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1.0 GDERAL INP0thAT10N ,

I I

!-

1.1 Intradmetien j

p- f
no NnPac 10/14080s Cask has has bee n developed for the purpose of safely j

transporting Type 5 gnaatities of redicactive material. The purpose of this [
Safe ty Analysis Report la to demonstrate compliesco of the package with 10 CPR [
71 regulatory r eq ui reme nt s. he pa c ka ge la capable of safely transporties |

!Type 5 gsantities of radioactivs materials. Anthorisatica is sossht f or sh i p--

mest by cargo vessel, notor vthicle and rail.
,

l
:

1.2 Packa ne Des crict ion

i

1.2.1 Packmaina |
|

!
1.2.1.1 Genere! Des crict ion I

!

!

The NuPac 10/140MB reu sabl e shipping packa ge is destgred to protect radio-

active material f rom normal and hypothe tical accident conditions of transport.
{
t

The Nupac 10/140M1 Cask is a top and (optionally) botta loadits transport

shield de signed specif ically f or the saf e transport of Type B levels of radio- [
>

active material s. The shield can accommodate full capacity liners, or eiscel- ;

laneous f orm ca rgo such as $$ gallon drums, irradiated hardmare, etc. I

i

|.

t

1.2.1.2 Na t e r i al s of Construction, Dimensions and Fabrica tf or Methods

'General arrangement drawings of the NuPac 10/140MB are included in Appe ndis

2. 3.1. Th e s e show the overall dimensions as well as materials of construction.
i

P

1-1
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i

he essk body eessist s of esterest and int e rne t st e el shells separated by a 1
,

1

2.$ lack thick lead biological shield la the samalar space between these two i

ab ell s. The t o p a nd bot t ce e nd s of th e cy li ndr i c al cask are constreeted of I

stataloss steel castings or forgings. no 0.78 lash thick' laser steel shell |

is constracted of 304 stataloss steel 3inte, he 1.25 inch thick enter steel
'

shell is constaicted of carbon steel.
t

The top (sad as an option, the bottan) serves as a removable cask lid and is

fsea sed to the cylindr ical cask body by eight 2-1/2 inch diame t e r bolt s.

Botting satorial is ASTW A-320, Grade 1A3. A 2 9 inch di ame t e r se conda ry rea sk

lid is located in the oester of the top primary lid and is secured to the pri-

sary lid by sist een 1-1/4 inch bolt s.1.if ting luss and tiedovas are a stree-
,

t ur al pa r t of the package. i

The top and bottom impact limit e r s consist of s t a inl e s s s t e el sheet metal ;

enclosing high-density polyure thane foam. |

51.2.1.3 Cent since nt Ve i se!

;

The inner shell together with the top and bottom end plates of the ca sk se rv e ,

'
a s the cont ainment vessel. It s sechanical configura tion is des cribed in the

foregoing paragraph.
|

!

Two pairs of butyl 0-ring seals are earleyed in both the primary and secondary
ts'lid interfaces. These 'EnviroSeals are of a unique design, afferding an ,

ea sily ma intained high level cf cont ainment to the content s of the 10/140MB.
,

Weste product s will be contained in $$ gallon drums, in heavy gauge dispossble -

. ,

,

st e el line rs, in crat es or other suitable palle t tred f orms. ,

|

1.2.1.4 Neut ron Ab s orbe rs

.

11ere are t.o r.a t e r i al s used as nentron absorbers or moderaters in the NuPac
10/14053 package.

1-2
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1.2.1.8 Paekane Vaiaht
,

4
The grosa, set and payload weight s of the NmPac 10/140MB Pa c ka ge a nd c om-

ponesta are as followas
L

,

> ''\- $3gg3g11 Wa lakt (Ib.)

Top lid as sembly 8,430

Cask body 26,960

Bottom plate / lid 6,460

2 impact limitars 11,150
____. .

\

Package tot a. net weight $3,000

Masinas payload ' 15.000
-

Package tot al gros s weight 68.000

1.2.1.6 Reeeet e)n

There are no internal or est ernal structures supporting or protecting recepta-

| cles, eserpt a s des cribed in 1.2.1.7 below re ga rding the opt ional drain por t. -

|

| 1.2.1.7 Containrent Penetrations
,

The casks are provided with a 0.44 inch di ame t e r drain por t in the bottc=

plate, s uit ably count e r-dr ill e d a nd tapped to accept an o-ring se aled pipe
L plug. The drain port is used f or removal of entrapped liquids, such as rain

or de cont amina t ion fluids. If a cask is co nf i g ur ed t o bot t om-loa d, the n n o

| drain port i s prov ide d int o cont ainee nt. !
l

'

|
.

1-3
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1.2.1.8 Iladowns ;
I

ct
i >

,

Tiedovas'are a structural part of the package. From the . attached ge neral ar- ]
~

rangensat drawing, it can be seem that four reinforced tiedown locations are

. prov ide d. Refe; to Section 2.5.2 for a detailed analysis of their structural [,

; int e gr i ty.
.

i
s

1.2.1.9; Lif tina Devices < ;

e
?

Lif ting devices are a structural part of the package. From the general ar- |
)

rangensat drawing,. It can De see n. tha t three reinforced lif ting locations are-

prov ide d. Refer to Section 2.5.1 f or a detailed analysis of their structural i

in t e gr i ty. !

l

.

,

f.
l'.2.1.10 Pressure Relief System

There . ars no pr e s sur e relief valves in the design of the NnPac 10/140ls '
.

packaging. ,

<

1.2.1.11 ' Heat Dissfratien ;
,

There are no special dev ice s used for the t ransf e r or ' di ssipation of heat.
The packa ge inte rnal de cay hea t u sed f or de si gn is 95 wat t s.

i.

. .

1.2.1.12 Cool an t s
i

There are no coolants utilized in the package.

;

o

f
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a

' 2.2.1.13 Pm t ra sions )
'

r ;

f

There are no outer or inner protrusions, sacept for . the lif ting and tiedown |

1sgs described above. ?

!

i

k

1.2.1.14 $hieldina i
,.

a

The content s wall be limited such that the radiological shielding provided

will assure compliance with DDT and IAEA regulatory requirement s.- Far the r

details are provided in Section 5.0. :
.;

r
!

1.2.2 One r a t io na l Fe a t ur e s . |

f

,

Refer to the General Arrangement drawing of the packaging, in Appe ndix 1.3.1.
'

Here are no comples operational requirement s connected with the package, and
none that have any transport significance. The top primary lid and optional j
. bottom lid are both securily attached with standard bolt s, which are readily -|
r em ov abl e , and which are c omple t ely recessed be ne ath the protective impa c t i

limiter to prevent inadvertent damage during normal er accident conditions of

transport. Fall and reliable containment is provided by NuPac's

Env iroSe al s, tm providing a reliably high level of containment t o the packa ge. '

These d ev i c e s pr ov ide sealing surface pro t e c t ion d uring o pe r a t io n al a c t iv i-

ties. .and are themselves easily and quickly replaceable to n:aintain a sure and
complete se al under all co ndi t ion s. Full patent protection for the E nv i ro-

Se al sts is being sought.
A

1

9

h

t.

:
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* 1.2.3 Content a of Packmaina
\ I

This application is for transporting the following radioactive ~ materials as |

defined in U.S. A. and 1AEA regulationst {
,

o Contents incande less than 2,000 tians the Type A gaantity of radio- 1

isotopes as detined in 10CFR71, Table A.

o Contents may be Type A or B quantities, including Low Specific Acti-
vity (LSA) in normal or special f orm. ;

;

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

.

o Content s may be in dispe rsible or non-dispersible f orm (e.g. , acti-
vated hardware) and may be contained within an internal liner not
considered part of this application, or solidified in a stabilizing'
media, or both. The containment ability of any internal liner is >

not considered in this application.

o Contents shall be so limited that the esternal radiation dose rates
are within the limit s specified it.10 CFR 71. This shall be veri- s

fled by pr e-shipment anspection.

.

1-ti
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2.0 ETEDCNEAL EVALUATION

|
1

j, This skapt e r pre sent s st ructur al evalua t ions denometrating that the NaPac
10/14 018 Shipping Cask design meets all applicable streettral critoria. The

ensk is comprehensively evaluated and shown to proeide adequate protection for ;

the cask payload. Normal and hypothetical accident condition evalsations,

using analytic and esperinsatal tochaignes, are performed la accordance with

10 CPR 71 requirement s. Analytic demonstration techniques comply with the *

'
methodology present ed in Regulatory Guide 7.6. Esperinsat al verifications sad

evaluations are of the following forms:

o 1/4-Scale Drop Test s have been perf ormed to verify the behavior of the
10/140MB Shipping Cask nader hypothetical accident condition loadings.
Drop test result s are s umma r ized and cotpared with analytic resnit s in
Section 2.10.4. These comprehensive t e6 t s, coupl ed with appropr iat e
analytic eval ua t ion s , demonstrate the capability of the package t o mee t ;

the structural requirements associated with hypothetical accident

conditions as se t f orth in 10 CFR 71. Reduced test data provide complete

inf orma tion defining def orma tions imposed upon the packa ge's impact !

lim it e rs. Tho s e da t a , whe n corr ela t ed with analyt ic r es nit s and pr ev iou s ,

test r e sul t s, provide accurate predictions of internal s tre s se s and

deformations for those combined loading event s not explicitly t ested.

o Component Tes t s were also performed to verify mechanical or physical pro-
pe r tie s. These tests are de s cr ibe d within s ub seque nt Sections where
ap pro pria t e. Burn t est s on the polyure thane fose used in the ove rpac ks

'

were performed to establish fosa characteristic s during exposure to the
'

hypothe tical fire event. A series of 0-ring se al verification test s were

pe rf ormed t o as sure t hat selected 0-ring material and gland geometry are

a dequa t e t o a s s ur e lesk-tight pe rf ormance unde r all regnistory

r equi reme nt s.

