8900 I! Preload 25000 ---

i
i

l
.

.

I l

f Effect of
* Displacement and --- 22200 1980 !
'

Rotation of I

i Cylinder at Lid End
i

!
i

;O '

i

! t

; Inertia Loads
t ,
i i

| Due to Drop and 13200 '
--- ---

| Tippin6 Accidents
4

i
I |

|
'

i

'

I

I |
; '

|

1 i

!

!

iO
|
|

|
1 |

I I
i 1
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TABLE 4A.5-14

STRESS COMPONENTS IN CYLINDER AT JUNCTION WITH LIO

STRESS (PSI)

LOAD SUkFACE CLASSFICATION

o a o i

_.

Inner 320 1080 0 0

PBolt Preload _

Outer -320 -1080 0 0

-
__

Inner 950 350 -250 0

Internal Pressure P

Outer 100 350 0 0

_ _ _ _ .

Inner 0 0 0 0

Handlinr, ---

Outer 0 0 0 0

-_

Thermal Gradient Inner -4750 0 0 0

Across Cylinder
_ Q

Wall Outer 4750 0 0 0

Thern41 Axial Inner 0 0 0 0

Gradient in _

---

Cylinder Outer 0 0 0 0

Effects of Inner 1140 -1670 0 170

Displacement and
__ _ Q ;

kotation of Outer 2140 1670 0 170

CIM nder_at_Ltd End

O\'

,

I |
|

i
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TABLE 4A.5-15

v STRESS COMPONENTS IN CYLINDER AWAY FROM THE ENDS

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o 1

Inner 0 0 0 0

Bolt Preload
_

---
'

Outer 0 0 0 0

.

Inner 950 350 -250 0

Internal Pressure P,
Outer 700 350 0 0

'

Inner 0 0 0 0

Q Handling ---

Outer 0 0 0 0

Thermal Gradient Inner -3660 -3660 0 0

1 Aeroes Cylinder Q
I Wall Outer 3660 3660 0 0

Thermal Axial Inner -190 630 0 0

1 Gradient in Q

Cylinder Outer 190 630 0 0i

Effects of Inner 0 0 0 0

|
Displacement and ..

I kotation of Outer 0 0 0 0

Cylindtr_at_ Lid End
J

,

1

, \b
,

f
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!
,

4.

4

TABLE 4A.5-16

!
l

|
.

1

1

;

' DELETED
i
i

41

I

I

i

1

i

i

I

|

j 1
> ,

I

I

| t

|
8

1

1
'

<

i

S:

,

i !

!

I, i
,

I

i

1
,

6

:
!
d

,

l
.

1
1
1

4

l,

|

!
i

I

4

1

|

i
l

Oi

*
:
i
!

i
i

1
.

1 4A-138
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IV) TABLE 4A.5-17

STRESS COMPONENTS IN CYLINDER DUE TO DISTRIBUTED LOADS

STRESS (PSI)
LOAD SURFACE CLASSFICATION

o o o 1

Dietributed Load Inner 90 290 0 0 P

Maximum Effect of

Wind. Water. Weight Outer 90 290 0 0 P
m

and Handling (1)

( Distributed Load Inner 0 290 0 0

Maximum Effect of P
b

Wind. Water, Weight Outer 0 290 0 0

and Hano.ing (2)

-.
.

(1) Axial Load inducing P/t. Stresses

(2) Bending Load inducing 14e Stresses
I

(3) These stresses are added to those of Tables 4A.5-14 through 4A,5-16
i

)

|

I

(3
\-)

|
1

4

4A-139 |
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TABLE 4A.5-18a

STRESS COMPONENTS DUE TO 8 FT, VERTICAL DROP

CYLINDER AT JUNCTION WITH BOMOH PLATE

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o i

Inertia Loads Inner -1930 -6440 0 0

Acting as _ P,
Equivalent Pressure Outer -19.10 -6440 0 0

Discontinuity Inner -3435 -19750 0 2360

Effects of -

P +P

Equivalent Pressure Outer 8410 19750 0 2360

f rom Inertia 1,oads

O,
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TABLE 4A.5-18b

Q' STRESS COMPONENTS DUE TO 8 FT. VERTICAL DROP

BOTT0H PLATE AT JUNCTION WITH CYLINDER

STRESS (PSI)
LOAD SURFACE CLASSFICATION

o a o 1

Inertia Loads Inner -14150 -6440 -4840 5600

Acting as P +P
b

Equivalent Pressure Outer 14150 -4000 4840 5600

!

Discontinuity Inner -6125 0 -6125 0

Effects of P +P
Equivalent Pressure Outer 9950 0 9950 0 [

from Inertia LoadsO,
enemmum-

4

1

l

,

,

.

.(

| r

'
!

i

|

,

,
.

I

i 4A-141
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TABLE 4A.5-18e

STRESS C0KPONENTS DUE TO 8 FT. VERTICAL DROP

BOTTOM PLATE AT CENTER

__

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o i

Inertia Loads Inner -26760 -17AO -26760 0

Acting as P +P

Equl/alent Pressure Outer 26760 -4000 26760 0

Discontinuity Inner -6125 0 -6125 0

Effects of P +P
b

Equivalent Pressure Outer 9950 0 9950 0

from Inertia Loads

P

,

!
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|
|

TABLE 4A.5-18d !

STRESS COMPONENTS DUE TO 8 FT. VERTICAL DROP

AT SEAL IN LID FLANGE

-.

STRESS (PSI) |
LOAD SURFACE CLASSFICATION

o # *
t i r

Inertia Loads Inner 9820 -2150 9820 1600

Acting at Lid pL+pb
F1ance - Cylinder Outer -9820 0 -9820 1600

Interface

O

.

i

I

,

,

,

[

,

|
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_ _ _ _ _ _ . .

|

TABLE 4A.5-18e

STRESS COKPONENTS DUE TO 8 FT. VERTICAL DROP

CENTRAL PORTION AT STEP IN LID

|

l

1

1

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o 1

Inertia Loads Int.c c 835 0 835 470

Acting at Lid P +P

Flange - Cylinder Outer -835 0 - 8 3 ') 470

Interface

O

O

4A-144
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TABLE 4A.5-19

STRE'JS COMPONENTS DUE TO HORIZONTAL ? FT. DROP

CYLINDER AWAY FROM ENDS
,

STRESS (I'SI)

LOAD SURFACE CLASSFICATION

'
t 1 7

Bending Due to Inner 39490 118'io 0 0

Ovalization P + P4

b_

of Cylinder Outer -39490 -11850 0 0,

!

J

1

4

1
1

l

|

!

1

i
|

i

:

1 !
J

\ \

l
'

.i
1

i i
'

; ;

!
'

? !

,

i

|
|
t
l

I

! !

) 4A-145 I
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TABLE 4A.5-20a

STRESS COMP 014ENTS DUE TO TIPPING ACCIDENTS

AT SEAL IN LTD FLANGE

STRESS (PSI)

LOAD SURFACE _
CLASSFICATION

a o o 1

Inertia Loads Inner -15530 0 -15530 5230

from Lid and P +P
b

Internals Acting Outer 15530 0 15530 5230

on Lid

O

i

1

;
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'TABLC 4A.5-20b

STRESS COMPONENTS DUE TO TIPPINC ACCIDENTS

CENTRAL PORTION AT STEP IN LID ,

, =

STRESS (PSI)

LOAD SURFACE CLASSFICATION

J o o o i
t 1 r

!

)
i

Inertie Loads Inner -1270 0 -1270 1480

from Lid and _ p +p

| Internals Actint, Outer 1270 0 1270 1480
>

t
'

on Lid
1
|

|

!

|
1

i

f

i !

|
'

i

f

I

.

I

1

,

I |
|

|

i
i

l

i '

I
'

:
t
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TABLE 4A.5-21s

STRESS COMPONENTS DUE TO TORNADO MISSILES

CASK IN VERTICAL ORIENTATION - CYLINDER AWAY FROM ENDS

|

_

STRESS (PSI) 1

|

LOAD SURFACE CLASSFICATION ,
_

o a a 1

_

M(s s ![t :,A

Bending, Due to Inner 3570 1070 0 325

Ovalization of P +P

Cylinder Outer 2940 880 -260 325

'

..
.

Hissile B:

Bendinr, Due to Inner 23120 6940 0 6485

P +POvalit tion of
_

Cylinder Outer 19020 5710 -27300 6485

--

O
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TABLE 4A.5-21b
.

I

STRESS COMPONENTS DUE TO TORNADO MISSILES

CASK IN HORIZONTAL ORIENTATION - IMPACT ON CENTER OF CASK

-

STRESS (PSI)

LOAD SURFACE CLASSFICATION
l

8 8 8 Tg 1 p
1

!

l MLtsD*_A1

Cask Bending Inner 1150 1520 0 325
) as Beam

_ _ _ P +P
b

outer 1200 1675 -260 325

.

: Nissile_B:

Cask Bending Inner 1390 11300 0 6485

as Beam P +P
b

outer 1510 11700 -27300 6485

l
i

__

1

;

|

i |
! |'

t

i
I

; 4A-149
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TABLE 4A.5-21c

STRESS COMPONENTS DUE TO TORNAtO MISSILES

CASK IN HORIZONTAL ORIENTATION - IMPACT ON CENTER OF CASK

BODY. LID OR BOTTOM

STRESS (PSI)

LOAD SURFACE CLASSFICATION

o o o t

BoM om-Missile B*

Hissile Force Inner 16030 0 16030 <6485

Acting on Center P +P
b

of Bottom Plate Outer -16030 -27300 -16030 <6485

O
14d-Missile B*

Missile Force Inner 18430 0 18430 <6485

Acting on Center P +P

of Lid Outer -18430 -27300 -18430 <6485

..

1.Ld_F l a nt c- M i s s i l e B

.

Missile Force Inner 50 0 50 1970

P +PActing on Center

of Lid Outer -50 0 50 1970

_ _ _ _ _ _ _ _
_

O
* These stresses are at the center of the botton plate and lid.
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FIGUPE 4A.5-2'

;

SIGN CONVENTION FOR DISCONTINUITY
MOMENTS AND SHEARS AT JUNCTION

OF CYLINDER TO PLATE
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FIGUPE 4A.5-6

LID ELEMENTS IJ;D SIGN CONVENTION
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FIGURE 4A.5-10

MODEL OF LID FOR ANALYSIS OF THERMAL GRADIENT ACROSS
LID THICKNESS
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4A6 STRUCTURAL ANALYSIS OF THE BASKET

4A.6.1 Introduction

This appendix presents the structural analysis of the TN-24 basket.

The basket consists of borated stainless steel plates which are

slotted along the top and bottom edges. When assembled, they

interlock to form an egg crate structure whien has a total height of

161.8 in.

This egg crate structure is designed to provide sufficient

structural rigidity to maintain separation of the fuel assemblies

and a subcritical configuration under the applied loadings. The

deformations and stresses induced in the basket structure due to the

applied loads are determined using the ANSYS computer
"

program The loads are established based on normal handing.

and storage accident conditions. The inertia g loads due to the

fuel aF3emblies are applied to the basket structure as distributed

loads on the plates. A quasistatic stress analysis is then

performed with applied loads in equilibrium with the reactions at

the periphery of the basket.

The calculated stresses in the basket structure are compared with

the stress limits to demonstrate that the established design

criteria are met.

3A16.2 Description

Geomet_ry

The details of the TN-24 basket are shown on drawings 971-005 and

971-006 in Appendix 1A. The basket is constructed of 1.0% borated

stainless steel plates which ato 0.276 in, thick and 16.18 in,

wide. The length of the plates varies from 18.75 in, to 62 in.

hdepending on their location in the cavity. The plates are clotted

on the top and bottom edges at intervals of approximately 9 in. ac

4A-180
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shown in drawing 971-006. The plates interlock by sliding into the

slots in mating plates and, when assembled, form the egg crateO structure which provides 24 compartments each having a cross sectioni

| of 0.7 in. by 8.7 in. to house 24 fuel assemblies.

! Rails are used at the periphery of the basket to provide restraint |

j against bending and buckling at the ends of those plates which have !
j the greatest length beyond the adjacent intersecting plates. The

I basket plates are copper-coated on both surfaces to improve heat

transfer. The copper is not considered to have load carrying

: capability for structural analysis.
,

t

!

Weicht-

i

A conservativo value of 1550 lb is assumed for the fuel assembly
weight. Each assem'uly is supported by ten plates. In addition to

| the fuel assembly weight, the weight of the basket structure is

] included in the analysis. !
|

Temperature

|

A thermal analysis was conducted to obtain a steady-state I

I temperature distribution for the basket structure. The results of
this analysis are presented in Section 5.1.3.6.

:

j 3A.6.3 M11311a1 Properties and_Desian Criteria

I
>Materiaj Properl_tes
|
,

i
| The material properties of the 1.01 borated stainless steel plates !
<

I
| are taken from Reference 10. The elevated temperature properties |

not available in this reference are obtained by extrapolating
' stainless steel properties found in the ASME Code Section Ill !

j Appendices The material properties used in the analysis are.

listed in Table 4A.6-1. A stress-strain curve was established based
() on this table and is chown on Figure 4A.6-1.

{
i

!
: !

! i
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The basket structure is designed to provide a minimum nominal gap of

1/8 in, between the fuel assembly and the inside surfaces of the

compartment walls. The compartment wall (the plate) thickness is

determined to meet heat transfer, nuclear criticality, and

structural requirements. The basket structure must provide

sufficient rigidity to maincain a suberitical condition under the

applied loads while providing sufficient area to transfer heat

without exceeding fuel cladding temperature limits.

The minimum mechanical properties for the borated stainless steel at

650*F are used to establish quantitative acceptance criteria for

comparison with analysis results. Under normal handling conditions,

the primary membrane stress and the primary membrane plus bending

stress are limited to 67% of the minimum yield strength and 100% of

the minimum yield strength, respectively, at any location in the

basket. During accident conditions, the primary membrane stress is

limited to 70% of the minimum ultimate strength. The membrane plus |h
bending stress is limited to 90% of the ultimate strength. The
maximum local strain at any slot location is limited to 50% of the

ductility of the material (local strain limit 0.5 x minimum=

ductility = 0.5 x 20% 10%).=

AA 6.4 Loading Conditions

The loading conditions considered in the evaluation of the fuel

basket consist of inertial loads resulting from normal handling and !
hypothetical accident drops and thermal loads. The inertial loads

of significance for the basket analysis are those transverse to the

cask and basket structure longitudinal axes, so that the loading

from the fuel assemblies is applied normal to the basket plates and j
t.ransferred to the cask wall by the basket. The inettial loading !

analysis is described in detail in Sections 4A.6.5 and 4A.6.6 below.

4A-182
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The effect of thermal loads on the fuel basket is evaluated by

calculating the thermal expansion of the basket plates in comparison i

lO to the sp :e available in the cask cavity to accommodate the thermal |
expansion. Drawing 971-006 shows the five different plate typen {

'

(L1 - LS) which make up the basket structure. The dimensions shown
'

are room temperature values. The maximum basket plate temperatures

; under hot conditions from Section 5.1.3.6 are used to calculate

thermal expansion. The primary parameters used in this analysis and ,

the resulting calculated minimum gaps are summarized in Table

) 4A.6-2. In all cases it is shown that sufficient gap exists between {
the plate ends and the cask cavity wall to permit free, unrestrained

!thermal expansion of the basket plates. Therefore, no thermally

; induced stresses need be included in the fuel basket analysis.

[

4A.6.5 EyeJ_Sasket Plate panel Analysis !
t :
'

t

An elastic-plastic structural analysis of the fuel basket is |
performed using the ANSYS computer program. The basket plate !

assembly is a redundant structure assembled from many similar !

interlocking plates. It is impractical to model even a single {
j transverse slice or layer of basket plates using a three-dimensional f

finite element model with plate or shell elements. Tnerefore, the i,

analysis of the TN-24 fuel basket is conducted by developing a frame [
. ,

'

model of a slice of one layer of basket plates. The elements used i

i in the model to represent the plates are beams which vary in width f
since there are slots in the plates which reduce the width of the !

)plates where they intersect. The plate panel spanning one !i

| compartment between the centers of intersecting plates is divided f
iinto a number of beam elements so that this variable width can be |

: modeled properly. The two outer end beams are givea the actual [
!

t

; width of the plate at the slots, 8.08 in. |

.i

u!
!
!

:

i

I

i i
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The central portion of the plate between slots is not fully

effective in resisting normal loads because the overhanging tabs of ,

material beyond the slots are cantilevered from the center region of
the plate rather than supported at the ends. The equivalent width

in this region is determined using two ANSYS finite element models:
(1) a detailed 3D shell model of a plate panel, shown in Figure
iA.6-2, and (2) a simple beam model of the same plate panel, shown
in Figure 4A.6-3. The two models are run for the same loads and
boundary conditions. When the input value for the plate width, b,

in the beam model is the actual value of 16.18 in., the stress,

strain and displacement results are significantly less than those

from the detailed shell model. The beam model plate width is varied

until the results agree with those from the shell model. The

effective width of plate, b, in Figute 4A.6-3, that satisfactoilly

reproduces the panel behavior determined from the shell model is
found to be 75% of the actual plate width. The:efore, the width of

the beam elements representing the unslotted portions of the plates

in the frame model of the overall basket structure described below
is 0.75 x 16.18 in. or 12.135 in.

3A.6.6 Fuel Basket Frame Analysis

4A.6.6.1 ANSY' Model

This section describes the nonlinear frame analysis performed for a

load orientation perpendicular to the plates of the basket. Results

are presented for a 3g inertial loading due to the normal handling

condition and for a 75 g loading due to the most severe accident

condition. This 90 degree load orienta tion has been f ound (in

analyses of previous designs) to be the critical orientation as

stresses due to loadingc at other angles are lower.

The frame model of the banket is comprised of GTIF 23 ,

I

two-dimencional beam elements. These elemento properly model both !

i

the tencile and flexutal stiffnesset of the basket p l .i t e s . Two (

4A-184
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different element widths are used; the actual plate width of 8.08

in. is used in the sivtted regions and an equivalent width of 12.135O in. in the unslotted center regions. A typical frame compartment

model with details of the beam span and real constants (section

properties) is presented in Figure 4A.6-4.

