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O
LO_ GENERAL INFORMATION

id Introduction

The NuPac 10/140MB Cask has has been developed for the purpose of safely

transporting Type B quantities of radioactive material. The purpose of this

Safety Analysis Report is to demonstrate compliance of the package with 10 CFR
71 regulatory requirements. The package is capable of safely transporting

Type B quantities of radioactive materials, including quantities greater than

Type B meeting the definition of LSA. Authorization is sought for shipment

by cargo vessel, motor vehicle and rail.-

1_d Packmas Descrintion

1.2.1 Packmaina

1.2.1.1 General Descrintion

The NuPac 10/140MB reusable shipping packages designed to protect radioactive
material from normal and hypothetical accident conditions of transport.

The NuPac 10/140MB Cask is a top and (optionally) bottom loading transport ,

shield designed specifically for the safe transport of Type B' levels of radio-

active materials. The shields can accommodate full capacity liners, or mis-

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

1-1

-
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1.2.1.2 Materials o_f Construction. Dimensions n d Fabricatina Methods

General arrangement drawings of the NuPac 10/140MB is included in Appendix

1.3.1. These show the overall dimensions as well as materials of construc-

tion.

The cask body consists of external and internal steel shells separated by a

lead biological shield in the annular space between these two shells. The top

and bottom ends of the cylindrical cask are constructed of stainless steel

castings or forgings. The inner steel shell is constructed of 304 stainless

steel plate.

The top (and as an option, the bottom) serves as a removable cask lid and is
tsecured to the cylindrical cask body by eight, high strength, 'EnviroLock *'

binders. A 29 inch diameter secondary cask lid is located in the center of the

top primary lid and is secured to the primary lid by eight 1-1/4 inch studs.

Lif ting lugs and tiedowns are a structural part of the package.

\

1.2.1.3 Containment Vessel

The inner shell together with the top and bottom end plates of the cask serve

as the containment vessel. Its mechanical configuration is described in the

f oregoing paragraph.

Two pairs of neoprene 0-ring seals are enployed in both the primary and
tsecondary lid interfaces. The s e 'Env iroSe a t s "', are of a unique design,

affording an unprecedented level of containment to the contents of the

10/140MB. ,

Waste products will be contained in 55 gallon drums, in heavy gauge disposable
steel liners, in crates or other suitable pallotized forms.

:

1-2
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1.2.1.4 Neutron Absorbers

s

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

10/140MB package.

1.2.1.5 Packame Weiaht

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

| follows:

Gross Empty Weight 50,000

Payload Weight 15.000-

|

| Total Veight 65,000.(approx.)
,

i

1. 2.1.6 Recentacle s

There are no internal or external structures supporting or protecting recepta-m

clas, except as described in 1.2.1.7 below regarding the optional drain port.

| 1.2.1.7 Containment Penetrations
'

The casks are provided with a 0.44 inch diame ter drain port in the botton

I plate, suitably counter-drilled and tapped to accept an o-ring sealed pipe

plug. He drain port is used for removal of entrapped liquids, such as rain

or decontamination fluids. If a cask is configured to bottom-load, then no

drain port is provided into containment. ,

i

f

1

1-3
,
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O
1.2.1.8 Tiedowns

Tiedowns are a structural part of the package. From the attached general

arrangement drawing, it can be seen that four reinforced tiedown locations are

provided. Refer to Section 2.5.2 for a detailed analysis of their structural

integrity.

1.2.1.9 Lifting Devices

Lif ting devices are a structural part of the package. From the general

arrangement drawing, it can be seen that three reinforced lifting locations

are provided. Refer to Section 2.5.1 for a detailed analysis of their struc--

S stural integrity.

1.2.1.10 Pressure Relief System i

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

' packaging.

3

1.2.1.11 h Dissination

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

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

1.2.1.12 Coolants

t

There are no coolants utilized in the package.

.1.2.1.13 Protrusions

s

There are no outer or inner protrusions, except for the lif ting and tiedown~

lags described above. 1

1

I
i

1-4
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!

1.2.1.14 Shielding

The contents will be limited such that the radiological shielding provided

will assure compliance with DOT and IAEA regulatory requirements. Should lead
sinap occur, as the result of a flat end drop, the deeply stepped lid will

provide full shielding protection.

! 1.2.2 Ooerational Features

Refer to the General Arrangement drawing of the packaging, in Appendix 1.10.1.
i

There are no complex operational requirements connected with the packages and1

none that have any transport significance. The top primary lid and optional

tabottom lid are both readily removable with NuPac's rapid action EnviroLocks'

which, when not in use, are completely recessed beneath the protective over-

pack to prevent inadvertent damage during normal or accident conditions of
tmtransport. Full and reliable containment is provided by NuPac's EnviroSeals

providing an unprecedented level of containment to the package. These devices'

provide sealing surf ace protection during operational activities, and are

themselves easily and quickly replaceable to maintain a sure and complete seal

tunder all conditions. Full patent protection for both the Envirolocks " and
the EnviroScalsta is being sought.

1.2.3 Contents 21 Packaninn
>

This application is for transporting the following radioactive materials as
,

defined in U.S.A. and IAEA regulations:

j o Contents include less than 2,000 time s the Type A quantity of ,

j radioisotopes as defined in 10CFR71, Table A.

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

Activity (LSA) in normal or special form.

,

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

1-5
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!
!

o Contents may be in d is pe r s ib l e or non-dispersible form (e.g., '

activated hardware) and may be contained within an internal liner
i

not considered part of this application or solidified in a j

stabilizing media or both. The containment ability of any internal |

; liner is not considered in this application. j

J ,

i
i

J o Contents shall be so limited that the external radiation dose rates
- '

are within the limits specified in 10 CFR 71. This shall be verified
!i

i by pre-shipment inspection. |
'

!

I

i

!4
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i
!

!
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i
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M STRUCTURAI, EVALUATION

This section identifie s and de scribe s the principal structural engineering

design of the NuPac 10/140MB packaging, components, and systems important to

safety and to compliance with the performance requirements of 10 CFR 71.

M Structural Desian

2.1.1. D i s c u s s ion

The principal structural member of the NuPac 10/140MB package is the contain-

ment vessel described in Section 1.2.1. The above component is identified on

the drawing as noted in Appendix 1.3.1. A detailed discussion of the struc-

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

2.1.2 Design Criteria

2.1.2.1 Basic Desian Criteria (Allowable Stresses)

This section defines the stress allowables for primary membrane, primary

bending, secondary, bearing, shear, and buckling stresses for containment

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

Regulatory Guide 7.6, Desian Criteria for Structural Analysis g Shinninn Cask

Containment Vessels is used in conjunction with Regulatory Guide 7.8, Lgsf

Combinations for the Structural Analysis d Shinning Casks to evaluate the

integrity of the NuPac 10/140MB. Where the loads specified by Regulatory

Guide 7.8 conflict with those given in the current . version of 10 CFR 71, the

latter.is used. Material properties and design stress intensity values, S,,
used in the analyses can be found in Table 2.3-1.

O
,

2-1
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.

2.1.2.1.1 Containneat Structures

\

Regulatory Guide 7.6 was used for all package containment boundaries for both

the normal conditions of transport and the hypothetical accident conditions,

f Material data used in the evaluation correspond to the design stress values.

S,, yield strengths, S, and ultimate strengths, S ,, given in the ASME Code,7
Section III, Clas s I. The containment vessel is considered to be the 66.0

;

inch inside diameter, .75 inch thick inner shell of the cask, the castings or

Iforgings at the top and bottom ends of the cask, the bc * ted secondary closure
lid, and the drain port in fixed bottom modules. A .ammary of allowable

stre sse s used for containment structure s, non-containme nt s tructure s, and

fasteners i s p r e s e n t e d in Tab l e 2.1.2-1. These data are consistent with

i Regulatory Guide 7.6 and Sections NB-3000 and Appendix F of ASME Section III,
t

|

2.1.2.1.2 Non-Containment Structures

,

Structural evaluations of non-containment boundaries, such as tie down and
i
| lifting devices, and the cask outer shell use allowable stresses for normal |

| and accident c'onditions as presented in Table 2.1.2-1. The overpack is al- |

'i
i Iowed to exceed yield for all conditions. The acceptance criterion for all

j impact related loads within the overpacks is that no cask 'hard points' di - F

,

) rectly come into contact with the ' impact surf ace. For lif ting and handling
{1

; loads, the 'non-containment' allowable s of Table 2.1.2-1 are utilized in

conjunction with a load f actor of three (3), per 10 CFR 71.45. 'Ihe se lifting

and handling allowables are applicable to all package components, including f
the overpack lift lugs. },

; l

i

i t
'

!

f

r

! |

.

,

.

1;

!*

.

; :
'

.
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TABLE 2.1.2-1

O Allowable Stress Limits

(Table 1 of 2)
| | 1

| | CONTAINMENT STRUCTURE ALLOWABLE STRESSES |

1 | Stress Category | | l'
| | Normal Conditions i Accident Conditions |

| | | |

| Primary Membrane i S, | Lasser of: 2.4S, |

| Stress Intensity | | 0.7S, |

| | | |

| Primary Membrane + Bending | 1.SS, | Lesser of: 3.6S, I

| Stress Intensity | | S, |

| | | |

| Range of Primary + Secondaryl 3.0S, | Not Applicable |

i | Stress Intensity I | |

|

'

I I I

| Bearing Stress | S. I S for seal surfaces |g 7 7
| | | S,elsewhere |

'

'

I I I |

| Pure Shear Stress | 0.6S, I Lessor of: 1.20S, | ,

I | | 0.35S, | l

i I I I

l Buckling i Per Section 2.1.2.2.3 |>

'

| | | ;

| | CONTAINMENT FASTENER ALLOWABLE SIRESSES |

| Stress Category | | |

| 1- Normal Conditions I Accident Conditions | !

| | | | .

'

| Membrane Stress 1 2.0S, I Lessor of: 'S I7
I | | 0.7S, | |

*

| | 1
- -l i

.lMembrane + Bending Stress * | 3.0S, | S, | -

|,

'

| | | | C
i

i
* Not Considering Stress Concentrations j

i

I

I2-3 .

'
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,

e TABLE 2.1.2-1

Allowable Stress Limits

(Table 2 of 2)
|- | |

| | NON-CONTAINMEN'T STRUCIURE ALLOWABLE STRESSES |

'_ | Stress Category | | |

| | Normal Conditions | Accident Conditions |

| | | |

| Primary Membrane | Greater of: S, | 0.7S, |

| Stress Intensity | S | |
7

| | | | ,

| Primary Membrane + Bending | Greater of: 1.5S, | S, |

| Stress Intensity | S | |
7

| | | |

| Range of Primary + Secondaryl Greater of: 3.0S, | Not Applicable |
I | Stress Intensity | S | | ,7,

| | | |

| Bearing Stress | S | S, |
7

I | Pure Shear Stress | Greater of: 0.6S, | 0.35S, |

| | 0.6S | |y

| | | |

| Buckling l' Per Section 2.1.2.2.3 'l;

| | -|

| | NON-CONTAINMENT FASTENER ALLOWABLE STRESSES |

| Stress Category | | |

| | Normal Conditions | Accident Conditions |
| I | -|.

| Membrane Stress | Greater of: 2.0S, | Greater of: S |
7

| | S | OJ7S, I*
<

7
| 1 | |

| Membrane + Bending Stress | Greater of: 3.0S, | S, |

| | S I |*
7

| | | | '

l
1

O * Not Considering Stress Concentrations

2-4
,
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'

2.1.2.2 Miscellaneous Structural Failure Modes

2.1.2.2.1 Brittle Fracture
.

With exception of the closure bolts and EnviroLocks, all containment structu-

ral components are f abricated of Type 304 austenitic ~ stainless steel. Since

this material does not undergo a ductile-to-brittle transition in the tempera-

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

The secondary lid closure bolts are f abricated of ASTM A-320, Grade L43, alloy

steel. Per Section 5 of NUREG/CR-1815 bolts are generally not considered as

f rac ture-critical components because multiple load paths exist and because

bolted systems are designed to be ' redundant. However, for purposes of compar-

ison, the nil-ductility transition (NDT) tc=perature of the closure bolts will

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

4

iccording to Section 6.2.1.1 of the ASTM A-320, Grade L43, specification, the

C minimum impact' energy absorption is 20 ft-ibs at -150 F. The Charpy impact

transfo rme d into a fracture toughness value by using themeasurement may ..

empirical relation developed in Section 4.2 of NUREG/CR-1815, as follows:

ID = [5E(C )]O.5K y

Where:

ID = dynamic fracture toughness, psi-in .5oK

E = Modulus of Elasticity, psi

! = 28.8(10)6 psi a t -15 0 F (Table I-5.0 of the ASME B
| and PV code)

C = Charpy impac t me asurement, ft-lbsy

= 20 ft-lbs

|

!O
,

I

2-5
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O
Then,

ID = (5[28.8(10)6](20))0.5 = 53,665 psi-in .5o
K,

The dynamic fracture toughness is translated to an equivalent nil ductility

transition (NDT) temperature by using the Pellini reference curve given as

Figure 2 in NUREG/CR-1815.

By interpolation, the temperature relative to NDT is found as:.

(T - NDT) = 30*F
,

Accordingly, the nil-ductility transition temperature is:,

t

NDT = -150-(+3 0)
J = -180*F

For Category I fracture critical components, and in section thicknesses of 1.5

inches (bolt diameter), Figure 3. NUREG/CR-1815, gives the minimum off set, 'A'g

as approximately 60*F. Thus, the max'imun NDT temperature value is:

0
TNDT = LST - A = -20-60 = -80 F

Where:

TNDT = maximum NDT temperature per NUREG/CR-1815'

LST = lowest service temperature

= -20*F (Reg Guide 7.6)

A = 60*F, per Figure 3, NUREG/CR-1815

1

The ASTM A-320, Grade L43, closure bolts experience a ductile to brittle

; transition temperature at -180*F whereas the criterion of N'JREG/CR-1815. pre-
scribes a maximum NDT temperature of -80*F. The 100*F margin between criteria
requirements and material capability provide conservative assurance that brit-'

tie fracture failures will not occur in these ferritic closure bolt materials.

'Since bolts are acceptable under Category I rules, they are also acceptable -

'for the Category II NuPac 10/140MB.

O

2-6
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tp The EnviroLock a closure devices include ASTM A522 grade I material, two

inches in diameter. 'Ihe material has a minimum tensile yield of 75,000 psi.>

NUEEG/CR-1815 states that for steels with yield strengths greater than 70,000

psi, the dynamic yield strength (a d) may be taken as 15,000 psi greater thany

the static yield for brittle fracture considerations. So, for A522 material,

' a d = 90,000 psiy

i From Figure 7 of NUREG/CR-1815 for 2 inch material and taking advantage of the

relief allowed for reduced loading rates for . steels with yield strengths in

0excess of 70,000 psi, a required NDT of fset ( A) of 27 F is obtained. Since

the lowest service temperature (LST) of the 10/140MB is -20 F, the maximum nil

ductility transition temperature (TND'f) may be calculated:

0
TNDT = LST -A = -20-27 = -47 F

!

Using the same curve in Figure 7, the ratio of the stress intensity factor Ky
to the dynamic yield required at the NDT temperature (when A equals zero) is: .

j - !
,

K /c d * * 8 ig y;

i

Since a d = 90,000, Ky at the NDT temperature is '
y

t

g = .8(90,000) = 72,000 psi-in .5oK

:

Therefore, the required fracture toughness at the NDT temperature '(-47*F) may |
|

be demonstrated by Charpy V notch measurements using the following j1

4

relationship: ;

,i

' /5EC -reqd " IIv
i

y = 72,000 psi-in.5 ;
oWhe re: K

-

i

6E = Young's modulus = 28x10 p,g

O
,

|
'

!

!
r

2-7 ;

l

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



_

NaPai 10/140m Aug2 t 1985

C -reqd = Required Charpy V notch measurement in ft-lb.v

C -reqd = 37.0 ft-lbv

Therefore, if the A522 Class I material has a measured Charpy toughness of 37

0ft-lbs at -50 F, it demonstrates the toughness required to meet the criteria

for Category II packages per NUREG/CR-1815.

tThe 1.25 inch oute r she ll, as well as the EnviroLock " support structure

attached to the outer cask side wall are f abricated f rom ASTM A516 grade 70

material. Under Category II rules for qualification of 0.625 inch to 4.0 inch

thick sections, Figure 6 of NUREG/CR-1815 may be used to de termine the nil-

ductility transition temperature. Since the .10/140MB will be subjected to

reduced loading rates and because the yield strength of ASTM A516 grade 70

steel is less than 60 ksi (it is actually 38 ksi), curve no. 3 of that figure

may be used. For the 1.25 inch maximum thickness of A516, grass 70, the NDT

temperature TNDT is given as:

'TNDT = LST-A
'

There TNDT = NDT temperature

LST = Lowest serrvice temperrature, -20 F

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

TNDT = -2C-(-20) j

|
|

TNDT = 0*F
'

Therefore, all A516 Grade 70 components of the 10/140MB greater than 0.625

inches thick are required to have a tested nil-ductility transition less than

0 F. All A516 Grade .70 components less than 0.625 inches thick are required
to be normalized only, consistent with the requirements of NUREG/CR-1815.

\

|

2-8 l
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This NDT may be verified by noting that on Figure 2, the dynamic fracture

-toughness K is defined as 40,000 psi-in * at the NDT temperature. TheID
required Charpy V notch measurement to demonstrate this fracture toughness can
be calculated by the following equation from NUREG/CR-1815:

K = 5(C )EID y

ID = 40,000 psi-in .50Where K

6E = 30x10 p,g

C = Charpy V-notch measurement, ft-lb.y

So,

1
,

C =K /5Ey ID
:

C = 11 ft-lb.y

!
I Therefore, the requirement to have en NDT of less than 0*F may be demonstrated i

by showing that the Charpy measurement of 0 F or lower is at least 11 ft-lbs. E

in the A516 Grade 70 1.25 inch (or thinner) plate. All A516, Grade 70 i

material greater than 0.625 inches thick used in the design of the NuPac {

10/140MB possess Charpy values in excess of 15 ft-lbs. as shown on the draw-

ings in Appe ndix 1.3.1. t

I
i

2.1.2.2.2 Fatiane

t

Normal operating cycles do not present a fatigue concern for the NuPac i

10/140MB cask components which have no stress concentrations. This is because j
t

the highest allowable stress for normal conditions (3S,) is less than the i3

allowable f atigue stress limit for the steels used in the 10/140MB design. f
~

For example, S, for 304 stainless components is 20,000 psi in the temperature
*

;

range of conce rn. Thus, assuming that - the normal operating cycle stress I
i

L

|

i
l 2-9
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~

actually equals the al l owab l e (3 S,), Figure I-9.2.1 may be used to de termine

the number of cycles which would be allowed. From that figure, it can be seen

that over 10,000 cycles are allowed. For the A516 grade 70 material, S, is
23.3. Thus, for fatigue to become an important consideration, the cask would

be required to under go at least 1600 cycles at or near its normal stress

a l l owab l e. Since under the most severe usage the cask might under go 50

normal shipments per year, or 1000 cycles in 20 years of constant use, it

seems clear that f atigue is not a problem for the cask components with no

stress concentrations.

Fatigue considerations in the secondary lid bolts and EnviroLocksta gotgo, ,
similar logic. The torque requirements in the bolts are 375 f t-lbs and in the'

Env iroLocksta it is 500 f t-lbs. Using the simple torque to preload relation-

ship and a torque coef ficient of 0.20, the axial force in both f asteners may

be determined:

'

T/KDP =

where 'P bolt load, 1bs.=

torque, in-lbT =

K 0.20=

'

So for the lid bolts:

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

For The EnviroLocksta.

P = (500)(12)/(.20)(2.0) = 15,000 lbs

I

!
,

2-10
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2 t
The stress area for the bolt is 1.405 in . Since the EnviroLock " has the
same load as the bolt and the bolt has a smalle r cross-section, the normal

stress in the bolt is the worst case. The normal stress is:

15,000/1.405 = 10,700 lbs ;

,

The fatigue alternating stress amplitudo is t'aen 5,350 psi.4

This stress should be multiplied by the f atigue strength reduction f actor

(taken to be 4.0 per ASME NB-3232.3(c)) and using Figure I-9.4 f rom ASME

Section III, Appendix I, the allowable number of cycles determined.

4(5350) = 21,400 psiS,,,,, =

Note that since S,,,,, is ve ry much le s s than 2.7 S, for the bolt (2.7x35,0004

= 94,500 psi) the upper curve from Figure I-9.4 may be used. From that curve,

it can be seen that the bolts may experience. over 40,000 cycles before exceed-

)
ing the ASME fatigue criteria for the bolts. Clearly fatigue is not a serious

consideration in the design of the Nhac 10/140MB cask.
;
.

2.1.2.2.3 Bucklina

e
e

Buckling, per Regulatory Guide 7.6, is an unacceptable failure mode for con-

tainment vessels. The intent of this provision is to preclude large defor-

nations which would compromise the validity of linear analysis assumptions and

quasi-linear stress allowables, as given in Paragraph C.6 of Regulatory Guide

7.6.

There are three sets of forces that can potentially cause buckling instabili-

ties in cylindrical vessels. These are axial compression forces, bending

! moments, and external pre ssure. The remainder of this subsection defines

| techniques and criteria used in subsequent segments of this Safety Analysis

Report to demonstrate that containment vessel buckling, and non-containment -

vessel buckling, does not occur.
.

*

,

I
i

|<

:

;'

!
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|
There are two shells within the NuPac 10/140MB Cask where buckling prevention

criteria are applicable - i.e., the inner and outer shells of the cask. For;

,

; reference purposes the principal geometric features of these shells are as
.

follows:;

I -

t i

j Dimension (inches)
i Mean i

j Radius Thickness Length

Shell ' ( R) (t) (L) [

i Inner Shell 33.375 .75 75.5

Outer Shell 36.625 1.25 75.5 !
!!

!
,

1. Elastic Bucklina

6

i

: Representative elastic buckling stress estimates for the shells and

applicable loading modes are as follows: I
,

'
i

:

( '

i

j Elastic Buckling Stresses (ksi)

| (at 212*F)

| Axial Bending External
; i

! Shell Comoression Pressure l
i r

Inner Shell (304 SST) 261.7 280.4 177.5 i
: t

: Outer Shell ( A516 Gr.70) 440.1 469.8 N/A '

!
1

|

| The above elastic buckling values are all based upon a temperature of 212*F,
i

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

2.3 -1. Calculations discussing these elastic buckling. estimates are found in
,

the following paragraphs. Equations are taken from Structural Analysis of

Shells. by Baker, Kovalevsky and Rish.

.

|
1

;i

i !

I |
1

.
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O a) Crinnlina of Moderately Lona Cylinders (Structural Analysis of Shells, p. !

230) for the cask inner shell (containment vessel):

S,,/C, = (y,) CE(t/R)

Where:

S,,= buckling stress

C, = plasticity coefficient

7, =.a factor which accounts for the difference |

between theoretical and experimental resnits

= 0.70 (at R/ t = 44.5)

C = [3(1 p )j-0.5 = 0.6052

) E = 27.5(10)6 psi (at 212 F)0
'

. ..

.

t = 0.75 in

R = 33.375 in

p = 0.3

;

Then,

S,,/C, = (0.70)(0.605) [27.5(10) 6](0.75/33.375)
= 261,700 psi

<

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

!

< f

S,,/C, = (y,) G(t/R) |

1

!

I

I

!2-13
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.

Where:

y, = 0.74 (at R/ t = 29.3)

t = 1.25 in

R = 36.625 in

6
! E = 28.8110 psi ( A516 at 200 F)

Then,-

S,,/C, = (0.74) (0.605) [28.8(10)6](1.25/36.625)
= 440,100 psi

(b) Euler Column Bucklina - The cask inner shell (containment) is laterally

restrained and supported by the outer shell of the outer cask. Thus,'

Euler column buckling is governed by the geometric properties of the

cask outer shell. The applied axial forces are distributed 'self weight'

loads, thus buckling stresses are found as (per Theory of Elastic

Stability' by Timoshenko p.' 118, Eq. 83):

2S,,/ C, = ( qL) ,,/ A = n EI/ (1.122L) 2A

,

Where:

q = load per unit length (1b/in)

L' = column length = 75.5 in

L = L'/2 = 37.75 in

R = mean radius = 36.625 in

t = 1.25 in

.

2-14
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)

A = 2nRt in2 = 287.65 in2(
i

I = nR t in4 = 192,900 in4 !
3

:

;

.

E = 28.8(10)6 psi (200' F) I

1

f
'

Then,

S,,/C, = (E/2) [nR/(1.122)L]2:

| = [28.8(10)6/2] [n(36.625) / (1.122) (37.75 )] 2
8

| = 1.063I10 p,1
1

1

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

instability.

!

]

c) Bendina Moments (Structural Analysis of Shell s pp. 234-235) for the cask inner;

! 1 hall (containment vessel):

'

Ser/C, = (yb)CE(t/R)

:
i Where:
,

yb = 0.75 (at R/ t = 44.5)
4

!

| t = 0.75 in

i

I
j R = 33.375 in
i

i

! Then,

I S,,/C, = (0.75)(.605)(27.5(10)6](0.75/33.375).
'

= 280,400 psi- -

.

4

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

S,,/C, = (yb) CE(t/R)
.|

f

i

f

2-15
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N Where:

yb = 0.79 (at R/t = 29.3)

t = 1.25 in

R = 36.625 in

6E = 28.8110

Then,

S,,/C, = (0.79)(.605)[28.8(10)6)(1.25/36.625)
= 469,800 psi

d) External Pressure, with external constraint. The case of a shell encased

in a cavity is discussed in Pressure Bucklina of Rina Incased in a Cavity

James A. Cheney, ASCE EM Journal, April 1971, Vol. 97. Upon_ buckling, the

shell can only move inward. This case corresponds to the cask inner shell

O where external constraint is provided by the lead biological sh ie l d.- From

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

q = (k - 1)E(t/R)3/12(1 p )2
cr

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

be written as:

S,, = q,,R/t

Then,

S,,/C = (k2 - 1)E(t/R)2/12(1 p )
~

2
p

For the cask inner shell (containment)_

k = 1.57(R/p)0.4 (Equation 29)_

= 11.78
N

|

| 2-16
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,

() R/p = R(12)0.5/t (Equation 48)
= 154.2

t = 0.625 in

R = 33.3125 in

E = 27.5(10)6 psi (at 212 F)0

p = 0.3

Then,

S,,/4, = [(11.78)2 - 1] [27.5(10)6](0.75/33.375)2/12[1 - (0.3)2j
= 177,500 psi

2. Bucklina Criteria

!

The high elastic buckling stress limits estimated for the cask shells within

the previous p'aragraph (177.5 to 469.8 ksi) provide solid generalized assur-

,

ance that instability f ailure modes do not exist for compressively loaded
,

components of the NuPac 10/140MB Cask. To quantify this. assertion, all com-

pressively loaded states of stress are tested versus the stability and buck 1-

ing criteria se t forth within Section 2.10.1. These criteria recognize that

compressively loaded structures behave in different fashions depending upon

: the geometric aspect ratio of the structure. The nature of the criteria is

such that the f actors of safety vary with this geometric aspect ratio up to

asymptotic values of 5 and 7.5, versus elastic buckling stresses, for accident

and normal conditions of transport, re spec tive l y. These asymptotic factors of

safety may be considered conservative for general use as radioactive materials

package design criteria.

!

Appendix 2.10.1 defines both the rationale and the specifics of the applicable

criteria. Briefly, the criteria are as follows:
,

O
.
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?

1

} Direct primary compressive membrane stresses, S. in containment vessels shall

be less than the lesser of S,/Rd**8' 8 is defined as the appropriate
J e

elastic buckling stress limit considering adj us tments resolving theore tical
;

I
and experimental results, but neglecting plasticity corrections. He reduc-

|
tion coefficient R is to be taken as 7.5 for normal conditions of transport

|d

and 5 for accident conditions of transport. His reduction coef ficient, . R * Id

| corresponds to the intended factor of safety of the method at high aspect

ratios of . the structure. S is a generalized ' Johnson' parabolic transition
j

curve having a value of S,, at an aspect ratio, G, of zero. This parabolic
,

transition curve is also tangent to the expression S,/Rd at a stress level of
2/3 S,. The term S, denotes the applicable strength limit of the material -- |

| S, for normal conditions of transport and S for hypothetical accident condi- [7

| tions, both as defined within Reg Guide 7.6. The details of the criteria, in
;

, .

] symbolic form are as follows: i
! i

{
i

s

j Ihan E 11 lin ihaA E. : !

j i
1 ?

j S i S, |j

|

Ihan E 11 areater than 9.E 3.g331 la E*:!

il

I |
; S i S,/R *

fd
! !

,

The classical elastic buckling stress expression fWhere: S, =

(including adjustments for theory versus tests) cast in f
the generalized form: |,

,

1 K/G.=

1

I

K A numerical constant unique to each compressive loading=.

j mechanism reflecting materials properties ( Young's Modu-
|

{ lus, Poisson's ratio) and empirical or theoretical coef fi- |
;

I

| cients. See Tsble 2.10.1.1-1 for a summary versus typical -

|
loading mechanisms, f4

4
i i

4

!
'

! !
i

4
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O G A non-dimensionalized geometric aspect ratio unique to=

each loading mechanism. See Table 2.10.1.1-1 for a

summary versus typical loading mechanisms. For example:

(L/p)2, for column type loadings (Note: p = (I/A)1/2j ,G =

(R/t), for external pressures on long cylinders and axialG =

compression loadings of cylinders.

7.5, for Normal Conditions.R =
d

5.0, for Accident Conditions.=

j The parabolic transition from S, to (S,/R )S =
d

S, - (4S,3 2 [27(K/R )G/=
d *

G* The aspect ratio, G, where the parabola defined by Sj=

intercepts and is tangent to the curve defined by (S,/R IId
in other words, G* correspont.s to the aspect ratio where

'

Sj = (S,/ R I * * **d

(3/2)(K/R II8 '=
d s

S, S,, for Normal Conditions,=

S , for Accident Conditions.=
y

S, Design Stress Intensity as used within Section III, ASME=

Boiler and Pressure Vessel Code.
.

Minimum Yield Stress per Section III, ASME Boiler andS =

7
Pressure Vessel Code.

!

2-19
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3. Snecific Bucklina Limits

Application of these criteria to the specific shell geometries of the NuPac

i 10/140 MB Cask are presented in Tables 2.1-1 thru 2.1-4 for normal and acci-

dent conditions, respectively. The allowable stresses based on the buckling

criteria have been derived using a combination of the shell geometries intro-
,

duced at the beginning of this Section and the criteria described immediately
;

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

'

these al lowable s. For this example, consider normal conditions of transport |

j and axial compression of the falk Inner Shell at 250 F.
|

The parameters, I and G, are evaluated as follows:

,

K = y,CE, see preceding ' Elastic Bucklina' discussion {
;

6 7= ( .70) ( .605) (27.3x10 ) = 1.156110
,|

|

G = R/ t = 33.375/0.75 = 44.5 {
,

Elastic Buckling stress, S,, is:
,

i |
I

S, = K/G = 259,800 psi j

!4

! ;

{ For normal conditions |
!

I
| Rd = 7.5

'

i
'

I

S, = S ,= 20,000 psi |
!'

,

!
The intercept tangent point-G* is: |

I
i

G* = (3/2) (K/R II8 fd s
;

= (1.5)(1.156110 /7.5)/20000 = 115.6 [
7

:
;.

}

!*

, ,

.

'
!
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i.
; t

Since G << G', the allowable stress is given by:

i

j=S,-(4S,3 G/[27(K/R) ]]2
|- S d

| = (20000) - 4(20000)3(44.5)2 [27(1.156110 /7.5)2} ;7/
.
4

I .

; = 19,012 psi

|

!
i

.

i ,

$
i

i
1 .

|
1

'

,

i

i

i
i

I
i
i
:

!
1
i

k

i |
<

'

i
*

O
!
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/''' Table 2.1-1,

s_s

NORMAL CONDITIONS OF TRANSPORT

Crippling and Buckling Allowables

for Inner Shell

Loading Condition ***** TEMPERATURE (Dog-F) *****

and Shell -20 70 100 150 200 250

X;terial Properties (psi):

E 2870000* 28300000 281000000* 27900000* 27600000 27300000*

Sy 34100** 30000 30000 27500* 25000 23750*

Sm 20000** 20000** 20000 20000* 20000 20000*

Ss 20000 20000 20000 20000 20000 20000

4xial Comoression B~uckling
Allowables (psi):

19106 19081 19068 19054 19034 19012

Bending Buckling Allowables (psi):

19222 19199 19188 19176 19158 19140

External Pressure Buckling Allowables (psi):

18004 17948 17919 17889 17843 17794

0 Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)

00 Extrapolated from ASME Code, Section III Appendix Data (See Table 2.3-1)

n
|v
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('~')l
Table 2.1-2

\~-
NORMAL CONDITIONS OF TRANSPORT

Crippling and Buckling Allowables

for Outer Shell

TEMPERATURE (Deg-F) *****Loading Condition *****

and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2990000* 2950000 2930000* 2910000* 2880000 2860000*

Sy 40200** 38000 38000 36300* 34600 34200*

Sm 23800** 23500** 23300 23200* 23100 22800*

Ss 23800 23500 23300 23200 23100 22800

exialComoressionBucklinaAllowables(psi):

23262 22968 22774 22674 22570 22283

Bending Buckling Allowables (psi):

23328 23033 22839 22738 22635 22346

o Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)
C0 Extrapolated from ASME Code, Section III Appendix Data (See Table 2.3-1)

)(V
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('') Table 2.1-3
'\~ ]

ACCIDE. r (X)NDITIONS OF TRANSPORTY

Crippling and Buckling Allowables

for Inner Shell

TEMPERATURE (Deg-F) *****Loading Condition *****

and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2870000* 28300000 28100000* 27900000* 27600000 27300000*

Sy 34100** 30000 30000 27500* 25000 23750*

Sm 20000** 20000** 20000 20000* 20000 20000*

Ss 34100 30000 30000 27500 25000 23750

Comoression Buckling Allowables (psi):

32131 28621 28602 26408 24161 23015

Bending Buckline Allowables (p si) :

32385 28799 28782 26548 24269 23110

External Pressure Bucklina Allowables (psi):

29704 26923 26877. 25061 23200 22109

0 Interpolated from ASME Code, Section III Appendix Data (See Table 2.3-1)

00 Extrapolated from ASME Code, Section III Appendiz Data (See Table 2.3-1)

7-
\
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s

(''N Tablo 2.1-4
1

%-

ACCIDEfff CONDITIONS OF IRANSPORT

Crippling and Buckling Allowables

for Outer Shell

Loading Condition ***** TEMPERATURE (Dog-F) *****

and Shell -20 70 100 150 200 250

Material Properties (psi):

E 2990000* 2950000 2930000* 2910000* 2880000 2860000*

Sy 40200** 38000 38000 36300* 34600 34200*

Sm 23800** 23500** 23300 23200* 23100 22800*

Ss 40200 38000 38000 36300* 34600 34200*

Comoression Bucklina Allowables (psi):

39047 37000 36986 35404 33808' 33424

Bendina Bucklinz Allowables (psi):

39189 37122 37110 35514 33905 33519

0 Inte rpolated f rom ASME Code, Section III Appendix Data (Sco Table 2.3-1)

00 Extrapolated f rom ASME Code, Section III Appendix Data (See Table 2.3-1)

/''N
! i
A,_/
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i

O4.
Combined Bucklina Stresses are treated in the following fashion:

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

compressive principal stresses exist:

R = S/S,,

Where:

S = stress compon:st under consideration

e

S,, = buckling stress allowable for the

stress component under consideration

(b) The stress ratios are sammed linearly and compare'd with unity (Structural
,

Ana lysis af She l).1 pp. 240-241):

M.S. = [1/(R, + Rb + R )] - 1p

Where:
' ~

R, = stress ratio for axial stress

Rb = stress ratio for bending stress

R = stress ratio for external pressure stressp

2.1.2.3 Overesck Desian Criteria

.

The NaPac 10/140MB package design incorpora te s impact-absorbing polyurethane

,

foam filled overpacks to mitigate the consequences of many of the regul a to ry
i

events. The properties of the closed-cell rigid polyurethane foam used in the

NuPac 10/14098 design have been studied at great length in preparation for

'

s

2-26
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this application. The foam was studied with regard to the effects of varia-

tions in as poured dunsity, temperature, and direction of load application on

the stress-strain relationship of the foam. From this study, enveloping

s tres s-s train relationships we re dev eloped for de sign. The logic used in

constructing these relationships is presented below.

First, while samples of foam of exactly the same density exhibit an extremely

consistent stress-strain curve, it is difficult to reproduce that density to

within better'than five percent. The resulting variation in the stress-strain

relationship can easily exceed the density variation. It was determined that

foam placement techniques could not consistently hold the as placed stress-

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

Second, it was found that the stress-strain relationship of the foam varies

with the temperature of the tested specimen. Tests were performed on many
0 0samples at temperatures of -20 F, 75 F, and 180 F. Interestingly, the proper-

ties of the- f oam at -20 F were very much stiffer and stronger than at the

0Q higher temperatures.- At 180 F, the foam was considerably softer than at room
U temperature. However, it is important'to note that the foam reacted to temp-

erature in a very consistent manner--that is, the stress-strain properties in

all specimens tested were very consistent at a given temperature.

Finally, samples were tested to de termine the variation of proporties with

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

of foam rise. While this is an important concern for some rigid ~ foams, it was

f ound that the foam used in the NuPac 10/140MB has little or no discernible
directionality.

Figure 2.1.2-1 -pre sents the ave rage s tre s s-s train be havior expec ted at the

three temperatures studied. To determine the behavior of the foam at an

intermediate temperature, the stress at a given strain is linearly

interpolated between the curves. In order to envelope the behavior variations

due to the slight variations in density, the resulting curve is scaled by plus

i or minus 15%, depending on whether stif f or sof t foam is more detrimental.

! v
r
i

!

l
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!
t

!

In general, at higher temperatures, the softer the foam, the greater the i
!

potential for ' bottoming out', or the case where the foam does not remove !'

enough energy to avoid a large acceleration spike at the end of the impact [
i

i stroke. Since the foam properties at low temperatures are much stiffer, the i
f

highest impact accelerations will be imparted to the package during hypo- |
4

0thetical impacts at -20 F. Therefore, the design stress strain curve at upper

temperature extremos are degraded 15% from the mean curve ' estimated for that j
- 0temperature from interpolation, while the mean strers strain curve at -20 F is

scaled up 15% to get the design stress strain curve. The re sul ting s tre s s- !

!

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

'

i,

!

I.

;

1 !
I
i

!
- ,

|

!

|<

1
i

!
"

i

'

I

i

f
<

f
! i

!
,

$

f
i

:
I

t

i

!
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FIGURE 2.1.1-1

THIS FIGURE IS PROPRIETARY

. -

|

|
,

|

|
|
|
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FIGURE 2.1.2-2 ;

l

THIS FIGURE IS PEOPRIETARY J

l
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During fabrication, the stress-strain properties of the foam are controlled by
\

pouring samples of each batch in a special box. Test specimens are then

prepared from each box and tested to determine their stress-strain charactor-
|

istics at 75'F. The overpack is regarded as acceptable if the average stress-

strain properties from all pours are within 10 percent of the mean curve at ;

75'F shown in Figure 2.1.2-1. Thus, the use of a 15% possible variation in f
properties is conservative, allowing for the occasional pour slightly further {
away from the-mean. Batches of. foam exhibiting properties more than 20% from F

the required mean curve will be rejected.

The impact analyses presented in this application are similar to those

presented in other applications. Notably, the analysis techniques and
I

assumptions are very similar to those used to analyze the performance of the '

NuPac 125B Fuel Shipping Cask (Docke t No. 9200). An extensive drop test

program was performed on that cask, showing that the assumptions and analytic :

I

techniques used on both that cask' and the NuPac 10/140MB are both reasonably |
t

accurate and slightly conservative. [
I
!

Because the force required to strain a sample of this foam much beyond 70% is ~f
greater than the capacity of the instrument used to measure it, the behavior I

1
of the foam beyond this point is not well defined. It is' clear, however, that i

I

the foes neither disappears nor becomes perfectly rigid. In analyses where {
deflections s're critical (such as when clearance between hard spots on the |
package and the es sentially unyielding surf ace is required to maintain the

integrity of-the analysis), predicted strains may exceed 70%, but the force :
I

frce foam strained beyond 70%' is conservatively (for deflection prediction) l

flinearly extrapolated from the stress-strain states at 65% and 70%. This is
i

automatically done by the programs EYDROP, SYDROP, and CYDROP. In such situs-

tions, the force of impact is slightly underpredicted. However, the highest
{

impact forces occur when the foam is assumed to exh'ibit its stiffest stress-

strain relationship. For EYDROP, SYDROP, and CYDROP analyses performed to j

determine the greatest forces on the package, the foam strain is not permitted f
to exceed 70%, thereby insuring a high degree of accuracy for the prediction f

fof impact forces.

:
'

b
i

*

|
1

'
;
.
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As stated above, the integrity of the analysis method used to evaluate the

impact forces requires that none of the protrusions on the side of the cask or

|
the cylindrical edge of the lead and steel shield actually strike the un-

) yielding surface. While such an impact would not necessarily cause a loss of

! packaging effectiveness, the loads output from the various impact analysis
!

j programs used to verify the design would not be correct. A determination of
~

1 the actual loads would involve a f airly complicated analysis for which there

is little . experimental data to verify the re sul t s. Therefore, the overpack

I has been designed to insure that package 'hard spots' do not st.rike the impset 4

, .

j surface.
i

!
; The NuPac 10/140MB employs a ve ry ef ficient ove rpack de sign, which insure s

that pro tube ranc e s such as the tie-down lugs and EnviroLocks are adequa t e ly

,

protected during the impact events, yet the sides of the cask are not pro -
I

; tected more than required'where there are no such protuberances. Such a
.

| design makes' for a lighter overpack than might otherwise be required, but
i
; forces certain bounding calculations since the impact analysis programs are

written for a more simple design. 'Ihese bounding calculations are described

I in de tail in' Sec tions 2.6.7 and 2.7.1.
i

M Weiahts AM Centers d Gravity
3

; The weight of the cask and payload is approximately 65,000 lb. The center of

gravity for the assembled package is located at the approximate geometric

! center of the assembly.

i

|

4 M Mechanical Pronerties g Materials

t

{ The cask outer shell, tiedown lug gussets and some EnviroLock " binder com-
ponents are fabricated f rom ASTM A516 Grade 70_ carbon steel. The tiedown

1

; lugs are constructed of ASTM A517 Grade P alloy steel plate. The inner shell
!

is constructed of ASTM A240 Type 304 stainless steel, and the top and bottom

j lids are ASTM A351 Grade CF8A Type 304 stainless steel castings. Studs are
,

{ )
!

!

4
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:

i

ASTM A320, Grade L43. Figures 2.3-1 and 2.3-2 ihow the tensile and conpre s-
tsive stress-strain curves for lead at various temperatures. Eny'irotock a

binder threaded components are ASTM A522 Grade I. Properties of these struc- '

tural components are delineated in Table 2.3-1. j,

i

!
I

l
i

i

'

1

i
)
1
1
1

i
4

I i
1

!

J

l

!

4

!

|
t

|
!

t
i

!
4

,

$

i

:
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:i
i
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1

t
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|

.
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TABLE 2.3-1
Mes%saient Freperties of Materista Used la the NnFas 10/14018 Cask

Ceeffleteat*
Steet Stramath (kai) Blastle of Thornst

Ea 8Materiet Type er Temperature field * Ultimate * A 11ewabl e * Modulas*
(10gensteeS eenfication Grade (*F) S Sa 8 (106 la/La/*F)t psi)y m

ASTM A-240 304 -100 - - - 29.1 -

; (Iamer Shell) 70 30.0** 75.0** - 28.3 8.46
100 30.0 75.0 20.0 - 8.55
200 25.0 71.0 20.0 27.6 8.74
300 22.5 66.0 20.0 27.0 9.00
400 20.7 64.4 18.7 26.5 9.19
500 19.4 63.5 17.5 25.8 9.37
600 18.2 63.5 16.4 25.3 9.53
700' 17.7 63.5 16.0 24.8 9.69

ASTM A-320 L43 -100 - - - '28.5 -

(Stads) 70 105.0** 125.0** ' - 27.8 6.20
100 105.0 - 35.0 - 6.27
2 00 99.0 - 33.0 27.1 6.54
3 00 95.7 - 31.9 26.7 6.78

ASTM A-351 CFSA/304 -100 .- .- - 29.1 -

(Lids) 70 35.0** 77.0** - 28.3 8.46
100 35.0 77.0 23.3

.

8.55
2 00 29.1 72.8 23.3 27.6 - 8.79
300 26.3 67.8 22.6 27.0 9.00

ASTM A-182 F304 -100 - - - 29,1 -

(Lids - 70 30.0** 70.0**** - 28.3 8.46

[ Altereste 100 30.0 70.0 20.0 - 8.55
t Mat'll 200 25.0 66.2 20.0 27.6 8.79
. \j 30u 22.5 61.5 10.0 27.0 9.00

ASTM A-351 CF8/304 -100 - - - 29.1 -

i. (Lida - 70 30.0** 70.0** - 28.3 8.46
Al te rnate 100 30.0 70.0 20.0 8.55*

Mat'!) 200 25.0 66.2 20.0 27.6 8.79
300 22.5 61.5 10.0 27.0 9.00

-

ASTM A-516 70 -100 - - - 30.2 -

(Oster Shell) 70 38.0** 70.0*** - 29.5 5.42
1 00 38.0 70.0 23.3 - 3.53
200 34.6 70.0 23.1 28.8 5.89
300 33.7 70.0 22.5 28.3 6.26
400 32.6 70.0 21.7 27.7 6.61
500 30.7 .70.0 20.5 27.3 6.91
600 28.1 70,0 18.7 , 26.7 7.17
700 27.4 70.0 18.3 25.5 7.41

ASTM A-517 .P -100 - - - 30.4 -

(Tiedown Lass) 70 100.0** 115.0 * - 29.7 6.20
100 1 00.0 - 38.3 - 6.27

i 200 95.8 - 38.3 29.0 6.54
300 93.0 -' 38.3- 28.5 6.78

28.5ASTM A-522 1 -100 - ' - - -

(EavireLeeks) 70 75.0** 100.0** - 27.8 6.60
100 . . . . .

! 200 - * - 27.1 7.20
26.7 7.60300 - - -

! Stramath (kal) Ceefflotant'
Lead Properttemal* Tisid' Ultimate * Stastie of Thernet

,

Sa t '

8'(Com9) (Tees) #(Cent) (Tees)
Material Type of Temperature 8 8

(10 gales * (10~genstan*ta/im/'F)
|

Me

Specifiestien Grade (*F) (Tens) pst)
d I

d' 00-L-171e A er C -99 - - - - - 2.50 15.28
2.34 16.07

4 . 70 - - - - -

' V)
100 0.276 0.215 0.584 0.490 1.570 2.30 16.21

g 175 0.293 0.107 0.509 0.428 1.162 2.20 16.58
250 . 0.277 0.107 0.498 0.391 0.844 2.09 16.95
325 0.189 0.093 0.311 0.320 0.642 1.96 17.54

1.74 18.504 440 - ' - - - -

- - - - - 1.36 10.39620

-
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Re fe renc e s :

1. ASME Boil e r infl. Pre s sure Ve s se l Code, Sec t. III, Nuclear Powe r Plant

Components, Division 1, 1983 Edition, Tab l e s I-2.1, I-2.2, I-13.1 and I-

13.3, except as noted.

2. Ibid, Tab l e s I-3.1 and I-3.2, except as noted.

3. Ib id Tab l e s I-1,1, I-1.2, I-1.3 and I-11.1

4. Ibid, Table I-6.0

5. Ibid, Table I-5.0

6. WADC Technical Report 57-695, ASTIA Document No. 151165, Determination d
in!,1 0.058% Conner-Leadthy. Mechanical Pronerties d 1 H.11h Purity Lead d

A11ov. April 1958, by Thomas Tietz, Stanford Research Center, pp. 21,26
7. Ibid

8. Ibid, p.14

9. NUREG/CR-0481, SAND 77-1872, fa Assessment g Stress-Strain 9111 Suitable

Lq,r Finite Element Elastic - Plastic Analysis d Shinninn Containers. H.

J. Rack and G. A. Knorov sky, Sept.19 7 8, p.66

\ 10. Ibid, p. 56

* Mean from 70 F
** ASME Boiler.and Pressure Vessel Code, Sect. II, Material Snecifica-

tions, Part A, 1983 Edition

Ibid, minimum of specified range*

**** Ibid, derated from 75 ksi for sections greater than 5.0 in. thick

3Notes: Steel density taken at 0.283 lb/in , Poisson's Ratio = 0.3

3Lead density taken at 0.41 lb/ in , Pois son's Ra tio = 0.45, mo l ting
point = 620 F.

1
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4

. ?

/'~h The lead shielding will possess those properties referenced in WADC Technical'

Report 57-695 ASTIA Document No. 151165, Determination R . 1hi Mechanicalf

Pronerties pf,A Hiah-Purity Land and a 0.058% Conner-Lead A11ov. April 1958,

by Thomas Tietz, Stanford Research Institute, pp. 14, 21 and 26.

M General Standards 191, All Packanes
,

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

2.4.1 Minimum Packane 3.131

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

inches.

2.4.2 Tanner oroof Feature .

'

The NuPac 10/140MB cask will be sealed with an approved tamper indicating seal
- and suitable locks to prevent inadvertent and undetected opening.

2.4.3. Positive Closure

As de scribed in Sec cion 1.2.1, the positive closure system consists of a
tprimary lid secured by eight high strength EnviroLock " binders and a

secondary lid affixed with eight 1-1/4 inch diameter studs.

2.4.4. Chemical and Galvanic Reactions

The materials from which. this package is fabricated (carbon, alloy and stain-4

less steel, lead and polyurethane foam) will not cause significant chemical,

galvanic, or other reaction in air, nitrogen, or water atmosphere. The tech-

nical basis for this fact is that all metallic materials of construction are

essentially of equal potential in the Galvanic Series of Metals and Alloys.,

O
:

2-37'
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'

M Lif tinn and Tie-Down Standards 12I All Packames

h Lif tina Devices ;

!
i -There are three lifting lugs for the lid assembly (primary and secondary
)
| lids), and there is a single lifting lug for the secondary lid. All lifting
4

i lugs are evaluated per the requirements of 10 CFR 71, Section 71.45(a).
l.

I 2.5.1.1. Prinarv kid Lif t inn kggi
i

I
'

The three primary lid lif ting lugs will be utilized in handling both the

! entire cask as well as the primary lid assembly. For this reason, the

following analysis will consider loads due to the maximum loaded cask weight.

The not weight of the cask is 50,000 lb., and the maxiana payload weight is

15,000 lb., for a combined gros s weight of 65,000 lbs. 10 CFR 71 Para. 45(a)

states that lifting attachments must be designed with a minimum safety factor
,

of three against yielding. For three lif ting lugs and a minimum lif ting cable'

angle of 60* from the horizontal, the load per lug is:

:

0Pg = (65,000 lbs/ sin 60 )(3)/(3 lugs)'

,

i

Pg = 75,056 lbs/ lug

2.0 PLT 2.0 DIA
'

- 3.13 : (
i< m

2.C

l, 5.1311 . .

u

| h h i'

:o ;

i !
! !

2-38 !
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i

| Using the conventional 40' shear-out equation, the yield capacity is:
i
i

f P, = F,72t (ed - d/2 cos 40 ) ;
0

'
!

Where: F,7 (.6)(30,000) psi (yield)=*

j = 18,000 psi i

i \
'

!

t = 2.0 in.

i .

! d = 2.00 in. !

;
t

i
; ed = 2.00 i n.

!

P, = (18,000)(2)(2.0 in.)[2.00 - (2.00 in./2) cos 40*]
4

'

!

P, = 88,844 lbs
1
i

The yield Margin of Safety, using the nazinum lug load, is:

[

| M.S. = P,/ Pg - 1 = (88,844)/(75,056) - 1 ;

!

I

j M.S. = + 0.18 ;
.

!
| The yielo capacity of the lug-to-lid weld may be estimated as:
1

i P, = F,y ,t

t

! Where F,7 = 18,000 psi (E308 Weld Rod) I

1
4

. A, = L,t, !
! !

I
L, = 2(3.69 + x (5.13)/4) = 23.4 in, ji

i

i

t, = (0.707)(5 0 in.) = 0.35 in. !i

, ,

i !

| A,' = (23.4)(0.3 5)(0.85) = 8.3 in.2 :

; i

! |
i

2-39 f
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(

hen: P, = (18,000)(8.3) = 149,400 lbs.,

]

!

|
- The lug-to-lid weld Margin of Safe ty is:

i

| M.S. = P,/ Pg - 1 = (149,400)/(75,056) - 1 t

1

i

! M.S. = + 0.9 9
1

I
'

! It can therefore be concluded that the primary lid lif ting lugs are more than '

) adequate to resist a load equal to three times the maximum weight of the fully |

loaded cask.,

i

f
I

I To evaluate the' ef fect of lif ting lug loads on the primary containment system,
i

t
| consider stress levels in the primary lid and EnviroLock " binders. To !
,

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

i n. constant thickness. Ignoring inner and outer edge 'l ip s', outside

: diame ter is 65.75 in. and inner diameter is 33.25 in. Also assume lug load is
!

.
uniformly distributed around the inner edge, and is:

!

'

f

w = P /nDy g [

,

Where

!
'

P = Vertical Component of Lifting Lug Loady

!
1

j = (3)(65,000) = 195,000 lb.

!
!

.! w = 195,000/n(33.25) = 1,867 lb./in.

!

| From Roark and Young, Formnias Igy, Stress and Strain. 5 th ed., Table 24, case !

j la, maximum bending moment is: ;

I !

Umax " Itb!
. i

,! :
I

d :

!
i

'

! i

| -

a L

| 2-40 j
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,

j

Where:'

Itb " EMtb""
,

I a = Outside' Radius = 65.75/2 = 32.88 in.
J

b = Inside Radius = 33.25/2 = 16.63 in.
.,
<

b/a = 16.63/32.88 = 0.506

1
;

i Therefore:

IMtb = 0.778
t

i

and:

Mtb = (0.778)(1,867)(32.88) = 47,810 in.-lb./in.,

Maximum bending stress thus becomes:

/tS,,, = 6Mtb,

i

i
- Where:

| t = Plate Thickness = 5.25 in.
;>

;

I
S,,,= (6)(47,810)/(5.25)2 = 10,406 psi.

I

Note that the horizontal component of the lifting load will tend to induce a

{ bending moment of opposite sign as that resulting from the vertical component.
i

This will act to reduce maximum bending stress. Therefore, the above stress
.

value is the aszimum possible bending stress that could result f rom the
'

regulatory lif ting requirements. .

Maximum anticipated lid temperature at the inner edge (point of maximum'

i stress) f or normal conditions of transport will be 130"F (refer to Section.
3.0, Thermal Evaluation for de tails). Interpolating Table 2.3-1 for this

j temperature results in a material yield strength of 28,500 psi. 7he Margin of

| Safety for 1/3 yield then becomes:
1

$
4 M.S. = 28,500/10,406 - 1 = + 1.74
!

I

2-41
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O The maximum EnviroLock " binder
t load that can be anticipated from lifting lug

loads is:i

PB = (3)(65,000)/8 = 28,146 lb./ binder
A

tTensile yield strength of the EnviroLock " is given in Section 2.10.4 as

187,500, so the binder Margin of Safety is thus:

M.S. = 187,500/28,146 -1 = +5.66

;

j All the margins of safety for all co.nponents are larger than the 0.17 margin
-

for the tear out of the eye of the lug indicating that its failure would not

affect the integrity of the cask.

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

T 2.5.1.2. Se c ond a ry LJ_4 Liftina L_qg
d

.

'

The secondary lid weight will be 1,660 lbs. The total lug load is then:

Pg = (1660 lbs)(3)
1

Pg = 4,980 lbs

- 4.00 2

:
' 2.0 -
,

|1.50 dia.

N
.

1.0 PLT N / ,

T 3.00,

, o

4

1.5

'

\, , y
:

! 2-42
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i
i

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

;

P, = F,72t (ed - d/2 cos 40 )

Where: F,7 = 18,000 psi (yield)

t = 1.0 in.
,

d = 1.5 in.

Ed = 1.5 in.

8P, = (18,000)(2)(1.0)[1.5 - (1.5/2) co: 40 ]
I

P, = 33,317 lbs

! The yield Margin of Safety, using the maximum ing load, is:

'

N.S. = P,/ Pg - 1 = (33,317)/(4,980)

M.S. = + 5.6 9.

i

' The yield capacity of the lug-to-lid weld may be estimated as:

P, = F,7 ,tI

,

Where: F,7 = 18,000 psi (E308 Weld Rod)

A, = (t,

I

j L, = 2(4.0 in. + 1.0 in.) = 10.0 in.

t, = (0.707)(.50 in.) = 0.3 5 in.
,

,

A, = (10.0)(.3 5) = 3.5 in.2
!

!
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The n: P, = (18,000)(3.5) = 63,000 lb s.

;
'

The lug-to-lid weld Margin of Safety is:
!

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

M.S. = + La rg e

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

bolts.

They have a yield load of:

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

or

.

P -total = 8 (147,430)y
v

= 1,179,444 lbs

This gives a yield margin of. safety of:

M.S. = P _gog,g/Pg - 1 = 1,179,444/4,980 -1 +Largey

Therefore, by comparing the margins of safe ty it can be concluded that the

secondary lid lif t eye will fail prior to any of the containment boundary

components.

It can therefore be concluded that the secondary lid lif ting lug is more than

adequate to resist a load equal to three times its normal maximum load. Since

the secondary lid lifting lug is not designed to react the full package load,

it will be covered during transit.

I

2-44
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i

# h Tie-down De v ic e s

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

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

!
| A, = 10g (longitudinal)

Sg (lateral)A =
y

,
Af = 23 (vertical)

I.

0The four tie-down lugs are located with their lug-eyes at 90 intervals around

0the package side wall. The lugs are positioned at an angle of 38 with respect

to the horizontal, with their end tips j ust below the lower surf ace of the

upper overpack. To evenly distribute the tie-down cable load from the lug into

the cask outer shell, two pairs of gussets were added to the lug, as shown in

Figure 2.5.2-1. The gene ral tie-down arrangement for the NuPac 10/140MB Cask ,

]
is shown in Figure 2.5.2-2.

'!
4

From the geometry given in Figure 2.5.2-2, the cable tension due to horizontal

accelerations can be determined by summing moments about the bottom corner of.

the package opposite the reacting cables. Conservatively ignoring the weight'

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

follows:
'

I
]

( A,c)W = 2 (P d' + P h)y h
L

1
,

'

But,

!
'

( A,c)W = 2P (B,d' + B,h) ;C

i

Where: B, = Cable Direction Cosine with Respect to the X-axis
; = x/ Cable Length L

j B, = s/L
,

L = (x2,72 , ,2)1/2

i .

i

l

; 2-45
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.t :
.

! FIGURE 2.5.2-1
t

TIE-DOWN LUG GE00tETRY
.
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O-
FIGURE 2.5.2-2

TIE-DOWN CABLE ARRANGEME. rV
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,

r
'

I
!

i

f Solving for PC
; :
|

P = W/ 2 [( A,c)/(B,d' + B,h)]C

long 7
..

1 i

i i
,

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

I ;

| P = W/ 2[( A c)/(B,d" + B h)] [C 7 7
lat i

I

Where: B = y/Ly

!

The cable tension due to the vertical acceleration is simply:

| 4P = A,W = 48,PCy

l, ,

{ Solving for PC f
!

i !

1 !

| P = A,W/48, !C
4

[i vert ,

,

,

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

!

|

FC = W/2 [ A,c/(B,d' + B,h) + A c/(B,d" + B k) + A,/25,]y y ,

,

I
Where, for the NuPac 10/140MB Cask-

-
i

!

l

! W = Cask Gross Weight = 65.000 lb. i
1 '
! i

I
c = 59.75 in.

j !

4. .

d' = 7 3.78 in.
<

{
i

d" = 19.72 in.

\
,

| k = 71.40 in. '

] !

'
|
|
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.,

'

To obtain the tie-down loads, the direction cosines of the tie-down cable must

be defined. Since the cable will always lie in the plane of the tis-down Ing,
*

whose angle $ is constant, the cable direction cosines will be entirely depen-

dont on the cable angle 9. Cable angle is defined as'the true angle which the

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

I (ref e r to Figure 2.5.2-1).

!

Cable direction cosines can be determined as a function of lug angle S and
1

j cable angle e in the following manner:

,

|

/

'

y ;

e
' Projected Lug

N Tangent Line _O .,

,.o ~

;% { D'{~ ~ g /(
N'

'
* ' ' T yg , -

\ 71.4 s /;#k C /g ?, A #k 8 to ,t

! #*p,c@;# ' \ 71.4g s, / y_* % ,

s / e-

,'|TiedownPointD V ,
,

,

D s

,

4

! '

:
1 i

)
:i

a

| O
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True Lug Tangent Line Length T = h/ sin

True Deviation Distance D = Projected Deviation Distance D' = T tan 6

Projected Lug Tangent Line Length T' = h/ tan p

I To allow some flexibility in the tie-down arrangement, two cable angles were

investigated. One angle, 18 , corresponds to the angle at which the line of

action of the cable describes a tangent with the centroid of the cask outer

wall. This is considered to be the optimum configuration for obtaining the

most uniform load distribution from the tie-down lug into.the cask outer wall.

Thus, tie-down location is:

True Lug Tangent Line Length T = 71.40/ sin 38 = 115.97 in.

Deviation Distance D = (115.97)(tan 18 ) = 3 7.6 8 in.

Projected Lug Tangent Line Length T' = 71.40/ tan 38 = 91.3 8 in.

V
These dimensions were used to locate the trailor tie-down point, shown in

Appe ndix 2.10.3. The coordinates of this location were then utilized in

calculating direction cosinos, as defined above (ref er to Figure 2.5.2-2),

with which the corresponding maximum tie-down load could be determined. This

load, calculated in Appendiz 2.10.3, was found to be 537,464 lb.

In order to obtain greater lateral support for the cask in its tied down

position (refer to Figure 2.5.2-2), a smaller cable angle, 14 , was also

selected for evaluation. In an analysis similar to.that above and detailed in

Appe ndiz 2.10.3, the tie-down cable load for this angle was found to be

508,265 lb.