.
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' Detailed ~ test ross1t s are typically relegated to the relevant appendis of this
r +por t. In particular, Section 2.7 isolades brief disosesions of the 1/4

seale drop test s, but detsited comparisons of smalytte 'nad esperinsatal
'results are only presented in Appendix 2.10.4.

Analytically determined miniana Margins of Safety obtained for the major saak
components are summarized in Figure 2.0-1 and Table 2.0-1.

'|

2.1 St rnetural Desian

,

I

( 2.1.1 Disens ion
,

The principal structural member of the NnPac 10/140MI package is the contain-
ment ves sel described in Section 1.2.1. The above component is identified on

the drawing as noted in Appendiz 1.3.1. A detailed discussion of the strac- ,

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

2.1.2 Desian Criteria c

2.1.2.1 Ba sic De sian Crit eria (Allowable Stresses)
|

|-
This section defines the stress allowables for prima ry membrane, pr ima ry

be nding , s e conda ry, be a r ing , ahe a r , and buckling stresses for cont a inme n t
structures and f asteners, and nor-containment s tructuras and f asteners.

.

.
.

Regulatory Guide 7.6, De sian Criteria for Structural Analysis of Shievina Ca sk
| Cont a inmen t Ves sel s (Re fere nce 2.11.1) is used in conjunction with Regula .exy
|

I;
Guide 7.8, Load Combinations for the S t ru ct ur a l Analysis of Sb inei nn bus

|

|
(Reference 2.11.2) to evaluate the integrity of the NnPac 10/140MB . Where

| the loads specified by Regulatory Guide 7.8 co nf lic t with those give n in the
I current version of 10 CFR 71, the latter is u se d. Ma t e r i al pr o pe r t i e s and

design stres s intensity values. S,, used in the analyses can be found in Table

2.3-1.
|

|

| 2-2
|
|
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* 2.1.2.1.1 Contal - at Stractares
C

4

Regalatory Guide 7.6 was need for all package containment bosadarios for both
the normal conditions of transport sad the hypothetical' accident ooaditions.

,

Material data used in the evaluation correspond to the desiga stress valses,
S,, yield strengths, S, and ultimate strengths, S, given la the ASE Codey
(Re fe re nce 2.11.3), Section III, Clas s I. The coatsiassat vessel is con si-

g

dered to be the 66.0 inch inside disseter, .75 inch thick immer shell of the

cask, the castings or forgings at the t op and bot t om e nds of the ca sk, the i

bolted secondary closure lid, and the drain port la fised bottom models. A

s umma ry of allowable s tr e s se s u sed f or cont a inment structures, and f asteners

la presented in Table 2.1.2-1. These data are consistent with Regulatory )

Guide 7.6 and Sections NB-3000 and Appe ndir P of ASE Section III.
,

'2.1.2.1.2 Non-Con t a inme nt Structures

Structural evaluations of non-c o nt a inme nt components, such as t ie down andi

lif ting devices, a nd th e ca sk out e r shell, u se allowable stres ses for normal ;

and accident conditions as presented in Table 2.1.2-2. The inqpact limit er is
(

allowed to exceed yield for all co nd i t ion s. The acceptance criterion for all"

impact related loads within the impact limiters is that no cask 'hard points'

| directly come in t o contact with the impact surface. For normal lifting and

handling loads, the material yield stres s values of Table 2.3-1 are utilized

in co nj u nc t ion with a load f a ct or of thr e e (3), pe r 10 CFR 71.4 5. These

l lifting and handling criteria are applicable to all packsse components,

including the impact limiter lif t Ings.
*

.

|

|

l' \

| |

I

l

1

|
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l*

TABLE 2.1.2-1

Allowable Stress Limits for Contaissent Structures
|____|__ - __- __ __ |_ ________|__ __ ______.

) |Ites| | Normal Conditions Accident Conditions |
.

,

I: .Itef.| Stres s Category | -l -|
.

'

|No. | | (A) | (B) |

| __ | __._ - .----- - | _| ____|__ _ _

|1 | Primary Nombrane | S, | Lesser of: 2.4 S, |

| | Stres s Intensity | | 0.75, |

|____| _ _ ____|___ ___| __|_____ ____ __

|2 | Primary Membrane + Bending | 1. 5 S, | Lesser of: 3. 6 S, I

i | | .Str es s Inten sity | | S !u
1

|____|_________________________ __|_______ _ _ ____ __|___________ __|
|3 | Range of Primary + Secondary | 3.05, | Not Applicable |,

| l' Str es s Intensity | | |

|_ _ |____________________________|_______________________|_______________________|
.

|4 | Bearing Stres s | S | S f or se al s urf a ce s | {y y
l' | | | S el s ewher e |u
|____|______ ________________|_ ______________|_______________________|
|5 | Pure Shear Stress | 0. 6 S, | 0.42 S, | I

I | | | 1 .

I
|____|_______________________ ____|_______________________|_______________________| ,

1

| | Buckling | Pe r Sec t ion 2.1.2.2.3 | I

|____|____________________________|____ _ ___ ___________________________________|
|

| | | CDhTAINMENT FASTENER ALLOWABLE SIRESSES | ,

I
| | Stre s s Ca tegory |---------------|-------------------| '

| | l' Normal Conditions | Ac c ide n t Conditions | I
.

"

|____|_________________ _______|______ ____________|_______________________|
.

|6 | Membrane Str es s* | 2.0S= | S |y
| | | I I

|____|___________________._ ___|_____ _ ____ ______|_______________________| |

|7 | Membrane + Be nding Stres s * | 3.05, | S |y
|____|________ ________ _ ____ _ _|_______________________|_______________________|

* Not Conside ring St res s Conce ntrations

2-6
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1

TABLE 2.1.2-2- '

Allowable Stress Limit s f or Non-Contstament Structures
|____|_ _|____ _|_ _ _ _ _ __

|Iteal | Normal Conditions Accident Conditions | 1

|Ref.| Stres s Category *| -|- -l '- - -

s
-

1

L | No.| | (A) -| (B) | J

|____|________ _|. _|_|_______ ___

l.1 | Primary Nesbrane | Greater of: S, | 0.7 S, |
'

7
'

| | Stres s Intensity | S | |y
___________|________ __ _ __|______________ _|| _ _|- _______

,

' l 2. | Primary Nesbrane + Bending | Greater of: 1. S S, | S, |
'

| | Stres s Intensity | S | |y
|____|____________________________|_______________________|______________ _____|

- l3 | Range. of Primary + Secondary | Greater of: 3. 0 S, | Not Applicable |

| | Stres s Intensity | S | |-y
|____|________ _______________|_____________ _ ___ _ _|__________________ _|

|4 | Bearing Stress | S | S !i. y u

___ _ _|_______________________|o |____|_________________ __ __ _ | _
'

_____

|$ | Pure Shear Stress | Greater of: 0. 6 S, | 0.42S !u

| | 1 0.6S | |
'

y
_||____|_______ ____________________|_______________________|_____ _ _ _ _ _ _ _ _

| | Buckling | Per Section 2.1.2.2.3 |

. |____|____________________________|______________________-- _____________________|

| . | | | NON-C0hTAINMEST FASTENER ALIMABLE STRESSES |

| | | Stres s Cat e gory |--------- - | ---- ------------|<

| | | Normal Conditions | Accident Conditions |

|____|________-- ______________|_______________________|_______________ _ ____|
|-' *

.

| |6 | Membrane Stress * | Greater of: 2.0S, | Greater of: S |y

L | | | 5 }, | 0.7S |u
|

|____|________ ________________|______________________|_______ -___________|

|7 | Membr ane - Be nding St re s s* | Greater of: 3.0S, | S !u

| | | S | ||Y '

y
. |____|____________________________|_______________________|_______________________|

Not Conside rinF Stress Conce ntrations*

!

.

2-7
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1

2.1.2.2 Mis eallano on a St rnetnral Fa ilare Mode a-

2.1.2.2.1 Brit 11e Fraeture
.

,

| With eaception of the closure bolta, all containment structural components are J
fabricated of Type 304 austenitic stainless steel. Sinoe this material does ]
not v.ndergo a destile-to-brittle transition in the temperature range of

'

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

.

The prima ry and seconda ry lid closure bolts are f abricat ed of ARTN A-320,
Grade IA3, alloy steel. Per Section 5 of NURBG/CR-1815 (Reference 2.11.4)

| bolt s are ge ner ally not con side red as fracture-critical' component s because ,

multiple load paths exist and because bo2 ted systems are designed to be

redundant. Howeve r, for purposes of comparison, the all-ductility transition

(NDT) temperature of the closure bolt s will be calculated and comparsd with

the r equir ement s of NIEtEG/CR-1815.
.

According to Section 6.2.1.1 of the ASTM A-320, Grade IA3, specification, the
minimum impact energy absorption is 20 f t-lbs a t -15 0 'F. The Charpy impact

measurement may be transf ormed into a fracture toughness value by using the
empirical relation developed in Section 4.2 of NUREG/CR-1815, as f ollows:

yp = [5E(C ,)]0.5E
3

'
i Where:

dynamic f racture toughnes s, psi-in .50
E arp

*

E = Modulus of Elasticity, psi ,

28.8(10)0 psi at -150* F (Table I-5.0 of the ASME B=

and PV code, Re fe re nce 2.11.3)

C , = Ch s tpy imp a c t me a s ur em e nt , ft-lbs
3

= 20 ft-lbs

The n,

ID = (5 (2 8.8 (10)6) (2 0)) 0.5 = $3,6 65 p si-in .50
E

2-8

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



- . . . .

k n

-)'
'

,

:
. . . , t

Harmsi10/144 3 ' Rev. 9 Jaly 1989 i

4
,

. ;
i

-.' j The dynamic fracture toughness. is treastated to an ognivaleatn ail-doctility.-

transition: (27) temperatste by using the Pellini reference ' carve given as j-

i
Figsre _2 la NMEG/m-1815. . j

a1 ,

By ' interpolation, the temperatste relative to NDT is fosed ast )

'

(T - NUT) = 3 0'F
-

.