Since the basket structure and the loading are symmetric, only

one-half of the basket is modeled. Five nodes and four elements are

used to define each of the horizontal and vertical plates that form

the fuel compartments. In order to model the slotted connection at
the intersections of the horizontal and vertical plates, two nodes

(one in each plate) are used at each intersection. These two nodes

have the same coordinates and are coupled in the X and Y directions,

but their rotations are not coupled. The finite element model of

the basket is shown in Figure 4A.6-5.

4A.6.6.2 Boundary Conditions, Loading and Assumptions

() The boundary condition at each point of contact between the basket

Plates and the containment vessel cavity depends on the direction of

the applied inertia load. As the basket is forced in a particular

lateral direction, it separates from the cask Vall on one side and

reacts against the wall on the other side. At the locations where

the basket loses contact with the wall, no restraint or support is

provided in the model. -For vertical inertial loading on a

horizontal cask and basket, contact is lost between the basket and

cass wall at the top nalf of the structure except at the rails which

provide local vertical support to the horizontal plates and

horizontal support to the vertical plates. In the bottom half of

the model, the calls also provide support to the vertical plates in

the vertical direction. The boundary conditions are shown on Figure

4A.6-6.

; O
,

I

|
i
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The maximum transverse containment vessel and basket decelerations for
the normal handling and accident conditions are 3 g and 75 g,

resrectively. The inertial loads applied to the plate panels as the

plates deflect away from the fuel assemblies shift to tho outer slot-
ted portions of the panels. Therefore, the loading is assumed to vary

linearly from the edges of each panel to the center as represented by
the triangular transverse loading shown on Figure 4A.6-7. A nonlinear

iterative analysis of the basket frame model is petformed since the
basket structure is redundant and the support is indeterminant without
considering deflections. The total load is applied in small steps,

and an actual increasing load history is followed. During each of the

steps sufficient iterations r.re allowed for proper coavergence.

4A.6.6.3 Results

The maximum stresses, strains, and deflections at the slotted and

central basket plate regions are summarized for the two loading cases
in Table 4A.6-3. The maximum stresses for the normal handling and

accident conditions are presented in Figurea 4A.6-8 to 11.

Based on the results of this analysis, it is concluded that:

1. The maximum stresses, both in the slotted (4,380 psi) and central

(2,970 psi) regions of the plates, are below the material yield

strength (25,840 psi) during the 3 g normal handling condition.

2. During the accident (drop) condition, the maximum stress in the
slotted region for 75 g is 47,700 psi and in the central region of

the plate is 39,500 psi. Both of these stresses are below the

allowable stress (0.9 xS = 67,312 psi). The maximum strain of
y

0.0927 in/in. occurs at the slot and is less than the criteria
which is 0.100 (i.e. 0.5 x 20\ strain), it should be noted that

these high strains and stresses are at the surface of the plates

and are much lower through the thickness (See Figs. 4A.6-10 and

4A 6-11). Also, the allowable values of stress are taken at 650'F

and the plates with the highest stresses are at the periphery

where temperatures are lower. |
|

|
.

l
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I3. The maximum dieflections occur in plates at the periphery of theO basker. Deflection in plates in the remainder of the basket are

considerably less. The plates deflect in the same direction

therefore the relative spacing between fuel assemblies remains

appr<uimately the same,

4. The basket plate is structurally adequate under these loads. The

plates will remain in place and maintain separation of adjacent

fuel assemblies.

O ,

O
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TABLE 4A.6-1

MATERIAL PROPERTIES FOR TN-24 BASKET

Temperature Ultimate Strength Yield Strength Modulus of Thermal poisson's

(*F) (psi) (psi) Elasticity Expansion Ration

(psi x 10 ) in./in./* F

1.0% 1.0% 1.0% 1.0%

Borated 304 Borased 304 torated 304 Borated

SS SS SS SS SS SS SS

.- -

75 92,500 70,000 42,500 25,000 31.94 28.3 8.71 x 10 0.

212 - - - 21,000 31.1* 27.5 e.71 x 10 0.006

650 74,792 56,600 25,840 15,200 28.3* 25.05 9.28 x to 0.306

* Exttapolated Value

NOTE: The extrapolated values in the above table, are based on the assumption
that the variation of the 1.0L borated S.S. properties with t. .nperature.

is the same as that for 304 S.S.

9
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TABLE 4A.6-2
i !

|
j BASKET PLATE THERMAL EXPANSION CALCULATION SUMMARY
i .

!
' '

l
l'
.

,

! I
i

'
i

BASKET PLATE CAVITY DIMENSION CLEARANCE I
,,_

PLATE LENGTH AT AVG. LENGTH AT AVAILABLE AT AT EACH END
, .

! NO. ROOM TEMP (in) TEMP (*F) TEMP (in.) TEMP (in) AT TEMP (in) |
| |
. 6

| |

.

L-1 62.00 498 62.246 62.25 0.002

|
t

1 L-2 58.71 566 58.98 60.316 0.668
f .I
i

|
-

1 .

g L-3 45.00 490 45.175 45.35 0.088 t

i
,

|| ?

I L-4 18.75 424 18.81 24.9 3.04 l
i.

1 !

,! ;- _ _ . _ _

a

) L-5 43.30 556 43.395 59.22 7.91 |
,

i t
'

i :

i !

O I
: >

i
i'
I
'

i

i j'
,

l
f

| |
; i

i
f

i !
I i
; r

I 1
> c

i l

P

h
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TABLE 4A.6-3

SUMMARY OF STRESSES STRAINS AND DEFLECTIONS

STRESS / STRAIN / DEFLECTION

LOADING ALLOWABLES MARGIN OF

TYPE MAGNITUDE SAFETY

NOFMAL ,_)LEMB_PANEj S lo t) 8)O (psi) 17312_(psi) 19.85

HANDLING HEMBRANE PLUS

CONDITION __BENQ1NG (Sig_t) 4380 (psi) 25840 (psi) 4.89

(3G) _MA_L_SJ_RAINjS lo t ) 0.000156 (in/in) 0.100 (in/in) lar el

__MEMILPANE (Center) 0 17312 latte _

MEMBRANE PLUS

__D_E_ND.LN G (Center) 2970 (psi) ,25840 (p_si) 7.7

__.MAKu M RAIN (Centerj _0,000105 (in/in) 0.100 (in/in) large
MAX. DEFLECTION

(Center) 0.0052 (in)

ACCIDENT __MEMBEAflEJAlgt) 35100 (psil 52354 (p s_i) 0.49s

CONDITION MEMBRANE PLUS

(75G) __}lEHplHG_(S l ot) 47700 (psi) 67312 (psi) 0.41_

._._ MAX,_ J.IEA_lN_.1Sj o_t ) 0,0927 (in/in) 0 100 (jn/in) 0.08_

__MEMB.RM!E_{ Center) (1110_,(p_ti ) 52.31(p s i) 3.65
MEMBRANE PLUS

___PENOJEGlCenler) 3950pJnsi) 07312_{ psi) 0.7

MAX J FAlN (Center) __0.046 (in/in) 0 100 (in/in) 1.17

MAX. DEFLECTION

(Center) 1.219 (in)

l

O;
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3A.7 STRUCTURAL ANALYSIS OF THE TRUtNIONSJ

This section presents the structural analysis of the trunnions of

the TN-24 storage cask. The trunnions consist of an outer and inner

shoulder, a flange and bolts for attachment to the containment

vessel. The loads acting on the trunnions occur during normal

handling operations. The trunnion structural analyses include the

calculation of attachment bolt stresses, trunnion shoulder and

flange stresses, and contact bearing pressure and friction forces at

the flange-vessel interface. These stresses are compared to the

allowable stress limits of Section 4.2 to assure that the design

criteria are met.

3A.7.1 Description

The trunnions (Fig. 4A.7-1) are stainless steel forgings bolted to

the outer surface of the containment vessel with twelve 1 1/2 inch

diameter bolts on a 12.6 inch diameter bolt circle. The forging and h
bolt materials were selected for their high strength. A 50,000 psi

bolt preload is used.

The trunnions are recessed slightly into the cask body. However, it

is assumed that the transverse shear load is transferred from the
trunnions to the cask body at the interface by friction.

The trunnion shoulders are designed as hollow cylinders to minimize

the inertia g loads that occur during impact since the trunnions

punch holes in the concrete foundation. The impact load is based on

the crushing strength of the concrete and the trunnion section area.

|

O
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I'

!
|

:

f4A.7.2 Materials Input Data

I

| The trunnions are fabricated from SA-564 Type 630 Condition H 1150
t

.

material. The material property data is taken from the Section III, ||

| Appendices of the ASME Boiler and Pressure Vessel Code. The I
i ;

I yield strength of the material is taken at room temperature and

| 300'F. !
i

'

4A.7.3 Applied Loads

i
<

4 t

: The handling loads acting on the trunnions occur during litting, j,

; tilting and transfer operations. The trunnions are designed for a (
: factor of three against yielding and a factor of five against the j

f material ultimate strength as specified by ANSI N14.6 |.

1
'

| The most severe ioads on the trunnions occur for the vertical lift

! which results in the following loads based on three and five times [
the fully loaded weight. These loads are applied at the midlength

; of the outer shoulder as shcyn in Fig. 4A.7-1, The fully loaded
|

weight of the packaging used for the analysis. (including water), is j

j 225.481 lb. The vertical lift is performed with one set of [
j trunnions. Therefore: |
4 i

|
'

2 F,= 3 x 225.481 338.222 lb/ Trunniont .

2

1

or
|! FL. 5 x_22 M 31 563,703 lb/ Trunnion i

i 2
'

| The bending moments and stresses acting at the base of the trunnion

shoulders are given in Table 4A.7-1. The key results at the

j trunnion flange-cask body interface are listed in Table 4A.7-2.

j Yleid and ultimate criteria are met everywhere at both room
I temperature and 300'F.

!O
i

k
1

4A-203
__. _ _ _ _ _ _ _ _ _ _ _ _ ___ _ __. _ _ _ _ _ _ _ _ . _ . . _ . . _



hA handling load case of 1.5 times the weight is also considered,

The bolt proload is selected so that under this loading the flange

does not lose contact bearing pressure with the cask body. This

requires a bolt prestress of 50.000 psi.

4A 7.4 Method of Analysis

4A.7.4.1 Trunnion Shoulders

.

The trunnion support shoulders are analyzed as cantilevered beams.

The trunnion shoulders are concentric hollow cylinders which are

considered fixed at their base. i.e., the outer shoulder is fixed to

the inner shoulder and the inner shoulder is fixed to the flange.

Under some loading conditions, a loss of local contact between the

trunnion flange and the cask body occurs and the contact bearing
pressure locally is zero. However, the bending moments and shear

loads on the hollow shoulder cylinders do not increase or decrease

as a result of this effect.

The maximum bending stress. shear stress and combined stress

intensities are calculated at the base of each hollow cylinder for
the applied loads. The shear stress, t. is calculated using the

following equation:

FLyt = .

2A n (Do _ pg 2)
4

Where V The shear force .F.

D .D Inside and outside-
g

shoulder diameters

at Section A-A or B-E

i

O
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s |
1 I'

i

i i
: |

i
j,

; The bending stress. o, is calculated using the following |g
j equation:

I
: !

| M x Do/2,
_

!gc .

4
| 1 g (Do - Di 4)

64*

,

r

Where M = bending moment at cection A-A or B-B
|

!
'

i The stress intensity. S. is calculated using the following equation:
;

|

2 2 (S = o + 4T
! B
1

| 4A.7.4.2 Trunnion Flange t

i t
'

i

The maximum bending and shear stresses in the trunnion flange occur
in the region outside of the shoulder diameter, i.e. at a distance |

r13.94 in, from the centerline of the trunnions. For r<3.94 in. |!

the reinforcing effect of the shoulder reduces the bending and shear |
; stresses in the flange (Fig. 1A.7-1).
I [
l i

| The free body diagram of Fig. 4A.7-2 shows the forces acting on the
3

flange:
-

,
4

! |i
1) The applied moment Mg

j 2) The bolt preload o

| 3) The max. and min. bearing pressure
!

| I br' Max and ( br) Min
1

l
i

The bolt preload causes an average bearing pressure of:
{

i
!

'

4 nab l
i obe ca- -

T1D2
,

|
! t

|j 4A-205
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1

|

|
|

l
,

h
Where:

bolt stress due to the preloado =
g

N number of bolts=

A bolt stress area=
b

D = outer diameter of flange4

When the moment. M. is applied, if there is no loss of contact,
the bolt stress, o . es e ange, but the bearing pressure

B

varies from a maximum to a minimum:

(obr) Max " 4NA OB + 32 MAb

nD2 393

(obr) Min " 4NA OB - 32 MAb

nD2 393

Loss of contact will not occur if (c )g > 0 or if:

073 > 0MA
NA Ub

Por o 50000 psi. the maxitum moment that ear. be applied-
g

without loss of contact is:

MA < MQR0_x_12_x_ kin _x_Ls ,7 5 1.762.425 in-lb-

8

9
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-

'

I
l
i

!
'

t

| Hence, in both the 3 g and 5 g cases some loss of contact will |
occur. The bending moment. M. and the shear force. V, acting on the f
flange cross section at a distance 1 2 3.94 in from the flange I

centerline consist of the sum of three pairs of components: the

j first. M and V . are due to the bearing pressure; the second;
|y y

|
M and V , are due to the bolt loads; and the third. M and |2 2 3
V are due to the applied moment. The net moment and shear force

3

|
can be calculated by conservatively summing the force and moment j

; sets shown on the free body diagram. Fig. 4A.7-2 and/or 4A.7-3. At |
'

Gection 1 the bending and shear stresses in the flange are then j

calculated: !;

] o = MC 6(Mt+M2*M)3
'

I e -1/2
2 2, x g2 2 1 2 3.94 in.

g

! i- -

i t v (vi + v2 v3)+

f
' 'A - -1/2

2 22 A t
' -

g

) i- -

I iThe maximum stress in the flange occurs at Section C-C in Fig. j
'

4A.7-4. An upper limit of this stress can be obtained by |
conservatively assuming that the resultant trunnion / vessel bearing I

force. V. is concentrated at point C and determining the moment
about Section C-C due to V.

The cotabined stress intensity in the flange is then:
'

4
-

| '. 4,2 i.. cb

4 ;
1

'

}
;

! l,

O
|

|
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|h4A.7.1.3 Trunnion Bolts

Twelve 1.5 inch diameter bolts attach the trunnions to the cask.
Trunnion bolt stresses result from preload, residual torque, bending
ahd shear.

The bolts are preloaded to 50.000 psi.

The residual preload torsional shear stress is:

T r/J 23.787 psit = =
R g

Where T the residual torque=
R

.5625 (.2Do A- "
'gB

A 9 sq. in,= area = ,

B
preload stress 50000 psio -g

D nominal bolt diameter. 1.5 in.=

J .3964 in,-

.75 in.r -

The loads due to lifting result in a bending moment and shear load

at the flange-cask interface. The maximum bending moment is
7.67F where F is the applied load. The bending moments forg g
the various load cases are given in Table 4A.7-2.

The applied bending moment is reacted by the bolts and the bearing
pressure at the interface between the flange and cask body as shown
in Fig. 4A 7-3. The upper limit of the bearing pressure at the cask

body-flange interface is the yield value of the cask body material
(c 37.500 psi). Using this upper limit for the bearing-

y
pressure with a linear variation as shown in Fig. 4A.7-3 the

resultant bearing force is located near point D indicated on Fiqure
4A.7-4. Taking point D as the pivot point and equating the moment
of the bolt torces about D to the applied monent. M. yields:
(Fig. 4A.7-4)

4A-208
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Bolt Force Distance from D Moment About D
r
I
\ F =F #

B o

F1=FB f + [-cos 0 (r + r cos 0) (r + r cos 0) Ft
2r

F2F3 I + t_q.pA_1Q (c + r cos 20) (c + r cos 20) F2
2r

F5-F3 r + r eqt_kQ (r + r cos 50) (r + r cos 50) F5
2r

Or in terms of the load in the highest loaded bolt:

5

MA={B (2r)2 + 2 E (r + r ecs n0)2 ' 56.70 FB=

2r n=1
, ,

The maximum force in the bolt is:

,

'
Fg - MA

56.70

And the stress is:

I og = Fu
i

Ab
i

|

For the 1.5 W and 3.0 W load cases the maximum tensile stress does
j not exceed the preload stress. Therefore the maximum bolt tensile
! stress is the preload. |
1

|

The bolt tensile stresses thus calculated are reported in Table
! 4A.7-2.

i

!
1

[^*t '

V
1'

4
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|
!

!

l

1
1

The shear load at the flangu-cask interface is equal to the lifting
h

load. Part of this shear load is transferred to the cask by
friction and the remtindet is taken by the bolts. The frictional
force that can be developed between the flange and vessel wall is:

V pNA=
BB

Where u coefficient of feiction between flange and vessel-

wall, .45

N number of bolts.

A bolt afea, sq. in.ag

average bolt stress, psio .g

For the 1.5 W and 3.0 W cases, V exc eds e appl e shear load,I
and the bolts are not loaded in shear. For the 5.0 W case, the

frictional force V is 403.6 kips, but the applied load is 563.7g

kips. The remaining shear load is taken by the bolts. The shear
stress in the bolts to react the applied load is:

O
TB - 563.700 - 403.60.9 = 7550 psi

12Asg

Where A is the shoulder area, 1.767 in.gg

The maximum stress intensity in the bolts is:

S ,oB + 4 (Tb + TR).

The maximum bearing pressure on the cask body is:

4NAh CD 32 Ma(obr) max" ,

nD nD
l

1For the 5W load case, the maximum bearing pressure is the yield
strength of the cask material. 37,500 pai, I

|

|

|
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i I

1 j

} .4 A . 7 . 5 Analysis Results |

|

4A.7.5.1 Trunnion Shoulders |

The maximum shear, bending stress and stress intensities at the base

. of the outer (Section A-A) and inner (Section B-B) shoulders of the |

) trunnions are shown in Table 4A.7-1. For all loads the stress

j intensities are less than the allowable stresses. |
1

l'i ,

'

4A.7.5.2 Trunnion Flange and Bolts,

:

I [

j The loads acting on the trunnion flange and bolts are translated i

I
} into a force and a noment acting on the flange. The analysis

,

| methods described above are used to evaluate the maximum friction |

fforce that will be transmitted across the flange / cask interface, the

bearing stress at the flange / cask body interface, and the bolt

! stress, the bending stress in the flange, the shear stress in the |
} flange, and the resulting stress intensity. The results are (
! tabulated in Table 4A.7-2.