To ensure that lug and cask outer shell stresses did not exceed the regulatory

limitation (material yield strength) under these tie-down loads, a detailed

computer analysis was undertaken. This analysis was performed utilizing the

finite element program ANSYS, Revision 4.lc, available on the Boeing Computer

Services (DCS) National Network, MAINSTREAM - EKS. The capabilities of ANSYS'

'
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i ~ are outlined in Appendiz 2.10.2, and details of the analysis are given in

Appendix 2.10.3.

1

j From the above tie-down loads analysis, it is apparent that cable direction

cosines, and thus loads, will change with varying cable angle. Since the
;

; finite element analysis is based entirely on elastic material properties,

element stresses can be varied in direct proportion to the changing cable

' load. For analysis purposes, a 500,000 lb. cable load was applied to. the lug
i

eye. Adjusted stress levels for the varying cable loads are calculated in [

f Appendix 2.10.2 and summarized in Table 2.5.2-1. Re sul ting stress Margins of

Safe ty are also given in Table 2.5.2-1.
t

}
Each tie-down lug is made of 2.5 inch thick ASTM A-517 stool plate welded to

;

the cask outer skin. The lug is designed and positioned so that the tie-down
7

! cable lies in the plane of lag, and there are no twisting moments induced in

; the lag. The finite element analysis results for the lug are outlined in
i

! Appendix 2.10.2 and summarized in Table 2.5.2-1. ,

I

| To check lug shear yield capacity, the conventional 40* shear-out equation was
1

.i utilized:

;
,

f P,7 = F,72t[ed - (d/2)cos 40*]
<

Where: F,7 = (.6)(100,000 psi) = 60,000 psi
.

}
i t = 2.5 in.
!

!

e d = 3.0 in. -
i

4

i d = 2.25 in.

!

| The n: P,7 = (60,000)(2)(2.5)[(3.0) - (2.25/2)cos 40*]
l
j = 641,46 0 l b.

1

f
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TABLE 2.5.2.-1

Tie-Down Lug Analysis Stress Levels and Margins of Safety

Structural Component Tie-Down Cable Angle

18 14*0

Maximum Outer Skin Stress 35,719 psi 33,418 psi

Margin of Safety +0.05 +0.12

Maximum Tie-Down Lug Stress 88,398 psi 78,772 psi

Margin of Safety +0.13 +0.27

Maximum Tie-Down Lug Wold Stress 31,927 psi 32,796 psi

Margin of Safety +0.26 +0.23

O
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l

Shear yield margin of safety is:

1

M.S. = (641,4 60/ 537,4 64) - 1 = +0.19

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

one-half of the lug-eye diameter. The maximum cable load then becomes:

Fb = (100,000 psi)(2.25 in)(2.50 in)

= 562,500 lb.

Then: M.S. = (5 62,5 00/ 53 7,4 64) - 1 = +0.05

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

components, introducing both a bending moment and a shear load into the outer

shell through the lug-to-shel l weld. The weld stresses in the lug-t o-she l l

weld are thus composed of pure shear and tension / compression due to the

noms nt s (ref e r to Figure 2.5.2-1).

With the tie-down cable acting in the plane of the lug, and assuming weld load
components parallel to the lug tangent l ine, the lug weld stress components
can be de termined. Re sults are given in Appendix 2.10.2 and summarized in

Tab l e 2.5.2-1. .

To ensure that excessive cable loads will not result in damage to the cask,
the lug ultimate shear-out capacity was evaluated:

P,, = 2F,,t(ed. - (d/2)cos 40*]

|
Whe re: F,, = Maximum Shear Strength of Lug Material |

= (.6)(135,000) = 81,000 psi

P,, = (2)(81,000)(2.5) [3.0 - (2.25/ 2)co s 40 ]
= 865,971 lb.
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Likewise, ultimate strength of the lug welds was checked for the two extreme

cable angles, as shown in Appendix 2.10.3. The re sul t s indica ted tha t the

controlling failure load would be lug shear-out at 865,971 lb. Applying this

0load at the maximum cable angle of 18 (worst caso load condition) and
directly ratioing maximum stress obtained from the finite element analysis

yields a cask outer shell stress of:

Pshel l = (865,971/500,000)(33,229) 57,551 psi=

Specified minimum ultimate strength of the A-516 Gr. 70 material comprising

the cask outer shell is 70,000 psi. Failure margin of safety for the cask is

thus:

70,000/57,551 - 1 = +0.22M.S. =

It can therefore be concluded 'that the tie-down lug is more than adequate to

resist the loads specified in 10 CFR 71 Para. 45(b)(1), and yet not compromise

the structural integrity of the cask under more extreme loading conditions.'
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,

L6. Normal Conditions qi Transoort
,

The NuPac 10/140MB cask has been designed and the contents are so limited (as
described in Section 1.2.3 above) that the performance requirements specified

in 10 CFR 71.71 will be met when the package is subjected to the normal
,

conditions of transport specified therein. The ability of the NuPac 10/140MB
to satisfactorily withstand the normal conditions of transport has been

assessed as described on the following pages.

i

L6.d H131

A detailed thermal analysis can be found in Section 3.4 wherein the package

was exposed to a ecebination of solar heating, internal decay heat and 100 F
ambient air. The steady state analysis conservatively assumed a 24-hour day

as maximum solar heat load. The maximum steady state temperature was found to

be 160'F. This temperature will have no . detrimental effect on the package.

. -

2,6,2 E2M

For the cold condition, a -40 F steady state ambient temperature is assumed as

is no inte rnal heat genera tion. This will result in a uniform temperature

0throughout the. cask of -40 F. The materials of construction for the cask are

0not adversely affected by the -40 F condition. In particular, brittle frac-

ture is not a concern, as discussed in Section 2.1.2.2.1.

The only concern identified with the cold condition is with shrinkage of the

lead onto the inner shell of the outer cask. As shown by the following

calculations, a hoop stress of -2,914 psi and an axial stres s of -2,820 psi

0can develop in the inner shell when cooled to -40 F. This case is independent

|of other load cases and will not, therefore, limit the cask design. However,

a -20*F case must be considered as a possible initial condition for other load !

cases per 10 CFR 71.71(b). The hoop stress will be approximately -2,462 p si

i

|

l
,

|
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0and the axial stress approximately -2,705 psi at -20 F. These stresses are

determined by conservatively neglecting creep effects.

Fabrication Stresses Due to Lead Pour:

Assume a uniform steel and lead temperature of 620 F. The static head

(pressure) due. to a column of lead is simply:

P = Ph

Where:
3p = 0.386 lb/in (liquid lead)

h = 77.5 + 10.0 = 87.5 in (10.0 inches for overflow pipe)

Then.

p = (0.386)(87.5) = 33.78 psi,

The physical properties of ASTM- A-240, Type 304, stainless steel used for the
,

cask truer shell are extracted from Section 2.3. are:
,

1

Temperature- E a

('F) (10 nsi) (10-0 infin/ F) _g_6 0

70 28.3 8.46 0.3

100 28.1 8.55 0.3

200 .27.6 8.79 0.3
4

300 27.0 9.00 0.3

400 26.5 9.19 0.3

500 25.8 9.37 0.3

600 25.3 9.53 0.3

620 25.2 9.56 0.3~
1

.
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The physical properties of ASTM A-516, Grade 70 carbon steel used for the cask
outer shell are:

Temperature E a

1 El (106 ,,13 (1o-6 i,fi,jop3
70 29.5 5.42 0.3

100 29.3 5.53 0.3

200 28.8 5.89 0.3

300 28.3 6.26 0.3

400 27.7 6.61 0.3

500 27.3 6.91 0.3

600 26.7 7.17 0.3
4 620 26.5 7.22 0.3

The physical properties of lead (copperized) are also taken from Section 2:3,
j as follows:
,,

!

Temperature E aO I'El (10 osi) - (10-6 g,fg, fop) _,__6
.

70 2.34 16.07 0.45

100 2.30 16.22 0.45

200 2.17 16.70 0.45

300 2.00 17.33 0.45

400 1.82 18.16 0.45

500 1.61 19.12 0.45

-600 1.40 20.17 0.45

620 1.36 20.38 0.45

Where:

E = Young's (Elastic) Modulus

a = coefficient of thermal expansion (mean from 70 * F)

.

p = Poisson's Ratio

:
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At 70* F, the steel shell geometry is as follows:
,

Geometry Inner Shell Outer Shell

(at 70* F) (in) (in)

Inside Diameter, D 66.00 72.00g

Outside Diameter, Df 67.50 74.50

Shell Thickness, t 0.75 1.25

Mean Shell Radins, R 33.375 36.625

At 620" F, without lead, the shells will grow as follows:

R' = R(1 + MAT)

J

| t' = t(1 + aAT)

AT = 620 - 70 = 550" F

a, = 9.56(10)-6 g,fi,f oF (304 Stainless Steel)s
,

. .

a, = 7.20(10)-6 in/in/ F ( A-516 Carbon Steel)

Then,

R{ = 33.375[1 + 9.56(10)-6(550)] = 33.5505 in

ti = 0.75[1 + 9.56(10)-6(550)] = 0.7539 in

R; = 36.625[1 + 7.20(10)-6(550)] = 36.7701 in

t; = 1.25[1 + 7.20(10)-6(550)] = 1.2550 in
1 ,

When filled with molten lead, the inner and outer shells of the outer cask

will be subj ected to the 33.78 psi pressure head. This will decrease the

radius of the inner shell and increase the radius of outer shell. Utilizing
,

Roark, Raymond J., and Young, Warren C., Formul a s F2I St re s s and Strain, 5 th
ed., Table 29, Case Ib, the. change in radius for each shell is: |

[
'

i
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AR{ = q(R[)2/Et{
6= (-33.78)(33.5505)2/25.2(10 )(0.7539) = -0.0020 in.

arf = q(Rj)2/Etj
= (33.78) (36.7701)2/25.5(10)6(1.2550) = 0.0014 in.

In summary, the initial condition of the stool shells just before lead solidi-

fication at 620* F, (R' + AR' t t'/2) is:

Inner Radius Outer Radius

Shell (in) (in)

Inner 33.1716 33.9255

Outer 36.1440 37.3990

Lead experiences a decrease in volume of approximately 3.85% upon solidifica-

tion. As the lead solidifies, it will shrink and liquid lead from above will

fill in between the solidifying lead and the outer cask . inner and outer

shells, thus maintaining a 33.78 psi pressure on the shells. Eventually, the

full annular region between the shells will be filled with lead, subjected to

Os a loading as illustrated below: -

t= 1.0 in. Note: the 33.78 psi
(arbitrary)
33.78 psi Pressure actually only

.d hhI dU f exists at the base of the'

33.78 psi 33.78 psi ,1ead column and will

| 'jjjjjfff { linearly decrease toward the

33.78 psi top of the column.

R zgy
|

N

.
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g g = 33.9255 inches and Ro g = 3 6.1440 inche s, the oute rO Under this loading, E

radius of the inner shell and inner radius of the outer shell, respectively.

Geometry of the unloaded lead shell is determined as follows:

R,g = a + Aa

Rig = b + Ab

a = outer radius

i

b = inner radius

Solve for a and b by superimposing Cases Ib and id, Table 32, of the Reference
above with q = 33.78 psi:

2 2 2 2
Aa = qab (2 p)/E(a2 - b ) _ q,g,2(1 - 2p) + b (1 ,.p)]/E(a2-b)

=R -aog

Ab = gb[a (1 + ) + b (1 - 2p)]/E(a - b ) - qba (2 p)/E(a2-b)2 2 2 2 2 2

=R -big

:

Simplifying the two equations yields:

|
'

[1] Aa = qa(1-2 )/E

[2] Ab = qb(1-2p)/E

!
,

For q(1-2p)/E = (33.78)(1-2(.45)]/1.36(10)6 = 2.484(10)-6,

[1] (1-2.484(10)-6]a=Roy

'[2] [1-2.484(10)-6]b=Ri1

:
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Where:i

E = 1.36(10)6 p,g

p = 0.45
1

Rag = 36.1440 in
|

Ri1 = 33.9255 in

Then, solving for a and b:

- a = 36.14409 in.

b = 33.92558 in.

:

} At this point, the hoop stress in the inner and outer stool shells of the

-i outer cask is:
i

1

og = pR / tg -

g

= (-33.78)[(33.9255 + 33.1716)/2]/(33.9255 - 33.1716) = -1,503 psi

a, = pR,/t,
= (33.78)[(37.399 + 36.144)/2)/(37.399 - 36.144) = 990 psi

-Again, utilizing Table 32, Cases 1b and Id, of the Reference, the stress in
'

the lead shell, og = axial, a2 = hoop, a3 = radial, upon solidification, may
be determined as:

f

al " '2 " '3 = -33.78 pai
i

Determine the temperature at which lead will separate from the outer she l l,

.T,,p. Separation initiates when the lead outer. radius, R,g, and . outer steel
~

shell inner radius, R ,, become equal. The unrestrained state of each of the
' above . shells, at 620' F, is:

;

R,, = R' - t'/2 = 36.1426 in

i
I
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R,g = a = 36.14409 in

At 70 F, the lead outer radius, R, is such that R + RAAT = 36.14409 inches at
0620 F. Then, solving for R:

R = 36.14409/(1 + aAT)

= 36.14409/[1 + 20.38(10)-6(550)] = 35.7434 in

At 70 F, the outer steel shell inner radius is 36.0 inches. At the tempera-

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

35.7434(1 + agAT) = 36.0(1 + a,AT)

A solution for T,,, is achieved by trial and error. At approximately 600 F:

AT = 600 - 70 = 530 F

ag = 20.17(10)-6 g,fg, fog .

a, = 7.42x10-6 g,fg, fog

and,'

36.1255 4 36.1415

At 600'F, lead shell outer radius has decreased to less than the outer shell

inner radius, e.g., separation has taken place between 620*F and 600 F.0

0At 620 F, AR = R,, - R,, = -0.001465 in.
,

At 600 F, AR = R,, - R , = 0.01610 in.
!

Linearly interpola' ting for the temperature at AR = 0: |
1

(620 - T,,p)/(620 - 600) = (-0.001465 -0)/(-0.001465 - 0.01610)

! 2-62
!



,

'
MsPaa 10/140m Assnct 1985

Or: r

T,,, = 618.3*F
,

[

That is, lead separation from the outer shell commences almost immedia tel y !

when cool-down begins. ;
t

I

At 618.3 F, check press fit of the lead onto the inner steel snell. At 70 (
F, lead inner radius, R, is such tha t R + R a AT = 33.92558 inches at 620* F. I

Then, solving for R: f

!

R = 33.92558/ (1 + aAT)

= 33.92558/[1 + 20.38(10)-6(550)] = 33.550 in e,

!

I.
At 70 F, the steel inner shell outer radius is 33.75 inches. At 618.3 * F,

f
the interference is calculated as- :

>

!

6 = -33.550[1 + 20.362(10)-6(548.33)] + 33.75[1 I
+ 9.56(10)-6(548.33)]

!

= +0.002829 in -

i

|

|

Utilizing the press fit equation (2-63) from Shigley, Joseph E., Mechanical |,

!Enrineerina Desian, 3 rd e d., M c G r aw-Hi l l , th e interface pressurs, p, at a

ftenporature of 618.3* F, is:

i
i

6 = b p([(c2+bf)/(c2-bf)]+p)/E fi g g

+ b,p([(b2 , ,2)/(b2 _ ,2)] p,] /E,
'

i

Where, from previous calculational techniques: |
a = inner radius of inner steel shell = 33.1729 in |

|
,

b, = ' outer radius of inner steel shell = 33.9268 in j
!

by = inner radius of lead shell = 33.92542 in
i
i

c = outer radius of lead shell = 36.14392 in |

.

,

!

I
| 2-63

_ . .



- ^\

NaPas 12/1405 Angest 1985

E, = 25.2(10)6 p,g

p, = 0.3
t = 1.36(10)6 p,gE

pg = 0.45

Thus,

6 = p[4.04545(10)-4 + 5.94949(10)-5] = 0.002829 in

p = 47.6 psi interface pressure

Using thick-walled pressure vessel theory, the inner shell hoop stress is:

2a, = p[(b2 + ,2)/(b2 - a )]
= -2,116 psi

Likewise, the lead shell hoop stress is:

. ~

og = p[(c2+bf)/(c2-bf)]
= 752 psi

Note that at 325 F, t!.4 proporticaal limit of the les? Is 189 psi, or with an

off set of 0.2% strain, yield is 311 psi which indicates the lead will yield

under such a pressure. To fully accommodate the 0.002829 inch interference,

the lead would be required to see a strain of 0.002829/33.92542 = 0.000083

in/in, or 0.0083%. Utilizing Figure 2.3-1 from Section 2.3, the corresponding

toad stress for a strain of. 0.0083% would be approximately 270 psi. -The

interface pressure would then be:

p = at [(c2+bf)/(c -bf)]2
/

p = 17.1 psi interf ace pressure ,

O
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Now, cool. to 70* F and summarize the steel and lead shell, stress-free

dimensions from the analyses performed above. The geome try and properties

0are, at 70 F, as follows:

a = 33.00 in

b, = 33.75 in

by = 33.550 in

c = 35.7434 in

E, = 28.3(10)6 p,g

p, = 0.3

g = 2.34(10)6 p,gE

pg = 0.45

O. . .

and,

6 = b, - bl = 0.200 in

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

6 = b p([(c2+bf)/(c -bf)]+p)/E2
y g g

1

+ b,p[[(b2 + a )/(b2 _ ,2)j _ P}/E,2
s

6 = [2.8587(10)-4]p
i

no n,
'

p = 0.200/2.8587(10)-4 = 700 psi interface pressure

This corresponds to a lead shell hoop stress of:

ag = p[(c2+bf)/(c2-bf)]
= 11,090 p si-

k which, obviously, cannot be sustained.
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To fully accommodate the 0.200 inch interference, the lead would be required

to see a strain of 0.200/33.55 = 0.00596 in/in, or 0.60%. Extrapolating lead

stress-strain data from Section 2.3, a hoop stress of approximately 725 psi

will exist in the lead for this strain. The ef fective interf ace pressure

would be:

p = og/[(c2+bf)/(c.-bf)]2

= 45.85 psi interface pressure

6 of inner shell for -45.85 psi = 2.43(10)-5(-45.85) = -0.0011 inches,[ NOTE:
which can La conservatively neglected.)

The hoop stress in the inner steel shell would be:

a, = p((b2 , ,2)/(b2 _ ,2)j
= -2,041 psi

Next, consider cooling to -20 F (-90 AT) for the worst hoop stress on the

inner steel shell during all hypothetical accident drop events. The steel and

lead properties may be extrapolated from Table 2.3-1 as:

a, = 8.21(10)-6 g,fg, fog

E, = 29.0(10)6 p,g

a1 = 15.7(10)-6 g,fg, fop.

g,= 2.43(10)6 p,gE

The steel and lead shell initial shell conditions are determined as:

a = (33.00)(1 + 8.21(10)-6(-90)] = 32.9756 in

: b = (33.75)(1 + 8.21(10)-6(-90)] = 33.7251 in

;
i
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i = (33.550)(1 + 15.7(10)-6(-90)] = 33.5026 inb

c = (35.7434)[1 + 15.7(10)-6(-90)] = 35.6929 in
and,

6 = b, - by = 0.2225 in

To fully accommodate the 0.2225 inch interference, the lead would be required

to see a strain of 0.2225/33.5026 = 0.0064 in/in, or 0.64%. Extrapolating

from data given in Section 2.3, a hoop stress of approximately 875 psi will

exist in the lead for this strain. The effective interf ace pressure would be:

i

p = al [(c +bf)/(c2-bf)]/ i

) = 55.3 psi interface pressure

The hoop stress in the inner steel shell, conservatively neglecting the bene-
,

ficial effects of lead creep, would be:
1

!

a, = p((b2 , ,2)/(b, _ ,2))2

I = -2,462 psi -

1

! Finally, consider cooling to -40 F (-110 AT) for the worst hoop stress on the

inner steel shell. The steel and lead properties, extrapolated from Table

2.3-1, a re:

a, = 8.15(10)-6 g,fg,jop
|

1

E, = 29.0(10)6 p,g
|

!

ag = 15.6(10)-6 g,fg,jop
,

g = 2.43(10)6 ,,gE

i i

! The steel and lead shell' initial shell conditions are determined as:
.

r

a = (33.00)[1 + 8.15(10)-6(-110)] = 32.9704 in
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b' = (33.75)(1 + 8.15(10)-6(-110)] = 33.7197 in
O

g = (33.550)[1 + 15.6(10)-6(-110)] = 33.4724 inb

c = (35.7434) [1 + 15.6(10)-6(-110)] = 35.6821 in
I

and,

6 = b, - bg = 0.227 in

To fully accommodate the 0.227 inch interference, the lead would be required

j to see a strain of 0.227/33.4924 = 0.00679 in/ in, or 0.68%. Extrapolating

from the data given in Section 2.3, a hoop stress of approximately 1,035 psi

will exist in the lead for this strain. The effective interface pressure

would be:

.

p = ag/[(c2+bf)/(c2-bf)]
| = 65.5 psi interface pressure

The hoop stress in the inner steel shell, conservatively neglecting the bene-,

ficial effects of lead creep, would be:

a, = p[(b2 , ,2)/(b2 _ ,2))
= -2,915 psi

The preceding calenistions deal only with the calculation of hoop stresses.

Axial stress will also develop in the inner steel and lead shells due to axial

0shrinkage of the lead. In cooling to -20 F, axial strain in the lead,

assuming bonding of the lead to the inner steel shell, is:

s, = [(ag - a,) AT]620 + II"1 - "s) AT]-20
= [(20.38 - 9.56)(10)-6(620 - 70)] - [(15.7 - 8.21)(10)-6(-20 - 70)];

= 0.0663 = 0.663% strain (tensile)

;

|
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'

Extrapolating from the- data in Section 2.3, an axial stress of approximately,,

990 psi will. exist in the lead for this strain. The ef fective force in the
,

lead shell would be:

P, = pat

= 990n[(36.6929)2 - (33.7251)2] = 424,854 lbs

From equilibrium, this same force can develop in the inner steel shell. Thus,

the compressive axial stress in the inner steel shell is:

e, = P/Aga

|
,

= -424,854/n[(33.7251)2 - (32.9756)2] = -2,705 psi

This is a conservative estimate in that it assumes the ends of the outer cask
,

'

inner shell are free and that no load develops in the outer shell.

|

| In cooling to -40*F, axial strain in -the lead, assuming bonding of the lead to
the inner steel shell, is:

:
' s, = [(at - a,) AT]620 + II"1 - "s) AT]-40

= [(20.38 - 9.56)(10)-6(620 - 70)] + [(15.6 - 8.15) (10)-6(-40 - 70)]

= 0.00677 = 0.677% strain (tensile)

Extrapolating from the data in Section 2.3, an axial stress of approximately j
1,035 psi will exist in the lead for this strain. The ef fective force in thej

i
lead shell would be:

!

P,= pag

.

! = 1,035n[(35.6820)2 - (33.7197)2] = 442,820 lbs

e
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From equilibrium, this same force can develop in the inner steel shell. Thus,

the compressive axial stress in the inner stool shell is:

a, = P/At

= -442,820/n[(33.1797)2 - (32.9704)2] = -2,820 psi

Again, this calculation conservatively assumed that the ends of the outer cask

inner shell are free and that no load develops in the outer shell.

2.6.3 Reduced External Pressure

An external pressure of 3.5 psia will result in a cask internal pressure of

11.2 p s ig, which will be reacted by the lid and its associated closures

comprised of ' Enviro-Lock' binde rs for the primary lid and studs for the

secondary lid. Loads on the primary lid ' Enviro-Locks' are calculated as:

P, = Ap/N
. -

' 2Where: A = nD 74

p = 11.2 psi

N=8

For the worst case loading:

P, = [n(76.15) 2/4] (11.2) (1/ 8)

|

= 6,376 lbs.
'

i

1
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The rated load of the NnPac 'EnviroLock,tm binder is 250,000 lbs. (see Appen-
di x 2.10.3 ) . Thus, the Margin of Safety is:

M.S. = (.7)(250,000)/6,376 - 1 = + Large

For the secondry lid studs, the load is:

P, = iv!29.0)2/4] (11.2) (1/ 8)

= 925 lbs.

The stress in the stud is then:

a = 925/(1.407) = 657 psi

and the Margin of Safety is:

M.S. = (105,000/657) - 1 = + Large

Stresses induced in the cylindrical portion of the cask are conse rv a tive ly

estimated by assuming the pressure differential is totally borne by the 0.75

in, thick inner shell. The hoop, longitudinal and radial stresses are:

fh = PR/T = (11.2)(33.375/0.75) = 500 psi,

fg = PR/2T = (11.2)(33.375/0.75)(1/2) = 250 psi

f,= -P = -11.2 psi

1

|

|

1

.

(
!
|
,
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By the maximum distortion energy theorum, the resulting equivalent stress in

the inner shell is:

f, = ([(fh-f) + If1-f) + If -f) /2h1 r r h

~

= ([(500 - 250)2 + (250 + 11.2)2 + (-11.2 - 500)2]/21 1/2

= 442 psi

The margin of safety is:

M.S. = 30,000/442 - 1 = + Large

Pressure across the lids is carried in plate bending by the 5.25 in. (minimum)

thick steel plates top and bottom. Assuming a circular plate, uniformly

loaded and with edges simply supported, the maximum stress can be calculated

as follows (ref. Roark, Formul a s f.g.g St re s s and St ra in, 4th ed.):

2f, = 3W(3M+1)/8nMt .

>

There: W = (11.2)n(66.0)2/4 = 38,317 lbs.

.

t = 5.25 in.

M = 1/ .33 = 3.0

f, = (3)(38,317)(10)/[(8n)(3)(5.25)]
,

f, = 2,904 psi

'
Margin of Safety is:

M.S. = 30,000/2,904 - 1 = + Large

It can therefcMe be concluded that the packaging can safely react a reduced

external pressure of 3.5 psia.
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2.6.4 Increased External Pressure

An external pressure of 20 psia will result in a cask internal pressure of

-5.3 p s ig. The magnitude of this pressure is l e ss than f or Sec tion 2.6.3

above, so margins of safety for this condition will be even larger than those

calculated above.

2.6.5 Vibration

Shock and vibration normally. incident to transport are considered to have

neglible effects on the NuPac Type B packages.

2.6.6 Water Sorav

Since the package exterior is constructed of stool, this test is not required. -
,

. ~

i

2.6.7 F_teg Drong

The NuPac' 10/140MB Shipping Cask weighs approximately 65,000 pounds. Subpart

F of 10 CFR 71 requires that a package in excess of 33,000 pounds be capable
of resisting the effects of a one foot drop onto a flat, essentially

unyielding, horizontal ' surf ace striking the surface in a position for which

maximum damage is expected, ne fol lowing subsections address free drops in

any orientation, and show that the requirements of 10.CFR 71 are met.

For end and side impact events, the package is analyzed using Nuclear Pack-

aging's EYDROP and SYDROP programs, respectively. These programs are des-
cribed in detail in Appendix 2.10.5. The programs predict a maximum accelera-

tion imparted to the cask during the event, which is then applied statically l

s
i

.
,
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; to the package as a whole. Since the overpack foam stress-strain curve is

depe ndent on temperature, the foam performance at the extreme temperatures

| predicted for the foam under normal conditions (-20 to 157"F) is assumed as a0

means of bounding the performance of the overpack. Additio nal ly, since the

;. programs assume a relatively simple cylindrical overpack surrounding a smaller
'

cylinder, additional bounding analyses have been performed to account for the

flat sections of the overpack, as well as the 'no tch' in the side of the

overpack.

i For oblique impacts, the package was analyzed using Nuclear Packaging's CYDROP

,

and OBLIQUE computer programs. These programs are also detailed in Appendix
'

2.10.5. Again, bounding calculations were performed to insure adequate' con-

sideration was taken with respect to the somewhat unconventional shape of the;

overpack and the temperature variation of the polyurethane foam.

Polyurethane overpack behavior is becoming more and more unde rs tood, due to
,

the many drop test programs that have been undertaken in the past few years.

Notable among these-programs are the tests performed in. support of the 1-13C

II package, and most recently, the'NuPac 125-B Fuel Shipping Cask (Docke t
,

Numbe r 71-9200). These tests indicate that analysis methods and assumptions

)
used in this application are reasonable and conservative.

!
i

2.6.7.1 Flat End .D_EEE

Analysis of the NuPac 10/140MB Cask behavior during the end drop impact is
performed in the following steps:

j (1) Analyze the impact force using the EYDROP computer program.

i

'

(2) Analyze the cask lid for bending assuming the payload acts as a

' uniform load on the inside surface of the lid with the overpack foam

pressure acting in the opposite direction in the appropriate place
,

on the outside of the lid.

'

.
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|
(3) Analyze the stresses in the secondary lid bolts.

(4) Analyze the axial and hoop stresses in the cask shells and lead.

Material properties are available from Table 2.3-1.

I

2.6.7.1.1 Innect Forces

Tables 2.6.7-1 and 2.6.7-2 pre sent the re sul t s from the EYDROP program for an

overpack at -20 degrees Fahrenheit and 157 degrees Fahrenheit, corresponding

j to the temperature extremes the polyurethane foam in the package might ex- i

{ perience under normal conditions as described in 10 CFR 71 (see section 3.0).
~

0'
It should be noted that the foam properties assumed for 157 F were t.sken at

the lower bound that might be expected, while those at -20*F were taken at the
upper bound that might be expected at that temperature. In this manner, the

I full range of overpack behavior is taken into account.

s

The overpack is modeled as having an outside diameter of 100.34 inches, 'cor-

responding to the diameter of a circle with the same area a s a 101 inch

diameter circle flattened to 96 inches on each side. As a result, the in-

pacted area calculated by EYDROP is exactly equivalent to the end contact area

of the overpack. Tests performed on a variety of packages indicate that loads

calculated in this manner are slightly conservative (over predicted).
I

i

i

!

!
i

i

i

, .

I
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Table 2.6.7-1,

4

i

i

?

!,

! * .

!
I

j

1

DDROP( ENBl huPAC 14/140M COLD FDAM l-28 DEC)

PACKAGE WEIGN7 a 65088. (181)
PACAAGE DRAMEfER e 100.34 (RN)
hole Bl&MEiga e SS.80 (IN)
Ov* APACE DEPIM 's 18.00 (INI
detOP MEIGNI e 1.80 (FI)

. " " " INE" '""*
Cev5N
B(PIM $ TRAIN FOGCE ACCft. KINETIC STRAIN aatto
ilND (L859 (03 (IN-L B) (IN-18) ($E/EE)

.45 .003 498702. 7.6 783250 12293 .816

.48 .884 983484 35.1 786500 49878 .065.15 .488 1475847. 22.7 789750. 180633. .840.20 . ell 1966889. 38.3 79300s. 196688. .248

.25 814 2454518. 37.8 796250, 307334 .386.34 .017 2958213. 45.4 79950s. 442532. .554.35 . tit 3441916. 53.8 802750. 682535. .750
8 6ete. 786724,~ 974 uts y t4e .e22 3933&na. ~ee.S

.45 .825 442512s. 68.1 ~~ 809258.~ 995697 " ~ II230 %.Tt60slODO.58 .828 4917022. 75.6- 882500. 12292S6 1.513.

.55 .911 5348817. 82.9 8857S4. 1486902. l.823

.68 .833 5775813 88.8 88960s. 1765967. 2.156i

.65 836 4446858. 94.6 8222$0 2063984 2.518f .73 .839 6S07952.' 308.1 825$08 2388354 2.844.75 .842 6837895. 18S.S 828756. 2784488. 3.2753
88 * .444 7894287 118.7 832080. 3865765. 3.685
.85 .447 7519527. 115.7 83S258, 3433648 4.111
.90 85e 7832816. 120.5 83850s. 3437419 4.553.95 .453 8842192. 125.3 841750. 4236794 S.810*

1.08 .e56 8438667 329.8 445000.
46.6.3316

3 5.481
1 i..S ..S8 872 295. n4.2 44825 .

5503875. 4.443
5 nS. S.966

, 3.30 .861 8949926 138.3 851500.
1.19 .064 9241212. 142.2 854750 S954834 6.971

; 8.28 .667 9474684. 145.4 858088 4426779 7.498
: 1.25 669 9694355 149.1 468250 49060$3. 8.819i 1.39 .472 9893639. 152.2 864500. 7395883 8.555
| 1.35 875 18476592. 155.8 467754, 7495889 9.898

|'
l.40 .874 18234924. 157.5 878000. 4442897, 9.647
1.4% .441 18365297 159.5 474250. 4987962. 18.281

i 1.58 .885 18457434. 168.9 87730s. 9458478, 18.7541

l
1

,

'

|
.

i

t

3

.

1
4

i

1 |

.

I
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. Table 2.6.7-2!

'

r
|
|

|
4

b

EYDROP(Ehti
hUPAC 40/14DM hof F0AM (161 DEGI

PACEAGE NflCMP e 6S000 (131)
PACEAGE DIAPETER * 180.34 (INIh0tt DIAntitt e SS.00 (INI
OVERPACE OfPIN a 13.0e (INDDAOP hilGnl * 1.00 (Fil

4

CRusn 4++e IMPACT e++6 **4*** ENERGY ******. DtPIM STRAIN F0act ACCEL. EINETIC STRAIN 84110 (. (Int,
(LSS) (Gl (IN-L 8 7 ( I N-15 3 (3E/Ett !

!

.25 .814 1949989 16.2 796250 131249 .165.50 .624 2099978. 32.) 812500 524999..75 .442 3818838 46.e _. 428750, 1166247. , 1,646 A(f * 297.0 +he d
,

l.00 .4 56 3491273. 55.7 84Sese. 1941411. 2.345 66heslOOO.4071.25
. 06 9 3592944.

s7.3 863258 -2a64933,i.s . 3 i7 4293. $5.
e 3.3291.75 097 3784315. 58.3 493754, 4715669 S.276

i

775 . 3779 93. .372.44 .Ill 3453886 59.4 910498 5468445. 6.229 '

i

1.2% .325 3841743. 59.4 926254 6638483. 7.114 <

2.58 .139 3902942. 44.8 942500 7608994 4.865 [

'

2.75 .355 3953311. es.a 95a754, 4543826 4.952 -

3.49 .347 3997445. al.S 975000, 9576895. 9.8223.25 .388 4439994 62.2 991290 19541648, 14.6713.50 .194 4841936. 62.8 1807540 18596441. 88.5835.75 .20s 4124426 63.5 1023750 12623136 12.354
4

4.99 .222 4184371. 64.3 1040004 13661734 33.836
1 4.25 .236 4236161. 65.2 18562$8. 34713403 13.910 4

4

4.50 .250 4296156, 66.1 1972588. 15740342 14.714
[

4.75 .264 4368738 67.3 10487S0 368424S2. 15.4885.48 .278 4434209. 64.2 !!$5000. 17961317. 16.255 L
r

I
<

t
.

. .
|'

1

) f

f
: i

!4

,

4

!

!

!

,

b

.

I
. >

*
<

h1

;

f
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t

4

i
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,

i
i

.
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From the' t ab l e s, the acceleration at which all the impact energy is absorbed%

I 0by the overpack may be calculated by interpolation. For the 157 F case the

acceleration is 39.0 g's and for the -20 F case, the acceleration would be

61.2 g's. These loads are well below those reported in section 2.7.1 for the

hypothetical accident free drop event.

,

j Importantly, the tables show that a very little overpack deflection would be

expected from this event. The imps.ct energy is such that the foam would be

expected to perform nearly elastica 11. !7

2.6.7.1.2 Lid Stresses

The lid analyses performed in Section 2.7.1 for the hypothetical accident 30

foot drop may be used to determine stresses during the normal condition drop

event,~since that analysis was based on a linear analysis. Because the worst

case impact under normal conditions is only 35.8% of the worst case accident

conditions, and the allowable membrane stresses for normal conditions are
,

41.7% o f th e a c c id e nt a l l ow ab l e s ( S, v e r s e s 2.4 S,) , and allowable bending
stresses are 43.0% (1.5 S, versus S ), then clearly the normal condition

margins of safety are larger than the accident margins of safety for the lid
*

during end impact,

f

f A summary of the lid margins of safety during the normal condition 1 foot end

drop is given below as Table 2.6.7-3. The table is derived by scaling the

stresses determined for the hypothutical accide nt condition reported in Sec- i

tion 2.7.1 by 35.8% and comparing them with the allowable normal stresses per
Tab 1 e 2.3-1.

2.6.7.1.3 Secondary Lid Bolts

The stresses in the ASTM A320 L43 secondary lid bolts may also be scaled from
the accident condition stressen. In sec tion 2.7.1, the s tre s se s in a bol t-

f rom a 170.8 3 impact accelera tion was determined to be 72,200 psi. The

stress during normal conditions is then

(61.2/170.8)72,200 = 25,870 psi
i

i
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:
I

TABLE 2.6.7-3
i

!

,

NORMAL CONDITION LID STRESSES

?4

?

I
|

Max. Bending Max. Membrane {
Stress (psi) Stress (psi) i

l
Lid (Margin of Safety) (Margin of Safety) !

!
!

i

i
:

I
:

!

i Botton 10,016 1,630 !
1 :

(M.S. = +2.00) (M.S. = + Large) {;

i I
-

t
I
t

)
. . ,

j Top 12,371 5,057 i

(M.S. = +1.42) (M.S. = +2.96) !
!

|1

: !
i

;

I

!
!

!.
'

i
;

$

.| |

:

!
'

i

|

$
*

f

i |
=

!

!

!4

!i

!
'

!
i

'
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The stress in the_ bolts f rom the normal condition maximum pressure may be

conservatively added to this stress (this is conservative because the maximum

internal pressure occur at a tempe ra ture for which the impact accelerations

are considerably lower) to get the marinum stress in 'the bolt:

4

(6.8 psi)(n)(29/2)2 (1,405) = 400 psi8

Therefore, the maximum normal condition tensile stress in the bolts is

| 25,870 + 400 = 26,270 psi

The margin of safety taking S, as 35,000 psi for ASTM 320 L43 at -20 F:

M.S. = 35,000/26,270 -1 = +0.33

2.6.7.1.4 Azial and Eq2R Stresses 12 & Shells

Stresses in the Cask Shells and Lead (Maximum Fabrication Stress Condition
; Assumed) - -

The response'of the' cask steel shells and lead shielding to the normal end

drop. e vent is de termined using both hand calculations and finite element4

analyses. The principal concern for the cask is with buckling of the inner*

she l l. As shown by the following calculations, buckling will not occur as the

! result of the hoop and axial compressive stresses which develop in the cask
I inner shell under normal end drop conditions.

. :

,

Various initial conditions can be assumed for .the normal drop event. In
'

,

!
particular, a temperature must be assumed in order to establish an initial,

f abrication stress for the inner shell. A lower assumed temperature will !
*

result in a higher initial hoop stress on the inner shell (see Section 2.6.2) |
| but higher allowable stresses. For purposes of this analysis, drops at 123'F |
! (maximum lead normal tempera ture pe r Section 3.4.2), 70 F, and -20*F are .

0

considered.
4

1

l
1

I

e
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To adequately bound the consequences of the drop event at a given temperature,

two initial lead conditions are also considered. The firs t assumes that the
lead has shrunk onto the inner she ll and away from the outer she l l. In

addition, due to the combined ef fects of friction between the lead and inner |

I
shell, and_ arial shrinkage of the lead relative to the inner and outer shells,

axial gaps will develop.between the lead and the stee1~ structures at the top
and bottom end of the lead column. These axial gaps are important in that, |

until friction is overcome, under increased axial loading, the lead will

impose a direct axial load on the inner shell. Once friction is overcome, the

lead will become supported at its base (the bottom of the lead column) and
,

will grow radially outward due to the ' Poisson Ef fect' unde r increased axial

l oad ing. This radial growth will tend to relieve the initial fabrication hoop

stress as the- lead separates from the inner shell. If sufficient axial load

develops, the lead would grow out to the outer shell creating tensile hoop
stresses therein, and under further loading would eventually flow back inward
into the inner shell, thereby developing compressive hoop stresses in the

inne r she ll. Since the primary mechanism of this load case would be to

relieve stresses on the critical inner shell, it is not considered to be
C- -worst-case condition.

From Section'2.6.2, hoop stress in the inner shell-due to f abrication is as

follows:

Inner Shell

Tenperature Hoop Stress

(OF) (nsi)

123 -1,793 (extrapolated)
70 -2,041

-20 -2,642

Note:

The outer shell hoop stress is considered negligiblo since the lead separates
from the outer shell upon cooling.

(
The equivalent pressure at the lead / inner onel a te.terface is as follows-

,

p = at/r

2-81
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O
Where:

t = 0.75 in

<

r = 33.375 in

Thus, the interface pressures at the different temperatures are:
,

Interface

Temperature Pressure, p

(OF) (nsi)

123 40.3

70 45.9
|

-20 59.4

With a coef ficient of friction, -f, for lead on stainless steel assumed to fall

in the 0.5 to 1.0 range (Refer to Mark's Sta'ndard Handbook 121 Mechanical

Enrineers, 8th ed.,1978, pp. 3-26), the load, P, which can be supported by

friction at the lead / inner shell interface, may be determined as follows:

P = nDLpf

Where:

D = 67.5 in (inner shell outside diameter)

L = 77.5 in (lead column height)

p = interface pressure, psi
<

f = 0.5 to 1.0 (coefficient of friction)

;

.

.
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:

Applying the interface pressures determined earlier,. the total load which may

I be supported is:

'

Temperature Coefficient Load Supported

i ('F) of Friction (1bs)

123 0.5 331,090
,

1.0 662,179

70 0.5 376,885

1.0 753,769

-20 0.5 487,863

1.0 975,727

Total lead weight can be calculated as:
!

- R ,2 ) g'C LVg = n(R0i y P
;

O There:
'

Roi = Outer Shell Inside Radius = 36.0 in.
|

R , = Inner Shell Outside Radius = 33.75 in.4 g

L, =. Height of. Lead Column, - 77.5 in.

g = Lead Density = 0.41 lb./in.3p

g = n[(36.0)2 - (33.75)2](77.5)(0'.41) = 15,666 lb.W

At the Normal Conditions of Transport maximum lead temperature of 123'F, the
maximum 3-load which can be supported by friction is (662,179/15,666) = 4 2.3

3's. Since this exceeds the 123'F Normal Condition end drop load of 39.0 3's,
!

it is possible that the entire lead weight would cling to the inner shell |

; during the drop event at 123'F. Likewise, at the minimum temperature of j

-20*F, maximum sustainable 3-load is (975,727/15,666) = 62.3 3's. End drop
,

acceleration at this temperature condition is only 61.2 3's. It is clear,

therefore, that lead cling is a possible load condition across the entire

anticipated Normal Condition temperature range.

2-83 i
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1

I

To conservatively bound the end drop event, the maximum g-load of 61.2 g's !

N (derived at -20 F) will be used to calculate shell stresses, while the minimum

applicable buckling allowables (derived at 123 *F) will be used to evaluate
Margins of Safe ty.

|

1

4

H

H

FY
| 3

'

2
{ r

|1
e

,

I
' ' ''

, ,, , o,.,

. , , a.,, a.,

. ~

|

For calculating structural deflections, refer to Pilkey, Walter A., and Pin,

Yu Chang, Modern Formulas 191 Statics and, Dynamics, McGraw-Hill, Table s 11-1

and 11-2.- Relevant structural weight components are:<

I

W1 = (Weight of top overpack, cask lid and top ring) (61.2 g 's)
= (10,440)(61.2) = 638,930 lbs

W2 = (Weight of cask outer shell, thermal. shield, etc.) (61.2 g's)
= (9,290)(61.2) = 568,550 lbs

.

W3 = (Weight of cask inner shell)(61.2 g's)
= (3,560)(61.2) = 217,870 lbs

Yg = (Weight of lead) (61.2 g 's)
= .(15,666) (61.2) = 958,760 lbs

2-84
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s

q2 = (Weight of payload)/(61.2 3's) x(33.0)2 |
2 i

= (15,000)(61.2)/3,421.2 = 268.3 lb/in

!

L + 9 n(33.0)2]/n(37.252 - 27.5 )
2gg = [Wg+W2+I3+I 2

2= 1,206 lb/in
.

.

f

Free-body diagrams of the outer cask inner and outer shells, and end plate are {
illustrated below: 1

1 2

Y Y R R
3 4

Iav 7

9,
v vW ,W W *u u uv 1 u

|2
L

i 16 di i, 6 4,y 7

1 '
u6 91

|6 1 2f
; y 9 Lid

b h-
,

R4 3 4.. .

Inner Outer
.

Assuming reaction R3 does not af fect the deflection of the lower end plate
(conservative for maximum R ), the differential deflection, 6g-6, may be |3 2

calculated. The analysis requires superposition of two pressure loads - qt, f
f

due to the reaction force of the bottom overpack, and q2, due to the package |
t

payload. For the first case, the differential deflection is- !

^

61 -62 " Tc ~ M r /2D(1 + p) + Fc y

3 4

fr=33.0 -
'

M Y !u
:

I t=6.0 I

, i,a a .6 ,, a o -

!,

f
- !

q = -1665 psi j1

{a =27.Pg

i

a =0R=37.25 i
2

:
1

2-85 j
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O There:

Te = -[0R /2D(1 + p))F |r=0R - F |r=0R2
M v

D = Et /[12(1 p )}3 2

E = 28.0(10)6 psi (at 123*F)
t = 6.0 in. (average lid thickness)

p = 0.3

6D = 553.85 x 10

F | r=0R " 'I4 /4) F ,1(OR,al)M 1 y

- F ,g(OR,ag))y

F ,1(OR,ay) = (OR-ag>*y

((3 + p)0R f 4 _ , 2 + (1_ p), 4/40R2 2

2- (1 + g) ag In(OR/ ag))

O - OR = 37.25 in. -

a1 = 27.5 in.

F ,y(OR,al) = 162.27y

Similarly:

F ,1(OR,a2) = 0y

Therefore:

F |r=0R = 48,926y

.F |r=0R " I4 /8D)(F ,1(OR,ag) - F ,1(OR,a2)]v 1 y y

F ,1(OR,ay) = (OR - ag>* [0R /8 - 5:1 /8 + ag 0R /24 4 2 2
y

2 2- a1 (OR2 , ,1 /2) In (OR/ag))

F ,1(OR,ag) = 2,673.57y

2-86
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Similarly:

Fvw2(OR,a2) = 0

F |r=OR = -7.277(10)-4v

: Then:

y, = -0.0464 in. (positive downward)

M, = -Falr=0R = -48,926

(q1/8D)(F ,1(r ag) - F I #' *2) ]F =
y vw2y

F ,g(r.al) " <' - 81) (r / 8 - S a g / 8 + a g ,2/ 2 - ag (,24 4 2 2
y

+ a1 /2) In (r/al)

r = 33.0 in.

<r-ag>* = 1 when ag < r

4

-

= 0 when'al 2#

F ,g(r ag) = 283.77y

Since r < a2' <# ~ 2) = 0 and Fn2 . = 08

F = -7.724(10)-5y
i

Then:

6g-62 = -0.0464 - (-48,926)(33.0)2 (2)(553.85(10)6)(g,3)/
+ (-7.724(10)-5)

61-62 = -0.009494 in. (positive downward)

The second load case represents the-differential deflection due to the

distributed payload pressure q2*;

|

!

|

i

2-87
j

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



NuPas 10/1405 Ams:st 1985

8 -0
1 R R,

3 4

r=a =33.0
2 7

q =268.3 psi ,,,,,, ,,,,, o ,,,,, u y n,c ,

2

1 t=6.0

4

"OR=37.25

J

An analysis similar to that above yields a deflection of:

61-62 = 0.009859 in. (positive downward)

1

Superposition of results yields:

61-62 = 3.658(10)-4 in. (positive downward)

Also, f rom the free-body diagrams for the cask inne r and oute r shell s, and

axial stiffness relations for the shells (6 = PL/AE for an end load, and 6 =

PL/2AE for s el f-we ight, i.e., distributed load), the deflections, 61 and 6 '2

and reactions, R3 and R , may be found:4

1 = R L/A Eg t - (W3 + Y )L/2A Eg16
3 g

,

!

62 = R L/ E2 ~ I L/2 E4 2 2

Where:

L = 77.5 in

.

1 = x[(33.75)2 - (33.0)2jA;

2= 157.28 in
s
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2 = n[(37.25)2 - (36.0)2jAO 2= 287.65 in

l = 28.0(10)6 psi (at 123*F)E

2 = 29.2(10)6 ps1 (at 123*F)E

Then,

1 = (1.760(10)-8)R3 - 0.010356

2 = (9.227(10)-9)R4 - 0.002606

and,

R3+R4=Wg+Y2+I3+IL = 2,384,110 lbs

or,

R4 = 2,384,110 - R3

i

Solving simultaneously, -

s

R3 = 1,122,525 lbs

R4 = 2,384,110 - 1,122,525 = 1,261,585

Therefore, the axial . compressive stress in the cask inner shell, ag, and outer
shell, a2, is:

ag = R /Ay = 7,137 psi3

a2 = R /A2 = 4,386 psi4

From Section 2.6.2, worst-case inner shell hoop stress for Normal Condition.of

Transport temperatures is -2,462 psi at -20*F. Conservatively taking radial

stress (pressure) as zero, inner shell stress. intensity becomes:

S.I.g = 0 - (-7,137) = 7,137 psi,

2-89
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From Table 2.1.2-1, the. allowable stress limit for the inner shell material is
~

S,= 20,000 psi at 123*F, Stress Margin of Safety is therefore:
;

M.S. = 20,000/7,137 - 1 = +1.80

0From Table 2.1-1, at 123 F, inner shell buckling allowable s are 19,062 psi
,

(axial) and 17,905 psi (hoop) . Buckling Margin of Safety is thus:

M.S. = 1/[(7,137/19,062) + (2,462/17,905)] - 1
= +0.95

|
I
! From Section 2.6.2, the outer shell will not be in contact with the lead, and ,

will, therefore, undergo axial stress only,
i

S.I.2 = 0 - (-4,386) = 4,386 psi4

:

j Table 2.1.2-1 yields an' allowable stress of S = 37,200 psi (greater than S, =7
23,250) at 123*F. Stress Margin of Safety is thus:

.- -

M.S. = 37,200/4,386 - 1 = +".49
4

i

| Table 2.1-2 yields an axial compres sion buckling allowable of 22,728 psi at

123 F, for a Margin of Safety of:
,

.

:

:

M.S. = 1/(4,386/22,728) - 1 = +4.18

i

i Therefore, the cask inner and outer shell structures 'are both well in excess

! of regulatory requirements for the Normal Condi,tions of Transport end drop

event when the lead shielding is completely supported by the inner shell..

.

.

.

'
:

!
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|
,

Stresses in the Outer Cask Shells and Lead (Zero Fabrication Stress Condition
s Assumed)

The second initial lead condition assumes that the f abrication stress has

fully crept away resulting in a stress free column of lead just in contact

with the inner and outer shells. This is a potential worst case since any

axial . load imposed on the lead will directly load, radially, both the inne r

and outer shells (i.e., the lead need not flow away from the inner shell, into

the outer shell and back into the inner shell to develop a compressive hoop

stress in the inner shell).

For this condition, initial stresses in the lead and the steel shells are

taken as ze ro. As axial load is applied to the lead and shells, the lead will

attempt to move downward and outward and develop pressures on both the inner

and outer shells.

Under acceleration, the lead column will experience a linearly increasing

axial stress distribution from top to bottom:

. -

o = yptLg

There:

o, = Lead Axial Stress
1

y = Acceleration

pg= Lead Density = 0.41 lb./in.3

L = Lead Column Height = 77.5 in.

1

However, from the lead stress-strain curves shown in Figures 2.3-1 and 2.3-2, )
Iit is apparent that, as the lead reaches a stress level around its yield

point, the stress will tend to remain fairly uniform under continued loading.

The resulting axial stress distribution can thus be illustrated as follows:

2-91

- -_._ . ._ - _ __ - _ . _ _ - . . . _ _ - . - - - , . . -
|



. ._ ____ _

Nurse 10/140 m Ang23t 1985

a

p }N h

9 %
gs s

* %
*' % ";* % \,

, :% \ L*
*5 % Nl * % N

'

i $ ,% h'

* %< .,

'% \i
,',

% N4

,

% \ Y Ns
I

'a,7 a_
t o'

g

Where:

a t = Yield Strength of Leady,

4

a g= Maximum Stre s s at Applied Acceleration for Fully Elastic
I Material

The height h at which the lead reaches its yield point can be found by:

L - h = a g/ypgy

|

Or:
,

i

h = L - a g/ypgy
,

For the maximum Normal Condition of-Transport and drop acceleration of 61.2

! s's, h becomes:

h = 77.5 - 600/(61.2)(0.41) = 53.6 in.,

i

,

i
' p There a g is conservatively taken as 600 psi, the approximate yield strength-y ,

of lead at 123*F.
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The sum of the forces acting on the lead column may now be expressed as:

IL" B+Ffi + Ff2
1

Where:i

Wg = (15,666)(61.2) = 958,760 lb.i

2 - 33.75 ) = 295,820 lb.2
FB = (600) n (36.0

Fgg = Frictional Reaction Force of Inner Shell
:

Ff2 = Frictional Reaction Force of Outer Shell,

The above frictional forces result from radial forces exerted by the lead

column onto the steel shells. These radial forces will be a function of the,

lead-to-steel coefficient of friction. Conservatively assuming the minimum

friction coefficient of 0.5, the net radial forces become:

/0.5, or Fgt = 0.5 PRIFg=Fg1

O,

/0.5, or Ff2 = 0.5 FR2FR2 = Ff2
1

1 2-93
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These radial forces can then be expressed in terms of a lead maximum radial

pressure, pE, which is assumed to be equal on both shells. For uniform

pressure pE in the lead yield region and linearly varying pressure in the lead'

elastic region, the radial force on the inner shell may be expressed as:

FR1 * pE p D1 h + 0.5 pE p D1 (L-h)

Or:

FR1 = 0.5 pE D1 (L+h)

From which:

Fgg = 0.25 pE p D3 (L+h)

Likewise, for the outer shell:

Ff2 = 0.25 pE p D2 (L+h)

; The lead equilibrium equation may now be re-written as:

Wg-FB = 0.25 pE (Dg+D) (L+h)2

or:

pE * 4(IL - F )/p(Dg+D) (L+h)'

B 2

! Substituting in the proper terms, the equivalent shell pressure becomes:

pE = 46.15 psi

Therefore, the inner shell compressive hoop stress is: i

R /t'l " 7E g g i

= -(46.15)(33.75)/(0.75) = -2,077 psi ;

i

The outer shell tensile hoop stress is:

a2 * pE R /t2 2
'

\ = (46.15)(36.0)/(1.25) = 1,330 psi

!
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To evaluate axial stresses, a similar approach to the previous analysis is'

\
utilized. Appropriate frictional forces are added to the inner and outer

she ll s, and an applied pressure load q3, representing the yield stress of the+

lead column, is added to the bottom plate between the inner and outer shells.

From the above analysis, shell frictional forces any be calculated:

Fgg = 320,778 lbs.

j

j Ff2 = 342,163 lbs.

1

i

u

hl
F }{ f2---

gy
.: ,

k,

} 3 [ | 2o ,,

l
) 4 I<

b-93<; . .

9 bI hhk $k $A " "
2 "N

,

o a a. a o a a a, L, ,

9
1

q3 = 600 psi
,

'

Repeating the previous calculational approach, and taking q3 into account:
,

|

67-62 = -0.002628 in. (positive downward)
,

g = R L/A Eg g - (W3+Pgg)L/2A Eggj 6 3

,

2 = R L/A E22-(I2+Ff2)L/2A E226
4

[
R4 = 2,384,110 - R3

,

1

1

1 i

! '

!

: 2-95
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1

; Solving sianitaneously, inner shell reaction load becomes:
,

.

R3 = 743,092 lbs.j
1
i

| Thus, outer shell reaction is:

I
,

,

j R4 = 1,642,018 lbs.
[
1

Therefore, compressive axial stresses on the inner and outer shell are: I
;
,

1

) a1 = R /A1 = -4,718 psi3

a2 " I /A2 = -5,708 psi-4
,

) Conservatively ignoring shell radial loading, inner shell stress intensity is:

] S. I.g = 0-(-4,718) = 4,718 p si
t

i

From the previous section, the stress allowable for the inner shell is S,=
20,000 psi. '1he stress Margin of Safety is thus:

M.S. = 20,000/4,718 - 1 = +3.24

i !

!
1 Buckling allowables are 19,062 psi (axial) and 17,905 psi (hoop). Buckling
}
j Nargin of Safety is then:

i
'

(

| M.S.=1/((4,718/19,062)+(2,077/17,905)]-1
= +1.75

$ *

1
t

Stress intensity of the outer shell is:

i

| S.I.2 = 1,330 - (-5,708) = 7,038 psi
i
i

With an allowable stress intensity of 37,200 psi, the Margin of Safety
.

'

i becomes:
;
'

\
; M. S. = 3 7,200/ 7,03 8 -1 = +4.29
! I

I

l
I

! 2-96
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i

Axial buckling allowable is 22,728 psi, and the buckling Margin of Safety- is

j -

thus:
;

i

M.S. = 1/(5,708/22,728) -1 = +2.98

t

This analysis indicates that the cask inner and outer shells will not be

; adversely affected by the Normal Conditions of Transport end drop event with
!

no f abrication stresses present in the lead shielding. However, to more'

j accurately analyze the complex interaction of lead shielding with inner and

f outer steel she lls 'during the end drop event, a finite element analysis was
conducted with the ANSYS program. Details of this program are given in Appen-

f dix 2.10.2,' the analysis results are shown in Appendix 2.10.6 and these re-
1
i suits are summarized below.
!

l While the minimum ts.aperature condition for the drop event (-20 ) induces the0
,

highest acceleration loading (61.2 s's), the material prope rtie s and buckling
.

j and stress intensity allowables are also at a maximum (refer to Sections 2.1
i

and 2.3 for details). Likewise, though the maximum temperature case results

in lower impact loads (a maximus' of 3 9.0 s's), material properties and

i buckling and stress intensity allowables are also reduced at the higher

j temperature condition. Refer to Section 2.1.2.2, Overpack Design Criteria, as

well as Section 2.6.7.1.1 above for details of the ef fects of temperature

variation on drop loads. !i

|
To conservatively bound the buckling and stress allowable calculations, the

| maximum g-load (obtained at the minimum temperature condition) was applied to |

! the analysis while utilizing reduced strength material properties (found at
!

the higher temperature), which will tend to maximize stresses. Therefore, the <,

!

{ analysis utilized material properties based on a maximum expected normal

condition of transport temperature of 121 F at the inner shell.

i

The smaller buckling and stress allowable values found at the higher tempera- (
l

ture were then used to derive Margins of Safety. Thus, maximum possible loads !

; were combined with minimum possible material strength conditions for a worst- !
<

-

i case analysis and minimum possible Margins of Safety. [
ii.

! !

; !

l !
: !
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The results of the stress analysis for Normal Conditions of Transport,

detailed in Appendix 2.10.6, are summarized below:

|

Drop Load = 65 s's
1

Drop Temperature = 121'F'

:

Maximum Inner Shell Stress Maximum Outer Shell Stress

Intensities (Eles. 33) Intensities (Elem. 36)

I

Surface Membrane Surface Membrano

7,752 psi 6,639 psi 11,463 psi 7,906 psi

Stress Intensity Allowables* Stress Intensity Allowables*

30,000 psi 20,000 psi 37,300 psi 37,300 psi

. -

1

]
Margins of Safe ty Margins of Safe ty

i

| + 2.87 + 2.01 + 2.25 + 3.72
,

I

i
1

j * Interpolated from Table 2.1.2-1
,

,

!

|

i
;
!

l
4

l

l

|

|

: I

;
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1

'

The resnits of the buckling analysis for Normal Conditions of Transport,

detailed in Appendix 2.10.6, are summarized below:

Drop Load = 65 3's
Drop Temperature = 121*F

Maximum Inner Shell Maximum Outer Shell

Stresses (Elem. 33) Stress (Elem. 36)

H .23! Axia1Axia1 9

-6,639 psi -2,381 psi -3,557 psi

Buckling A11owables* Buckling Allowablo**

19,062 psi 17,906 psi 22,630 psi

. ~

|

Margin of Safe ty Margin of Safety

+ 1.08 + 5.36

;

* Inte rpolated from Table 2.1-3

** Interpolated from Table 2.1-4

<

Thermal analysis of the cask resulted in an actual inner shell temperature of

123'F at the critical area (e.g., the portion where end drop-induced stresses t

are maximum). However, in light of the conservatism of the analysis and

j magnitude of the Margins of Safety derived therefrom, it can be reasonably

assumed that this smal l temperature difference will not significantly affect

i the final results. .

1

% r

!

|
2-99 -
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4

2.6.7.2 Obliano Ianact ,
i i

i f
Analysis of the NuPac 10/140MB package behavior during normal condition drops f

r

j f rom 1. foot proceeds in the following steps, using the same conservative

assumptions made in the analysis of the hypothe tical accident 30 foot drop

event discussed in Section 2.7.1.2 below. I

!

.'
1. Use CYDROP to determine worst case overpack deformations for minimum foam i

properties.

!
,

; 2. Use CYDROP with the highest (c ol de s t). foam stress-strain data to
.

determine a conservative estimate of the force-deflection relationship of ;
a e

! the 10/140MB overpack design at various impact angles. This force !

deflection relationship is identical to ~ the one used (and discussed in

4
detail) for the analysis of the hypothetical 30 foot drop (see Section f

] 2.7.1.2.2).

!

4

3. Use the OBLIQUE program to determine. internal forces in the cask body..

|
; -

|

4. Determine the worst case stress state from internal forces in the cask

: body.

i

ta5. Determine lid attachment forces in EnviroLocks unde r wors t ' conditions.
|i
r

-!i

2.6.7.2.1 Worst EA.51 Corner Deformations |

!

Under normal conditions as defined by 10 CFR 71, the polyurethane foam-filled
,

overpacks may range in temperature from -20'F to approximately 160 F during0

| normal operations. It is clear from an examination of the stress-strain

properties of the polyurethane foam at various tempe ra ture s that the highest [
;

| overpack deformations 'will occar at the highest temperature extreme and that
{

! the highest impact forces would develop at the lowest temperature extreme.- -

' ||
,

! |
i 1'

>

1 ;

,

i !