'Accordingly, the all-doctility transition temperatste ist |

.t

,

NDT = -15 0-(+3 0)-
'

o~. -2go p
i

For Category I! fracture. critical components, and in section thicknes ses of
1.25 and 2.5 inches (bolt diameters), Figure 3, NBB0/m-1815, gives the mini-
mus' of fset, ' A' .as approximately 53'F f or the 1.25 inch diameter bolt. Thus,

, . the naalana NUT t espera tore ~value is t ;

TNDT = LST - A = -2 0-53 = -7 3'F
.i

Yhere:

TNDT = an z i mus NDT t empe r a tur e p e r NUREG / CR-1815

- LST = lowest service temperature
'

= -20 F (Reg Guide 7.6)

A = 53 F, pe r Figure 3, NUREG/CR-1815

< .

Th re. ASTM A-32 0, Grade IA 3, clos ur e bolts e xper ie nce a ductile to br it tle*

,

0. transition temperature at -180 F whereas the crit erion of NURED/CR-1815 pre-
s cribes a nazimun NDT t empera ture of -7 3 F. The 107'F ma rgin be tween criteria0

requirements and material capability provide conservative as surance that brit-

t1e fracture failures will not occur in these ferritic closure bolt materials.
Since bolt s are acceptable under Category I rul e s, they are al so ac ceptable

f or the Ca t egory II NnPac 10/140MB.

l.

2-9
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the 1.25 inch oster shell is febrioeted from ASTM A-516 grade 70 (or alteras-,

tively, ASTM A-537 Class 1) material. Under Category II rules for gaalifica- i

tion of 0.625 inch to 4.0 inch thick sections, Figare 6 of NIREG/M-1815 (Ref-

|. eresee ' 2.11.4) may be ased to determine the all-destility treasition tempers-
tare. Since the 10/140MB will be subjected to redaced loading rates' and be- :

l' esano the yield strength of ASTM A-516 grade 70 (or A-587 Class 1) steel'is -

less than 60 kai (it is actually 38 kst for A-516 and 50 kai for A-537), carve
+ amber 3 of that figure asy be ased. For the 1.23 inch thickness of A-516 ,

Gr a de 70 ( or A-53 7 Cl a s s 1) th e N!fr t empe rs t ar e TNDT
~

AI 8 8 '' ' " '
:

TNDT = LST-A ,

l

|
Where TNtri = NDT t empe ra tur e

,

LST = Lowest se rv i ce t empe ra t ur e , -2 0'F
*

A = determined from Figure 6 of NIRB0/CR-1815

TNDT = -2 0-(-2 0) .

0
TNDT = 0 F

-

|

Therefore, all A-516 Grade 70 (or A-537 Class 1) components of the 10/140MB

greater than 0.625 inch e s thick are required to have a tested nil-duc t ility

0transition less than 0 F. All A-516 Grade 70 (or A-537 Clas s 1) components

less than 0.625 inches thic k a r e required to be normalized only, consistent

with the requirement s of NUREG/CR-1815.

This NDT may be verified by noting that on Figure 2 the dynamic fracture
04 0,000 p si-in .5 at the NDT t emp e ra tur e . Thetoughness E is defined asgg

required Charpy V-notch measurement to demonstrate this fracture toughness can

be calc ulated by the f ollowing equa t ion from NUREG/G-1815 :-
,

1

E 2 = 5(C )Egp y

yp = 4 0,000 p si-in .50Where t

E = 3 0(10)6 p ,g

C = Charry V-notch me asureme nt, ft-lb.y

2So, C =Eyp /5Ey

C = 11 ft-Ib.y

,

2-10
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'

1

'Iberefore, the rogsfremsat to have an NDT of less than O'F may be demonstrated
by showing that the Charpy me asurement of 0'F or lower is at least 11 f t-1bs.

|.
in the A-516 Grade 70 (or A-557 Class 1) 1.25 inch (or thinner) plate. All A- |

516 Grade 70 (or A-537 Class 1) material greater than 0.625 inches thick used -

'

in the design of the NaPac 10/140W51 possess Charpy valses in excess of 15 f t-
>
'lbs. as shown on the drawings in Appendia 1.3.1.
>

!

2.1.2.2.2 Fatiano ,

,

i

|

|
Normal operating cycles do not present a fatigue concern for the NvPac

(- 10/140MB ca sk component s which have no stres s. concentra tions. This is because

the highest allowable stress for normal conditions (35,) is less than the
allowable fa tigue stress limit for the steels used in the 10/140MB design.

| For example, S,. for 304 stainles s component s is 20,000 psi in the t emperature
irange of concern. Thus, a s sum ing that the normal ope ra ting cycle stress

actually equals the allowable (3S,), Figure I-9.2.1 of Reference 2.11.3 may be
'

used to determine the numbe r of cycles which would be allow e d. From that

f i gur e , it can be . see n tha t over 10,000 cycles are all owed. For the A-516

grade 70 a nd A-537 Cl a s s 1 ma t e rial, S, is 23,300. Thus, for fatigue to

be c ome an imp or t t.n t con s ide r a t ion, th e cask would be required to undergo at

l e as t 1600 cycles at or near it s normal stress allowsole. Since unde r the i

most severe usage the cask might undergo 50 normal shipment s pe r ye a r , or 1000

cycles in 20 years of constant u se , it s e em s cl e a r that fatigue is not a
problem for the cask component s with no stress concentrations.

'

Fatigue considerations in the primary and secondary lid bolt s f ollow a similar*

logic. The torque requirement s in the bolt s are 440 to 470 f t-lbs and 190 to
210 f t-lbs f or the primary and se c onda ry lid bolt s, r e spe ct ivel y. Using the

simple t orque-t o preload rela t ion ship and a torque coef f icient of 0.13 (for
cadmium pl a:ed bol t s), the maximum a x i al force in both fasteners may be
de t e rm in e d :

T/EDP =

2-11
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where P '= bolt load,1bs. f
~*

'

T= torque,:la-1b. |-
,

!'
''0.13 iE =

,

>

,

So for ths '2'-1/2 ' inch dianoter prinary lid bolt si .
;,

f
P ~ = (470) (12)/ (.13) (2.5) = 17,35 0 lbs eazians :

-
.

x. t

For the 1-1/4 inch. diameter secondary lid bolts:
a,

> ' |

P ' = - (210) (12)/ ( .13) (1.25) = 13,5 00 lbs nazimum [

?
2 'Tho' stres s are a for 'the. seconda ry lid bolt is 0.969 in . ne primary lid bolt

has '. onl y about a 12% higher' load than the se cond a ry lid bolt, and the :
secondary bolt has a much smaller tensile stress area (tensile stress area for

. ,

'i <

2a 2-1/2 in, di ame t e r . bol t is 4.0 in ). The normal stress in the secondary
'

-

bolt is therefore the worst case. The naziana normal stress ist |

1

S, = 15,5 00/0.969 =' 16,000 p si

The fatigue alternating stress amplitude is then (16,000)/2 = 8,000 psi.

This stress should - be multiplied by the fa ti gue strength reduction factor
,

( t ak e n to be 4.0 per ASME NB-3 232. 3 (c ) ) and using Figure I-9.4 from ASME
'

. Sectioti-III, Appe ndiz I, the allowable number of cycles determined.
|^

1
4(8,000) = 32,000 psiS =

range,

Note that since S,,,,, is vm much in s than 2.7S, f or the bolt (2.7 x H ,3 0
34,340 psi at the maximum normal operating9 2,72 0 p si, where S, ==

0. temperature of 133 F), the upper curve from Figure I-9.4 may be used. From

tha t c urve , it can be see n that the bolts may e xperie nce mor e than 10,000
cycles before exceeding the ASME fatigue criteria for the bol t s. Cle arly

'

,

fa ti gue is not a se r iou s con side ra t ion in the design of th e NuPac 10/140MB

cask.

r.
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2.1.2.2.3 Backlima

Baekling, per Regulatory Guide 7.6 (Refe rence 2 .11.1 ) ,' is an nassoopt able
failure mode for containmat ves'sels. he intent of this provision is to pre-

clade largo deformations which von 14 compromise the validity of linear analy-
;c 1

sis assnaptions and gnosi-linear stress allowables, as given in Paragraph C.6
of Regulatory Gaide 7.6.

i

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

'
ties in cylindrical ves sels. These are axi al compr es sion forces, bending

nome nt s, and external pressure. The rema inde r of this sub se ct ion defines y

techniques and criteria used in sub sequent se gment s of this Safety Analysis
' Report to demonstrate that cont ainme nt ve s sel buckling, and non-cont a inme nt ,

ves sel buckling, does not oc c ur.

There are two shells within the NnPac 10/140NB Cask where buckling prevention

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

ref e rence purposes the principal ge ome tric f e ature s of these shells are ase

f ollow s:
1

Dimenslom (inches)

Mean

Radius Thic kne s s Le ngth

i Sh ell (R) (t) (L)

i Inner Shell 33.375 .75 75.5
1

Outer Shell 36.625 1.25 75.5
*

<.

1. El as t le Bucklier

Repre se nt ative el a s tic buckling s tres s e s tima t es f or the shells and
applicable loading modes are as follows:

.