'

1 -

!,C) !
:

i ;

I

!

li

l, !
? I

!,

| \

i |
>

,

f
r
|

'

;

|

J

:
|

4
;

} I

!
l
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_ _ _ _ _ _ .

TABLE 4A.7-1

SUMMARY OF STRESSES IN TRUNNION SilOULDERS

CD11d_1.Lipp IdttJJ1g_L1xW1 t,i(tina 15XW)

Section Section

QMRLl3Y h-A B-D A-A B-B
(1)

Lifting Load F . kips 338.2 338.2 563.7 563.7g

(1)
Dtnilnl.}i?AEAL_ kip _lp _4 L7 1397 778 2328

Beniinq S t r en. . ks i 26.26 30.26 43.77 Sn.43

S hqal__E131tL_Ks i 11 0 8.o 31.7 14 4

Combined Stress
.lnLEM ity, ksi (6.2 }.4 . 9 77,0 58.0

Allowable At 30D*F YLeld = 93 Ult. 135.

Stress.ksi ALRu T . Y_t elA 103 Ult. 135-

(1) The values used in the analysis are slichtly larger than those

listed in Chapter 3.0 Table 3.2-5.

1

|

l

|
'

|

9
|
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, ,

i I' TABLE 4A.7-2 '

|l
i
<

SUl4 MARY OF STRESSES IN FLANGE AND BOLTS |

i
j i
{ I rL9J_t ia Load s Due t o Li f t ina ;

\

lTEM 1.5 x_ W 3 x__W 5 x_W j
k

|

{ latd. kipo- 169.1 338.2 563.7 (
t t

f Bsndino Moment. kip-in 1297 259.4 4324
:

Friction Porce. k l.p s ._ _ (02.8 402.8 403.6 [
l -

t
j Bearing Pressure Cn Cask ;

iRg.dy , kai 7.98 11.36 37.50 |

| I

! Bolt Preloat, ksi 50 50 50
! i

Bolt T_ ensile Str_ess. ksi 50_ 50 51.1

1 :
! Bolt Twistina Stress. Ksi 23.79 23.79 23.79 I
| I

i f

! Bolt Shter Stress. ksi 7.55 |-- --

|
1 ;

) Rolt Stress _ Intensity._ksi 69 02 69.02 80._87 |
.

i i

lM.L9waMa_tLo l t Stress. ksi 95.7 95.7 114.0 _ j

i

flangt._.May. Bend _ lac St r egiuks i 15.9 31.7 52.8 ;,

DA9.0L_MixuSAg a r S t r e s s .33_i 3.5 _, 7 . 0 11,7

Flans 9_.1LL911_IILL9A5ltL AEi 17.33 33 67 57.?7

Allowable Flange Stressa_kei 93 93 135_

:
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FIGURE 4A.7-1

BOLTED TRUNNION
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FIGURE 4A.7-2O t

PREE BODY DIAGRIJ1
NO LOSS OF CONTACT BEARING PRESSURE
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FICURE 4A.7-3 '
-

O'LOCAL LOSS OF CONTACT BEARING PRESSURE
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4A.8 OUTER SHELL

This section of the appendix presents the structural analysis of the

outer shell of the TN-24 storage cask. The outer shell consists of a

cylindrical shell section and closure plates at each en3 which connect

the cylinder to the cask body. The normal loads acting on the outer

shell are due to internal and external pressure and the normal

handling operations. Membrar.e stresses due to the pressure difference

and bending and shear stresses due to the handling loads are

determined. These stresses are compared to the allowable stress

limits in Section 4.2 to assure that the design criteria are met.

4A.8.1 Description

The outer shell is constructed from low-alloy carbon steel and i-

welded to the outer surface of the containment vessel. "he

cylindrical shell section is 0.75 in, thick and the closure plates are
1.0 in. thick, pertinent dimensions are shown in Fig. 4A.8-1 and

drawing 971-001 in Appendix 1A.

O
4A.8.2 Materials Input Data

The outer shs11 cylindrical section and clositte plates are constructed

from SA 516-GR 55. The material properties are taken from the ASME

Boiler and Pressure Vessel Code. Section III. Appendices The.

yield strength of the material is also obtained from the Appendices at
a temperature of 350*F.

iA.8.3 6pplied Loads

It is assumed that a pressure r/. 25 psi may be applied to either the

inside or outside of the outer shell. This bounding assumption

envelopes the actual expected pro Jures described in Sections 3.2.8

and 3.2.1).4.

i

|

|
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The handling loads acting on the outer shell are a result of lifting,

tilting and transfer operations. The loads applied to thr shell as a

result of these operations consist of the values given in Table-)
(s./ 3.2-4. The weight or inertie g load can include all of the weights of-

the outer shell, neutron resin shield, and aluminum containers. The
most severe normal loading condition is the 3 g or 5 g inertia load in

the vertical or horizontal orientations.
.

_4A 8.4 14ethod of Analysis

,

4A.8.4.1 Stresses Due to Pressure

An external precsure of 25 psi will not induce any load or stress in*

the outer shell since it is in contact with and supported by the resin

filled aluminum containers.

The membrane stresses due to the internal pressure on the cylinder are

determined using the following equations.

'

Longitudinal:

c y, pr 25 x 46.62 777 psi= -

2t 2 x .75

,

Tangential-

pr 25 x 46.62 - 1554 psiot = =

t .75
i

The stress in the closure plates due to pressure is determined using
,

the came method as used to deterrine stresses caused by the weight of,

the resin filled aluminum containers. L

t

4

1

1

1 |

|
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The bonding stress due to pressuto is cc1culated cs followc:

(Ref. 4, Table 3, Case 5)

e
o =K Pa = 4890 psi

B t2

Where

K = 0.09

P= 25 psi

a = 46.62 in,

1 in.t =

4A.B.4.2 Stresses Due to Handling Loads

The outer shell is analyzed using conservative methods and

assumptions. The cylindrical shell section is analyzed as a simple

beam with the appropriate end restraints.

The maximum stress in the cylinder occurs with the cask in the

horizontal orientation. The weight load, which consists of the weight

of the cylinder, the resin and the aluminum containers, is assumed to

be uniformly distributed over the length of the cylinder. The
cylinder is assumed to be simply supported at the ends with no

rotational restraint from the closure plates. The maximum bending
stresses occur at the center (See Figure 4A.8-2) and are given by:

(os)cyl MCo .

I

Where: M = Wot
8

1 154 in.-

Wo 3 xW= 3 x 23014 lb-

M= 1.329x106 in. Ib
C 47.37 in.D 94.75= = =

2 2
;

|
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_

I = n (Do - Di ) = n (94.75 - 93.25 )
64 64

() 0.2445 x 106 in4'=

1.329 x 106 x 47.37 257 psio = =
B

0.2445 x 106
For the closure plates the maximum bending moment and stress occurs

for a fixed end restraint. The bending stress in the closure plate is

given by.

t.

I

(o )R 6M=

B t2

Where: M is the uniform bending

moment per unit length
'

of plate:

,

M= wg2 x 1 150 x 1542 x 1 996 in-lb/in.
=

.
,

12 nD 12 x 94.75
,

6 x 996 I
-

(cB)R 5975 psi= =

12 !

This is esnservative because the closute plate will not be perfectly
fixed so the moment and bending stress will be less than the valuea

calculated above. t

I
,

When the cask is in the vertical orientation, the weight of the
cylinder acts on the edge of the closure plate and the weight of the
resin plus aluminum containers acts as a distributed load. The
bending stresses on the plate are then determined,

i |

1

!

i

i

|
\ |

|

!

\. |
:
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The end load due to the weight of the outer cylinder is:

P W xg= 10344 x 3 31,032 lbs:= =

The uniform load due to the weight of the resin and aluminum

containers is:

26 psi3_x 126703(10484 + 2186)w - = =

0.785 (Do - Di ) 1483

Based on the formulas of Ref. 4, Case 5 and 6. Page 62, Table 3:

2 2
" -- "K Pc + K Pa .115 x 31032 .09 x 26 x 46.626M(o )R + "

t2 t2 2 12 12t

8655 psi3569 + 5086= =

4A.8.4.3 Results

The stresses acting on the outer shell and closure plates are listed

in Table 4A.8-1. They are compared with the allowable values reported

in Section 4.2 of Chapter 4.

O
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!

TABLE 4A.8-1 (

!'

STRESS COMPONENTS IN OUTER SHELL AND CLOSURE PLATES
t

,
>

!
I

STRESS (PSI)
,
.

LOAD SURFACE CLASSFICATION !
!

[
*"t i e

t

! Outer Shell Inner +1554 +777 +25 0
I |
; Internal Pressure P, '

(p = 25 psi) Outer +1554 +777 0 0 f

i

Stress in Outer Inner 77 257 0 116
,

2

1 Shell Due to P,_.

Inertia Loads Outer -77 -257 0 116

I
'

Streso in Closure At Junction 1515 +25 4890 278

fPlate Due to with Pb
Internal Pressure Vessel -1515 0. -4890 278

Stress in Closure At Junction 2597 0 8655 533
,

Plate Due to with P
b

f Inertie Loads Outer -2597 0 -8655 533
|

Cylinder f

i
!
!

!

:

!
'

,
'

l

I |
,

i I
'

4

l
i

I
i

; O
i
'
4

4

3
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FIGURE 4A.8-1
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FIGURE 4A.8-2 i

LOAD DISTRIBUTIONS AND MODELS
USED FOR ANALYSIS OF OUTER SHELL i
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5. OPERATION SYSTEMS '

5.1 OPERATION DESCRIPTION !
!

,

5.1.1 General Descriptior. f

.

After arrival, the empty casks are inspected for any damage and j

stored in a dry, protected area. When required for fuel loading, i
i

the cask is transferred to the pool where spent fuel assemblies are |
|loaded into the 24 storage compartments provided by the basket

assembly. Nuclear criticality safety is assured as described in |

Section 3.3.4.1. The lid, with the !!elicoflex seals attached, is

then placed on the cask body over the two alignment pins and the !

l cask is lifted to the pool surface. The lid bolts are installed and f
tightened, and the pool water can then be forced from the cavity by

pressurizing with inert gas. The cask is then decontaminated to the |
4

j levels specified by the facility. The cavity is evacuated and dried !
4

by means of a vacuum system, and then it is back-filled with helium

( to an equilibrium pressure of 2.2 atm. The leak detection system

pressure tranducers are installed, the seal interspaces pressurized |

to 5.8 atm, (at equilibrium) and the seals checked for leakage. The
external surface temperatures and radiation level are checked to |

I
) assure that they are within acceptable limits.
J

The protective cover is then installed and the cask is transferred
.

to its permanent storage location at the ISFSI. (The protective

cover could be installed at the ISFSI.) Area radiation and airborne !

j radioactivity monitors are provided by the operator of the ISFS1 to
I assure compliance with the licensing requirements under 10CFR Part I
! I
! 72(1) Seal interspace pressure can be continuously monitored to !.

l

f assure that design criteria requirements are met. Routine
) temperature monitoring is not necessary. Periodic maintenance is

4

'

)l performed as described in Section 4.5. I

I i
1

|O
i
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i

|

\

5.1.2 Flow Sheets

9
Thc sequence of operations to be performed in loading fuel irito the

TN-24 storage cask and then placing the cask into storage at the

ISFS1 is outlined in Table 5.1-1 and is shown in simplified

flowsheet form in Figure 5.1-1.

Details of the number of personnel and the time required for the

various operations are given in Table 5.1-2 for use in the radiation

exposure deterninations developed in Chapter 7. The data are based

on Transnuclear's experience with transport cask operations.

5.1.3. Identification of Sublects for Safety _ Analysis

5.1.3.1. Criticality Prevention

As discussed in Section 3.3.4, criticality is controlled by

utilizing poison materials in the fuel basket plates. These

features are only necessary during the loading operations that occur

in the cask loading pool (underwater). During storage, with the

cavity dry and sealed from the environment, no f'arther criticality

control measures within the installation are necessary because of

the low reactivity of the dry cask; however, the poison materials

are obviously in place during storage.

5.1.3.2 Chemical Safety

There are no chemical safety hazards associated with operations of

the TN-24 dry storage cask.

5.1.3.3 Operation Shutdown Modes

The TN-24 dry storage cask is a totally pasrive system so that

consideration of operation shutdown modes is unnecessary.

I
,
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_ 5.1.3.4 Instrumentation

The only instrumentation pertinent to cask storage are the pressure

transducers described in Section 3.3.3 which monitor the cask seals

for leakage. The transducers monitor the pressure in an interspace

to provide an indication of seal failure before any release occurs.

An initial function check is performed at the manufacturer's plant

and anothat function check of the transducers is performed in

preparation for cask storage. Three identical transducers are used

to assure a functional system through redundancy.

5 _1.3.5 Mai_ntenance Techniques1

Maintenance during normal storage is expected to be minimal. Other

than visual inspection and possible instrument calibration and paint

touch-up, no maintenance is anticipated.

?
\ 5.1.3.6 Heat Transfer Design

.

The TN-24 packaging is designed to passively reject decay heat under
normal conditions of storage and hypothetical accident conditions

while maintaining appropriate packaging temperatures and pressures
within specified limits. An evaluation of the TN-24 thermal
performance is presented in this section. Objectives of the thermal

analyses performed for this evaluation include:

Determination of maximum and minimum temperatures with respect-

to material limits.

Determination of temperature distributions for analysis of-

thermal stresses.

Determination of temperatures for containment pressurization. i
-

O
l Section 1.2.2 and Table 1.2-1 present the principal design bases for

the TN-24 packaging.

!
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|

A significant thermal design feature of the TN-24 is the basket |

described in Section 1.2.5. The basket consists of a multitiered

"egg crate" assembly of 0.396 in. thick by 16.18 in, wide

electroplated copper on borated stainless steel plates, interlocked

together to form 24 fuel compartments. The design of the basket

allows the heat from the fuel assemblies to be conducted along the

plates to the periphery of the basket and dissipated to the cavity

wall.

Another design feature is the conduction path created by the

aluminium boxes in the neutron shielding layer described in Section

1.2.5. The neutron shielding is provided by a resin compound cast

into long slender aluminum containers placed around the cask shell

and enclosed within a smooth outer shell. By butting against the

adjacent shell surfaces, the aluminum containers allow decay heat to

be conducted across the neutron shield.

The TN-24 dry atorage cask falls under the jurisdiction of 10CFR

Part 72( when used as a component of an ISFSI. The guidelines h
for the heat transfer design in 10CFR Part 72 are not as specific as

those in 10CFR Part 71 or the Cask Designers Guide. Use

of transport cask thermal criteria for storage cask design provides

a conservative design approdw..

Several thermal design criteria are established for the TN-24.

These are:

- Containment of radioactive material and gaces is a major

design requirement. Ueal temperatures must be maintained

within specified limits to satisfy the leak tight

containment function under normal and accident conditions.

A maximum temperature limit of 700 " (371*C) is set for the

llelicoflex seals (double metallic O-rings) in the

containment versel closure lid.

O
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- To maintain the stability of the neutron shield resin

( during normal storage conditions, a maximum temperature

13.mit of 300*F (149'C) is set for the neutron shield. For

accident conditions, the neutron shield temperature limit

is 1100*F (593*C). This is to ensure that the conduction

path, provided by the aluminum containers, does not

deteriorate.

Maximum temperat.ures of the containment structural-

components must not adversely affect the containment

function.

MaintainintJ fuel cladding integrity during storage is-

another design consideration. To minimize creep

deformation that can occur over the storage duration, the

maximum initial storage fuel cladding temperature is

determined as a function of the initial fuel age using the

guidelines provided by the Commercial Spent Fuel Management

() Program (CSFM).( } These temperature limits are reported

in Section 3.3.7.

In general, all the thermal criteria are associated with maximum

temperature limits and not minimum temperatures. All material can

be subjected to the minimum environment temperature of - 20*F
'

(-29-C) without adverse effects. The aceident design criteria

assume that continued fuel storage in the same packaging would be
subject to further inspection, test and analysis.

The TN-24 is analysed based on a maximum heat load of 24 KW from 24

fuel assemblies. The thermal evaluation concludes that with this
heat load all design criteria are satisfied for normal and accident

conditions. A summary of the results from the analyses performed

j for normal and accident conditions is provided in Table 5.1-3.
;

; O
;

i

|
j 5.1-s
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Thermal Properties of Materials
|

Table 5.1-4 lists the thermal properties of materials used in the

thermal analyses. The values are listed as given in the

corresponding references. The analyses use interpolated values when

appropriate for intermediate temperatures where the temperature

dependency of a specific parameter is deemed significant. The

interpolation assumes a linear relationship between the reported

values.

Thermal radiation effects at the external surface of the packaging

are considered. The external surfaces of the TN-24 are painted

white (emissivity = 0.95, solar absorptivity = 0.18 ). To

account for dust and dirt an emissivity of 0.9 and a solar

absorptivity of 0.3 are used for exterior surfaces in the thermal

models.

The cavity wall and the basket plates are treated to ensure a

minimum surface emissivity of 0.9 and 0.7 respectively. An

emissivity of 0.7 and 0.9 is used for all steel surfaces under the

protective cover for the normal and accident analyses respectively.

An emissivity of 0.8 is used for the fuel cladding.

Thermal Eva lua tion Fo r Norreal Storaqa Conditions

Normal conditions of storage are site specific and listed in Table

2.7-1. The evaluation for normal storage conditions assumes

steady-state ambient temperaturvs of -20*F to 115'F (-29*C to 46*C),

a 12 hout cumulative insolation of 1475 Btu /ft (400 cal /cm ),

horizontal or vertical orientations, and any location within a

prescribed array of casks.