! l
i 2-100 |
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4 Tab l e s 2.6.7-4 and 2.6.7-5 pre se nt the output f rom NuPac's CYDROP energy

balance program for overpacks of 96- and 101-inch diameters assuming an impact

angle corresponding to the c.g. over struck corner cask. The two overpack

diame te rs chosen for analysis provide a conservative estimate of the

deformation which would occur in the actual overpack should it be subjected to

this event. A more complete discussion of the conse rva tive nature of these

analyses appears in Se c tion 2.7.1.2.1.
,

The tables show that a normal condition drop event would be expected to result

in 1sss than 8 inches of deformation under the worst conditions.
i

}

i
!

) 2.6.7.2.2 Force - Deflection Relationshin

As stated above, the conservative force-deflection relationship for normal

| conditions is identical to the the hypothetical accident force-deflection
;

; relation, since the relationship is a function of overpack geometry, not drop

height. A complete discussion on the conservative and reasonable nature of

[ the force-deflection relationship ~ used for the 10/140MB oblique impact
'

analysis is presented in Section 2.7.1.2.2.
I

i
; 2.6.7.2.3 Internal Forces Durina Obliano Imoact

Cask internal forces are calculated by NuPac's OBLIQUE computer program

discus sed in Appendix 2.10.5. The force-deflection relationship calculated

using the assumptions presented in Section 2.7.1.2.2 was used in conj unction

i with the physical properties of the package calculated in -Section 2.7.1.2.3 by

f OBT.IQUE to determine a conservative estimate of cask internal forces.

,

'

Table 2.6.7-6 pre sent s a summary of these internal forces calculated by

OBLIQUE for a drop of 1 ft. The forces and moments are presented graphically

| in Figure s 2.6.7-1 and 2.6.7-2.
.

I

!
;

!

2-101,
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,

TABLE 2.6.7-4

-[ev
CYeacPtCoeNERI NUCLEAR PACEA0INO PR0PRIETAaY 17.21.29 85/06/27 PAGE 14

NUPAC-e 18/14est CRU$N DEPTH CNECE (161 DE01

i
'

PACKAGE WE10NT e 6 Sees. (18$)
PACKAGE EITEsNAL LENGTN e 119.50 (IN)
PACIAGE EXIERNAL DIAMETERe 96.00 (IN)
PACKAGE EXIEltNAL NOLE DIAe $$.80 (IN)
PATLDAD ENVELOPE LENGIN e 8 3.50 ( RN)
PAYLOAD ENVELOPE DI AMETERS 75.se (IH)
QVERPACE LENGTH e 48.6e (IN)

DAOP MEFGMT e 1.8e (FT)
GalENTAll0N ANGLE e 34.664 (DEGAEE1 NAT TO VEmilCALI

PLATEAU CRU$N STRES$ e 487.88 (P$1)
(DEFAULT TAKEN AT le PCT $ TRAIN)

STRE$$/$ TRAIN EVALUATED IN 1/2 CRU$N PL ANE ELLIPSE ATs
25 POINTS PARALLEL TO SEMI-NINGA ELLIPSE AII$,

M1 e
NY e 25 POINIS PARALLEL TO SENI-MAJOR ELLIP$E AXIS

EXPERIMENTAL STRAIN V1. STRE$$ VALUES

.

'

-

.

b

9

9

. ~

y . -

s

t

e
o

r

b

CYDacrtCOANEA) NOCLEAR PACEA0iNO PR0PAIETAAY 17.21.29 85/e6/27 PAGE 11

NUPAC-8 te/14eN CAU$N DEPTN CHECE (let DEOS [

l ++ CauSH PLANE ++ ++++ INFACT ++++ ++++++ ENERGY **++++ e!$TRIBUTION SP STRAIN RATIO $ SY
CRuiN PEACENT DP CONTACT AaEA
DEPfN AREA VOLUME FDACE ACCEL. KINETIC STRAIN RATie LE.7e GT.78 07.84 Of.9e 07.95 ,

ilms (IN23 t!N3) (LB13 (U) ( IN-L S ) (IN*Let ($E/ E E1 LE.Se Lt.94 LE.9S h

. 4

.50 18.9 3. 1424 .8 al2See. Sf4. .ete les.se e.se e se e.ee e.se
~

1.Se 33.6 14 8 set. .I 8450ee. 2723. 843 lee.ee e.es e.se e.se e.se
t.Se 61.5 38. 29984. .3 47750s. 9988'. .611 los.Se e.Se 0.88 s.te 8.44
2.se 94.2 77. 38881. .6 950000, 24931. 427 lee.ee e 00 0.se e.00 e.es
2.58 131.1 133. 60633. .9 942500. 49792. 053 100.80 e.08 e.se 0.08 0.00 i

3.88 178.6 289. 85885. 1.3 975808. 44425. .e89 1e0.00 e.48 0.8e 0.8e 8.ee-
'
i

1.Sa 255.3 386. 184880. l.8 18e7508. 136437. .135 !ae.se e.00 0.00 0.80 e.se
4.80 261.9 425. 146816. 2.2 1840006. 20l581. .194 188.00 e.80 4.se 0.08 8.8e

{ 4.5e 334.5 $68. 183803. 2.4 1872500. 283998. .265 180.00 0.8e e.se 4.64 0.00 i

T 5.e4 362.7 737 223420. 3.4 1105008 385897 .349 los.se e.es 0.se e.se e.se ,

S.30 416.5 932. 264672.' 4.3 413750s. 504e2e. 447 168.00 0.e8 0.00 e.Se e.80 8
'

6.00 472.4 1154 387663. 4.7 1878408. 451103. .S$4 148.00 0.00 0.00 0.e9 0.04+

[ 6.Se $30.2 1484 352854 S.4 1282584 816232. .679 los.Se e.ee 8.00 e.se e.se
7.00 589.4 1644 44e399. 6.2 1235e00, 1804545. 813 108.00 0.8e e.00 0.00 0.0e 6

7,50 658.8 8995. 449278. 6.9 1267588. 1216965. .968 108.00 e.se 8.00 0.00 0.00 t

8.88 713.7 2336. S08298 7.7 1308008. 1454688, 1.189 lee.es e.Se e.se e.se e.se
8.58 777.9 2709. 55542e. 8.5 1332See. 171e715. 1.298 198.00 e.ee e.se e.es 4.80

9.4 1365400. 2010392. 4.473 let.Se e.se 4.00 0.0e 0.089.80 ' 443.4 3114 611580.
-

le.3 1397Ses. 233s94e. 1.668 lee.se e.se e.se s.ee e.Se ;9.5e 9:e.2 3$52. 47s412.
10.00 978.1 4825. 733741 Bl.3 54380ee. 2442638. 1.876 see.ee e.se e,se 4.00 0.00' p

Is.Se 1847.1 4534. 798202. 82.3 1462558. 3865434 2.496 180.08 0.00 0.80 0.40 e.00

Bl.se 1817.8 $472. 846345. 13.3 3495480. 3481171. 2.329 180.84 8.0e 0.00 0.00 0.00
'

11.58 IISS.e $648. 939692 44.5 1527584. 3932648. 2.579 let.60 e.se 0.0e e.80 0.80 '

-( 12.se 1259.7 6268 1928352. 15.7 IS6400s. 4422684. 2.835 - 10s.00 0.00 e.Se e.88 0.08
12.38 1332.3 6988. 1183244 17.0 1592500 4951580. 3.181 300.88 0.00 0.48 e.64 e 08

'

( 33.84 lees,6 7593. 1894S97, 18.4 1625000. S$28041. l.402 100.00 0.00 0.00 e.ee 0.80

13.59 1479.5 8314 3293681. 39.9 las7See. 68$4880. 3.710 100.4e e.te S.se e.se e.se'

; 14.00 1554.0 9872. 1404565. 28.6 16988ee. 4824672. 4.438 180,00 e.00 0.00 0.00 0.08s

4 14.Se 1629.1 9868. -1522536, 23.4 172250s. 7556447. 4.387 fee.e4 0.00 0.00 8.84 e ee
15.0a 1784.6 18708. 1664134. 25.6 175500s. 8333115. 4.76e 180.00 0.00 e.80 e.88 e.se

a
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TABLE 2.6.7-5i w

%

CYeaartCoaNEnl NUCLEAA PACEA01NO PR0PRIETART 17.19.16 eSee6/27 PAGE !!

NUPAC= 0 le/leeft CRUSN DEPTN CHECK (161 DEGI

* 6S000. (1813PACKAGE Mt!CNT
e lit.Se (INIPACK AGE EX1ERNAL LENGTN

PAC 5&GE EXTEeNAL DIANt1C++ lot.se (INI
PACKAGE EXIERNAL NOL E DI As SS.08 IINI

* 69.Se ($NIP ATL OAO ENVEL DPE LENGIN
PAYLGAD ENVELOPE OL ANETERs 75.G9 (INI

* 40.06 s!NIOVEAPACK LENGIN

e 1.00 (FTlDROP MEIGNT 40.098 (DECAEES NRt TO Vtar! Cat )DelENI Afl0N ANGLE *

* 687.ee IPSilPLATEAU CRUSN STRESS
(DEFAUti IAEEN Al le PCT STRAIN)

STRES$/ STRAIN EVALUATED IN &#2 CRUSN FI ANE ElllPSE Aie
2S POINIS PAeALLEL TO SEMI-MINGA ELLIPSE AIt1mz e

NT * 25 POINIS PARALLEL TO SEhl-MAJOR ELLIPSE Ails
.

E.XPERIMENTAL STRAIN VS. STRESS VALUES

i

.

1

k

y - 7.'

i

a
e

CTSA0P(CDANCE) NOCLEAR PACRA01NO PRePA4ETARY LT.19.16 85/06/27 PAGE 12

,

NUPAC-5 te/14eN CRUSN DEPTN CNECK (168 DE01

++ CRUSN PL ANE ++ ++++ IMPACT ++++ ++++++ ENERGY ++++++ DISfaleUTIDM OF STIAIN Wall M $f
PEpsEnf 0F Cog 1ACT AntA

DEPTN AeEA VOL UME FCACE ACCEL. EINEf!C STRAIN Raft 0 Lt.78 of.78 el.ft 0T.90 GT.95CauSN

(INI (IN2) (IN38 (L853 (03 ( I M-t e ) (IN-tal (S E/ E E ) LL.co Lg.90 Lg.9S

6
Se 11.9 3. 1397. .e 882500. 149. .see 185,90 0.00 e.se e.00 0.08

1.00 13.6 14 7899 .I 445800. 2473. ,t83 10s.60 e.44 e.30 e.Se 0.48

1.50 61.5. 38. 26718. .J e77584. 9426. , ell 800,88 0.e8 0.0e 0.8e 0.00
,

e* 2.se 94.4 77. 34413. .6 914686. 246LF. .827 300.00 e.ee 0.80 e.se e.es

2.50 138.4 134 68288. .9 942580. 49288 .452 180.00 0.00 0.00 0.e0 0.se

| 3.es 172.0 289. 4S385. l.3 975840, 45657 .088 188.84 e se 0.08 0.00 e.se

3.58 215.9 306. 113271. 1.7 le8750s. 135342. ,134 los.se e.se e.se e.se e.40

4.00 262.7 426. 441962. 2.2 1844800. 199618. .592 los.Se 4.00 e.Se 8.00 0.00

4.Se 312.1 Sie. 177224, 2.7 1872500. 279998. .268 let.se 0.86 e.00 0.ee 4.08

5,08 344.1 739 212967. 3.3 180548e. 377456. .342 los.se 0.48 e.00 e.e4 s.Se

S.5e 448.3 934 213368. 3.9 4 8 375se.. 494039 434 800.00 e.00 e.se 4.00 a.es

6.as 474.6 1858. 297843, 4.6 intests. 431442. .See los.se 0.00 8.40 e se e . s e.

6.50 532.9 1489. 343278. 1.3 1202544. 792422. .659 100.00 e 44 e.00 0.80 0.00

7.se 593.0 1691. 398$$4. 6.0 123S000. 97SS80. .790 188.00 0.00 0.88 0.te 8.se

7 Se 654.8 2043. 448023. 6.8 1267148. 1143224. ,934 1e4.48 0.80 e.De e.40 0.88

a.e4 718.2 2346. 493458. 7.6 1300000 1486193. 1.089 184.48 e.te 0.84 0.00 0.se

4.58 743.1 2721. 546048. e.4 43325es. 167Se76. 1.258 los.Se 8.0a 0.84 0.0e e.80

9.0e 849.4 313e. 68tSSF. 9.3 1165808. 1964585. l.434 180.00 0.00 0.00 e.84 - 8.08

9.50 987.1 IS71. 659468, le.2 8397948, 2277948. 3.434 - lee.08 0.88 0.00 0.e0 0.00

30.88 989.9 4847. 721$43. 11.8 1438000. 262329t. l.834 188.86 e.se 0.se e.se 4.se

2.e51 100.08 e.84 0.00 0.00 0.04,

1447 tee. 2999892.
II:| 34 s973. 2.2:e lee.ee e.se 0.se e.es e.se10.Se 1856.0 4557. 744864.
l 1495eae.
14.2 19275e0 3e13027. 2.322 148.40 e.se e.00 e.se e.se

458 9 ,5.ll.ee n 27.1 sie .
9se#3 .
999344. 15.4 IS6ee40. 4334062. 2.778 100.08 0.00 0.e8 0.00 e se18.38 1899.2 S66 .

12.se 1272.} 634 .
1877273. 16.6 IS925es. 4493224 3.944 108,80 e.08 a.es e.e4 4.se

.

13.00 1421.4 7649. 11643e0. 18.0 1625086. $484621. 3.332 100.60 0.c4 0.se e.90 e.0812.Se 1346.4 69$7.
(v!

83.58 4496.5 8378. 1244344. 19.4 1657544. 6e21792. 3.633 lee.Se e.se e.es e.se e,se

14.88 1572.8 9146. 1562910. 28.0 1694488. 4477476. 3.931 808.08 0,84 c.80 e,00 e.es

14.58 1649.6 99St. 14784$4. 22.7 1722500. 7387997. 4.289 100.00 0.08 0.00 0.8e 8.se

SS.et 1727.1 18795. 1681697. 24.6 17S5460. 81$1995. 4.648 800.08 0.te e.Se e.08 e.48

.
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i

i

{ TABLE 2.6.7-6
't

4

f

1

J

huPAC OSLIGut ANALY$15 NUPAC lt/140M8 $HIPPlHO CA$K ENVELOPE OlMEH$10N$. COLO FOAM IFT

T ' PACKAGE GECMETRY-
I LENGin s 83. Set

RADIUS e ly.25e
. OVERPACK LENGTN e 35.0s4
!- OVERPACE SIDE THICENES$ e 14.750

0%ERPACE DOITOM IMICENES$ * 13.000
PACK 8GE MA$$ PROPERISES-

.i M435 a 168.228
-

MASS MDMENT OF INERTIA * 241400.000
.; GRAvlTATIONAL CON 5IANI a 386.400
g $0LUTION CHAAACTERISTIC$a-

IMPACT VELOCITY XYDOTl * -96.348
* tXD0ft * 8.000

(THETAD0Tts 0.000,*

FRICTION COEFFICIENT = 8.000
E511 MATED CAUSM DEPIN * 28.000

' TutIAS FMAI SMEAR THRU$T MOMENT DEFLECTION CL EAA ANCE

88.8800 738095. 25204. 737574 311788. 47 13.03
86.0880 964104 62179. 964138, 76987I. .95 12.96

i 84.0000 840277. 82575. 836239. 1921478. 1.18 13.19 -

! 82.88ae 710683. 93255, 704608. 18 536 Gl . I.47 13.33
j 89.8088 724882.- 119940 714982. 1483697. 1.59 11.65
- 78.4848 644165. 127498. 431515. 1579666. l.85 13.81

1 76.8000 584882. 134942. $69248. 1649278. 2.05 13.98
74.0088. 543097. 142611. 524182. 1764tSt. 2.29 14.18 L

72.8809 5150$0. 151378. 492523. 1872 SIS. 2.61 14.53
'

73.8000 529163. 169353. 492069 2094957. 2.96 14.11
i 68.8888 560041, 200813. 523944, 2484126. 3.48 14.88

'66.0060 ele 2ti. 24e424. 565627. 2974139. 3.89 13.92
4

64.0960 638864. 270634 $78957. 3347846. 4.18 13.91;

1 62.8888 629186. 2859St. 560449. 3S57493. 4.35 13.93
1 60.0088 612879. 297545. $16244. 3680718. 4.55 13.97

$8.9900 414389. 317222. $26408. 3924154. 4.71 14.84
1' $6.00e0 418211. 338386 517378. 418S963. 4.84 I4.!!

$4.8099 620688. 3S8872. 566423. 4439378. 4.95 14.18
j 52,0009 620989. 377935. '492741. 4675194. 5.06 I4.it

St.0000 619957, 395857 477320. -4896894. 5.14 14.28
48.9808 646228. ell 6SS. 4S4561. 5492385. S.20 14.33

.
44.0000 618iF2. 424972. 437916. $25785$. S.25 14.37
44.5008 484281. 435824, 4tSS76. $391301. S.25 14.42

J
; 42.0000 %94518, 444329. 391991. S494443. S.21 14.45

. 48.916e 581629. 454688. 367643. S$7 5 3 8 3. S.56 14.48
= 36.8*se $68624. 413628. 342863. Sells $4. S.18 14.55
i 34.8808 $56499. 4S6474 318445. 5644749. S.el 14.52

34.0000 546928. 459694 296628 5686549. 4.90 14.54*

32.0000 $46240. 464349. 276778. $744166. 4.77 14.S6
f 30.8040 531240. 465S50. 255888 5759929. 4.68 14.S8,

28.0080 $10045. 455598 '229477 S635920. 4.48 14.61
.

26.0008 484206. 440l$9 202570. $444932. 4.18 14.45
i 24.0000 456426. 421442. 176558 S213391. 3.91 14.71

22.0800 431942. 484238. 152917. $549477. ' 3.42 84.77
!, 29.6809 '483434. 391389 133334 4841622. 3.33 14.42
; ; 8.0004 402681. 385459. 186926. 4768828. 3.07 14.80

.6 0440 - 40S227. 391667. 194847. 4445066. 2.84 14.73
s

,4.6000 408896. 390530. 90877. 483e999. 2.57 14.73
) ;2.8000 407982. 484349, 79183. '4952411. 2.34 14.64

i

? 18.8000 427929, 422187 78296. $221618, 2.12 14.$6
i 8.0000 308596. 30$80s. 4I401. 3742968. 't.56 14.49

6.9900 389873. 388095. 37240. 4800826. l.S9 14.33
33569 22183. 4451555. 3.18 14.40
43284.5. i4363. $354593. .99 14.i8

4.9688 336337.*

2. Sees 433078. .

',

! l
'

|

-i

l
r

,

; i

-
;
.I

4

4
4
4

+
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I
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FIGURE 2.6.7-1

IMPACT FORCES (LBS)
NUPAC 10/140M8 SHIPPING CASK ENVELOPE DIMENSIONS. INITIAL VELOCITY = -96 300

8
a
Y SYM YMIR8LE DESCRIPTION MXIMUM MINIMUM

5 MX PORCE 968104 308598
O SHEM 485550 25204
A TMUST 964130 14353o

9
O

m'

8
a
S-

.

* | |
O

E'- a<

O e.
II

-

@

O,
_

~
o

@
we_

SU
E
O

o
9
e-

8 -

b-

8
Oa 100.00 eo.oo es.oo 48.00 28.00 o.oo

-

ANGLECTHETA) WITH RESPECT TO HORIZON (DEGREES)
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FIGURE 2.6.7-2O
CASK BENDING MOMENT ('IN-LB)

NUPAC 10/140M8 SHIPPING CR!K ENVELOPE DIMENSIONS. INITIAL VELOCITY -96 300

8
o

"

8

~e.
M
O
-o

- 8_
m*
_J
l

; Zo
j e*o

-a . -

A
z
d
Zo
Co
O

e;-
z
.-.

o
Zo
LL.! *

E8_
~

x
Da

4 C
U o3

o_
(E3

.

O 100 00 8'O.00 6'0.00 4'O.00 2'O.00 0'.00
ANGLECTHETA) WITH RESPECT TO HORIZON (DEGREES)

2-106,

'

- __-____ ___ _ ____ _. ... ___ _____.-- ._. .__.._,___ -_____,_-.__,..._ .._...___...__.__ _



__ - . . . ---- - -

NmPaa 10/140 m Ang ct 1985

Not surprisingly, the internal forces for a drop f rom one foot are very much

less than for a drop from 30 feet.

As in the case of the hypothetical accident 30 foot oblique impact, the

separation moment at the cask lid interface is calculated using the OBLIQUE

post processor POSTOB. Input data for POSTOB for normal conditions is

identical to the accident condition input data presented i n Se c t io n 2.7.1.2.3.

The worst case separation noment occurs in the c.g. over struck corner

orientation, just as in the 30 foot impact case. POSTOB predicts a moment of

63.51 x 10 lb-in. The OBLIQUE time history results for this case

j (approximately 50 from horizontal impact) is presented in Table 2.6.7-7 and

| the POSIT)B analysis of the case is shown in Table 2.6.7-8.
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TABLE 2.6.7-7
i
.

I

i

4

IFT

MbPAC 09titut ANALYSIS-NUPAC 18/l40M8 SMIPPING CASL ENVfLOPE SIMENSIONS. COLD FOAM
PACKAGE Ot0 METRY. * $3.549

tENGIN * $7.250
RADluS * 48.886
Ott# PACK LtNGIN * 16.580
ottaPACE Sitt TNICENESS
OVERPACE sollCM TNICENESS *

18.999
4

PACIAGE M455 PROPERIBES-1 * 168.220
MASS s 241430.800MASS MOMENT OF INtg{{A

* 384.484
GRAVITAIBONAL CONSTANT

$0tU110M CNARACittlSf!CS* * -96.389IMP ACT VtLOCity (9D0f t 8.000i
(IDOFF *

(TNETAD0fle 0.ege
* 8.884

f FalCfl0N CotFFICitMi * 29.889' ESTIMattB CauSM DEPfM

TNttAt FM41 SMEAR THRUST 780 MENT DEFLECil0N CitAAANCE

5s.0000 623857. 399444. 478282. 4941133. S.19 H . 24

i

flPE X XDef Y VDOT INETA TMtfA00f F SNEAR - TNGUST DitfAl Y AND kl |
'

3. 4. 8.
'

O. a.9430tett .4727tett 8. 8. .3545t*ts .9185teet .
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f
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LI6St-6 9. 9. . 3846t*08 a.300$t*03 .872FE*99 ,92 Sit-93 .7427t*ts .4409t*01 .2085t*89 .ll46tett .21FSt-93'

! 338t-t| e. 9. *.8313 teel .It06 teel .8727 tete .1420t 92 .3434t*ts .2337t*e9 .278SE*49 .3313t*05
.3726t-93

49FE 9 .9. 9, *.144 8 t*0 8 *. 8 0 08 t* 0 3 .872Ft*te .2070E-92 4826t*05 .3882t*45 .569FE*tS .5481 test ,49391-03

644t-4 9. 8. a.l649t*tt *.1999ttel .872Ft'et .2895C-02 .6200E*99 .394SE*tS 4Flttets .l649t*tt 9334t 48

<
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.2496t-81 8. 9. *.240st*04 *.9893t892 .4127t*48 .1992t-48 .!Self*86 9992t*99 .3388t*94 .2485t*98 4969t-92

' .2642C-ft 9. 9. *,2647t*01 . 9794t*02 .4727tett .3280t-et .lF62 tete .5835t696 .33 Set *t6 .2647t*tt .4434t 02

.2020t-el 8. e *.Itt9t*St a.9673t*02 .tF28 toft .4434t-et .lf92t*e4 .3248 tota .jl26 tee 6 .2899t+tt .889Ft-924

.2995t-ti 8. S. *.2969t*01 a.9929t*t2 .8728tett .4679t-OL .2238t696 .3433te96 .* Flat *06 .2964Eeet . 02FE-Gl
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TABLE 2.6.7-8'

PROGRAN POSf00. VERSION 0. DATE ?#12/89

CENFtt OF Ca&VlfY OFFStf a 3,90
MontNF 0F Intatta 0F UPPER PAtt * I66108.00
MASS OF UPPER PAtt (INCt. P/L) * 439.29
MASS OF Parl0AD e 34.80
llD FIAs*GE terlCENESS e g,25
PACS 4GE 4tuotn tes/0 OuttPACKI * 83.54
PACKAGE e405US f ase0 CVERPACal e 37.25
ACCittRATION OF CAAvity * 384.4e

|

! AteGt t ?!Mt LAT AC4tt AI. ACCtt I ACCtt Y ACCtt IN ACCit MOMfMi MOMENT MAI A0J. MAI OPP
ADJACENT DPPOSlit Montui McMf4798.89 .3444t-92 -l.199 1.347 .3976t-68 8.814 .6l06t-02 3952. .letet*tS 3912. . 8 4 t et ets 58.80 .3328t-02 -9.026 It.SF .1172 83.90 .lF99t-01 .23FSE*05 *.1920t*te .23FSt*85 .14 t e t t e90.08 4998f-42 -4.979 10.44 * 1984 13.74 .29412-48 .299Fie99 *.1438t806 .239FE*05 .84,4tel.$0.80 .64S51-92 -87.62 19.78 .3227 26.99 4954f-en 4F94t*09 .1999tet6 4196t*09 .)4 <4tteSt.te .4319t-92 -36.69 42.89 9944 - 46.72 .4444 .195$5006 .64F8t*04 .|SS$tet4 .84 int **

54.37 .98234-01 .lettteet .4294t*06 .1992t*06 ..s4 int et50.09 .9903t-02 -St.4F 69.42 * 9933.$9.00 .316St-98 -48.9F 40.82 al.399 nel.6 .2149 .89720404 .79S8t*46 .s972t*04 *.44 ,4t etSt.es .!!38t-98 -334.F ISP 6 -1.943 297.3 .2988 .34tSE*96 .llittetF .3699te94 .84 4tte56.99 .549Ft-SS -174.2 293.7 -2.350 268.1 .3916 4674t496 *.lt98t*0F 46F4t406 .lt .4t*e50.00 t .3664t-08 -214.8 218.1 *3.217 329.2 4940 .3769E*ts .2448t*07 .SF49t*06 a.84 let *eSt.00 .3830t-SI *253.6 296.0 +3.978 389.7 .4888 .6004 tete .2905t*07 .6444t*06 .14 l 4t **$0.00 .199FE*el +338.S 347.4 -4.734 Ste.l .7269 .04SFE*e6 =.3786t*tF .86SFt*06 =.84 14 t es50.09 .2163t-98 -489.5 449.6 *S.SF4 632.0 .0968 .ItastetF 4688t*07 .3600E*e7 .14 l4tesSt.tt ,21291-94 -485.2 568.3 -6.406 747.2 .9857 .1209E997 .SS34t*07 .3280tet? .84 14t es*10.00 .2496t-08 -S$4.0 653.8 *F.886 alt.S l.104 .1464tesF .43SFt*07 .3466tetF .841 4 tee50.00 2462t-01 -442.2 792.9 -8.081 989.6 1.248 .3682tetF .7313t*0F .3602t407 .14 u t t *e350.09 .20287-98 ~728.4 854.4 *S.866 1823. l.361 .1898t497 *.82492467 .1890t*07 .14 t e t t e14.98 .2995t-41 +415.0 956.6 -9.S$4 125F. l 467 .28tites? .92671997 .2188teti . 8 4 L et *e,
54.08 .316tE-el 986.2 teF6. -10.4e 8483. l.596 .2345t*07 .leelteet .2343t*0F .14 .4t nSt.tl .35281-91 ist2. 1177. -11.00 1545. l.689 .2SFIE*87 .ll3FE*08 .2 Spit *0F ,84 .4tes

-

St.sl .3494t-01
St.88 .Seest-el . --

,804, 1298 |1.69 1783. 3.799 .2819ttef .3233 test .tsl9t*e7 .34 t e t *.
*

197 1498. ,2.20 1849 l.886 .3966t*07 .13Satoes .3046 tee 7 a.it ,4t te
-

St.62 .3827t-41 - 288 ISLF. - ,2.78 1990. l.9S2 .526tt*87 .5440t*te .3268teof .. 4 ,et e'58.62 .19911-01 -1388 163S. - 3.39 2449, 2.642 .3500tetF *.lSF3teet .3500t*0F . 4 14 t es50.02 .4159E-el -lest. 1746 is.69 2289, 2.182 .3Fl9t+er .1470t*04 .3Fl9tetF . 4 14t esSt.85 4326t-t! -8563. 1845. -33.96 2416. 2.144 .3907t697 ..liettete .396Ft*07 *. ,4 iette98.83 .4492t*81 -1666 1914. -14.40 2567 2.218 4834t*07 .1078delt ,4836t*07 . 4: 4tHSt.03 46S9t*tt 1749, 20S4 -14.99 2692. 2.240 4319t687 .196 8 t *04 4319t*07 *. 4 4tes$9.9% 442$1-91 -1831. 2162. -84.93 2833. 2.209 4S24 tee? 2070t*e4
4520E*0F .. :

- 4 .4t ee59 04 4991t-01 -1984 2256. *lS.Il 2947 2.389 4494t*e7 .2192teca 469st*07 .44 4 tee50.05 .5150t-93 -1836. 1329. -F.726 1728. 3.186 .2FISE*e7 .123%E*te 4496t*0F a.84 .4Eee50.96 .3124E-el *2912, 3448. -23.00 4504. 3.539 .FIF2tteF 3298t*06 .FIF2t*07 a.14 .et*S4.94 .S4941-91 -1272. 1596. -8.959 1972, 1.333 .304st*07 .1435teet .7172t407 .14 4t*'\ St.8F .S6SFi*tt *2999 3S47 ~22.44 4449. 3.473 .7348t*0F .35eet*0s .7340teef *.84 see$9.04 .5425t*01 -2229, 2634 -19.86 3444. . 2.444 .S419tetF .29 tat *04 . Fleet *tF .14 4t*$8.09 .S9901-01 -22St. 2675. -13.49 3508. 2.437 .5492t+et .2Slettes .7348t*e7 .84 4t*$6.99 .61561-94 -2311. 2741. -te.it 3SSF. 2.478 .56tFl*07 .2682 tete .F348t*0F =.14 tot *St.it .61221-01 -1893. 1415. -F.345 1850 l.827 .286St*07 .134SE*04 .7344teef .14 l4t eSS.Il 48489t-el -3499 4846. *25.99 $425, 3.862 .45tetteF .3993t*88 .4534teer 14let*59.32 .66SSE*ti -2387. 2858. *le.58 3F83. 2.542 .SF49t*0F *.2696t*48 .8Sl4t*0F .8484f958.13 .44221-41 -2345. 2839. *le.72 3701. 2.54 3 .3Fatteer .2695t*04 .4514teer .1484t*

>
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2.6.7.2.4 itress Calenlations in gath R2dr
;

1 i
'

'

| From the summary of internal forces in Table 2.6.7-6 above, the worst case
state of compressive stress may be found. From that t ab l e, it is clear that

the worst stress state will ocent during drops from angles between 64 and 30

| degrees from horizontal. Using the standard forenia for combined axial and
i

j bending stress

!
i

1
i e = P/A + Mc/I
1

1
i

j and conservatively assuming all stress is carried by the outer shell, the

f following table may be constructed:

!

Ianact Anglf. ELER11 Nomeat Streas
6 6

(10 lbs) (10 lb-in) (psi);

!
.

'
64 .5790 3.348 2659

62 .5604 3.537 2631

6'O .5362 3.681 2575

58 .5264
~

3.924 2587
'

;

i 56 .5174 4.186 2607

j 54 .5064 4.439 2617

f 52 .4927 4.675 2615

50 .4771 4.897 2604

48 .4586 5.092 2577

46 .4379 5.257 2537;

i- 44 .4156 5.391 2485

42 .3920 5.496 2424

40 .3676 5.575 2354

38 .3429 5.612 2275

i 36 .3184 5.647 2197

34 .2966 5.687 2129
,

: 32 .2768 5.744 2071

| 30 .2559 5.759 2001

,

|
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{ The stresses above were calculated assuming that all of the bending and axial

\ forces are carried by the outer shell, which hae a cross section area of 287.6,

2 5 g,4 ( se e Se c t ion 2.7.1.2.4). Thesein and moment of inertia of 1.93 x 10

stresses have been derived using extremely conservative techniques. In

addition, the stress maximum for the package for 1 foot oblique impacts occurs

0at the point of local peak in thrust load, 64 . Thrust loads are clearly

highest during end impacts, and moments are clearly higher in side impacts, so

it seems clear that oblique corner impact s f rom 1 foot are very much le ss

severe than end or side impacts. Margins of Safety during oblique impacts e

from 1 foot are large. i

!o

,

2.6.7.2.5 Lid Attachment Forces
i

The maximum lid separation moment calculated by POST 08 is 8.51 x 106~1b-in.
tUsing the formula relating the moment to the maximum EnviroLock a go,,, ,gy,,

,

in Section 2.7.1.2.5, the maximum force the EnviroLock would be:

;

6fy = 4(8.51 x 10 )/3(40.5)8 = 35,000 lbs.'

The yield strength of the EnviroLocksta is 184,500 lbs, so the Margin of
Safety is ;

184,500/35,000 - 1 = +4.27

,

!

which is very large.
,

2.6.7.3 Flat Side Innact

Analysis of the 10/140MB cask behavior during side impact from one foot

! follows the same approach described in Section 2.7.1.3 for the hypothetical

accident impact event. Because the normal condition impact is much le ss
I

severe than the accident condition impact, the evaluation of the event is .

somewhat less complicated.

i
l

;

2-111
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1
,

The analysis presented here follows these steps:
1
1

1.) Determine the impact forces using the SYDROP computer program as

well as some hand analyses.

2.) Determine stresses in the outer shell assuming it reacts the entire

impact bending load.

3.) Determine stresses in the inner shell assuming it reacts the payload

weight and half the lead weight in bending.

i
9

2 6.7.3.1 Side Innact Forces and Deflections

i'
,

Side impact forces from impact on the cylindrical sides of the overpack were
1

| determined using the SYDROP energy balance program. Analyses we re performed

! assuming foam properties at -20*F increased 15% and at 157'F decreased 15% to
)

envelope the full range of normal condition fosa response. n e full 30 inches

of 108 inches dia. overpack length oh each and is assumed effective, h is has

i been shown by test to be the most realistic model and results in higher loads.

) The additional 10 inches of overpack length at 101 inches in diameter is not

modeled since the SYDROP analysis shows that during one foot drops, the over-

I pack does not deflect enough to mobilize this part of the f o ss. Tables

2.6.7-9 and 2.6.7-10 are the results of the SYDROP analyses at -20'F and 157*F |

a

respectively. They show that the highest acceleration on side impact is 25.8
03's (at -20 F), and the largest deflection occurs at 157'F, 1.80 inches.

!

i

The analysis of impacts on the flat sides of the.overpacks may proceed as in

the hypothetical accident analysis, see section 2.7.1.3 for an explanation of

the necessity and conservative nature of the following analysis.

The highest impact accelerations will clearly occur at -20'F. He overpack
' response may be conservatively assumed to act as a pad of foam of uniform .

thickness equal to the narrowest thickness of the overpack. 10.75 inches. The

pad may be conservatively assumed to have the same impact footprint area as

the flat sides of the overpack. The impact footprint is diagrammed below:

2-112
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m
TABLE 2+6.7-9

+

NUCLEAR PACEAG1NO PR0PR1ETARY 17.47.20 85/ se/24 PAGE 9

SYDe0P(SlDEI
huPAC le/14cM Cf48 F0AM (=le DE08

* 65tte. (L858PACKAGE HERCHI e 60.e4 (IN8PACKAGE FxlENhat Ith0TN
PACKAGE ExfEuhat 01AMt1ER s les.se clubs 75.es (fN)PAfteAs DIAMEits a 3.se (pt)
OROP MEIGMg

.

$1sAIN VS STRESS TABLE

~
.

,

$Yee0P(SIDEI $ NUCLEAR PACEAO1NO PRePRIEIARY 17.47.28 eS/86/26 PAGE le

huPAC te/14eM COLO FOAM (-20 DE03
. -

\ ++ CausM PL ANE ** ++++ IMPACT ++++ ++++++ ENEROY t+++++ D111RIBUTION OP $fRAIN RATIOS af
CAUSN PERCINT OF CONTACT AeEA
DEPIM ASEA VeLUME FCaCE ACCEL. POTENIIAL STRatu . SATIO ' LE.7s 01.78 GT.se 07.98 OT.95
(INI (Ih28 (IN3) (L83) (0) (IN-st) (IN-te) (SE#PE3 LE.88 LE.90 LE.9S

.25 622.8 144. 281148. 3.1 796250. 25143. .832 180.80 e.se e.se e.Se 0.00

.50 879.8 29+. 567642, 8.7 882500. 128248 .349 100.88 e.80 e.88 4.8e 8.08

.75 1976.2 539. 988617 IS.2 828758, 345773. .388 168.48 8.te 0.88 e.00 0.00
1.00 1241.3 829. 1425121. 21.9 845008. 617490. .731 168.4e e.se e.se 8.8e e.00

1.35 1325.7 1828. 1674891. 25.8 854468. 856294 1.800 180.48 e es 0.40 8.00 0.00

1.25 1386.2 IISS. 18S38st. 28.3 861258. 1827356. 1.193 180.00 e.te 0.80 . 4.00 e.se
3.54 1516.7 1521. 2234554 34.4 47750s. 1538481. l 753 100.80 e.08 0.00 0.00 0.00
1.75 1636.5 1949. 2570215, 39.5 893750. 2334997 2.395 lee.se e.se e.se 3.se 8.00

2.08 1747.2 2334. 2863236. 44.8 9 8 0 s e e .. 2418878. 3.097 500.08 e.4e e.00 e.80 e.00

2.29 1851.s 2788. 3120766. 44.8 926250. 1566171. 3.850 fee.ee e se e.se e.se e.se
2.50 1948.4 3263. 3356182. 51.6 942500. 4375782 4.643 les.se 0.00 e.ee 0.80 e.40
2.75 2041.5 1762. 3574521. 55.s 954750. 5242120 S.448 18e.04 e.se e.Se e.se e.00
3.e4 2129.8 4244, 3779292. 58.3 97500s. 6161346 6.319 300.00 e.86 e.00 e.88 0.00
3.25 2214.1 4827. 3973851. 43.8 991258. 7338349 7.193 168.00 e.se 4.00 e.se 0.00
3.58 2295.0 5398. 48S8308. 64.0 180750s. 8146809 8.846 188.00 0.40 e.80 0.89 8.es

3.75 2372.7 $974 4337166. 66.7 4825758. 9288743. 8.995 188.00 e.Se e.se 0.88 a.Se
4.00 2447.5 6577. 4511314. 69.4 1048088. 50314778 9.918 100.80 0.48 0.00 e.00 0.00
4.25 2519.8 7198. 4683551. 72.0 1856250. 18443859 18.853 les.Se e.e4 e.se e.se e.40
4.58 2S89.7 7836, 4849784 74.6 137250s. 1265S264 11.808 188.00 e.48 0.80 0.00 e.Se
4.75 2657.5 4492. 5816475. 77.2 3888759. 13588S87. 12.756 lee.es e.00 e.se 8.00 e.ee
S.80 2723.2 9165. 5184826. 79.8 lleS80s. 15143782. 33.723 106.9e e.se 0.08 0.00 4.00

5.25 2747.1 9454. 5351775. 82.3 1128250. 16484699 14.699 lee.es e.se e.Se e.00 e.se
S.Se 2849.2 18558 5521434. 84.9 183750s. 1785985l. ' I S.ee s 100.8e e.es e.se e.se e.ee "
$.75 2949.7 13278. 5694426. 87.6 115375e. 19243834 16.678 140.8e e 00 e.Se e.se 3,e8

6.00 2968.6 12011. 5872159. 98.3 1178488. 20487657. 17.682 180.88 8.00 0.00 0.88 e.Se
6.25 3826.1 12762. 6eS6045. 93.2 1886250, 22178682. 18.696 188.00 e.se 0.00 0.0e 8.40
6.50 3682.3 13526. 6247452. 96.1 1202500. 23786689 19.725 100.00 e.se e.00 0.00 0.00 i

6.75 3137.3 14383. 6446323. 99.2 3218750. 253e3341. 20.762 180.00 e.se e.se e.80 8.se j

7.00 3198.7 15095. 4652470. 102.3 123Stee. 26940690 21.414 100.80 e.se 4.se e 08 e.00 ,

7.25 3243.2 13499 6869476 185.7 1251250. 28633933, 22.882 100.Se 0.04 a.00 0.00 e.08 1

7.Se 3294.5 16716 7188819. 189.2 4267500. 3e377133. 23.966 180.00 0.00 0.00 e.88 e.es 1

7.75 3344.8 17546 '7347186. 113.0 1283750, 32183046, 25.870 100.00 e.ee 8.se e.se e.se 1

8.Se 3394.1 18388. 7613S74. 117.1 8380808. 34853146. 26.195 100.08 e.08 e.se e,se s.se
8.25 3442.4 19243. 7942292. 128.6 3316250 35992613. 27.345 los.se e.se e.Se e.se e.se
8.58 . 3449.8 20189 8266739. 126.3 1532550, 38006231. 28.522 tee.se e.se 4.0e e.00 e.80
8.75 3536.3 28948 8533378. 131.3 1348750. 44098745, 29.750 los.se a.Se e.es e.se e.se
9.08 3582.0 21478 8898727. -136.8 136500s. 42276758. 30.972 les.se e.88 0.00 e.88 0.00 l

9.25 3626.8 22779. 9286188. 142.9 1381250. 44S48873. 32.253 180.08 e.se e.se 8.se 6.00 |

9.50 3678.8 23693, 9727536. 149.7 1397500. 469235s8. 33.578 los.se e.se 8.se e.00 e.se
9.75 3734.1 24614 19222921. 157.3 1483750. 49419395. 34.956 100.04 0.08 8.00 e.se e.oe

15.Se 37S6.6 25548. 19781992. 165.9 1410000. S2045e10. 36.395 14e.4e e.se e.se e.00 e.es

%

D
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TABLE 2.6.7-10
th ,

"

$YDReP(SIDEI NUCLE 4e PACK &GING PA0PRIEIAAY 17.47.28 85/e6/24 PAGE in
NUPAC le/140M NOT FOAM (161 DEG)

PACKAGE HEIGNT e 65000. (Loll
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SY000P(SIDEI NUCLEAe P&CKAGINO P e O P R' I E T A e Y 17.47.28 85/06/26' PAGE. 12
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a

++ CRUSN PLAME ++ 9+++ IMPACT ++++ ++++++ [HERGY ++++++ elSTRIBUTION OF STRAIN Ratio $ BYCRUSN
..f01ENilAL STRAIN 0Atl0 LE.78 07.78 GT.80 01.90 GT.95

PEACENT OF CONIACT AREADEPIN ASEA 70tHME FORCE ACCEL.(INS (IN23 IIN3) (48$8 (Gl (IN-tel (IN*Let !$f/PE) Lt.Se Lt.90 LE.9S
.25 622.8 104 85984, 1.3 796258. 48738. .883 188.80 0.68 e.88 s.88 0.00.50 479.8 294 242488. 3.1 842548 58787 864 lee.e4 e.Se e.se 8.00 8.08.75 1876.2 539. 431694. 6.6 828759. 136859. .364 168.0a e.te e.84 4.se 0.4e1.08 1241.3 829 598346. 9.2 445e90. 264484. .333 180.3e e.se 0.00 0.00 0.001.25 1386.2 1854. 728984. 11.2 461258. 43eF30. .500 See.ee e.se 8.00 e.se e.SeS.Se 1$86.7 1521. 846035. 13.e 877588. 6276e7. .785 108.88 0.08 4.se e.88 0.001.75 1636.3 1915. 951593. 14.6 891758. 452311. .954 180.ee 0.00 0.00 e.80 8.00

1.80 1656.3 1998. 968703. 14.9 496677. 897294 1.888 144.8s 0.se 0.4e e.es 8.00
2.80 1747.2 2338. 1046516 16.1 9teses. 1862845, 1.211 180.00 0.08 0.00 0.80 e.802.2S 18St.e 2788. 1834448. 17.5 926258 1374736. l.484 180.88 0.80 0.00 0.84 0.se2.58 1944.8 3263. 1218953. 38.8 942500. 1668898 I.778 lee.es 0.00 e.ee e es 4.802.75 2841.5 3762. 1299943. 26.e 958F54. 1983FS2. 2.069 te4.09 e.se 8.00 e.88 0.003.40 2129.8 4284 1377735. 21.2 975000. 2138462. 2.378 los.Se 0.88 4.es e.es 0.00 -3.25 2214.1 4827. 1452919 22.4 991250. 2672294 2.696 les.se e.8e e.se 4.se 4.e43.50 2295.0 5391. 1326359 23.5 feeFSaa. 3844783. 3.822 10s.8e e.se e.Se 4.08 e.se3.FS 2372.7 Sti4 IS98883. 24.6 18237St. 3435349 3.356 180.00 e.se e.se e es 8.684.94 2447.5 6577 1678544. 25.7 1844000. 3844417. 3.696 80s.44 e.te e.se e.se e es4.25 2519.8 7894, 1741954. 26.4 1856250. 4270577. 4.845 148.88 e.60 0.00 a.se 8.es4.Se 2589.7 7816. 1813321. 27.5 18725e8. 4784944 .4.396 lee.es e.se e es 0.80 0.004.75 2437.5 8492. 1884994. 29.4 1888759. 5877273. 4.795 188.80 0.04 0.00 0.88 4.00S.se 2723.2 9165. 1957222. 30.8 1845000. 5657549 S.120 180.00 e.se 8.00 e.se e.SeS.25 2787.1 9854 2029921. 31.2 1821250. 685S942. S.494 100.se 0.80 0.88 e.e4 e.84S.Se 2849.2 18558 2103544, 32.4 -1837500 66F2625. S.864 108.08 0.88 c.00 0.08 0.88S.75 2989.7 B1278, 2178572. 33.S 345375 . 7287889.. 6.247 100.00 0.00 a.ee 8.00 4.te6.88 2968.6 12883. 2255482. 34.7 4870888. 7742137 6.634 180.80 0.00 0.00 e.48 8.es .6.25 3426.R 32762. 2334498 35.9 1886250. 8335876 F.027 104.88 a.se 0.88 0.00 0.004.54 3682.3 13526. 2416219. 37.2 12825e0, 8929F16. 7.426 100.80 e.se 8.00 0.80 0.006.75 3837.1 14361. 2499798. 38.S 1218750. 9544217 7.838 - 100.04 8.88 e.se e.80 e.se7.8e 5198.7 15495. 2586052. 39.8 1235e88, 168F9497 8.243 let.se 0.88 0.00 0.00 e.se7.25 3243.2 IS899 2671444, 41.1 3251250, 18836634 e.661 100.00 0.88 e.as 0.08 0.007.50 3294.5 36716. 2763660. 42.5 126750s. IISI6622. 9.086 180.00 0.08 8.00 0.00 0.88F.75 3346.8 SFS46. 2862384 44.s 8283FSe. 12289278 9.518 80s.08 0.08 0.se e 00 e.Se8.50 3394.1 18348, 2969344. 45.7 13a0000. 12944244. 9.968 188.8e 4.se 0.88 0.00 e.688.25 3442.4 19243 3s46424 47.5 1316250. 137e5215. 16.412 188.08 0.s8 8.48 0.08 8.088.Se 3489.8 20109 3213883. 49.4 "l33258e. 14492FS3. 16.876 18e.00 0.84 0.04 e.Se 4.408.75 3536.3 20948. 3354280. St.6 1348750. 15313774 11.354 108.86 0.00 8.se 0.00 0.as9.88 3S82.8 21878 3518652. St.e 136 Sees. 16178890, 11.848 138.80 e.se s.4e e.se 0.se9.25 3626.8 22779 1685927. 16.7 1388258, 17071462. 12.3S9 180.00 0.00 0.40 e.00 e.se9.58 347e.8 23698. 3883223. 59.7 1397500. 18047606. 32.893 18e.se e.se e.se e.as e.es9.75 3714.1 24614 4885651. 43.2 14B5750. 19016215. 13.451 los.ge e.es e.00 0.00 e.esle.4e 3756.6 25548. 4354471. 67.e 1438 es. Zoe73693. 14.e38 i.e.se .... e.e. e.ee ....

.
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OVERPACK FLAT FOOT PRINT GEONETRY

The footprint area is given by:

i

2(49.5)(30) + 2(31.4)(10) = 3598 in.2 - say 3600 in.2

. |

Using this cross-sectional area and the stress strain relationship for 20 lb.

0
.

foam at -20 F increased 15%, the following table may.be constructed. (
l

O
'
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i
!i

TOTAL

O ,

t

DEFLECTION STRAIN STRESS FORCE STRAIN ENERGY I
|

(in) (psi) .(1bs) (in Ibs.)
'

.

'

0 0 0 0 0 -

!

0.323 3% 960 3456000 558144 f

f0.538 5% 1416 5097600 1477656
.

!
1

The energy that must be dissipated assuming .323 inches of overpack deflection j
'

is

(12.323 in)(65000) = 800995 in -lb.

I
so- the ratio of strain energy to energy f rom the drop at .323 inches of g

deflection is |
I

|558144/800995 = .697
|

| At .538 inches of deflection, the drop energy to dissipate is
!

!
!

(12.538)(65000) = 814970 in-lb. |
t

,t

so the energy ratio is [
i

!
,

|1477656/814970 = 1.813
|

!
! The maximum force from the impact may be determined by interpolation:

|
.

!
i

((1 .697)/(1.813 .697)) (5097600 - 3456000) + 3456000 = 3901700 lb. !
|

Ia

1 i
The maximum acceleration on impact may be estimated as. ;

i
t

3901700/65000 = 60.0 s's . j
i !

|
'' The maximum acceleration during a normal condition side impact would not

exceed 60.0 s's. j
,

i !

it

;

|
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2.6.7.3.2 Outer Shell Bendina Stresses

Tha outer shell bending stresses for the hypothetical accident 30 foot side

impact were determined using a linear analysis (see section 2.7.1.3.2). There-

fore, the stresses derived from that analysis may be factored by the ratio of

the normal condition impact acceleration to the hypothetical accident impact

acceleration. The maximum stress intensity from hoop and longitudinal bending

during the accident event is given in Section 2.7.1.3.2 as 11512 psi. There-

fore, during normal conditions, the stress wonid be:

(60/141.9) (11512) = 4868 psi
1

The allowable membrane stress under normal conditions for A516 grade 70 steel

is 23,200 psi (S,) so the margin of safety is

M.S. = 23200/4868 -1 = + Large

0
The normal condition bending buckling allowable is 22,660 so the Margin of

Safety on bending buckling is

M.S. = 22,660/4868 -1 = +Large

2.6.7.3.3 Inner Shell-Stresses

The inner shell stresses may be factored from the hypothetical accident

conditions in the same manner that outer shell stresses were. Thus, the 14925

psi maximum stress in the inner shell during the hypothecical accident side

impact event becomes:
,

'

(60.0/141.9) (15043) = 6361 psi

.

The margin of safety is then (using the membrane stress allowable):

M.S. = 20,000/ 6361 -1 = +2.17
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.

1 The buckling bending allowable is 19,173 psi so the margin of safety on

) bending buckling is then:

M. S. = 19,173 / 63 61 -1 = + 2. 01

2.6.8 Corner D .ER_E

This requirement is not applicable since the NuPac 10/140MB is constructed

primarily of steel and lead, and exceeds 220 pounds gross weight.

2.6.9 Comoression

This requirement is not applicable since the NuPac 10/140MB exceeds 10,000

pounds weight.

2.6.10 Penetration

From previous container tests, as well as engineering judgement, it can be

concluded that a 13 pound rod would have a negligible ef fect on the heavy

gauge steel sheet overpack or cask.

As the result of the above assessment, it is concluded that in normal

conditions of transport:
,

1. There will be no release of radioactive material f rom the t

package;

I 2. The ef fectiveness of the packaging. will not be substantially

reduced;

3. There will be no mixture of gases or vapors in the package which !

Icould, through any .credib le increase in pressure or an

explosion, significantly reduce the effectiveness of the

package.
N

1

i
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2.7 Hvoothetical Accident Conditions

O The NuPac 10/140MB Cask, when subjected to hypothetical accident conditions as

specified in 10 CFR 71.73, mee ts the pe rformance requirements specified in

Subpa rt E of 10 CFR 71. This is demonstrated in the following subsections

whe re each accident condition is addressed and shown to meet the applicable

design criteria previously discussed in Section 2.1.2.

2.7.1 Free Dron

'
Subpart F of 10 CFR 71 requires that a 30 foot free drop be considered for the

NuPac 10/140MB Cask. The drop is to be onto a flat, essentially unyielding,

horizontal surface, and the cask is to strike the surf ace in a position for

which maximum damage is expected. Per 10 CFR 71.73(b) the initial temperature

for the drop is to be the worst case constant ambient air temperature between

0-20 F and 100 F. Internal heat generation from the payload (95 watts) is also

considered when it is conservative to do so. (Note: 10 CFR 71 doe s not

require consideration of insolation as an initial condition for accident

conditions). Regarding initial internal pressure, the maximum normal opera-

ting pressure must be considered unless a loier inte rnal pressure consistent

with the ambient temperature assumed to precede and follow the drop is more

unfavorable.

The analyses in this section extract accelerations from NuPac's impact anal-

yses programs (EYDROP, SYDROP, CYDROP,and OBLIQUE) and statically apply them

to the package. Static application is justified since the natural frequencies

of the cask are relatively high and the duration of the impact loadings

relatively long. The cask frequencies are high as the result of using relati-

voly thick, stiff shells in the cask design. The duration of impact loadings

are relatively long as the result of using sof t (relative to the steel struc-

tures) energy absorbing overpacks to protect the cask during free drop events.

In addition, inspection of accelerometer data available from the other drop -

tests indicates that casks such as the 10/140MB respond essentially as a

rigid body. This observation further justifies static application of g loads.

O'
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2.7.1.1 Flat End Droo

\
Analysis of the NuPac 10/140MB Cask behavior during the end drop impact is

performed in the following steps:

(1) Analyze the impact force using the EYDROP computer program.

(2) Analyze the cask lid for bending assuming the payload acts as a

uniform load on a plate supported by the overpack exerting a uniform'

pressure in the opposite direction.

(3) Analyze the stresses in the cask secondary lid bolts.

(4) Analyze the axial ~ and hoop stresses in the outer cask shells and

le ad .

,

(5) Determine the amount of lead slump.

j . -

2.7.1.1.1 End Impact Force Determination
,

'

|

! The acceleration imparted to the 10/140MB cask during a flat end impact from
i

j 30 feet is calculated using the energy balance program EYDROP. Three bounding
,

cases were performed, assuming the sof test polyurethane foam properties possi-

ble (15% loss. than the average for foam at 109 F) the hardest foam possible f
; (15% greater than the average for foam at -20 F) and the hardest foam possible

at the upper temperature limit at the start of the hypothetical accident (15%

0greater than the average for foam at 109 F).

!

I
'

f
i

i

*

. r

!

!

|
r

|
i
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|

| The overpack is conservatively assumed to resist the impact over it's entire

' Tests performed on a variety of packages indicate that loadsfootprint area.

::alculated in this manner are over predicted. The overpack diameter used for

input to EYDROP is adjusted to account for the ove rpack ' flat s', which reduce

the impact - resisting area of the overpack. The equivalent diameter may be

calculated as follows:

De = (D -D (2/x)(=-sin =cos=) }0.5
2 2

where De = equivalent diameter

D = major diameter (101.0 in. in this case)

-1 (Flat width /D)'= cos-1(96/101) = .316 radians= = cos

De = (101 -1012/n)(.316)cos(.316)))0.5
2 2

= 100.34 inches

The results of the EYDROP analyses are presented in Table s 2.7.1-1, 2.7.1-2
, ,

| and 2.7.1-3. The accelerations for each caso can be interpolated f rom the

appropriate lines of output on each of the tables. The results are summarized

below: -s

. -

fa.11 Acceleration. a's i

-20*F Foam + 15% 170.8

109 F Foam - 15% 82.9

109 F Foam + 15% 105.2 ;

|

i |
|

:

'
4

i
i
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i Table 2.741-1

4

4

1

i
i

i

I

e

i
t

i

ETDROF'ENel NUPAC 10/l(4N COLD F0AM t 5 3 et03
9

d' PACKAGE MflCNT- e agees. (1,55)
PACsAGE DIAMtite P 30s.34 i NB
MOLE SIAMitte e 55.00 ( N3
OwlePact etPIN e 14.se ( N3
DROP MilGNT e St.se (FI)

99++ IMPACT etee ****** th(eGY ******CeUSN
etPIN SteAIN F00CE ACCEL. KINffic $f0434 eatle4th! 1833) (0) (IN*ts) (IN-L87 43C/RE)

.25 .el4 2454511. 37.4 23416250, 3s7314. .413.Se .e28 4987822. 75.6 23432580, 1229256. .eS2.7S 042 6497095. IsS.S 23444754, 278te20. .315l.00 056 8434467 329.4 23465000. 4632991. .197 j

1.25 869 96943SS. 149.8 23488258, 6879634. .291 ,

e t.Se 441 19457434 16e.9 2349750s. 9390S89. 440 j. l.75 097 19416827 146.4 23583750, 12057469. .583 <
J 2.00 .381 Ita24758. 169.7 23S3000s. 147e4567. .424j

2.25 .325 lis67276. . 170.3 23S44250 175$6574. .745'2.50 .439 Ileellte. 170.5 23562500. 2 ell 4829. 3622.7% .lSS alo940e7 nie 7
2151s79e. _2Ss46263 __~ .tre AG8 = l70 023stless3.se .367 tilaists. _ _17s.'6._ IIS95ess. 1. ets ,,, n,, q ,ni 3.25 .lat 18121656. 178.4 23683250. 2064=968. g1.2833.Se .894 11838215. 171.4 23627580 34427445. 1.334- ' 3.7% .294 18864042 171.4 23643798. 34215229 l.447? ,

4.04 .222 1820I4s7 172.5 23660ses. 3743e913. l.S64
.

4 4.2% .2 56 11249790. 173.1 2367425e. 39487512. l.6823 4.50 .250 ll310441. 174.0 23692360 42637398. l.884' ,

i
. 4.75 .264 18386192. 175.2 2370s750, 4$474S2a. 1.914S.se .278 18477471. 176.6 237230ee. 48332474. 2.837.

I

i

4
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|
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Table 2.7.1-2
s

s
*

.

EYDGOP(ENO3 NuPAC 40/1944 MAM FOAM (let DEG)
PACKAGE NflGMT e 65000. (ISS)
PACKAGE DIAMEIER * 100.34 (INI
Mat t DI AME TER e $5.80 (BMI
OVfAPACK BfPIM e 88.08 (RN)
DROP MEIGH7 e 30.08 (p73

++++ IMPACT ++++ ++++++ ENERGY ++++++CEUSN
DEPfM STRAIN FORCE ACCEL. RINETIC STRAIN Rai!O8888 (1833 (0) (IN-LS) (IN-tel ISE/EC)

.25 .014 1386846 20.1 23416259, 145241. .047.St .328 261236 a. 44.2 2343250s. 653842. 828.75 .442 3415748 55.6 23444758 1431554. .8618.48 .054 4444249 64.1 23465400. 2404429 .3d21.25 .669 4 36 Sill . 67.2 23441250. 3470242. .1441.59 .083 4449910, 64.9 23497500. 4575957. .3958.75 .597 4S93074. 70.7 23Sl37ee. 5718205. .2 32.80 .Ill 4662752. 78.7 2353' 4467383. *22.25 .325 4693463. 72.2 2354...e. 3936735. .I2.50 .439 4724447 72.7 2356250s. 9214244 4+1
' 2.75 .553 4765345. 73.3 23578758, 18408784 448g 3.48 .347- 4884032. 74.0 23S95000. 18597395. 492\ 3.25 .448 44S3774

'

75.4 23627S40. 34024678. .594
74.7 23611250 12305128. .542, 3.50 .194 4982696.3.75 .248 .9953532. 76.2 23643750. 15256788. 4414.44 .222 5666785 77.0 23660000, 86501743. 4974.25 .236 $463589 77.9 23676250 17760514. .7504.Se .250 $124521. 74.4 23692580 19034422. 4834.75 .264 S194312, 79.9 23704750. 20323376. .857S.Se .278 5261454 84.9 2372Seet. 21629847 942S.25 .292 5338514 82 1 '23743250 22954042. 967 Af M b * k" [)S.S8 .306 S448712. 33.*4 237575es. H 299496. 4.421

s 4S.7S .319 $541354 84.6 23773758 25664503. 4.088 W"Di b M 'O dl W .6.se .333 3592976. 46.8 23798888 27631294 4.1376.25 .347 5695138 87.6 23486250 24462307. 4.1946.58 .361 54093S4 89.4 2?422500. 29900364. 4.2556.75 .375 $957439, 91.3 23434750. 313686a6. 1.3167.88 .349 6440176. 93.5 23a55000 32870857. 4.3747.25 483 6234995 95.9 23478254, 344l 253. l.4447.50 .417 . 6389349 94.3 23487508. 35944181 4.5977.75 .431 6566934 101.3 23983750, 17687442. 1.3738.88 .444 6771999 104.2 23920480. 3927S289. 1.642

!
!

LO
, .

|

|

l
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I.
Table 2.7.1-3

s

i

f

i
'1

4

i

i

!

!

EYtterltut) NuPAC 14/letM . HARM FOAM (199 DEG) MAKIMUN PROPERTIES Af 7E
= 65808. 18835PACKAGE HEIOMT

PACKAGE DIAMEIER e 100.54 (IN S
HOLE DIAME11R e 55.08 (IN)

j DWf AP ACE DEPIM s- 18.00 (BN)
De0P ME10HT * 30.88 IFil

i

++++ IMPACT ***+ ****** ENERGY ******
i
' CauSH

DEPIM SIRAIN . FORCE ACCEL. ElWEllC $1 RAIN SAilo

(IND 1895) (0) (IM-IS) (!N*198 ISE/1El

.

l .25 .834 17670$$. 27.2 234162St. 228882. .809

1 50 .428 3534410. 54.4 23412500. 883327. .elt

i .7S 042 4892385. 75.3 2344875e. 1936829. .sel

1.se 856 $654985. 86.7 23465400, 3252748. ,Ilt

1.25 669 $946784. 98.9 25481250. 4695461. 288 ,,

l.Se .683 6063118. 95.2 2349750s. 6191449. 263 t

4.7S 897 6213985. 99.6 23Sl3758. 7725587. .329
2.00 .531. 4397462. 97.0 23550008. 9296 Sit. .39S ;

2.25 .325 6356198. 97.7 23S4625s. 19872749. 442

'
- 2.58 .159 6593399. 98.4 21562$80. 1246S458. .529 c

"

2.75 .353 6444375. 99.5 235787S0. 140703S5. .597
T

5.Se .367 6541641. 108.8 23195048 35686582. 665

3.25 .381 6564219. 1s1.0 23611254. 17321814 .754i

-* 3:50 ,194 6631741. 682.0 23627584. 18971348. .803
5.75 .204 6781556. 105.1 21645F54. 20637978. .873 .< l f f - 10 7.'