2-13
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'i. . ,

;. . . ,
. . . ,.1 , ,

Elastic Enckling Stresses (ksi) i'

(at 212*F) '

IAxial Esternal
'

th e11 Comores sion Egading Pressure

Inner Shell (304 SST) 26 1.7 280.4 177.5 ;

Oster Shell (A-516 Gr.70 440.1 469.8 N/A

or A-537 C1. 1) :
,

The above elastic buckling vaines are all based upon a temperature of 212'F,'

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

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

the following paragraphs. Egastions are taken from Strnetural Analysis of

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

a) Crinnlinz of Mode rst ely Lona Cylinders (Structural Analysis of ,

Shells (Ref e renc e 2.11. 5 ) , p. 230) for the cask inner shell (con-

tainment ves sel):

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

Where:;.

I S , = buckling stres se

(, = plasticity coefficient
y, = a factor which accounts for the difference

between theoretical and experimental result s

= 0.70 (at R/t = 44.5)- .

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

E = 27.5 (10)6 p s i (a t 212 F)0

f t = 0.75 in

R = 33.3 75 in
p = 0.3

|. Then.

cr/E s = (0.70) (0.605) [27.5 (10)6)(0.75/33.3 75 )S

= 261.700 psi

2-14
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a )
. Likewise, f or the cask outer shall (aoe-containment):' '

|

8,,/(g.= (y ) m(t/t)

Where: 1,
,

y, = 0.74 (at t/t = 29.3)
t = 1.25 la i

,

R = 36.625 in |
t = 28.8 (10)6 p si ( A516 at 200*F) ,f

F

;
' The n, i

S,,/{ , = - (0. 74) (0.6 0 5) [28. 8 (10)0) (1.2 5 /3 6. 62 5 ) |

= 440,100 psi j
'

.

(b) Ent e r Col umn Bucklina - The cask inner shell (containment) is -- ).s.

laterally restrained and supported by the outer shell of the outer

cask. Thus. Euler column buckling is governed by the geometric pro- f

1-
porties of the essk outer shell. The applied axial forces are dis-

,

|| tributed 'sel f weight' loads, thus buckling s tre s se s are found as :

( pe r Th e o ry of Elastle St ability by Timo she nko, (Re fe re nce [
2.11.6) p. 118, Eq. 83):

>

h L

|' S,,/(, = lqt) cr/A = n 'EI/ (1,122L)23
.

|-

Where: I

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

*
L -*

L' = column length = 75.5 inI '
..

L = L'/2 = 37.75 in
R = me an radiu s = 36.625 in

t = 1.25 in ,

A = 2nkt in2 = 287.65 in2'

,

I = nR t ind = 192.900 ind3

E = 28.8(10)6 p si (200 F)

2-15

..

.,4., , , ._ - . . . . . . . . . . . < , . . . . , , . , . . _ . . _ , _ _ - . . , .

'



i

t. 'HuPas 10/1485 , Rev. O ysty gets

..

Then,

8,,/(,' = (R/2) (nR/ (1.122)L]2
| = [28.8(10)'/2)(n(36.625)/ (1.122) (37.75)]2

'
= 1.063 (10)8 p si

Thus, crippling is more critical for the outer cask she'.1 than tross colemmar

inst ab ility.

c) Bendian Moment s ( St ruet aral A==1 rain of Shells (Reference 2.11.5)
pp. 234-235) for the cask inner shell (containment vessel):

,

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

There:

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

| R = 33.3 75 in I

! !
l |

Then.

Scr/Ia = (0.75)( 605)[27.5(10)6)(O.75/33.375) |
| = 280,4 00 psi

!

Likewise, f or the en sk out er shell (n on-c ont a inme nt ) : !

\

| |
| Scr/Ea " IYb)CE(t/R) j

.

'
-

Where:

Tb = 0. 7 9 (a t R/ t = 2 9.3 ) <.

t = 1.25 in

R = 36.625 in
!

E = 28.8(10)6

The n,

Scr/Ea = (0.79)(.605)[28.8(10)6)(1.25/36.625)
= 469,800 p si

2-16
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,

! d) External Pressure, with esternal constraint. The case of a shell>

escased in a cavity is discussed in Pres sare Enek11am of tima

~ Imenmed la a caritv James A. Chesey, ASCE EN Jostaal. Apr 11 1971, f,

Vol. 97 (Reference 2.11.7). Upon bucklias, the shell osa only more
inwa rd. This caso corresponds to the cask inner shell where

esternal constraint is provided by the lead biological shield. From
Equation 47 of the referred document, the critical buckling pressure

.

ist

q,, = (k2 - 1)E(t/R)3/12(1 p )2

< ,

Utilising thin-walled pressure vessel theory, the critical buckling stress may
be written as:

S,, = q,,R/t
i <

| Then.

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

|

|

For the essk inner shell (containment)

| k = 1.5 7 (R/p)0.4 (Equation 29)

| =.11.78
1

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

= 154.2 j

'
|

.

t = 0.625 in

R = 3 3.312 5 in ;

E = 27.5 (10)6 p s1 (a t 212 F) !0
;

| p = 0.3

The n .
| [ (11. 7 8 ) - 1][27.5(10)6)(0.75/33.375)2/12[1 - (0.3)2)Scr/S =

p

177,5 00 psi=

2-17
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2. Backliam Criteris !

The high oisstic booklia,+ stress !! sits estimated for the cask shells withia
.

the prae tess paragraph (177.$ to 469.8 kei) provide solid generalised assar- [
t

asse that instability fatiste modes do not esist for soepressively leaded ooe- ;

fPonent s of the WmPse 10/14018 Cask. To ;maatify this as sertion, all esepres-

sively leaded states of stress are tested versus the stability and book. ling ;

oriteria oo t for th withis Appe ndia 2.10.1. hose er steria recognise that com- j

pressively leaded streetsres behave in different fashions depending spos the |

geosotric espect ratio of the structure. The aatste of the criteria is each
|

that the f actors of safety vary with this gensetric aspect ratio up to asyn- j
ptotic valses of $ and 7.3, versus elastic backling stresses, for accident and j

sormal conditions of transport, r e s pe c t ivel y. These asymptotic factors of

safety any be considered conservative for general use as radioactive asterials ;

i
package de sign crit eria.

,

I.

Appendia 2.10.1 defines both the a nticaste and the specifics of the applicable |
cr it e r i a. Briefly, the criteria are as follows: [

r

| I

Direct prima ry compres sive membrane stres ses, S, in containment ves sels shall j

i be les s than the les se r of S,/Rd oa S. S, is defined as the ap pro pria t e
g ;

| elettic bac kling stres s limit con side ring adj u s tment s r e s olving the ore t ic al !

fant esperimentel r e s ti t s, b ut neglecting plasticity corrections. The redse-
tion coef f icient R i s t o be t a ke n a s 7.$ f or n ormal condit ion s of tr ansport

d

and $ for eccident conditions of transport. This reduction coef ficient, R'd
c orr e spo nds to the int e nde d factor of sa fe ty of the method at high aspect t

ratios of ths structure. S is a geteralized ' Johnson' parabolic transition. j
curve having a valse of 5,, at an aspect ratio, G, of zero. His parabolic

transition curve is also tangent to the espression 3,/Rd at a stress level of
2/3 S,. The tern S, denot es the applicable strength limit of the material --
S, f or norms 1 conditions of transport and S fct hypothetical accident c o nd i-y
t ions, both as defined within Reg Guide 7.6. The details of the criteria, in

symbolic f orm are as f ollas:

>

i 2-18
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|

Where 8 in lan a than G't |
'

t
L. < ,

4

s. )s I j
;

i

Whers 0 is arenter than er semai to G*t |
I
:
,

8 d 8,/R . ;d;

i

The classical elastic buckling stress espressionWherst 8, =

(including adjsstseats for theory versts tests) east la

the generalised forn:

| E/G.=

' A americal constaat saigne to each compressive loadingE =

|
mechanian reflecting materlata pro per t ie s (Totag's Mods-

I los, Poisson's ratio) and espirical or theoretical coef fi-
| cient s. Se e Table 2.10.1.1-1 for a summary versos typieel

loading nochanisms.

A non-dime nsional1:e d ge ome t r ic a s pe ct ratio saigne toG =

each loading mechanism. See Table 2.10.1.1-1 for a

sunmary verssa typical loading mechanisms. For esemple

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

(R/t), for erternal . pressares on long cylinde rs and asialG =

|

|
compres sion loadings of cylinders.'

|'

7.5, f or Notas! Conditions,R =
d

5.0, f or Accident Condit ions.=

Th e pa r a bol i c t r an s i t io n f rom S, t o ( 5,/ R ) IS =
dj

S,-(45,32[27(E/R) 3]'0/=
d

| .

.
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O' The espect ratio, 0, where the parabola defined by S= j
intercepts and is taaseat to the earve defined by (8,/k ): {g

ta other words, O' corresponds to the espect ratio where

Sj = (5,/t I* ''8

||
d

,

(3/2)(E/k )/S . |= g

i
i

!

S, 5,, f or Normal Condit ions, f=

$ , for Accident Conditions. !=
7

,

S, Design Stress Intensity as ased withia Section !!!, ASME |
=

Boiler and Pressare Vessel Code (Reference 2.11.3). !

!
Niniana field Stres s per Refere nce 2.11.3. i$ =

7
!

f3. Specific Backlima Limit s

!
:

Application of these criteria to the specific shell ge ome t rie s of the Napac f
|

| 10/140MB Ca sk are wr e sent e d in Tables 2.1.2-3 thru 2.1.2-6 for normal and ;

accident conditions, respectively. The allowable stresses based on the |

buckling criteria have been derived u sing a combina t ion of the sh ell geone- j

tries introduced at the beginning of this Section and the criteria described !

immediat ely above. A single esample serves to demonstrat e the me thod for cal-
4

|
calation of these allowables. For this esemple, consider notas! conditions of

t r an sp or t and asial compres sion of the Ca sk Inne r shell a t 2$ 0'F. fl
,

'
r

.