The theraal analyses of the TN-24 packaging are performed using the

ANSYS computer program.( ANSYS is a large scale, general

purpose finite element computer code which can be used for steady

state or transient thermal analyses. Three computer models are I

developed, the first for the temperature distribution through the |
packaging cross section and the next two for the temperature

distribution along the cask body and lid.
|

*

|
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t

!

i h
! :Packagina Cross Section Model

,

O' I

| The packaging cross section model represents a three dimensional [< >'

slice through the packaging. The model includes the geometry and ;
Imaterial properties of the basket, the cask shell, the neutron
.

shield (resin in aluminum boxes) and the outer shell. Taking I

advantage of symmetry, one-eighth of the cross section is modeled

i with a thickness corresponding to one-half the basket plate width j
(8.09 in). Figure 5.1-2 shows a sketch of the modcl developed.

f
.

e

I
| The basket is comprised of a multitiered "egg crato" assembly of '

) 0.276 in. thick by 16.18 in, wide borated ctainless steel pl6tes i

f
interlocked to form 24 fuel compartments. Copper (0.06 in.) is

electroplated on each side of the basket plates. The plates butt

| against each other at the intersections which may not establish good
q thermal contact between the plates. Ilea t flow along the plates is j
| disrupted by the slots in the plate causing heat to be conducted

j axially around the slot. The maximum gap of 0.016 in. (obtained

( from slot tolerances on the basket plates) is assumed to exist

between the slot and the interlocking plate on all sides of the
;

I1 slot. This conservatively causes heat to be transferred across a ;

gaseous medium (helium) from one plate to another. !

!

The fuel basket model is three dimensional allowing heat transfer
j along the X, Y, and 2 axes. The three dimensional isoparametric

thermal shell element. ST1F57.( } is used to simulate heat
i trancter along the plates. At the intersection of the plates.

.

'

I STIF57 elements are used to connect nodes of interlocking plates |

i

.

With the slots and allow gaseouc conduction across the gaps in the
slot,

d

: I
> :

I
J,

4
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lie a t transfer from the periphery of the basket to the cavity wall is

by radiation and gaseous conduction. Conduction is simulated by

filling the void spaces between the basket plates and the cavity

wall with the three dimensional isoparametric solid element,

STIF70 The thermal properties for helium are assigned to.

these elements. Radiation heat transfer across the void spaces is

simulated using the radiation super element. STIF50 The.

geometry and emissivities of the element surfaces forming the void

spaces are inputed into the ANSYS utility called / AUX 12 This.

utility calculates the view factors and the corresponding gray body

exchange coefficients between element surfaces, and stores this

information in a file to be read by the radiation superelement.
!

i STIF70 elements are also used to model the cask shells. The inner

shell is 9.75 in, and the outer shell is 0.75 in. thick.

The neutron shield consists of 60 long slender resin-filled aluminum

containere placed between the inner and outer steel shells. The
aluminum containers butt against the shells. The model does not

take any credit for thermal contact; a maximum air gap of 0.01 in.

is assumed.

|

The maximum heat flux corresponding to a 12 hour cumulative solar

heat load of 1475 Btu /ft (400 cal /cm ) is applied to the outer
|

surface for a steady state analysis. This is conservative since no |
|credit is taken f or the 12 hour night period when the packaging does i

1

not receive insolation. A solar absorptivity of 0.3 is used for the

heat Clux calculation. -

1

|

Ilea t dissipation from the outer surface is by radiation and natural

convection to an ambient 115'F (46*C). An emissivity of 0.9 is used |

for radiation heat transfer. For this analysis it is assumed the

packaging is standing alone (vertical or horizontal) and not in an

array. The total heat transfer coefficient, 11( , for heat
dissipation by radiation and natural convection is:

5.1-8
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H H +H=
<s t c r
U

where.
2

H = natural convection coefficient. Btu /hr-ft *F

a)1 f I horizontal cylindrical= 0.18 (T - Tg

surfaces, and |

0.19 (T - T ) f r vertical surfaces. Forg a
conservatism, the former expression is used.

t

2H = radiation heat transfer coefficient, Btu /hr-ft *F !

(0.1714E-8)(G12) I(T + 460)4-(T +460)4]/(T -T )=
s s a

G gray body exchange coefficient=
2

= Outer surface emissivity for large surroundings in

comparison with surface area

0.9

T,= ambient temperature. 'Ffs

h 115'T=

T = surface temperatore: *F

The total heat transfer coefficient is applied as a boundary condition
'

on the outer surfaces of the finite element model.

The fuel assemblies are not included in the model. Instead, a uniform

heat tidx corresponding to a decay haat load of 1 kw por assembly is
applied to the basket plate surfaces f or niing the fuel compartments.' A

fuel assembly active length of 144 in. is ueod for the heat flux
calculation,

l

A plot of the three dimensional ANSYS finite elev.ent model is shown in
Figure 5.1-3. Elements representing the same material have the same
color. Elements fur radiation heat transfer and gaseous conduction

'

s have not been included in the plot.

5.1-9
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Tne maximum temperature d$stribution in the packaging is obtained by
performing a steady state analysis. This distribution corresponds to

the maximum total payload decay heat of 24 kw, a ll5*F ambient

temperature and insolation. The resulting calculated packaging

temperatures are shown in Table 5.1-5. Figure 5.1-4 shows the

temperature distribution in the model. The maximum seal temperature

will be less than the maximum cavity wall temperature of 317*F

(150*C).

The maximum fuel cladding temperature is calculated for the hottest

fuel conpartment which is located closest to the center o f. the

basket. The Wooton - Epstein equation is used to calculate the

maximum fuel cladding temperature. This is a semi-empirical,

semi-theoretical correlation which accounts for natural convection
(in air) and radiation cooling of a spent fuel assembly in a j

horizontal cask. The TN-24 may be stored vertically or horizontally |
.

and is back filled with helium. Based on experimental studies |
I

'

performed on the TN-24p(10)lowet fuel cladding temperatures were II

obtained for a helium instead of a nitrogen back-fill gas medium.

Hence it is conservative to used the Wooton - Eptstein correlation'

for the fuel cladding temperature calculation. The cor rela tiori is :

/(1/E +1/E -1)(T -T )+C2(T -Ty) ]q=4WLa(sC1 r y r

where,

heat dissipation from the fuel assembly. Btu /hrq =

W = width of the fuel assembly, It

L,= activo length of fuel assembly, ft

Stefin-Boltzmann constant (0.171E-8 Btu /hr-ft - *R4)s -

y= 4N/(N+1) (geometric constant)C

emissivity of fuel claddingE -
r

E- emissivity of compartment walls

N = number of fuel rods on a side

O

5.1-10
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t ;

i

,

C = 0.118 (an experimentally determined constant) '

2

( T = maximum fuel cladding temperature.*R (
T = average compartment wall temperature,*R

,

A W 17 x 17 fuel assembly is selected as the basis assembly. An

axial power peak factor of 1.2 is included in the calculation. For a i

W Dx17 assembly.
|

!

;

W = 0.7 ft ',

l
i

L,= 12 ft
,

C =0.2099 !

E =0.8 (from Ref. 10)r
E =0.7 (basket plate emissivity) :

4

W
q= (1 kW) x 1.2 x (3412 Btu /hr-kW) = 4094 Btu /hr

I

!
The average temperature of the hottest fuel compartment is 563*F [

| (see Table 5.1-5). Substituting the appropriate values in the i

Wooton - Epstein equation, the maximum fuel cladding temperature is

( 642*F (339'C).

The cavity gas temperature is maximum at the hottest fuel cladding |
.

and minimum at the cooler surfaces in the lid region. For |
5 simplicity and conservatism, it is assumed that the average cavity (

qas temperature is the average value of the maximum fuel cladding i

j and the cavity wall temperatures. From Table 5.1-5, the maximum '

cavity wall temperature - 317'F. )f

,

f

Average cavity gas temperature = (317 + 642)/2 |
*

lj = 480*F (249'C) '

1 |
4 i'

The above analysis using the packaging cross section model does not I,a

J

consider the thermal effects of storage in a 2x10 array and axial;

| heat transfer. It is demonstrated below using the cask body models
j that by taking credit for axial hest transfer and accounting for the

; reduction of radiation heat dissipation due to storage in an array,
'

the above calculated temperatures will not be exceeded.

1

|
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!

Cask Body Model - Vertical Storage in a 2x10 Array !

,

The finite element cask body model for vertical storage represents

the TN-24 cask body stored vertically in a 2x10 array on a concrete

pad. The model includes the geometry and material properties of the

inner and outer shells, bottom, lid, neutron shielding and

protective cover. The model takes advantage of the axisymmetric

geometry and is two-dimensional with a radial and an axial axis.

Figure 5.1-5 is a sketch of the model. The concrete slab is also

included in the model and assumed to be 3 ft thick and extend

radially 3 ft from the edge of the packaging as shown in Figure

5.1-5.

The finite element ANSYS model is developed using the two

dimensional isoparametric thermal solid element, STIF55 to

simulate conduction heat transfer. Heat dissipation from the resin

disk on the lid to the protective cover is by radiation only.

Conduction heat transfer is conservatively neglected. The radiation

super element. STIF50, is used to simulate radiation across the void

space under the protective cover. The ANSYS utility program,

/aVX12, is used to calculate the view factors and the corresponding

gray body exchange coefficients between element surfaces forming the

void space.

The neutron shield around the inner shell is modeled as a

homogenized mixture of the aluminum containers and the resin. The
effective thermal conductivity in the radial direction is calculated

using the temperature results of the packaging cross section model.

The average axial thermal conductivity is a weighted average of the

resin and aluminum thermal conductivities.

A uniform heat flux corresponding to the total decay heat load of 24

kw is applied to the cavity wall surface adjacent to the 144 in,

active length of fuel assembly. No credit is taken for axial

conduction along the basket which would cause the decay heat to be

dissipated over a larger surface area resulting in a lower heat flux.

5.1-12
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Insolation corresponding to 1475 Btu /ft (400 cal /cm ) for 12

O hours a day is included on all external surfaces of the cask body
model. A solar absorptivity of 0.3 is used for all surfaces. The
maximum heat flux corresponding to the above insolation is applied
to the external surfaces rather than the average value over a 24
hour period.

The TN-24 packaging dissipates heat to the environment by radiation
and natural convection. If the packaging is stored in an array.

partial radiation "blockage" occurs which reduces the overall view

factor from the packaging to the environment. The analysis assumes

that the packagings will be stored in a 2x10 array and will be
placed at least 16 ft (center to center) apart (Figure 5.1-6).
Convection heat transfer is assumed to be unaffected. Heat transfer
between packagings is neglected.

To simplify the outer shell-environment view factor calculation. the
TN-24 is assumed to be a cylinder of radius 3.95 ft and length 12.83

() ft. This represents the outer surface dimensions for the outer
shell. Based on its location in a 2x10 array, it is possible for
46.5% of the outer shell surface area to be surrounded by other
packagings. Radiation heat transfer for this "blocked" region could
be approximated as that between two concentric cylinders of radii
3.95 ft and (16-3.95) 12.05 ft respectively. The equation for the=

view factor F is obtained from Ref. 11 for two concentric2-1
cylinders of finite length and is:

~
F (1/R) (1/(nR)) cos (B/A)= -2-1

(1/(2nRL)) ([(A+2)2-2R2)l/2 -1(D/RA))+ cg,

- (B/(2nRL))[ sin' (1/R)] (A/(4RL))+

where.
A=L +R 1-

B=L -R + 1

L = h/r

R = c /r() adius of inner cylinder = 3.95 ft.r =

r = radius of outer cylinder = 12.05 ft
2

h = height of cylinders = 12.83 ft

5 .1 - ), 3



Substituting values.

3.0506R =

L 3.248=

18.856A =

2.2433B =

F = 0.2034
2-1

From the reciprocity theorem,

AF " ^2tl 1-2 2-1

2' 1
"

1-2 2-1
(9.2034) (12.05/3.95)=

0.6205=

The view factor from the outer surface to the environment
1-0.6205 = 0.3795=

llence, 46.5% of the "blocked" sulface of the packaging will have a

view factor of 0.3795 and the remaining, a "alue of 1. The overall

view factor

( 0.3795 x 0.465 + 1.0 x (1-0.465)]-

= 0.7115

The total heat transfer coefficient, 11 for heat dissipation by,

radiation and natural convection is: I

;

11 + 11 |11 =

|

|
where,

2 o
H is the natural convection coefficient, Btu /ht-ft - F. I

e
li = 0.18 (T - a) r ver cal sur aces and
g s

is used for the exposed vertical cylindrical

nurfaces of the cask innet and outer shells.

5.1-14
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I

l

4

'

. 11 is the radiation heat transfer coefficient,

() Btu /ht-ft *F
1 e

=(0 1714r.8)(G12)IIT +460) - (T +460) J/(T,-T,)s a
<

,

I

G is the gray body exchatige coefficienty
(sur:f ace emissivity) (view factor)

,
-

i

Fot the protective cover surfaces. G = 0.9 |
'

2
!
I i

I
4

] For the vertical cylindrical surfaces.

G (0 9) (0.7115) = 0.6403.
12

ambient temperature. - 115*F i
4 a

i

T = nurface temperature. 'F
'

i
T

'

The *otal heat t inster coefficient is applied as a boundary I

condition on the exposed surfaces of the finite element model.

I

IA plot of the axisymmetric two dimensi nal ANSYS model is shown in

Figure 5.1-7. Elementh representing the same material have the same
color, i

i i
i

-

| A steady state analysis is performed to obtain the maximum

| temperature distribution in the cask body for vertical Lcorage. !

1

This distribution shown in rigure 5.1-8 correcponds to the max * mum
;

'otal heat load of 24 kw. a 115'F ambient temperature and
f

.

insolation. Figuies 5.1-9 and 5.1-10 show the temperatur !

distribution in the lid and the bottom regions. The maxim.a outer !

} surface tenperature is 244*F (118'C) which is approximately the same !
as that obtaine' with the packaging cross section model (see Table

'
5.1-5). All ott r ** body temperatures are lower than those i

reported in T, e4 5. T t .: 3ximum lid temperature is 222*F. The !
;

4 ''N-24 cask body stored vertically Iresults of the t a -3 ' s%
!

l( in a 2.510 arrays j . r packaging c~.Aponent temperatures.- ,
,

reported in Tabe v ? be exceeded during normal |..

conditions of. stot_.,a.

2
' <

)

|

: 1
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Ca_sk Body Model - Horizontal Storace in a 2 x 10 Array

O
The TN-24 may also be stored in the horizontal position in a 2x10

array. A 4.0 in. thick resin cap will be placed over the external

bottom surface to provide additional neutron shielding. The cask

body model developed is the same as that used for the vertical
orientation except that model does not include the concrete pad but

instead the bottom resin cap. Figure 5.1-11 is a sketch of the

model.

The finite element ANSYS model of the cask body is identical to that

for the cask body in the vertical orientation and has the same

geometry and material properties for the packaging components. The

heat transfer modes simulated are identical. The unif c cm decay heat

flux applie6 to the cavity wall is the same. The maximum heat flux
corresponding to the insolation of 1475 Btu /ft for 12 houss a day

is included on all external surfacec of tne model.

The effect of horizontal storage in a 2x10 array on heat dissipation

s will ue placedto the environment is recalculated. The packagir v

at least 16 ft apart (center to center) and cons (quently, convection

heat transfer is assumed to be unaffected. Figure 5.1-12 is a

sketch showine horizontal storage of the TN-24 in a 2x10 array. The

view factor, F between two packagings in an array is1-2,
catculated using the view factor equation for infinitely long

parallel cylinders of the same diameter. The equation is:

'

sin" (1/X) - X)(1/n){(X - 1)F'-2 +=

|

Wherc.
,

1 + (S/2r)X =

|outer surface radius 3.95 ftr =-

distance between packaging surfasesS =

16-2(3.95) = 0.1 ft=

O
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Substituting values,

X= 2.0253

F = 0.08031
-2

The effective view factor (outat surface-environment) for a
packaging located between two other packagings,

'

1-2(0.08031)=0.8394=

The total heat transfer coeffient. H for heat dissipation by

radiatien and natural convection is:

H H 4 a=

,

,

Where.

M is the natural convect'.on coefficient. Btu /ht-ft2*Fc
-T,)1 for horizontal cylindrical0.18 (T=

() s
surfaces and

(T -T,)1/2 for vertical surfaces.(3)0.19

H 0.18 (T -T,) ic used for all surfaces=
e s

conservatively.i

1

H is the radiation heat transfer ccaffient. Btu /hr-ft2*Fr
(0.1714E-8)(G12) [(T +460)4 - (T,+460)")/(T, - T,)j =

3
I
i

G is the gray body exchange coefficient2
; | surface emissivi'y) (view factor)=

] For the protective cover surface. G = 0.9
2

For the horizontal cylindrical surfaces, G .

(0.9)(0.8344) 0.7555=

l

J
i

|O
,
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For the bottom surface, G =0
12

0
Figure 5.1-13 is a plot of the axisymmetric two dimensional ANSYS

model. Elements representing the same raaterial have the same color.

A steady state analysis is performed to calculate the maximum

temperature distribution. Corresponding to a total heat lead of 24

kw, a 115*F ambient temperature and insolation. Figure 5.1-14 shows

the temperature distribution in the model. The maximum outer
surface temperature obtained is 237'F (114*C). All cask body

temperatures are lower than those reported ir. Table 5.1-5. The

results of the thermal analysis (TN-24 cask body stored horizontally

in a 2x10 array) demonstrate that packaging component temperatures

reported in Table 5.1-5 will not be exceeded during normal

conditions of storage.

EV Aua_ tion of pac]; aging performance

The thermal analysis for normal storage concludes that the TN-24

design meets all applicable requirements. The maxiesum temperatures

calculated using conservative assumptions are low. The maximum

temperature of any containment structural component is less than

320*F (160*C' which has an insignificant effect on the mechanical

properties of the containment materials used. This temperature

(3;0*F) also corresponde to the maximuu seal temperature during

normal storage and is well below the 700*F long term limit specified

for continued seal function. The neutron shield temperature is

below 300*F (149*C) and no degradation of the neutron shielding is

expected during the 20 year storage life. The maximum fuel cladding

temperature is 642*F (339*C) and within allevable fuel temperature

limits (Section 3.3.7). The minimum temperature of -20*F (-24*C) is

also inconsequential to the packaging function.

O
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Thermal _ Evaluation for Hypothetical &ccident Conditions

O A transient analysis is performed to demonstrate the thermal

performance of the TN-24 in a thermal accident such as an exposure

to a fire. The thermal environment conditions, as specified in

10CFR Part 71, are used to evaluate the response of the TN-24. ,

The packaging is assumed to be initially at steady state in an

ambient temperature of 115'F with a 24 KW heat load. The effects of

solar radiation are neglected prior to, during, and following the

accident. During the accident the packaging is exposed to a

radiation environment of 1475'F (800*C) for 30 minutes. The

radiation environment is characterized by an emissivity of 0.9 and

the outer surface of the packaging is assumed to have an

absorptivity of 0.8. Heat absorption by natural convection on the

basis of still air at 1475'F is incluoed. Cooldown of the packaging

after 30 minutes of exposure to the accident environment is bared on

115*F ambient air temperature and a surface emissivity of 0.8.