1)lis)s 3 wn e4.48 .222 6773999. _ 194 2 _ 23449040. 223224[g.
4.25 .236 - 64S1296. 16SI4 2167 258. 2462SStr. nn-a.e-sono'

4.58 .250 6934288. 106.7 2369250s. 25748764 1.887
6.7S .264 7023444. Its.1 23F44758. 27493472, 1.140
S.00 .2FS 7119848. let.S 23725440. 29261385 I.235t

S.25 .292 7224841. 131.5 23743254. 51854579. 1.348 i+

5.50 .386 7552182. 112.5 23757Ste. 324739e8 1.384
S.75 .319 7445096. 114.S 21773FSt. 34720817. 1.468
6.88 .335 7566064. 116.4 25790008, 36596965. 1.538

.

6.25 .347 1785252. 118.5 23806254. 38505625. l.617
! 6.$8 .361 7856722. 128.9 23822568. 40456620. l.694

4.75 .37S 4028674. 123.5, 23838759. 42456294. 1.788
' 7.88 .349 8221216. 124.S . 2585500s, 44467550. l.8644

7.25 .401 8450040. 129.7 25873290. 463489$F. 1.994 /

7.50 .417 8638978. 152.9 23847506. 48642S64. 2.638
7.75 433 8479394 136.6 23963750. 50872368. 2.128'

8.08 .444 91$7857. 144.9 23928888. 55126929. 2.221

|
>.

!

!

1
'

i

i

!

:

!

l
i- t
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i
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!
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i
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i

2.7.1.1.2 Lid Stress Analysis
,

.

Because the end drop impact acceleration at -20*F (170.8 g's) is very much.

; higher than that at the upper temperature bound (105.2 3's), margins of safety

in the lid will be' conservatively calculatc ~ using the acceleration expected

at ~20*F and material properties taken a c a temperature of 200*F. Stress,

allowables are derived at the maximum temp erature for the lids at the start of

the accident which is 106*F.

To accurately predict stress levels under end drop impact conditions for the
,

i rather comp 1'ex lid configurations utilized in the 10/149MB cask,. a finite

element analysis was undertaken using the ANSYS pa,;:.m described in Appendix
I 2.10.2. Both the top lid assembly (primary and secondary lids) as well as the

bottom lid for the optional bottom loading configuration were evaluated.

J

Details of this analysis are given in Appendix 2.10.7, and are summarized in

Table 2.7.1-4 below,

i

tThe EnviroLock a closure binders will tend to unload their tensile prostress
during the end impact event, and since their design will prevent them f rom

tcarrying comparison loads, the EnviroLock a binder loads will not be a con-
i

! sideration for this load configuration. The binders will, however, be sub-

jected to a preload of 11,380 lb. each to ensure proper initial seating of
tEnviroSeal a 0-rings.

! #

1 !
I From Section 2.1.2, maximum allowable f astener membrane load under accident t

|| I

f| conditions is the smaller of the material's specified minimum yield load S or
7

| 0.7 time s the ultimate tensile load S . From Appendix 2.10.4, these valuesg
tfor the EnviroLock a binder are: *

S = 184,500 lbs.
y

; I
;

S,'= 250,000 lbs. j

,

.

!
:
;

!
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Therefore, the allowable stress is (0.7)(250,000) = 175,000 lb s. which is less

than 184,500 lbs. . The resulting Margin of Safety is:

M.S. = 175,000/11,380 - 1 = + Large

Since the bottom plate of the fixed bottom version of the 10/140MB cask has

the same basic dimensions as the bottom lid on the bottom loading version, yet

is more rigidly fixed to the cask body, it will exhibit no excessive stress

Itvels during the end drop event either. It is therefore apparent that the

cask bottom of either version of the 10/140MB cask is suitably designed to

withstand the regulatory drop requirement on the end of the bottom overpack.

tAs with the bottom lid, EnviroLock a binder stresses will not be a considers-

tion for the end drop event. Secondary lid bolt prestress results from a
tpreload of 12,000 lb. per bolt required to properly seat the EnvitbSeal a 0-

ring se al s. The resulting prestress on the bol t's 1.405 tensile stress area

is:

'd SB = 12,000/1.405 = 8,540 psi

Mechanical properties of the A320 Grade L43 bott material are:

S = 105,000 psi
7

S,= 125,000 psi

resulting in a maximum allowable membrane stress of (0.7)(125,000) = 87,500

p s i. The bolt preload Margin of Safety is thus:

M.S. = 87,500/ 8,540 - 1 = + Large

,

2-126
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:
Bolt stress under end impact load is calculated in Section 2.7.1.1.3 below,

and a positive Margin of Safety is derived. A drop on the -bottom overpack

will not load the secondary lid bolts., Therefore, the bolts are adequate to
,' meet the regulatory requirements for a 30 foot drop on either end of the cask.

,

Thus it is obvious that the primary lid assembly is more than adequate to meet

the regulatory requirements for end drop on the top overpack. |

3

s

|
'

r

4

- 9

, . -

i ,

!

l
!

'
:

i

,

'
.

i

|
'

i

e

!
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a
TABLE 2.7.1-4 g

'

SUMMARY OF LID ANALYSIS RESULTS,

. t

Lid Max. Bending Mar. Membrane Min. O-ring Min. O-ring Max. Bolt
Stress (psi) Stress (psi) Compression- Compression- Stress (psi)

,

(Margin of (Margin of Primary Seal Secondary Seal (Margin of

Safety) Safety) Safety)

L

w +

1
i

[ Botton 27,977 4,553 21.3% - -

;
oo

(M.S. = +1.79) (M.S. = +Large)

Top 34,557 14,125 15.9% 20.1% 72,260*

(M.S. = +1.02) (M.S. = +2.40) (M.S. = +0.21)

t

,

I
il*From Section 2.7.1.-l.3 below g4

5
3

.
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2.7.1.1.3 Secondary Lid Bolt Stresses

The secondary lid bolts are 1.50 dia. ASTM A320 L43 high strength steel. The

loads may be calculated by multiplying the weight of the lid and portion of

the payload reacted by the lid by the maximum impact acceleration. It is

clear that the smallest margin of safety for the bolts will occur during

impacts at -20*F, since the acceleration at.that temperature limit, and the
0allowable at -20 F is only slightly greater that at the maximum temperature.

The portion of the . payload reacted by the secondary lid bolts may be

calculated as follows:

29 /662 (15,000) = 2900 lbs.2

The secondary lid weighs approximately 1850 lbs. Therefore, the total weight

of the secondary lid bolts must resist is:

2900 t 1850 = 4750 lbs.
s

.
.

The force in each bolt is:
i

4750(170.8 g's)/8 = 101,430 lbs./ bolts

The effective tensile stress area in the 1.5 inch diameter bolts is 1.405

in.2, so the stress in the bolt is:
L

101,430/1.405 = 72,200 psi

The secondary lid bolts secure part of the containment boundary, so the ten-

sile (membrane) all owab le is the lesser'of S or 0.7S,. From Tab le 2.3-1, Sy 7
= 100,000 pai and S,= 125,000 psi at -20 F. The allowable is then:

min. ((100,000), (0.7)(125,000)) = 87,500 psi

I

.

2-129
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,

The margin of safety is then

O
M.S. = 87,500/72,200 -1 = +0.21

t

i

f

This stress should be combined with the maximum normal internal pressure of

6.8 p si f rom sec tion 3.4.4. That pressure may be converted to stress in the !
!bolts 'as follows:

!

(6.8 psi)(n)(29/2)2 (8)(1.405) = 400 psi/

.I

'Ihe combined margin of safety in the bolts is then j

!

M.S. = 87,500/(72,200+400) -1 = +0.20

'2.7.1.1.4 Axial and Hoon Stres se s in the Shells

!
:

Of all impact orientations, the flat end impact causes the greatest ;

acceleration to be imparted to the cask. This acceleration creates a
\ significant compression load to be carried by the inner and outer shells of '

:
the package. The lead between the two shells complicates the state of stress, [

since it is much sof ter than the steel. As the acceleration increases, the

lead expands radially at a different rate than the steel, and when the lead j

actually yields, both inner and outer shells support and contain the lead. !
!

!

Stresses in the Cask Shells and Lead Shielding (Maximum Fabrication Stress ,

i

Condition Assumed) i

I
!

r

!The response of the cask steel shells and lead shielding to the accident end

drop event is determined using both hand calculations and finite element

analyses. The principal concern for the outer cask is with buckling of the .

!

inner shell. As shown by the following calculations, buckling will not occur i

I
as the result of the hoop and axial compressive stresses which develop in the j

cask inner shell under accident end drop conditions. f
)

!

(
.

%

i
i
P
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Various initial conditions can be assumed for the accident drop event. In
,

particular, a temperature must be assumed in order to establish an initial

: f abrication stress for the inner shell. A lower assumed temperature will
! !

result in a higher initial hoop stress on the inner shell (see Section 2.6.2) !

0but higher allowable stresses. For purposes of this analysis, drops at 123 F

0(maximum lead normal temperature per Section 3.4.2) and -20 F are considered.

| To adequately analyze the full consequences of the drop event at the given

temperatures, two initial lead conditions are also considered. The firs t

assumes that that lead has shrunk onto the inner shell and away from the outer

; shell. In addition, due to the combined effects of friction between the lead

and inner shell, and axial shrinkage of the lead relative to the shells, axial

gaps will develop between the lead and the steel structures at the top and

bottom and of the lead column. These axial gaps are important in that, until

j friction is ov e rc ome, under increased axial loading, the lead will impose a

j direct axial load on the inner shell. Once friction is overcome, the lead

will become supported at its base (the bottom of the lead column) and will '

J
; grow radially outward due to the ' Poisson Effect' under increased axial load-
"

ing. This radial growth will tend to relieve the initial f abrication hoop

stress as the lead separates from the inner shell. If sufficient axial load

develops, the lead would grow out to the outer shell creating tensile hoop

; stresses therein, and under further loading would eventually flow back inward

into the inner shell, thereby developing compressive hoop stresses in the

inner shell. Since the primary mechanism of this load case would be to i

relieve stresses on the critical inner shell, it is not considered to be a

worst-case condition. !

!
.

!
>

.

0

1

1-
4

'
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I.

ti

i From Section 2.7.1.1.4, hoop stress in the inner shell due to fabrication is i

( as follows:

Inner Shell

Temperature Hoop Stress

(OF) (nsi)

I
' 123 --1,793 (extrapolated)

|!1
i I

>
1. 70 -2,041 i

i
!"

,
'

-20 -2,642
I
t
!

; Note: The outer shell hoop stress is considered negligible since the lead ' I

'
separates from the outer shell upon cooling.

1

i

The equivalent pressure at the lead / inner shell interface is as follows: !,

- ,

.t

p = gt/r
:

J t = 0.75 in
I
i

r = 33.375 in

!
6

Thus, the interface pressures at the different temperatures are: |
|

Interface

; Temperature Pressure, p

(OF) (nsi)

123 40.3 I
!
|

!
70 45.9

.

| -20 59.4.

i
i i
i

i

a

f!
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With a coefficient of friction, f, for lead on stainless steel assumed to fall

in the 0.5 to 1.0 range (Refer to Mark's Standard Handbook Let Mechanical

Ena ine e rs. ~ 8 th ed., 197 8, p. 3-26), the load, P, which can be supported by

,

the lead / inner shell interface, may be determined as follows:friction at
,

P = nDLpf

~Where:

D = 67.5 in (inner shell' outside diameter)

L = 7.5 in (lead column height)'

i

p = interface pressure, psi

l

f = 0.5 to 1.0 (coefficient of friction)

Apply the interfaces pressures determined earlier, the total load which may be

supported is:
;

. .

Temperature Coefficient Load Supported

(*F) of Friction (1bs)

123 0.5 331,090

1.0 662,179

70 0.5 376,885

1.0 753,769

-20 0.5 487,863

| 1.0 975,727

! -

With the total lead weight equal to 15,666 lb., as calculated in Section

2.6.7.1.4, the maximum g-load which cac be supported by friction is

975,727/15,666 = 62.3 s's. _The Hypothetical Accident Condition g-l o ad's '

range f rom 105.2 s's at 123*F to 170.8 s's et -20*F. Since all possible

accident condition g-loads are greater than the maximum at which the lead can
'

be supported by friction, the lead will always slip, and this load case will
,

| not be of concern here.
i

!

!

| 2-133
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3
Stresses in the Outer Cask Shells and Lead (Zero Fabrication Stress Condition
Assumed) i

f-The second initial lead condition assumes that the f abrication stress has
'

fully crept away resulting in a stress free column of lead just in contact

with the inner and outer shells. This is a potential worst case since any ,

l

axial load imposed on the lead will directly load, radially, both the inner !

!
and outer shells (i.e., the lead need not flow away from the inner shell, into l

!
the outer shell and back into the inner shell to develop a compressive hoop |

stress in the inner shell).

1

For this condition, initial stresses in the lead and the steel shells are

I taken as ze ro. As axial load is applied to the lead and shells, the lead will

j attempt to move downward and outward and develop pressures on both the inne r
*

1

and outer shells.
i

! ',; . .n
,;) i Ng
'

ti \
. ,- %

il_b. - _sq___,

;f!
'

* I

| N' j%
i I

,

3 t
1 ii %

4I *- |a
%

If 'f2 I''f! I
%

-| !i # [j *
, , %

Ji _ _ _ , !"
t

. & %' i_ n-n.n

'( |n-n.o
!

Utilizing the analytical technique developed in Sec tion 2.6.7.1.4, inne r and
,

,

outer shell hoop and axial stresses can be calculated. !
i

i

i

!,

?

~
{i

:
;
1

,

!

2

;

!
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|
The height h at which the lead reaches its yield point is: I

L - a g/ypgh =
y

i

77.5 - 600/(170.8)(0.41) = 68.9 in, i=

!

Static equilibrium'of the lead col'uan yields:
!

FB+Fgy + Ff2W = 'g

i
'

Where:

!
(15,666)(170.8) = 2,675,750 lb.W =g

2 2(600)n(36.0 - 33.75 ) = 295,820 lb.F =
B

;

Frictional Reaction Force of Inner Shell fF =
gt

' ?
F Frictional Reaction Force of Outer Shell |

=
f2

I
;

fInner and outer shell radial forces are:

i

!

; F F /0.5. or Fgg = 0.5 FR1=
R1 f1

,

'f

F /0.5, or Ff2 = 0.5 FR2 !
F =

R2 f2

'

Also: |
.

I
I

R1 0.5 pE nDi (L+h)F =

! t
'

?

and: i
;

R2 0.5 pE nD2 (L+h) !F =

!
r

- i
Solvin's for FR1 and FR2 in terms of pE and substituting back into the lead i

Iequilibrium equation yields:
;

0.25 nPE (Dg+D) (L+h)W -F '=g B 2,

'I

I
i

i 2-135 i
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j or:

!

$

4 II -F )/n(D +D ) (L+h)PE
"

L B 1 2
!

i
:

From which: ;

|

r

PE 148.37 psi=

i

i

Therefore,. the inner shell compressive hoop stress is:

og pE 1R /t=
1

i

-(148.37)(33.75)/(0.75) = -6,677 psi=.

The outer shell, tensile hoop stress is:i

1

2 PE 2R /t5 "
2-

. .

(148.37)(36.0)/(1.25) = 4,273 psi
!

=

;

To evaluate axial stresses, a similar approach to that detailed in Section

; 2.6.7.1.4 i s u t i l iz e d.
I
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0.25 x D pE (L+h)F =gg g

1,151,579 lb.F =gy

0.25 x D Ib*hIF =
f2 2 PE

F 1,228,351=f2

1 (Weight of top overpack, cask lid and top ring)(170.8 s's)W =

(10,440)(170.8) = 1,783,150 lb.=

2 (Weight of cask outer shell, thermal shield, etc)(170.8 s's)W =

(9,290) (170.8) = 1,5 86,730 lb.=

3 (Weight of cask inner she11)(170.8 g's)W =

.

(3,560)(170.8) = 608,050 lb. .=

g (Weisht of lead)(170.8 g's)W =

(15,666)(170.8) = 2,675,750 lb.=

q2 (Weight of payload)(170.8 3's)/n(33.0)2-=

(15,000)(170.8)/n(33.0)2 = 748.9 lb./in.2=

>

g1 "[Il+I2+I3+IL+9n(33.0)2)/n(37.25 - 27.5 )2 2
2

4,647 lb./in.2=

q3 Yield stress of lead (at 123*F) = 600 lb./in.2=

.

h

O
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From the computational technique used in Section 2.6.7.1.4, relative

deflection due to the pressure loads is:

61-62 -0.008441 (positive downward)=

R L/.A E1 1 - (W3+Ff1)L/2A E1g6 =
1 3

R L/A E62 4 22-II2+Ff2)L/2A E22=

R W1+Y2+I3+IL-R3=
4

6,653,680 - R=
3

Solving simultaneously, the inner shell reaction load becomes:

3
2,696,064 lb.R =

R = ,3,957,6164

. -

Therefore, compressive axial stress on the inner and outer shell is:

-R / A1 = -17,141 psiog =
3

-R / A2 = -13,758 psia2
=

4

Conservatively ignoring inner shell radial loading, stress intensity 'n thei

shell is:

0 - (-17,141) = 17,141 psiS.I.1 =

From Table 2.1.2-1, the stress allowable for the inner shell. is the lesser of
2.4 S, o r 0.7 S,, whe re S, = 20,000 p si . and S, = 75,000 p si a t -20*F. For the

inner shell material, the allowab le is thus (2.4)(20,000) = 48,000 psi (which
is less than (0.7)(75,000) = 52,500 psi). ~

O
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LThe stress Margin of Safety for the inner shell is thus:

48,000/17,141 -1 = +1.80M.S. =

From Table 2.1-3, buckling allowables at -20 F are 32,131 psi (axial) and

29,704 pai (hoop). Buckling Margin of Safe ty is thus:
|

1/ [ ( 17,141/ 32,131) + ( 6,677 / 29, 704) )-1M.S. =

t

|

+0.32=

Stress intensity of the outer shell is: ;

;

!

S.I.2 4,273 - (-13,758) = 18,031 psi=

From Table 2.1.2-1, a l lowab l e stress for this structure is 0.7 S,, where S, = |

70,000 psi at -20 F. Thus the stress Margin of Safety is:

(0,7)(70,000) /18,031 -1 = +1.72M.S. =

!From Table 2.1-4, the axial buckling allowable at 123*F is 39,89 7he buckling
Margin of Safety is therefore: i

!

1/(13,758/39,289) -1 = +1.85M.S. =
r

l
!

In addition to the hand analysis -developed above, a _ finito element model was :

I
developed to analyze this phenomenon using the common ANSYS structural analy- i

sis code. A description of ANSYS is given in Appendix 2.10.2, and details of j

the analysis are shown in Appendix 2.10.6. !

i

|

While the minimum temperature condition for the drop event (-20 F) induces the !
0

t

highest acceleration loading (170.8 g's), the material properties are also at I

e maximum (ref er to Sections 2.1 and 2.3 f or de tails). Likewise, though the |
1

maximum temperature case . results in lower impact loads (a maximum 105.2 s's), j
:

O |
,

-
i
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1 material properties are also reduced at the higher temperature condition.

( Refer to Se c t ion 2.1.2.2, Overpack Design Criteria, as well as Section

.2.7.1.1.1 above for details of the ef fects of temperature variation on drop ,

.
loads.

,

1-

i
!

Thus, to conservatively bound the buckling and stress allowable calculations, !

the maximum g-load (obtained at the minimum temperature condition) was applied
to the analysis while utilizing reduced strength material properties (found at

the higher temperature), which will tend to maximize stresses. Therefore the ;
'

analysis utilized material properties based on-an expected normal condition of {
transport temperature of 121 F at the inner shell. Refer to Section 3.0, !

Thermal Evaluation, for details of this temperature condition. I,

L

f
The finite element analysis was run beyond its theoretical maximum accelera-

tion of 105.2 3's (accident condition end drop load at the upper temperature

limit) up to 170.0 g's, to investigate accident condition stresses at normal

condition temperature material properties. Further conservatism is induced in

the analysis since the hypothe tical accident condition drop, whose maximum j
:

anticipated temperature at the critical area during the drop event is on1'y 6

105"F, was analyzed at the higher normal condition temperature of 121 F, where0

! material properties will be lower and resulting stresses higher. Buckling and

stress allowables were taken at the drop temperature of -20'F.

I

I

!.

'
t
;

:

i |

|
1
!

!
;

!
- |

t

!
i
>

|
I
t
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The results of the stress analysis for Hypothetical Accident Conditions,
&

detailed in Appendix 2.10.6, are summarized below:

-

Drop Load = 170 3's

Nat'erial Properties Temperature = 121*F
(Actual Temperature During Drop is 105*F)'

Maximum Inner Shell Stress Maximum Outer Shell Stress

Intensities (Eles. 33) Intensities (Elem. 36)

Surface jigabrane Surface Moabrane

21,287 psi 19,242 psi 30,744 psi 21,138 psi

:

Stress Intensity Allowables* Stress Intensity Allowables*

72,000 psi 48,000 psi 70,000 psi 49,000 psi

i

Margins of Safety _
Margins of Safety,

+ 2.38 + 1.49 + 1. 28 + 1.32

: * See Table 2.1.2-1

i

|

|
'

;

i

|

!
'

|

|
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The results of the buckling analysis for Hypothetical Accident Conditions,

detailed in Appendix 2.10.5, are summarized below:'

0Drop Load = 170 s's (load at -20 F)

Material Properties Temperature = 121*F
(Actual Temperature During Drop is 105'F)

Maximum Inner S! all Maximum Outer Shell

Stresses (Elem, 33) Stress (Elem. 36)

Axial Hoop Axial

-19,242 psi -6,642 psi -9,606 psi

Buckling Allowables* Buckling Allowable **

32,131 psi 29,204 psi 39,047 psi

Margin of Safety
,

Margin of Safe ty

'

+ 0.21 + 3.06

* See Table 2.1-3

** See Table 2.1-4

Though the actual cold condition drop load was 170.8 s's and not 170 3's, the

high of conservatism of the analysis assures that this small dif ference in

drop load (0.5%) will not significantly affect the final results..

In addition to the above, positive margins of safety against buckling can be

calculated using loads from a drop at -20 F and allowables derived at 121 F.

Since the analysis also used material properties at the upper temperature

extreme, which conservatively over-estimates the buckling stresses at the cold

temperature, these margins of safety, then, demonstrate that the shells will

not buckle at any temperature in the range of interest.

s_ - ,

i
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A comparison of hand calculations and finito element analysis results is

presented below. As can be seen, very good coorrelation is achieved for the

more critical hoop stress components on both shells, while axial stress hand

analysis results are conservative for the outer shell and slightly non-conser-

vative for the inner shell. The difference in results can most likely be

attributed to end constraint effects- in the finite model which were not taken
into account in the hand analysis.,

Stress Component Hand Analysis F.E. Analysis'

Inner Shell Axial Stress (psi) -17,141 -19,242
;

Inner Shell Hoop Stress (psi)' -6,677 -6,742

Inner Shell Buckling M.S. +0.32 +0.21
J

!

Outer Shell. Axial Stress (psi) -13,758 -9,606' .

;

; Outer Shell Hoop Stress (psi) 4,273 4,123
i

Outer Shell Buckling M.S. +1.85 +3 . 06

i

From this. analysis, it is thus apparent that the cask inner and outer shells
<

will withstand the regulatory Hypothetical Accident Condition end drop event

! for all applicable temperatures.
~

I
.

:

.

I
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,

'
2.7.1.1.5 Lead Slumn

!

| The analyses performed in Section 2.7.1.1.5 above demonstrates that the lead

might be expected to slump during end impact 0.305 inches at the maximum drop i

'

temperature. Ref er to Appendix 2.10.6 for analysis results. Due to the

deeply stepped configuration of the primary lids, this small amount of lead !

settlement will not adversely affect the ability of the package to meet the |

shielding requirements of 10 CFR 71. |
'

,

2.7.1.2 Obliane Innact.

Analysis of the NuPac 10/140MB package behavior during hypothetical impacts

from drops of 30 feet has been performed in the following steps:

1. Use CYDROP to determine worst case overpack deformation to insure that

j the package will not ' bottom out'.

2. Use CYDROP with highest crush strength foam data to determine a4

conservative estimate of the, force-deflection relationship of. the>

10/140MB overpack design at various impact angles..
,

3.- Use OBLIQUE program to determine inte rnal forces in the 10/140MB during

impact.

4. Determine worst case stress state from internal forces in cask body.

t5. Determine lid attachment forces in EnviroLocks "under worst conditions.

2.7.1.2.1 Worst Case Corner Deformations

Because the containment and shielding structure of the 10/140MB is many times

harder than the polyurethane overpacks, it is estantial that it may be demon-

strated that u:e cask shield and associated hardware will not actually strike

the impact surface. Therefore, the energy balsace program CYDROP was used in
.

1

,
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l

conjunction with the minimum polyure thane foam stress-strain properties to !
,

determine a conservative estimate of the maximum deflection. Because CYDROP |
ls written for simple cylindrical cylinders, two bounding cases were run. The |

first case ignores the contribution of the overpack beyond the 101 inch

diameter base of the overpack. This will conservatively over estimate the

amount of deflection required to generate enough strain energy to balance the

energy of impact. The second case assumes a 96 inch overpack diameter cor-

responding to the width of the overpack flats. This is even more conserva-

tive, since larger volumes of crushed foam are ignored.

The results of the 101 inch diameter case impacting with the package c.g. over

the struck corner is presented in Table 2.7.1-5 and the 96 inch case in Table

2. 7 .1- 6. The re sul t s show that the 101 inch overpack would deflect 19.92

inches while the 96 inch case would deflect 19.55 inches. ,

% . ~

)
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,

TABLE 2.7.1-5;

CYDROP(CORhER) NUCLEAR PACEAG1NO PR0PRIETARY 17.15.32 4S/06/27 PAGE I

NUPAC-818/148M CRUSM DEPTM CHECK (109 DEC)

PACIAGE NEIGHT = 45e00. (1813
PACSAGE EXIERNAL LENGTH * 119.54 EIND
PACKAGE EXIERNAL DIAMETER * 168.e0 (IN)
PACKAGE EXIERNAL MOLE SIAs 55.08 (IN D
P AYLDAD ENVEL OPE L ENGIN e 83.58 (IND
PAYLOAD ENVE60PE DI AMETERs 75.00 (14)
DVERPACE LENGIN * 48.08 (IND

coor NEIGHT * 38.4e (FT)
ORIENTAI10N ANGLE * As.89e (CEGREE5 HAT TO VERTICAL)

PLATEAU CRUSM STRESS * 834.00 (PSIB
(DEFAULI TAKEN AT le PCT STA AIN)

$T R ES5/ ST R AIN EVALUATES IN I/2 CRUSM PL ANE ELLIPSE ATs
25 Po!Nf 3 PAR AL LEL TO $3MI-MINOR ELLIPSE AMISMS =

NY a 25 POINIS PARALLEL 10 SE7t!-MAJOR ELLIPSE AI!5

EXPERIMENTAL STRAIN V5. STRESS VALUES
......

.

F

,

/ \ .
* ~

C J 4CORNES) NUCLEAR PACEAGINO PRoPR1ETARY 17.15.32 45/86/27 FAGE i

NUP AC-8 16/ item CRUSN DEPTM CHECE (109 DEG)
.

++ CRU3M PL ANE ++ ++++ IMPACT ++++ ***+++ ENER0Y ++++++ DISTRIBUf!ON OF STRAIN RATIOS BY
CTU$M PERCENT OF CONT ACT As[A

*

DEPTM ASEA VOL uME FCRCE ACCEL. KINETIC STRAIN RATIO Lt.78 GI.7e 07.80 Gi.98 GT.95
(!YB (IN2) (IN33 (LS$3 (Qt (IN-L83 ( IN-L 8 3 ( $ E/ EE ) LE.84 LC.98 IE.95

.58 11.9 3. 1738. .e 23432See. 434 .e00 100.00 e.se s.es e.se e.se
1.08 33.6 14 9751. .2 2346 50e4. 3307 .000 ,88.00 e.00 e.e4 0.00 0.08
I.58 61.S 34. 21874. .4 2349750s. 12e37. . set ,00.80 8.40 0.80 0.0a 0.as
2.se 94.4 77. 46611. .7 2353e089. 29983. .008 ,80.08 8.98 e 00 e.se e.4e
2.38 131.4 lit. 72927. 1.1 2356250s. 59867. .443 180.00 0.88 . e.00 0.00 e.00
3.00 172.0 289. 303369. 1.6 23593000. 183948. .034 184.80 0.00 8.40 9.40 0.80
3.50 285.9 3e6. 137278. 2.1 21627588. 164143. .e07 100.00 d.88 s.4e 4.00 e.se
4.88 262.7 426. 174418, 2.7 23660009, 242e25. . ele 100.80 0.00 0.00 0.00 0.00
4.50 312.1 570, 214567 3.3 23692500. 339269. .elt 100.se 9.00 e.se 8.00 e.ee
S.Se $64.1 739. 257606. 4.s 23723e4e. 417313. .e19 los.se e.se e.se 0.68 s.se
S.Se 484.3 934 386233. 4.7 23757580. $98275. .025 lee.as 8.00 a.se e.00 e,se

6.00 474.6 1854 359445. S.S 23798080. 764741. .e32 188.00 e.Se 0.00 0.04 0.80
6.50 532.9 1409 414189 6.4 23822500. 958198. .e48 108.48 8.00 0.00 0.00 0.08
7.08 $93.8 1698. 470773. 7.2 23853008. 1879439. .549 lee.Se 0.08 e.te e.48 0.00
7.30 654.8 2003. 529858. 8.2 23887568. 1429595. .664 180.e0 e.80 e se e.00 0.00
8.re 788.2 2346. 593615. 9.1 23920000. 1709961. .471 140.00 0.00 8.00 e.00 e.86
8.58 783.1 2721. 456113. 13.1 23952See. 2821892. .884 100.0e e.ee 4.00 e.se 4.30
9.00 449.4 3138. 728929. 11.1 23985004. 2366442. .899 les.se e.Se 0.88 0.00 0.00
9.50 917.1 3571. 791111. 12.2 248173as. 2744662. .384 les.se e.e4 e.se e.4e e.8s

30.00 989.9 4e47 464239. 13.3 24450888 385850s. .131 184.00 e.es e.as e.as e.se
le.Se 1956.4 4557. 939460. 14.5 2404250s. 3601424 .356 100.00 e.08 S.88 e.88 e 48
11.e8 1827.1 Ste3. 1818675. 15.7 24815000. 4898958. .170 188.00 e.se e.48 0.00 0.00
31.58 1899.2 5685. 13e5928. 17.0 2444758a. 4410109 .192 180.00 e.es e se e.es 3.00
12.ee 1272.3 6383. !!94476. 18.4 24188800. 5205268. .211 les.Se e.08 0.88 0.00 0.09
12.50 1346.2 6957 1287131. 19.8 24212588. 5825711. .241 104.00 0.08 0.40 0.e0 0.e0
33.es 1421.8 7649 1394545. 21.5 24245884. 4496134. .268 104.48 e.00 0.88 8.00 0.e0
13.50 1496.S 8374. 1502S47 23.8 24277586. 7220413. .297 les.Se 8.00 e.88 e.Se e.08
14.00 1572.8 9346. 1622227. 25.0 24310ses. 8001417. .329 180.08 8.e4 e.04 8.84 0.09
14.Se 1649.6 9951. ^1796877. 27.0 24342100. 8846393. .363 100.08 0.08 e.as e.Se 0.00

9768123. .400 180.08 0. 8'J 0.00 0.00 0.0015.88 ,727.1 18795. 3499643. 29.2 24375000.
. le74980s. 640 800.00 8.e4 0.00 e.80 e.68

.

1

IS.Se ,885.e 11679. 20$4267. 31.6 24407580
1.1.8e ,883.S 12681. 2234793. 34.4 14444800. 18821255. 484 108.08 0.00 8.ee 0.8e 0.84 1

16.50 L962.4 13562. 2448888. 37.7 24472584. 12992148. .331 99.09 .91 e.se e.se e.00 1

17.ee 2048.7 14563. 2673386. 41.1 24Solete. 14272699. .582 97.72 2.28 0.00 0.e0 e.08 i

17.3e 2128.3 15644, 2945404. 45.3 24517588. 15677395. .639 95.93 4.87 8.se 8.00 0.80 i

18.80 2201.2 16685. 3224785. 49.6 24576000. 17219941. .788 94.54 S.46 e.08 S.00 e.84 |

14.5e 2281.3 17805. 1529984 S4.3 24602500. 189e8614 .769 93.17 6.85 .70 e.48 0.08 1

19.00 2361.6 18966. 3885243. 59.8 2463S800. 2e762448 .443 92.38 6.47 l.61 0.80 0.00

19.Se 2442.8 28867. 4271348. 69.7 24667580. 22808598. .924 98.72 4.58 2.77 8.00 e.e0 i

f '80 2322.7 21488. 4675357. 71.9 24700088. 2$638284. 1.814 88.62 .7.28 4.17 0.08 e.Se l
|n ;

\ !

_-

1

l
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TABLE 2.7.1-6 !\
\

CYBROP(C8ANER3 NUCLEAR PACEA01NO PR0PRIETARY 17.17.15 8S/86/27 PAGE 6 i
NUPAC-8 10/14001 CRUSN SEPTM CNECE (109 DEO)

PACEACE HEIGNT glete. (105)e

PACIAGE EXTERNAL LENGTH e 119.56 (INI
PACEAGE EXTERNAL DIAMETERS 96.80 IIN) !

*

PACKAGE EXTERNAL NOLE elA* St.se (INS
. PAYLOAe ENVELOPE LENGIN a 83.Se (INI '

. PAYLOAB ENwELOPE OR AMETER* 75.00 (IN)
OVERPACE LENGIN e 40.08 (IM)

BROP MEIGHT e 30.se (Fil
ORIEhfallDN ANGLE o 38.668 (DEGAEES NAT TO VERTICAL)

i

.

PLATEAU CRUSN $fRESS e 434.08 (PSI) 5

(effAULT TAEEN At le PCT STRAINI '

STRESS / STRAIN EVALUATER IN 1/2 CRUSN PIANE ELLIPSE AfeNa = 2S POINTS PARALLEL TO SEMI-MENOR ELLIPSE AtlS. Ny a 25 POINTS PARALLEL TO SENI-MAJOR ELLIPSE ARIS
.

EXPERINENTAL STRAIN VS. STRESS VALUES
.

9

e
.

. ~

M DAOPICOANER) NUCLEAR P&CEA01NO PRePRIETARY 17.17,25 $$/94/27 PAGE F

NUPAC-e 10/14eM CRUSN DEPTM CNECK (let DEG)

++ CAUSN PLAmt ++ ++++ IMPACT ++++ ++++++ ENERGY ++++++ elSTRityTION OF STRAIN RATIOS SYCRUSN t
PERCENT OF CONTACT AREA !-SEPTM ASEA Volume FORCE ACCEL. EINETIC STRAIN RAfl0 LE.7e GT.Fe 07.8e 07.9e GT.95 '(IN3 (IN2B (IN3) (LeS) (G) (IN-L83 (IN-t e ) (S E/ EE) Lt.80 LE.98 LE.9S

.Se II.9 3. 1772. .e 23432Ses. 443. .600 100.00 0.00 e.se 4.00 8.00
'

l.88 33.6 14.- 9921. .2 23469048. 3364 .See 188.88 0.8e 0.00 0.88 e.004.Se 61.S 38 25498. .4 25497540, 12221. 001 180.00 0.00 8.e0 e.88 s.882.48 94.2 77 47648. .7 2353este. 3e356. .001 100.00 e.00 e.ee s.40 e.es2.58 331.3 133 73455. 1.1 2356250s. 40479 .e43 00.00 0.88 0.00 e.80 e.843.88 171.6 289 184872. 1.6 23595000. 194868 . set 80.00 0.00 e.00 0.00 e ee3.50 215.3 106 134376 2.5 23627598. 165472. .Se7 08.80 e.48 0.88 e.Se 0.8e4.0e 261.9 425. 176984. 2.7 2366 00 se . 244312. . ele et.Se 8.04 s.se 0.8e e.se4.30 311.5 544. 222444. 3.4 23692500. 344369 883 lee.te e.es 8.se e.se 0.00S.84 362.7 737, 270644 4.2 2372S408. 467447 ,020 500.00 e.88 0.04 0.88 0.0eS.50 486.5 932. 319464 4.9 23757500, elSe79. 826 les.se 0.88 0.88 0.00 0.886.04 472.4 1154 171513. S.7 23798000. 787923. 433 140.00 0.00 8.4e e.se e.006.Se 538.2 1464 42Sie7 6.5 23422544. 987227. 848 les.Se e.Se e.se e.00 e.887.88 $89.8 1644, 442645. 7.4 23455000. 1214305. .851 10s.00 0.0e 0.40 4.00 S.8e7.58 451.0 1995. $4e944 4.3 25187598. 1470194. .842 100.88 a.00 e.00 0.80 e.888.88 733.7 2336 682922. 9.3 23928888. 1754169 .873 100.8e e.se e.se e.80 0.0e8.Se 777.9 2709 666818 18.3 23952500. 2073412. * .887 lot.se 4.00 e.Se 4.ee e.es9.4e 843.4 1184 73174e. 11.3 23985e98. 2421760. .len - 100.00 e.Se e.se e.Se 0.08*
9.58 918.2 3552, 463548 12.4 24417S40. 28e809e. .!!7 lee.se e.se e.8e 0.00 e.44

.

18.84 978.1 4825 878394 13.S 24eS8088. 3228903. .334 100.08 8.00 0.e0 0.00 0.0814.50 1847.1 4SSI. 95494e. 14.7 249a2584. 3646917. .353 100.00 e ee 8.00 0.00 8.seII.00 1887.1 5472. 1834134 15.9 24115888. 4884645. .874 188.08 0.80 0.00 0.00 'O.Sell.Se 1884.8 5648 1825545. 17.3 2484750s. '4724685. .196 10s.8e 4.00 8.00 0.00 0.e812.80 12S9.7 4244, 1219408 14.4 24180488 S318343. .228 100.00 S.88 e.se 0.80 e.Se12.38 1332.3 .964 1317S45. 28.3 24212See. $944391. .246 100.84 8.48 e.Se e.00 0.0013.08 14eS.6 7593. 1424446. 28.9 2424 Sees. 6634899 .273 108.88 e.se e.00 e.Se 8.0013.50 1479.5 83I4 1544869 23.7 24237500 75714S3. .384 let.Se e.88 0.00 0.08 8.se84.80 1554.0 9072. 1664e42. 25.7 245teese. 4173514. .336 148.84 4.08 8.8e 0.8e 8.e414.Se 1629.1 9864 1883534 27.7 2434250s. 9044421. .371 100.80 e.00 e.Se e.00 0.0015.04 1784.6 197el. 1965348, 31.2 24375080 9983448. .410 100.00 e.se 4.4e 0.00 e.0015.50 1780.6 11573. 2145952. 33.3 24407500. 11016464 451 100.00 8.80 0.00 e.Se e.Se16.Se 1856.9 12442, 234S428. 36.7 24444es0. 128543SF. 497 98.14 5.86 0.00 0.00 0.6816.50 1933.5 13438 2441476. 44.4 24472Ste. 13458131. .544 96.65 3.99 0.80 e.ee e.ee87.80 2088.4 14486 2925844. 45.0 24505000 14462787. .444 94.64 S.36 e.as e.08 8.8e17.50 2087.5 15448 1251446. St.e 24537598. 16347045. .666 93.01 6.99 0.84 e.80 0.e8la.se 2144.7 86568. 3607792. 55.5 24$7000s. 18441945. .735 90.92 7.17 8.98 e.00 8.te14.50 2242.8 176e5 3944942. 61.4 246825e0. 19968154. .481 84.33 e.it 3.36 0.8e 0.8419.80 2319.5 18745. 4429142. 68.l . 2463S90s. 22e65749 896 86.99 8.26 4.7S 8.08 0.8019 Se 2394.9 19924, 4483398. 7S.8 2466750s. 24593943. 949 85.77 e.e5 6.20 8.0e 8.se'@.80 2474.2 21142. 5349314. e2.9 24780448. 26042873. 4.092 43.70 e.78 S.66 .l.94 0.84

:
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The impact orientation analyzed above, that where the center of gravity is
8directly over the impact point, in approximately 40 from vertical. The

^

available crush depth on the overpack flat may be determined from the Figure

below:

,

N
'

: /
80 5,

3-s
s

I.I,

!, M AX ('LEng/locE
,

I1 I 50' t

sf f! o

, .

!

I
,

!

:

i

; The distance from point A to point B in the figure is:

((10.5 ) + (18.0)2)0.5 = 20.84 inches2
| <

TF s saximum crush depth is equal to AB times cosine 6, or:
4

' ' ' ' * * ' ' ~ ' ' ' ~ * ' " ~ ~" ''"'''

O
,
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,

!
4

Since for the 96 inch diameter case only 19.55 inches of deflection is pre-4

dicted, there remains approximately one inch of clearance between the casks

hard point and the impacted surf ace even under this extremely conservative

I analysis approach. For the 101 inch diameter case, the maximum crush depth

that could be allowed prior to 'bottaming out' is given by:

)

((13.0)2 + (18.0)2 0.5 cos (40-tan ~1(13/18)) = 22.15 inches3

! So, since CYDROP predicts 19.92 inches of deflection under a conservative

analysis, there will be at least 2.23 inches of clearance remaining during

impact on the 101 inch diameter portions of the overpack. These results
,

i indicate that under the most adverse conditions, the 10/140MB overpack is

large enough and stif f enough to protect the shield and containment structures

from impacting the hypothetical unyielding surface directly.

2.7.1.2.2 Force-Deflection Relationshie

;

4

In order to obtain a conservative estimate of the internal forces and stresses
a

within the NuPac 10/140MB, assumptions were made regarding the overpack
,

geometry input to both CYDROP and OBLIQUE (Nuclear Packaging's oblique impact

| analysis tools) to maximize both forces (in the CYDROP input) and lever arms
(in the OBLIQUE input). These assumptions were required due to the somewhat

complicated overpack profile used on the 10/140MB.
I

j A conservatively high force-deflection relationship was obtained by assuming
the overpack is only 13 inches thick on the end of the package and 14.75

;

: inches thick on the side of the package. This corresponds to an overpack
i

| whose outer corner is halfway between the 101 inch diameter corner and the 108
! .

; inch diameter corner. Because this overpack is so much smaller than the
i .

the stress-strain properties of -20*F foam in-actual ove rpac k, and because,

j creased 15% were used, the stresses in the crushed polyurethane are predicted

: to be much higher than one utsht expect in practice for an equivalent amount

of deformation.
*

.

i

|

1
'

l'

!
+ i
'

:
!

l
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Table 2.7.1-7 below presents a summary of the amount of foam crushed beyond 70

percent strain when the strain energy of deformation is equal to the energy of

impact for various impact angles:

,

Angles Percent above 70% Strain (Strain Energy) ;

(From Horizontal) (Footprint area basis) Basis

85 0 0 [
'

80 0 0 ,

75 0 0 :
,

70 0 0 -

65 0 0 |
!

60 0 0 r

!

55 0.45% .07% !

50 1.64% .36%

3 45 3.33% 1.39%

40 3.32% 1.84%

35 2.98% 1.08%

30 , 1,81% 0.53%
.

25 0.76% 0.23%
3

20 0.08% 0.02% [
t

15 0 0 ,

10 0 0 ;

f5 0 0

|

TABLE 2.7.1-7
,

1
l

!

!1

:
?

!
'

!

- !
,

!

. I

I <

'

i
!

!'

-
:
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I
i

From the Table above, (derived from CYDROP data), it is clear that less than

2% of the strain energy required to absorb the impact of a 30 foot drop is

Iderived from extrapolated stress-strain data. It is clear that this extrapo-

j lation has little effect on the overall results of the analyses. Because the

overpack is actually much larger than the dimensions input to CYDROP, it is |
'

also clear that the actual maximum foam strain would not exceed 70% for the
worst case foam properties.

I

2.7.1.2.3 Internal Forces durina Ob1 Lane Innact F

;

;

Cask internal forces are calculated by NuPac's OBLIQUE computer program dis- I

cus sed in Appendix 2.10.5. OBLIQUE utilizes the force-deflection relationship |

calculated by CYDROP to determine the rigid-body kinematic response of the f
f

i cask. l

['

Required input to OBLIQUE includes the cask and overpack dimensions, .the mass
[

<

and mass moment of inertia, the acceleration of gravity, velocity of impact f
and the force-deflection relationship of the overpacks at various angles. For

OQ purposes of O,BLIQUE input, the overpack was taken to be 108 inches in j

| diameter, 40 inches long extendits 18 inches beyond the ends of the lead and {
'

steel cask structure. This causes OBLIQUE to apply the impact forces farther

from the cask center line, resulting in higher internal forces. Thej

combination of a conservatively derived force-deflection relationship with

) conservatively simplified overpack dimensions makes for a very conservative

j estimate of cask internal forces.

OBLIQUE uses inches, pounds and seconds as its primary units of length, force

2
. and time. The acceleration of gravity is then 386.4 in/sec and the mass of

2the 10/140MB in consistent units is 65,000/386.4 = 168.22 lb.-sec fg,,

|

I
.

.,

i

a

I

(
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'

The mass moment of inertia may be calculated in the following manner, j

utilizing the basic formula: *

0.25 M (R2 , g j3)2
I =

I
Where I = mass moment of inertia of a cylinder of mass M, radius R and

1ength L fJ

I

; I

For simplicity, the moment of inertia calculations were performed by dividing

the package into 3 parts: overpacks, containment shield and payload. The f,

i
i

j weight of these three parts were divided by their volume and the acceleration |

| of gravity to obtain an equivalent mass density. This density was used to f
calculate the moment of inertia. (

!
!

The 10/140M'l weight may be broken out in ths following manner: I
!

i

kWeight Mass Eq. Mass Density ;

Shield 41,000 106.1 9.287x10-4.,

Ove rpacks 9.000 23.3 6.454x10-5
I Payload 15,000 38.8 1.554x10-4

|
.

( n/ 4) ( 83 . 5 ) ( 74. 5 ) 2 ( 9. 287x10-4 ) ( . 25 ) ( ( 3 7. 2) 2 +( 83. 5 ) 273)I =
shield

- ( n/4) (73 ) (66) 2 ( 9. 287x10 ) ( . 25) ( ( 33 ) 2,( 73 ) 2/3)4

2313668 - 166147 = 147,500 lb sec _g,=

( n/4) (119.5) (101) 2(6454x10-5) ( .2'5) (50.5 +(119. 5) 2f3)2
I =overpacks

[,

! - ( n/ 4) (119. 5 ) (55 ) 2 ( 6. 454 x10-5 ) ( . 25) ( ( 27. 5 ) 2 +(119. 5 ) 2f3)
,

( n/4) ( 83 . 5) ( 75 ) 2 ( 6.454x10-5 ) ( .25 ) ( (37. 5 ) 2+( 83 . 5) 2f3) jf
-

4
.

[
i

( n/ 4) ( 83 . 5) (55 ) 2 ( 6. 454 x10-5 ) ( . 25) ( ( 27. 5 ) 2 +( 83 . 5 ) 273) [| +

4
.

L
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( n/4) ( 39. 5) (101) 2 ( 6.454x10-5 ) ( .25) ( ( 50. 5 ) 2+(39. 5 ) 273)-

O
( n/ 4) (39. 5) ( 75 ) 2 ( 6454 x10-5 ) ( . 25) ( (37. 5 ) 2 +( 39. 5 ) 2f3)+

2= 65,100 lb-sec _g,

( n/4) (73 ) ( 66) 2 (1. 554 x10-4 ) ( . 25 ) ( (33 ) 2,( 73 ) 2f3)! I =payload

227,800 lb-sec _g,=
i

The total mass moment of inertia is then

2147,500 + 65,100 + 27,800 = 240,400 lb-sec _g,I =gog,g

2For OBLIQUE input, the mass moment of inertia is taken as 241,400 lb-sec _g,,

or less than one half percent greater than calculated above. This is well

within the accuracy of the calculations.

The results fr,om the OBLIQUE computer analysis is presented in the following
t ab l e. These results are also presented on the following pages in graphical

form. From the table, it can be seen'that the maximum impact bending moment
6is '45.3 x10 in-lb, occurring at an impact angle of approximately 42* f rom

horizontal. It should be noted that this moment is derived from slender rod

dynamics (4/27 Ficose) and as such is fairly conservative for the short, squat
10 /140 MB. The peak thrust proximate to the peak moment impact angle is

64.099x10 lb at 56* lb at an impact angle of 42* from horizontal.
.

.

I \
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TABLE 2.7.1-8

)

.

NUPAC 00 Lit,WE ANALYS15-NUPAC IS/148M8 $ NIPPING CASK ENVELOPE DIMLHSIONS. COLD FOAM

PACKAGE Gt0METAY- e 83.500((NGTH a 17.258RA0lus e 48.888
OVtAPACK LENGIN * 14.548- OvfRPACS SIDE THICKhESS
OvfRPACK 001t0M IM 18 000

PACKAGE MASS PROPERTIESICENESS ** 168.220MASS * 241498.000MASS MOMENT OF INERilA e 346.404
GRAWITATIONAL CONSTANT

SOLUTION CMARACTEt!5flC5- *527.4$8IMPACI WELOCl1Y (VDoll
=

Ik D0f t - * e.000
(Int 1ADOT)e 0.880

8 'O.000FRICilDN COEFFICitNI e 20.888E$11MAltD CRuin DEPIM

intTAe FMAX SHCAR 'iNGUST MOMENT DEFLECTION CitA4ANCE

88.0008 19487282, 236522. 14185424, 2925864 3.1$ 15.14

86.4800 8511249, 447570. 4592758. 516S493. 4.3l 14.40

84.800e 5297698. 438448. 5283S75. 5324697. S.09 14.04

82.8800 $438849. 364344. $884840. 698l192. 6.83 13.56

80.0000 4647867. 674444. 4564216, 4343126, 6.49 13.S4

78.0888 4337868. 769635. 4276542,. 9520667. 7.32 13.16

76.4088 4L86621. 878348. 4l81544. 18844891. 8.88 12.82

74.4804 4 ,46229. 1885941, 4472096. 12443865. 8.81 12.49

72,8080 4,48492. 1826712. 399S108. 13937848. 9.54 12.11

78.4088 th43543. 4262864. 3956367, 15421352. .10.31 11.75

68.8006 4 L 7 9966, 1485888. 3941169. 17380596-. 11.05 11.38

66.0800 4234767. 1962814 3939477. 19332S92. 31.75 11.81

64.8088 4336173. 1745749. 3974915. 2159S566 12.41 ' 10.67

62.4800 4442464 1939871. 4001826. 23996926. 19.04 10.34

64.4800 4S87644, 2162774. 4854285. 247S4166. 43.60 18.04

$4.0880 4727936. 2395452. 4488254. 29633106. 14.18 9.77.

56.4800 4875498, 2643387. 489943). 32690487 14.S4 9.53

54.0480 $$82422. 2898185. 404304l. 35752653. 14.89 9.34 i

$2.4888 $184568. 3127143. 4034548, 38644414. 15.16 9.li !

St.eSa8 5147488. 3328233. 3926243. 4817147e. 15.35 9.45 1

48.0888 5146188. 3474742. 17S5094. 42983850. 15.45 8.97
'

46.8888 5832762. 3574617. 3542711. 44219348. 15.47 8.92e

44.0004 4913212. 3635422. 330$858. 44978518. 15.43 8.49

42.0004 4746246 366l834. '3852998 45284350, 15.32 8.88

64.4004 4590639. 3637846. - 2881840. 44996604. 15.14 - 8.92

38.8000 4421410. 3613616. 2553837. 44781773.. 14.93. 4.93

36.8800 4218937 3547124. 23807$4. 43879240. L'4. 6 7 8.95

34.8888 4010193. 3448864. 2054894. 42663728. 14.37 9.41

32.0488 3822467. 3357076. 1848877. 48528279. 14.02 9.45

38.0808 3639701. 3258544, 1637879. 4 0 3e8 4 9 8.' 13.64 9.13

28.8800 3583535. 3189436. 1464328, 19456978. 33.22 9.22

26.0080 3384599 3128118. 1311406. 38494447 12.77 9.31

24.8000 3272762. 3848483. 1166248. 37957688. 12.27 9.45

22.8008 32tl406. 3444089, 1943793. 376SS524. 11.75 9.58

28.0008 3138285. 3001229, 920984. 37126334. 11.28 9.70

38.8088 3819341, 2960256. 805677. . 36619463. 40.58 9.89

16.8008 3856738, 297814l. 785947, 36848782. 9.97 10.10

14.4880 '29546 t6. 2980lSS. 59641), 3547S962. 9.28 10.36 .

12.4884 2894927, 2855753. 495638, 35326475. 8.57 18.66

18.0008 2761231, 2731614. 48914*. 33791074. 7.33 11.43

8.0008 22$1324. 2236597. 2586 8. 27667553. S.83 12.42

6.8000 261$184, 260727t. 282179. 32252986. 5.91 11.94
124429. 30938475. 4.44 12.34

2,542085. 2,588368,.i 44444 1 4343 . 62389. 248418st. 2.99 14.084.0008
2. 8..

i
t

I
; o
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FIGURE 2.7.1-1

O
IMPACT FORCES (LBS) -30 FT DROP

NUPAC 10/140MB SHIPPING CASK ENVELOPE O!MENSIONS. INITIAL YELOCITY = -527.450

o SYM YARIRSLE DESCRIPTION MAXIMUM MIN! MUM i

3- O MAX FORCE 10E+08 .!SE,07
O SMEAR 3661034 236522 i

A THRUST .10E+08 .83E,05

8
a
S-

8
a

-

.
m
o E

I~ o _

a_
o -

g
co
J E

~
o

IILa o.
SU

Cc
O

'o
R

-

8
-

o
9 N

V 100 00 8'O.00 6'O.00 4'O.00 2'O.00 0'.00
ANGLECTHETA) WITH RESPECT TO HORIZON (DEGREES)

2-155

L-



-- - - -- - _-

NuPa3 10/140 m Aus;.st 1985

|

FIGURE 2.7.1-2-

CASK BENDING MOMENT CIN-LB) -30 FT DROP
'

t,

NUPAC 10/140MS 8 HIPPING CA8K ENVELorE O!nENSIONS. INITIAL VELOCITY :: -527.450 I
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Overpack separation moments were calculated using the OBLIQUE post processor

i POSTOB, which uses the linear and angular velocity history f rom OBLIQUE to
J derive the accelerations of the centroid of the 10/140MB package without the

lid and impacted overpack.' From this information the forces acting between

the overpack/ lid assembly and the re st of the- package may be calculated.

POSTOB represents these forces as a force and moment at the lid-body inte r-

face, either nearest the impact point or farthest from that point. The
taEnv iroLoc ks act'to counteract moments tending to open the package.

. POST 0B requires that the mass moment of inertia for the package without the

lid and overpack be calculated as well as the distance the c.g. of the entire

loaded package is f rom the the c.g. of the package without the lid and ove r-

pack. The mass of the payload as well as the mass of the entire loaded

package without the lid and overpack is also required.

For the 10/140MB, the payload mass is

215,000/386.4 = 38.8 lb-sec fi,,

' The weight of 'one overpack is approximately 4,500 lbs and the weight of a 11d'
is approximately 6,700 lbs. Therefore, the mass of the package without the

lid or overpack is:

2(65,000 - (4,500 + 6,700))/386.4 = 139.2 lb-sec ft,

By inspection it c'an be seen that the cente r of gravity of the lid-overpack

assembly is approximately 40.5 inches above the c.g. of the entire package.

2Since the mass of the package as a whole is 168.22 lb sec /in, the location of

the center of gravity of the package without the lid and overpack may be

calculated:

139.2 x = (168.22 - 139.2) 40.5

8.51 =

l

J

2-157
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i

So the conter of gravity of the 10/140MB without the lid and overpack is

approximately 8.5 inches lower than the c.g. of the entire package.

1

The mass moment of inertia of the package without its lid and top overpack

(I') may be calculated by solving the following equation: !

I.

ITUTAL " IOPCG + ILID + " LID d 2 + I' + M'd' 2LID

2
TE mass moment of entire package = 241,400 lb-sec _g,Where I =

OPCG mass moment of overpact around package c.g.I =

265,100/2 = 32,550 lb-sec _g,g,,, ,,g,,g,gg,,go,gog,g=

mass moment contribution of ove rpacks calculated

above).

2 2(6700/386.4)(.25)(37.5 +5.25 73)I =LID

O .
2.

6136 lb-sec _g,t =
,

26700/386.4 = 17.34 lb-sec ft,M =LID

(83.5 - 5.25)/2 = 39.125
'

d
] LID =

i

I mass moment of inertia of package without lid or=

overpack on one end

>

M' mass of package without lid or overpack=
3

2= 13 9.2 lb-sec 7 g,

) e

8.5 (calculated above)d
|

=

,

i

.

!

i

1
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Solving for I':

I' = 241,400 - 32,550 -6,136 - (17.34)(39.125)2 - (139.2)(8.5)2

2166,100 lb-sec _g,=

i

This information was input to POSTOB with the time history results from the

OBLIQUE ar.alysis. The highest overpack separation moment calculated by POSTOB

occurs during the c.g. over struck corner condition, or 50 degrees from a
;

horizontal impact. At that impact. angle, the separation moment calculated by

6POSTOB is approximately 30.45x10 lb-in. The time history data from OBLIQUE

as well as the moment calculation output from POSTOB for this impact angle are

presented in Table 2.7.1-9 and 2.7.1-10 below.
,

l

l.

4

s

**

I

|

|

|
!

.

!

$

,

$

$
?
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,

TABLE 2.7.1-9
's jg<

i - %s_,)
,

I
.

f

h
i

? NUPAC 08L100E ANALYSIS-hUPAC 19/199MS SHIPPING CASE ENVELOPE O!M(NSIONS. COLD FOAM !

h
! PACKAGE GEDMETRY-

.'4 LENGTN e 83.500
RADIUS * 37.250

]. OVERPACE LENGTN * 40.006 }
OVERPACE SIDE IMICENESS e 16.500

L
OVERPACK 00ffDM THICENESS o 18.008

PACKAGE MASS PROPERIIE1* [
MASS e 168.220 t

MASS MOMENT OF INERf!A e 241400.989 !GRAWifAll0NAL CONSTANT * 386.499
i

, SOLUTIDM CMAR ACIERl3flC3-
{ (MPACT VELOCI!Y (TDOT) e -927,493 [

(2001) e 4.004 ,
i(TMiiAD0fle 0.800
?FRICTION COEFFICIENT * 8.009
(ESTIMATED CRUSH DEPTM * 28.800 .

,

('

] INETAG FMAI SMEAR THRU3T MOMENT DEFLECTION CLEARANCE

[j 38.0000 5143S62. 3325292. 3924112. 41135099. 15.35 9.03

]
' ,
\ r

'
<

t

i i
i

. !
i t

"

i
.

I
IIME X XDOT Y YDOT THETA THETAD0f F SHEAR TN#UST DELTA (-Y AMS X) .

V

i 9. 8. 8. 8. .5275E+03 .8727t*00 8. 9. .2749t*07 4497t*0F )
d .9893E-43 9. 8. .S220f*00 .5278E*t3 .4727 tete .1994t-04 .3758 tete .2484E*e4 .28F9tte4 .5220E*et .SO89t-64 [
1 .1979E-02 8. 6. *.1944t*01 *.S288Ettl 872FE*00 .3322E*05 .2099t*05 .1349f*0S .5608t*05 .3044E*01 .5429E-41 e

4. *.!S6Ffett *.S285E*el .872FE*40 4463E-05 .SSettet$ .354tE*09 4220E*09 .it47t*01 .2654E-94 ra .2948E-92 9. r

. 2090E*01 .S202t*e3 .472Ff*48 .1t38E-02 .le60 tete .4816EteS .8423E+0S .2890t*01 .8783E-04 54 .3917t-82 9. 8. *

.2682t*81 a.S274E*s5 .8727 tete .2595E-92 .87tet*06 .ll02E*06 .3313t*06 .2612E*tt .2176E-93 -

i 4947(-92 8. 8.
.3134E*tt .5269E*03 .872FE*00 .3636E-02 .248SE*06 .lS91E*04 .1994t*04 .3834E*01 4449t 03 !

'

g .5936E-02 9. 8.
- .34Sst*0: .5254t*03 .8r27t*0s .54ter-e2 .3347E*0s .21 Sit *04 .2564 cess .36S4t*01 .8844r-e3 [.4925f-e2 e. 8.

w .79tSE-82 6. 8. .4174E*tt 52 38E+s 3 .47271*00 .7434t-02 4202t*04 .27951494 .328tf*t6 4tf4fett .5353f-02
i' .8994E-42 8. 8. *.469tf*tt *.$283E*tl' .8727E*00 9598t*02 .5281t*04 .3394 fete 4846t*46 449tt*tt .199et-82 )

.9:93E-02 8. 8. .92eSco8: * Stose+es .8:2FE*ee .IIF8e-el .4337t*06 4eFSE*e6 4055t*06 .S20SEte! .2839e-82 ).

.3084E*el 9. 8. a.57 tetet! .Sl46t*t3 .8727t*00 383E-05 .7447E*06 4786t*te .57tSE*06 .SFlettet .38SBE-02

.Il8FE-45 9. 8. * 4223fett *. Sit 3E*05 .8727f*00 562E-01 .4604f*04 .S5395604 .459tE*te .422SE*tt .S030f*02 ',.