Th e pa r a me t e r s , I a nd G , a r e e v al as t e d a s f ol l ow s t
i
;

E = y,CE, se e preceding 'Et a s tie Bocklina' discussion (Section 2.1.2.2.3,
'

| paragraph 1) i

= ( .70) ( .6 05 ) (27. 3 (10)6 ) = 1.15 6 (10) 7

0 = R/ t = 3 3.3 7$ /0.75 = 4 4.5

* 20-

|
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TABLE 2.1.2-3-

|

t

Worms 1 Conditlese of Trnaspert |

fCripplias and Desk!!st Allevables
for laser Shell !

!

!
:

Loadin8 Condition **"* TEMPERATURE (De8-F) *****
I

and Shell -20 70 100 180 200 250 '

!

;

hterial Properties (psi): |

i

E 2870000* 28300000 281000000* 27900000* 27600000 27300000* [

fSy 34100 " 30000 30000 27$ 00* 2$000 23780*

Sa 20000 ' 20000** 20000 20000* 20000 20000* [
Ss 20000 20000 20000 20000 20000 20000 ;

Asist Coseression Backlina A11ovables (psi):
i

19106 19081 19068 19054 19034 19012
:

Be ndine Buc kline Allevabl es (p si) : f
;

19222 19199 19188 19176 191$8 19140 t

Ext e rnal pr es s ure Boe klima Allevabl e s (p si):
,

-

|
.

18004 17948 17919 17889 17843 17794 |
;

!
r

* Int e rpola t ed from ASE Code. Section III Appe ndia Dat e (Se e Table 2.3-1)
1

[
" Est rapol at ed f rom ASE Code. Section III Appendia Data (See Table 2.3-1)

.
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TA31.E 2.1.2-4.

Normal Conditions of Transport ;

Crippling and Leeklias Allevables
for Oster Shell !

!

!

|
'

Leading Condition "*" TMPERATME (Deg-F) *""

sad Shell -20 70 100 130 200 280 ;

i

h
!
'

Natorial Prcperties (psi):
,

E 2970000* 2930000 2930000* 2910000* 1880000 2860000* h

Sy 40200 " 38000 38000 36300* 34600 M200* !

Se 23800** 23300 " 23300 23200* 23100 22800* ,

Ss 23800 23300 23300 23200 23100 22800

|

IAzial Comores sion Bucklint Allevables (psi):

I
23262 22968 22774 22674 22370 22283

Be n Jine Boekline Allovsble s (p si):
i

i

23328 23033 22839 22738 22633 22346
,

|
Inte rpolat et f rom ASE Code, Section III Appendiz Data (See Table 2.3-1)*

' Estrapolated from ASE Code. Section III Appendix Data (See Table A.3-1) .

| '
2-22
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; TABLE 2.1.2-3-

Accident Conditions of Transport !

! Cripplias and Daekling Allevables

for Immer Shell

Leading Condition ""* T MPERA11RE (Dog-F) *""

and Shell -20 70 100 150 200 250 j

r

Material Propertie s (p si):

E 2870000* 28300000 28100000* 27900000* 27600000 27300000* !

Sy '34100 " 30000 30000 27500* 25000 23750* !

Sa 20000 " 20000 " 20000 20000* 20000 20000* !

Ss $4100 30000 30000 27500 2$000 23750
;

!

Asial Comeression Bucklima A11ovables (psi):

, 32131 28621 28602 26408 24161 23015
l

! I

Be ndina Bucklina A.11ceable s (p si): I

:
,

3238$ 28799 28782 26548 24269 23110 j

!

'Ent e rnal Pr es s ure Bucklina Allowabl e s (p si):

f

f!. 29704 26923 26877 2$061 23200 22109
!

\
,

.
*

| * Interpolat ed f rom ASE Code, Section III Appe ndiz Data (Se e Table 2.3-1)
1

r

Extrapolated from ASE Code Section III Appendiz Data (See Table 2.3-1)"

!

.

<
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TAB 12 2.1.2-6

,i

Accident Conditiosa of Transport

Cripplin8 and Docklin8 Allevables f
for Oster Shell |

[

Loadin8 ConditLos * * " * T M NRA11RE (De8-F) ""* !
I

and Shs11 -20 70 100 150 200 250 ;

i
e

Material Properties (pai):
I

*
r

E 2990000* 2950000 2930000* 2910000* 2880000 2860000* |

Sy 40200" 38000 38000 36300* 34600 M200*

Sa 23800' 23500' 23300 23200* 23100 22800* >

Ss 40200 38000 38000 36300* 34600 M200*
,

P

Amlal Comeression Boeklima A11ovahW (psi):
i

39047 37000 36986 35404 33808 33424 *

!

!

Be ndier Buc klima All owable s (p si): i

39189 37122 37110 35514 33905 33519 j

!
L

i

Int e rpolat ed from ASM2 Code, Section III Appe ndit Dat a (Se e Table 2.3-1)
~

*
.

Est rapol at ed f rom ASME Code, Section III Appendt: Data (See Table 2.3-1)'

.

!
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R1astic Dneklias stress, S., ist j

;

S, = E/G = 259,000 p oi

For normal conditions
.

'

!

Rd " 7*8 $
s
&

i

S, = S, = 2 0,000 p s i |

i

The intercept tangent point G* ist

i
i

G* = ($/2) (E/R )/8d s
*

= (1.5 ) (1.156 (10) 7/7.5)/20.000 = 115.6 *

,

!

Since G << 08 the allevable stress is given by: {

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

= (20,000) - 4(20.000)3(44.5)2 (27 (1.156(10)7/7.5)2]/
= 19.012 p si !

!
|

| 4 Combined Buckline Stres ses are treated in the following f ashion: i

i

I

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

comptes site principal stres ses exist:
:
i

R = S/ S,,
'

,

There: !

(- S = stress component ander consideration
1'

S,, = buckling stres s allowable for thei

stress component under consideration

i
|

|
*

1

I e t
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(b) = The stress ratios are sunned linearly and compared with unity (Strustaral*

Analvain of the11a (Reference 2.11.$) pp. 240-241):

),1 .N.S. = (1/(R,-+ Eb + I II ~ Ip

There:.

R, = stress ratio for asial stress
Rb = stress ratio for bending stress
R = stress ratio for esternal pressure stressp

t

v

2.1.2.3 [omeonent A11ovatle St res se s

The allowable stress limit s from Tables 2.1.2-1 and 2.1.2-2 and the buckling

all owable s from Tables 2.1.2-3 through 2.1.2-6 have been combined with the

appropriate as terial prope rties f rom Table 2.3-1 below, a t appropr ia t e t ospe r-
| stures, t a ke n from Sict ion 3.0, to de rive allowabl e stress levels for the

various cask component s un3er the different sandated loading conditions. In

addition, lifting and t ie down stress all ow ab l e s , generally one-third si the ,

yield strength of the af fected material, have been determined in Sect;u 2.5 |
'Ib e l ow. All the se stress allowables have been conveniently summarised in Table

2.1.2-7.- The derivations of these allowables can be found in the relevant f

portions of this SAR pertaining to the particular component and loading (
situation. |

!

!,

f

2.1.2.4 Jar.g.,r t Limiter Desien Crit eria {,

* . ;

The NuPac 10/140MB packa ge design inc orpor a t es e nergy-absorbing polyste thane {
foam-filled impact limiters to mitigate the consequences of many of the

f
regulatory events. The foam used is a closed-cell polyurethane foam, with a

n ominsi density of 20 lb per cubic foot (PCF). The properties of this rigid ;

polyur e t han e foam have been studied at great l e ngt h in preparation for this !

spplication. The foam was studied with regard to the effects et variat ions in
as poured density, t empe r a tu r e , and direction of load application on the ,

s res s-strain r ela tion ship of the f oam,

r

2-26

'
--

- -- , - .



-

IImpse 10/148 3 , Rev. 9 JalF 1988

TABLE 2.1.2-7
(Page 1 of 2)

10/140801 Allevable Stresa Valses

Composest Leading Sarfase Centroidal
Tyyo (Moebtase (Moebtase)

+ Bending)

Inner Shell *NCT 30000 20000
(St r es s)

Inner Shell NCT 17905 (Boop)-

(Bockling) 18062 (Asial)

| Inner Shall **RAC 72000 48000
(Stress)

Inner Shell RAC 26042 (Boop)-

(Bsc hling) 27593 (Asial)

Outer Shell NCT 37200 37200
( St r es s)

22728 (Asial)Outer Shell NCT -

(Bockling)

Outer Shell RAC 70000 49000
(Stress)

Out er Shell HAC 362$ 8 ( Asial)-

(Backling)

Outer Shell Ope r a t ional 37388 37388
(Tr anspor t )

Lids NCT 30000 20000.

.

Lids RAC 68785 48000

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

NCT - Normal Condition s of Transport*

RAC - Bypothetical Accident Conditions'

>
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TAB 12 2.1.2-7.

(Page 2 of 2)

10/14018 A11ovable Stress Valses j

|

t

Component Leading Sarface Centroidal !
'

Type (Membrane (Mosbrase)
+ 5ending) j

!

Solts NCT 103000 68720 >

i

Bolt s RAC 103000 103000
.

Bol t : Ope to tional (1/3)(103000) (1/3)(103000)
(Lifting) !

Bolt Lugs NCT 30000 20000
(Lid)

{

Bolt Lugs RAC 68785 48000
(Lid) !

Bolt Lugs Ope r a tional (1/3)(28400) (1/3)(28400)
(Lid) (Lifting) ,

!
Bolt Loss NCT 3485$ 2323$ |
(Cask)

|

Bolt Lugs HAC 70000 49000
(Cask)

,

|
Belt Lugs Ope r a tional (1/3)(36900) (1/3)(36900)

'

(Cask) (Lifties)
'

!

| Tiedova Lugs Operations! 99240 99240 i

(Tr ans por t )
,

,

i

Lifting Lugs Ope r a tional (1/3)(28400) (1/3)(28400)
(Lifting)

;

>

'

,

!
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!