O
The computer model for the packaging cross section is used for. the

accident analysis. To determine seal temperatures in the lid

recion, a model for the seal-lid region is developed,

i

i Eaclagi_nr Cross Section Model

!

The packaging cross cection model, developed for the normal storage !
~1

analysis, is reused t6: the transient analysis. |'
I

j Heat dissipation from the outer surface is by radiation and natural
1

J
convection to an ambient temperature of 115'F before and after the

thermal accident. The total heat transfer coeffic:ent. H isq ,

j calculated in the same manner for notmal storage conditions,

u

j Initial conditions before the thermal accident are established by

performing a steady state analysis with a packaging heat load of 24,

kw and an angbient temperature of 115'F. Effec *.s of solar radiation

are 6eglect ed.
! ,

C
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During the thereci cccident, heat absorption at the outor surfcco by

radiation and convection on the basis of still ambient air at 1475*F

is given by the following equation:(3)

qs lic(Tf-Ts)+0.1714E-8(Foix {Et(Tf+460)b(Ts+460) }

Where,

q - llea t flux into packaging Irom thermal environment

Convection heat transfer coefficient11 =

= 0.19(T -Ts) Btu /hr-ft - *F
g

Radiation environment temperatureT -
g

1475*F-

Surface temperatures of the packaging. *FT .
s

F - Outer packaging surface absorptivity

0.8

E - Radiation environment emissivity
C

0.9=

The total heat transfer enefficient for heat absorption is:

g(T +460) -(T +460) ]/(T -Tg)lit"II +0.1714E-8(Fg)[E g g gc

11 is used as a boundary input during the 30 minute duration of the

radiation environmant.

Two computer analyses were performed, the first with the 0.01 in, air |
qaps and the second with no air gaps in the neutron shielding

region. The maximum temperatures obtained for each case are listed |

in Table 5.1-6. Figure 5.1-15 shows the temperature distribution at

the end of the thermal accident. The maximum temperature-time |

history for the outer surface, neutron shielding, cavity wall and I

basket plate is shown in Figure 5.1-16. The maximum fu- ciadding

temperature is calculated ror the hottest fuel compartm . as in the

case for normal storage conditions. The peak temperature for the

hottest fuel compartment was calculated to be 613*F at 12.8 hr from

the start of the thermal accident. Using the Wooter Epstein

equation. the peak value of the maximum fuel cladding temperature is

675*F(357*C)
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The same assumption for the average cavity gas temperature during

() normal storage condition is used for the accident analysis. The peak

value for the average cavity gas temperature is 518'F occuring at

12.8 he from the start of the accident.

S e a l-1,i d R e q.i o_rtlio ie l

To demonstrate the integrity of the seals during thermal accident

; con itions, a computer model of the top portion of the TN-24 is

developed. The model is an axisymmetric t*Jo dimensional model and

includes the geometry and material properties of the lid, the resin

disk, the protective cover, and the upper portions of the cask inner

shell, neutron shield and outer shell.

The finite element ANSYS model is similat to the cask body model

developed for normal storage and uses the same ANSYS elements. Heat

transfer in the enclosure below the protective cover is by

radiation. For conservatism, all surfaces are assigned an emissivity

D)(_ of 0.9.

1

Figure 5.1-17 is a plot of the axisymmetric two dimensional ANSYS

model. Elements representing the same material have the same color.

The initial temperature of the model before the thermal accident is

222'F which corresponds to the lid temperature obtained for normal

storage conditions. The boundary input (total heat transfer

coeffient. H ), calculated for the packaging cross section modet is
applied to the external surfaces of the model.4

) The results of the computer analysis show that the maximum seal I

temperature in the lid will not exceed 479'F (248'C).i

>

!

Evaluation of pa c k agir q performance!

Jased on the analynis for accident conditions, the package will I,

withstand the hypothetical thermal accident event without comprising,

the containment integrity of the package. The design meets all I

|
applicable requirements. I

i
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Buried Cask Thermal Evaluation
O

The TN-24 dissipates heat to the environment by radiation and natural
convection. If the packaging is accidently buried in medium that

will not provide the equivalent cooling of natural convection and
unrestricted radiation to the environment, component temperatures

will increase to a higher steady state condition after long-term

burial. Of interest is the containment integrity which is assured as

long as the metallic seals remain below 700*F and the cavity pressure
is less than 250 poiq.

The temperature response of the TN-24 is evaluated using the finite
element packaging cross section model developed for the normal
storage analysis. For this analysis, the packaging is assumed to be

completely buried in dry soil with such poor heat transfer

characteristics that it effectively insulates the packaging. This

conservative assumption eliminates any communication betueen the cask
and a final heat sink. The resulting analysis therefore determines

the time required to reach limiting temperatures for the containment

integrity.

laitial conditions before burial are established by performing a

steady state analysis with a packaging heat 1 cad of 24 kw and an

ambient temperature of 115'F. Effects of solar radiation are

neglected.

The results of the analysis show that if the packaging is not

uncovered within 4 hours, the resin will start outgassing as its

temperature exceeds 300*F (149*C). Thereafter, packaging component

temperatures will increase by about 6*F (3.3*C) per hour. The cask

body temperatures will reach 700*F about 60 hours after burial. At

this time all temperatures in the packaging vill be about 380*F

(211*C) higher than those tot no:.tal storage. The cavity pressure,

if all fuel fails, will not exceed 60 psig. Thermal gradients in the

packaging are small and less than those during normal storage. |
1

Figure 5.1-10 shcws the maximum temperature / time history for the

outer surface, neutron shielding, cavity wall and basket plate.

5.'.-32
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TABLE 5.1-1

SEQUENCE OF OPERATIONS

A. Receiving

1. Unloa6 empty cask and separately packaged seals at plant site.
2. Inspect for shipping damage: exterior surfaces, sealing

surfaces, trunnions, seals, accessible interior surfaces and

basket assembly, bolts, bolt holes and threads, neutron shield
vents.

3. Move cask to cask loading pool area.

B, Cask _Loadinq pool

1. Install plug in neutron shield vent hole. (threaded hole in the
top of the steel shell surrounding the resin which contains a

pressure relief valve during storage).

2. Remove lid bcits and lid.

3. Install two alignment pins in eask body flange bolt holes.

100* apart.

4. Install protective plate over cask body sealing area,

5. Lower cask into cask loading pool.

6. Load preselected spent fuel assemblies into the 24 basket

compartments.

7. Reconfirm identity of the fuel assemblies loaded into the cask.

8. Obtain lid and lid seal from storage.

9. Attach lid seal to lid by means of six retaining screwc.

10. H einove protective plate from cask body flange.

11. Lower lid and place on eask body flange over the two alignment

pins.

12. Lift cask out of pool. (Cask could remain in pool to drain water)

13. Remove two alignment pins and install 48 lid bolts.

14. Torque ths bolts using prescribed procedure.

15. Remove drain port cover and bolts from lid.

16. Connect line from plant readwaste system to "Hansen"

quick-disconnect coupling in the drain port.

17. Remove vent port cover and bolts from lid.

5.1-24
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,

1 !
'

I

i TABLE 5.1-1 (continued)
i >

1 !

() 18. Bolt special adapter, with quick-disconnect coupling, to vent

port bolt holes. *,
1 ;

19. Connect plant compressed air line to special adapter

quick-disconnect coupling. ;
'

j 20. Pressurize cavity to force water from cavity through drain port
f

| to the plant radwaste system.
i

! 21. Sample the drain water to determine presence of failed fuel in !
t

the cask, l
a

.

j 22. Disconnect plant compressed air line and plant radwaste system |

) line from their quick-disconnect couplings. |
: 23. Move cask to the decontamination area. !

:

?4

j ,C . Decontamination Area I

;

?.

1 !
j 1. Decontaminate cask until acceptable surface dose levels are |
i

i obtained
i !

j 2. Remove plug from neutron shield vent and install pressure relief i

() valve.

3. Remove special adapter at vent port. |

4. Connect Vacuum Drying System (VDS) to vent port bolt holes. i
5. Evacuate cavity to remove remaining moisture using prescribed

.

i

{
! procedure. I

6. Break vacuum by closing vacuum valve and opening air valve to |
i admit dry air into the cavity. I

i7. Disconnect VDS at vent port and install vent port cover with
!

! seal and bolta. !
i

8. Torque the bolts using prescribed procedure. I
i

9. Connect Vacuum-Backfill System (VBS) to "Hansen" (
quick-disconnect coupling in the drain port. !

t

10. Evacuate cavity to 10 millibar and backfill with dry
|

helium gas using prescribed procedure. (4

l

j 11. pressurize cavity to about 2 atm with helium. !

12. Disconnect VBS at the drain port quick-disconnect coupling and I

install drain port cover with seal and bolts. I4

() 13 Torque the bolts using prescribed procedure.

14. Remove leak detection port cover.

15. Install leak detection pressure transducers with seal and bolts. |
,1 '

t'
5.1-25 i
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TABLE 5.1-1 (continued)

9
16. Torque the bolts using prescribed procedure.

17. Connect pressure transducers to pressure recorder (switch)

18. Pressurize overpressure system, (seal interspaces), with Helium

to a pressure of about 5.5 atm.

19. Check pressure recorder for any decrease in pressure. Observe

pressure for a period of 24 hours.

20. Check external surface temperatures using an optical pyrometer.

21. Check surface radiation levels.

22. Install top neutron shield drum and protective cover with seal

and bolts. (could be performed in storage area)

23. Torque bolts using prescribed procedures.

24. Load cask on transfer vehicle.

25. Move cask to Storage Area.

D. Storage Area

1. Unload cask from transfer vehicle.

2. Position cask in preselected location on storage pad.

3. Check for surface defects.

4. Connect pressure instrumentation to pressure recorder in ISFSI

control room.

5. Check that pressure instrumentation is functioning.

6. Check surface radiation levels. |

7. Check that area radiation monitors and airborne radioactivity
1

monitors are functioning. I

8. Remove trunnions and trunnion bolts and store (Optional).
1

9. Install neutron shield plugs with seals and bolts at t. h e '

trunnion locations (Optional).

O

5.1-26



TABLE 5.1-2

'~
ANTICIPATED TIME AND PERSONNEL REQUIREMENTS FOR

CASK llANDLING OPERATIONS

Op_? r a t i. o.n No. of Time Avg. Distance

Personnel imin_1 .LfB from cask-

Beceiv{ns

; 1. Unloading * * *

j 2. Inspection * * *

3. Transfer to cask

loadir.g pool * * *

gask_Loadino_ Ecol

4. Install vent plugs * * *

( 5. Remove lid * * *
;

1 6. Install alignment pins * * *

| 7. Lower cask into pool |
* * *

1
t

8. Load fuel * * *

] 9. Place lid on cask * * *
|

10. Lift cask to pool surface 2 30 5 '

11. Remove alignment pias 2 15 3 !;

12. Install lid bolts 3 120 3

!13. Drain cavity 2 90 6
_l '

i 14. Transfers to decon. area 3 60 10 |

1

) Dec ort a gi!1AligLA r ea

i,

! 15. Decontaminato cask 3 120 3

j 16. Remove vent plugs 2 30 5

17. Drying, evacuating,

backfilling 2 480 5
I

V
*No personnel radiation exposure during these operations.,

J 5.1-27
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|

TABLE 5.1-2 (continued)

h,No. of Time Avg. Distance

Persnnnel I m_i n] _f_ tom Cask M t1

goerat_iqrt

18. Install pressure

transducers 2 30 5

* * *
19. Pressurize interspace

20. Check leakage 2 30 S

21. Check surface temperature 2 30 5

22. Check surface dose rate 2 30 3

23, install protective cover 2 30 5

24. Load on transfer vehicle 3 60 5

25. Transfer to storage area 3 60 10

,

S_t_qtage Area

26. Unload from vehicle

position in location 3 60 5

27. Check surface dose rate 2 30 3

20. Connect pressure instr. 2 30 5

29. Remove trurinions and
install shield plugs 3 60 2

(optional)

Periodic Maintenance

(Annual)

1. Wash down of exterior 2 60 5

2. Surface defects 2 60 3

3. Instrument calibration 2 60 5

I

Maj o r_Maj.n t e na nc e
1

(once in 20 years)
,

1

el1. Remove protective cover and .

1

install containment cover 3 180 8

|

*No personnel radiation exposure during these operations.
I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I

TABLE 5.1-3
i

SUMMARY OF RESULTS
,

Normal Storage Conditions *

Maximum Temperatures

Outer Surface 243*F (117'C)
Neutron Shield (resin / aluminum) 291*F (144*C)

Seal 317'F (158'C)

Cavity Wall 317*F (158*C)
Basket Plate 575*F (302*C) !

Fuel Cladding 642*F (339'C)

Average Cavity Gas Temperature 480*F (249*C) :1

Ac c i d e_n t Conditionnaa
'

Maximum Transient Temperatures i

Outer Surface 1102*F (694*C)
Neutron Shield (res!n/ aluminum) 980*F (527*C)
Seal 479'F (248*C)

| () Cavity Wall 379'F (193*C) ,

j Basket Plate 613*F (323*C)
| Fuel Cladding 675*F (357'C)

Average Cavity Gas Temperature (Peak) 518'F (270*C)<

$

a

a

i '

I 4

I *115'F (46*C) ambient temperature, 12-hour cumulative solar heat load I

of 1475 Btu /ft (400 cal /cm ).
] |

! i

; **147b*r (892*C) radiation environment with convective heat input !
.

\

; for a period of 30 minutes, no solar heat load,
j

! i

: |

I
'

|

|
; i

i

! 5.1-29 j
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l

'

TABLE 5.1-5
,i

,

1

J

COMPONENT TEMPERATURES * DURING NORMAL STOHAGE
., ,

Maximum temperatures !

i Outer shell surface 243*F (ll?*C)
j Neutron shield 291*F (144*C) i

Cavity wall 317'F (158'C).

Basket plate 575'F (302*C);

. Fuel compartment $63*F (295'C)' Fuel cladding 642*F (339*C)
Average Cavity Gas Temperature 480*F (249'C)

*From TN-24 packaging cross section model.
,

@ !

,

r

1

i

1

!

,

a

F

|

,

,

9 i

|

I
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O

TABLE 5.1-6
,

MAXIMUM TRAN0 LENT TEMPERATURES-TliERMAL ACCIDENT

With Air Gaps In No Air Caps In,
Neutron Shield Neutron Shield

init tal Max. Temp./ Time Inittal Max Teq ./ Time

outer Ourface 231' F 1102*F 0 0.5 hr. 230*F 993' F G 0.5 hr.

Aluminum Resin 242' F 873*F 0 0.52 hr. 230'F 980' F 0 0.5 hr.

Cavity Wall 306' F 379'F 9 3.3 hr. 273*F 375' F 0 2.6 hr.

Basket Plate 566' F 613*F 0 12.8 hr. 543*F 602* k 0 9.8 hr.

|

1

.

>

:

1

1

9
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FIGURE 5.1-2

SMETCil OF TilEFJ1AL MODEL FOR TN-24 PACKAGING CROSS SECTION
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| AtiSYS 4.3
|! DEG. F JUL 13 1988

| 11:17:44 !
' POST 1 STRESS l

STEP-1 i

ITER =10 i
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FIGURE 5.1-5
i SKETCl! OF Ti!ERMAL MODEL FOR TN-24 CASK BODY - VERTICAL STORAGE f
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FIGUPE 5,1-6

VERTICAL S TOPAGE OF T}IE T!;-2 4 I!: A 2 x 10 ARPAY
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AriSYS 4.3
% DEG. F JUL 13 1988
-A_ 12:17:25

1-, POST 1 STRESS
.-- STEP =1
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TEIP
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Tri-24 2RTICAL STORAGE, NORMAL TE!P. DISTRIBUTIOrij

FIGURE 5.1-8

TEMPERATURE DISTRIBUTION IN THE TN-24 CASK BODY

VERTICAL S% RAGE - NORKAL CONDITIONS
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Tri-24 UERTICAL STORAGE, LID REGION, TEMP. DISTR.
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FIGURE 5.1-9

TEMPERATURE DISTRIBUTION IN THE TN-24 LID REGION

VERTICAL STORAGE - NORMAL CONDITIONS
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| FIGURE S.1-10

TEMPERATURE DISTRIBUTION IN THE TN-24 BOTTOM REGION ;
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VERTICAL STORAGE - NORMAL CONDITIONS'
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i FIGURE 5.1-11
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5.2 FUEL llANDLING SYSTEMS

O
Specific iriformation on fuel handling systems is site-specific and

will be provided by the license applicant.

Sections 5-1.1 and 5-1.2 provide a general description of fuel

storage operations.

Features of the fuel storage system important to safety are

described in Sections 1-2.0 and 3.4.

O

O|
,

!
1
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;

5.3 OTilER OPERATING SYST';MS

Component / equipment spares for the TN-24 dry storage cask include |'

|
the metallic and elastomer seals and the pressure transducer. '

The cask is designed with double metallic seals on all containment I

]
~

penetrations. A seal failure can be detected by the prescure ,

monitoring system. Both inner and outer metallic seals would have

to fail before seal replacement could become necessary. However, in
|

the unlikely event that this should happen, the protective cover can

be replaced by a containment cover (described in Section 4.5). L
; i

'

The containment cover can either be bolted or welded onto the

] cask. This minimizes radiation exposure by not requiring the lid I

to be removed and the seals replaced,

i |

Althougn a pressure transducer can be considered an equipment spare, ;

the design of the pressure monitoring system utilizes three i

() transducers to greatly reduce the possibility of needing to replace

one.
|
r

) Information on any other operating system is site-specific and will I

i be provided by the license applicant. I

1 \

J |

l i
1

I

l
I L

! !

! !
i '

j i
!
'

I

]
I

(
i
!
!
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5.4 OPERATION SUPPORT SYSTEMS

O
As discussed in Section 3.3, an overpressure system is utilized to

provide monitoring of the containment seals. A positive pressure is

maintained in the interspace between the double metallic seals.

This allows only inleakage to the cavity in case of a seal failure.