.3286t-01 9. 4. *.672SE*01 *.SOSSE*03 .8727t*0s . 69FE-0i 9808t*e6 .6304t*e6 .79tet*te .672SE*01 .6328E-e2 *

.1385t-91 8. 8. . 7223tell .499%E*03 8F28E*00 ~.1773E-9 ; llettet? .7ttit*to .84721696 .7222E804 .FF12E-02 **
.

.4444t-08 0, 8. .7Flet*01 *.4930E*05 .8728F*00 .3FF5E-9 . .2$SE*ti .7958 tete 9442t*06 .7783Etel 9826E-82 L

.35031-95 8. 4. *.80F9E*tt *.4876E*03 .8728f*00 .lFitt-6 , .335E*07 .454tE*84 .It25t*07 .8479t*01 .19 t i f -4 :l t

.I402f-t! 9. 8. * 8674E*tt .4FFFE*81 .0728t*00 .14 F S E -0 , .SGSE197 9470tet4 .llS3E*0F .8674t*05 . ll F F E * t'l. .

j .IF8tE-48 9. 8. *.9052f*01 *.4704E*43 .4728Eete .321F1-91 .

l894t*07 .llS9tet? .3382t*07 .9681Etel .t354f-0
.620fetf .304tf*tF .3248tet? .9052E*01 .I263E-0

l .1980E-81 94 8. * 96421*01 *.459tfees .8728t*80 .6STFf-02 ,. .
I .19791-01 9. 8. .letSE*t2 *.4483E*ts .8728t*99 .5369E 04 . l96 SE*tF .l263E*07 .lSGSE*e7 ,995t*02 .4382E fl i.

* .2878E-01 9. 8. * 88.lE*t2 *.4367E*ts .8 728 E*00 *.8 3 Set *t2 .2128tetF .3348t*t7 .lelette? ,049f*G2 .1390E-91 ;.

.2tFFE-01 8. 8. *.lt9tt*02 a.4248tes3 .8728t ete *.1884E-el .2295t*07 .1479E*tF .lFS8t*07 it9tE*02 .3245f-03 ..

.2275E-91 8. 8. *.ll35E*tt .4tt4E*03 .4F28E*99 *.3tS9f-91 .2476f*87 .4587E897 .3892E*0F .Illsteet 1044t-4l !*

.23744-01 9. 8. .llF3E*02 *.3998E*83 .8728Ette .4680E-el .2644t*07 .5699t*97 .242SfetF .llFSE*02 ,7 344 E-02 '*
.

! .2473E-91 8. 8. .428tfot2 a.308tE*05 .8F2FE*00 a.4462E-01 .2819E*07 .3812E607 .2140 toff .12tlE*02 .29 3 F E -92 L

i .2572E-61 9. 8. .1244E*02 .3654E*e3 .8 724teet *.4922f-01 .3992tesi .1950f*07 .230ct*07 .3248E*t2 .2997t 02 i
. .2673t-98 8. 8. * 128 5t*02 .3455t te t .472SE*00 *.8088Este .3893Etei .20$3E*47 .2446EteF .3283f*02 .30491-98 |.

1 .2770E-98 8. 8. * 3 356f *02 *,3266Ees! .8724E*00 *.83SSE*00 .338tEteF .2tF3E*07 .2509t*0F .4314E*02 2037E-01 i'
.

.8725t*00 .8654E*00 .3SFIEte? .2296E*07 .2734t*07 .3340E*02 *.323lf-el.2849(-08 8. 8. .134Ft*02 *.306SE*e3 y
.2968E-01 9. 9. *.8377t*02 a.28SSE*45 .4723E*00 a.1980E*00 .3FF2E*0F .2426tetF .2008teet .3377t*02 *.4674E-el ,

j .3067E-08 9. 8. *.1404t*02 *.2629E*05 .8Fl9E*00 * 2356E*00 .3975t*07 .2Slef*07 .3942E*07 .3444 test .4399t-06 $

.3164E-01 8. 8. a.1429E*02 a.2394E*05 .8 Fle t *00 *.2 761 E * 00 4869t*07 .2643fetF .389tE*0F .3429E*02 a.8430E-01 '

4

i .326SE-01 8. 9. .14SIE*02 *.2147E*03 .4Fl3E*00 *.320lE*00 4361E*07 .2007E*07 .3337E*0F .1492t*02 *.1980teet |
.3364t-04 8. 8. *.84FIE*02 *.5888t*t3 .47 8 4E*90 *.36 7 FE*00 4544E*07 .2928t*67 .34FFE*07 .3472E*02 *.4353E*te <

.3463E-01 8. s. a.1489E*02 a.1420 tees .4 706t*00 4188t *00 4718t*07 .303SEst7 .3607t*07 .3489f *02 a.164 St*00 )

.3S42E-Gl 0. 8. *.1995t*e2 .ll43t*05 .8Ft2t*00 a.4729f*80 4859E*87 .382FE*07 .3797t*07 .lSO4E*02 *.2939E*40 }

.3641E-Gl 0. 8. a.lSISE*02' .1898E*t3 .469FE*00 *.5299E*00 4942t*0F .329tE*t? .3792EstF .! Slot *02 *.24tFE*00 ;

.3FS9E-98 9. 8. *.lS24t*02 *.7679Ete2 .84 91E * 00 *. 58 9 3E * 00 .50$0f*07 .3260t*07 .305Fr*t7 .lS25t*02 .2862teet t.

.3018E-el 8. 8. .lSletet2 *.4719E*02 .848SEtte *.4StFEtte .SillE*e7 .33tlE*07 .3981E*07 .lS5tE*02 .33SSf*00 ;

.599FE-04 8. 8. *.!S33E*42 .8740E*e2 .4474t*98 a.7134E*te .5144E*07 .332SE*07 .3924E*07 .lS3SE*e2 a.3897E400
.f-1

FMAxe .51436E*t? FMINs 8.

1 t'

t

i !

| f
: e
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TABLE 2.7.1-10
p.,

e i
Y

' \,/ f

* 8.50CfNfft OF GRAviff 0FFStf
MQMtNI 0F thtRf!A 0F UPPER PARf * 146100.00
MESS OF UPPER PART tlNCL. P/L) a 139.20

e 38.80MASS OF PA940AD e 2.25LI D F R ANGE INICENESS * 83.50PACEAGE ltNGtM IH/0 0%EWPACtl
PActAGE R&Olu% (H/0 OvtRPACK) * 17.25
ACCtttRAll0N OF GRAWify a 386.40

&NGtf TIME LAf. ACCfL AI, ArtfL M ACCEL T ACCit fM ACCEL M9MfMT MOMENF MAR ADJ. MAI OPP.
ADJACENT OPP 011fE #90M* NI MCMfMI

S0.08 .9093E-03 -53.61 63.70 . 1269 81.26 .1915t-Gl .1212f*06 ,599FE*06 .3232f*06 599FE*06-

30.90 .1979E-02 -54.50 63.80 7419 89.90 .3142 .L44SE*t6 .621Fr*06 .3444t*06 .999Ft*06
SO 90 .2968E-02 -121.3 144.8 2.200 186.0 .3378 .3386tet6 .1394f*0F .3386t*06 .999FE*t6
St 60 .399Ft-02 -319.1 3F3.5 -4.*22 491.2 .4792 .4484t*06 .3642t*0F .8484t*06 .3997t*06$8,00 .494FE-62 917.1 601.5 -4.932 796.3 1.048 .3368t*07 ,Ss97teef .5368t*07 .9997t*06
50.00 .5934f-92 -845.7 993.1 -9.488 1304 1 457 .28F0t80F * 960FE*0F .2178F'0F .5997f406.

S0.00 .692SE-02 -1808. 1301. -18.68 till, l.794 .2831fetF * 1258t*ss .2851t*0F .599FF'96.

St.99 .798SE-82 -1434, 1689 -13.31 2216. 2.044 .360Ft*07 .1624t*08 .3607t*0F .9997t*06
St 80 .0904f 82 -1892. 2232. -14.25 2926 2.188 46 Set *0F .2135t*08 44Ser*tF .S99Ff*06S0.88 9095t-42 -2287. 2620. -84.37 3432, 2.206 .S$81t*07 .2490t*08 .9388t*0F .599Ft*e659.e4 .lc64F-fl -2676. Sles. -83.52 4146. 2.917 .6 3F SE *0 F .300Frett .43FSE*0F .999Ff*0650 90 .318Ft-81 -1856 3423. -11.7F 4746. l.888 .FleSf*07 .342FF+88 .716Sf*t7 599Fr*0610.00 .4286f-01 -3506. 4165. -8.879 $444 l.364 .80FFE*0F .3925t*04 .80FFf*t? .599FE*0639.99 .338St-01 -4t20. 4784 -4.1*9 6249 .F6FF 909Ff*0F .4488t*00 .999FE*0F .599Ft*04$9 01 .5444t-01 -4468. 5326. 8. 6912. 8. .9934t*0F 49FFttes .9934t*0F .999FE*06
St el .lS81t-08 -3749. 4475. 4.881 5838. .6162 .8299t*07 .4144F*05 9934t*0F .599FE*96$0.88 .86822-01 -4655. 1937 15.59 .303Ft*tS -2.394 .l431 tee 8 .7183E*08 .343|f*0s .599Ff*06SO 08 .lF81E-01 -4835. 1798. 16.97 7544. -2.606 .it22t*04 s.llS3reet .itlifett .599Ff*06$0.01 .itt0t-01 -77St. 92F 3. 36.79 .120Ff*09 -S.649 .1604Ese8 8369teet .1604f*0s .599Fr*06[sNSO.fi 1979t-01 -7119 3576. 42.91 .3816f805 -4.189 1493t*08 .7868f*e8 .1604t*08 .999FF'06

| 39.91 .29781-91 ~7787. 9275. 15.12 .12 0& f' * 0 5 -8.411 .lS40f*08 .8476f*08 604tott .599Fr*06
5 #0.0L .21772-01 -8519. .300$f*05 68.96 .1306f801 -10.59 638f*08 .919!E*08 638f808 . 599Fr*06% / SO.08 .22FSt-01 -9122. Ll0ltetS 84.74 .5429f*05 -13.05 - 165t*08 .9995t*08 F43t*08 .5997t*06$0.01 .2374f-fl -9594. LIS9t*05 100.0 .lSeSt*05 -15.34 8201898 . 949t*09 .eterets .3997t*06$9 to 2473E-Ol .1029f*0S 24SE*01 llF.2 .1&lSf*05 -14.00 .i921tett30.09 ISF2t-01 .1098t*05 .322E*05 .35.5 .8784t485 -20.48 .200* feta

. tillf*C9 .92tfott .599Ff*04

4tSE*05 ,SS l .ltl4F609 -23.82 .2111t*00
. .189t*09 .2004t*tt ~.59977*0649.99 .26 Fit-01 .ll6FE*05 .

l492t*05 IFS.6 .1935t*05 -26.97 .218FE*00 . ;315f409 .218Ft*00 .599Ff 806
.
,249E*01 .29 tit *08 .599Fr*9449 99 .2770t-01 .1229tetS

49.94 .2369E-01 .8309t*01 iS84f803 .96 4 .2052t*05 -30.20 .229ff*08 . elet*09 .2290 feet *.399Frot649.9F . 2 94 8 F. - 01 .13FSE*05 669t*05 lit.6 .2162t*09 -33.74 .2313t*00 . 406Fest .2175t*0s .999Fr*0649.94 .396FC-01 .1449t*49 .F62t*05 248.9 .228tt*05 -37.17 .2474t*00 . $65t*09 .24F4t*08 9997t*6649.99 .3166t-01 .lSitf*01 84FE*05 264.2 .2590F609 -40.9% .2994t*00 . .63FE*09 .2SS4t*00 .999Ft*0649.93 .3263t-93 li95FotS
..20$lf*05 312.7 .2620t*95 -48.88 .273Sftes a. F95F809 .2791f808 . 599 Free 6

939t*tS 289.8 .2509t+0S -44.44 .26SSf*06 . .Flatest .24SSE*04 ,9997t*04
49.98 .3364t-01 .1461f*01
49.89 .3463t-fi .1723f*05 .2100f*05 339.6 .2FIFt*09 -98.62 .2414t*08 *.

.911t*09 .2886t*08 .5997t*96
OS2f*09 ,2814t*08 *.5997t*0649.07 .3362t-05 * lF82f*01 .2149t*03 $55.1 .200Fr*01 -54.61 .2886t*08 .

.

49.84 3661t-08 ..1812f*fS .2230E*01 174.0 .2596t*05 -SP.Sl .2944t*08 . 963r*09 .2948t*08 .9997t*0649.81 .3199t-08 1898tetS .2298t *05 393.4 .2979t*05 -60.61 .3024t*00 *.2028t*09 .3024t*04 .599Fr*0649.78 .34SOE 88 .ja9Ft*01 .2$06t*05 402.9 .2989t*05 -62.92 .5023t*08 .2027t*09 .3024t*08 ,599Ff*0649.74 .595Ft-01 . 1916t*01 .2326t*tS 412.5 .3083t*09 -43.54 .304Sf*08 .2044t*09 .304St*08 .599Fr*06

r s
I \

\ |
v
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2.7.1.2.4 Stress Calculations in Cask Body

From the sammary of internal forces in Table 2.7.1-8 above, the worst case

state of compressive stress may be found. From that table it is clear that

j the worst stress state will occur during drops from angles be tween 56' and 42*
'

from horizontal.- Using the standard formula for combined axial and bending

stress:

i
'

a = P/A + Mc/ I

; and conservatively assuming all stress is carried by the outer shell, the

following table may be constructed:
4

Impact Angle Thru st Moment Stress
6 7(10 lbs) (10 lb-in) (p si)

56 4.10 3.270 20565

54 4.08 3.575 21084

52 4.03 3.868 21475.
, _

50 3.93 4.117 21608''
! 48 3.76 4.298 21367

46 3.54 4.422 20841

44 3.31 4.497 20186

42 3.05 4.529 19344

,

The stresses above were calculated assuming that all of the bending and axial

forces are carried by the outer shell. The outer shell compressive area is:

2 2 2A = n(74.5 -72 )/4 = 287.65 in

5 g,4 (see Section 2.7.1.3.2).and the moment of inertia is 1.93x10

!

.

.
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!
. It is important to. note that while the method of calculating the above
2

; stresses is very simple, the assumptions used are very conservative. First,

the loads are developed using a conservative envelope of the 10/140MB cask

ove rpack. Second, it is assumed that the maximum exial force acts at the same
,

point on the package as the maximum bending moment for the impact angle.

Since the maximum axial force is always at the end of the package and the

1 moment acts at approximately the third point along the length of the package,

the moment and axial force maxima never act simul t aneou sly. As' stated above
1

j and in the discussion of the OBLIQUE program, the moment is based on a slender

! beam impact, which greatly over predicts the moment in a short, l arge ' radius
'

1 cylinde r such as the 10/140MB. Finally, because the internal forces arisei

1

j from inertial effects, it is conservative to assume that the stresses are
'

i entirely carried by the outer shell. If all these elements of conservatism

! were removed, the stresses calculated in the cask would be much less than
~

; predicted above.
'

!

| The following margin of safety is calculated using the ASME membrane stress

allowable even though the stresses calculated above include a small fraction

{ which is properly a banding stress.
,

t

I
! M.S. = (36,25 8/21,608) -1 = +0.68
i
e

| When the conservative nature of the stresses and allowables used for this

j analysis are considered, it is clear that oblique impacts from 30 feet will

not severely affect the package's containment or shielding capability.

i
4

i 2.7.1.2.5 Lid Attachment Loads

|

tThe eight Envirotock a lid hold down devices must be strong enough to remain
j intact during the impact. An analysis of the moment exerted on the package

body by the lid and overpack interface was performed by POST 0B, a post proces-

} sor written for the OBLIQUE program time history output. From that analysis,

0
j the maximum lid separation moment was found to be 30.5x10 lb-in. at an impact

t

| angle of 50* f rom horizontal. The maximum force in the EnviroLock a may be t

'

|
1
1

!
1
i

2-1634

!
;
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estimated using the assumption that the force varies linearly from the point

i neares t the impac t. The moment exerted by a se t of discrete forces equally ;

; spaced around a circumference of radius R, where the force in proportional to

; its projected distance from the point of rotation nearest the impact point is

given by the formula:
;

|

| M=0.5f,Rf(1-cos9Ng

i

moment to resistwhere M =

.

maximum force in the lid attachmentf, =
,

lid attachment radiusE =

i

1

j Og angle from point of rotation to attachment i=

;

i

6

,A '

W,
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This formula reduces to:s

M = 3RNf,/4

where N is the number of attachments. Therefore, the maximum force

tain the EnviroLocks will be:

6
f, = 4(30.5x10 )/3(40.25)8 = 126,300 lb

tThe ultimate strength of the EnviroLock a is given in Appendix 2.10.4 as
250,000 lbs, while the yield strength is given as 184,500 lbs. For accident

conditions, the allowable load in these fasteners is the lesser of the yield

strength and 70% of the ultimate strength. .Therefore, accident allowable load

tin the EnviroLock a g,

.

(.7)(250,000) = 175,000 lbs

Th

O
e margin of safety is then:

..

175,000/126,300 -1 = +0.39
~

2.7.1.3 Flat Side Innect

Analysis of the NuPac 10/140MB package behavior during a hypothetical 30 foot
side impact is performed in the following steps:

1. Determine the impact forces using the SYDROP computer program as well as
hand analysis; and determine worst case deflections.

2. Determine stresses in the outer shell assuming it reacts the entire

impact bending load. Include ovalty effects.

3. Determine stresses in the inner shell assuming it reacts the payload
weight and half the load weight in bending. Include ovalty effects.

.

O
1
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2.5.1.3.1 Side Innaet Forces and Deflection

Several bounding analyses were performed using the energy-balance program

SYDROP to determine the behavior of the 10/140MB overpack system during side
impact. The bounding analyses were performed to compensate for the unusual

geome try of the 10/140MB ove rpack system. SYDROP was written assuming a

simple rigid cylinder is protected by a simple cylindrical foam overpack

around the sides of the rigid cylinder.

The actual geometry of the 10/140MB package differs from this assumption in

three ways. First, the overpack extends beyond the end of the rigid cylinder.

As a result, some as sumptions mus t be made regarding the ef fect of the

cantilevered foam. Many drop tests have been performed which indicate that

the cantilevered foam contributes a significant part of the package's ability

to resist impacts. In general, the effectiveness of the overhang in fosa may

be estimated by comparing the plateau crush strength of the impacted foam with

the shear strength of the foam carrying the load back into the package. The

shear strength of the foam in the 10/140MB is more than adequate to assure

O nearly complet,e involvement of the oyerpack length in resisting side impacts.

Second, the 10/140MB overpack employs a stepped design, such that 10 inches
from the end of the overpack the radius of the overpack is reduced 3.5 inches.

This step allows the overpack to deform much further in the side impact

without bottoming out onto one of the protuberances on the side wall of the

cask (e.g., the tie down lug). He overpack would be expected to act as if it

were only 30 inches long on each end for the first 3.5 inches of impact'

deflection. Af ter that, the additional 10 inches of overpack on each end

would begin to be mobilized.

Thirdly, the flat areas on either side of the package will act very little

like the cylindrical overpack modeled in SYDROP. Loads and deflections for an

impact on the overpack flat areas will be calculated by hand.

Tables 2.7.1-11 through 2.7.1-14 represent the response of 20 and 60 inch long

at -20* and 109'F, the hypothetical accident temperature range for

O
overpacks

the polyure thane foam. The properties of the foam were degraded 15% from the
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TABLE 2.7.1-11
%

SYee0P(Sleft NWCLEAe PACEA01NO PRePe5EfAAY 17.47.18 asse6/26 PAGE 5
NUPAC 10/14e# C0le FOAM (*2e et03

FACIACf hfl3NT e 654e8. (tell
PACKACE EattRhAL IfMGTH e 60.86 (INIPACBAGE III{RNA( e[AMtI(e e 808,$4 (IN)
PATLOAe elAMtitR e F5.0e 4tNDD80P MEIGMI e 30.00 (Fil

STRAIN VS $fRt31 TAett

t

$VeteP(St eil NWCLfAR PACEA01NO PeOPRIETAe7 17.47.38 SS/86/26 PAGE 6
NuPAC le/tteM Cole PeAM (*2e DEOS

++ CauSN PLANE ++ ***+ IMPACT *+++ ++++++ EhtROY ++++++C#USN
etSTRisufl0N OP STRAIN earlot tYetPTM AstA ' WoluME FORCE ACCEL. PoitNTIAL STRAIN AATIO LE.7e 07.74 Of.as GT.90 07.95

PtaCthT of CONIACT AstA(Iha (IN21 * (IN31 (LSS) 40) (INatSS (IN-Let ( S E/ Pt n Lt.88 Lt.98 LE.95.25 622.8
, 294 567442. 8.7 25412S60. 121248. .483 los.Se 0.44 4.00 e.se 0.88

144 20!!4a. 1.1 -254l6250. 25143. . set los.se e.se e.se 8.00 4.00
.Se 479.8

( .75 1876.2 . S39 944617 15.2 25444750, 335773. .083 les.Se 0.80 e.ee 8.00 0.00
8.se 1244.3 429 1425128, 21.9 21465000, 617490. .826 les.8e e.e4 e ee e.se e.se
B.25 Ale 6.2 1858 4453404. 28.S 23481234 le273S6 .e44 148.84 8.ge e.ee e.00 e.Se
I.Se ISte.7 1521. 22345$4 34.4 21497500 3534488. .44 5 les.Se 8.30 e.se 8.00 0.88
1.75 1636.3 1985. 2570283. 39.S 23513750 2134997 .e9t lle.se e.44 e.00 0.88 e.88
2.88 1747.2 2154 2461216 44.0 21150see. 2498178. .324 los.se e.Se e.ee e.04 e.se
2.25 1851.0 2748 3129786. 44.8 23546250. 3546171. .358 108.84 0.80 8.88 e.se e.05
2.58 4944.8 326 1. 3156182. 51.6 2356250s. 4375782. .386 los.Se e.se 0.40 e.00 4.00
2.75 2848.S 3762. SS74528, 55.6 23575750 5242128. .222 les.4e 0.se 8.00 e.se 8.00
3.40 2129.4 4254 3779292. 54.1 21595804 4161146 .261 les.se e.se e.es 0.00 0.48
3.25 2214.1 4427 3973858. 64.1 216 t l 2 St . 1838349 .382 10s.00 4.48 0.00 e.se s e4
3.50 2295.8 5391. 4858384. 64.8 . 23627584 4844889 .345 88e.se e.se e.ee e.ee e.es
3.75 2372.7 5974 4337146, 64.7 236437St. 9164745. .389 lee.se e.00 0.00 8.00 e.80
4.08 2447.5 6577 4511134. 69.4 2 54 6 00se. 18334774. 436 los.Se 0.88 0.00 e.se e.ee
4 25 2589.8 7898 444151). 72.0 23676250. 11463459 444 los.se 8.00 0.00 8.88 0.00
4 58 2189.7 7836 484970s. 74.6 23692$es. 82655264 .534 180.88 8.80 e.se e.88 0.00
4.75 2e57.5 4492 1816475. 77.2 IS7tSPSe. 13488S87 .586 188 4e e.Se e.88 - e.40 0.04
S.es 2F23.2 +965. 5144826, 79.4 2172540s. 15363712. .619 les.se - 4.se - 8.se e.se e.es
S 25 2787.1 98S4 5351775. 52.5 23744250. 16448699 .694 les.se e.se e.ae e.se s.es
5.50 2849.2 185S8 5524414. 84.9 237S330s. 17819051. .7S1 100,00 8.00 e,e8 e.88 e.as
5,75 2949.7 33274 S494426. 47.6 2377175e, 19241s34 .ast Isa.se e,Se e.se e,00 e.es
&#es 2964.6 12el3. 5872359 98.3 2379000s. 20687657 .470 lea.se s.84 e.00 0,08 0,00
6,25 3826.8 12742. 6814445 91.2 25886250. 22178682. .912 les,se e.Se e.48 0,se 0.48
~6,5e 3a42.3 13526. 4247452. 96.1 23422500. 23716619 .996 los.se 4.se e.ee e.se e.e44,52 3686.e 13578 624es49. 96.3 23s23S94 23 23644. 1. sos les.se e.se e.se e se e.se -6.75 3137.1 14383. 6446321. 99.2 23:13750, 25385341. 1.061 lee.se e.ee 4.0e e.te e.as .
7.se 319e,7 15495 6652478. 182.3 23455848, 26940698 I.129 184.88 e.sc e.se e.se e.es
7.25 3243.2 15499 6869476, 185.7 23878258, 28630933. 1.199 10s.00 0.80 8.se e.88 8.80
7.50 3294.5 16716 718el19 109.2 23487388 3e377833. 1.272 les.88 0.00 e.as e.ee e.se
7.75 3344.8 17544 7347146. Ill.a 25961750. 32143046 1.346 100.08 e.se e.ae 0.88 a.88
4.88 3354.1 lasse. 7613574 117.1 23920000 34011141. 1.424 los.Se 8.04 e.Se 0.88 0.00
s.25 3442.4 19241. 7982282. 121.6 21936250 35992&l3. 1.384 .88.e0 0.04 e.se 0.4e 8.04
4.5e 1489.4 20889 8246759. 326.3 23952500 34046238. 1.587 .se.8e e.86 8.88 e.08 e.80
8.75 3536.3 28908 8533378. 138.3 23948Fla. 40898F45. l.675 90.00 e.se e.se e.se e ee
9.e4 3542.s 21474. 4a94727. 834.6 23961446. 42276755, 1.763 let.se e.se e.se e.se 0.48
9.25 1626.8 22779 9284384. 342.9 244e1250, 44544473. 1.456 les.8e 0.80 e.Se e.se e.08
9.50 367s.4 23698. 9727536 149.7 24887540 46925584 l.934 104.8e 8.se 4.se 0.48 8.40
9.75 3714.3 24614 14222921. 157.3 24411750, 494t9195. 2.e56 188.00 e.se e,se e.00 8,006

Is.80 3754.6 23544. 18748992. 16S.9 2485800s. 52045sle. 2.164 18e,4e e,se e.se e.se e.aea

!
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TABLE 2.7.1-12O.
V

ST000P($10E3 NUCLEAA PACEA0INO PR0Pe!ET4RY 17.47.18 85/86/26 PAGE F

NUPAC !s/144M COL D FCAM (*20 DEG)

PACIAGE HE!CNT e 6Seet. (1853
PACKAGE EITEkNAL LENGIN a 28.86 (Iml
PACKAGE E111RNAL DIANgigt e 101.48 (INI
PATLOAD DI ANgtta a PS.80 (INI
DROP NEIGHT + 30.00 (Fil

STRAIN VS STRESS TA8LE

,

STDeeP(34DE3 NUCLEAR PACEA0INO PeoPRIETARY 17.47.38 85/06#26 PAGE 8
*

NUPAC ls/144N COL S FOAM (-20 DE03

++ CRUSN PL ANE ++ * * + + IMP AC T +++ + ++++++ ENERGY ++++++ BISTRIsuf!ON OF STRAIN RATICS 8YCeUSN *
PERCENT OF CONTACT ASEADEPIN AefA V0tuME F0eCE ACCEL. POTENIIAL SieAIN e&TfD - LE.Fe 97.7e 07.88 G7.98 GT.95(IN3 (IN21 (IN33 (LeSt (Gl (IN*LRB (IN-L8I (SE/ PE 3 Lt.Se LE.98 LE.99g(g .25 280.7 13. 82298 1.E 23416250, 10286. .490 180.00 e.as 0.80 e.se e.se

*
*

.58 283.5 95. 226775. 3.5 23432500 48919. .4e2 180.88 0.00 0.00 e.00 e.se.75 344.4 174. 38+l67 S.9 23440750 12S287. .485 100.00 0.09 e.80 0.88 8.801.Se 448.8 267. 348475. 4.3 2344 Sees. 240347 .elt 180.88 e.00 8.84 0.88 8.001.25 4=4.7 373. 67$244. 10.4 23481250. 392833. 837 188.88 0.88 0.00 0.00 e.441.58 488.7 494. 798424. 12.2 2349750s. 576042. .025 ISO.Se 0.00 0.88 e.Se e.Se1.75 527,2 617. 887284 13.1 23513750. 7857$5. .e33 100.Se 8.00 e.88 e.00 e.002.se 562.8 753. 973238. li.e 2353ases. 1888321. .e43 lee.es 0.00 0.80 0.00 0.002.25 196.2 898, 18 SIS 75. 16.2 235462Se, 1274422. .eS4 188.80 8.80 8.68 c.08 e.e42.Se 627.7 leSt. 1824193. 17.3 23542500. 1543393. .eae ISS.se e.Se e.Se e.00 0.002.79 657.5 1212. 1192160. 18.3 23574750, 1832987. 074 !se.Se e.se e.se 8.00 0.0c3.8e 645.9 1380. 12S7964 19.4 215958se. 2139303. .ett 108.80 0.00 0.84 s.40 e.Se3.25 733.8 ISSS. 1328279. 20.3 23611250. 24617s8. .444 lee.es e.00 e.Se e.es e.Se3.Se 738.9 1736. 1383318. 21.3 23627S00. 2/99783. .388 lee.es 0.00 0.00 0.00 0.883.75 763.9 1924 1444821. 22.2 23643750 3853380. .333 180.88 e.00 8.00 e.80 0.884.08 787.9 2388. IS06367. 23.2 23668e80. 3522199. .349 lee.e4 e.88 0.00 0.e0 0.084.25 811.1 2318.- 1568412. 24.1 23474250. 3904546. .365 100.00 0.00 e.48 e.80 8.004.Se - 833.5 2524. 1631796. 25.8 2369250s. 4306S72. .382 400.48 0.00 'e.co 0.00 0.004.75 855.3 2735. 1697374 26.1 2370s75s. 4722719. .199 180.0e e.se 8.08 e.Ce e.seS.88 476.4 2951. 3765975. 27.2 23725000. 1155637. .237 los.88 e.88 0.80 e.84 e.00S.2% 896.8 3173. 1838263. 28.3 23741250 Sec6867. .234 180.00 8.4e e.se e.se e.caS.Se 946.7 3440. 1983893. 29.4 23757See. 6875386. .236 10s.00 e.se 8.00 e.Ce 8.08S.75 936.1 3633. 1994571. 34.7 23773759. 6563744. .276 les.se 0.80 e.e4 e.de 8.as6.Se 955.8 3868. 2081986. 32.0 2379000s. 7e73314. .297 les.se e.se 0.a8 0.00 0.006.2$ 973.4 *199. 2177794 33.5 23806250. 76a5786. .319 '

08.00 e.se e.88 4.se e.se6.Se 998.4 4354. 2283799. 15.1 23822500 8865486. .343 es.se 0.8e e.Se e.se 8.se6.75 IS88.9 4484. 2397962. 36.9 23838750, 8744706. .367 se se e.00 0.8e 0.0e 0.0a7.se le26.1 48S9. 2523779. 38.8 23455800 eS63923. .393 .08.8e e.es e.04 e.se e.Se7.25 1842.8 5117 2666876. 4G.e 23871250 18811655. 489 100.00 0.00 e.00 e.88 8.007.Se leSt.2 5380. 2829458 43.$ 23887500, 18699594. 448 104.68 e.se e.88 4.se 8.as1.75 1875.3 5647. 3a18708. 46.4 23983750 184306l3. 478 188.00 0.00 e.88 8.00 0.0s8.08 1998.1 5918. 3248379. 49.9 23920000. 12212999. .511 100.00 e.80 0.00 e.Se e.es8.25 !!a6.5 6393. 349s872. 53.8 23936250 130554eS. .549 108.84 0.00 0.8e 8.es 0.0e8.50 !!21.6 6478. 3796949 58.4 23952500. 33967383. .383 300.00 e ee e.00 e.88 e.008.79 !!36.4 6753, 4138168. 63.7 239687S8. 14959272. .624 188.88 e.00 4.es 0.86 0.e69.80 !!$1.0 Felt. 4525164 69.6 23985888, 16842189. .669 100.00 0.00 a.as e.Se e.se9.25 !! 6 5. 3 7329, 4952780. 76.2 24001238, 37126922. .7a8 St.se 12.68 8.88 0.00 e.se9.56 1179.3 7622. $4e4146. 83.1 24037S98. 18521528. .778 88.67 19.33 0.04 0.00 0.009.75 1893.4 7988. 1879e80 90.5. 24833750. 19932031. .829 76.08 24.00 e.es 0.88 8.6010.88 1206.6 4218. 6378559. 98.3 24850040. 21464511. .892 72.00 28.00 0.8e 0.48 8.88

/%
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[ 1 SYCRCP($ ICE) NUCLEAR PACEA0INO PRePRIET4RY 17.47.17 45/06/26 PAGEI i
\

NUPAC 10/148N HARM FDAM (109 DE01L

PACKSCE HEIGMT * 4Sess. (Le5)
PACKAGE ExlERNAL LENGTM + 60.8e (IMI
PACEAGE EXIERNAL etAMtTER * ISS.Se (IN)
PAYl0AD DIAMETEa e 75.00 (IN3
DaCP MEIGNT e 30.08 (FT)

STRAIN WS STRESS TAGLE

STsa0P(SIDE) NUCLEAR FACEA0INO PRePe!ETARY 17.47.17 85/06/26 PAGE 2

NUPAC IS/44eN NARN FOAM (309 DEG)

++ C#uSM PLANE ++ ++++ IMPACT ++++ ++++++ ENERGY ++++++ BI3TRI8UTION OF STRAIN RATICS SYCRU$N
PERCENT OF CONTACT AeEACEPTM asea WOLUME FORCE ACCEL. POTENTIAL STRAIN RATIS LE.74 GT.7e GT.Se GT.98 GT.95(!N) (IN2) (IN3) (L81) (G) ( I N-L S ) (IN-LS) ( $ E,/ P E ) LE.88 LE.90 LE.95

.25 622.8 104.' 184856. I.6 23416250 13357 . set let.se s.e4 e.se 0.88 0.08.50 879.8 294 303575. 4.6 23432See. 4+411. .eal lee.ee 6.08 0.88 0.00 8.se.75 1876.2 S39 521999, t.e 23444758 167354. .Sei let.08 e.as e.00 e.00 0.801.88 1241.3 829. 7198c6. II.! 2346580s. 322583. 884 ,08.08 0.00 e.00 e.se 0.08
,

8.2S 13a6.2 3158. 84tF82. 11.6 23441250 522782. 022 ,00.0e 8.00 e.es 0.08 8.se!.58 1516.7 1521. 1823191. iS.F 23497500, 768903. .e32 lee.se 4.00 8.se 8.00 0.00/,._ x 1.75 1634.5 1915. 1852768. 17.7 23513758. 1032494 .e64 183.08 e.as .e.00 8.se e.83/ 2.80 17 4 F . 2- 2334. 1269326. 19.5 2353e80s. 1335460 057 00.00 0.00 e.00 0.e4 0.00
4

f | 2.2S 1851.8 2788. 1375SF2. 21:2 23546250. 1666272. 871 .00.88 6.es 8.00 0.88 8.08"y' 2.38 1944.8 3263. 1475793. 22.7 2356250s. 2022693. 036 so.as e.ee 3.se e.se e.as2.75 2441.5 3762. 1571417. 24.2 23573759. 2403394 .302 08.48 e.08 0.08 0.08 0.003.48 2129.8 4254. 1663517. 25.6 23595868. 2887968. .319 ,se ee e.00 e.as e.as e.003.25 2216.1 4427. IFS 2485. 27.8 23618254. 3235911. .137 188.80 e.00 e.88 0.00 e.se3.50 2295.0 5391. 1848002. 28.3 236275ce. 3684822 .356 188.08 e.no 0.00 8.05 e.ee3.75 2372.7 5974. 1925330. 29.6 23443758. 4154784 .176 188.05 0.te e.es 0.80 e.004.88 2447.5 6577, 2009393. 30.9 23648000. 4644629 .196 los.se e.se 0.08 0.00 e.804.25 2119.8 7194 2692634 32.2 23674250. 5159382 218 10s.08 0.08 e.as 0.88 a.084.58 2589.7 7436, 2175469. 33.$ 23692589. 5692895. .248 108.00 0.00 8.00 4.00 0.8e4.75 2657.5 8492. 2258295. 34.7 23788750. 6247816 .263 180.08 8.00 8.00 8.40 e.885.00 2723.2 9145. 2341455. 36.e 237259a8. 6822e42 .288 les.Se e.00 0.04 0.es 0.88S.25 2787.1 9454 2424593. 37.3 23741250 7417835. .312 108.84 e.00 e.ee 8.es e.88S.Se 2869.2 18558. 2548S17. 34.6 21757Ste. 4034474 .334 180.ee e.se e.se e.se e.es ,5.75 2949.7 18274. 2593850 39.9 23773758 4672270 .36 S 808.00 0.00 8.88 0.00 e.4e i6.80 2968.6 12813. 2641212. 41.2 237900es. 9331653. .392 Iss se e.se e se - e.se e.se6.25 3426.1 12762. 2771271. 42.6 23896259. 18013234 421 180.0e e.se 0.08 e.Se 4.986.58 3842.3 13526. 2864661. 44.4 23822 Sea. 18787785. 450 108.80 4.e0 0.88 4.8e e 88 -6.75 3137.1 14343, 2961196. 45.6 23838758 11445938 448 100.00 e.se e.00 e.es 0.007,80 3198.7 15s95. 3060545. 47.3 2383S88a. 12198655 .511 184.se e.es e.se e.se e.es7.25 3243.2 35499 3164714. 44.7 23471250. 12976832. .$44 les.se s.Se 4,88 0.00 e.007.50 3294.5 16F16, 3275249. 58.4 23847500 1378188F. .377 100.00 0.00 e.00 0.e0 e.407.75 3144.8 17546, 3591686. 32.2 23903798. 14615424 611 los.se e.ee 8.08 0.08 0.884.30 3394.1 18388. 3521597 54.2 2392800s. 15479834 647 lee.es e.es S.as e.98 e.se8.25 3442.4 19243. 366e639 56.3 23936258. 14377614 .684 180.00 8.84 e.00 e.00 8.048.58 3449.4 201e9. Ste8622. 58.6 23952580. 17311278. .723 100.se 4.00 a.co 4.se e.se4.75 1536.3 28944 1968591. 61.1 23968759. 18243423. .763 Res.Se e.se e.se e.80 e.8e9.08 3542.8 21474. 4144594. 63.4 23985000. 19297571. 5e5 Iss.es e.es e.Se o.as e.Se9.25 3426.4 22779 4348292. 66.8 24008254, 20358183. 848 180.00 0.00 0.04 4.00 0.009.58 3670.4 23691. 4559465 79.1 24017308. 21478652. 594 Ite.80 e.Se e.00 8.00 's.se9.75
,3714.1 2 ,6.l4. 4 a. 8 i ,4 2.

24 060 73.9 24e33750.
2264,134,8. 100.38942 0.84 8.08 0.8e e.seis.a. ,56.6 8. 3 33. ,8.2 24 5ese . us ,u . 9,3 i00.0 . 0e 0.00 0.00

e.te|j
e..e

10.03 3742.2 23674 5122624 78.8 24652172. 24052274 1.840 188.04 0.08 e.00 8.ee
18.25 3798.4 26492. 5386306. 42.9 24e662SS. 25185867 1.347 100.08 0.00 0.a0 e.se e.et Ito.5e 3439.5 27447. 5734166. 48.2 24e42500. 26575926. 3.184 Isa.se 8.se 0.00 e.se e.00 |10.75 3880.3 28412 683a548. 94.4 24094750, 28840014 1.164 los.es e 40 e.0a 8.80 0.06!!.80 3919.4 29347. 6618615. 181.4 24115848. 294$4659 1.238 188.88 0.80 e.08 8 ee 8.00
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N TABLE 2+7.1-14
s

$YDAOP(SIDEI NUCLEAe PACEA01NO PA0PRIETARY 87.47.17 85/06/26 PAGE 3

NUPAC IB/14eN NARM FOAM !!st DE01

PACKAGE HEIGNT a 4$000. (L4SD
PACKAGE EXIERNAI LENGTN a 20.80 (INI
PACKAGE EXIERNAL DIAMETER a 108.00 (INI
PaTLOAD OIAMtiga e 75.se (INI
DeGP NEIGNI * 30.00 tell

STRAIN VS STRES$ TABLE

.

SY Deep (SI DE) N u C L E A'A PACEAGINO PR0PA1EiARY. 17.47.87 85/06e26 PAot 4
kWPAC 10/146M NARM FOAM (149 DEG) 4

++ CRU$N ?tAht ++ ++++ INPACT ++++ ***+++ ENERGY ++++++ el3TRIBUf!ON OP STRAIN RATIOS SYCRUSN
StPIN AREA , W0tuME FORCE ACCEL. POTENTIAL STRAIN SATIO LE.74 GI.70 GT.8e OT.90 07.95

*
PERC&NF OF CONT ACT AREA

(IN) (IN2) (IN*) (LSSI (G) (IN*tS) (IN+L e t ($ErPE) Lt.80 LE.98 LE.95.25- 280.7 . 33, 43757. .7 23446250 5465. .ete lee.ee 4.00 0.00 0.00 0.08
* .50 243.5 95. 120575. 1.9 25432500, 26een. 405 les.Se e.as 4.80 0.se e.oe

*
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A conservative estimate of the maximum acceleration experienced by the cask--

when l'apacted on the curved sides of the overpack maybe obtained by combining
;

the 60 inch and 20 inch SYDROP runs as follows. Assume that the response of
,

the 60 inch overpack is correct for the first 3.5 inches of deflection, after

which the results of the two analyses should be added together to get the

combined force and strain energy in the foss. The combined force maybe di-

vided by the package weight to determine the effective acceleration. Clearly,

the highest loads will result form the -20*F case, and the table below shows
how the data from the two SYDROP runs can be combined from the 60 inch
overpack analysis:

'

Crush Depth Impact Force Strain Energy

6.00 5872159 20687567

6.25 6056045 22178682

From the 20 inch overpack length analysis:

Crush Depth Impact Force Strain Energy

2.50 (=6.0-3.5) 1124193 1543393

2.75 (=6.25-3.5) 1192560 1832987
:

Combining the two analyses and comparing with the potential energy of the

total drop distance:

Crush Impact Acceleration Potential Strain Ra tio

Depth Force Energy Energy (SE/PE)

6.00 6996352 107.6 23790000. 22231050 .934

6.25 7248605 111.5 23806250. 24011669 1.009

.
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l
The impact force and crush depth maybe found by in t e rp o l a t io n from the ;,

combined data:

Crush Depth Impact Force Acceleration Ratio '(SE/PE) (By Interpolation)

6.22 7218335 111.1 1.000

Thus, for side impact on the curved portion of the overpack, the maximum

acceleration that could be expected would be 111.1 g's, which would occur at

-20*F.

The acceleration at the upper temperature extremes maybe determined in the

same manner from the analyses using foam properties at 109 F.

From the 60 inch overpack length analysis:

Crush Depth Impact Force Strain Energy

9.25 4340292 203581E
,

'

9.50 4559465 21470652

From the 20 inch overpack length analysis:

Crush Depth Impact Force Strain Energy

5.75(=9.25-3.5) 919225. 2975459

6.00(=9.50-3.5) 961110. 3210501

i

Combining:

Crush Impact Acceleration- Potential Strain Ratio

Depth Force . Energy Energy (SE/PE)

9.25 5259517. 80.9 24001250. 23333642 .972

9.50 5520575. 84.9 24017500. 24681153 1.028
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The impact force and crush depth maybe found by interpolation from the

combined data:

!

| Crush Depth Impact Force Acceleration Ratio

i

9.38 5390046. 82.9 1.00

0The foam properties used in this 109 F analysis were degraded 15% to account

for f abrication variables and thus the crush depth of 9.38 inches is the

maximum that might be expected assuming a fully ef fective overpack. For

conservatism, however, the crush depth expected assuming that only the 108

inch diameter portion of the overpack is effective in resisting the impact may

be used to determine whether any of the cask protuberances 'could be hit during

impact. The largest protuberance which could be affected is the tie-down lug,

which extends 6 inches out from the side of the cask (not including the

thermal shield). Since' the overpack is 16.75 inches thick on the side, any

crush in excess of 10.75 inches 'would cause the tie-down lug to ' bottom out'.

; Since SYDROP predicts that under the most unf avorable circumstances the

deflection is limited to 10.03 inche.s, clearly the tie down lug would not be

expected to bottom out.

| The energy margin of safety on this may be taken directly from the SYDROP !
'

output for the energy ratio between the Potential and Strain energies at a

deflection of 10.75 inches. SYDROP indicates that the strain energy potential

| energy ratio at the deflection which would just cause the lug to touch the
~

impacted surface is 1.1.64 or a margin of safety on energy of j

(

M.S. = 1.164 -1.= +0.16 |

t

To summa riz e, the highest acceleration experienced by the 10/140MB during a ;

flat side impact onto the curved portion of the overpack would not exceed
i r
'

111.13's, while the greatest impact deflection expected would not exceed

10.03 inches and would be closer to 9.38 inches. ,

!

|

|

.

: !
'

i

I
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As previously stated, impacts on the overpack flat. sides cannot be accurately

modeled using the program SYDROP. Howeve r, the ove rpack deformations and

impact forces may be estimated from hand analyses. A schematic representation
of the impact scenario is shown in the Figure below:

i

I
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i i

; An upper bound on overpack deformation maybe calculated by noting that the :

actual deformation of the overpack will be less than that from a rectangular

pad of foam uniformly stressed of dimensions 49.5 inches wide by 60 inches

long by 20 inches thick. Such a pad corresponds to the footprint area of the

flattened side of the overpack, not considering the outer 10 inches on each

end of the overpack as being effective. The thickness corresponds to the

maximum thickness of foam actually present behind the footprint area. Thus,

the resisting effect of the foam mobilized - outside of the initial footprint
,

area is conservatively ignored, and the strains for most of the impact are

f taken to be less than they would actually be since the curvature of the stool

outer shell causes the center of the impact zone to be only about half as

thick as the pad is assumed to be. This assumption causes the resistance of

impact to be further reduced from what would actually occur.

i

The tab le below was developed using hand calculations and the stress-strain

0relationship for 109 F polyurethane foam. Stresses were assumed to vary

linearly between integration points at 0%, 5%, 10%, 30%, 40%, 45%, and 50%.

.

The columns'of,the table are related_by the following relationships:

Strain = Deflection /20 inches
Stress = f(s train) where f(x) is defined by the design stress-strain

relationship at this temperature

Force Stress x 49.5 x 60=

.

The total strain energy is obtained by multiplying the average of the force at

the given deflection and the force at the previous deflection by the

difference . in deflections, and adding this to the total strain energy at the

previous deflection.

i

,

+

::
I '

|

|

l
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Deflection Strain Stress Force Total Strain Energy

( (in.) (psi) (Ibs) (1b-in).

0 0% 0 0 0

1 5% 725 2153250, 1076625.

2 10% 834 2476980. 3391740.
J

6 30% 974 2892780. 14131260.

8 40%~ 1122 3332340. 20356380.

9 45% 1270 3771900. 23908500.

10 50% 1438 4270860, 27929880.,

The onesgy the overpack wonid be required to dissipate from a 30 foot drop

onto an anylalding surface' assuming 9 inch deflection would be:

6[(30 f t)(12 in/f t) +9indeflection) 65,000 = 23.985110 in-1b.

6The energy to dissipate assuming 10 inches of deflection wonid be 24.05Il0

| in-Ib. Thus the ration of strain energy to required energy dis sipation at 9

( inches of deflection is
_

23908500/2398500 = .997

The ratio at 10 inches is
,

27929880./24050000. = 1.161

! By interpolation, the deflection predicte'd by this extremely conservative

analysis is
.

((1 .997)/(1.161 .997))(10-9) + 9 = 9.02 inches

Since the flat side of the overpack provides over 10 inches of protection to

the side of the cask, clearly the cask will not bottom out.
,

O
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;

Forces may be estimated using a similar approach, but assuming a dif ferent

' pad' ge ome try. Since an upper bound on the impact forces is sought, thet

entire overpack footprint is assumed ef fective. In addition, the pad is

assumed to be only 10.75 inches thick, corresponding to_ the minimum effective

thickness of the overpack. Finally, to account for the additional foam mobi-

lized as the impact deflections proceed, the pad is assumed to be 60 inches

wide for 30 inches of length on each end (compared with 49.5 inches actual

footprint width at zero deflection) and 40 inches wide for the remaining 10

inches of length on each end (compared with 31.4 inches actual footprint width
at zero deflection).

.

.

The pad cross-septional area is then:

22((30)(60) + (10)(40)) = 4400 in ,

The impact forces will be at a maximum during impacts at -20 F. The following

table may be constructed using the same techniques used above to calculate

deflections:

' ~

,

Deflections Strain Stress Force Total Strain Energy

(in.) (psi) (Ibs.) (ib.-in.)

0 0% 0 0 0

.538 5% 1416. 6230400. 1675978.

-1.075 10% 1968. 8659200. 5677558,
,

2.150 20% 2015. 8866000. 15097353.

3.225 305 2108. 9275200. 24848248.

Th. drop energy to be dissipated by the overpack strain energy at 2.15 inches

of deformation is

I

(362.15)(65,000) = 2359750. Ib.-in.

I
and at 3.225 inches:

(363.225)(65000) = 23609625
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The ratio of strain energy to energy to dissipate at 2.15 inches of

deformation is then .641 and at 3.225 inches the ratio is 1.052. The impac t '

force maybe interpolated as follows: ,

t

((1.641)/(1.052 .641))(9275200-8866000)+8866000 = 9223428 lbs.,

9223428/65000 = 141.9 g's
,

Due to the conservative assumptions used in the calculation of this force, the

maximum impact acceleration the 10/140MB might experience when striking on the
flattoned sides of the package from a drop of 30 feet is less than 141.9 s's.

The design based on a side acceleration of 141.9 s's will result in calculated !

stresses higher than those that would be. experienced by the package in an

actual event. ;

2.7.1.3.2 Outer Shell Bendina Stresses

Because the 10/140MB overpacks extend only 22 inches up the side of the steel

and lead radiation shield, the con _ter section of the cask is unsupported
during the side impact. A bending moment will develop between the overpacks. !

Conservatively assume the cask is simply supported at the ends of the lead and

steel cylindrical shell. The shell is 79 inches long. The payload is assumed

to be distributed along the middle 73 inches of length, so that the weight per j
'

inch is

i
r

15000/73 = 205 lb/in. ,

i

:

The shield linear weight.can be calculated as foll'ows ;

I
.

2 - 67.5 ) 700/1728 |0.25n[(67.52 - 66 ) + (74.522 2
-72)]490/1728+.25n(72 2

i

= 126 + 200 = 326 lb/in

!

:
.

,
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t

The total distributed load may be taken as 205 + 326 = 531 lb/in which

conservatively assumes the payload distributed load extends the entire 79

inches length of the shell. The maximum moment on a simply supported beam

with a distributed load is given by: I

:

2 6M = YL /8 = (141.9)(531)(79)2/ 8 = 58. 8 x 10 in-lb {j

!
l

The moment of inertia of the outer A516 Gr. 70 steel shell is given by the [
t

formula ;

I = .25n (R,4 - Eg) f
4

4 - 36.0 ) = 1.93 x 105 j4= .25(n)(37.25

Bending stress is then
,

!
I

e = Mc/I I

6 5= (58.8)(10 )(37.25)/(1.93)(10 ) = 11350 psi
:
t

i

This is a pure, tension and pure compression stress on the extreme fibers of |
f

the shell. Simultaneous with this stress, a stress due to the she l l's !

tende ncy to flatten into an oval shape occurs as a bending stress in the hoop

direction of the shell. These stresses may be estimated using Case 19 in
|

Table 17 of Roark, p. 237, which gives the formula for the bending moment at

the top a a circular ring loaded by its own weight and supported by tangential
,

shear:
,

i

i
M = YgR2 (1-k )/2

{4

g = acceleration = 141.9

Where !

W = weight per inch of circumference per inch of length = 531/2nR f
= 23.07 lb/in !

fR = Mean Radius of the shell = 36.63

k4=k/Ei = .999789 |2

kl = 1+=+$ = 1.012189
~

[

k2 = 1-=+S = 1.012082 {
V = = I/AR = .00106 |

t

i

|4
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$ = FEI/ GAR 2 = /01219
F = 1.2 (form factor for a rectangular section)

3 2I = bh /12(1 p ) (b=1,h=1.25,p=.3)

4= .1789 in

A = bh
2= 1.25 in

6E = 29X10 p,g
6G = E/2(1+p) = 11.2X1

{ Thus

M = (2.307)(141.9)(36.63)2(1.999789)/2 = 46.33 lb. in.
I = .1789

,

C = .625

a = Mc/I = (46.33)(.625)/.1789 = 162 psi

4

The worst biarial state of stress may be. assumed to occur when the hoop

bending stress (ovalty) acts in tension and the longitudinal bending stress

acts in compression (as at the inner wall of highest point of the shell
,

during impact). The stress intensity under such conditions can be

approximated by the sum of the hoop and longitudinal bending stresses

calculated above (under the assumed conditions, there is virtually no shear

stress):

S.I. = 162 + 11350 = 11512 psi

The margin of safe ty is then

.7(70,000)/11512 -1 = + Large

The bending buckling allowable stress for the outer shell is 32,258 so the

margin of safety against buckling is:

M.S. = 32,25 8/11,512 - 1 = +1.80

2-181

|
-. -- . _ _ _ _ _ . . - - . _ _ . -



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

NmPas 10/14015 Amanat 1985 i
|

*

2. 7.1. 3 . 3 3.15bt Innact Inner Shell Stresses

.

During a side impact, the inner shell of the 10/140 MB would be expected to

act in conjunction with the outer shell to carry bending load. However it is

conservative to assume that the inner shell must support its own weight, the

payload weight, and the weight of the lead above it. This load can be

calculated as below:

2 - 67.5 )(700)/172822 - 66 )(490)/1728 +(.5)(.25)n(722.25x(67.5
i

= 145 lb/in

As before, the payload weighs 205 lb./in. so the total load on the inner shell

would be 350 lb/in. The maximum moment is:

2 6M = WL /8 = (141.9)(350)(79)2/8 = 38.74 x 10 in- lb .

j The moment of inertia of the inner shell is

I = .25x(33.754 - 33 ) = 87,600_in.44

The stress in the inner shell, then is,

6a = Mc/I = 38.74(10 )(33.75)/87600 = 14925 psi

i

i As in the outer shell, this stress should be combined with the moment in the
,

hoop direc tion. The following quantities may be calculated using the same

method as presented for the outer shell:

J

I = .0386
j

: A = .75
p = .000046

! $ = .00482

kg = 1.004861

k2 = 1.004769
~

k4 = .999907 ;
4

E = 28,000,000

|

'
|
!

'
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G = 10,800,000

( W = 350

R = 33.375

M = 350(141.9)(1.999907)(33.375)2/2
= 12.14 lb - in

a = 12.14(.375)/.0386 = 118 psi

Adding hoop and longitudinal bending stresses to get the stress intensity:

S.I. = 14925+118 = 15,043 psi

The allowable stress is 48,000 psi so the margin of safety in bending is:

M.S. = 48,000/15043 -1 = +2.19

.For buckling in bending, the allowable is 27,754 psi so the buckling margin of

( safety is:
, _

M.S. = 27.754 psi /15,043 -1 = +0.84

2.7.2 Puncture

A 40 inch drop onto a 6 inch diameter pin can occur in three separate regions,

e.g., cylindrical body or cask side wall between the overpacks, top and bottom j

lids inside the overpack center opening, and the overpack itself.

i

|
,

.

e

1

4
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2.7.2.1 Side Wall Puncture Resistance

O
Using ORNL-NSIC-68 for the side wall evaluation, the required outer shell

thickness for puncture integrity can be calculated as:

t = (W/S,)*71
There: t = Outer Shell Thickness = 1.25 in.

W = Cask Gross Weight = 65,000 lb.

|

S,= Outer Shell Ultimate Strength = 70,000 psi (Sect. 2.3)'

Realizing that the kinetic energy of the 40. inch drop is:

E = h W = 40 W
3

this equation may be rearranged as:

E/S,= 40 t1/ * 71 = 40 t .411

Assuming.that the total kinetic energy of the 40 inch drop is absorbed in

i stressing the outer shell material just to the point of failure, the minimum

! onergy ratio required to preclude puncture is:

1

E/S, = 40 in-lb/ psi

From the drawings in the Appendiz (Section 1.3), it can be seen that the

ozternal shell for the NuPac-B 10/140M cask is fabricated from 1.25 in, thic k

ASTM A516 Gr. 70 alloy steel. Therefore, the drop energy ratio is: .

E/S,= (40)(1.25)1*41 = 54.77

The resulting energy Margin of Safety can be calculated as:
.

M.S. = 54.77/40 - 1 = + 0.37

%
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i

Sakamoto's equation for'the side puncture event is'

!

iE/S, = [.003 + .047(t/D) + .002(d/D) + .006(.-/d)]
t(1.585 11r)d(1.465+.077r) |

!

:
,

I
f

There: d = Puncture Pin Diameter f
!
;

.

!i

D = Cask Outside Diameter |
|

|
both expressed in metric units. >

l

!
.

Resolving the equation into English units and utilizing a 6-inch diameter |

puncture pin yields: f
: |

.

) E/S, = [64.30 + 237.4/D + 929.88(t/D)] t.8865
L

i

= [64.30 + 237.4/74.50 + 929.88(1.25/74.50)](1.25) .8865 |,

O - - j

t
i

,

= 101.26 j

i
!
'Energy Margin df Safety is:

N.S. = 101.26/40 - 1 = + 1.53

Similarly, Shieh's equation:

1e /3 l.68Y ,.37[1 + 6/D + (41/D)2 t
t

S, 1 + .it.87
|

l

!
,

f,

N

1

I

!

.

!
i
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can be expressed as:

f'N
E , 14.8[1 + 6/D + (41/D)2j,t/3 l.68t

S, 1 + .it.87

E ,14.8[1 + 6/74.50 + (41/74.50)2j,1.25/3(1.25)1.68

S, 1 + (.1)(1.25).87

= 40.29

for a Margin of Safety of:,

M.S. = 40.29/40 - 1 = + 0.01

It is thus evident that the cask side wall is adequate to resist the

regulatory puncture impact requirement.

2.7.2.2 Cask Lid Puncture Resistance

O Due to the extremely rigorous leai-tightness requirements for this Type B
'

package, it was determined that a finite element analysis would be required to

evaluate the structural response due to post impact on the cask lids within

the overpack center opening. The secondary lid opening in the top primary lid

makes this member the more structurally flexible of the two lids and therefore

the more prone to high stresses and permanent deformation leading to loss of

seal integrity. It was therefore this structure which was subjected to the the

most intensive analysis. The bottom lid (utilized in optional bottom-loading

casks) was evaluated rather than the fixed bottom, since it will be more

flexible, and therefore more highly stressed, than the rigidly-attached bottom
,

plate of the baseline fixed bottom cask model. |

3

!

>

e

O i

,
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In addition to complying with accident condition stress allowables set out in

Regulatory Guide 7.6 and outlined in Section 2.7.1 above, lid deflections were

to be limited so that a residual compression would be maintained on at least

tone of the two sets of EnviroSeal a 0-rings at the end of the puncture event.
To maintain lid stress levels within regulatory limits while ensuring con-

tinued sealing integrity, special lid configurations with integral latching

as semblies were developed. These unique designs are shown in the general

arrangement drawings in Section 1.3, Appendix.

For the analysis, the ANSYS finite element routine was utilized. Th e c a p-

abilities of the program are 'ontlined in Appendix 2.10.2 and details of the

analysis are given in Appendix 2.10.8. All possible worst case conditions for

both stress and deflection were evaluated. These included a center-loaded

axisymmetric model of the bottom lid to evaluate center impact, and a three-

dimensional model of the top lid with post impact at the center, at the

secondary seal location (outside diameter of the secondary lid) and at the

inside diameter of the overpack center opening.

I

Material properties for a 200 F temperature condition were used in the analy-

sis. This is conservative, since, from Section 3.0, the maximum anticipated

lid temperature for the accident condition drop event s is 106 F. Al so, the

lowe st applicable 304 s tainle s s steel material properties from Table 2.3-1

were used to evaluate stress level Margins of Safety.

A summary of analysis results is outlined in Table 2.7.2-1 below. These

results indicate that the cask lids are suitably designed to withstand any

regulatory puncture event.

2.7.2.3 Overnack Puncture Resistance

Since it has been demonstrated that the unprotected cask will survive a 40

inch drop onto the puncture pin per 10 CFR 71, damage from such a drop impact-

ing the overpacks will be less severe than from the cases already examined.

2-187

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



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

NsPas 10/14115 Argast 1985

! The above results demonstrate that the NnPac 10/140MB cask will survive a 40
inch drop onto the puncture pin per 10 CFR 71 with no adverse af fect on cask

sealing and shielding integrity.
.

!

!
|

!
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|

|
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TABLE 2.7.2-1

Summary of Lid Analysis Results

Load Max. Bending Max. Membrane Min. O-ring Min. 0-ring Max. Enviro- Max. Bolt
tLock a Load Stress (psi)Case Stress (psi) Stress (psi) Compression- Compression-

(Margin of Safety) (Margin of Safety) Primary Seal Secondary Seal (ib.) (Margin of Safety)
(Margin of Safety)

Center Punch- 61,703 25,576 18.6% 58,606

Bottom Lid (M.S. = +0.13) (M.S. = +0.88) (M.S. = +1.99)y ,

4
E

'

Center Punch- 57,231 29,040 19.9% 21.3% 57,270 16,025
Top Lid (M.S. = +0.22) (M.S. = +0.65) (M.S. = +2.06) (M.S. = +4.46)

Punch at 65,810 48,105 18.6% 20.2% 86,070 0

Secondary (M.S. = +0.11) (M.S. = +0.49) (M.S. = +1.03)
Lid O.D.

Punch at 43,620 42,454 20.1% 17.5% 64,193 8,930

Overpack (M.S. = +0.60) (M.S. = +0.13) (M.S. = +1.73) (M.S. = +Large)
I.D.

I
1
a

.

5 |

!

.
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2.7.3 Thermal ;

!

'

The hypothetical fire transient is analyzed in Sec tion 3.5. From that

section,-maximum temperatures and pressures are directly available for use. f
!