;

!
An initial test series was perf ormed on many samples of 20 PCF fosa at }
temperatures of -20'F 15'F and 180'F. These samples were all compressed la i

'

the direction parallel to the rise of the fosa (the fosa is taserted into the |
t

impact limiters la liquid form, where it then rises and oots up is its final |
t

solid configuration). Later, a soeprehensive t oat . program was condseted to
sharacterine behavior of several densities of foss over a vide range of [
t empe rs t at e s. Fona densities tested saaleded 5,10,15, 20 and 25 PCP foam, ,

a t t empera tur e s of -2 0'F, 7$'F, 10 0'F, 14 0'F and 180'F. Each density at each ,

temperstate was repostedly tested in two differest orientations: Parallel to

dir e c t ion of rise, and perpendicular to rise. In addition to the strese- |

! strain data, other foam characteristics were also investigated. These *

included elastic modulus, yield stress, and thermal properties such as coadne- 1

tivity. From this large data base of test r e s ul t s, enesloping stres e-strain t

reisticaships were developed for design.
t

An important consideration in impact limiter design and smalysis involves the
t esting procedure u sed t o derive the polyure thane fosa stres s-strain carves. .

These compression tests are perf ormed in accordance with ASTN D1621-63 (Ref- i

e re nce 2.11. 8), which sandates cubical test specimens one inch on a side. For i

large-def orma tion materials, such as polyar e thane foam, such a ass 11 test :

speciara tends to introduce an element of uncertainty at higher strain levels, -

I
! where the materist is essentially being crushed flat. At these high strain
( l ev el s , whe r e th e fo sa c el l ula r s t ru c t ur e h a s c ol l ap s e d , the character of thel

|

|
taterial begins to become suf ficiently altered such that test result s should !

be int e r pre t e d w it h a ce rt a in anotat of caution. Ad d i t io nall y, the force re-l

guired to crush feas specimens to bil er strain levels begins to approach theh r

limit a t ion s of the testing d ev i ce , such tha t th e s pe cime n suppor t sys t em j'

l'
.

begins to exhibit internal deformations that any contribute a significant por- ,

t ion of th e ove r al l me a s ur e d s t r a in s . ,

To ensure that these stipulated material properties are maintained, continuous
monitoring cl the fosa takes place through the pouring operation, which occurs
in several stages. During f abrication, the stress-strain properties of the ,

fosa are controlled by pouring sample s from each ba tch in a special box. Test *

specimens are then prepared from each box and tested to determine their

|
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FIGURE 2.1.2-1
,

Average Stress-Strain Properties
at Various Temperatsres

Parallel to the Directiet of Rise

.

|
'

THIS INPORMATION IS PROPRIETARY

|

|
t

|

.

!

|

|

l
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FIGRE 2.3.2-2
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,\
t

Average Stress-Stress Proportiss'' .

[ at Yorious Toeperatures
o

j Perpendienter,to the Diroottom of Rise
!

!
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:

I

i

THIS INTOPJ:ATION IS PROPRIETARY

i
I
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|
|

|
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i

atross-strata characteristics at 73'F. The impac t limiter is seasidered

asseptable if the average stres e-strais properties from all posrs, up to 79% '

i

strata, is withis 13% of the mesa carves at 78'F shows la Figure s 2.1.2-1 and
'

2.1.2-2. Due to increasing sacertainties la messaronent seearney between 78%

and SM atra ta, the allowable asastred variation free assa peoperties at SM |
r

strain is conservatively increased to 12M. Individsel batches of foma ;

eshibiting properties more than 2M from the regaired assa earve (25% at SM -

strata) are rej ected. !

!A ausber of factors were taken take s into cons 2deration la at t empt ing to
'

characterine polyarethane fosa properties for design purposes. h e logic seed

in constructing enveloping fosa stress-strain relationships is pr e se nt ed

below :

First, while samples of fosa of exactly the same deseity exhibit an est ronely '

consistent stres s-stra in o trve, it is difficult to reproduce that density to .

within better than five percent. The resulting variation la the strese-strain :;

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

fosa placement t echnigt.e s could not consistently hold the as-placed stress-
i

strain relationship better than within plus or ains: 1$% of the mean value up
i

| to 75% strain, and 12M at 8M strain. In order to envelope the behavior

variations due to the slight variations in density, the stress data are thus !

scaled by plus or minus 15% (12M for 8M strain), depending on whe ther s tif f |

or soft f oam i s mor e de t riment al .
,

Second, it was f ound that the stres s-strain relationship of the fosa varies

with the t empera ture of the tested specimen. Int e r e s t ingl y, the properties of ;
,

.

0 ''

| the foam at ~20 F we re very much stiffer and s t ronge r than at the higher. ,

temperatures. At 180'F, the foss was considerably softer than at room

t empe r a t ur e. How eve r , it is import ant to not e tha t the fosa re act ed t o t eep-
erature in a very consistent manner -- that is, the stres e-strain prope rtie s

,

in all s pe ci me n s tested we r e ve ry consistent at a given t empe r s t at e . To

| determine the behavior of the feta at an intermediat e t emperature, the stress

a t a give n st rain is line a rly int e rpola t ed be twee n the c urve s.

Finally, samples were tested to determine the variation of prope r tie s with

respect to the orienta tion of the applied stres s in relation to the direction

2-32
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J

i
of foes rise. While this is sa important soneers for same rigid fosas, it was ;

-

fosed that the foas used in the NaPee 1 0/14015 eshibit s relatively l it tle

directionality. In general, for all temperatures of istorest. 2 0 PCF f oes. |,

shes tested perpendtesler to the direction of rise, is slightly stronger than

that tested parallel to rise, sp to straia levels of abet 40 - 50h. At

higher strain levels, th e ' pa r all el' fosa starts to bosome s!tshtly stronger !
than the 'perpendioslar' foss. The differesse between stress levels for the !

two orientations runs about 3 - 4% in the 'platess' region (a region of acarly

ooastsat stress between about 10% and 406 stra.a) for fosa a t -2 0'F. This
;

percentage differesco decreases as fosa temperature increases.

In s umma ry, there are a somber of factors inherent in the polyare thans foam, f
which, in concert, dictate the s t rengt h level of any given foam unde r any ,

given se t of ci rc ums t a nce s. For purpose s of cask de sign, o nly two bounding ;
,

cases are of practical interest. These cases are those where the foam )
exhibit s it s greatest strength, and where it eshibit s miniana strength.

I

Wastana strength foam will tend to induce the greatest impact loads apon the

packa ge under the r equirement s of the Normal Condition and Hypothe tical
Accident Condition free drop tests. Miniana strength fosa vill tend to incar *

,

the largest deflections under the drop requirements, increasing the potential ;

for 'bottoains out' of the ca sk. This would be a case where the fosa does not
'

remove enough energy to avoid a la r ge acceleration spike at the end of the
impact stroke. The integrity of the analysis methods used in this Report to

evaluat e the impact f orces requires that none of the protrusions on the side
#

of the cask or the cylindr ic al e dge of the lead and steel shield actually

strike the unyielding surface. While such an impact would not ne c e s sa r ily '

,

*

cause a loss of packa ging effectiveness, the loads output from the variousi . .

impact analysis programs used to verify the design would not be c orr e c t . A t

determination of the actual loads would involve a f airly complicated analysis

for which there is lit tle experimental data to verify the result s.

Therefore, the impact limiters must be designed to insure that pa cka ge 'hard
"

spot s' do not strike the impact surface u nde r condit ion s of minimum fosa

| strength. At the same t i me , the design aust consider the ef fect s of anzisma
l stre ngth fosa t o pr event e xces sive impact loading under conditions of miniana

fota deformation. To succes sfully incorporate both these considerations into

I2-33
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!

the impact limiter design basically requires analysis which eceonats for two |-

bosading fosa property entremos: Masimaa strength for masimas inpact loading, f
and staisen strength for mestaus impact deflections. !

r

! |
r

! In order to conservatively bound these two estroses la fosa material preper- !

i
ties, all the f act ors ost11aed above are t ake s int o se s onat . For sanimaa '

streastio foam, the t'ollowing parameters are considered: Misiana regul a t ory ;

transpor t t empers tare of -2 0*F maximas density 'soninal' -20'F stress data [

increased by a factor of 19% (2M at SM strata); masisma directional proper- i

ties -- stroasth perpendicular to rise op to 40 - SM strain, and then'

'
strength parallel to rise at higher strains. Note that this latter assumption

aut oma t ic ally elimina t e s drop or ie nt a t ion as a design con s i de ra t ion, stace ;

masimum foam properties will be in effect at all times. For example, a flat ;
i

and drop wesid ordinarily mobilias fosa mostly parallel to the direction of

rise. In the low e r strain regions, this voal d t e nd to induce lower load

( levels on the package than would be the case if the crush were in a direction
primarily perpendicalar to the rise. Flat side drop, where crush is primarily
perpendicular to rise, von 1d be just the oppo site case Larger deflections !