The pressure in the over pressure system is monitored by pressure

transducers. For reliability and redundancy, three transducers are

mounted on the over pressure tank. The pressure tranducers employ a

sour arm strain guage bridge bonded to the reference side of a

stainless steel diaphragm. The housing is also stainless steel. It

is temperature compensated and has an operating temperature range of
-65'F to 250*F. The tranducers produce an output which can be

connected to a monitor and/or alarm to provide continuous

monitoring. A reductiors in pressure in the over pressure system is

indicative of a leak which can be investigated. A malfunction of

the overpressure system his no safety consequer.ces since the

containeent is not affected.

O

O
,
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|

i 5.5 CONTROL ROOM AND/OR CONTROL AREA
<

!9 Information on control room and/or control are&s is site-specific.
;
'

\
:
|
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| 5.6 A?JALYTICAL S7d4PLitJG

!
;

,

i

! Provisions for analytical sampling are site-specific. |
! I
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;

;

6. WASTE CONFINEMENT AND MANAGEMENT

O
!

Since the TN-24 dry storage casks are permanently sealed and

| completely passive in operation, all radioactive materials are

I contained and no radioactive waste treatment is required. [

] Any radioactive wastes generated during loading and decontamination
i

operations within a nuclear plant f acility prior to transf er to t he

i ISFS1 are handled by the plant's radwaste systems.
,

The only waste products resulting from cask operation would be a few
! glovec and swipes that might be slightly contaminated during

i

! periodic cask inspection and maintenance, i
| |
| '

As shavn in Section 3.3.2.2 for normal operations during the twenty

year storage life. there will be no out leakage wf gas from the

cavity because the over pressure system will be maintained at a

() higher pressure than the cavity.
;

,

!

l

1
i

4

4

,

i

| '
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<

|
i |
'

l

!
l

7. RADIATION PROTECTION

i

7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW AS
i

IS REASONABLY ACHIEVABLE (ALARA)
;

{ !

| 7.1.1 Policy Considerations _ f
i !

|

Management policies and organizational structure to maintain

exposures As Low As is Reasonably Achievable (ALARA) at an ISFS! are !

the responsibility of the license applicant.

i l
I 7.1.2 De61on_ Considerations i
l ;

| !

] The TN-24 dry storage cask incorporates several design features to I
l

'
i keep radiation exposures ALARA. The applicable design
1 l
i considerations set out in regulatory position 2 of Regulatory Guide |

) IF.8 are followed as described below: f
; O

a. Access control of Radiation Areas will be met by a fencedj
controlled zone surrounding the cask storage area. The cask i

,

! over pressure system will provide remote signals to an area in f1
Lthe control zone with a low radiation field.
|
;

i

| b. Radiation shielding is provided by the cask components. The
;

| thick steel lid, bottom and cask wall provide gamma !
j shielding. The radial layer of :esin and the disc of

i

(
; polypropylene on the lid provide neutron shielding. (
| :

l

! c. process instrumentation is not utilized. The over pressure !

! system instrumentation is selected for long service and low |
maintenance requirements. It is designed for a remote signal i

i indication.
?

d. Control of airborne contamination is provided because no '

gaseous releases are expected and no significant. contamination
of the cask surface 1.s expected.

1

i

! 7.1-1
, ,



e. Crud control is not applicable to an ISFSI.
h

f. Decontamination is provided because the casks are
decontaminated prior to acceptance for storage.

g. Radiation monitoring is met because the casks are sealed and a
pressure monitoring system is utilized to monitor the seals,

h. Resin treatment is not applicable,

i. Other features are not applicable.

7.1.3 Operational Consideration

The TN-24 dry storage cask is designed to be essentially maintenance
free. It is a passive system without any moving parts. The double
metallic O-ring concept with continuous surveillance of the over
pressure system quarantees that in the unlikely event of a failure
of one of the seals, adequate time is available to restore the cask
leak tightness.

The only cask repair procedures that could conceivably be envisioned
are those associated with 1) seal replacement. 2) installation of
containment cover, or 3) transducer replacement. For the

replacement of a lid seal, the cask would be returned to a spent
fuel pool to minimize radiation exposure to personnel. Other seal

replacements or transducer replacement can be performed efficiently
at the storage site. The replacement of the protective cover with a

)containment cover would also be performed at the storage site, I

!

The only anticipated maintenance procedures are visual inspection
(and possibly paint touch-up) and calibration of the over pressure
system.

7.1-2
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7.2 RADIATION SOURCES

L 2,1 CharacteL}zation of_Sourqe,1

There are five principal sources of radiation of concern for
radiation protection:

(1) primary gamma radiation from spent fuel.
(2) Primary neutron radiation from spent fuel.
(3) Gamma radiation from activated fuel structural materials.
(4) Capture gamma radiation produced by attenuation of neutrons by

shielding material of the cask.

(5) Neutrons produced by sub-critical fission in fuel,

primary gamma and neutron radiation sources are generated by using
the ORIGEN2( } computer code. A 3.3% enrichment Westinghouse
17x17 fuel assembly, as described in Section 3.1.1, ic inodeled in
three zones for the ORIGEN2 calculation '. The structural

material masses are taken f rom Ref. 2 and are listed in Table
7.2-1. The structural material compositions and fuel impurities are I

also taken from Ref. 2. In particular, the cobalt impurities in

inconel, Nicrobrate and stainless steel are 0.*7%, 0.038% and 0.08%
respectively.

The fuel zone is irradiated at a constant specific power of 37.5
MW/MTU to a total burnup of 35,000 MWD /HTU. A conservative'

three-cycle operating history is utilized with 20% down time each
cycle except for no down time in the last cycle. After the fuel
zone irradiation, the flux generated by ORIGEN2 for the fuel zone is
used to irradiate the plenum and end zones. However, the

methodology of Ref. 2 is used to correct the plenum and end zone

O

7.2-1



i

irradiations. The cobalt, zircaloy and manganese masses in the

structural materials are multiplied by 0.67, 0.40 and 0.80 ;

respectively and the irradiation flux for the plenum and end zones

is multiplied by 0.011 and 0.042 respectively. Those factors are

used to correct for the spatial and spectral changes of the neutron

flux outside of the fuel zone,

j Gamma and neutron sources are generated for cooling time from 5 i
i

years to 40 years.
t

i
'

Table 7.2-2 shows the total primary gamma source and neutron

source. Fission product activities are listed on Table 7.2-3.

The primary gamma source spectrum, group structure and
|

ANSI /ANS-6.1.1 flux-to-dose factors are listed in Table 7.2-4. The

! energy groups are '. hose output by ORIGEN2.

I

J() The neutron source consists of spontaneous fission and alpha-n ,'

reactions mainly from Cm244. Spectra for both mechanisms are

obtained from Ref. 3. However the spectra of Ref. 3 must be ,

converted into the proper neutron energy groups of the SCALE |
! 27n-181 library I 4 '' . This is accomplished by apportioning the

ICm244 spectra into the SCALE energy groups. For example. SCALE

Group 6 contains neutrons with energies between 0.4 and 0.9 MeV.
l

,

t

This encompasses two groups and part of a third of the Ref. 3i
*

spontaneous fission spectrum (i.e., 0.4-0.6 0.6-0.8 and 0.8-1.0). I
i

] Therefore the fraction in SCALE Group 6 is:
|

I
'

0.9-0.8 , 0.19660.07973 + 0.08156 + 0.07056 .4

1.0-0.8

i The spectra from Ref. 3 for both spontaneous fission and alpha-n I

reactions are converted into "equivalent" neutron spectra in the !

) SCALE energy groups in this manner. A single combined neutron

j spectrum is then calculated using 93.5% spontaneous fission and 6.5%
i

alpha-n. Those percentages are obtained from the OklGEN2 output. '

Table 7.2-5 lists the neutron spectra.

I
I

i 7.2-2



The primary gamma spectrum is also converted into the SCALE 27n-10g
energy groups. In addition to simple apportioning of overlapping

groups as is done above for the neutrons, the gammas are weighted by
the ratio of the ORIGEN2 and SCALE library average group energies
because ORIGEN2 weights the photon yields in this fashion. Table

7.2-6 lists this spectrum and ANSI flux-to-dose factors for the

SCALE onergy groups.

Gamma radiation produced by capture of neutrons in shielding
materials is computed in the shielding analysts with the coupled
SCALE 27n-10g neutron-gamma library. Similarly, neutrons produced

from sub-critical multiplication are accounted for in the shielding
calculation.

2.J_J_MLbo r n e R a d i oa c t ive Ma t e r i a l Sources

Since the radioactive sources are safely confined both within the
fuel cladding and within the cask containment during storage, fprovisions for personnel protective measures against airborne
sources are not required.

The quantity of fission gas produced in a typical pWR assembly for
the design irradiation condition is approximately 550 liters at
STP Of this quantity, only a small fraction is radioactive.,

with Kr85 being the dominant nuclide. Most of the fission products

generated are retained within the fuel pellet. A small fraction,

nominally lot for noble gases, is released into the fuel rod
plenumn. Table 7.2-7 shows the inventory of fission gages and
volatile nuclides contained in 24 of the design basis fuel
assemblies.

{
l

!

h

.

7.2-3
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TABLE 7.2-1,O
|

MATERIAL DISTRIBUTION IN PWR PUEL ASSEMBLY

Pass,

1

i Ma1311al %/MTU M/ assembly
_ , ,

! f.u.Ltl_.19.D1
,

Cladding Zircaloy-4 223.0 102.9 i

l Grid spacers and

[ grid-spacer springs inconel 71!- 12.6 5.9
i Grid-brazing material Nicrobrare :s 2.6 1.2

Miscellaneous SS 304" 9.9 4.6

fue,J-gas Pleaym__ Zone
,

Cladding Zircaloy-4 12.0 '

Plenum spring SS 302 4.2 1.9
,

2 fd)d F i t t {ng Zone

] Top end titting SS 304 14.8 6.8

i Bottom end titting SS 304 12,4 5 . 7_
1

I

I
Total 291.7 134.5

|

!

l

1
1 ,

|
|a

] Distributed throughout the PWR core in sleeves and so forth,

i
i

)

.i

;

7.2-4
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TABLE 7.2-2

GAMMA AND NEUTRON RADIATION SOURCES (5 YEAR COOLING TIME)

'

Fission Product Activit/ 2.24E5

(Curie / Assembly)

Neutron Source 1.43E8

(n/sec/ Assembly)

Fuel Zone Gamma source 8.16E15

(Y/sec/ Assembly)

Plenum Zone Gamma Source 3.60E11
(Y/sec/ Assembly)

End Zone Gamma Source 5.12E11'*

(1/sec/ Assembly)

,

* Upper Fitting (54.4%). Lowet Fitting (45.6%)

O

*/ . 2 - 5
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a

!

1

O)(_ >

TABLE 7.2-3

Fission Product Activities (Curies /MTU) |

| Nuclide Discharge Five -Yr Ten -Yr

i H 3 5.82E+02 4.40E+02 3.32E+02
KR 85 9.83E+03 7.11E+03 5.15E+03
SR 89 8.65E+05 1.12E-05 1.46E-16
SR 90 7.67E+04 6.81E+04 6.05E+04 '

Y 90 8.10E+04 6.81E+04 6.05E+04
i Y 91 1.14E+06 4.59E-04 1.84E-13
; ZR 95 1.64E+06 4.18E-03 1.07E-11
; NB 95 1.64E+06 9.29E-03 2.37E-11

RU103 1.67E+06 1.68E-08 1.75E-22 (RH103M 1.50E+06 1.52E-08 1.58E-22
RU106 5.87E+05 1.88E+04 6.05E+02
RH106 6.65E+05 1.88E+04 6.05E+02
AG110 1.81E+05 4.00E-01 2.52E-03
SB125 1.50E+04 4.34E+03 1.24E+03
TE125M 3.14E+03 1.06E+03 3.03E+02

'O TE129 3.38E+05 1.43E-12 0.00E+00 >

CS134 1.68E+05 3.13E+04 5.82E+03 ;'

CS137 1.10E+05 9.80E+04 8.73E+04
BA137M 1.04E+05 9.27E+04 8.26E+04

: CE141 1.66E+06 2.05E-11 2.53E-28
CE144 1.20E+06 1.39E+04 1.62E+02
PR144 1.21E+06 1.39E+04 1.62E+02
PM147 1.29E+05 3.66E+04 9.77E+03

,

PM148 2.84E+05 7.73E-11 3.80E-24
*

'
;

SM151 3.71E+02 3.64E+02 3.50E+02
j EU154 1.16E+04 7.78E+03 5.20E+03
: EU155 7.13E+03 3.55E+03 1.76E+03

I.

i Total 1.76E+08 4.85E+05 3.22E+05 i

i

4 ,

4

*
e

! '

;

|

i C:) !
;

"

i

i
7.2-6
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|

TABLE 7.2-4

PRIMARY CAMMA SOURCE SPECTRUM

ORIGEN2 GROUP STRUCTURE

Flux-to-Dose y/s/24 Assemblies

Avg Energy Factor Fuel Pleaum Top Bottom

(MeV) (mrem /hr/4) Zone Zone Fitting Fitting

0.125 3.26E-4 6.465E15 6.218E9 2.813E9 2.357E9
0.225 5.66E-4 6.125315 3.850E10 9.252E8 7.752E8
0.375 9.33E-4 3.350E15 2.226E11 2.594E8 2.174E8
0.575 1.31E-3 6.038E16 2.858E11 1.495E7 1.253E7
0.850 1.76E-3 1.334E16 1.249E11 1.127E11 9.445E10
1.25 2.32E-3 6.300E15 7.066E12 6.314E12 5.292E12
'A.75 2.93E-3 1.017E14 --- --- ---

2.25 3.47E-3 5.472E13 --- --- ---

2.75 3.96E-3 1.698E12 --- --- ---

3.50 4.63E-3 2.171E11 --- --- ---

0
|

|
1.2-1
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O TABLE 7.2-5

NEUTRON SOURCE DISTRIBUTION r

,

SCALE Alpha-n SF Combined
;

'

Group Spectrum Spectrum Spectrum n/sec*

1 0.0 0.01883 0.01761 6.041E7 |

2 0.25271 0.20958 0.21238 7.284E8 i

i3 0.52336 0.22657 0.24586 8.434E8
4 0.13084 0.13081 0.13081 4.488E8
5 0.06978 0.17915 0.17194 5.899E8

|

6 0.01981 0.19657 0.18508 6.348E8 ;

7 0.00349 0.03849 0.03622 1.242E8 !
i

1.0 1.0 0.99990 3.43E9 l

O
'

For 24 assemblies*

1

I

j
:|

i

!O
i
a

I

| 7.2-8
}
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TABLE 7. 2- 6

Parameters For The SCALE 27n-18g Library

Group Max Energy Flux-Dose Factor Primary Gamma *
No. (eV) (rem /hr/p) ( T/sec)

1 2.000E+07 1.492E-04 0.000E+00
2 6.434E+06 1.446E-04 0.000E+00
3 3.000E+06 1.270E-04 0.000E+00
4 1.850E+06 1.281E-04 0.000E+00
5 1.400E+06 1.298E-04 0.000E+00
6 9.000E+05 1.028E-04 0.000E+00
7 4.000E+05 5.118E-05 0.000E+00
8 1.000E+05 1.232E-05 0.000E+00
9 1.700E+04 3.837E-06 0.000E+00

10 3.000E+03 3.725E-06 0.000E+00
11 5.500E+02 4.015E-06 0.000E+00
12 1.000E+02 4.293E-06 0.000E+00
13 3.000E+01 4.474E-06 0.000E+00
14 1.000E+01 4.568E-06 0.000E+00
15 3.050E+00 4.558E-06 0.000E+00
16 1.770E+00 4.519E-06 0.000E+00
17 1.300E+00 4.488E-06 0.000E+00
18 1.130E+00 4.466E-06 0.000E+00
19 1.000E+00 4.435E-06 0.000E+00
20 8.000E-01 4.327E-06 0.000E+00
21 4.000E-01 4.198E-06 0.000E+00
22 3.250E-01 4.098E-06 0.000E+00
23 2.250E-01 3.839E-06 0.000E+00
24 1.000E-01 3.675E-06 0.000E+00
25 5.000E-02 3.675E-06 0.000E+00
26 3.000F-02 3.675E-06 0.000E+00
27 1.000E-02 3.675E-06 0.000E+00
28 1.000E+07 8.772E-06 0.000E+00
29 8.000E+06 7.478E-06 0.000E+00
30 6.500E+06 6.375E-06 0.000E+00
31 5.000E+06 5.414E-06 0.000E+00
32 4.000E+06 4.622E-06 2.171E+11
33 3.000E+06 3.960E-06 1.698E+12
34 2.500E+06 3.469E-06 5.472E+13
35 2.000E+06 3.019E-06 6.613E+13
36 1.660E+06 2.628E-06 1.828E+15
37 1.330E+06 2.205E-06 4.494E+15
38 1.000E+06 1.833E-06 8.400E+15
39 8.000E+05 1.523E-06 2.522E+16
40 0.000E+05 1.173E-06 4.250E+16
41 4.000E+05 8.759E-07 0.000E+00
42 3.000E+05 0.300E-07 0.000E+00
43 2.000E+05 3.834E-07 0.000E+00
44 1.000E+05 2.6G9E-07 0.000E+00
46 5.000E+04 9.347E-07 0.000E+00

* For 24 nr.semblien

7.2-9
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;

1 TABLE 7. 2- 7
4 !

|
t

FISSION GAS AND VOLATILE NUCLIDES INVENTORY j

(Curies /24 Assemblies) (
|

'

! l
!

!

!
: ,

{ Nuclide 5 Year Decay 10 Year Decay '

I :
,

H-3 7.12E3 5.38E3 !
'

{Kr-85 7.85E4 5.69E4 ;

i

) Cs-134 3.45ES 6.43E4 ,

i

|
'Cs-137 1.08E6 9.64E5

|

1 !
: ;
i :

|@ |
. ,

i !

;

I
'

! |
t

i
i i

l I

|4

1 ,

9 |
i |

1

4,

1
1

1

i

t

,

,

l
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7.3 RADIATION PROTECTION DESIGN FEATURES

7.3.1 Installation Design Features

A description of the installation design features is site specific |

and will be provided by the applicant. A general description of the i

installation is covered in Sections 1.2 and 1.3. Generically, there t

are a number of design features to ensure that exposures are AbARA.
,

!

a. There are no radioactive systems other than the storage casks !

which contain sources as described in Section 7.2 !
:

b. The casks are loaded and sealed prior to transfer to the ISFS1.

l
!c. Fuel is not unloaded at f.he ISFSI.
;

I

d. The casks are heavily st.ielded to minimize dose rates. The I
t

shielding design features of the cask are discussed in Section

O |

7.3.2 below.
I

i

e. The casks are stored in a controlled area at the 1SFS1. !

i

f. No radioactive materials will be discharged during storage. |

Design features relevant to Regulatory Guide 8.8 are discussed in f
Section 7.1.2.