I
'2.7.3.1 Sammary of Pressures and Temneratures

h
The maximum fire accident condition tempe ra tures for the various cask compo-

!nents are presented in Sections 3.5.3 and 3.5.4. Maximum internal pressure

resulting from the fire transient is 24.4 psig. !
t

i
2.7.3.2 Differential Thermal Exnansion !

|

Differential thermal expansions due to the fire accident are of little conse-
,

quence for the NaPac 10/140MB Cask. All stresses resulting from differential f
:

expansions can be classified as secondary, displacement limited stresses. As

limits on secondary stresses do not apply for accident conditions (per Section

2.1.2), differential expansions do not compromise the integrity of the cask.
,

Through wal,1 (and through thickness) thermal gradients also result in secon-
) dary stresses and again are of little consequence for the cask. !

s. / l
:

I

2.7.3.3 Stress Calculations !

!

!
The concern for accident conditions is with primary, load controlled stresses. [

!
The only load controlled stresses during and af ter the fire transient are j

those re sulting f rom pre ssure and dead weight, and are theref ore rather mo- f
L

dest. Although temperatures associated with the fire transient are typically

higher than those associated with other accident condit io ns, the NuPac 125-B

lCask design is considered by inspection to be governed by the significantly
r

more severe drop accident events. f
i

i

2.7.3.4 Comnarison with Allowable Stresses [
;

Based on the discus sions pre sented in Section 2.7.3.1 through 2.7.3.3, it is
7

apparent that large margins of safety exist for the fire transient condition.
'

!
1

I~

( j
k_ is

2-190 !
!

|

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



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

NuPas 10/14085 Ang:st 1985

'

2.7.4 Emmersion - Fissile Material

This section is not applicable to the NuPac 10/140MB, since only insignificant

quantities of fissile material would be transported in it.

|

2.7.5 Immersion - All Packanes

i

The effect of a 21 psig external pressure due to immersion in 50 feet of water

as required by 10 CFR 71.73(c)(5) is analyzed below:

Assuming the pressure is entirely reacted by the outer she l l, the component !

stresses are: [

,

Hoop stress = ah = pr/t {
<

Longitudinal stress = ag = pr/2t
'

.

Radial Stress = a, = p
-

|

i
.

|
where p = pressure = 21 psig ;

! ,

r

r = outer shell radius = 36.625 in. j
. .

!
:

t = outer shell thickness = 1.25 in. !
I

i
So, |

|
r
I

ch = (21)(36.625)/1.25 = 615 psi ;

5

og = (21)(36.625)/(2)(1.25) = 308 psi f
i
!

i
a, = 21

,

. I

!

The maximum stress intensity in the outer shell is then 615 - 21 = 594 psi and

the margin of safety is very large,

i
:

1
'
,

2-191
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]

Stresses in the 5.25 inch minimum thickness end plates are similarly trivial4

and completely bounded by the stresses in the lid f rom the payload pressure

during the 170.8g acceleration from end impact from 30 feet at -20*F.

2.7.6 Summary of Damane

From the analyses presented in Sections 2.7.1 through 2.7.5, it can be shown

that the accident test sequence will not ~ result in any significant structural

damage to the NuPac 10/140MB Cask. Nearly all permanent damage occurs in the

external overpacks as desired. Minor amounts of damage can occur to cask

components as follows:

For a 40 inch drop on a 6.0 inch diameter puncture pin, with impact occurring

on the side of the cask at midlength, localized cask damage can occur at the

impact point, but the outer cask outer shell will not be perforated and the

overall bending response of the cask remains elastic. Finally, for a 40 inch

drop on a 6.0 inch diameter puncture pin, with impact occurring on the outer

cask lid, a very slight permanent bow of the 7.50 inch thick lid may occur.
. -

These permanent deformations are of little consequence for the NuPac 10/140MB
,

t

Cask as they represent only minor changes in cask geometry. In particular,
'

2

damage is not suf ficient to compromise 'leaktightness' of the containment

vessel or cask seals. For these reasons, the integrity of the cask is not
,

'

considered to be compromised by the accident test sequence set forth in 10 CFR

71.
,

i

2.8 Soecial Form

)-<

.

This section does not apply for the NuPac 10/140MB Cask.

2.9 Fuel Rods

This section does not apply for the NuPac 10/140MB Cask. -

|

f 2-192
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APPENDIX 2.10.1

STABILITY AND BUCKLING DESIGN MITERIA _

\
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2.10.1 Stability and Bucklina Desian Criteria

| This appendiz defines a stability and buckling criteria for radioactive

materials packages consistent with the guidelines of - Paragraph C.5, NRC

Regulatory Guide 7.6, see reference 2.10.1.5.1. The technical rationale for

this criteria is presented and discussed in conjunction with appropriate works

in the technical literature. This appendix concludes with an analysis of the

inherent factors of safety embodied within this criteria and a comparison of

these factors of safety with comparable elements of other established forms of
design criteria for stability.

,

|

Briefly, the criteria establishes the limit (membrane compre s sion) stress at
1/5 or 1/7.5 of the elastic buckling (Euler) stress limits for accident and,

normal conditions of transport, respectively. In the domain where failure is

characterized by yielding or plastic flow, rather than instability, the limit

stress is further reduced by consideration of physical material limits for

yielding and strength. A parabolic curve provides the transition between the

physical material property limits and the elastic stability limits.

I The boundary between stability and plastic flow or yielding regimes is set at
'

a point where the elastic buckling load exceeds the yield load by a factor of
3. This boundary citerion is taken from the work of Comboscure, reference

2.10.1.5.10. Withi? this stability design criteria, this boundary is
,

implicitly artistibd, for accident conditions, by setting stress limits at 1/5

of the elastic buckling stress. The corresponding factor of 1/7.5, applied to

normal conditions, is attained by application of the conventional ASME factor

of 2/3, representing the ratio of (S,/S ).y

The criteria defined here recognizes that compressively loaded structures

behave in different f ashions depending upon geometric aspect ratio of the

structure. The nature of the criteria is such that the factors of safety vary

with this geometric aspect ratio up 'to asymptotic values of 5 and 7.5, versus

elastic buckling stresses, for accident and normal conditions of transport,
.

respectively. These asymptotic factors of safety may be considered

,

2-10-1-1
i
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conservative for general use as radioactive materials package design criteria.

./9 It should be noted that the general form of the criteria allow adjustment of

b
i

these asymptotic f actors of safe ty to any values considered appropriate.

a

2.10.1.1 Criteria Definition

(
,

Direct primary compressive membrane stresses, S, in containment vessels shall

be less than the lesser of S,/Rd j eOf S' S is defined as the appropriate

elastic buckling stress limit considering adj us tme nt s resolving theoretical

and experimental results, but neglecting plasticity corrections. The

reduction coefficient R is to be taken as 7.5 for normal conditions ofd
transport and 5 for accident conditions of transport. This reduction

coefficient, R corresponds to the intended factor of safety of the method atd
high aspect ratios of the structure. S is a generalized ' Johnson' parabolicy

transition curve having a value of S,, at an aspect ratio, G, of zero. This

parabolic transition curve is also tangent to the expression S,/Rd at a stress
level of 2/3 S,. The tern S, denotes the applicable strength limit of the
material -- S, for normal conditions of transport and S for hypothe ticaly
accident conditions, both as defined within reference 2.10.1.5.1. The details '

of the criteria, in symbolic ' form are as follows:

Where G is less than G*:

S 1 S,
j

Where G is greater than or equal to G*:

S i S,/R *d

Where: S, The classical elastic buckling stress expression cast in=

the generalized form:

K/G.=

O
.2-10-1-2
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;

A numerical constant unique to each compressive loadingE =

mechanism reflecting materials properties ( Young's Modu- !

I lus, Poisson's ratio) and empirical or theoretical coef fi-
|

.
c ie nt s. See Table 2.10.1.1-1 for a samary versus typical {

'

loading mechanisms. 'f
1
*,

,

A non-dimensionalized geometric aspect ratio unique toG =

each loading mechanism. See Table 2.10.1.1-1 for ad

summary versus typical loading mechanisms. For example:i

;

(L/p)2, for column type loadings [ Note: p = (I/A)1/2), !=

(R/ t), for external pressures on long cylinders and axial=

compression loadings of. cylinders.
,

i
s

|R 7.5, for Normal Conditions, ;=
d

5.0, for Accident Conditions. !=

l

!? '

j The parabolic transition from S, to (S,/R I *S =
d

!

S, - 4S,3 2 [27(K/R ) l*G/=
d

G* The aspect ratio, G, where the parabola defined by Sj=

intercepts and is tangent to the curve defined by (S,/R I* Id
in other words, G* corresponds to the aspect ratio where f

,

Sj = (S,/ R ) * ** 'fd

f
(3/2)(K/R )/8 *=

d s

,

S, S,, for Normal Conditions,=

S , for Accident Conditions.=

7
4

S, Design Stress Intensity as used within Section III, ASME=

Boiler and Pressure Vessels Code.
-

t

I
Yield Stress. jS =

7
!

;r

!
r

2-10-1-3 .{
!
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TABLE 2.10.1.1-1 ;

SIpmEAN OF NUMEICAL WNSTAlfrS AND NW-DIMENSIMAL COEFFICIENTS f

0F S, = K/G VERSUS LOADING CONDITIONS
,

II) I3)G Re fe renceLoading Mode I

Axial Comoression i

and Bendina: Varies: (R/t) 2.10.1.5.13, pp. 230-5 !

!

At (R/ t) = 10: 0.5022 E(2)

At (R/ t) = 100: 0.3570 E !

Lona Column comoression: 4.9348 E - (L/ R) 2 2.10.1.5.13, pp. 231
t

[

External Pressure -

No External Constraints:

1/2L/t3/2) 2.10.1.5.13, pp. 236(1) Moderate Length: 0.9181 E (R

(L t/R3 < 11)2

b) (2) Long:. 0.2473.E (R/ t)2 2.10.1.5.13, pp. 237 |C :

(L t/R3 > 11) {
2

i

I

External Pressure - i

External Constraint: ;

(R/ t)2 ;

.09158 E 2.10.1.5.17, pp. 342,

[6.66 ( R/ t) . 8-1] eq. 47-8 f

!

!
Notes: (1) Poisson's ratio = 0.3 assumed for constant evaluation. '

(2) E = Modulus of Elasticity. !

(3) Notation: I

radiusR =

'

L length=

thicknesst =

A

2-10-1-4
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2.10.1.2 Backaround

NRC Re g Guide 7.6, re f e re nc e 1, requires that ' buckling of the containment

vessel should not occur under normal or accident conditions'. The ASME NUPACK

Committee has proposed a series of rules governing buckling and instability,

Sec t ion NX-313 3, re f e re nc e 2.10.1.5.2. The NUPACK proposed criteria are of

two parts. Sections NX-3133.1 to NX-3133.6 employ charts and ' rote' proco-

dures to establish limits for specific geometries and loading conditions -

most not applicable to typical package geometries or loadings. The second

part of this NUPACK criteria, Section NX-3133.8 proposes rules more consistent

with the ' design by analysis' approach of NRC Reg Guide 7.6. This particular

set of provisions is taken directly from ASME Section III, Division 1 Code

Case N-47-21 for Class 1 components in elevated temperature se rv ic e. Within

Section NX-3133.8, constant safety f actors are propot ed for load-controlled

and strain-controlled buckling. The proposed NX-3133.3 factors of safety are

as follows:

.

Coadition Load F. S. Strain F. S.

Normal (Level A): 3.0 1,67

Accident (Level D): 1.5 1.1

Per NX-3133.8, these f actors of safety are applied to the ' load (strain) which
'

would cause instant instability at the design (or actual scryice) tempera- f
ture'. Application of these proposed rules has proven difficult due to the

diversity of opinion concerning the resolution of these issues:

o ' Ins t ant instability' implies a classic elastic instability failure that

is fundamentally inconsistent with the practical geometries of radio-

active materials packages. If elastic instability is not of concern for

a particular package, are the factors of safety applicable?

|
- |

o The applicable instability regime is not defined. Does this imply that |
|

All compressive loading states are to be treated as potential instability j

situations? |
s 1

1

2-10-1-5 |
,

3
,|
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*

!

!

|>

t

Go ' Instant instability' does not characterize the behavior of structures |

whose f ailure modes are associated with yielding or plastic flow where no'

.

loss of load resistance is experienced. What criteria govern the design
:

of these structures? How do these criteria ' mesh' with stability cri-

teria as the aspect ratios of a structure increase? t
i

!
t

o The single-valued factors of safety appear both potentially low for

' instant instability' associated with true elastic instability and exces-

- sively conservative for plastic flow or yielding situations where no loss

of load resistance takes place. In fact, the single-valued factors may
,
.

be appropriate only within some intermediate regime. j
i

!

Investigations to resolve these issues have lead. to the following findings:i

|
1. ASME Code Case N-47-21 is overly conservative for situations were 'in- !

l |
stant ins tability', or buckling does not represent the failure mechanism j

of the component, references 2.10.1.5.3 a nd 2.10.1.5.4. |
,

.

;-

2. For cylindrical shel l s, as used for containment vessels of radioactive !

materials packages, there are three charac teristic f ailure mechanisms

associated with compre s sive loadings, references 2.10.1.5.5 and

2.10.1.5.6. Each of these failure mechanisms is controlled by a

different priority set of geometric and material properties, references

2.10.1.5.6, 2.10.1.5.7, 2.10.1.5.8, 2.10.1.5.9 a nd 2.10.1.5.10. The

characteristics of the failure, or safety consequence, in each mechanism

dif fe r -- ranging from catastrophic collapse, at one extreme, to

controlled plastic flow, at the other extreme, reference 2.10.1.5.5.

Thus each, can and should possess differing factors of safety. To -

illustrate, Johnston, reference 2.10.1.5.6, states (page 265): |
t

'... formulas to predict the buckling capacity of thick-walled tubular j

{members under axial compression are much more reliable than formulas to

predict the capacity of thin-walled shells. [Thus] .... factors-of- f
| safety used in thick-walled member design should be less than those used

~

|
!

| with thin-walled shells'. j
i
1 f

I |
|

-

!

t

!
5

2-10-1-6 i

!
[
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3. The boundaries between each of the three f ailure mechanisms can be de-

% fined with reasonable accuracy. These boundaries typically are defined

in terms of the shell aspect ratio and material properties, for example,'

see reference 2.10.1.5.11, Section 7.5 a. A recent French proposal,

reference 2.10.1.5.10, suggests definition of these boundaries in terms

of the ratio of elastic buckling stress to yield stress. Both approaches

give reasonably consistent re sul t s. For example, using a cylindrical
6shell compression case and assuming a steel with a modulus of 29.5 x 10

psi and a yield of 30 ksi, reference 2.10.1.5.11 gives the inception of

plastic buckling at (R/t) = 62, whereas the French approach predicts this

boundary at (R/ t) = 70.

4. Typical industry de sign (criteria) codes provide varying f actors of

safety as a function of aspect ratios, for example, see Paragraph 1.5.1.3
of the AISC Specification, reference 2.10.1.5.12.

The above discussion notes that there are three characteristic failure mecha-

nisms or behav. lor regimes. They are cataloged below, along with their princi-

gal a t tribute s.

J,
. -

o Soft Structures:

a. Stress Range: Elastic.

b. Buckling Type: Local buckling, bifurcation buckling, antisymme tric

buckling, diamond (shaped) buckling.

c. Failure Mode: Catastrophic Collapse, oil-canning snap-through.

d. Predictive Sensitivity: Initial imperfections in geometry and

material properties lead to large and random variations observed in

buckling tests as compared to theory. Large factors of safety are

required, reference 2.10.1.5.6. In this range these factors can

range f rom 3 to 10.

s

!

J

2-10-1-7
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.

o Intermediate Structures:

-

s. Stress Range: Elasto plastic.

'

b. Buckling Type: Equilibrium collapse load buckling, bellows type
i

buckling, full-wall buckling, symmetrical (axisymmetric) buckling.

c. Failure Mode: Controlled plastic deformation, constant or increa-

sing load resistance (for strain-hardening materials, like stainless

steels or aluminum).

d. Predictive Sensitivity: Primarily dependent upon materials proper-

ties in the transition regions between fully-elastic and strain-

hardening behavior. Relatively insensitive to geometric imperfec-

tions and end conditions. Factors of safety shon1d be somewhat

greater than those typically applied to strength designs.

o Hard Structures:

a. Stress hnge: Plastic.

!
i

b. Buckling Type: Generally not considered as a buckling phenomena.

since no instability (loss of load resistanc'e) occurs for a work-

hardened material. Yielding, plastic flow,

j c. Failure Mode: Plastic deformation and flow.

d. Predictive Sensitivity: Completely dependent upon materials proper-

ties and strain-hardening behavior. Totally insensitive to geomet- -i

ric imperfections and tad conditions. Factors of safety should not

exceed those- typically applied to strength design.

!

f

Boundaries between these three classes of behavior are described in a variety

of f o rma t 's. The most conventional, separating 'Hard' structures from

' Intermediate' and 'Sof t' structures is the conventional distinction between

hin shell s and thick shell s, references 2.10.1.5.7, 2.10.1.5.8, 2.10.1.5.9

2-10-1-8
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i

! nnd 2.10.1.5.13. This is a relatively imprecise distinction with estimates' of

TR/t) values ranging from 20 to greater than 100. With a well behaved stress-

strain curve, i.e., a smooth transition and strain hardening, tne predictive

reliability of this boundary determination increases. Thus, from a stability

standpoint, stainless steel and some aluminum alloys, with smooth transitions4
,

and strain hardening, are pre fe rable to mild steels, with sharp transitions

and minimal strain hardening. *

, .

| Combescure, reference 2.10.1.5.10, suggests that a ratio of elastic buckling

stress to yield stress, (S,/S ), of 5.0 defines this boundary. Yu, reference
7

2.10.1.5.11, points out that the AISI Code (Equation 3. 8-1) , reference

2.10.1.5.14, defines the boundary be twe e n 'Ha rd''(yie lding, plastic flow) and i

!

3300/S , or' Intermediate' (plastic buckling) structures at a (D/ t) =
7

approximately 110 for a 30 kai steel. Yu also notes that for lesser (D/t)

values the design. stress need agt ]Lg, reduced below conventional strength

al lowab l e s. Importantly, the boundary employed by AISI has been developed by

|
extensive tests, ref erence s 2.10.1.5.15 and 2.10.1.5.16. ,

,

9

'

e boundary be tween ' Intermediate' and 'Sof t' structures can be stated in

similar terms. For example, Yu gives the AISI boundary estimate as (D/t) = |

~

i 13000/S , or approximately 430 for a 30 ksi steel. i

7
I ,

?I

j 2.10.1.3 Criteria Rationale |
i !

!
' The proposal of Combe scure, ref e rence 2.10.1.5.10, have been adopted as the i

I
defining bounda ry be twe e n 'Hard' and 'Inte rmediate' s truc ture s. Thus, this j

boundary is determined at an aspect ratio defined by the stress ratio (S,/S ) j7
I = 5.0. This boundary is used to define the intercept of the basic strength

! limit, S,, and the reduced elastic buckling curve, (S,/R ). Of course,- in fd
:

I this region the parabolic . transition curve, S, passes below this intercept jj

value. The prinary reason for adoption of this method is that it is indepen- {i

1- dont of loading mode whereas all the aspect ratio methods are mode-specific. {
Importantly, the Combescure method and the more conventional aspect ratio {
cethods, sach as refareaces 2.10.1.5.11, 2.10.1.5.15, and 2.10.1.5.16, a11

give comparable re sul t s, as mentioned in Item 3, Section 2.10.1.2. :

O |.

!

! 2-10-1-9 |
!

I

ir

|
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:

:

At lesser aspect ratios, the basic strength allowables are not reduced sig- f
! nificantly. At greater aspect ratios, the allowables are governed by a 'do- !
,

.

(S,/R ). Smooth transition from the ' flat- |graded' elastic buckling relation, d

topped' strength limit to the ' degraded' elastic buckling curve is provided by ;

i

a traditional ' Johns o n' parabola. ;

i

i
The principal attributes of the stability design criteria set fort? norein are i

t

cs follows: |
|

!

f1. At high aspect ratios corresponding to ' Soft' structures, the method

provides large f actors of safety -- 5 for accident conditions, 7.5 for j
normal conditions. This is significantly greater than as provided within f
the NUPACE proposed rules and as provided in other stability related j

1

. design criteria. Importantl y, these increased factors of safety provido -

,

!
a 'pe nal ty-func tion' f or use of 'Sof t' s truc ture s. This has the ef f ect

fencouraging use of more robust structural forms that behave in a 'Hard'

or 'Inte rmediate' struc tural f ashion. This penal ty-f unction direc tly I
f

supports, the philosophy of Reg Guide 7.6 - ' buckling ... should not i

t

} occur'.
, j

s-s' !
!

2. At Iow aspect ratios, the method implicitly provides a correction to the
f

elastic buckling relation which conservatively envelopes the plasticity |
correction factor, see reference 2.10.1.5.13. Using the method, there is {

.

!no need to calculate this plasticity correction factor. This is a
!

de s irab l e feature because the plasticity correction factor must be j
derived for each specific material given accurate stress-strain data in [

the transition region from the proportional limit to the strain-hardening ;
;

tangent. Such data is difficult to obtain for design purposes, is unique f
t

to a particular heat of material and cannot be easily verified or checked !

by review or Regulatory personnel.

1

I
3. For normal conditions, no stresses exceed the proportional limit. This j

guarantees no instabilities and no inelastic behavior that could invali- [
-

i

date structural demonstrations of adequacy. This condition is assured by j
Ithe limitation of stresses to values below S,, which closely approximates

the proportional limit stress for all typical package materials.

I

i
!

2-10-1-10 |
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14. While the bulk of discussion has focused upon axial compressive loadings,

it is important to note that the method is fully applicable to column!

stability and external pressure (these two are ma thema tically simil a r).

In fact, the method (for normal conditions) precisely duplicates the

column design formulas of AISC and the Column Research Council, see page

64, reference 2.10.1.5.6, when S, is as sumed equal to 0.6*S . In appli-, 7
cation, this method proves to be considerably aqIt conservativo due to

to (S,/R ) whereas thethe fact that the parabolic transition is tangent d

AISC and CRC parabolic transitions are tangent to S, itself. Clearly,

the reduction factor, R , f rces a significant and predictable additionald
measure of conservatism.

!

) 2.10.1.4 Safety Analysis

! The characteristics of the recommended criteria are analyzed within this i

section. Three basic loading conditions are examined in a parametric fashion:

axial loadings, external pressure loadings and finally, column-type loadings.
.

|

. The analyses are conducted in a parame_tric f ashion, examiring results as a ~

function of appropriate aspect ratio. For each examination, two plots are
f

provided. The first is a non-dimensionalized stress plot versus aspect ratio,
,

normalized by yield stress. Shown on this plot is the basic elastic buckling

| stress with experimental / theoretical corrections, (S,/ S ), the buckling stress '

7
as determined by ' mode rn' analysis methods including plasticity corrections, !

Chapte r 10, re fe rence 2.10.1. 13,' ( S,,/ S ) , and finally the stress limits j7
where G < G* and S,g = |(S,g/ S ) proposed within this criteria, S,g = Sj7

(S,/ R ) e l sewhe re, whe re the subscript 'i' = 'n', for normal. conditions andd,

'i' = 'a', for accident conditions. The second companion plot presents the !
'

idistribution of the resultant factor of safety (of 'this me thod), plasticity j

oorrection factor from ' mod e rn' theory, and approximate plasticity correction )
! !

provided by this method. i

i

;

Within each of the following paragraphs, the particular characteristics of thei

' inputs to 'the analysis are described. Resultant output is discussed, where

cypropriate. For calculation purposes, material properties of 304 stainless
;

j t 212 F are utilized.

!

!

|
2-10-1-11

|
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.10.1.4.1 Arial Comoression Behavior2

-

The relations given by Baker, reference 2.10.1.5.13, p a g e 2 3 0, a r e u s e d f o r
this demonstration and comparison analysis. In the Baker relation an experi-

mental correction coef ficient is applied to the basic (Euler) elastic buckling

stress value. This coefficient ranges from 0.83 at an aspect ratio, G = (R/ t)

= 10, t o 0.5 9 a t a n a s pe c t ra t io o f 100. For these two aspect ratios, sample

criteria evaluation and analysis is provided below (notation follows Section
,

2.10.1.1).

PARAMETER Symbol

Aspect Ratio: G 10 100

Numerical Coefficient: I 13910000 9888000

Euler Backling Stress: S, = I/G 1391000 98380

Plasticity Factor - 46.57 4.214
~~

Baker Limit. Stress: S, , _, 29869 23465{v
Reduction Factors: Rd
(from elastic buckling)

No rmal 7.5 7.5

Accident 5 5

Strength Limits: S,
Normal S, 20000 20000

Accident S 24700 24700
7

Intercept Aspect Ratio: G*

Normal 139.1 98.9

Accident 168.9 12'0.1

Criteria Stress Limit: S,g

Normal S,, 19966 13184

O Accident S,, 24671' 18992
(

2-10-1-12
l
|

|
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PARAMETER Symbol

i
Factors of Safety:

Normal S,,/S,, 1.50 1.78

Accideat S,,/S,, 1.21 1.24,

Comprehensive comparison data is graphically provided in Figures 2.10.1.4-1
' and 2.10.1.4-2 for a full range of aspect ratios. The conservatism of the

proposed criteria for ' Int e rme dia t e' and ' Soft' structures is readily
'

cpparent. The graphs are largely self-explanatory, however the difference

between normal condition limits and AISI design values requires discussion.

For all construction industry codes, including AISI, the working stress limit,

F, is set as 3/5 of yield, S . The criteria proposed here, sets the normal, ,

7
or working stress limits at S,. Normally this provides a value approximating

q 2/3 of yield, S. For the comparison shown in these Figures, data corresponds
7

0to properties at 212 F. At this temperature, yield is degraded from the room

temperature value of 30 ksi to about 24.7 ksi whereas the value S, remains
-constant. Room t,emperature comparisons would have shown both the proposed
criteria and AISI nearly coincident. 0.6 ve rsus 0.67, at low aspect ratios.

!

1

The Figures clearly show the conservative impact of limiting high-aspect ratio

stresses to (S,/R ) rather than a constant f actor of f set (3/5) from S,, asd

done by AISI. Figure 2.10.1.4-2 graphic ally shows how the resultant factors

; cf safety asymptotically approach 7.5 and 5, at high aspect ratics, for normal |

] cnd accident conditions, respectively. Of note, the plotted plasticity cor- '

rection shown on this Figure is simply the inverse of that used by Baker,
j,1

. reference 2.10.1.5.13.

! !

! |
; [

;

! :
!

i

i
f

i

}

| I
, 6

l !
,

'
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FIGURE 2.10.1.4-1

AXIAL COMPRESSION CRITERIA
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FIGURE 2.10.1.4-2

AXIAL COMPRESSION CRITERIA
FACTORS OF SAFETY AND CORRECTION
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2.10.1.4.2 External Pre 3sure Behavior

O
These results, Figures 2.10.1.4-3 and 2.10.1.4-4, are essentially identical 'in

'
form and significance to those discussed for axial compression behavior,

j 2.10.1.4.3 Column Behavior

Once again, Figures 2.10.1.4-5 a nd 2.10.1.4-6, display results comparable to

the axial compression behavior. The conventional AISC column design formula

is shown. For (L/R) values in excoss of approximately 60 this design criteria

limits stresses to less than 40-60% of the allowable AISC values. This impact

is a direct result of the intended high reduction factor, or safety factor of

7.5 and 5 for normal and accident conditions, respectively. This criteria

also provides a mare sharply defined ' cut-off' of permissible stresses, at the

plastic instability boundary ('Hard' to ' Intermediate' structures), due to the

fact that the parabolic transition is mapped in the transformed '0' coordinate

system, not the conventional (L/R) coordinate system, as used by AISC. In the

case of the column equations this coordinate transformation is given as, G=
s(L/R)2,,

, .,

!

!

!

!
i
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O
FIGURE 2.10.1.4-3

CONSTRAINED EXTERNAL PRESSURE
BUCHLING CRITERIA
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FIGURE 2.10.1.4-4

CONSTRAINED EXTERNAL PRESSilRE CRITERIA
FACTORS OF SAFETY AND CORRECTION
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FIGURE 2.10.1.4-5

COLUMN BUCHLING CRITERIA
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)a FIGURE 2.10.1.4-6

COLUMN BUCELING CRITERIA
FACTORS OF SAFETV AND CORHECTION
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O
The ANSYS ccmputer program is a large-scale, general purpose computer program for

the solution of several classes of engineering analyses. Analysis capabilties include
static and dynamic; elastic, plastic, creep and swelling; buckling; sma l l and large
antlections; steady state and transient heat transfer, fluid and current flow.

The matrix displacement method of analysis based upon finite element idealization
is employed throughout the program. The library of finite elements available numbers
more than forty for static and dynamic analyses, and twenty for heat transfer
Enalyses. This variety of elements gives the ANSYS program the capability of ;

analyzing two- and three-dimensional frame structures, piping systems, two-dimensional
plane and axisymmetric solids, three-dimensional solids, flat plates, axisymmetric and
three-dimensional shells and nonlinear problems including interfaces and cables.

Loading on the structure may be forces, displacements, pressures, temperatures .or
response spectra. Loadings may in arbitrary functions of time for ilnear and
nonlinear dynamic analyses. Loadings for heat transfer analyses include internal heat
gsneration, convection and radiation boundaries, and specified temperatures or heat
flows. :

The ANSYS program uses the wave-front (or " frontal") direct solution method for
the system of simultaneous' Iinear equations developed by the matrix displacement
mathod, and gives results of high accuracy in a minimum of computer time. The program |

has the capabil,ity of solving large structures. There is no 1imit on the number of ;

( p ienents used in an analysis. There is no " band width" limitation in the analysis?finition; however, there is a " wave-front" restriction. The " wave-front" ~;

Mestriction depends on the amount of core storage available for a given problem. Upi

to 2000 degrees of freedom on the wave-front can be handled in a large core. For
extremely large analyses, an out-of-core wave-front procedure (which effectively

,

removes the " wave-front" limit with an increased run time penalty) is availabl e. '

The input data for the ANSYS program has been designed to make it as easy as
possible to define the analysis to the computer. A preprocessor (PREP 7) contains

!powerful mesh generation capability as well as being able to define all other analysis
,

data (real constants, material properties, constraints, loads, etc.). Geometry
plotting is available for all elements in the ANSYS |lbrary, including isometric, .

perspective, section, edge, and hidden-line plots of three-dimensional structures. .

ANSYS has the capability of generating substructures (or superelements). These
7substructures may be stored in a library file for use 'in other analyses. '

Substructuring portions of a model can result in considerable computer-time savings
for nonlinear analyses.

Postprocessing routines are available for algebraic modification,
differentiation, and Integration of calculated results. Root-sum-square operations

may be performed on seismic modal results. Response spectra may be generated from i

dynamic analysis results. Results from various ' loading modes may be ccmbined for .
,

hrrmonically loaded axisymmetric str'setures. Post routines al.so plot distorted
geometries, stress contours, safety factor contours, temperature contours, mode ;

j ,,-qhapes, time history graphs, and stress-strain curves.

U
$
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(
:

| Details of the types of finite elements used in the various analyses of NuPac
\

.'
10/140MB components can be found in the ANSYS Users Manual, Revision 4.1,

Volumes I and II, Swanson Analysis Systems, Inc., Houston, Penn., 1983,
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2.10.5 Descrintion of NuPac Pronrietary Dron Pronrams

O This section briefly documents the methodology employed by the NuPac proprie-

tary computer programs which are used to demonstrate compliance of the package

with applicable provisions of 10 CFR 71- for normal and hypothetical accident
conditions. The first two subsections deal with the calculation of external
and internal forces imposed upon the package, when subj ected to- drop events.
A sample problem is then presented and.the NuPac computer code quality assur-
ance program is briefly discussed. These subsections describe techniques and

computer programs developed by Nuclear Packaging, Inc. of Federal Way, Wash-
ington, as follows:

o 2.10.5.1: Describes derivation of energy absorbing overpack loed-

deflection relations.

o 2.10.5.2: De s cribe s the methods to evaluate the dynamic behavior of
oblique impacts and the associated internal forces generated within

the cask body.

. -

o 2.10.5.3: Describes a sample problem, and input and output for each

of the four compute r code s (EYDROP, SYDROP, CYDROP, and OBLIQUE)

discussed in this section.

o 2.10.5.4: Describes the quality asenren:c program utilized to main-

tain NuPac computer codes.

2.10.5.1 Overnack Deformation Behavior

The package is protected by foam-filled, energy-absorbing end buf fe rs, called

overpacks. For purposes of analysis, the overpacks are assumed to absorb, in

plastic deformation of foam, the potential energy of the drop event. That is,

the analyses assume that none of the drop potential energy is transferred to

kinetic or strain energy of the target.(the unyiciding surface assumption of

10 CFR 71), nor strain energy in the package body itself.

O
2-10-5-1
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There are three orientations of the package where the potential energy of a

O drop is assumed totally absorbed by plastic deformations of the overpacks. At

other orientations, where ro t atio na l ef fects are important, the methods out-

lined in Sec tion 2.10.5.2 a re employed. The three orientations whe re rot a-

tional (or pitch) motions play no role in the evaluation of the impact event

are:

o End Dr.g.g - on the circular end surf ace of the overpack.

o J.ida D.rqn - on the cylindrical side surf aces of the overpacks.

o Corner EI.22 - with package center of gravity.directly above the

struck corner of the overpack.

For these three orientations, the prediction of overpack behavior can be

approached from straightforward energy balance principles:

. 6

E=W(h+6)=fF,dx (1)
O

.

Where: .,

W = package weight

h = drop height

6 = maximum overpack deformation

F, = force imposed upon target and package by
the overpack at a deflection equal to x.

The lef t-hand term represents the potential ene rgy of the drop. The right

hand term represents the strain energy of the deformed overpack.

Each of these three orientations is treated by an individual computer program

reflecting the dif fe ring ge ome t ry characteristics of each event. All three

computer programs employ common energy balance techniques to assess maximum

overpack deformations, including utilizing a common description of the crush-

able ene rgy absorbing foam. The foam typically exhibits a stress-strain

2-10-5-2
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I
'

,

plateau of nearly constant stress up to a total strain of 40-60%. Above this |

strain value, pronounced strain hardening effects commence which reflect the !

collapse or consolidation of the entrapped bubbles within the fo ss. Accor- ;

dingly, a tabular definition of foam stress-strain relations is employed in *

,

;

.! each of the'three computer programs. _This tabular definition is taken

directly from measured properties and accurately reflects the strain hardening j
,

.

behavior of the foam up to strains of about 80%. !

1

!

] The following discussion of these three computer programs proceeds from the
geometrically simplest (end drop) to the most complex (corner drop).

2

i

2.10.5.1.1 End Dron (EYDROP) '

EYDROP perf orms the calculations outlined in Equations (1), -(2), and (3) for a,

i trial range of deformation values, 6. For each trial value of total

deformation, the energy balance of Equation (1) is monitored and reported.
,

Solution for total overpack deformation is found by an interpolated balance of
i

Equa tion (1). EYDROP as sume s a constant foam s train across .the crush area,

neglecting the af fect s of any unbacked areas. A sample problem input and
i

output for EYDROP may be found in Section 2.10.5.3.1.

i

~

The force produced by the overpack is simply:

F, = Aa, (2)

; Where:
2

| A = nD /4, the end area of the package
2

D = ef fective diameter of package

i

e, = ([c], the foam crush stress at a strain of e (3)

([e] = the tabular definition of foam stress strain properties

,

I - e = 1/x,
t

,

*' 2-10-5-3
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x = deformation

x, = end thicknes s of overpack

2.10.5.1.2 Side Dron (SYDROP)

SYDROP differs from the end drop solution only in the fact that both

def ormation and strain vary f rom point to point and total force, at a given

crush depth, must be found by geome tric integration over these points. The

details on this geometry are found in Figure 2.10.5.1-1. SYDROP assumes all

foam is backed, exhibiting homogeneous properties along the package length. A
sample problem input and output for SYDROP may be found in Section 2.10.5.3.2.

For each trial deformation value, the force is found as:

* max .

6 = 2Lf a,, dxF
O

.

Where:
, ,

L = effective length of the overpack

x,,, = [r, - (r - 6)2 0.52 j

a,, = ([e,], tabular definition of foam stress-strain properties

.e,= foam strain at location 'x'

Referring to Figure 2.10.5.1-1, the strain at a point 'z' is found by:

e, = [6 - r (1 - cos 0)]/[r,(cos 0) - rg(cos y)]o

Where:

0 = sin-1(x/ r,)

y = sin ~1(x/rg)

G

2-10-5-4
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FIGURE 2.10.5.1-1

Side Impact Geometry (SYDROP)
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2.10.5.1.3 Corner Droo (CYDROP)

O CYDROP is similar to SYDROP, excepting that a two dimensional geometric

integration is required to assess the overpack crush force at each

deformation. A sample problem input and output for CYDROP may be found in

Section 2.10.5.3.3.

CYDROP treats the corner impact of a cylindrical package upon an unyielding

surface. The package itself consists of a cylindrical payload portion

surrounded by a larger cylindrical column composed of a crushable media. So

long as the deformations of the crushable media are modest, the problem may be

approximately solved by assuming a uniform crush stress exists over the

elliptical surf ace of the crush plane (contact surface).' CYDROP was developed
specifically to address problems of large deformations of this crushable media

and to treat geometries where the cylindrical overpack envelope possesses

axisymmetric cylindrical voids ( e. g. , does not completely cover the

cylindrical ends of the payload package).

.

The large deformation behavior of _the crushable media is accommodated by

determining the actual strain of the crushable media at a point. This strain

is used to determine the corresponding stress from an implicit t ab ul a r

definition of media stress-strain characteristic s. The total crush force is

found by a double integration over the contact area of the crush plane.

Strain energy absorbed by the crushable media is determined by integrating the

crush force and its associated deformation. The package is assumed to be at

rest when the computed strain energy value equals the applied drop energy.

The geometric calculations for the contact surface and the associated strains

are carried out using a moving (x, y, z) coordinate system in which the x y

plane corresponds to the crush plane, as illustrated in Figure 2.10.5.1-2;

The crush plane itself represents a segment of an ellipse. The contact area

is this ellipse segment, provided no cylindrical end void exists. When a

cylindrical end void exists, the contact area of the crush plane is reduced by

the removal of a second elliptical region associated with the projection of

this void into the contact plane.

i 2-10-5-6
i
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FIGURE 2.10.5.1-2

Corue r Impac t Go one t ry (CYDROP)
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Calculation of. strain is somewhat more complex. In principle, the distance :
is

from point (x, y) in the crush plane to the payload is found and denoted, !

Z Simil arl y, the distance to the undeformed external overpack envelope isg op.
'

| found and denoted, Z The strain represents deformation divided by .bot.

original thickness, or:
|
.

1

e=Z /IZbot + 2 top Ibot ,

I
:

At any point (x, y), the calculation of Z may follow three branches, jtop

according to location. The three possible branches relate to the payload ;
,

! surface i~n t e rc e p t e d. They are the circular bottom of the payload, the !

cylindrical surface of the payload, and the unbacked regions, each of which !

are separately addressed below:
;

Y

The Circular Bottom of the Payload:
.

L
i
T

!

The bottom of the payload cylinder describes an ellipse in the crush plane. !

If point (x, y) is inside this ellipse, the point is considered backed by the

bottom of the payload. An exception _to this general statement is noted in the [,

discussion of the unbacked region, below, f
&

f
'

'

i

The Cylindrical Surface of the Payload: .

!

The cylindrical surface of the payload describes a rectangular region tangent

to the payload bottom ellipse at its major axes. If point (x, y) is out side '

fthe bottom ellipse yet possesses an x-coordinate less than the radius of the

payload bottom, the point is considered backed by the payload cylinder. !
i
1

i

Unbacked Regions: - |

|
l

r

Unbacked regions are of two forms - those associated with the cylindrical end
{

void and those near the external surface of the overpack. The unbacked region |
s

associated with the end void is a point in the crush plane which lies within

the ellipse defined by the void circle lying in the plane of the payload.

2-10-5-8
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bottom. The unbacked region associated with points near the overpack extremi-

ties is defined by those points (x, y) where the x-coordinate exceeds the

radius of the payload volume. Points which are unbacked employ a nominal

crush stress for force integration purposes.

.

The calculation of Z the distance to the undeformed overpack envelope, maybot,

follow two branches. These branches correspond to intercepts with either the

cylindrical surface of the overpack or the circular end of the overpack.

The analytics describing the geometry discussed above, consists cf the sequen-
tial application of a series of geometric transformations of surfaces

described in the coordinates of the cylindrical package (X, Y, Z)t o the coor-

dinates of the contact plane (x, y, z). The surf aces in pcckage coordinates

are:

|

Overpack Cylinder: 1 #y2=R22

!
,

Overpack Bottom Circle: 12+Y2=R2
,

Z = c/2

Payload Cylinder: 1 #72=R22
p

i

Payload Bottom Circle: X #72=R22
P

Z = -L /2p

2 2=RfVoid Circle at Payload: 1 #7

Z = -L / 2p
:

2 2 , 'RfVoid Circle at Overpack Exterior: 1 #7

Z = -L,/2

CYDROP also performs a sensitivity analy: tis to determine the amount of-

unbacked foam at each incremental crush depth. Additional ly, this calculation

is carried over to the impact force and strain energy. The code automatically

prints a warning message if the foam strain exceeds 80% and the ratio of foam

strain energy to kinetic energy is less than one (SE/KE < 1).

2-10-5-9
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2.10.5.2 Oblione Imnact Dynamic Analysis
,

7 ;

( )
"';u

Impacts at arbitrary orientation angles dif fe r in two maj or respect s f rom

tho se that occur at angle s corresponding to stabic or neutral equilibrium

(end, side, and cente r of grav ity over st ruck corner). In the neutral and

stable equilibriam conditions, the entire initial kinetic energy of drop is

transf ormed into strain ene rgy associated with plas tic deformat ion of the

overpack. At a rbit rary orie ntation angle s, only a portion of this kine tic

energy is transformed into strain energy at the impacted end. The rema inde r

of this kinetic energy becomes rotational motion of the package. The solution

approach mus t prope rly reflec t the continually changing transf orma tion of

initial translational kinetic energy into rotational kinetic energy and plas-

tic deformation of the overpack energy absorber.

The second major difference be tween neutral equilibrium impacts and arbitrary

angle impacts relates to the rather different load-deflection behavior of the

overpacks at low angle (<30 f rom horizontal) orientations. Under neutral

equilibrium conditions, a maj or portion of the crush footprint is backed by
,-

( i the cylindrical body of the package, allowing s train hardening ef f ect s to
w/

s tif fe n the ove rpack lo ad-de f lec tion rel a tion. At low angle orientations

(<30 f rom horizontal), much of the overpack crush footprint is unbac ked.

Thus, the low angle lead-deflection relations are initially quite sof t, then

abruptly narden as portions of the crush footprint grow into backed regions.

As these low angle or ie nt ations approach horizontal a t ti tude s, this terminal

stif fening phenomena becomes more pronounced.

There are two potential solution paths to problems of this nature - a momentum

f ormulation or a direct solution of the equa tions of motion. The momentum

approach provides an easy and simple means to assess the transforma tion of

translational initial velocities into rotary velocities, hence, total plastic

strain energy absorbed by the overpack energy absorber. Unfortunately, this

momentum formulation does not produce intermediate values of crush force and

crush de f orma tion needed to as se s s overpack att achment f orce s, nor does it

conveniently provide a means to incorporate the varying load-deflection rela-

tionships of the overpack as a function of orientation angle. Thus, a direct
r x

!, j solution of the equations of motion was selected.
v

2-10-5-10
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The three key problem va riable s, crush force, F, crush depth, 6, and orien-

tation angle. 0,. all vary with time, t, for a given initial orientation angle,

0 ,. The crush force is assumed to act at the centroid of the elliptical crushi

footprint. For the model illustrated in Figure 2.10.5.2-1, three independent

second order differential equations of motion can be formed:

2 2M(8 I/8t ) , p,

2 2M(8 Y/8t ) = F - MSy

2 2I(8 0/8t ) = [[6(a - c)/c(sin 0) +TB + L/2](sin 0)}F,
+ (I - [6(a - c)/c(sin 0) +TB + L/2) (co's 0) } Fy

Where:

M = the package mass = pL

-F.= the crush force

2g- = the gravitational constant = 386.4 in/ sec

. -

i I = the rotational mass moment of inertia (as input)

r, = the radius of the body

E = the length of the body

TB= verpack bottom thickness

0 = the instantaneous orientation angle of the package with respect

to the horizon -

p = the mass per unit length

I = distance to centroid of footprint

a, c = geometric quantities defined in Figure 2.10.5.2-2

2-10-5-11

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



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

NuPas 10/1401B Arsast 1985

FIGURE 2.10.5.2-1

Oblique Impact Geometry
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FIGURE 2.10.5.2-2

Elliptical Footprint Geome try
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These differential equations are integrated subject to initial conditions,

associated with the mor,ent of impact when time, t, equal s ze ro, of:

I=0

Y=0
'

O = 0,

BI/at = al,/8t

8Y/at = aY,/at
,

80/8t = 00,/8t

Where:

j 0,= impact angle (varies with time, t)

m
8Y,/8t = (2gh)0.5 .

;
h = drop height

Each of the above differential equations requires a continuously updated value

of the force, F, reficcting both crush depth and package orientation, or:

F = ((6 ,0)
7

This continuously- updated value of the force, F, is supplied to the integra-

tion process by means of a two dimensional Lagrangian interpolation of . crush -

depth, 6, and orientation angle, 6. The tabular data used in this interpo-
7

lation consist of a series of complete force-deflection relations for separate

orientation angles developed via the CYDROP computer program, described in

Section 2.10.5.1.3. The deflection, S, is expressed in terms of problem !y

variables as:

6 = L( s i n 0 - s in 0,) / 2 + r,(c o s 0 - c o s 0,) - Y7
:
!
,

2-10-5-14

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



NuPaa 10/140MB Ausset 1985

The foregoing analysis process for evaluating impacts at oblique orientations
n
( ) was consolida ted in a NuPac developed computer program, OBLIQUE. OBLIQUE
L^J integrates the equations of motion for each value of orientation angle ve rsu s

time, until maximum values are f ound f or crush f orce, c ru sh de f orma t io n,

shear, and body bending moment. At each incremental time step (incremental
c rush de f orma tion), ove rpack attachment moments are computed, scanned for

maximum values and output. By sweeping through a serien of initial o r ie nt a-

tion angles, the maximum values of all internal load s a re f ound. At each

specified initial orientation angle, a solution is realized when all internal

forces, moments, and deflection have reached a maximum value. Note that these

inte rnal forces, moment s, and deflections do not necessarily happen a t the

same instantaneous angle, O.

2.10.5.2.1 Overnack Force Analysis

This section treats both external and internal forces imposed upon the

p ac ka ge. Key to the treatment of external force application locations is an

[,mG') '
ge ome t ry.understanding of crush footprint

The c ru sh foo tprint is a sector of the ellipse, as illustrated in Figure
,

2.10.5.2-2. The location of the centroid, E, is calculated relative to the

ellipse origin. The geometric properties of the e l l ip t ic a l crush footprint

are:

a = r/ sin 0

b=r

c = 6/[(sin 0)(cos 0)]

The area, A, and the centroidal of f se t, I, of the crush footprint are derived

as:

,.g
1

U

2-10-5-15
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When c 1 a:

C,

A=2fydx
(a-c)

; Where:

y = b(a2 _ ,2)0,5 ,7
.

Then, c

A=(2b'/a)f(a2 _ ,2)0.5 dx;

(a-c)

Solving,

A = (b/a) {(na /2) - (a - c)(2ac - c )0,5 _ ,2,g,-1g g, _ ,)f,j )2 2

The center of pressure, E, is:

* C

Ai=(2b/alfz(a2_32)0.5 dx
(a-c)

'Ih e n, ,

i = (2b[(2ac - c )1.5]/3a)/.A2

j When a < c I 2a:

A = nab - A'
,

;

i = (A'i')/A
.

Where A' and i' are as defined for A and I, except that c' replaces c. The

value of c' is:

'

,

C' =2a-C

When a > 2a:

A = nab

i=0

2-10-5-16
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2.10.5.2.2 Overnack Attachment Forces

Overpack attachment forces are calculated by POST 0B, t post processor for the

OBLIQUE program. POSTOB's analytic technique includes the effects of inertia

in - calculating the attachme nt forces, and thus represents an improvement in

the accuracy of this calculation. See Section 2.10.5.2.4 be low for details.

*
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2.10.5.2.3 Internal Forces

The package is idealized as a beam impacting on the lower end. The equations

of motion are formed and used to define station-wise accelerations. These

accelerations, in conjunction with the unit mass of the package, form forces

which vary along the length of the package. When integrated, these forces

provide a complete definition of internal thrusts, shears, and moments for the

package as a function of total impact force and orientation angle.

/y
1 x

f

O -

NP
a L

"fk /
N

/ E sin a

/
F cosa

F

V
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,

.

. . !
For a planar rigid body system, the behavior is totally defined by a solution' '

of the three equations of equilibrium written at the center of gravity of the,

rigid body. In the preceding figure, local coordinates are defined at the

center of gravity, with axes parallel and ' normal to the beam. The end impact

force is resolved into components parallel to these local axes. Summation of
'

forces at the center of gravity leads to three rigid body equations of motion:

2 2M(0 yfag ; , pg,g, ,)Sum of Lateral Forces -

2 2Sum of Longitudinal Forces - M(8 3fgg ) , p(,,, ,)

2 2Sum of Moments - I(0 0/at ) = -FL(sin a)/2
1

4

Where:
,

M = pL. the mass of the body
f

3I = pL /12, _the mass moment of inertia of the body

| p>= the mass per unit length of the body

. -

a = the orientation angle with respect to vertical

Note that the mass moment of inertia term given above is valid only for
,

infinitely slender beams of mass. A more accurate- mass moment approximation

; is provided by the equation:

I = pL(3 R,2 , g )/122

' Where:

1 R = the radius of the cylindrical cask
.

This increased mass moment of inertia demonstrably decreases the internal

moment. Thus, all moments calculated using the slender body approximation are

conservative in proportion to the degree with which the cask is not s l e nde r.

A v e ry squat cask would have an internal moment predicted by OBLIQUE

considerably higher than reality.

i

| 2-10-5-19
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Substituting for the mass and inertia terms:

8 Y/at2 , p(,g, ,)fpg2

.

2 28 X/at . , p(co, ,)jpg

8 0/at2 = -6F(sin a)/pL22

The lateral and longitudinal accelerations at a point 'r' are:

2 2 2 2a 3, fag 2 , 3 Y/at2 + [r - (L/2)](a e/at )

2= [F(sin a)/pL ](L - 6[r - (L/2)])

2= [2F(sin a)/pL ](-3r + 2L)

0 S,/a t2 ,3 X/at2 = F(cos a)/pL2 2

thThe lateral inertial force acting on the body at the r location is:

O - -

'

2 2SV,/ a r = -p(0 3 / a t )n

The corresponding expression for shear is found by integrating this lateral

thforce from the free end to the r location, or:

r
2 "

V, = [-2F(sin a)/L j ) (-3r + 2L) dr
L

= [-2F(sin a)/L ){_3(,2 _ g )/2 + 2L(r - L}}2 2

Rearranging,

2 2 2 2V, = [-2F(sin a)/L ] {-3r /2 + 3L /2 + 2Lr - 2L )

= [F(sin a)/L j g3,2 _ 4g, , g j2 2

!

4

2-10-5-20
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.

Similarly, the corresponding moment is found by integration of the shear i
:

expre s sion: ;

|;

|

aM,/a r = V,
Ir

M, = [F(sin a)/L ] f [3r2 - 4Lr + L ) dr !2 2

L

= [F( sin a)/L j g g,3 _ g ) _. 2L(r2_g) + g g, _ g))2 3 2 2

'

i

Rearranging,

2 3M,= [F(sin a)/L 3g,3 _ g3 - 2Lr2 + 2L3+g,_g)2

,

= [F(sin a)/L j g,3 - 2Lr2 + L ,j2 2
,

| [

In order to verify the_se expressions for shear and moment, they are evaluated
! at the boundaries, r = 0 and r = L:

.

At r = 0: . ._

|
t

i

V, = [F(sin a)/L ][3r2 _ 4g, + g j2 2

,
!

l
2 2= [F(sin a)/L j[g j , pg,g , ,)

|
2 + g r] = 0 fM, = [F(sin a)/L j g,3 - 2Lr2 2

,

At r = L: ,

t

!

2 2 2V, = [F(sin a)/L ][3r - 4Lr + L ) .

, ,

i
2 2+g]=0= [F(sin a)/L )[3g2 _ 4g 2

M, = [F(sin a)/L jg,3 - 2Lr2 + g ,32 2

i !
'

|

3+g]=0 I
i = [F(sin a)/L j[g3 - 2L2 3

:
k

h

2-10-5-21 |
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The maximum moment occurs where the she ar, V,, equal s ze ro. For : Sis to

occur, the quadratic term in the shear equation must be solved.

0 = 3r2 _ 4g, + g2
i

r = (4L ! [16L2 _ 4(3)g j0.5]/62

;

= (4L- 2L)/6 = L, L/3
,

The maximum moment is found at r = L/3, or

2 3 3 3M,,, = [F(sin a)/L )(g /27 - 2L /9 + L 73) ,

!

= 4FL(sin a)/27 at r = L/3

The minimum shear occurs where the lateral force equals .zero. For this to :
i

occur, the linear term in the lateral force equation must be solved. t

, |

28V,/a r = [.-2F( sin a) /L ] [-3 r + 2L] = 0 ,

e

i r = 2L/3

The magnitude of the axial . (thrust) force can be found as a function of {

location as: ;

i

i
2 2aT/ar = -p(8 S,/at )

r

T = p(0 S,./at ) f dr = p(8 S,/at )(, _ g) .j2 2 2 2

L }
L

!Then,

T = F(cos a)(1 - (r/L)] .

'

i
e

.

!

!

s' |
'

t

2-10-5-22 I
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For convenience, the package internal forces are summarized below:

PARAMEIER EQUATION MAXIMUM MINIMUM

Thrust F(cos a)[1 - (r/L)] F(cos a) 0

(r = 0) ( r = L)

Shear F(sin a)[3r2 _ 4g,# g)fg22 F(sin a) 0

(r = 0) (r = L/3, L)

Momeat F(sin a)[r3 - 2Lr2 ,g ,jjg22 4FL(sin a)/27 0

(r = L/3) (r = 0, L)

These forces are graphically illustrated below:

r
I
/

O
..

.

c L

2L/3'

T
,

L/33
gFLsin a
21

M

O
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I
. f

| 2.10.5.2.4 POST 0B Post-orocessor Igr OBLIQUE

Overpack attachment ft.rces predicted by OBLIQUE as described in Section

2.10.2.2.2 above are valid and conservative for impact angles near horizontal
' ~

[and near vertical, but ret.ent tests indicate that the overpack attachment

i fccces ne r.s e.g. over struck corner are underestimated by the OBLIQUE |
r

| a l go rithat. POSTOB was written to more adequately model they physical and !

h
]' inertial forces on the package during impact and to thereby determine the
'

icterns'. forces required to hold the overpack in place throughout the event. I

t.

i To achieve this, POSTOB calculates the rigid body acceleration of the package

center of gravity from the time history of component velocities calculated by
:

OBLIQUE. These accelerations are then translated to the center of gravity of;

the package without the overpack (and lid if the lid and overpack are

restrained by the same load path). The overpack attachment forces are |
: :

represented as a force and moment acting on the package-overpack interface. |

{See the figure below: s
-

|

!'

I

. . '
'

'

/ / CE N TE,f< O F 6F Wm of >

N/ T 8 I
/ / \ Pf1C XA(;f W tr1409T >

M 'I O VtT P AC%.

.. rr; em ;~
! /.. N :

l |!

/|YO t/

-Y CEOT d' OF G" ANHTT
' ~

M o

. M, A .

O I
i

| | | Fp

The figure above shows the inertial accelerations at the package c.g. '

calculated f rom . . OBLIQUE data (5, Y, and '9) ,
'

as well as the inertial
.

accelerations of the package at the center of gravity of the package without

the overpack (k, y and '9'T *IT

O
,

-

2-10-5-24
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These values are related by tha following equations: I

.. .. ..

IT = I - desine

.. .. ..

YT = Y + decose + g

'
.. ..

OT=0

Note that gravity acts on the package in the same direction as the inertial

acceleration.

These inertial . accelerations may be resolved in the package frame of reference

by the following equations (see sketch):+
,

,. .. ..

Yg=YT sinD + I c s0T
P

Y
.. .. >

..g = I sin 0 - Y eose '

T T

'
.

/

'
'

/

. !

/ \,

6 .

kV' .N. Yu
.

e

a e.. . - - .

N
',,.

/X
, . r i 7

.
, . ,

/ A7

y4-

i~
.

r
'

s
s

# e' . gj f '
4

,

/ rm a

'"O
,
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|
<

To determine the inertial forces at the c.g. of the package without the

overpack, some as sumptions regarding how the payload reacts must be made.<

POSTOB conservatively assumes that the ine rtial force of the payload in the
!axial direction is entirely reacted by the separation moment, while the

'

payload rotational inertia and lateral inertial forces are reacted by the

package sidewalls. Thus, the forces on the package from the overpack may be

calculated using standard force and moment balance methods.

As stated above, POST 0B assumes that the attachment forces may be represented i

as a moment about *.he corner of the package. In the sketches above, a force

and moment around either corner is shown. In reality, only one set of these

forces will occur at a time, depending on the geometry of impact. POSTOB

calculates the value of the moment required'at either point A or point 0 to

balance the inertial forces on the package without the overpack. When both

moments calculate to be negative, there is no not forc'e in the attachments.

It is physically impossible for both moments to be positive. |
,

The equations for the moment may be obtained by summing the moments around the f
appropriate point on the package:

_

.

~

.. .. .

A " I O -(Ep - M )Yg T M ARM; M R-MI I !T p

,
** j.. ,,

I --(M - M")Y RMo=xIrnaN-I8Tr r n
!

iWhere: ,

MA = moment about corner adjacent to impact !

:

MO = moment about corner opposite impact
i
1

.

IT = mass moment of inertia of package without overpack but including
,

payload
!
.

MT = mass of package without overpack but including payload

.

R = radius of cask without overpack
'

,

.

I2-10-5-26
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:
.

IARM = distance from overpack point of rotation (either point A or 0)
to center of gravity of package without overpack

r

!

Input to POSTOB is of two forms - the first is the' actual time history of the

impact, output from OBLIQUE by selecting the appropriate print-out option.

This output contains velocity and coordinate data for the total package as a

function of time after the initial impact. From this information, the

accelerations of the package c.g. are easily calculated. The other input file
,

consists only of the following information:

l' . The distance the center of gravity of the package is from the center of'

gravity of the package with'ont the overpach

2. Mass moment of inertia of the package without overpack but including the

payload.

3. Mass of the package without overpack but including payload.

.

4. Mass of the payload.
,

,

5. Location of the attachment interface relative to the end of the package

without overpacks. This is essentially the thickness of lid overhanging

i the sides of the package when the attachment interf ace is between the lid

and the sides of the package rather than be tween the end of the package

and the inside surface of the overpack.

6. Package radius without overpacks.

7. Package length without either overpack,

t

8. The acceleration of gravity in units consistent with the OBLIQUE output.
1
1

Note that POST 0B calculates X in the equations above as Item 1 plus one-AEM
half Item 7 minus Item 5 in the list above.

i

| 2-10-5-27
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2.10.5.3 Samnle Program Innut and Outout

O
This section contains sample input and output tables for the computer codes

EYDROP, SYDROP, CYDROP and OBLIQUE. As a descriptive il lu stra tion, assume a

package with the geometry described below in Figure 2.10.5.3-1.

t 60.0 y
; 40.0 1 10.0 -

----2 0 . 0 -

I

!
// AM .

// a CVERPACK '

/ p (1,000 lbs)

72.0

I 48.0
'

PAYLOAD
,/"

(10,000 lbs)

24.0 e a

// // '*i'
r,

,

FIGURE 2.10.5.3-1

Sample Problem Package Geometry

2-10-5-28
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2.10.5,3.1 End Dron Samnlo Problem

Table 2.10.5.3-1 contains the data input to EYDROP for the above geome try.

PROGRAM EYDROP, VERSION 2, DATE 5/11/31

1234567890123456739012345673901234567890123'4567890123456739012345673901234567390
V V V V V V V V

EfDROP (END DROP) SAMPLE RUti. 20 PCF FOAM OVERPACKS
12000. 60. 20. 12. 30.

.2 3. .2
17

0.00 0.00
1 0.05 663.00

0.10 1337.00
0.15 1345.00 -

0.20 1315.00
0.25 1347.00
0.30 1411.00
0.35 1507.00
0.40 1673.00
0.45 1901.00
0.50 2206.f3
0.55 2623.00
0.60 3283.00
0.65 4242.00
0.70 5908.00
0.75 9053.00
0.30 15322.00

TABLE 2.10.5.3-1
EYDROP Input Table

A summary of each card is as follows:

Card 1 Problem Title

Card 2 Package weight package diame ter, overpack hole diame ter,
overpack end thicknes s, drop height.

Card 3 Starting crush depth iteration, ending iteration, increment.

Card 4 Number of foam curve data points.

Card 5-N Foam strain, foam crush stress.

2-10'5-29-
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All the required input parameters are straightforward. Tab l e 2.10.5.3-2

( contains the sample problem output. Inf ormation f rom this table is e s se n-

tially sel f-explanatory. A solution is determined when the kinetic energy of

the. drop is equal to the strain energy (SE/KE = 1) from crushing the foam
ove rpacks.

EYDROPCEND) EYDROP (END DROP) SAMPLE RUN, 20 PCF FOAM OVERPACKS

PACKAGE HEIGHT = 12000. CL3S)
PACKAGE DIAMETER = 60.00 CIN)
HOLE DIAMETER = 20.00 CIN)4

OVERPACX DEPTH = 12.00 (IN)
DROP HEIGHT = 30.00 CFT)

f

++++ IMPACT ++++ ENERGY
"

. .

'

'
CRUSH
DEPTH STRAIN FORCE ACCEL. KINETIC STRAIN RATIO

CIN) (L35) (G) (IN-L3) (IN-L3) (S E/KE),

.

.20 .017 456640. 33.1 4322400. 45664. .011

.40 .033 - 1036303. 86.4 4324300. 195003. .045,

.60 .050 1673367.
.