,

l (greater than about 30% strain) would tend to indace lower load levels than

von 1d arise from parallel type crush. With nazimum properties being stilized

irrega rdl e s s of rise direction, mas t ant impact loading is cons e rva tivel y ;

assured irrega rdles s of impact or ie nt a t ion.
,

Miniana strength fota vonld be derived from the f ollowing combination of f ac-
tors: Marians anticipat ed foam t empe r a t ur e (169'F f or Normal Condit ion s of

Transport, and 10$*F for fome prior to Hypothetical Accident Conditions -- see
,

Se c t ion s 2.6.1, 2.7.1.1. a nd 3.1 f or de t a il s); miniana feas density at these

t empe r a t ur e s , e . g . , 'nanimal' stres s derated by 1$% (20% st 30% strain); mini-.
i

aus directionally dependent fosa strength - ' parallel' data a t lower strains,
and 'pe rpe ndicular' da t a a t higher s trains.

|
i

Not e that the ma siana t empe ra tur e s ut ill e d in the impact analy s e s are for
1

.

relatively ses11, localized areas only, and are not indicative of the overall
|

average foam t empe r a t ur e (refer t o Se ct ion 3.0, ' Thermal Ev al ua t io n' ) . For

instance, under Normal Conditions of Transport solar loadir g, the nazimum ter-
0pera ture on the side of the upper impact limiter is only 123 F, as opposed to

the 169 F shown near the top surf ace. As suming that the entire impact li mit e r0

|
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i
* ;s at the highe r t ospe rs tar e is estrosely oos ee rva tive, and -1111 toad to

rossit la theoretical deflectiosa meek greater than von 14 estaally take place i

is resl life oosditions. Additional ooseervaties is introdseed by evalsattag j
both impact limiters at the mettana temperstare, ovos theagh the temperatste
of the lower limiter will generally be lower sador Normal conditions of i

Transpor t, ese to less solar loading. It shoald also be acted that Normal
Condition impact limiter temperatates were derived by assuming oomstest sola r i

loading. A more realistic, intermittent solar loading analysis will rosatt la
'

sisaf fisantly lower t emperstare levels. !
;

Y

Ila addition to impact response evaluations at the temperature estromes die-
i

cassed above, drop analyses were also performed for a sanimal ambient tempera- |

ture condition of 75'F. The rossit s of these as.alyses can then be directly

compared to drop test result s to determine the approximate degree of accaracy
of predicted impact limiter deflections and cash acceleration loads. Drop |

| t est s we r e pe rf ormed stilizing impact limit e rs stabill ed at appromina t ely {
room t empe r a tu r e , so the comparison shoold be valid. For analysis purposes. |
the fosa properties are taken at 'acainal' values for 20 PCF foam at 7$'F, |

*

j vith no density bias. Since strength dif ferences between ' parallel' and 'per-

|
pe ndic ula r' fosa are sinor, ave ra ge s of ' par allel' and 'pe rpe ndic ular' prope r- |

ties are still ed in the analyses. The ef fects of this assumption are ex-

rected to be insignificant for purposes of comparison to t est result s. Refer )
' to Appendia 2.10.4 f or a detailed discussion of drop test result s.

i

Fi gure s 2.1.2-1 and 2.1.2-2 pr e sent the average stres s-strain behavior of the
t

20 PCF foam at the four tosperatures of interest for strains parallel and ,

*

perpe ndicula r t o the direction of rise, respectively. Then the adju s tme nt s

|
described above are made to this data, bonading design curves are generated.'*

These bounding stres s-strain propertie s are shown in Figste 2.1.2-3. :

Because the force required to strain a savple of this foaa much beyond 30% is
greater than the capacity of the in s t rumen t u sed t o me asure it, the behavior

'

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

I the fo am n e ithe r di sappea rs not becomes pe rf ec tly r igid. Iri smalyse s where

deflections are critical (such as when cle arance be tw e e n ha rd spots on the

3 package sud the e s se n ti ally unyielding surface is r equir ed t o ma int a in th e

|
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I

int egrity of the analysis), predicted strains may seestimes slightly esseet
SM. The forse from toaa stained beyond SM is comoesvatively (for deflection
predic t ion) !!aea rly entt apolat ed fram the stres s-stra ta states at 'lM and
SM. This is setenatically done by the energy balance soapster programa

Erm0P, stBOP, and CTROP, skish'are disess sed at length in Appendia 2.10.3. j
In eseh sitsations, the force of tapest is slightly us.derpredictsd. Borever,

!a o u shest is, set forees . . . , .es ne fo.a is us.ned to eaisit it s

stiffest stress-strata relationship. For ETROP, SYBW, and CYM0P analyses ,

performed to deternise the greatest forces on the package, the fosa strata is
not permitted to escoed SM, thereby lasaring a high degree of accaracy for ;

the prediction of impact forces. ;

| Addittomally, it should be recessized that compression test results are valid
i

for fosa that is snif ormly cru shed be tween two es sentially saytelding sur-

faces. Accordingly, fosa strain can be idealized to a high degree of acetracy -

as a fasction of the depth of crashed fota between the cask surface and the :

fisensted surf ace, for fots deformations arising from ispects. Novover, the

' nature of the impact lim it e r ge cas t ry is su ch tha t certain portions of fosa
mobilise.1 during an impact event will lie out side of directly-crashed areas i

'

for most drop or ient a t ion s. This characteristic precludes esact s maly sis of ,

certain portions of the impact limiter. NuPac has found free esperience (as

discus sed at the besinning of Se ction 2.0) that the response of these

' unbacked' portions of the mobilized impact limiter can be ac cur a t el y

approximat ed by assuming that the fosa in these areas will eshibit a unif ors ;
,

stress corresponding to It 'platean' region,10 - 4M strain (refer to Figure

2.1.2-2). These assnaptions have been borne ont by drop t est result s.
!

' Finally, the saaewhat unconventional geometry of ths impact limiter design has-

neces sitated several simplifying assumptions for analysis purposes with regard
to ingset limiter configuration under the imposed drop c o ndi t ion s. These

asemaptions were made to develop equivalent geometries which are more amenable
to NaPac's standard impact limiter analysis technignes. The resalting simpli-

fica tions are con se rva tive for th e individual appli ca t ion, whe the r for p ar-

poses of assimiting loads or nazimiting deflections. These ge ome t ry a s sump-

t ion s a r e s anas t f r e d gr a ph i c all y in Fi gur e 2.1.2-4. J:lef esp 1 nations of the
,

a s sumpt iores a re provided in Table 2.1.2-8. Detailed espionations are given in
,

the specific relevant sections shown in Table 2.1.2-8.
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I

\
'

TABLE 1.1.1-8.

wa.e 1 of 8> !
|
|

Impact Limiter Osenetry Assumptions'

Case No. Esplana t ion Relevant i

SAR Section

i

Baseline The actual impact limiter seemetry 1.3.1
Re fe re nce consist s of two out side diameters, the

Geometry major diameter being 104 inches, and the
' ]

minor being 101 inches. no major dia-
]

aster is flattened equally in two places, j

apart. Distance betscen the two {1800

flattened surf aces is 102 inches. ne
minor dissetor is flattened similarly,

with the distance be tween flat s being 96 j

inches. ne portion of the impact lini- ;

ter encompassing the asjor diameter is 30 -|
inches de ep, and the minor diameter per- |

tion is 10 inche s de ep, no cask is in- j
i

setted 22 inches deep into the limiter, e

in a 77.$-inch diamet er ope ning. Prima ry j

a nd bo t t om lid l ug gu s se t s a re a c ceso- f
dated by individual ' pocket s' built int o .

.' the inside diameter of the impact
,

lim it e r. For the f ised-bot t a ve r sion,

there are no ing ' pocket s' on the lever ,

impact lim it e r. A 55-inch diameter |
opening connect s the cavity which con- |

i
t a in s the es sk t o the out side e nd s urf a ce '

!

of the limit er.

I

2-42
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1

!
i

. TABLE 2.1.1-8 ,

!

(Page 2 ot' 8) :

I

!

1.,s e t timit e r .e.ne t e, 4...a,t ion.
|
!

I
,

Case No. Esplana t ion Relevant j
EAR Section |

;

i

i

l' The area of the minor diameter is resolved 2.6.7.1

Lato a f all circle (withost flattened 2.7.1.1 f
sides) of equivalent area. The di ame t e r (Flat End I

,

of this equivalent circle is 100.34 inches. Drop) j

2 The disseter of the entire impact limiter 2.6.7.2.1
,

is asassed to be equal to the distsace 2.7.1.2.1 i

across the flat s on the actual minor (Naz. Oblique {
di sse t e r. This disseter is 96 inches. Deflections)

,

i

3 The diameter of the entire impact limiter 2.6.7.2.1 j

is assnoed to be equal to the actual minor 2.7.1.2.1 {

diameter. This diame t er is 101 inches. (Mar. Oblique
,

Deflections) ,

[*

4 The diaarter of the entire impact limiter 2.6.7.2.2
is assumed to be the average of the major 2.7.1.2.2 ,'

.' and minor diamete rs. This dienster is 2.10.4 ;
.

104.5 inches. The total height of the (0bligne Force- |
impact limiter (40 inches) and the height Deflection r

of the section encompassing the major Cha ra c t e ris tic s) j

diamet e r (3 0 inche s). This height is 35

inches. ;

1

.

2-43
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l
TABLE 2.1.2-8 !

(Page 3 of 8) i

i,

!
Espast Limiter Geenstry Assumptions |

|
i*

i
!

Case No. Esplana t ion Relevant |
EAR Section ;

i
-:
I

!

5 The diameter of the entire impact limiter 2.6.7.2.3 |
is assumed to be the same as the major 2.7.1.2.3 [
di ame t e r. This diameter is 108 laches. (Oblique -

Nas. Loads) (

!
6 The out side diameter of the major diameter 2.6.7.3.1 |,

.

Portion of the impact limiter is assumed (Side Drop - |

to be equal to the distance across the Mas. Normal

fflats on the actual major diameter. This Condit ion

diamet e r is 102 inche s. The ost side dia- Deflections) i
i

meter of the minor disseter portion of

the impact limiter is assnaed to be egnal
to the distance across the flats on the j

| accust minor diamet e r. Th is di sas t e r i s |
>

96 inches. For loads analysis, the inside !

diameter of the entire tapact limiter is ,

assumed to be equal to the distance across {

any opposing pair of belt Ing ' pocket s'. !
.