7.3.2 Shieldinq
;

!
7.3.2.1 Shieldi_ni_ Design Features

{
!

Shielding for the TN-24 cask is provided mainly by the thick-walled '

cask body. For neutron shielding, a borated polyester resin

compound surrounds the cask body and a polypropylene disk covers the !

lid and bottom for horizontal ctorage. Additional shielding is

provided by the steel shell surrounding the resin layer and by the |
steel and copper structure of the basket. !

!

7.3-1



Geometric attenuation, enhanced by attenuation by air and ground,
provides additional shielding for distant locations at restricted

area and site boundaries. Figure 7.3-1 shows the configuration of

shielding in the cask. Table 7.3-1 lists the compositions of the

shielding materials.

7.3.2.2 Shieldino Analyses

Shielding calculations for the primary gamma source are performed
with the QAD-CGGP computer code. Neutron and capture gamma

'calculations are performed with the SCALE modules XSDRNPM and
XSDOSE with the coupled SCALE 27n-18g cross section library.

A single QAD model was used for the primary gamma calculations of
the top, bottom and side. This model is shown in Figure 7.3-2.

Four QAD runs are performed, each utilizing one of the four source
areas listed in Table 7.2-4: fuel zone, plenum, upper fitting and h
lower fitting. The sources are uniformly homogenized over the
cavity diameter and the appropriate length, as shown in Figure
7.3-2. The fuel basket is also homogenized over the cavity diameter
and fuel assembly length and mixed into each source region. The
basket material density is reduced by 75% in the top, bottom and
plenum source zones to estimate the reduced shielding effectiveness
of the basket in the axial direction. The radial resin and aluminum
shell are homogenized into a single composition based on the mass of
each component. The steel encased polypropylene disk is also
homogonized. The materials input for the QAD model is listed in

i

Table 7.3-2. l
'

For the neutron and capture gamma dose on the side of the cask, a
|

cylindrical one-dimensional model is used in XSD11NPM, as shown in
Figure 7.3-3. The central fuel region is considered to consist of 4

uranium dioxide. The fuel cladding and steel basket are included in

the homogenized fuel region. The fuel region is modeled as a

cylinder wit h the actual cavity diameter. Subsequent regions are

7.3-2
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|
'

|

t

!

cylindrical shells corresponding to actual dimensions. The sourceO i

placed uniformly in the fuel region is the source described in Table
i

7.2-5. The total source in the cylindrical fuel region is the same ,

as the total source in the actual fuel region.
t
.

For doses at the ends of the cask, one-dimensional plane geometry
(

XSDRNPM models are used. The fuel region is assumed to consist of '

uranium dioxide, zircaloy and steel basket, as in the cylindrical j

model described above. In the top end model the plenum and top end f
fitting are homogenized with 25% basket material density as used in

the QAD model and placed above the fuel zone. A polypropylene/ steel f
slab and a steel layer representing the protective cover are placed j

over the lid. The bottom end model is similar. Both configurations !
!

are shown in Figurc 7.3-4. Atom densities of the materials used in
,

the XSDRNPM calculations are listed in Table 7.3-3. A conservative I

assumption is that the axial distribution of the source is taken as I
Luniform, while in reality, the source will be relatively low near
!() the top and bottom of the fuel region. This is because power shape

during operation is non-uniform. The angular fluxes produced by (
,

XSDRNPM are processed by XSDOSE to produce dose rates at selected !

points.
|
!

To evaluate doses at long distances from the cask (long by
comparison to either radius or height of the cask), a spherical
geometry XSDRNPM model is used. This type of model is appropriate .

because the source region appears to be small and central when

viewed from a great distance. This reasoning is confirmed by I
t

examination of the analytical solution for dose from a shielded
Iline source of finite height. At large distances, the ,

!

analytical solution is equivalent to the analytical solution for a j
point source having the same total source as the line source (line

|esource strength times height of line) and the same thickness of j
shield. The fuel region of the XSDRNPM model is taken as a sphere

{
of radius such that the volume of the sphere is equal to the volume

( of the cask cavity. The tota) primary source contained in the

sphere is that listed in Tables 7.2-4 and 7.2-5. I,ayers of other i

7.3-3



materials - resin, steel shells, air - reproduce thicknesses of

materials in the actual configuration, as shown in Figure 7.3-5.

Appendix 7A contains examples of the input for the computer

shielding calculations.

The spherical geometry model does not account for the presence of the

ground. At very large distance from a source, characteristic of the

distance to the nominal site boundary, the dose should be reduced by
*a factor of two because of attenuation by the ground The.

XSDRNpH model with this correction still is conservative 11 that

attenuation in non-uniform terrain (e.g., hills), natural obstacles

(e.g., trees) and man-made structures is neglected. At moderate

distances characteristic of the distance to the nominal restricted

area boundary, however, the spherical geometry XSDRNPM model should

apply without correction because of a balance between attenuation

and back-scattering by the ground. Air attenuation is ignored in

using XSDOSE to determine the dose rates.

O
The models described above pertain to an individual storage cask.

The actual number of storage casks used and their arrangement will

depend on the needs of the individual site. For the purpose of this

section, it has been assumed that there will be one hundred casks

stored in a ten by ten array.

One hundred casks corresponds to 2400 assemblies. If a single

utility were to load a storage area at a rate so as to avoid

congestion in a spent fuel pool, it might choose to add casks at a

rate corresponding to that at which it loads fresh fuel in the

reactor. If this rate is one-third of a core per year, then about

three casks per year would be required for a single reactor, about

six casks per year for a two-unit station. Thus, by the time the

full ten by ten cask array is developed, it is likely that the fue.

in the array would be characterized by cooling much longer than the

nominal f ive years assumed in this document. This generic document,

in order to provide for a variety of possible scenarios, makes the

conservative assumption that the ten by ten array is constructed

immediately using fuel cooled five years.

7.3-4
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An observer at a distant boundary may view up to nineteen casks
( directly. One component of total dose at a boundary is obtained by

multiplying the dose frcm a single cask by nineteen. It also is

possible for radiation from the top of the other eighty one casks to
scatter in air and reach an observer at the boundary. The fraction,

of radiation released upward is assumed to be the fraction of
surface area of the fuel region that faces up ,(2nr /2ntl).

The total upward source is then treated as a point source for the

] purpose of calculating the dose at a distant boundary. This
assumption is conservative because the directional bias upward 10
neglected. The calculated scattered dose rate component et large
distances from the cask array is the direct dose component
(calculated above) increased by the factor:<

,

1

80.01 100
.57+ =2x366 19

Thus the calculated dose at large distances from a 10x10 array of

O casks is the dose rate from a single cask (spherical model) times
i 30. It also is possible, since there is a finite cpacing between

casks, for a portion of the radiation from the sides of the eighty
casks to travel upward and not be incercepted by other casks. The
fluxes will be small by corparison with the fluxes at the side of
the cask, and may he neglseted without introducing significant

|error, especially in vi;w of the conservative assumptions made. j

This reasoning is ccr..irmed by examination of the analytical
solution for a shielded line source of finite height

.

r

I

! As will be seen below, this modeling, when applied, indicates
satisfaction of all regulatory requirements for radiation protection

i by substantial margina. Given the conservative nature of ths
f assumptions made, application to a specific situation at a spec 8.fic

site is likely to lead to a substantial downward revision in dose,

} assessmant. Side and end contact dose rates and dose rates at short
j distances are given in Table 7.3-4.

i

7.3-5
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These dose rates are modest in view of the short duration of the |

tasks required in handling of the storage casks. Occupational doses
'are well within the requirements of 10CFR Part 20 and are

consistent with the 10CFR Part 72 ALARA guideline.

Dose rates at long distances for a single cask and for an array of

one hundred casks are shown in Figure 7.3-6. It may be observed

that the dose rate at the nominal boundary (100 m) of the controlled

area is well within the 10CFR Part 20 limit of 2 mrem for continuous
exposure for one hour. It is not expected that the operations at

the site would lead to individua. personnel being at the restricted

area boundary on a full working day basis every day for a year.

This, of course, is a matter that would be addressed by the

particulut license applicant's Safety Analysis Report. It,

therefore, in not expected that the annual 10CFR20 limit of 500 mrem

would bo limiting.

The design meets the guidelines of ALARA. Radiation levels at

unrestricted and uncontrolled locations, even when evaluated on the

basis of conservative assumptions, have been reduced to levels below

those required simply to meet regulatory requirements.

7.3.2.3 Experimental Results

A TN-24 prototype cask (TN-24P) has been fabricated and loaded with

24 Wystinghouse 15x15 fuel assemblies. The assemblies had about I

four years cooling time with a burnup of around 30,000 MWD /MTU.
'.'hermal and shielding tests were conducted at INEL on this loaded

I

cask. The results are detailed in EPRI Report NP-5128 '. The
measured contact dose rates (mrem /hr) at mid height radially and at
the center of the steel lid and bottom (no polypropylene disks or
protective cover) were: 179, 3n; 52g, 30n and 1459, 90n
respectively. At one meter from the surface they became: log, 2n:

|
239, 12n and 559, 25n respectively. Although a direct compaticon

with the calculated values is difficult because of the different i

fuel parameters, it can be seen that the dose rates around the TN-24

eaak are within expected valuen.

7.3-6
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TABLE 7.3-2

1

! PLATERI ALS INPUT FOR QAD MODEL

:

i

;

ZONE ELEMENT DENSITY.

|
g/cm

-
i

f

i Fuel / Basket Fe 0.907
1

) Zr 0.334

U 1.50

i

Plenum / Basket Fe 0.3564

i Zr O.372
!
I

1

| Top Fitting / Basket Fe 1.16

i O! Bottom Fitting / Basket Fe 1.22

i
i

| Body, Cover, Shell Fe 7.85
:
4

i

) Polypropylene/$ teel C 0.45
j Fe 0.86
i

!

Resin / Aluminum C 0.45

0 0.53

A1 0.46

i

!

|.

O-

i

i

I
a-
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TABLE 7.3-3

MATERIALS INPUT FOR XSDRNPM

ZONE ELEMENT / LIBRARY DENSITY

NUCLIDE NUMBER atom /b.cm

Fuel / Basket U238 92238 3.66E-3

U235 92235 1.42E-4

0 8016 7.59E-3

Zr 40000 2.20E-3

Fe 26000 9.97E-3

Plenum / Top Fe 26000 6.69E-2
Fitting /Dasket Zr 40000 1.65E-3

Bottom Fitting / Basket Fe 26000 1.31E-2

Body, Cover, Shell Fe 26000 8.46E-2

Polypropylene/ Steel Fe 26000 9.27E-3

C 6012 3.41E-2

11 1001 7.23E-2

1

Rosin / Aluminum Al 13027 1.03E-2 |

C 6012 2.26E-2

O 8016 2.01E-2 ;

11 1001 3.89E-2

D10 5010 1.46E-4

|

O
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TABLE 7.3-4
,

i TN-24 DOSE RATES AT SHORT DISTANCES

: c

! LOCATION DOSE RATE (arem/hr)
Gamma Neutron Total |;

l

!
Radial !

j Contact 52.6 4.4 57.0 |

i 1m 28.4 1.7 30.1 !
r

2a 19.2 0.9 20.1
!

3m 13.8 0.6 14.4
i

3.8 m 10.8 0.4 11.2 |
.

Top

Contact 10.5 0.3 10.8

1m 5.5 0.1 5.6

2.1 m 2.9 0.04 2.9
14.1 m 1.2 0.01 1.2

I}Top

Contact 26.3 167 193
t

i

pottom(
Contact 41.8 2.6 44.4 !
1m 24.1 1.1 25.2 I

2.7 m 9.1 0.2 9.3 '

4.7 m 3.9 0.1 4.0

|

Dottom( }
Contact 62.9 535 598

(1) With polyprepyleno disc (top and bottom) and protective
cover in place.

(2) Without polypropyleno discs or protectivo cover.
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I FIGURE 7.3-1
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FIGURE 7.3-2
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FIGURE 7.3-3

'XSDRN-FM PADIAL MODEL
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FIGUPI 7.3-4
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FIGUPI 7.3-5

XSDFN-PM SPilERICAL MODEL (LONG DISTANCE)
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O 7.4 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

Estimated occupational exposures for cask loading, transport, and
,

emplacement are discussed in Section 3.3.5. Figure 7.3-6 shows the

radiation dose rate as a function of distance from a storage array.

This figure conservatively asoumes a 10x10 array of casks, with each

cask containing 24 assemblies cooled for 5 years. Using the

conservative data from this figure, the additional dose to personnel

at a site boundary greater than 250 meters assuming 2000 he per year

occupancy is less than 114 mrem.

Table 7.4-1 shows the estimated dose due to routine maintenance and
possible once in a lifetime repair.

O

O

7.4-1
,



I

|

TABLE 7.4-1

MAINTENANCE AND REPAIR OPERATIONS ANNUAL EXPOSURE

Time No. of Dose Rate * Dose

Task Required (hr.) Persons (mrem /hr) (Man-rem /yr)

Visual

Survelliance(1) 3 2 30 0.18

Function Testing

of Instrumentation (2) 1 2 20 .040

Replace Seals (other

than lid) or Transducer (3) 3 3 45 0.41

Replace Protective

Cover (3) 3 3 35 0.32

(1) Assumes once a month for 15 minutes each (calculated radial dose rate at 1 meter)
(2) Assumes 2 tests a year 30 minutes each (calculated radial dose rate at 2 meters) !
(3) Once in a lifetime repair (measured dose at 1 meter from lid)

|

|
,

* Single Cask. |
|

@
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7.5 llEALTil Pl!YSICS PROGRAM

Organization and implementation of a health physics program at an
,

ISFSI is the responsibility of the license applicant. |
|

|
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7.6 EST1 HATED OFF-SITE COLLECTIVE DOSE ASSESSMENT

The actual off-site collective dose will be site-specific due to

influences of topography, site boundary distance, population

density, etc.

Since there are negligible amounts of radioactive effluents

expected, only direct radiation plus scattered radiation needs to be

considered. From Figure 7.3-6, it can be seen that this radiation

is rapidly attenuated at large distances from the cask. The dose

rate at 250 meters from a 10 x 10 array of casks is on the order of

0.057 mrem /hr. Assuming 24 hr a day occupancy for 365 days, the

annual individual dose would be less than 500 mrem at this distance.

O

O
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('N 8. ACCIDENT ANALYSIS

O
The design criteria for the TN-24 storage cask ensure a very

rugged and passive confinement structure. Analyses provided in

previous sections show that the cask is able to withstand the
effects of abnormal operation and credible accidents without

impairing its confinement function and without significantly '

increasing the dose rate beyond the control area.

The simple structure and passive nature of the TN-24 ory storage

cask and the simplicity of the storage installation itself allows

for minimal handling operations of the cask. This in turn

minimizes the possibilities for potential abnormal operations

and/or accidents.

The remainder of this chaptce will demonstrate the inherent

safety of the TN-24 storage cask.

8.1 OLF_NORMAi, OPER_ATIONS

After the loaded TN-24 cask is installed at an ISFSI site, no

operation is required under nornal conditions other than periodic

checks of remote pressure monitors and maintenance procedures

discussed in Section 4.5. Workers and the general population are

protected from radiation exposure by gamma and neutron shielding,

prevention of leakage and control of access to the site. ]
!
'

i

| 8.1.1 f:yAn(
. ;

4

i Off Normal operation at the ISFSI could result from naalfunctions

, of cask components. Two events can be postulated: !

l

i

a) Seal failure on a cask

b) Malfunction of cask pressure monitoring system.
,

(-I
4 s.
i

1

8.1-1
_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _|



8.1.1.1 PostL'ated Cause of the Even(

Malfunction vf the c a s ,T conponents is not expected during

operations at the ISFSt. There are few components that have the

possibility of failure due to the relatively simple design and

passive nature of the cask.

The seals are checked aftet cask loading and the choice of

corrosion-resistant, along-life" materials for the seals ensutes

a very low probability of seal failure. The pressure monitoring

instrumentation is also chosen to provide reliable service during

operation. Additionally, redundant transducers are provided to

ensure a high reliability of this system.

8.1.1.2 Detection of Event

A failure of the seals would be detected by the pressure

monitoring (over pressure) system with a remote readout. The

operator of an ISFSI may install an alarm or annuciator system to h
signal the detection of the events.

8.1.1.3 Ma l y s.1 s_o f_E f f e c t s_a nd Co_ns equ e n c e s

The TN-24 cask contains double closure seals to ensure
containment. Simultaneous tailure of both seals is not

considered credible. Thus at least one seal would still provide

a containment function during the off-normal event.

Section 3.3.2.2 demonstrates that the interseal pressure will

remain above the containment pressure for 20 years. Thus, there

is ample time for corrective action to be taken once the

monitoring system detects a leak.

The consequences of this event would be minimal, since only the

gas in the over pressure system would leak into the cavity or

into the area under the protective cover. No leakage of

radioactive material would occur. The failure of a pressure

transducer is provided for by the use of three transducers in the

over precsure tank.
8.1-2



This redundancy ensures reliable operation and negligible
consequences from a failure of one transducer.

8.1.1.4 Corrective Action

Corrective action for a seal failure begins with identification
of the leaking seal. If it is one that does not require breaking i

the containment seal. it can easily be replaced at the ISFSI. ,

If the lid seal is leaking, the cask could be returned to a spent
fuel pool and the seal replaced or the protective cover could be
replaced at the ISFSI by a co.'tainment cover utilizing double
metallic seals as described in b.'etion 4.5. The corrective
action for a malfunctioning pressure transducer is to simply |

switch to one of the other three transducers. |

[

8.1.2 Radiological Impact _from off-Normal oterations

The radiological impact from the postulated component failure is
b("N negligible beyond the controlled area. Replacement of seals or

protective cover will result in limited personnel exposure. This

exposure is dependent on the dose rate at the working area, the
time involved and the number of personnel required.

An estimate of the exposure for replacing the protective cover is
given in Table 7.4-1. The total dose rate is estimated to bo
0.32 man-rem.

The radiation exposure associated with instrumentation failure is
negligible.