139.9 4327200. 466575. .108
,

O .30 .067 232121'O. 193.4 4329600, 866533. .200
3 1.00 .033 2902211. ~

241.9 4332000. 1383925. .321'

1.20 .100 3360248. 280.0 4334400. 2015171. .465
1.40 .117 34742.14. 289.5 4336300. 2698617. .622
1.60 .133 3461515, 283.5- -4339200. 3392197. .782
1.80 .150 3330354, 281.7 4341600. 4076391. . 939
2.00 .167 3353421, 279.5 4344000. 4749769. 1.093
2.20 .183 3325136. 277.1 4346400. 5417629. 1.246 .

2.40 .200 3304955. 275.4 4343300. 6080643. 1.398
j 2.60 .217 3313173. 276.5 4351200. 6742956. 1.550

2.30 .233 3345913. 273.3 4353600. 7409365. 1.702

,

:f

TABLE 2.10.5.3-2

EYDROP Output

|

In this case, a linear interpolation of the SE/KE ratio results in a crush

; depth of approximately 1.88 inches and an acceleration of almost 281 g's.

Equations for EYDROP ' a re discussed in Section 2.10.5,1.1. .

2-10-5-30
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2.10.5.3.2 Side Dron Samnie Problem

Tab l e 2.10.5.3-3 contains the data input to SYDROP for the sample problem

package geone try. |

PROGRAM SYDROP, VERSION 3, DATE 1/28/85

12345678901234567890123456789012345678901234567890123456789012345678901234567890 '

SYDROP (SIDE DROP) SAMPLE RUN, 20 PCF FOAM OVERPACKS.
V V V

V V V V V

12000. 48. " 60. 40. 30.
17

0.00 0.00
0.05 668.00
0.10 1337.00
0.15 1345.00
0.20 1315.00
0.25 1347.00
0.30 1411.00
0.35 1507.00
0.40 1673.00
0.45 1901.00 '

0.50 2204.00
O.55 2623.00
0.60 3288.00
0.65 4242.00
0.70 5908.00
0.75 9058.00
0.80 15322.00

150 .25 6.0 .25

. -

.

1

TABLE 2.10.5.3-3

SYDROP Input Table

A summary of each card is as follows:

Card 1 Problem Title

Card 2 Package weight, overpack length, package diameter, payload dia-

meter, drop height.

Card 3 -Number of foam curve data points.

> y

2-10-5-31
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d

Card 4-N Foam strain, foam crush stress

Card N+1 Number of integration points, starting crush depth iteration,
,

ending iteration, increment.

i

As with the end drop problem, all required input parameters are straightfor-

ward. The chosen number of integration points (150) is based upon previous

parametric study for the side drop geometry. Increasing the number will alter

the end results by only a fraction of one percent. As with EYDROP, a solution

is determined when the kinetic energy of the drop is equal to the strain

energy from crushing the foam overpacks. Tab l e 2.10.5.3-4 contains the SYDROP

output. Equations for SYDROP are discussed in Section 2.10.5.1.2.
t

.

9

f

a *

1

|

1

|
-

\

!
1 -

1
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TABLE 2.10.5.3-4-

SYDROP Output

3YDROPt31DE) NUCLEAR PACEA01NO PR0PRIETARY 18.09.59 85/03/16 PAGE 1

SYDROP (SIDE DROP 3 $ AMPLE RUN. Ze PCF FOAM OVERPACKS

PACKAGE WE!ONT * 12000. (L9S)
-| P VKAGE EXTERNAL LENGTP e 48.00 (INI

PACKAGE EXTERNAL DIANETER e 65.00 (IN)
PAYLOAO 01AMETER 8 40.00 (IM)
DROP MEIGNT = 30.08 (FT)

STRAIN VS STRESS TAOLE

PT STRAIN STRESS -

1 0.00 0.00
2 .05 668.00
3 .18 1337.00
4 .15 1345.00
5 .28 1315.00'

6 .25 1347.00
7 .30 1411.00
8 .35' 1507.0e
9 44 1673.00

10 45 1901.00
11 .50 2204.00
12 .55 2623.00

' 13 .6e 3288.00
14 .45 4242.00 '

15- .70 5988.se
16 .75 9058.00
17 .Se 15322.00

.

;Dit0P($1DE) NUCLEAR PACKA01NO PR0PRIE7ARY 18.09.39 45/03/16 PAGE 2
'

SYDROP (SIDE DRCP) SAMPLE RUN. 20 PCF FOAM OVERPACK5

++ CRUSN PLANE ++ ++++ IMPACT ++++ ++++++ ENEROY ++++++ D15ft18UT10N OF STRAIN RAT 105 SY
i CRUSN PERCENT OF CONTACT AREA

DEPTM AREA VOLUME FORCE ACCEL. POTENTIAL STRAIN RATIO 1E.70 07.10 07.8e 07.90 07.95
(IN3 (IN2) (IN3) (L85) (0) (IN-L 8 ) (IN-L83 (S E/ PE) Lt.8e LE.90 LE.95

.25 371.0 62. 82479. 4.9 4323000. 19310. .002 100.00 0.00 e.00 0.00 0.00'

.50 $23.6 175. 232410. 19.4 4326000, 49471. .elt 100.00 0.00 8.00 0.00 0.00'

.75 639.9 321. 449472. 37.5 4329000. 134931. .031 800.00 0.00 0.00 0.00 . e.00
1.00 737.4 493. 675502. 56.3 4332000. 275588. 064 100.00 0.00 e.De 0.00 0.00
1.25 022.7 eaa. 857486. 71.5 4335000. 467222. .100 100.00 0.00 0.00 0.00 0.00
1.50 899.3 994 989341, 82.4 4338000. 490075. .161 10s.00 0.00 E.00 0.00 0.00
1.75 949.3 1138. 1994877. 91.4 4341000. 950e52. .221 . 100.00 0.00 0.00 0.00 0.00

2.00 1934.0 1388. 1191399, 99.3 434400s. 1244887. .207 100.00 0.00 0.00 0.00 0.00

2.25 1894.3 1454 1281334. 106.8 4347000. 1553979. .357 100.00 0.00 e.00 0.00 0.00
2.50 1151.0 1935. 1370454 114.2- 4350000. 1805452. 433 100.00 e.00 0.00 0.0e 0.004

2.75 1204.6 2229. 1459288 121.6 435300s. 2239170. .514 100.00 0.00 0.00 - 0.00 0.00

3.00 1255.4- 2537. 1549023. 129.1 4354000. 2615209. .608 10s.ee 8.00 0.00 0.00 0.00

3.25 1303.8 2857. 1640286. 136.7 435900s. 3013873. .691 100.00 0.00 0.00 0.00 0.00

3.50 1350.0 3189 1735198. 144.6 4362000 34358es. .788 100.00 0.00 e.00 0.00 0.00

3.75 1394.3 3532, 1837541. 153.1 4365000. 3882401. .489 100.00 0.00 0.00 0.00 0.80
4.08 1436.8 3e86. 1949171. 162.4 436480s. 435574e. .997 100.00 e.Os 0.00 0.00 0.00

4.01 1437.8 3895. 1952158. 162.7 4364074. . 4368882 6 1.00s 100.00 0.00 0.00 0.08 8.00 j

4.25 1477.7 4250. 2070772. 172.6 4371000. 4858233. 1.111 100.00 0.00 0.00 0.00 0.00 |
4.50 1517.1 4624 2203828. 143.7 4374000. 539255s.- 1.233 100.00 0.00 0.00 0.00 3.00 -

4.75 1555.2 5008. 2349512. 195.8 4377000. 5961725. 1.362 10s.00 0.00 e.00 0.00 0.00 *
5.00 1592.0 5402. 2510461. 209.2 434000s. 6549222. 1.500 100.05 0.00 0.00 0.00 0.00

5.25 1627.6 5804 2688622. 224.1 4383000. 7219107. 1.647 100.00 e.80 0.00 0.00 0.00
5.50 1662.1 6216. 2890243. 240.9 438600s. 7916465. 1.805 100.00 'O.00 0.00 0.00 0.00

260.5 438900s. 8648433. 1.975 188.00 0.00 0.00 0.00 0.005.75 1695.5 6635.
34.5496. 283.3 43920es. 9484366. 2.159 lee.ee 0.00 e.0e 0.0e 0.0e312 ,72.

.

,

6.00 1728.0 7063. 1

- ,

,

t

!

%

%
.

e
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2.10.5.3.3 Corner Dron Samole Problem

Tab l e 2.10.5.3-5 contains the data input to CYDROP for the sample pr.>bles

package geome try,
,

i

PROGRAM CYDROP, VERSION 3, DATE 2/07/84

12345678901234567890123456789012345678901234567890123456789012345678901234567890
V V V V V ' V V V

.CYDROP (CDRNER DROPL SAMPLE RUN, 20 PCF FOAM OVERPACKS4

! -12000. 72. 60. 48. 40, 20. 24.
30, 39.8

; 1100. 17
0.03 0.00

j. 0.05 668.00
0.10 1337.00
0.15 1345.00
0.20 1315.00
0.25 1347.00
0.30 1411.C0

| 0.35 .1507.00
i 0.40 1673.00

0.45 1901.00,

1 0.50 2204.00
0.55 2623.00

| 0.60 3288.00
J 0.65 4242.00

0.70 5908.00
0.75 9058.00
0.80 15322.00

25 25.512 15.37 .512' "

TABLE 2.10.5.3-5
.,

CYDROP Input Table
:

1

|

A summary of each card is as follows:
,

!

Card 1 Problem Title.

Card 2 Package weight, package length, package diameter, payload

j length, payload diameter, overpack hole diameter, overpack

length.

Card 3 Drop height, angle from vertical.

2-10-5-34;

|
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| Card 4 Unbacked foam crush stress, number of foam curve data points.

Card 5-N Foam strain, foam crush stress.
!

Card N+1 Number of integration points along crush plane semi-minor ,.

ellipse axis, number of integration points along crush plane

semi-major ellipse axis, starting crush depth iteration, ending

iteration, increment.

The angle from vertical to execute a center.of gravity over struck corner

impact is calculated as:

0 = tan-1(60.0/72.0) = 39.80

The unbacked foam crush stress is the foam compressive yield strength, about

1,100 p s i f or the 20 p c f f o am. Program def ault for this entry is to assume

the foam crush stress _ at 10% strain, a value usually close to the plateau

compressive strength.

.

( Similar to SYDROP, the number of integration points chosen for CYDROP (25)

have been determined from a parametric evaluation. Additional points are

unnecessarily. time consuming and provide very little change in the end

results.-

Tabl e 2.10.5.3-6 contains the CYDROP output for the sample problem. CYDROP
also calculates the. percentage of foam in the crush area less than and greater

than 80% foam strain in the backed and unbacked regions. The foam data used

in the drop analyses provide accurate empirical relationships to 80% strain. e-

This calculation is carried into the force and strain ' energy results to pro-

vide the program user with information on solution reliability.
'

Energy equilibrium for the sample problem may be linearly interpolated to a

crush' depth of about 10.6 inches and an acceleration of 106.5 3's. The

distribution of ~ strain energy ratios for this problem indicate the foam stress

data interpolated from the input file never exceeded 70% strain.

.

2-10-5-35

l



. - - . . _-

NuPas 1!/140 5 Ang-.ct 1985
,

!

Linear interpolation of the sensitivity analysis shows approximately 24.5% of
t

the total crush area was unbacked. Additionally, further interpolation shows

the unbacked foam accounted for about 17.5% of the total force and 8.7% of the

strain energy at SE/KE = 1. Equations for CYDROP are discussed in Section

J 2.10.5.1.3.

:TOROP(CDENER) NUCLEAR PACEA01M0 PR0PRIETART 10.11.19 84/02/14 PAGE 1

j CTDROP (CORNER 040P) SAMPLE RUN. 20 PCF FOAM OVERPACK3

PACIAGE WEIGHT * 12000. (L3S)
PACKAGE EXTERHAL LENGTN e 72.30 (IH)
PACKAGE EXTERftAL OIANETERo 60.80 t!N)
PACKAGE EXTERflAL NOLE DIAS 20.00 (IH)
PAft0A0 E.HVELOPE LENGTN e 40.80 (Ill)
PAYLOAO ENVELOPE DIANETENs 40.30 (IH)
OVERFACK LEDGTH * 24.00 (IH)

*
DROP MEIGNT e 30.00 (PTr
ORIENTAT104 ANGLE * 39,400 (DEGREES WRT TO VERTICAL)

_ PLATEAU CRUSN STRESS e 1100.00 (P113 i

(DEFAULT TARD4 AT 10 PCT STRA1H)

STRE33/ STRAIN EVALUATED IN 1/2 CRUSH PL ANE ELLIPSE AT8
Ng a 25 POINTS PARALLEL TO SO1t-MINGR ELLIPSE AXIS

, NY a 25 POINTS PARALLEL TO SD11-19AJOR ELLIPSE AXIS

- EXPERIMENTAL STRAIN-VS. STRESS VALUES

PT STRAIN STRESS
1 0.80 0.20
2 .85 668.00 '

3 .10 1337.00
4 .15 1345.00
3 ,20 1313.00
6 .25 1347.00
7 .31 1411.00
8 .45 1307.30
9 4f 1673.00

10 4) 1901.20
11 .50 2204.00

' 12 .55 2623.00
13 .60 3280.30
14 45 4242.00
IS .70 5900.00
16 .75 9050.00
17 .a8 .15322.00

1

i

|

TABLE 2.10.5.3-6
|

CYDROP Output '

|

1

|

2-10-5-36 !
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TPROP(CORNER) NUCLEAR PACEAG1MG PRGPR1ETARY 10.11.28 84/s2/14 PAGE 2

CYDROP (CDRNER DROP 3 SAMPLE RUN. 20 PCP FOAM OVERPACKS

\ Y
%d ++ CRUSN PLANE ++ ++++ IMPACT ++++ ++++++ ENERGT ++++++ DISTR!8UTT04 CP STRA1H RAf!OS SY

CRUSH PERCENT OP CCHTACT ASEA
DEPTN AREA VOLUME FORCE ACCEL. KINETIC STRAIN RATTO LE.78 GT.70 07.80 07.9e 07.95
(IM) (IH23 (IN33 (L833 (Q3 (IN-tal (IN-ts) (3E/ KE3 LE.40 LE.90 LE.95

.51 9.6 2. 1386. .1 4326144 355. .000 100.00 0.30 0.00 0.00 '9.08
1.02 26.8 12. 8775. .7 4332288. 2956. .001 100.00 9.00 0.00 0.00 0.00
1.54 49.0 31. 25334 2.1 4338432. 11688. .003 100.00 0.00 0.00 0.00 e.00
2.35 - 74.9 63. 51131. 4.3 4344576. 31263. .007 100.00 e.00 .0.00 0.00 0.00
2.56 103.9 109 43257 6. 9 - 4350720. 65666. .015 100.00 0.00 0.00 0.00 0.00
3.07 135.6 170 119934 10.0 4356844. 117683. .527 100.00 0.00 0.00 0.00 0.00
3.58 169.6 244. 160452. 13.4 4363008. 189462. 043 100.00 8.00 0.00 0.00 0.00
4.10 205.7 344 204557. 17.0 4369152. 282904. 065 120.00 0.00 0.00 0.00 e.00
4.61 243.6 459 252250. 21.8 4375296. 399847 .091 100.00 0.08 S.00 0.00 0.30
5.12 283.1 594 304305. 25.4 4381440. 542325. .324 100.00 0.00 0.00 0.00 e.00
5.63 324.1 749 361485. 30.1 4387584. 712747. .162 100.00 e.00 e.00 0.00 0.00
6.14 366.4 926. 422256 35.2 4393728. 913405. .208 100.0a e.00 0.s0 0.00 8.00
6.66 409.8 1125. 490795. 40.9 4399872. 1147146. .261 100.80 0.00 0.00 0.00 0.00
7.17 454.3 1346 564073. 47.J 4406 G16. 1418216. .322 100.00 0.00 0.00 0.00 0.00
7.68 499.7 1590 648625. 54.1 4412160. 1729691. .392 100.00 0.00 8.00 0.00 0.00
8.19 545.9 1858. 736216 61.4 4418304 2084210. 472 100.00 e.se 8.00 0.00 0.00
8.70 592.8 2149 826311. 68.9 4424448. 2484217. .561 100.00 0.00 0.00 0.00 0.00
9.22 440.2 2445. 927107, 77.3 4430592. 2933092. .662 100.00 8.00 0.00 0.00 0.00
9.73 688.2 2885. 1046738. 87.2 4436736. 3438397. .775 100.00 8.80 0.00 0.00 0.00

10.24 136.6 3170. 1181164 98.4 4442880. 4408740. .902 100.00 8.00 0.30 0.00 0.00
10.75 785.J 3560. 13:2256. 110.2 4449024. 4649615. 1.045 100.00 0.80 0.00 0.00 8.00
11.26 834.2 3974 1483445. 123.6 4455168. 5367864 1.205 99.33 .67 0.00 0.00 0.00
11.78 883.3 4414 1678677. 139.9 4461312. 6177357. 1.385 98.69 1.31 0.00 0.00 0.00
12.29 932.4 4879. '1920373. 160.0 4467456. 7098714. 1.589 96.31 3.69 0.00 0.00 0.20
12.80 981.5 5369 2246590 187.2 4473600. 8165457 1.325 95.07 4.49 44 0.00 0.00
13.31 1830.3 5884 2652334 221.1 4479744 9419709. 2.103 92.95 5.75 1.30 0.00 0.30
13.82 1079.4 4424 3155349 262.9 4485888. 18906604. 2.431 91.87 6.12 2.82 0.00 0. a0
14.34 1128.0 6989 3762294. 313.5 4492032. 12677521. 2.822 88.97 6.72 4.09 .22 0.00
14.85 1176.2 7579 4496986 374.7 4498176. 14791897. 3.288 87.74 6.26 4.70 1.30 0.00
15.36 1224.s 8193. 3345237. 445.4 4504320. 17311506. 3.843 85.88 4.02 6.15 1.07 .87

-

N .,r fCROP( CZRNER) . NUCLEAR PACEAG1NO PR0PR1 ETA 47 10.11.27 84/02/14 PAGE 3m

CYDROP (CCRNER OROP) SAMPLE RUN. 20 PCF FOAM OVERPACKS

SCISITIVITY ANALYSIS OP STRAIN A33UMPT10NS

++++ CRUIN AREA ++++ ++++ IMPACT FORCE ++++ 4+++ STRAIN ENERGY M++
PCT D13TR18UTION PCT 013TR13UTION TOTAL PCT D13fR18UTf0N STRAIN TO

CRUSN TOTAL SACKED total SACKED STRAIN SACKED KINETIC
OLPTM AAEA UN= N6X STRAIN FORCE ; UN= NAX STRAIN EN ERGY UM- MAX STRAIN ENERGY

EACKE3 LT OT BACIED LT 07 1ACKED LT GT RATIO(IN3 (IN2) .300 (L333 .800 (IN-ta3) .300
.51 10. 0.0 103.3 8.0 1386. e.0 100.0 0.0 355. 0.0 100.3 0.0 0.0001.32 27. S.3 180.0 0.3 8775. 8.0 100.0 0.3 2156 0.0 10s.0 0.3 .0011.54 49 0.8 100.3 0.0 25334 0.0 100.0 0.0 11648. 0.0 100.0 0.0 .0032.25 76. S.3 100.3 8.3 51131. 8.0 100.0 0.0 31263. e.2 100.2 0.3 0072.56 105. 0.0 100.0 9.3 83257. 8.0 100.0 0.0 45666. 8.3 100.8 0.0 .0153.37 138. e.0 100.3 8.0 119934 0.0 100.0 e.3 117483 0.0 100.0 0.a .0273.58 173. e.0 100.4 0.3 160452. e.3 100.0 0.0 189462. 0.0 100.0 0.3 043

4..' 211. 0.0 100.3 0.0 204557. 9.3 100.0 S.3 282904 5.0 100.0 0.0 065
4.66 250. 0.3 100.3 0.0 252250. S.3 100.0 0.0 399847 0.8 100.3 9.0 .0915.12 292. .3 99.7 0.0 304305. .3 99.1 0.0 542325. O.2 100.0 0.0 .1245.63 335. 1.s 99.0 0.8 361485. 1.3 99.0 0.0 712767. .2 99.8 9.3 .162

'6.14 380. 1.5 98.5 0.3 422256. 1.5 98.5 0.0 913405. 4 99.6 0.8 .208
.

6.66 427. 2.9 97.1 0.0 490195. 2.7 97.3 0.3 1147144. .8 19.2 0.0 .2617.17 475. 5.5 14.5 0.0 568073. 5.0 95.0 0.3 1418216. 1.4 98.6 0.0 .3227.68 524 7.2 92.8 8.3 648625. 6.4 93.6 0.3 1721691. 2.2 97.8 a.3 .3928.19 575. 10.6 89.4 0.a 736216. 9.1 10.9 0.3 2084210. 3.1 96.9 0.0 4728.70 426. 12.4 87.6 e.a 826311. 10.3 89.7 0.0 2444217. 4.2 95.8 8.3 .561
9.22 679 14.7 85.3 0.3 927107. 11.9 88.1 0.0 2933092. 5.3 94.7 0. 0 - 662
9.73 733. 19.3 81.0 0.2 1046738. 14.6 85.4 0.3 3438397. 4.4 93.6 0.3 .77510.24 788 22.7 77.3 0.0 1181164 16.7 33.3 8.0 4008740. 7.8 92.2 0.0 .90210.75 844 25.3 74.7 0.0 1322256 17.8 82.2 0.0 4649615. 9.1 90.9 0.3 1.04511.26 900 30.3 69.7 0.0 1483405. 25.2 79.8 0.0 5367864 10.4 89.6 0.0 1.20511.78 957, 32.2 67.8 0.0 1678677 70.2 19.8 0.0 4177357, 11.7 88.3 0.3 1.38512.29 1815. 36.4 63.6 8.0 1920373. 21.2 78.8 0.3 7098714 12.9 87.1 e.a 1.58912.30 1074 37.0 42.6 4 2244590. 19.4 77.2 3.3 8165457. 13.8 85.9 .2 1.82513.31 1131. 38.6 60,1 1.3 2652834 18 .1 71.6 10.3 9419709 14.5 84.4 1.2 2.10313.82 1183. 42.3 55.2 2.8 3155549 17.3 62.0 20.7 18966404 14.9 81.9 3.2 2.43114.34 1237. 43.9 51.8 4.3 3762296. 15.9 53.7 30.4 12677521. 15.1 78.5 6.4 2.82214.85 1239 44.1 49.9 6.0 4496986 13.9 46.8 39.3 14791897. 15.1 .74.4 10.5 3.28815.36 1343. 45.4 44 .5 8.1 5345237. 12.J 38.3 44.9 17311506. 14.8 69.7 13.4 3.843

CYDROP Output -

( (continued)
V

1

2-10-5-37
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,

2.10.5.3.4 Obliane Innset Samole Innut

Tab l e 2.10.5.3-7 contains the data input to OBLIQUE for the sample problem

package geometry. Equations for OBLIQUE are discussed in Section 2.10.5.2.'

1

!

,

; PROGRAM OBLIQUE VERSION 7, DATE 9/15/83

j 12345678901234567890123456789012345678901234567890123456789012345678901234567890 ;'

V V V V V V V V
OBLIQUE SAMPLE RUN, 20 PCF FOAM OVERPACKS

48. 20. 24. 10. 12. .

31.056 12574. 386.4
.

.25' 12. .25 10. 'O. '

5. 10. 20.' 30, 40. 50.
60. 70. 80. 85. ;

-527.45 85. 5. -5. O. 3. {

!
<
!

t
'

;
'

r

I i

k '

:

; . TABLE 2.10.5.3-7 !

OBLIQUE Input Table-
>

,

1 |

!

'A summary of each card is as follows:
"

. :

I

Card 1 Problem title j-

i

I !
! Card 2 Payload length, payload radius, overpack length, overpack side |

!

thickness, overpack end thickness.

i
ICard 3 Package mass, radial mass moment of inertia about the center of
1

f gravity, gravitational acceleration.
|

f Card 4 Starting deflection, 'ending deflection, deflection increment,

number of angles, print control. !

I Card 5-N Angles (6 per card, 24 maximus)

a \

.i
'

2-10-5-38 f'

i
i

!
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Card N+1 Package free-fall velocity, output starting angle, output

O ending angle, angle inc rem e nt, friction coefficient, estimated

deflection, package translational velocity, package rotational

velocity.

2The package mass, assuming a gravitation ecceleration of 386.4 in/sec , is:;

2a = 12,000/3 86.4 = 31.056 lb-sec fg,

'
The radial mass moment of inertia of the system is calculated, knowing the

payload and overpack weights, using composite sections:

30.0 s'

e20 . 0 *
- 10.0 +

~

w/ wy + "

/ 12.0a ~ / b

'/ +//
/[/ !"

30.0

18.0 72.0

24.0

@
.

,

,

.
.

/ / Y

O
2-10-5-39
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For the Payload:

2 + L f3)f42I = a(Rp

Where:
2a = 10,000/386.4 = 25.88 lb-sec fi,

R = 40.0/2 = 20.0 in

L = 48.0 in

Then,

I, = 25.88[(20.0)2 + (48.0)2/3]/4

27,557 lb-in-sec: =

For the overpacks:
,

I,p = a[R2 ,(g /3)]/4 - m1[R 2+(Lf/3)]/4-2m2[R2
1 2

+tof/3)]/4-2m2f-2m3[R +(L/3)]/4-2m3jd d3

!

Where:
2a = EnR g )

E = W,p/ (3 86.4) V,p

W,p = 1,000 lbs

V,, = n[(30.0)2 - (20.0)2124.0 + n[(20. 9)'' - (10.9)2112.0 -

3
.

= 49,009 in
:

E = 1,000/ [(386.4)49,009] = 5.28(10)-5 h-se /, * /

R = 30.0 in

2-10-5-40
t
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:
i

i

L = 72.0 in
'

|

|
2m = [5.28(10)-5]n(30.0)2(72.0) = 10.75 lb-sec 7g, |

:-

mi=unRfL1
I

*

:

i

R . = 30.0 in
|1

'

!
!

Li = 24.0 in :
i
!

4

2mi = [5.28(10)-5j,(39,n)2(24.0) = 3.583 lb-sec f t,
!

'

"2=unRfL2

i
r

R2 = 20.0 in j
i
t

L2 = 12.0 in . j

i
i

2 b

; m2'= [5.28(10)-5]n(20.0)2(12.0) = 0.7962 lb-sec fg,
. c .

m3=anRfL3
1

!

R _= 10.0 in f3

I

L3 = 12.0 in
i
i

m3 = [5.28(10)-5]n(10.0)2(12.0) = 0.1991 lb sec fg, (
2

,

| -

!

i d2 = 18.0 in ;

i - I
!

d3 = 30.0 in j
f

r<

t t
i

!
I I

;

i
i

2-10-5-41-
1 >
'

!

! l
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Then,

I,p = 10.75[(30.0)2 + (72.0)2/3]/4 - 3.583[(30.0)2 + (24.0)2f3jj4

- 2(0.7962)[(20.0)2 + (12.0)2/3]/4 - 2(0.7962)(18.0)2

- 2(0.1991)[(10.0)2 + (12.0)2/3]/4 - 2(0.1991)(30.0)2

2= 5,017 lb-in-sec

Finally,

2I = 7,557 +-5,017 = 12,574 lb-in-sec

The starting deflection, ending deflection, and deflection increment are

value s set to build a uniform force /defl~ection table for use by OBLIQUE.

tape holding force / deflection data (Table 2.10.5.3-Prior to use of OBLIQUE, a

08) over the range of angles from 5* to 85 is created by CYDROP. OBLIQUE, in

turn, reads the tape and converts the force / deflection data to a uniform table
,

for each specified angle. Note that the angles specified in OBLIQUE are with

respect to horizontal whereas CYDROP references vertical. The magnitude of

\ the ending deflection must be chosen.such that it is greater than the maximum

deflection expected in OBLIQUE, yet need not exceed the maximum possible

deflection in the corner drop evaluation.

The print control determines whether the output will be a tabular summary or a

time history table.

Package free-fall velocity is based on the drop height. From 'the equations of

motion:

V = -(2gh)0.5

! Where:
2g = 386.4 in/sec

h = 30 f t = 360 in |

O
2-10-5-42

|
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i

TABLE 2.10.5.3-8 !
!

CYDROP Force / Deflection Data ;

12345678901234567890123456789012345678901234567890123456789012345678901234567890
' y v v v v v v v i

.55 11.01 .55 !
32367. 128991. 205207. 334008. 477903. 583552. 677442. 758737. i

845422. 934841. 1033385. 1135477. 1263206. 1515395. 1751333. 2111306. !
2821622. 3527691. 5437239. 8027229. ;

.60 11.93 .60 j
18240. 67473. 121760. 173898. 258462. 363714. 504353. 634713. t

743455. 842066. 941411. 1049548. 1178914. 1320453. 1509786. 1859217. }
2337319. 3044434. 4269526. 6258679. !

'

.67 13.49 .67 !

12193. 56671. 91499. 113057. 156188. 229526. 313617. 404088. |
' 501563. 609987. 733768. 880232. 1023319. 1173033. 1357047. 1535754. I

1992534. 2555789. 3396621. 4655222. t

.73 14.65 .73 i4

5028. 21986. 51813. 100182. 163505. 232741. 304621. 331703. 3'

|465956. 560855. 663431. 792142. 937642. 1114234. 1326595. 1593302.
1971609, 2595205. 3524784. 4638336. -

.77 15.39 .77 !
3109. 20093. 57039. 108821. 163429. 234305. 311057. 394634. }486376. 592357. 705257. 841422. 999463. 1197891. 1441110. 1764085. ;

2248133. 2989067. ~4003001. 5295208. (
.78 15.63 .78 t,

4255. 26380. 63840. 123526. 187139. 259087. 340108. 434086. r

543328, 667914. 804180. 953330. 1156760. 1371133. 1650632. 2040733. I
~2621016. 3413833. 4478667. 5315325. ; [

.77 15.39 .77 ! r
4057, 26494. 76369. 148989. 234326. 330652. 436320. 555823. i

637002. '828086. 979995. 1150114. 1341620. 1566643. 1844710, 2230726. !

( 2842792. 3730696. 4961650. 6537525. '

>

.73 14.69 .73 -
t

18772. 63814. 132583. 236890. 366604.- 500474. 640691. 801924. |
979105. 1151239. 1316710. 1487169. 1694789. 1946953. 2263342. 2722947. .',

3482639. 4608111. 6214733. 3341342.
.63 13.55 .63 i

52320. . 216304 345960. 547724. 819178. 1093308. 1315633. 1515427. ;

1750771. 1988973. 2293295. 2677752. 3097958. 3572765. 4040177. 4728836. !
6012544. 8077597. 10828178. 14261926. i

.64 12.83 .64 !
132903. 468917. 829010. 1274790. 1673088. 2085438. 2617955, 3024971. r

'3080822. 3176792. 3326463. 3552364. 3876190. 4362971. 5134753. 6525535.
9073079. 12696963. 17334716. 22804149.

!
'

!

!
i

f
* |

|
.

.

i:

!
: .

'
,

!

!

' |,

!

!

?

2-10-5-43 !

i

>
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.Then,

V = -[2(386.4)(360)]O.5 = -527.45 in/sec

The output starting angle, ending angle, and angle increment specify the

OBLIQUE analysis package angle s of impact with respect to the horizon. The
0sample problem specified solutions at angles of 5 to 85* in 5 increments.

The friction coefficient is usually set to zero. Pac ka ge translational and

rotational velocities are parameters specified to study the effects of secon-

dary impacts.

The sample problem output for OBLIQUE is found in Table 2.10.5.3-9. For each

specified angle of impact the magnitude of FMAX is determined as the maximum
value of ~ the vector summation of the thrust and shear forces at some instanta-
neous package angle during the analysis. Note that the maximum value of the

4

( package internal forces, moments, and ~ deflections do not necessarily happen at
,

the same instantaneous angle. When all parameters have achieved a maximum
,

value, the problem terminates for that specified angle of impact. OBLIQUE

continues the analysis at each angle of impact.

Additionally, . OBLIQUE utilizes the methods delineated in Section 2.10.5.2.2 to
,
,

j determine the maximum overpack separation moments about the opposite and

j adjacent corners in the overpack. As before, a solution occurs when- the

maximum value is found for each moment at some instantaneous angle, not neces-

sarily the same instantaneous angle for each moment. A negative moment

denotes overpack compression and a positive moment overpack separation. ;

>;

b

|
t

! |

|

|.

!
'

!
i
>

!

i

I
;

i

:
I

2-10-5-44 !
i-
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TABLE 2.10.5.3-9
OBLIQUE Output

O
t

NUPAC OBLIQUE ANALYSIS-CBLIQUE SAMPLE RUN, 20 PCF FOAM OVERPACXS
*

PACKAGE GEDMETRY-
LENGTH = 48.000
RADIUS = 20.000

= 24.000CVERPACX LENGTH
= 10.000OVERPACK SIDE THICKNESS

OVERPACK BOTTOM THICKNESS = 12.000 -

PACKAGE MASS PRCPERTIES-
*

MASS = 31.056
12574.000MASS MOMENT OF INERTIA =

GRAVITATIONAL C3NSTANT = 336.400
SOLUTION CHARACTERISTICS-

= -527.450. IMPACT VELOCITY CYDOT)
CXDOT) = 0.000
(THETADOT)= 0.000

FRICTION C3E.:FICIENT = 0.000
ESTIMATED CRUSH DEPTH = 3.000

THETAG FMAX SHEAR THRUST MOMENT DEFLECTION CLEARANCE
~

.0000 1730212. 114405. 1727493. 813544 3.30 9.2385i

80.0000 1330952. 137346. 1319863. 1335795. 4.81 3.56
75.0000 1240256. - 266731. 1213409. 1397113. 6.56 7.23
70.0000 1131325. 352957. 1130530. 2509913. 7.43 6.95
65.0000 1166252. 447335. 1073325. 3134961. 8.70 6.20
60.0000 1240943. 592237. 1091295. - 4211462. 9.62 5.70
$5.0000 1231335. 736041. 1049450. - 5234069. 10.29 5.27
50.0000 1270203. 345096. -943232. 6009575. 10.57 5.04
45.0000 1130439. 379539. '739060. 6254501. 10.55 4.91
40.0000 1054731. 854279. 622354. 6074872. 10.24 4.90
35.0000 940457. 311764. 432142. 5772543. 9.73 4.96
30.0000 347935. 766511. 372050, 5450742. 9.06 5.03
25.0000 795536. 745525. 233112. 5301510. 3.26 5.25
20.0000 723357. 693593. 209484. 4932252. 7.32 5.63
15.0000 641400. 623733. 136961. 4471379. 5.92 6.19
10.0000 310749. 305405. - 109797. 5727323. 5.81 5.47
5.0000 579215. 577510. 44411. 4106735. 3.28 7.62

i

,!

|

|

-

|
:

|
|

1

O
|

2-10-5-45 |
;

)
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2.10.5.4 NuPac Comonter Code Quality Assurance

NuPac cc:mputer analysis programs are maintained in accordance with a formal

quality assurance program approved by the Nuclear Regulatory Commission under

certificate number 0192 that complies with ANSI N45.2. These provisions are

applied to both NuPac authored sof tware and vendor supplied sof tware. Vendors

of computer services, such as Boeing Computer Services, have demonstrated that

their quality standards are ' in accordance with the provisions of ANSI N45.2.
Documentation of such compliance is maintained in NuPac Quality Assurance

files.

The requirements of ANSI N45.2 are interpreted to impose the following stipu-

lations upon computing software:

ANSI N45.2.

i
~

Section Reanirement

4.3 The , supplie r shall require the identification and perfor-
| mance of verification / qualification evaluations which

demonstrate that computer codes are capable of producing-

,
information of sufficient accuracy to satisfy design

' requirements.

All calculations and computer input data shall receive

documented, independent, in-house verification..

7.0 The supplier shall establish responsibilities and proce-

dures relating to computer code configuration identifica-

tion and configuration control.

J NorE:
*

Configuration identification is the -establishment and use

of a unique identifier for a code version. Configuration

! control includes the documentation and preservation of a

code version to assure its retrievability and includes
'

similar preservation of input for computer runs to assure

that output results can subsequently be reconstructed.
<

i \
i

!

2-10-5-46
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A valid computer solution requires that each of the following tests be

satisfied:

i

| Does the analytic method accurately represent the modeled physicalo

processes?
4

!

!

o Does the computer code fully and accurately implement the analytic>

method?
i

i

o Does the input problem data accurately reflect the physical properties

of the situation being analyzed?,

o Can the resultant output data be uniquely identified as resulting from .

l a particular input data set?

!

NuPac procedures assa,re that each of the above questions is answered in an ;

|~ affirmative fashion. These procedures include the following configuration

; control elements.
3

. ~
,

1
~

1. Each safety analysis report or design analysis summary provides a

complete description of appropriate analysis methods implemented in

| NuPac developed. software.
:

!

2. Version identification for each run of the computer code is maintained

j by the automatic appearance of current code revisions numbers and

dates in both output headers and day file listings. !
i:

!

I L
! 3. All superseded versions of codes are maintained on file,

j 4. All input data are automatically echoed on output for verification and :
!

checking purposes. ;i

! !

!

| 5. All output data, including plots, are labeled with a machine generated

i 'name, time and date corresponding to the run which generated the
i

I
: reported engineering results.

i

!
! 2-10-5-47
j

! ;
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,

t
,

Verification of methodology and code accuracy involves one or more of the

j following steps:

1. End-to-end experiments:

i l
4

'

These experiments simultaneously test the accuracy of both methodology

and code-implementation of methodology. For example, a full scale

j series of 30' drop tests conducted in September, 1980 on the Chem-

Nuclear Systems, Inc. CNSI-13C (II) package demonstrated that the

foverall predictive error of NuPac impact dynamics software is about
,

6%. (Re f e rence page 2-91, Sec tion 2.7.1.2 of CNSI-13C (II) S.A.R.) i,

- |
t

j 2. Compari:.on with Alternative Nethods:

1 l
4 i

j The method of comparison varies with the particular technology i

involved. Two examples are described below,
,

i a. Impact Analyses:

, . -

|

] Alternative energy balance and momentum methods are used to check- I

| point time history impact dynamics solutions. The se end-to-end
I

ichecks have been performed at three orientations where the dynamic'

! equations of motion become simplified: end, side and conter of

gravity over struck corner. At other orientations, the impact |
,

dynamic solution method has been verified by' momentum techniques !

combined with idealized perfectly plastic energy absorber assump-

tions.

i

!

I b. Thermal -Analyses:
1

, |

j Steady state solutions are checked by independent iteration methods
1

and a careful check of model heat flow balances (equilibrium).

i Transient analyses are independently checked by Schmidt plot gra-

{ phical analysis methods. i

; i

) i
1

2-10-5-48

t

t
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3. Hand Chscks of Code:
4

Hand checks have been performed to assure that:

o Equilibrium is always satisfied. Both thermal and all impact

solutions have been so tested.

o Force or heat transfer between points, or nodes, obey the

assumptions of the analysis model,

o Analytic geometry calculations obey the model assumptions. These
;

features have been checked by both descriptive geometry construc-

tions and mathematical checks of the algorithms.

o Interpolations of non-linear tabular data are correctly performed.

o Naserical integrations are properly performed.

i

,

9 w

.

!

s

1

}

!

)

-2-10-5-49
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I

APPENDIX 2.10.6 )
|

|

IMER HHfJ, BUCILING ANALYSIS

|

THIS SECTION IS PItOPRIETARY

. -

,

,

i
!

I

2-10-6-1

. _ - _ _ _ _ _
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APPENDIX 2.10.7

I

END DROP LID ANALYSIS

THIS SECTION IS PROPRIETARY ,

i

i

l

i

e

g

I

o

2-10-7-1
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APPENDIX 2.10.8

LID PUNCIUEE ANALYSIS

THIS SECTION IS PROPRIETARY

. -

o

I

2-10-8-i
,

|

i

!
'
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,

!

!
i

I

' APPENDIX 2.10.9
,

j

l

; msrs mIcnorIcun ;
.

i

THIS SECTION IS PRDPRIETAN
'

i

I, l

., 1
1

1
'.

I

i
_

.

1
s

1

.

. -

!
,

,

1
i
.

|
|

i
i

.

,

,
-

i
f

i i
'

;

I,

i
:

I
.I

1
i .

1

i

*

! ,

| :

|
*

,
.

,
,

|
:

'

?

I4 :
-

4

'
i

t ,

i i

(
.

!
j 2-10-9-1 i

i

t
<
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3.0 THERMAL EVALUATION

r

This section identifies and describes the principal thermal engineering

design aspects of the NnPac Model 10/140MB shipping cask important to safety
and compliance with the performance requirements of 10 CFR 71.

LJ_ Discussion

6

The NuPac Model 10/140MB Cask is designed with a totally passive thermal

system. As seen from Figure 2, the principal physical components of this

thermal system consist of a single thickness thermal fire shield

surrounding the cask sides, a single thickness thermal fire shield

partially covering the cask end plate, and an insulated panel partially

covering the cask lid. Additional thermal protection is achieved by the

polyurethane foam ov e rpac ks. Together, these various protective devices

completely cover the cask, such that the entire exterior of the cask is

protected against direct exposure to external conditions (assuming that no

damage has . oc curred).

. -

The cylindrical cask wall consists of a 1.25 inch thick carbon steel

plate outer shell, a 2.25 inch thick lead shield, and a 0.75 inch thick

stainless steel plate inner shell. The cask end plate is fabricsted from

6.5 inch thick stainless steel. The cask lid is f abricated f rom a 5.25

inch thick stainless steel plate. Accidents 1 impact protection is provided

by 20 lb/ cubic foot polyurethane foam overpacks covering each end of the cask.

,

Four principal heat transfer analyses were run utilizing the Martin Marietta

computer thermal network analyzer program, MITAS II: 1) steady-state
0analyses at an ambient tempera-ture of 100 F with solar insolation as pre-

0scribed by NRC 10CFR71, 2) steady state analysis at 100 F ambient and no

solar insolation, 3) a transient analysis for an undamaged condition with an

exposure to an ambient temperature of 1,475 F for thirty minutes followed by

exposure to 100'F ambient air to simulate a hypothetical fire accident condi-
tion, and 4) the same fire accident condition for t;y hypothetical damaged c

3-1
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cask configurations. The following table presents the maximum temperatures

de te rmined by each of these analyses for selected - major components of the

cask. Details of the analyses and additional temperature levels are

presented in Sections 3.4 and 3.5.

.

Maximum Temnerature ( F)

Loestion Steadv-State Transient

(w/ (w/o (No (Corner Pin

Solar) solar) Damage) Drop) Drop)

Cask Inner Shell 123 105 487 503 487

Lead Shield 123 105 4 83 509 494

Cask Outer Shell 123 104 496 523 513

Thermal Shield 120 103 1084 1094 1084

Overpack Shell 160 100 1423 1420 1423

Ove rpack Foam 157 105 160 155 162,s
({) Inner Lid Closure Seal 132 -106 230 230 264

Outer Lid Closure Seal 124. 105 212 270 220

Cask Bottom Seal 121 105 220 223 220

Cast End Plate 123 107 252 252 252

Tie-Down Lug 118 104 1074 1045 1045

These results are based on a maximum internal decay heat load of 95 watts.

3.2 Summary E Thermal Pronerties E Materials

The NuPac Model 10/140MB Cask is f abricated primarily of stainless steel,

carbon steel, lead, and polyurethane foam. The void spaces within the package

are assumed to be filled with air. Air also fills the gap between the cask

exterior and the thermal shie l d s. The following table documents the ther-

mal properties used in the model and the sources f rom which they were ob-

tained.

\v/

3-2
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h Specific

Co nduc tivity Den sity Heat Ref.,

3
1 Material -(BTU /hr-ft OF) (Lb/ft ) (BTU /lb- F)
i,.

I, Stainless Steel

Type 304 10 at 300 F 488 0.11 3.7.1

j Carbon Steel 24.5 at 300 F 487 0.113 3.7.1

f Lead 18.8 a t 300*F 710 0.031 3.7.1
'

Polyurethane 0.025 at 75 F 20 0.30 3.7.2

' Air see below 0.071 0.240 3.7.3 i

The th,e rmal conductivity of air varies significantly- with,

temperature as shown in the following table:

*
-

Pronerties of Air'
,

Temperature Conduct ivity Density

3('F) (BTU /he-ft- F) (Lb/ft )4

:

32 .0140 .081

q 100 .0154 .071
i 300 .0193 .052

500 .0231 .0412

700 .0268 .0341

1000 .0319 .0271
1 1500 .0400 .0202

i
:
4

1
!

I

:
i

i

i
!

i
.

3-3
<
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Radiation Properties
,_s

t
%

Component Material g Conditions Et[u

Cask I.D. S. Steel 0.5 All 3.7.4

Cask O.D. Carbon Steel 0.8 All 3.7.5

Overpack Shell S. Steel 0.8 Fire 3.7.6

0.5 Normal 3.7.4

Thermal Shield S. Steel 0.8 -Fire 3.7.6
0.5 Normal 3.7.4

i

3.3 Technical Soecifications {UL Comoonents

The O-rings used at the closure seals of the cask are the most temperature

sensitive material within the p<cksge. The 0-rings are made of neoprene and
'

have an extended exposure allowable temperature range of -40 to 250 F

(Reference '3.7.7). Howeve r, T; 4ure 3-1, taken f rom Re fe re nce 3.7.7, indi-
,

) cates the 0-rings can withstasd much-higher temperatures during short term
,

exposures.

I
The stainless steel used in the construction of the cask meets the specifica-

tions f or ASTM A320 304, while the carbon steel meets ASTM A516 Gr. 70. The

melting t empe rature s for lead,- carbon steel, and stainless steel are 620,
'

2750, and 2600 F, respectively. The thermal properties are given in Section

3.2.

The foam stock used in the overpacks is a rigid polyurethane foam produced
~

'

under the direction of Nuclear Packaging, Inc. of Federal Way, WA. The foam

is _ fire resistant and has been demonstrated to not support a flame. All other

; technical specifications are given in Reference 3.7.2.

o

#
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M Thermal Evaluation Egr Normal Conditions DI Transnort

This section presents the thermal analyses of the NuPac Model 10/140MB

cask for normal conditions of transport. The the rma l conditions conside red
are those specified in 10 CFR 71.71. Pe r 71.71 (c)(1), a 100*F ambient
temperature and the solar insolation values given in the table below are to be -

used for thermal boundary conditions. An assumed solar absorptivity of '0.5
- for the stainless steel overpack shells and heat shields was used with these

solar insolation values.

A 95 watt payload internal heat load was also assumed for the normal transport
" thermal model.

3-5-
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,
,

t ) SOLAR INSOLATION
x._./

Total Insolation for a

2Form and Location of Surface 12-Hour Period (g cal /c )

Flat surfaces transported

horizontally

- Base None

- Other surf aces 800

Flat surfaces not transported

horizontally 200-

Curved surfaces 400

An additional steady-state case was run using an external ambie nt tempera-s
/ \
( ) ture of 100"F with internal heat generation, but without solar insolation.

This case is to be considered as the initial condition for the hypothetical

accident conditions. A finsi, rather trivial case of -20 F ambient air with

no solar insolation and no internal heat generation is also considered herein

as another extreme initial condition for other events.

!

3.4.1 Thermal Model

i

3.4.1.1 Ansivtical Model

t

Figure 3-2 illustrates the location of the 71 nodes used in the analytical

model. The location and the number of nodes were chosen to pekmit accurate

de t e rmina tion of the temperature distribution in the major cask components.

The model utilized the different thermal properties presented in Section 3.2

-~3 For, simplicity's sake, a fixed value of thermal co nduc t iv ity and specific
I i
( j het.t was used for the metals and polyurethane insulation since

.
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their change with temperature is small 'over the temperature range seen. In

contrast, _ the thermal conductivity of air was computed as a function of

temperature since its conductivity variation with temperature is significant.

The thermal model represents sa axisymmetric segment. of the cask. 'Ihe analy-
sis assumes that the cask is in its normal upright shipping position and that

the end of the cask sees an adiabatic surface. It is further assumed that the

fuel loading within the cask is evenly distributed. The relatively low

assumed decay heat rate of 95 watts means that a change in this assumption
will not have a serious effect on the peak temperature distributions.

The internal structure within the package was not modeled. Instead, the

transfer of heat from the payload to the inner wall of the cask was modeled as
'

a simple heat input to the interior wall nodes.

Heat transfer through all other portions of the cask structure was calcu-

. lated using a combination of conduction and ' gray body' radiation heat
transfer. -The heat transfer across the air gaps within the cask (e.g.
between the thermal shield and the-cask, cask lid, e tc.) was treated as

radiation plus pure conduction since the Grashof number is below that for

which free convection occurs. An exception occurs for the air gap between the

cask lid and the thermal shield (i.e. node'84) when the cask is in a horizon-
tal orientation such as occurs for the hypothetical accident scenario (see

Section 3.5). Under these conditions the heat transfer across the gap con-
sists of radiation and free convection.

The f ree convection of heat from the exterior surf aces was computed as a
function of tempe ra ture and orientation of the surface using standard equa-
tions for free convection from cylinders, and vertical or horizontal surfaces.
See Section 3.6 for the specific equations used in each case.

3.4.1.2 Test Model: Not applicable as no thermal testing is performed for

the NuPac Model 10/140MB.

t

3-8
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3.4.2 Maximum Tenneratures

s

The maximum temperatures noted for normal conditions of transportation

(i.e. 100 F ambient temperature, solar insolation, and 95 decay heat

loading) are presented in the 'following table for. the maj or components of

the cask. See Figure 3-2 for the location of the various nodes. A c om-
i plete listing of nodal temperatures is provided in the appendix, Section 3.6.

A point for considers tion when reviewing the temperature levels in the table

below is that the re.atively long time constant of the foam overpacks (i.e.

l 50+ hours) means that the steady-state temperatures are conservatively high.
,

This is due to the f act that the overpacks will isolate the cask components

] from the effects of solar insolation such that the cask temperatures will not

) reach a steady-state condition during the typical dsily ambient thermal cycle.

;

-

l

I
~

! 1
*

i

!

i

,

1

!

i

i

,

#

<

|

I.
l
:

:
!

i
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,

Max. Temperatures For NuPac Model 10/140MB
i Normal Conditions

Location Node # .Tennerature 2g
t

i
*

Cask Inner Shell 10 - 121

1 30 123

| 130 121

I Lead Shield 14 121
g

j 34 123

134 121

I Cask Oute r Shell 16 121
f
i 36 123
i

136 121

j Cask Ltd 40 132

! 46 128

Cask End Plate 140 123

i 144 122
i

' Seals - Lid 42 132,

i

| - Cover Plate - 58 124.

a - End Plate 158 121

4 Thermal Shield 70 120

! 80 172
i

i 181 123

Overpack Shell 69 160
1

68 113 r;

i Overpack Foam 67 157
! 65 151

63 140 j

'
i 61 129
4

66 113,

64 117,

62 121;

Tie Down Lug 72 118

i

1
!

I
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3.4.3 Minimum Tenneratures

Om
The minimum temperature distribution for the NuPac Model 10/140MB cask

will occur with no decay heat load and an ambient air temperature of -40 F

(per 10 CFR 71.71 (c)(2)). Since the steady state analysis of these condi-

tions represents a trivial case, no computerized thermal calculations were

performed. Instead, it was assumed that all cask components would reach

the -40 F temperature under steady state conditions. This temperature is

within the allowable range of all cask components. As a further potential

initial condition for normal or accident events, a -20*F minimum uniform

temperature was also considered per 10 CFR 71.71(b).

3.4.4 Maximus Normal Condition Internal Pressure

Internal pressures in _ the NuPac 10/140MB are af fected by three physical

effects. First, gas laws predict that pressures in a fixed volume are propor-

tional to the absolute temperature of the gas. Second, some anticipated pay-

loads which would be shipped in the 10/140MB exhibit some gas evolution when
subjected to a gamma flux. Fina l ly, a change in temperature would change the

vapor pressure of water, so that if small amounts of water are present in the

package, the internal pressure would increase accordingly.

From the data presented above, it can be seen that the highest inner surf ace

0temperature predicted on the lid of the cask is 132 F (node 40) while the

remainder of the cask inner surface averages about 122'F. A weighted average

of the inner surf ace temperature can be taken as a means of de termining the

gas law and vapor pressure effects on the internal pressure.

The inner surface area of the lid can be approximately as:

[

n(33)2 = 3421 in.2

The remainder of the internal surface area is:

n(33)2+2n(66)(73) = 18557 in2

3-11
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So, the average temperature:,_

( I

i~ /
( 132 ( 3421) +122 ( 18557 ) ) / ( 3421 +18557 ) = 124 F

Some assumption regarding the amount of f ree space present in a loaded con-

tainer must be made. A typical payload configuration involves a inner waste

container (most likely a High Integrity Container, or HIC) filled as much as

practical with ion exchange resins. Operational requirements dictate that the

HIC may be filled no more than 8 to 10 inches f rom the top. In addition, the

HIC typically is designed with at least 1 inch of clearance on the sides and 2

inches between the top of the HIC and the top of the 10/140MB. For purposes
of calculating the internal pressure, assume a void space equivalent to the

sum of an 8 inch high cylinder the entire diameter of the cavity, and a one

inch thick cylindrical shell the length of the remainder of the cavity:

2 2 3
Yvoid = n((33) (8)+(73-8)(33 -32 ))/1728 = 23.52 ft

This volume conservatively ignores the interstial volume inherent in the waste
.\

\

) form, dewatering plumbing in t e rn a l - v o l ume , and the volume of the domedsv
secondary lid design.

The amount of gas generated may be estimated by assuming that the entire

volume of the 10/140MB not counted as void space is filled with lon exchange

resins. BNL-NUREG-51565, p. 27, indicates that the ga s generation rate of a

typical ion-exchange media exposed to a gamma fluz is 1.595110-8,,3/ gram-Rad.
Conservatively assume an average gamma fluz through the resin of 300 R/hr (see

Section 5).

The volume of the 10/140MB cavity is:

n (33)273/1728 = 144.53 ft 3

ISo the volume of resin is:
1

|

3144.53-23.52 = 121.01 ft<s
/ h

(v

3-12
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The resins may be assumed to be 60 lbs./f t.3 in density so the gas generation
'

rate given above can be converted to British units:

(1.595X10-8 cc/ gram-Rad)(453.6 g/lb.) 60 lb./f t3 = 4.341110-4 cc/ft -Rad3

3 3
I (4.341110-4 cc/ft -Rad)(3.5315X10-5ft /cc)3 3 1.533X10-8 f t / f t -Rad=

i

The gas generated assuming a 300 R/hr flux for one year can then be

calculated:

;

f g g -Rad)(121.01f t3)(300 R/hr)(24 hr/ day)(365 day /yr)(1.53 3 /10-8 ' g g3 3

3= 4.8 8 f t

So, applying the prefect gas law:

l
l i

P V /Tg = P V /Tg ,gggg

i
'

Pg = 14.7 psi,_

3Vg = 23.52+4.88 = 28.4 f t .

0 0Tg = 70 F = 530 R
3

| Vg = 23.52 ft
0Tg = 124 F = 584 R

Solving for P : t

g

g = P V T /V TggP ggg

Pg = ,(14.7)(28.4)(584)/(23.52f)(530) = 19.6 psia
= 4.9 psig

i

Any water vapor present may be assumed to condense on the lowest surface

temperature present in the cavity. This temperature will be conservatively
0taken as 130 F. The internal pressure will increase when water is present by

the dif ference in vapor pressure bet' een maximum normal conditions and thew

0conditions at closure. Since the vapor pressure at 70 F is 0.36 psi and at ;

8130 F it is 2.23 psi, the pressure increase due to vapor pressure is 2.23 -

0.36 = 1.87 p a i. Therefore, the total pressure increase, assuming a typical
'

payload, is

!

! :
- 1

! 3-13 :
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!

4.9+1.87 = 6.8 psig, maximum normal condition internal pressure.
,

!

3.4.5 Thermal Stresses
;>

4
,

I An examination of the predicted temperatures in the large steel numbers of the

I 10/140MB Cask reveals that through wall thermal gradients are virtually non-

existent. Because of this, and because the ove ral l temperature change fron

| the upper to lower temperature limits is very much less than f rom the lead

pour fabrication temperature to the lowest service temperature, it seems clear f

, t

i that thermal stresses per se are negligible under normal conditions. |
!
I l

'

!

< c

|
I

j 3.4.6 Evaluation Of Packame Performance For Normal Conditions Of Trananort

! !

l

i.
The component tempe ra ture s found for both the maximum and minimum normal ;

i t empe rature distributions, as described in Sections 3.4.2 and 3.4.3 above, j

i i

{ were all well within the allowable limits for the respective material (see [

| Section 3.3). As input to Section 2.6, the minimum temperature for any cask
)

! component is taken as -20'F, and the maximum temperature as 123'F for the i
<

cask cylindrical outer wall, and as 157'F for the overpack foam. !

i,

i ,

! [
\

k
! l'

!

i i

|
| ,

< [

f i
i :
i

| !

!
,

(
|

i

i +

i

|i
.
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121 Hvoothetical Accident Thermal Evaluation,_

! )
"

This section presents the thenzal analyses of the NuPac Model 10/140 KB

cask for the hypothetical fire accident condition specified in 10 CFR 71.73

(c)(3). The initial temperature distribution in the cask prior to the fire

is taken as that corresponding to the 100 F steady stato condition without

solar insolation as discussed in Section 3.4. This is in accordance with

10 CFR 71.73 (b) and represents the most unf avorable initial condition for

determining the maximum cask temperatures.

To determine the ef fect of a hypothetical accident involving a fire, the

cask is exposed to a 1475 F flame having an emissivity of 0.90 for a half

hour. After this time period, the thermal boundary conditions are returned to

100'F ambient air with no sun. The transient is then continued for a time

s uf f ic ient for all temperatures within the cask to reach their maximum

values. All the rmal boundary conditions mee t those specified in 10 CFR

71.73 (c)(3).

7''y

N ] - -

v
3.5.1 The rmal Model

3.5.1.1 Ansivtical Model

The analytical model used to evaluate the hypothetical accident conditions

was identical to that described in Se c t ion 3.4.1.1 e xc ep t t ha t t he c a sk i s

assumed to have been dislodged from its normal upright shipping position and

to be resting horizontally at the start of the accident transient. This

assumption implie s that the cask end is now exposed to the fire conditions as

opposed to the adiabatic conditions seen in the cask's normal shipping orien-

tation. This assumption also affects the free convection equations used for

each surface. The the rma l model also conservatively assumes that the fire

conditions will exist around the entire surf ace of the cask. An emissivity of

0.80 was used for all external surfaces.

77

m
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The overpack polyurethane foam is assumed to begin to char at temperatures in

exce s s of 400'F. However, since the foam will not support a flame, a basic4

assumption for this ' analysis is that, although some foam in the direct vicini-

ty of the metal surf aces will be lost, the bulk of the foam will remain

| intact. For conservatism, the thermal model assumes that three inches of foam

is' lost due to charring and that the burned foam is replaced with an equiva-
S

lent three inch air gap.

In addition to these assamptions, minor thermal model modifications were
:

incorporated to account for any hypothetical accident condition damage. *

The details of this damage are discussed in Section 3.5.2.

1

-i

3.5.1.2 Test Model: Not applicable as no the'rmal ~ testing is performed for
the NaPac Model 10/140MB cask.;

a

3.5.2 Packnae Conditions and Environmenti

. =

* Three hypothetical package conditions were examined for the accident ther- i

mal env ironment. The first condition represents an undamaged cask. This;1

| condition serves as a reference against which to judge the sensitivity of the

cask to the damage condition discussed below. '

,

,

;
I'

The second condition evaluated was for a corner drop which results in the

0.D. of the ove rpack covering the lid end of the cask being crushed inward by

approximately 12 inches. This would reduce the normal separation dis-

tance between the I.D. and 0.D. of the overpack from 15.5 inches to a
,

Iminimum of 3.5 inches at the centerline of the inpact zone. Due to this

! narrow distance, it is conservatively assumed that the polyurethane foss in

i the impact zone would be completely charred away during a fire transient. [
'

I

! For modeling purposes, the charred foam is replaced with air. It is further

) assumed that, following the free drop, the cask would roll over and expose
,

the damaged portion of the overpack to the fire conditions.

($)
.

fi 3-16
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*1he third condition represents a hypothetical pin drop damage to the thermal

shield covering the cask lid. The location of the damage was chosen to be

adjacent to the I.D. of the ove rpack. This site was selected since the 4+

i inch space below the the rmal shield in this area would promote the greatest

! damage. The projected extent of the damage consists of a 9-inch 0.D. hole

through the shield. However, for reasons of conservatism and to of f set the

ef fects of the axisymmetric model, the area of damage used in the thermal

model is 2.6 sq. feet. The cask is again assumed to be resting horizontally

prior to the start of the fire transient and the foam in the lid thermal

shield (node #82) to be completely charred away.

3.5.3 Packame Tenneratures

The ma imum temperatures noted for the hypothetical accident conditions des-

cribed above are presented in the following table for the major components

of the cask. In addition, the initial condition for the transients, as'

I

described in- Section 3.5, is also given. A complete listing of nodal temper-

atures is provided in Section 3.6.2. . In addit ion, Figures 3-3, 3-4 and 3-5

i illustrate the temperature time histories for typical cask locations for each

accident condition. The initial accident condition temperatures were used in

Section 2.7 as design temperatures in the analysis of the accident events.

0Specifically, the cask walls are assumed to be no more than 105 F, and the
i

0overpack foam is taken to be less than 109 F.

;

O
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l

Max. Tenneratures For NuPac Model 10/140 M Cask
i ilire Accident

Temperature (F)

Initial No Co rne r Pinj

Location Node # Cond. Damane .D. Inn P_ Inn-

Inner Shell 10 104 487 503 487
,

*

30 105 227 314 232

130 105 227 230 227

! Lead Shield 14 104 483 509 494

34 104 227 314 232

134 105 227 230 227

Outer Shell 16 104 496 523 513

36 104 227 314 232

136 105 .227 230 227

Cask Lid 40 106 215 215 245
~

_

46 105 173 198 189 '

End Plate 140 107 252 .252 252

I 144 106 201 202 201

Seals . .