The TN-24 metallic seals, over pressute system and inert cover
gas assure the integrity of both the fuel rod cladding and the
cask containment tot the lifetime of the cask. None of the

accident conditions considered in this topical report would

() compromise the containment. Nonetheless the radiological

consequences of a dudden, complete failure of both containment
and fuel cladding of a single cask are examined below.

8.1-3



The total inventory of gaseous radionuclides in the design basis

fuel 's determins ' to be 645 Ci of tritium and 7114 Ci of Kr85
per MTU using the ORIGEN2 computer code. Approximately 10%
of this gas is released from the fuel pellets into the fuel

rod gaps and plenum. The total gaseous source (0) which would be

released if all cladding on 24 assemblies (0.46 MTU/assy) failed

is therefore 712 Ci tritium and 7854 Ci Kr85.

The relative concentrations (1/0) at 100 m (minimum c.ntrolled
boundary distance) and 500 m are determined by the mett.3d of it e g

Guide 1.145 Section 1.3.1, assuming stable (pasquill F),

atmospheric conditions and a very slow wind speed of 1 m/s.

These conditions provide a high estimate of relative

concentration. At 100 m, 1/Q - 8.65E-3 c/m and at 500 m,,

4.74E-4 c/m .

Dose Calculations

Three dose components are calculated followinj Reg Guide

1.109 :

a) Whole body gamma dose from a semi-infinite cloud ot

Kr85

b) Gamma plus beta dose to skin f rom a semi-infinite

cloud of Kr85

c) Whole body dose to an adult due to inhalation of

tritium.

The external dose due tc tritium is negligible compared to the

inhalation dose, and Kr85 is not considered for inhalation dose

because it is a noble gas.

O
;
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Following Reg Guide 1.109, P.equlatory position c.2.e:

O x*DFB*SFDose =

x=Q*(x/0) = 7854 Ci/y * 8.65E-3 s/m

*3.17E4 ypCi/s-Ci

=2.15E6 pCi/m (at 100 m)

SF = 0.5 (Shielding and Occupancy Factor per page 1.109-43 of Reg
Guide 1.109)

1.61E-5 mrem. m /pCi-yDFB =

(Reg. Guide 1.109. Table B-1)

17 mrem yearDose =
|

Similarly the Kr85 beta plus gamma skin dose and the tritium

inhalation dose are calculated according to Rcqulatory positions

c.2.f and c.3.b respectively. The doses at 500 meters are lower

() by the ratio of relative concentration factors at 500 and 100

meters,
i

:

The results are tabulated in Table 0.1-1. They demonstrate that

even complete and cudden failure of all fuel cladding and the

TN-24 containment will not result in doses in excess of 5]
| Rem / year limit of 10CFR72.68b at the minimum controlled boundary

distance of 100 m.

:

,

-

1

1

l

< t

, x

i

,

t

|

|
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TABl.E 8.1-1

Doses From Complete Containment Failure

|

Doce, mrem / year |
|

Di s t a ric e Tr8_5(W!jl Kr851Skind ll3_LWill
100m 17 2900 246
500m 0.94 160 14

Kr85(WB) Whole body gamma doce from Kr85

Kr85(Skin) - Gamma plus beta skin dose from Kr85

ll3(WB) - Whole body inhalation dose from tritium

O

|

,

|

i
i

!

i

; 1
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8.2 ACCIDENTS

O
For this section, an accident is defined as any incident that
could potentially rnsult in a dose in excess of 25 mrem beyond
the controlled area. The potential accidents could result from

natural events or man-made events. As shown in the Colowing

sections, no credible accident will r e s u l. t in direct radiation or

release of radioactive materials that will endanger personnel.

The analyses and results are covered in detail in Chapters 3, 4

and 5.

8.2.1 E3rt_hquako

8.2.1.1 Cause of Accident

Natural event.

0. 2.1. 2 Acc ident_Analyfils

The postulated earthquake based on the criteria in 10CFR Part
72 is discussed in Section 3.2.3. The analysis shows that

the distributed stresses on the cask due to the earthquake are
less than those due to normal handling. The analysis also shows

that the cask will not tip as a result of the postulated
e:rthquake. There are no radiological consequences resulting
from the earthquake.

8.2.2 Tor..nado

1

8.2.2.1 Cauce of Accident
;

Natural Event.

|

|

|

|

8 . Ti - 1
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8.2.2.2 Accident Analy_s_i_s,

f

(_/ The loadings due to the postulated tornado are discussed in

Sections 3.2.1.2 and 5.8 of Appendix 4A. The analysis shows

that the cask will not tip but may slide due to the postulated

tornado winds or missile forces. No radiological consequences

will result from the postulated tornado.

!

J

8,2.3 Flood

8.2.3.1 Ca_use of A c c_i d ep_t
i

l '

Natural Event.4

8.2.3.2 Ac c id q_n t Analysis;

!

The postulated floods and high water levels are discussed in

! Section 3.2.2. The analysis presented shows that the cask will

| withstand the external pressure due to the flood and the velocity

of the flowing water will not tip or cause the cask to slide.

| There are no radiological consequences due to the flood.

1

8.2.4 Ex_p_l o s i o n Nea Lby
,

i

1 8.2.4.1 Cause of Ac_qld_qnd
!

!

| Explosion of material in the vicinity of the cask.
4

i

8.2.4.2 Ac3Jdent A naly sj s_*

|
!

; The cask is designed to withstand 25 psi external pressure. The

pressure generated by a credible explosion in the general

vicinity of the cask is expected to be only on the order of a few

psi. This would not collapse the heavy steel wall, the 0.75 inch

thick steel shell surrounding the neutron resin or provide enough

( lateral load to tip the cask. There would be no radiological

| consequences as a result of a credible explosion in the vicinity
i of the cask.
i

8.2-2
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8.2.5 Elrn

0.2.5.1 Cause of Accident

Combustible materials will not normally be stored at an ISFSt.

Therefore, a credible fire would be very small and of short

duration such as that due to a fire or explosion from a vehicle

or portable crane. Although a major fire is not credible, the

cask was evaluated for the thermal accident as defined in 10CFil
'Part 71.

8.2.5.2 Accident Analysis

The result of a small credible fire would be a slight increase in

temperature near the cask outer surfaces which would be of

negligible consequence.

The analysis for the hypothetical thermal accident is described

in Section 5.1.3.6. The resulte of the analysis show that the

containment will remain sealed because the metallic seals will

withstand the expected tenperatute and the stresses are well

within the required limits. The cavity pressure (Section

3.3.2.2) would remain less than the over pressure cystem

pressure. Although the resin material can be expected to char,

it will not completely disappear. However, assuming that all of

the hydrogen is driven off, the neutron dose rate would increase

by a factor of 30 to about 140 mrem /hr at contact on the side.

8.2.6 Cas_k_Dro_n

8.2.6.1 Cause of Acciden(
l
1

The cask drop is postulated to occur during handling while the

cask is moved onto or off of a transport vehicle. I

O

|
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i

|
,

;

8.2.6.2 hec _ident A n a ly s_i s

Two postulated accidents are evaluated in Section 3.2.11, and

Section 5.6 of Appendix 4A. The first one assumes a vertical or
near vertical orientation of the cask and the second one assumen

'
that the cask falls off the transport vehicle with a horizontal

orientation or at some snall angle to the ground. The cask is

assumed to fall onto a concrete slab resting on a soil foundation.

The analyses show that the containment vessel vill remained
a dealed. Even if a momentary separation of the seal and sealing

surfaces were to occur, any resulting leakage would be from the'

over pressure chamber into the cavity. The basket compartments-

will also retain their integrity and the fuel assemblies will
;

remain within their compartments.

The stress levels in the cask are very *. v for the severe loading |
t

| conditions assumed.

' '

8.2.7 Cask Tipping
,

!

8.2.7.1 Cause of Accit2n1
,

!
Tipping of the cask is postulated to occur during handlingj

'

} operations.
!

8.2.7.2 Accident Analysis ;4

I I
1

i

i

j Two tipping accidents were considered in Section 3.2.12 and

i Section 5.7 of Appendix 4A. The first occurs when the cask is 8
!ft above the ground. Although previous at.alyses showed that an

j upright cask would not tip due to forces from earthquakes, '

tornados or floods, this was the second case evaluated.

2 The results of the evaluation showed that the stresses resulting

() from the tipping accidents were within allowable limits and no

release of cavity gases would occur.'

!

t

8.2-4
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8.2.8 Burial or Insulated Cask

8.2.8.1 Cause of Accident

The cask is assumed to be buried due to an earthquake or

insulated by debris caused by a tornado or high winds.

8.2.8.2 Accident A n aly_s i_c

The analysis f or an insulated cask is included in Section

5.1.3.6. The thermal stress induced in the body would be less

than the stresses from a major fire. The cavity pressure,

assuming 100% fuel failure will not exceed the over pressurt

system pressure. The cask body (Seal) temperature approaches the

maximum temperature limit for the seals of 700*F in about 80

hours. Therefore, corrective action should be taken within 80

hours. As long as such corrective action is taken, the

consequences of this accident would be negligible.

O
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8.3 SITE CilARACTERISTICS AFFECTING SAFETY ANALYSIS

Site specific characteristics which would affect the safety

analysis will be identified and addressed by the license

applicant.
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!
9. CONDUCT OF OPERATION

Operation of an IGFSI is the responsibility of the license

applicant.

I !
! !
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10. OPERAT1HG CONTROLS AND LIMITS

|
|

'

10.1 PROPOGED OPERATING CONTROLG AND LIMITS

;

; 10.1.1 Contents of Op.erating Controls _,aD _Limilsd '

t
<

1

Operating controls and limits for the TN-24 storage cask include
'

the following:

i
!

cask surface temperature-

- eask dose rates

! - fuel charaJteristics r

- cask leakage limit.s >

siting limitations-

-
,

i
;
'

! Table 10.1-1 lists the proposed operating limits.

! I
9

1
1 10.1.2 Bases for_Operaljpg Controls a3d Limits c

!

! 10.1.2.1 Ca A Sar_f_ ace Tempe r a t u r e LLmit, ,

!s

l
1

j The basis for selecting a cask surface temperature limit is to l
,

assure that the fuel rod temperature is limited so that the

|; cladding is protected against degradation and gross rupture as

i specified in 10CFR part 72.7 (h) Analyses are provided in.

i Cection 5.1.3.6. |
t

1

I

10.1.2.2 C a s k Su tta g,e Do s e_Ra t e__!d mi t
'

r

j The basis for specifying a limit for the casa surface dose rate

,

is to assure compliance with the annual dose rates specified in !

10CFR Part 72.67 and 10CFR Part 20( Shielding analyses are.

:

provided in Section *. 3.2. i,

,

1 I

! !
t

| 10.1-1
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|
1

10.1.2.3 Cask _Loakaged,_imLts

The basis for controlling the cask leakage is the same as in

Section 10.1.2.2 above and also to comply with 10CFR Part
72.74(d).

The cask leakage limits are based on the requirement to maintain

a positive pressure of helium in the containment and to maintain

an over pressure system pressure higher than the containment

pressure during the entire 20-year storage life. The analysis is
provided in Section 3.3.2. The limit chosen is an order of

magnitude less than required.

10.1.2.4 Fuel Characterjstics I,imit

The bounding spent tuel parameters are given in Tables 3.1-1 and
3.1-2 and summarized below.

O
-5 years minimum cooling time

-15.000 MWD /MTU burnup
-37.5 MW/MTU specific power

-3.7 w/o U-235 initial enrichment
|

10.1.2.5 S.i t i n g_L i m i t a tio_r!

The deslyn earthquake is based on values given in 10CFR Part
;

72,66(a)(6). The tornado wind parameters ara based on Regulatory
Guide 1.76 Additional siting limitations for the ISFSI are.

governed by 10CFR Parts 72.67 and 72.68 concerning radiological
protection.

{
!

|

!
l
|

9
|
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TABLE 10.1-1

Operating Limits Summary

EaLa me t ol gporglag_hlmitq
i

Cask Surface Temperatures 250*F

Cask Surf ace Dose Itate 60 mrem /hr
~

Cask Tightness (over all) 1x10 atm/cc-ree
Max. Decay lleat of Fuel 24 kW
(single cask)

Maximum Cladding Temperaturo 388*C
Siting Lim *tations

a. Earthquake 0.25 g horizontal

0.17 9 vertical
b. Tornado 360 mph wind speed
c. Radiological Exposure 10CFh 72.67

O 10CFR 72.68

O

10.1-3
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References for Section 10.1

0
1. "Licensiing Reg'litements for the Storage 01 Spent Fuel in an

ladependent Spent Fuel Gtorage Installa' ion (IGFSI)", 10CFR

Part 72, Rules a nd I<egult t ionr . Title 10 Chapter 1, Code

of Federal Hegulations - Energy, U.S. Nuclea r Itoquiatory

Comminsion, Wahhington D.C., Jan 1987.

2. "Standards for Protection Againct It a d i a t i o n" , 10CFit Part

20, Eules and Etegulations. Title 10, Chapter 1. Code of

Federal itequlations - Energy, U.S. Nuclear llegulatory

commission. Washington D.C., Jan 1987.

3. "Design Uacis Tornado For Nuclear Power Plants", Itegulatory

Guide 1.76, U.S. Nuclear Regulatory Commission. Washington

D.C., Apr 1974.
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J

!

: 10.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITG

,

10.2.1 Lu n c t i o rla L_a nd_Qp e r a t lyg__IdJnjis _tioJLilo._ tln g_i ns t_r u m e nis ,a a

, a nd td mil _ Lng Control _sttiingn
1

This section applies to items listed in Sections 10.1.2.1 through

10.1.2.3 above.<

!

10.2.2 L i m i t i rig _Go ndj__t. i on s_{o r_Qp ela tion s

.

10.2.2.1 Equipmen_t,
,

The pressure monitoring instrumentation is described in Section!

I

j 3.3.3.2. Leak testing of the system will be performed after cask j

loading utilizing a standard helium leak test. Operational
.

,

i

function of the monitoring system is discussed in Section 3.3.2.

10.2.2.2 TeghnLu) Conditions an_d CharacJerJstjes_

'
- Cask Surface Temperat'Jte - The surface

temperature of a singic cask will be limited to

] a value of 2S0*F which assures that the a ve r a c' e
temperature of the hottest fuel rod will vt

exceed 388'C. '

\ |
'

- Cask Dose Rate - The surface dose rate of the I
cask will te limited according to the

requirements of 10CFR Part 72.67(a)

and ALARA principles. The surface dose rate,

of the TN-24 cask with 24 reference fuol
assemblies is less then 60 mrom/hr.

.

- Fuel Characteristics - Parameters for the spent

| fuel are established in Section 3.1. |

|

| 10.2-1
I
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|

l
10. 2. 3 su r ve_i l_l a n c e_Re_qu i r eme n t o i

Cask ourveillance to evaluate the dose rate and surface

temperature is performed upon arrival of the cask at the ISFSI.

Further sutveillance is not required for these parameters.

Surveillance cf the pressure monitoring system is performed by a

remote readout device and/or alarm. Direct surveillance is not

required. A periodic visual surveillance of the cask is all that

may be required.

10.2.4 De s i g n _ i< c a t u r e s

Dcsign features required for safety are controlled through the

quality assurance program implemented during design and

fabrication.

10.2.5 (sdministrative Controls

Administrative controls will be site specific and are the

responsibility of the license applicant.

10.2.6 _Gugggeted F o r ma t _f_qr_ Op e r a tjp.g_gop tJ_olt a nd I.i m i t s

Due to the passive nature of the dry storage cast. the

operational controls are limited to cack tightness monitoring.

Other limits (dose rate, surface temperature. etc.) are evaluated

during cask acceptance at tae facility.

Leakage _Manitori_nq

1. Title' Cask Leakage Control

2. Specification: Gee Table 10.1-1.

3. Applicability: Cask double seal system

e

10.2-2
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1 ,

!

4. Objective: The purpose of the cask leakage control is to
'

monitor the double seal system for the lid and penetrations |

|
and prevent loss of double seal protection.

!4

t

I 5. Action: It monitoring indicates leakage of a seal, the seal
I

i should be replaced or a containment cover can be placed over
i

i
i the lid. ,

I
t

! 6. Surveillance Requirement: Leakage testing and functional (

)i
testing of the monitoring system is performed at the !

l

! beginning of storage. Periodic maintenance and testing is
|

| not required due to the reliability of the redundant ;

monitoring system ,

.

!
t
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I

I References for Section 10.2

: G<
l

1. "Licensino Requirements for the Gtorage of Spent Fuel in ani
j

: Independent Spent Fuel Storage Inctallation (ISFGI)". 10CFR I

Part 72 Itules and itegulations. Title 10 Chapter 1. Code

; of Federal lle gu l a t i o n s - Energy U.S. Nuclea r itequla tory

j Coramission. Washington D.C.. Jan 1987.
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|
' 11. QUALl',i ASSURANCE PROGRAM :

f
'

Transnuclear, Inc. (TN) has established a Quality Assurance |
Program for Design. Fabrication, inspection and Testing of

j Storage Systems for Spent Fuel and Associated Radioactive

Materials (E-9213) in conformance with the requirements of j;

j Subpart G of 10CFR72. This QA Prograrn shall be implemented for ;

; all activities which are important to safety for the TN-24.

[
j As required by the QA Progratu, a specific QA Program Plan shall

i be established for each TN-24 project. This QA Program Plan
)
; shall identify specific project QA requirements, including the j

j identitication of items which are important to safety for that !

project. Table 3.4-1 provides guidance for classification in ;

this regard.

i

supplier organizations shall be made aware of the mandatory QA

requirements including the applicability of Codos and Standards ;

J by identifying such requirements in TN procurement specifications
;

f in accordance with TN QA Procedures. |
1

I

| Special processes anticipated for fabrication, inspection and
l testing of TN-24 dry storage casks are as follows:

:

L

j a. Welding
!

| b. lie s t Treating
f

ca . Non-destructive exart.ination '
j

'
Ultrasonics

kadlography !

Magnetic Particle |

Liquid Penetrant f,

] d. Surface Coating

e. Cleaning j

| f. Resin Pouting :

| O * "Important
|

q to safety" and "safety related" are used i

f interchangeably in TN documents.
;,

! i

| 11-1 |
1 r

-_ _ _ -__-___-____ . _ _ _ _ _ _ _ _ _ _ _ _

i