- Lid 42 106 230 230 264

- Cover Plate 57 105 212 270 220 I

I - End Plate 157 105 220 223 220 ,

; '

Thermal Shield 70 103 1084 1094 1084

80 101 1269 1269 1296

181 107 1155 1155 1155
,

Overpack Shell 69 100 1420 1420 1420

! 68 100 1423 1385 1423
*

: Overpack Foaa 67 101

65 101 150 149 149

63 103 106 106 106

1 61 105 138 155 146

! 66 100

64 102 107 107--

62 104 160 162
,

| Tie Down Lug 72 104 1045 1074 1045
*

- Missing Nodes Represent Charred Foam
1

l

3-18
,

,

s

. . _ . _ _ . ,, _ . . _ _ . _ , _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ . . _ _ , .. _ _ . _ . _ _ . , _ _ . . _ . _ . _ . _ _ _ _ _ . _ , _ _ _ _ _ _ . _ ._ _ . _ . . . , . _ _ . _ _ . _ _ _ _ . _ _ , . _ _ ._ _



. - - -. . _ _ . - = .-. - . _ - _ _- . -.- - . _ - - . - . - - - - - _ - - - _ . .

. NeFae 1?/140m August 1985
5 !

i

I LL,i Maximum Internal Pressure

{ As calculated in Section 3.4.4 above, the maximum normally occurring internal
1

; pressure is 6.8 psig. Assaning the entire internal volume is at th's highest
-

f temperature predicted for any mode on the inner casi surf ace (503'F at mode

| 10), the internal pressure may be calculated using the perfect gas law:

!
j P /Tg = P /T2g 2
e i

! '

] Assuming the initial temperature is 70 F, the internal pressure may be '

I
j calculated:
i

i
1

j (14.7 + 6.8)/(460 + 70) = P /(460 + 503)-2
i

'

i
-

J Pg = 39.1 psia
! = 24.4 psig
i !
;

; So, the maximum internal pressure which could occur' during the hypothetical
t <

] accident fire transient is 24.4 psig. .
1

i

i
j

l LL,1, Maximum Thermal Stresses *

i
|

| Through wall temperature gradients during the accident thermal transient event

0
i are never more than about 50 F from the inner steel shell to the outer shell

in the center of the cask side wall. Further, the higher temperature shell is

i the outer shell, so the shells would tend to move apart relative to each

other, such that no thermal stresses would arise due to the interaction of the
.

-
,

inner and outer shell. 6
,

:

i
r

a~
In any case, thermal stresses associated with the fire transient can be

; classified as secondary, displacesient limited stresses. As limits on

) secondary stresses do not. apply for act ident conditions (per Section 2.1.2),

} the magnitude of thermal stresses during the fire transient are of little 'l

| consequence and are not specifically determined herein.
!

I
t

; I

l

1
'
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1

I

j 3.5.6 Evaluation of Packmas Performance

for the Hvnothetical Accident Thermal Conditions

1 Of the component temperatures noted from the transient analyses for the
i
! undamaged cask condition, none exceeded the temperature limitations of the

l respective materials as defined in Section 3.3. The highest lead tempera-

0ture noted is 140 F below the melting point, while the highest seal ten-

{
pe rature noted is 20'F below the recommended 250*F extended exposure

ope rating limit of neoprene.

I' Similar results were seen for the corner drop case with the one notable

exception of the temperature for the cover plate seal (i.e. node 57). This

temperature reached a peak of 270'F, or 20'F ove r manuf acturer's extended
e xpo sure limita tion. However, as indicted in Figure 3-4, this peak tempera-

| ture will last only a couple of hours before declining below the 250 F extend-0

|
ed exposure l imit. Per the information seen in Figure 3-1, this transient is

( within the limit of the 0-rings. In addition, this predicted temperature

level is excessively conservative since the use of an. axisymmetric

thermal model re sul t s in the damage being modeled as if it had occurred,

j over the entire circumference of the overpack and not just at one point. t

; For this same reason, the temperature noted for the lead shield at node #14

0will actually be below the indicated 509 F and, thus, provide an even greater

margin below the melting point of lead. .

;

f The results for the case with pin drop damage to the cask lid thermal shield
'

are simila r. In this case, the peak seal temperature was noted for the cask
1

lid (node #42). Again, the conservatively predicted temperature of 264'F
. together with the time of exposure indicates that the seal will not be adver-

sely affected.

i
)

i

!

{
i

,

!
j

! !
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,

!

! In conclusion, all analyses indicate that no loss of shielding or loss of
4 i

: containment will occur as a result of the fire transient for either the |
i

'

{ undamaged or the damaged conditions examined under this study.
!
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'

f0 COEAINMEW

id Containment Boundary

M Containment Vessel
;

The containment boundary of NuPac 10/140MB is formed by an inner 0.75 inch
i stainless steel cylindrical .shell, with ends formed from a varying thickness

of heavy stainless steel forged plate. Ile upper end plate as well as

optionally the lower end plate form removable lids for loading and unloading.

The upper end plate features a large secondary lid designed to allow loading

without removing the shielding capability of the primary lid.
<

W Containment Penetrations
,

For models without the bottom loading capability afforded by a removable lower

end plate, a testable drain port is provided to f acilitate decontamination and

other cleaning activitles.
,,

*

adJ., Seals and Wolds

tEach of the closures are equipped with NuPac's EnviroSeal a (for which patent
protection is being pursued), which provide a very high degree of sealing

~

capability while preventing damage from loading and unloading operations in
tEach EnviroSeal " consists of a metallic ring, with four 0-ringthe field.

grooves cut into it, two on each side of the ring. Be tween the inner and,

j outer O-rings on each side, large holes allow the free passage of gasses from

either side of the ring. The ring is fixed in place by screws. through the
2 ring. Because the seal is fixed in place, the sealing surfaces on the lower

half of the ring are protected from possible damage by 'the ring itself, while

the grooves on the top surf ace are protected by the 0-ring itself. Tha seal

surf ace on the upper lid is in a relatively inacce ssible location on the

underside of the upper lid, protected from accidental damage by the presence,

1

ti of the overpack. For the optional removable lower lid,' the EnviroSeal a ,g,y,

j with the lower lid, and the seal on the bottom of the side wall is protected
!

J

4-1s
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by administrative controls requiring that the side wall seal be kept from--

bearing against any surface except the seal on the lower lid.

The seals are protected from the effects of normal and hypothetical accident

therms 1 conditions by thick sections of self-extinguishing polyurethane foam.

The seal on the secondary lid is protected by a removable thermal shield / pad

and the primary lid seals are protected by the -overpacks. The seals are tested

using helium mass spectroscopy to prove that the seals do not exceed a leak

rate of 1 1 10~7 s tandard cubic centime ters pe r second. The de sign of the
seals is such that a redundant seal is always present. The re f ore, the seals

provide an unprecedented level of security against leakage.

Prior to first use, the containment vessel welds are radiographed to show

their integrity. Also prior to first use, the containment vessel is pressure

tested to 1.5 times its design basis pressure per the requirements of ASME

Boiler and Pressure Vessel Code Section III.

4.1.4 Closure
'

. -

Closure of the containment vessel is ef fected by a combination of eight En-
tj viroLock a closure devices on each removable end, and eight ASME A320 Grade

L43 bolts securing the secondary lid in the center of the upper primary lid.

These devices provide for quick and securo closure of the containment vessel.

L_2_ Reauirements Loy, Normal Conditions p_(, Transoortq

Prior to each shipment of radioactive material not classified as a Type A

quantity or Low Specific Activity (LSA), an assembly leak test meeting the

requirements of ANSI N14.5 shall be performed to demonstrate proper assembly

of seal s. Because the NuPac' 10/140MB cask may be used to ship particulate and

semi-liquid payloads such as dewate red ion exchange re sins, ANSI N14.5 may

require that the cask be capabic of being sealed to a ' leak tight' condition,

-7or less than 1 I 10 standard cubic centimeters per second. ' Ibis capability

tshall be demonstrated annually, or whenever the 0-rings, EnviroSeal a ring or#

V other seal elements are changed or reworked.

4-2
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1

'

M Release 2[ Radioactive Materials

!

Section 2.6 above ' demonstrates that normal conditions of transport do not
.

| impart loads on any part of. the containment vessel in excess of the Regulatory
,

Guide 7.6 de sign crite ria. Because the containment vessel is equipped with

' NuPac EnviroSealsta, which allow for minor flexure of tho' seal without loss of
containment, there shall be no release of radioactive material to the environ- ;

ment in excess of the tested leak rate of the seals. This leak rate, deemed
j

; to constitute ' leak tight' conditions per ANSI N14.5, is extremely insignifi- |
1 cant. Assuming a pressure gradient of one atmosphere (14.7 psi), this leak |
; rate would result less than four liters o'f leakage in 300 years. f

~

r

M Pressurization af Containment Vessel

i

Section 2.6.3 addresses the structural capability of the NuPac 10/140MB cask
for normal pressure. That section demonstrates that the pressures present for

normal conditions will not reduce the ef fectiveness of the package design.

i
.

4E Cool ant , Cont amina t ion .y

i
'

i There are no coolants in the NuPac 10/140MB package design, so this section is
a

; not applicable.
.; ,

J

h M Coolant L211

There are no coolants in the NaPac 10/140MB package design, so this section is
1

not applicabic.
,

,

!
.

.

4,,3_ Containment Reanirements IRE 1hi Hvnothetical Accident Conditions {
,

; Section 2.7. above demonstrates that "in all hypothetical accident conditions,

no significant permanent deformation of the package would be experienced, i3

ta! assuring that the EnviroSeals remain compressed. Because of the Enviro- !
tSeal a's double sided seal design, the seal can tolerate an extraord'inary

amount of seal distortion without significantly affecting the effectiveness of

t

! 4-3
'
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the seal to remain within ANSI N14.5 limits defining leak-tightness. This is

O well in excess of the leak requirements of ANSI N14.5 accident criteria for

any possible payload.

4,J.,.1_ Fission Gn Products

The NuPac 10/140MB package will normally contain negligible quantities of

fission gas products.

4.3.2 Re l e a se s off. Cont ent s

Because the residual seal ef fectiveness following a hypothetical accident is

the same as for normal conditions of transport, there can be no release of

radioactive materials in excess of the limits defined in 10 CFR 71.

9

9
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|

M SHIELDING EVALUATION |

This chapter will describe and quantify the shielding capabilities of the

NuPac 10/140MB ca sk. This is provided as a means for users to select the

appropriate package for their particular needs. In all cases, a radiation

survey will be made prior to the release of a particular cask for shipment to

verify that external radiation dose rates fall below the limits set by 10 CFR
.

71.

M Discussion ud Results

Because each shipment may include an inde te rmina te quantity of . various iso-)

topes, it is not possible to fully assess the external dose rate from every

possible payload isotope content and distribution. In many cases it is diffi-

cult to determine this information even for specific shipments. As a result,

shielding calculations have been performed assuming that the source consists

s entirely of Cobalt-60, an isotope commonly found in power plant waste streams.

60The use of Co as s benchmark case for shielding is justified, since in most

shipments, it is the presence of this isotope which controls the external dose

; rate.

Table 5.1-1 pre sents the estima ted surf ace do se limit s of typical liners

filled with dewatered resins loaded to the maximum distributed quantity of
60Co which would remain below 10 CFR 71 limits. In other words, a liner

60loaded with Co resin showing a surf ace dose rate of that indicated would

cause a dose rate at the surf ace of the 10/14MB cask would not exceed 200
ar/hr. and the dose rate 2 meters f rom the side of the conveyance would not

exceed 10 mr/hr.

I

i

5-1
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I.

TABLE 5.1-1
1

:

Dose (R/ hr)'

1

-' 60Total Co Center At At 2M From Top
4

'

r-

| Curies of Liner Liner Cask Side of Surface !

i

i Surface Side Cony.
i

i

i 160.5* 471.5 76.0 0.060 0.010 0.182
1

J

'
! ;

i.,
,

'

1
-

* 160.5 Ci of Co is equivalent to 2.5 watts !60
I, ,

i

l
i
:

l
:
1 >

! !

I
,

1
,

*e

4

'

i i
;

ir

I

i

,

4

ii

ri

i ;
1

i

4 |

. ,

!

I l
. >

-

j- i
'

t
.

,

,

i

I i

1
'

!'
!
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,

1

|

M Source Soecification
:

!

W Gamma Source
i

The point-ke rnel me thod of calculating shielding effectiveness was used to'

generate the data pre sented in Table 5.1-1. It was assumed that the gamma

60source was Co uniformly distributed within a bed of dewatered resins com-

pletely filling a typical Enviralloyta High Integrity Container sized specif-I

60~ ically for the NuPac 10/140MB model cask. The Co source is assumed to emit

two gamma photons per disintegration, one of approximately 1.17 MeV and the
60other at approximately 1.332 MeV. The quantity of Co was determined by

,

scaling a unit quantity by that required to remain within the 10 CFR 71

i l imit s. Se l f-shie lding is
1

-

accounted for by assuming that the resin exhibits ,

3 approximately the same attenuation properties as wa'ter.

<

,

5,2,2 Neutron Source

i

i Since only' negligible quantities' of neutron emitters would be shipped within

the Series B casks, no neutron sources were assumed for this shielding evalua-

| tion.

'

M Mo4e1 leccification
i i

!
'

j M Descrintion o_f, t]Lg. Radial and Azial Shieldina Confinuration if

l l

i
;

I i

j 5.3.1.1 Radial Shieldina i

|
J -

shielding of the NuPac 10/140MB consists of a 0.75 inch inner
-

4

The radial'

! stainless steel she l l, a varying lead thickness dependent on the particular

| model, and a 1.25 inch thick outer shell. For the purpose s of Tabl e 5.1-1,

! the 0.375 inch thick wall of the Enviralloyta High Integrity Containe r was
*

I

included in the shielding model, as well as the 0.50 inch thick top plate.

7
This additional element of shielding is considered to be part of a typical

j configuration. Figure 5.3.1-1 shows schematically how the radial shielding is'

I modeled.
!

!
,

! 5-3
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g
I
O'h 5,3,1,2 Arial Shielding

Axial shielding in the NuPac 10/140MB cask is provided by thick stainless

steel plates on each end. The plates have been sized such that the payload

source which would just meet the 10 CFR 71 requirements for radial external

dose rates would cause an external dose rate through the end of the cask at or

below 200 mr/hr at the package top surface.

5.3.2 Packare Regional Densities

The calculational method used for this analysis requires that the mass dens-

ities and mass attenuation coef ficients for the v ar iou s regions of the shield

"be known. The point-kernel build-up factors are also required. -

Mass attenuation coef ficient s and build-up f actors are taken f rom Reactor

Handbook, Volume III, Part B, Second Edition. Following the recommendation of
'j' 'N, N. M. Schaef fe r in Re ac tor Shie l d ing f or Enginee rs, the outc rmos t mate rial

greater than two mean free paths thick is used to calculate the build-up-

factor.

The mas s attenuation coef ficients and build-up factors for stainless steel

were taken to be the same as iron. The prope rt ie s of wa te r we re subs t ituted

in regions designated as resin.

The density of stainless s teel is as sumed to be 490 lbm/f t.3 while lead is
3assumed to be 700 ~1bm/f t . Resin is assumed to be 62.4 lbm/ f t.3 The atten-

nation of air is conservatively neglected.

/''1
\ )v
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f Sd Shielding Evaluation^

(v)
The da t a pre se nted in Table 5.1-1 above wa s ge ne ra ted using s tanda rd point-

kernel techniques on a v e ry simplified model of a possible payload, Because

of the uncertainty inherent in the payload to be shipped in this type of cask,

the data presented in that table should be considered as re fe re nce o nl y. To

as sure compliance with the requirements of 10 CFR 71, a radiation survey is

taken prior to each shipment. The following is a description of the technique

used to develop the table.

A computer program was developed by Nuclear Packaging, Inc. to apply these

techniques in an iterative fashion to the unique geometric constraints of a

right circular cylindrical sh ie l d. The program, refe rred to as ' SAP' f or

Shieldine Analysis Proeram, breaks up the source term into discrete elements

each treated as point source s with no se l f-shie lding. The a t tenua tion of

other elements of the source is not ignored, howeve r. The a t t enua t ion of

photons emanating from each discrete element is calculated, and the dose from

[] all elements are integrated (summed) to arrive at the total dose rate at a

U given distance f rom the out side of -the shie ld. To speed calculations, the

contribution to the dose rate of elements of source farther than a specified

number of mean free paths from the outside of the source are ignored. For the

p u rpo s e s o f Tab l e 5.1-1, elements more than 5 mean free paths from the source

surface are ignored, since they do not contribute significantly to the total

external dose rate at the point in question.

The relative size of the elements of source is controlled by the use r. In

general, the smalle r the element s, the more accurate the result s, as in any

numerical integration procedure. However, because se l f-shie l ding is ignored

within calculation of the dose contribution of each indiv idual element, the

dose rate calculated is conservatively predicted regardless of the size of the

elements.

|

n

G |
|

|
1
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The program evaluates the expression:x

2A " S B *IP(-f pt) 4nR9

where BA = Photon flux at the point in question
S = Photon Generation Rate
B = Dose Build-up Factor

gt = Number of mean free paths through material of

mass attenuation coefficient p and thickness t

R = Distance from source element to point in question

for each element of the source and each source photon energy and generation

rate. A running total of the contributions to the photon flux at the dose

point is kept for all elements less than 5 sean f ree paths f rom the edge of

the source. From the above expres sion, it is clear that the other elements

will contribute very little to the total flux at the dose point.

The total photon flux from each gamma energy level is then converted to dose

rate by means of a standard flux-dose relation from the Reactor Handbook.

The program allows either cylindrical or infinite slab shields to be modeled

as well as cylinderical or rectangular source volumes. It allows point and

'line source calculations as well.

The program has been benchmarked against ANYSN and QAD calculations as well as

ac tual me asurement s, with good result s. Comparisons show the SAP output to be

within 10% of 'other calculational methods, which is well within the accuracy

of the point-ke rnel technique.

O

5-7
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!
j As stated in Section 5.1 above, these calculations are presented as a means of

comparing tLs shielding capability of the Series B casks. In eve ry case, the

I cask should be surveyed to determine that the regulatory dose rate limits are
J

not exceeded prior to delivery of the package to a carrier for transport. The ,

dose rates and contents limits suggested by Table 5.1-1 are not intended to be

| used as administratively controlled limits, since many parameters not modeled
may affect the actual measured dose rate and permissable radioisotope quanti-

i ties within any given shipment. '

:
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!
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i i' 6.0 CRITICALITY !

) |

|

I4

j !.d Discussion And Results ;

l
i l
1 - !

|
Because the NnPac 10/140MB package will not contain significant quantities of j

l fissile material, this section is not applicable.
1

I,

!

!
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\ J
N- / 7.0 OPERATING PROCEDURES

This section describe s the general procedures to be used for loading and

unloading the various configurations of the NuPac 10/140MB packaging.

7.1 Procedures for Loading the Packagg

The following procedure assumes that the cask is in the loading area as sembled
in it s ove r-the-road configuration. The cask may or may not be on the vehicle

used to transport the cask over public roads.

7.1.1

Remove th e The rma l Shield Cover from the top of the package. Loosen and stow

tthe Envirotock m closure devices which secure the prima ry l id.

[7 7.1.2
\ ]
%./ -

Remove the 11d by attaching suitable hooks to the prima ry lid lifting lugs.

Ca re should be taken during the operation so as not to damage the lid to body

tinte rf ace seal while setting the lid down. Inspect the Envirotock m devices
for signs of damage or wear.

7.1.3

Inspect the inside of the shielded cask to assure there are no loose articles

within the packaging. Inspect seal surfaces on underside of lid and clean if

nec e s sa ry. Carefully clean the prima ry lid seal. Rep lace 0-ring seals upon

signs of wear or deterioration. Required spare part s may be obtained f rom

Nuclear Packaging, Inc., Federal Way, WA (206) 874-2235.

O

v)l
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2.a l.a.i ,

|

! Place the disposable steel liner into the cask. If the liner is significantly

smaller than the internal cavity of the particular NnPac Series B model being

| used, sufficient shoring and/or bracing shall be provided to insure the pay-

[ load will not shift significantly during shipment.

7.1.5

|

f Replace lid and secure it to the body using the EnviroLocks ". Torquet !

ta'

Envirotocks to 500120f t-1b torque. |
4 .

! 7.1.6

!

:
' If any loading of material is to be done through any of the secondary openings

in the upper lid of the cask, the secondary lid nuts should be removed and |
1

Step s 7.1.7 through 7.1.10 shall be performed.'

,

7.1.7 !, ,

! ,

The Ing in the center of the secondary lid may be used to remove the secondary |

i lid from the cask. Care should be taken to avoid damsge to the sealing ;
\

<

I surface on the lip of the secondary lid.
'

i
t

7.1.8

,

Inspect secondary lid studs, bolts and nuts for signs of wear. Damaged

threads and excessive corrosion shall be cause for replacement of these items.

f Measures should be taken to protect the EnviroSeal a in the secondary lid .
t

; opening from damage during loading operations.

!.

! 7.1.9

i

! Load cask through secondary lid. Replace secondary lid and torque bolts to
j

j . 375115 ft.-Ibs. Install a tamper-indicating seal on the secondary lid.
j

I!

l

(
' 7-2 ii

| |
'
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.

.
,

7.1.10;

Survey the loaded cask to assure compliance with 10 CFR 71.47. Inspect for

surface contamination per the requirements of 10 CFR 71.81(i).

7.1.11

! If the contents is not classified as Low Specific Activity material, an

assembly verification leak-test pe r 8.2.5.1 or 8.2.5.2 shall be pe rf ormed a s

required by ANSI N14.5. Undisturbed seals (those which have not been opened

since their most recent leak test) need not be tested. This assembly verifi-

cation test shall demonstrate that all tested seals exhibit leak rates less

than 1x10-3 standard cubic centimete rs pe r second, and any leak actually
detected is less than 1x10~7 s tanda rd cubic centime te rs pe r second. The

,

sensitivity of this test shall be at least 5x10-4 sec/sec.

t

O 7.1.12

~
i
i .

Inspect the package for proper labeling necessary to meet all applicable

; regulations.
i
d

! 7.1.13

Using suitable material handling equipment, transfer the package to the trans-4

3
port vehicle, if it is not already on the vehicle. Replace the Auxilia ry

1 Impac t Limiter.

1

1 7.1.14

J

Check to see that the Thermal Shield Cover lifting lug is covered for transit.

7.1.15

Install a tamper-indicating seal on the EnviroLocksta,

,
r

7-3
a
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a

N
1

7.1.16

I

I Secure package to the transport vehicle using the appropriate tie down

devices, if it is not already. If the cask had been previously secured to*

i.

the vehicle, re-check all tie-down devices for proper security. '

!

: 7.1.17
:

l

| NuPac 10/140MB packages may be equipped with bottom loading capability to
9

f acilitate remote loading operations in fuel pools or other waste storage

facility. The procedures for such operations are similar to those for top

! Ioading in s t ep s 7.1.16.

L2 Procedures M Unloading thg Packane

7.2.1

! )
! j The requirements of 10 CFR 20.205 shall be followed whenever greater than Type
!

A quantities of RAM are received.

1

l

7.2.2
;

I

j Move the unopened package to the appropriate unloading area. Place it in a

j suitable unloading attitude.

}

I 7.2.3
:

Perform an external inspection of the unopened package. Record any signifi-
.

cant or potentially significant observations.
4

.

7.2.42

!

Remove tamper-indicating seals from EnviroLocksta,

(

7-4.
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' ' 7.2.5

Repe a t s t ep s 7.1.1 and 7.1.2 in Se c t io n 7.1, ab o v e , f o r r emo v ing t h e ov e rp a c k

tid.

i

;

7.2.6
i

i

! Remove the disposable steel liner.

7.2.7

i Af ter unloading the entire package, the interior and exterior shall be

visually inspected to assure that it has not been significantly damaged

i.e., no cracks, punctures, holes or broken welds.

7.2.8.

'

The following configuration checks shall be performed after unloading and

| prior to any loading activity: -

i.
7.2.8.1 Exterior nameplates, - s tencil s, pl aca rds and other required

'

identification is in place and legible.

!,

7. 2. 8. 2 Latch pins, ratchet binders and gaskets are in place and in

! good operating condition and free of defects.
!

|

{ 7. 2. 8. 3 All required documentation is completed and re-

tained/ displayed as specif Led by the regulatory authority
i

and the use r. .
.

|

|

| |

!

i N i

! l

!

i

|

|
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j a ACCEPTANCE TESTS A @ MAIKrENANCE PROGRAM

j.d Accentance h

.

The NuPac 10/140MB packaging shall be inspected and released for use by res-

ponsible operation personnel prior to loading. The following items shall be

included in such inspection:

3.a.1d

Before first use, the 10/140MB package shall be subjected to the leak test as

described below in section 8.2.5. -

_

8.1.2

All configuration checks described in Section 7.2.8 above.
,

8.1.3 - -

The cask shall be pressure tested to 1.5 times the normal operating pressure

of the cask. This is taken as the pressure given for the Normal Conditions of

Transport in Section 3.4.4. In that section, the pressure is given as 6.8

psig, so this test shall be carried out at l e as t 10.2 p s ig.

I.dal

The integrity of the shield shall be demonstrated by means of a gamma scan

performed on the lead-filled cylinder during the f abrication proces s, as

described in Appendix 8.3.1 b e l ow.

.

h

O

8-1
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M Maintenance Procram,_
/ 's
\ )wr

8.2.1

A good sound industrial maintenance program should be followed to assure the

integrity of the NuPac 10/140MB packaging. Components such as 0-ring seals,

latch pins, nuts, studs, bolts, and ratchet binders, shall be inspected prior

to each use and repaired or replaced as necessary. A leak test shall be

performed when se al s are replaced or when damaged se al s are suspected. The

test shall be performed in accordance with Section 8.2.5 below.

8.2.2

.

As a minimum, 0-ring seals shall be replaced with new 0-rings meeting the

description in the drawings shown in Appendix 1.3 e ve ry twe l vo (12) months

(sooner if visible wear is de tected).

8.2.3

s
' '

'Env iroLoc k't" prima ry lid clo sure binde rs mus t ope ra te f reel y and e asily.
They shall be lubricated as required and replaced if necessary.

8.2.4

Any damaged or lost f asteners shall be replaced with equivalent grade and

strength as shown on the drawings in Appendix 1.3.

8.2.5

Before firs t use and whenever the 0-ring seals are replaced, a leak tes t

shall be conducted (see below). Regardless of condition, all 0-ring se al s

shall be replaced every twelve (12) months.

.

/"

\,j
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|

8.2.5.1 The package shall be leak tested utilizing a Mass Spectrometer<

Leak Detec' tor (MSLD) type test in accordance with ANSI N14.5,

i Sec t ion A3.8. The: helium test gas shall be introduced to the

fully assembled package through appropriate fittings.
I

!
8.2.5.2 The leak test described in section 8.2.5.1 shall be performed

at the Primary and Secondary seal s and at all ports as appro-

i priate for the particular 10/140MB cask configuration. The

f acceptance criterion shall be 10-7 sta cm /s. Test sensitivity [
3

3shall be approximately 10-8 s ta cm 7,,
1

4f

I

I

!

I

i

i
i
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} ;

: ,

I

1 :
i >

l
|
! >

!

! !

!

! f
i

~

i |
1

|I~ 8-3
i \
i

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



,

t

NnPec 10/140MB August 1985

I

,

_

APPENDIX 8.3.1 ;
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8.3 APPENDIX,

APPENDIX 8.3.1 DISCUSSION OfF, GAMMA j_ CAY PROCEDUREQ
1

|

l Lead shielding integrity shall be confirmed via gamma scanning.- There are

two gamma scan techniques utilized. The main difference is in the method

utilized to determine acceptance criteria.

.

Both Gamma Scan Techniques are exactly the same in all other respects and

are conducted as follows.

An Eberline E120 probe or equivalent is used to scan the outer surface of

the cask while an Iridium 192 or Cobalt _60 source of sufficient strength is
r

present in the center of the cask. The source is first placed on the

bottom of the cask while the surface is scanned around its circumference<

i

parallel to the source. The source is then moved up a pre-determined

distance and the circumference scanned again. This sequence is repeated

| until the entire cask surf ace is scanned.
,

:
4

. -

For the se tests, the cask surf ace is gridded (in this case the grid con-

j sists of 4 inch squares) and a chart is made to reflect the gridded cask

surface. Readings are taken from each grid square by scanning every point

in the grid and recording the maximum reading in the corresponding grid on

; the chart. This data then serves as the raw gamma scan re sul t s. All

i readings are in Milliroentgens (MR).

I

I The readings are evaluated by comparing them to predetermined MR values for

nominal, or as designed, lead thickness and nominal -10% lead thickness.

i

The two dif fe rent me thod s utilized to de termine acceptance crite ria are.

discussed below.
1
o

The Laboratory Calibration Me thod (NuPac Procedure GS-001) utilizes test'

i blocks of the cask wall made up of lead and steel sheets. The test blocks

simulate nominal. or as designed and -10% lead thicknesses. The source iss

placed behind the test block at a distance equal to the inside radius of

!

i 8-3-1-2
:

t
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:

! the ca'sk. The probe is then placed on the outside of the test block and

readings are taken. This sequence is repeated on the nominal and -10% test

blocks and the data is recorded.

The resultant value s are then ave raged. A ratio .of the values is also de-

veloped. Then the average value is multiplied by the ratio. The value so

derived is the maximum acceptable value for the shielding to be inspected.

An optional Laboratory Calibration Method can be utilized in lieu of the

! lead / steel calibration mockup method. In that case, calculations are run to !

|- establish acceptance criteria.

To do this, compiled source power data and attenuation characteristics data

I for steel, Isad and distance through air are utilized to calculate the ex-

; pected readings at the cask surface. The calculations allow for dif ferent

source powers and are corrected for nominal and -10% shielding configurations.
,

1 The following excerp t from NuPac Gamma Scan Procedure No. GS-001 is provided

1 to illustrate the calculation Method _of Laboratory Calibration: a

1.1 The nominal and -10% shielding calibration MR readings may be obtained,

via calculation as an option. These calculations shall be performed as

follows:

'
1.1.1 Data and transmission charts found in the Tech / Ops Gamma

! Radiography Radiation Handbook shall be utilized. Copies of

the handbook can be obtained from:

Tech / Ops, Inc.

Radiation Products Division

40 North Avenue

Burlington, Mass. 01803

i

P

8-3-1-3
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|

1.2.2 Attachment A, Table 2, ' Selected Radioisotopc Data' f rom the

handbook shall be utilized to obtain source power data. (Copy !

of Table 2 included as Attachment A.)
t

,

1.2.3 ^ Attachment B figures of the handbook shall be utilized to
,

determine the attenuation of Gamma Rays in the shielding ma-

terials utilized in the cask to be inspected. (Copy of typical.

figures included as Attachment B.)<

1.2.4 The following is an example of the calculated calibration

method using Cobalt 60:

'

.;
'

EXAMPLE

5 Cask O.D. 48 in. Cask I.D. 36 in. I.D. Wall 0.50 in. 0.D. Wall 0.50 in. FE

Lead Shielding = 5.0 in. Less 10% lead shielding = 4.5 in.

~

Total FE shielding = 1.0 in. -
,

! Source Cobalt 60 strength 15 curies x 14.0 = 210 R/Hr at 12 in. (using
I'

Attachment A).
!

J

210 R/ Hr a t 12 in. = 5 2.5 R/ Hr a t 24 in. - This would be the outer surf ace of
,

the cask.
,

52.5 R/hr at 24 in. x reduction f actor for 1.0 in. FE 0.58 = 30.45 R/Hr.
30.45 R/Hr at 24 in. x reduction factor for 5.0 Pb 0.0009 = 27.4 Mr/Hr.

30.45 R/Hr at 24 in. x reduction f actor for 4.5 in Pb 0.000185 = 56.3 Mr/Hr
'

(using Attachment B).
i

4

I

I
i

!'

'

8-3-1-4
i
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Design thickness reading at cask surface = 27.4 Mr/Hr.
Design thickness reading less 10% Pb = 56.3 Mr/Hr.

The following is an example of the calculated calibration method using Iridium

192:

EXAMPLE

Cask O.D. 48 in. Cask I.D. 46 in. I.D. Wall 0.25 in. FE 0.D. Wall 0.25 in. FE

Lead Shielding = 1.5 in less 10% lead = 1.35 in.

Total FE Shielding 0.50 in.
.

Source Iridium 192 50 curies x 5.9 = 295 R/hr at 12 in. (using Attachment A).

295 R/Hr. at 12 in. = 73.75 R/Hr a t 24 in. This would be the outer surf ace of

the cask. <

. -

73.75 R/Hr at 24 in. x Reduction Factor for 0.50 in. FE 0.55 = 40.5625 R/Hr.
40.5625 R/Hr. x Reduction Factor for 1.50 Pb 0.0024 = 0.09735 R/hr.
. 40.5625 R/Hr. x Reduction Factor for 1.35 in. Pb. 0.004 = 0.16225 R/Hr. (using

Attachment B.)

Design thickness reading at cask surface = 97.35 Mr/Hr.

Design thickness reading less 10% of Pb = 162.2 Mr/Hr.

t

The calculation values and methods are based on data developed during

approximetely 300 actual calibrations utilizing the lead sheet / steel plate

sandwich technique described in Rev. 4 of the referenced procedure.

;
.

,

!

8-3-1-5
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Additional correlation has been provided by the use of established attenuation
R

values obtained f rom the various figures found in the Tech / Ops Radiation

Safe ty Handbook. This ref e rence source is a recognized s tandard document

utilized throughout the NDE industry. This information, together with

NuPa c 's , extensive laboratory data enabled NuPac to develop the current

optional calculation method of laboratory calibration for gamma scan.

The calculation method provides a greater degree of accuracy and correlation

to the actual gamma scan conditions present in a typical rask than the lead

and steel plate se tup used in the past. It also reduces operator esposuro

during the calibration phase. The resultant calibration values for acceptance
*

of the lead shield are, in f ac t, slightly more conservative and therefore

assure a greater margin of safety for the shield.

:

The resultant improvement in the calibration of gamma scan acceptance criteria

provides greatly improved accuracy and repeatability.

4

To illustrate this accuracy, correlation and conservativeness, the calibration

data for a typical NuPac OH-142 (C of C No. 9073) gamma scan was rerun using

the calculation method of Laboratory Calibration. The original calibration

: technique for this cast had been the lead and steel setup method.
1

i

{ The correlation between the two Laboratory Calibration methods is essentially

| identical. The variance in the acceptance criteria between the two methods is
I r

j f rom .3 MR in the nominal to .1 MR in the -10% values. This equals to more *

than 2% variance between the Pb/FE and calculation methods of Laboratory

; Calibration. The difference in percentage (DIFF, %) between the nominal and -
3

1-% values for the two calibrations is also very close with the Pb/FE at 64%
'

and the Calc at 63%. The calibration results follow:

}

,

,

i
i

.

8-3-1-6
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) SUMMARY OF GAMMA SCAN ACCEPTANCE VALUES - NuPac OH-142 (C of C No. 9073)

Source Type Source Strength Calib Type Nominal Value -10% Value Diff
,

(curies) (1) (MR).(2) (MR) (3 ) (%)(4)

Co 60 11 Pb/FE 21.5 33.5 64%

Co 60 11 Calc 21.2 33.4 63%

'
s

NOTES:
'

'
,

1. Pb/FE = Laboratory Calibration using lead and steel sheets to simulate
,

the cask wall. Calc = Laboratory Calibration using the calculation

method.

2. Nominal Values is the calibrated acceptance value expected if the lead

and steel thickness meet the design requirements.

.

( 3. Th e -10% ,v a l ue is the calibrated gamma reading expected if the lead(
thickness is 10% less than that required by the design. The steel

thickness is assumed to be at the nominal. This reading will be larger

than the nominal reading. No reading above this value during actual

samma scan inspection is acceptable.
.

4. DIFF (%) refers to the percentage of difference between the Nominal and

-10% values. A variance of approximately 5 to 6% between the nominal and

-10% values of separate calibrations is normal. This is atitributabic to
dif fe rence s in lead density (cast v s. rolled sheet), accuracy of motors

and related equipment, as rolled steel thickness variables, e tc.

.

.

!
'

T

i
i

) "
.

i f

;'

i

| 8-3-1-7 i

j,

I i-

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



-NuPas 10/14015 Aug et 1985

The Field Calibration Method (NuPac Procedure GS-002) utilizes a specially

f abricated test lid which incorporatos a holder for various lead and steel

shee t thic kne s se s. This fixture is installed onto the cask to be scanned.

The test lid is then set up to simulate the nominal lead thickness, the source

is placed below the test lid in the cask at a distance equal to the inside

radius of the cask. Readings are then taken. The test lid is then set up to

recreate the -10% lead thickness configuration, and readings are again taken.

- Other readings are then taken in 1/8 inch lead thickness increments between

and beyond the two base readings until four to eight readings are obtained.

The data is then plotted on a chart of readings versus lead thickness. The

value for nominal lead -10% is then utilized as the maximum acceptable reading

during the actual gamma scan.

,

g -e
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TABLE 2
SELECTED RADIOlSOTOFE DATA

*

1 -

Radioisotope Halflife Pnnc: cal Photon Specific Gamma Ray Constant
Energies (kev) Rihr per curie .

! at t foot at 1 meter

) Casium''' 30 662 3.4 0.32y

{
Cocalt" 5.3 1173,1332 14 0 p 1.30y

! C
Indium''' 74d 311,468.60 .9 g 0.55"'

,

! @ ;
;

.

!' Thulium"' 34d 4 - ys 0.015 0.0014
C>

. Ytte G'" 63.110,131 1.35 0.125 I
"

| C 177,198,308
! Tm x-rays !

|
'

4 1

*Ame'icart National Standarcs instrtute Standard N432 Pas crcposed a value of
,

Q ASRe.tr<J for tPe scocifsc gamma ray constart for Indium 192.!

! h
t,

I '
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m

( ,, The NnPac 10/140MB shielded shipping cask is designed to the Type B criteria
cf 10 CFR 71. The_ criteria also places certain requirements for acceptance of

the cask during fabrication and after in-se rv ic e seal maintenance. A major

requirement portains to acceptable leakage past the cask seals. The

ccceptable leak rate f or the seal integrity tes t is 10-7 a tm-cm / s or les s3

0based on dry air at 25 C. The requirement is delineated in detail in ANSI

N14.5, Leakage Tests on Packages for Shipment of Radioactive Materials.

The accepted me thod for asce rtaining leak rates in the 10-7 range is via a
He l ins Mas s Spec t rome te r Snif fe r or Spray t e s t. Th i s t e s t is described in

ANSI N14.5 and is utilized for all seal integrity acceptance tests on the

10/140MB cask prior to first use and af ter any seal maintenance or replacement
<

efter the cask is in se rvice.

The test utilizes helium gas as the detector medium and a calibrated helium

snif fer or probe as the de tector. The helium snif fer or probe is ca l ibra t ed

a standard leak simulator that produces a known leak rate. Thisf Sogainst
i I
i _,, device is traceable to the National Bureau of Standards.s

The interior cavity or seal area between the redundant seals is evacuated to

en indicated pressure below one atmosphere (vacuum). A special test port tool

is utilized for the evacuation. After the evacuation, the special test port

tool is adjusted to allow the helium sniffer or probe to monitor the evacuated

crea be twe en the se al s. The exterior of the cask seal area is then loosely

onveloped to trap helium gas injected into the enclosed area. If any leaks

-7 3are present greater than 10 atm-cm /sec, they will allow the helium to

cigrate from the positive exterior pressure to the negative interior pressure.

This leak will allow the helium to then be monitored by the helium leak probe.

The equipment which monitors the probe's input will indicate when the leak

rate exceeds the prese t acceptance level. Addi t io na l l y, the seal in the

10/140MB te s t port s a re al so t e s t ed t o 1x10~I a tm-cm / sec or les s. This is3

done af ter the main cask seals are tested. The void between the main seals is

flooded with helium at one atmosphere pressure and the test port is then

G
m
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f 9.0 QUALITY ASSURANCE
i

The NuP.ac 10/140MB Cask has been designed and will be fabricated by Nuclear

Packaging, Inc., ' (NuPac) Fede ral Way, Washington. The Quality Assurance

i Program used for the de sign, f abrication, assembly, testing, use and main-

i tenance of the NuPac 10-140 cask satisfies the eighteen (18). criteria of 10

CFR 71, Subpart H in its entirity. NuPac's Quality Assurance Program meeting
.4

4 c

| these criteria has been submitted to the United States Nuclear Regulatory '

I Commission and has been awarded Approval Number 0192, Revision 1.
!,

'

In addition, the QA program and the implementation of it during the design and

j f abrication phases will adhere to NuReg CR-3854, Category III requirements..
!

A synopsis of the Pacific Nuclear Systems, Inc./ Nuclear Packaging, Inc.

Quality Assurance Program fol lows:
,

,

9.1 Introduction -

I
\
'

Pacific Nuclear Systems, Inc. (PNSI) has developed a quality program to (1)
i

assure traceability, and (2) control the quality of all materials' and proces-,

ses utilized in the production of radioactive shielding, casks, containers,

.! and other equipment pertaining to shipping packages for irradiated fuel, high

i level waste, and plutonium.
i

I
j A Quality Manual delineates requirements and procedures necessary to exercise ,

u \

control over design, documentation, procurement, material, fabrication,

inspection, operational testing, equipment ope ration and use, maintenance,

repair, modification, inventory, shipment and quality data retention.
;

j <

The PNSI Quality Program is implemented by Quality Procedures which are de-
,
I
^

signed and administered to meet the 18 criteria of 10 CFR 71, Subpart H. The
i

! Quality Program is implemented throughout the company and its subsidiaries.
!

The Subsidiaries include: Pacific Nuclear Systems, Inc., Nuc lea r Packaging,

f O Inc., NuPac Leasing, Inc., and Pacific Nuclear Systems and Services, Inc.

e
1

9-1
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9.2 Description of the PNSI. 10 CFR 71. Subpart H Quality Proeram

I )
LJ

9.2.1 Orzanization

Full responsibility for the Quality Assurance (QA) Program adherence to 10 CFR

71, Subpart H criteria rests with PNSI. Quality Program activities inc lude

calibration of measuring equipment, non-de s t ruc t ive examination (NDE), and

materials testing. PNSI surveys and qualifies all organizations pe rfo rming

these services to assure adherence to the 18 criteria prior to their use. All

other quality activities are performed by PNSI quality personnel. However,

the responsibility of the control of quality in the other organizations c o n-

tinues to rest with INSI.

PNSI's President has full authority over all functions of the company, and

delegates authority and responsibility for selected functions to other

personnel within the company.

The administrative f u nc t io n includes financial, legal, and marketing73
/ t( ,) activities. - -

Proc urement depa rtment pe rsonnel perform purchasing activities and maintain

supplier pe rformance records. The Engineering Department is responsible for

research and development of shipping container technology, design of casks for

licensing and f abrication, and design documentation.

The PNSI Quality Department has suf fic ie nt authority and organizational free-

dom to identify quality programs, implement corrective action, and verify

corrective action ef fectiveness.

Addit io na l l y, the Quality Department is independent from other organizations

within PNSI and reports direc tly to the Pre sident of PNSI. The Qua l ity De-

pa rtme nt is headed by the Corporate Quality Director who is responsible for

the deve lopment, implementation, and administration of the entire PNSI Quality

\ |
+ /
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-m Program. He must have sufficient expertise in the entire field of Quality to
/ 1

Q) enable him to direct the entire quality function in close adherence to the 18

criteria of 10 CFR 71 and the PNSI Quality Manual. Re s pon s ib i l i ty for

de ve l opme nt of quality acceptance requireme nt s, inspections, and NDE activi-

ties rests with the Corporate Quality Director. It is his responsibility to

delegate and evaluate the performance of all quality related tasks for PNSI

through the authority of the president.

It is delineated in writing through the Corporate Quality b. rector that

designa ted QA personnel have the authority to prevent .'e continued

processing, fabrication, installation, or delivery of unsatisf actory work.

This ' authority also extends to the quality monitoring of special processes

utilizing PNSI equipment, personnel and procedures such as waste processing,

in-se rv ice inspections, etc.

Production responsibilitie s include scheduling or in-se rvice inspection and

p administration of all fabrication ac tiv itie s, both within PNSI and at
' ) qualified s u pp l i e r s. The shipping and receiving function is also the\

responsibility of the Production Department.

On-site activities such as waste processing, in-s e rv ic e inspections, etc. are

administered as a joint effort of the operations and engineering pe rsonne l.

(uality supports these activities with written procedures that provide

methods, proce s s cont rol s and check point s. Inspec tion pe rsonnel pe rf orm

monitoring activities and verifications of regulatory, contractual, and tech-

nical requirements during these operations.

The Corporate Quality Director and all other quality personnel and/or

organizations within, or utilized by PNSI, are fully qualified for their

quality responsibilities. Qualification records are maintained in the PNSI

Quality Record File.

U
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7 ~3 9.2.2 Quality Assurance Program

PNSI has established and implemented a QA Program for the control of quality

in the design, fabrication, operation, and maintenance of shipping containers

for nuclear products. Training and/or evaluation of personnel qualifications

are required for all QA functions in accordance with written procedures and

are approved by the Quality Manager. The QA Prog ram a s sur e s that all quality
requirements, engineering specifications, and specific provisions of any pack-

age design approval are me t. Those characteristic s critical to saf e ty are

emphasized.

The President of PNSI regularly evaluates the PNSI QA program for adherence to

the 18 criteria in scope, implementa tion, and ef f ec tivenes s. Furthe r, the

President requires that the Quality Sys tem, inc l uding the QA Manual Policies

and Procedures, be implemented and enf orced on all applicable programs at

PNSI.

g''$ A Material Rev iew Board, consisting of Engineering, Procurement Production,

(_ / and Quality Personnel has been established to resolve all discrepancies or

disagreements pertaining to the acceptability of material, hardware, or safety

related operations. Their dispositions are final and binding.

9.2.3 Desizn Control

PNSI Quality Procedures (QP's) have been developed, approved, and implemented

to control design review in such a manner to assure that the following occur:

9.2.3.1 Design activity is planned, controlled, and documented.

9.2.3.2 Regulatory and design requirement s are correctly translated into

specification, drawings, and procedures.

9.2.3.3 Design documents contain quality requirement s.

'~'
9.2.3.4 Deviations from quality requirements are controlled.

o
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9.2.3.5 De sign verification is pe rformed by Quality As surance pe rsonnel

C) independent of the design activity. These verifications may include

tolerance studies, alternate calculations or tests. Qualification

tes ts are conducted in accordance with approved test programs and

procedures

9.2.3.6 Interface control is established and adequate.

9.2.3.7 Design and specification changes are reviewed and approved by the

same organization (s) as the original issue.

9.2.3.3 Design errors and deficiencies are documented and corrective action

is taken to prevent recurrence.

9.2.3.9 Design organization (s) and their responsibilities and authorities

are delineated and controlled via written procedure.

9.2.4 Procurement Document Controlp(
, ./

w,

The PNSI QA Program assures that all purchased material, components,

equipment, and services adhere to design specifications.

Supplie r ev a lua tion and se lec t ion, objective evidence of supplier quality,

assignment of quality requirements to procurement documents and related design

doc ume n t s, and source, in process, and receiving inspections are all adminis-

tered and controlled in accordance with approved PNSI QA procedures.

All p roc ur eme nt ac t iv ity is performed in accordance with written procedures

delineating requirements for prepa ra t ion, r e v iew, approval, and control of

proc ureme nt doc ume nta tion. Particular emphasis is placed on assuring that

revisions to procurement documentation are reviewed and approved by the same

cognizant groups as the original.

IA
( ) !v ;

)

|

|
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~% Quality Assurance clause sheets are included with all request for quotes and
7
r

\m,/ purchase orders. Quality As surance personnel assign clauses from the shoots

to the procurement document re f e re nc ing 10 CFR 71, Subpa r t H requirements

appropriate to the contract. In addition, ma te rial inf orma tion inc luding

grade, type, size, and special physical or chemical data requirements is

included on the procurement documents. Other documentation and information

such as drawings, procedures, inspection and test requirements, hold point s,

welding and other proces s qualification requirements are delineated on the

procurement documents by the Quality Assurance personnel as appropriate to the

contract.

Quality Assurance personnel assure that requirements for acceptance of hard-

ware and documentation appropriate to the contract are inc luded in proc urement

doc ume nt a t io n.

PNSI Quality Assurance personnet maintain the right of access to all supplier

f acilities and documentation for source inspection and/or sadit ac tiv i t i e s. A

(''} statement to this effect is included on procurement doc umentation when it is

k__- appropriate to the contract. -

9.2.5 Instruction. Procedures snd Drawinc.s

Quality planning is developed by qualified Quality Engineers (QE's) for all

activities requiring quality participation in accordance with approved PNSI QA

procedures and is approved by the Corporate Quality Director.

All de s ign doc ume nt s (i.e., drawings, s pe c i f ic a tions, special processes, e tc.)

af fec ting quality are reviewed by the Quality Department and refe renced in

quality planning as necessary to assure adherence to package design approvals

and the applicable criteria of 10 CFR 71, Subpart II.

All instructions, procedures, and drawings are developed, rev iewed, approved,

utilized, and cont rolled in accordance with the requirements of written

quality assurance procedures.

t \
t /

I
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7-w 9.2.6 Document Control
;

]

Policy and procedure for rev iew, approval, release and change control of all

cont rolled, quality related documents are delineated in approved PNSI QA

Procedures. Provisions are prov ided in the QA Procedures for ide nti fica tio n

of individuals / organizations responsible for review, approval, and issuance of

d o c ume nt s. Do c ume nt control responsibilities, f acilities, and distribution

requirements are also addressed.

Controlled documents include, but are not limited to:

(a) Design specifications

(b) Design manuf ac turing drawings

(c) Special process specifications and procedures

(d) Procurement documents

(e) QA Procedures and manuals

(f) Quality Planning for receiving, in process, source and in-

('~'s service inspections

'\_) (g) Source surveillance and evaluation reports

(h) Test procedures

(i) Audit reports

(j) Operational test procedures and data.

When revised documents appear in other document s as re fe re nc e s, supplcments,

or exhibit s, appropriate revisions are made to those documents prior to the

release of the basic approved change.

Do c um e n t a t io n listings are maintained delineating the title, numbe r and

current revision for all drawings, procedures, specifications, and purchase

orders.

The Quality Pe rsonnel assure that all required support doc ume nt atio n is

available at the work area prior to the initiation of the work ef fort.

rN
(c
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/~'N 9.2.7 Cont rol of Purcha sed Ma teria l s. Parts and Comoonents
(w,<)

Procurement doc ume nt s are rev iewed for acceptability of suggested suppl ie rs

based on the PNSI approved supplier lists.

In addition, and as required, supplier surveys are conducted by qualified PNSI

personnel to further assure supplier acceptability. The se ev a lua tion s a re

based on one or all of the following criteria:

(a) The supplier's capability to comply with the requirements of 10

CFR 71, Subpart H, that are applicable to the contract.

(b) A review of previous records and performance of the sup p l ie r.

(c) A survey of the supplier's f acilities and QA program to de ter-

mine his capability to supply a product which meets the design,

manufacturing, and quality requirements.

\- ' Results of all supplier evaluations tre recorded on Supplier Evaluation forms

and are retained in the Quality Data File.

Quality requirements and standard clauses are added to procurement doc umen t s

to require supplie rs to identify ma terial, provide test reports, control

special processes, certify equipment and personnel, etc. As a minimum,

requirements are imposed on suppliers to identify materials specific codes,

specificat).ns and/or design not adhered to during f abrication. Justifica-

tions for ' accept-a s is' or ' repair' dispositions are also required to be

sumitted to the Material Review Board for review and acceptance.

Quality planning is prepared and approved by the Quality Department for pe r-

formance of all source, test, shipping and/or receiving inspections in accor-

dance with approved design requirements, applicable 10 CFR 71 criteria, pro-

curement doc ume nt requirements, and contract specifications.

,A

G
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Re c eiv ing inspection is performed to determine that the following, as

appropriate to the contract, are assured:'

(a) The material, component, or equipment is properly identified

and corresponds with the identification on receiving documenta-

tion.

(b) Material, components, equipment, and acceptance records are ,

inspected and are acceptable in accordance with inspection

ins t ruc t io ns, prior to installation or use.

.

(c) Inspection records and/or certificates of conformance attesting

to the acceptance of material and components are available

prior to installation or use.

(d) Items accepted and released are identified as to their inspec-

tion status prior to forwarding them to a controlled storage
'

area or releasing them for further work.

. -

All described activities are delineated in approved PNSI QA procedures.

9.2.8 Identification and Control of Material s. Parts, and Connonents
,

The identification and control of materials, parts, components, and completed

and in process assemblies is administered by the Quality Department in accor-

dance with approved PNSI QA Procedures. These procedures addt;ess quality
status tags, maintenance of material identification and traceability, part

identification, and rela t ed documentation. Some of the details of these

procedures follow:
'

(a) Material identification procedures included in inspection plan-

ning and fabrication drawings require that identification of

material, components, and/or hardware be maintained on the item

or in traceable records to prevent use of incorrect or defec-

tive items.

t

!
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(b) When appropriate, due to contractual or safety related concerns'~'

'N / requiring specific identification and Material Review Board

action, Quality Assurance personnel assure that identification

of materials, components, specifications, procurement documen-

tations, manuf acturing, and inspection records, discrepancy

reports, and material test data is provided and is complete.

(c) Quality Assurance personnel assurc, via drawings and inspection

planning requireme nt s, that identification locations do not

affect the fit-up, interf acing capability, performance or over-

all quality of the finished product. Identification, in accor-

dance with drawings and inspection pl anning requirement s, is

verified prior to releasing the item for further processing or

de live ry.

9.2.9 Control of Special Processes

- [~'N, PNSI approved QA Procedures delineate the policies and procedures established

\/ to control such special processes as: welding, heat t re a ting, lead pouring,~-

non-des tructive examina tion, was te proces sing, etc. in accordance with app 11-

cable codes, standards, specifications,10 CFR 71 criteria, and other require-

ments. Special processes developed by PNSI suppliers and by PNSI are docu-

mented.

All procedures for special proces se s and the personnel required to perform

them are qualified under the cognizance of the Quality Department in accor-

dance with applicable codes, standards, specifications, and contract require-

ments.

All qualification records and support data are retained in the Quality Data

flie, and are maintained in a current status by Quality Assurance pe rsonnel.

These document s are controlled as delineated in Section 9.2.6 of this Quality

System description.

O
!

v
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.9.2.10 Insnectiga

All rec e iv ing, source, in process, and in service inspection activities are

performed in accordance with approved PNSI QA procedures. All inspection

personnel and/or organization qualifications are reviewed and accepted by the
Quality Manager prior to inspection activity. The inspection activity is

performed in strict accordance with approved quality planning prepared by

qualified QA personnel (See also Section 9.2.5 discussion).

Quality Inspection personnel are independent f rom all othcr organizations

within PNSI and report directly to the Corporate Quality Director or the

Subsidiary Quality Manager.

Inspection personnel qualifications are based on their capability to perform

the required inspection functions in accordance with applicable codes, stan-

dards, professional society programs such as the ASQC quality technician

certification, and PNSI training programs. Qualification reviews are pe r-

formed pe riodically to maintain personnel proficiency and assure current

qualification.- -

~

Mandatory hold points, inspection equipment requirements, accept reject

criteria, personnel requirements, characteristic s to inspect, variable /attri-

butes recording instructions, reference documentation, and other requirements

are included in the inspection planning.

The Quality Assurance department assures that any repiscenents, modifications,
or repairs performed after final acceptance of material, components or

hardware are inspected in accordance with the original inspection planning or

nr.w planning prepared as appropriate.

9.2.11 Test Control

A tes t control program, as it applies to quality, is addressed in approved

PNSI QA Procedures and assures, via required planning, that all required

testing, such as proof and acceptance tests, are identified and performed in

accordance with test procedures, design requirements, and limitations.

9-11
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p Prerequisites, accept / reject criteria, data recording criteria,

U ins t rume nt a t io n ca l ib ration, e nv ironme nt al cond i t ions, docume nt a t ion and

evaluation requirements, etc. are delineated in the test p roc ed ure s. Changes

to the test procedures are required to be reviewed / approved by the same

org aniza t ion ( s) as the original issue.

Wheneve r equipment, components, and/or assemblies require modification, re-
pairs, or replacement which could result in requirements for re-test or addi-

tional testing, Quality As surance pe rsonnel as sure, as appropriate, that

original or new test inspection planning is prepared and adhered to.

In any case, test result s are documented, evaluated, and accepted by qualified

personnel as required by the test inspection plan prepared for the test under

the cognizance of Quality Assurance personnel.

9.2.12 Control of Measurine and Testine Equiement

Administration of the calibration of measuring equipment and in s t rume nt a t io n
V is performed by the Quality Department in accordance with approved PNSI QA

Procedures. The calibration system assures that all standard measuring

instruments (SM1) used in the acceptance of material, equipment, and

assemblies are calibrated and prope rly adjusted at specified intervals to

maintain acc uracy within pre-de te rmined limit s. Calibration is performed

using equipment traceable to national standards. All calibrated equipment is

identified and is traceable to the calibration test data.

Whenever SMI are found to be out of calibration during or immediately af ter

use, all items inspected during that period are rejected by inspection and are

submit ted to rev iew action f or possible re-inspection or other appropriate

corrective action.

C\

\v)
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/7 9.2.13 fla nd l i n e . Storsee, and Shioninz

\ ]

PNSI approved QA Procedures require that handling, storage, and shipping

requirements adherence verification critoria be included in quality planning.

These requirements are designed to prevent damage or deterioration of material

and equipment. Information pertaining to shel f life, e nv i ro nme n t, packaging,

tempe rature, cleaning, handling, preservation, etc., is included as required

to meet design, NRC package approval and/or U.S. Department of Transportation
shipping requirements.

Shipping documentation prepa ration, departure and arrival time, and destina-

tion data recording are also addres sed in the planning, when applicable.

Shipping requirement s in quality planning must be me t prior to release for

shipment.

9.2.14 Inseection. Test and Oneratine Ststus

O) The use of inspection status tags, quality inspection stamps, and other means
i
V to indicate inspec tion and tes t s t a tu s a t, or for, PNSI are delineated in

approved PNSI QA Procedures.

The clarity of the status indication, prevention of inspection, and/or test

step by passing. and prohibition of removal or modification of status indica-

tions, except with Quality Department approval / Material Review disposition, is
assured via these procedures. The Quality Assurance Department assures via

Quality Procedure, interof fice memoranda, training sessions, and audit that

all PNSI personnel are aware of and understand the meaning and uses of status

tags on all hardware, material, and test se t-up s ( s e e a l s o Se c t io n 9.2.15
discussion).

~%

v)
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/' '} 9.2.15 Non-conformine Material . Parts, or Components

J

PNSI approved QA Procedures require that material, components, and equipment

that do not conform to requirements are controlled to prevent their inadver-

tent use. Identification, segregation, discrepancy reporting, disposition of

non-conformances by authorized indiv idua l s, and re-inspection ac tiv ities are

performed and controlled in strict accordance with these procedures.

Quality Discrepancy Report s (QDR) are utilized by the PNSI quality department

to identify discrepant items, de s c r ibe the discrepancy, and provide disposi-

tion and re-inspection requirement s. The signatures of authorized cognizant

personnel are placed on the QDR to signify approval of the disposition. These

personnel must be approved by the Corporate Quality Director and President and

must be from the same groups approving the original design. In c onj unc t ion

with repair or re-work dispositions, quality assurance pe rsonnel provide

supplemental inspection planning to verify proper implementation of the QDR

disposition. This assures that the item is re-tested and/or re-inspected to a

[ degree at least equal to the original acceptance activity,

v .

9.2.16 Corrective Action

Failures, ma l f unc t io ns, and deficiencies in material, components, equipme nt,

and services are identified and reported to the Corporate Quality Director and

the President. The cause of the condition and corrective action necessary to

prevent recurrence is identified, implemented and then followed up to verify

corrective ac tion e f f ec tive nes s. All reporting requirements of applicable

contractual and regulatory specifications and regulations are adhered to as

part of any corrective action activity. Detail requirements for this activity

are delineated in approved PNS1 QA Procedures.

A)/
,E
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/'~'T 9.2.17 Quality Assurance Records

Y)
A quality records sys tem is in ef fect a t PNSI and is administered in accor-

dance with approved PNSI QA procedures. The purpose of the quality record

system is to assure that documented evidence pertaining to quality related

activities is maintained and availabic for use by PNSI, its custome rs, and/or

regul a tory age nc ie s as applicable. Quality Records include, but are not

limited to, inspec tion and t e s t record s, audit report s, quality pe rsonne l

qualifications, design rev iew s, quality related procurement data, suppl ie r

ev a lua t ion report s, e tc. All records are identified by work orde r numbe r,

part numb e r, c ontrac t numb e r, or drawing numbe r as appropriate to the record

type. A comple te list of all quality records is maintained and provides cross

reference be tween the dif ferent identity methods described above and pinpoints

the record location.

Design related records such as calculations, d r aw ing s, research and develop-

ment test reports, etc., are retained in the Quality Assurance records system

[ \ for the life of the shipping package. All other quality related records are
!i

'/ retained for the life of the shipping package in accordance with 10 CFR

71.91( c ) unle s s o the rwise specified in rela ted contractual or regula tory

requirements.

Inspection records retained in the Quality As surance records system prov ide

the following data when applicable:

(a) Inspection type, i.e., in process, in service, testing, receiv-

ing, and shipping.

(b) Evidence of completion and verification of manuf acturing, in-

spection, or test operation.

I
1

(c) The date and results of the inspection or test.
|
|

(d) Information related to noted discrepancies.

O
t 1
\-/
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h (e) Inspector or data recorder identification.d
(f) Evidence of acceptance.

9.2.18 Audits

Quality program audits are performed on a pe riodic, scheduled basis by

personnel without direct responsibilitica in the areas being audited. Audit

pe rsonnel 'are ce rtified quality assurance lead auditors who have me t all

requirements of ANSI N 45.2.23. Written planning sheets and check lists are

utilized. Audit results and corrective action activity are reported to

management, in writing, and are retained in the quality assurance record file.

Responsible manageme nt pe rsonnel are required to respond to audit findings
,

with the neces sary action to correct the noted deficiencies. Current PNSI

practice is to audit all quality functions on an annual basis.- Areas f ound

deficient during audits are reaudited on a first priority basis to verify

corrective action implementation and ef fectiveness. Details of the PNSI Audit

O System are ' delineated in approved PNSI QA Procedures.
. -
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