>
.

This diameter is 88.5 inches. For ' . .
*

deflection analysis, an inside diameter
,

of 77.5 inches is assumed.

|

|

2-44 -
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TABLE 2.1.1-8 ' I
4

.

(Page 4 of 8) I

( l
I

lapa e t Lia it e r Oe one t ry As a empt Los a
j

|

Case No. Espl ana tion Relevant

SAR Section {
1

! i

7 The out side diameter of the major diameter 2.7.1.3.1
,

portion of the impact lialter is assumed (Side Drop - f
to b's equal to the average of the anjor Mas. Accident !

'

r

diauster and the distance actoss the flats Condition [

of the major dinaster. This diameter is Deflections) |

f10$ inches. The out side disaster of the
minor diameter portion of the impect [
limiter is assured to be the average of j

fthe minor diameter. This disaster is
'

9 8.5 inche s. The inside diameter of tAe ;

f,entire impact limit er is as saned to be
'

equal t o the dist ance actos s any oppo- ,

e

sing pair of bolt lug ' pocket s'. This ;

| diamet er is 88 $ inches. !

I,
8 For assumed impact on a rounded edge of 2.6.7.3.2

the impact limiter, directly over a lid 2.7.1.3.2 j
I

', bolt i n g ' p oc ke t ' . the impact limiter is ($1de Drop -
*

.

divided into font separate component s f or Naz. Accide nt |

| evalua tion of mariana deflections. Condition ;

1 ;
'

| Deflections

1. The 10-inch length comprising the for Impact on ,

sinor dianeser is treated as a Rounded Side)

I cylinder with out side diameter of

101 inches and inside diameter of [

77.5 inche s. Note that this portion '

of the ipset limiter does not begin !

2-45
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'

i
'

1.

' '

.- TABLE 2.1.2-8 1
i

f (Zwee 5 of c) :

- 1

. .
i,

i.h ' Impset Lt. Dv:: Se oss t ry As sasptloc:

i

,k

. Case No. Explanation Relevant >

SAR Section >

;

,

8 (Cont'd) to crash natil the portion compris-

ing the major diameter (108 inches)
has already compressed (108 - 101)/2 f

'

= 3.5 inche s.
.t

2. The P-inch long sossent comprising ;

the portion of the major diameter
which extends beyond the top of the ;

,

bol t ing 'poc ke t' is treated as a ,

cylinder with out side diameter of
.

108 inches and inside diameter of
| '
'

77.5 inches.

' l

3. The 22-inch long, 8.9-inch wide ses-.)
ment of the maj or disaster portion ,

of the impact limiter directly over

th e bol t Ing 'p oc ke t' is treated as
'

a rectangular slao, 22 inches long-

,

by 8.9 inche s wide by (108 - 88'.$)/2
= 9.75 inches deep.

4. The two 22-inch long sections of the
t

maj or diameter portion of the impact
limiter to the side of the lug bolt

' pocket' are rendered into an equiv-
alent cylinder with an out side dia-

meter of (108 - 8.9) = 9 9.1 i nc h e s ,

2-46
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TABLO 2.1.2-8,

(Page 6 of 8)
.!; a.

'

Impa c t Lim it e r Ge oas t ry As s umpt ion s
,,

!

Case No. Espl ana tion Relevant ;

SAR Section
,

|
'

F

and an inside diameter of (77.5 - *

i8.9) = 68.6 inches.
, >

l

'

The development of components 3 and 4 is
!!1ustrated in Figure 2.1.2.3-4. ,

;

,
^

'

9 For assumed impact on a flattened edge of 2.6.7.3.2
the impact limiter. straddling two 2.7.1.3.2 i

adjacent bolt lug 'pocke t s', the impact (Side Drop - j

i limiter is divided into four separat e Naz. Ac cident i
iL' components for evaluation of maximna Condition !

deflections. Defle c t ion s

f or Lapact on' '

L~
1 1. The 10-inche length comprising the Flattened Side) -
| .

minor diameter is treated as a
|.

cylinder with an out side diameter ;

(- equal to the distance across the
'

flattened areas (96 inches), and an
.

,

inside diameter of 77.5 inches.
Note that this portion of the impact

limiter does not begin to crush

until the portion comprising the ,

i
i

I flattened area of the major diameter
1

(102 inches) has already compressed
- (102 - 96)/2 = 3.0 inches.

' 47-
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i

TABLE 2.1.2-8 .

l(Pase 7 of 8).

:

Impact Limiter Geesetry Assumptions

!

q
'

Case No. Esplana tion Relevant

EAR Section

i

h

:

2. The 8-inch long segment comprising

the portion of the major diameter

L which extends beyond the top of the

|
bol t 133 'p oc ke t ' is treated as a ;

cylinder with outside diameter equal
i

' to the distance across the flattened
areas (102 inches), and an inside

diameter of 77.5 inches. -

'

3. The 22-inch long, 41.8-inch wide ;

s e gme nt of the r.sj er diamete r por-
tion of the impact limiter over the

,

L two adj a cent bolt lug 'p ocket s' is

l' treated as three rectangular slabs:

The two directly over the lugs are

22 inches long by 9.6 inches wide by
(102 - 79) /2 = 11.5 inches deep; The

area te tween is treated as a single
e

slab 22 inches long by 22.6 inches

wide by (102 - 74.2)/2 = 13.9 inches
deep.

,

2-48
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TABLE 2.1.2-8 :

(Page 8 of 8)'
;

-o .

'' Impact Limiter Geometry Assumptions

t

i

Case No. Esplana tion Relevant

SAR Section ,

!

-4.. The two 22-inch long sections of the ;

major diameter portion of the impact 3

limit er to the side of the two
iadj acent Ing ' pocket s' are rendered

into an equivalent cylinder with an
*

out side diameter of (108 - 41.8) =
66.2 inches, and an inside diameter ;

of 77.5 - 41.8) = 35.73 inch e s.i

The development of components 3 and 4 is

b illustrat ed in Figure 2.1.2.3-4.

I

| 10 The major diameter portion of the impact 2.10.4
l

limiter is assumed to be the average of (Side Drcp - .

the major diameter and the distance Max. Accident
,

,

acros s the flat s. This dianster is 10$ Condit ion

i nch e s . The minor diameter portion of Deflections

the impact limiter is assumed to be the for Comparison'

,

average of the minor diameter and the . t o Tes t Resnit s)*

dist ance acros s the flat s. This diameter

is 98.5 inches.

.
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,

The basic analysis techniques and assumptions are similar to those used to ' I
* i

analyse the performance of the NaPac 125-B Psel Shipping Cask (Certificate of '

Compliance No. 9200). An extensive drop test program was perf ormed on that

eask,' showing that the assumptions and analytic techniques used on both that
.

I saak 'and the NaPac 10/140MB are both reasonably assurate and slightly [
conse rv a tive. These findings have been further reinforced by snore recent f

- eoele model testing of the 10/140MB cesk. Refer to Seotion 2.10.4 for details
of this latter test program.

{

In conclusion, . the NaPac 10/140MB employs a ve ry of ficient impact limit er

Idesign, which insures that protuberances such as the tie-down ings and closure
"

bolt gassets are adequately protected during the impact svent s, ye t the sides

of the cask are not protected more than r equired where there are no such

L pro tube rance s . Such a design askes for a lighter ispact limit er than might

o the rwise be r equire d, but forces cert ain bounding calenlations, since the -

Iiseps et snalysis pregrams are written for a simpler design. These bounding

! calenlations see leseribed in detail in Sect;ons 2.6.7 and 2.7.1.
:

2.2 Weinbt s and Centers of Gravig

1

|
The weight of the cask and psyload is approximately 68,000 lb. The ce nt er of

gr av ity for the assembled package is loca t ed at the approximate ge ome t r ic
'

ce nter of the as sembly.

A package weight breakdown by maj or components is shown in the table below.

"

,

e

9 6

I~
1

|

|

|
|

1

2-50 1,

1
'

i
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!s ;,

b' j
,

Camooment Weimht (1b) .

j-
.

. Prima ry lid - 6,73 0.
i

$ Secondary lid 1,700 -

Botton lid / plate 6,460 .,

Cask body 26,960 ' |
Impact limiters (2) M i

'

y
.;
i
'

Not Weight $3,000
,

'Nasinna payload' 15.000
i

4*

d-

. Gros t Weight - 68,000
,,

'
t

!

j In order to derive these component weight s, as'well as overall package contcr

of gravity and inertial properties, the component s were broken down into sie-
. ple ge ome tric shapes. This proce ss simplifies the calculation procedure for

B

[f'' defiting section properties. As ar example, the cask secondary lid is shown

If below:
t

i '.

',
r

,e

1

r
,, I f

.
1 A i11 I i'75 b

\ c' w
i 5.25 : @ 2.50

.
{

# ',5 0 , ;_ _ _ _ _ _ _ _ _ ,_ _ ,_
_ .

|@ 's |i .

,
,

"
.

,

, ,

, 1

|- ;
'

,

| .. = 12.25 - r

,I.,

4 14.36 ru ;
*

:

f 16.00
-

|

1 | I

.1.25 :
I- r.

l
L
|

|

|
| 2-51
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The weights of 'the individual portions of the lid are derived by celes1 sting-

the volume of each portion, and them saltiplying by the mass density of stain-
less steel. Tsas, the weight of segasat 1 above is

.

3!: wj = x(21.25)2(0.29 lb/in ) = 411 lb.
,

$1 mil a rly, all sesse nt s a re cal enlat ed and saane d to give the overall com-
ponent weight. Individual component conters of gravity can be derived in a

similar manner:

I" frig /}AA g

Wheret yg = loca tion of individual sesse nt c.g.
g segment cross-sectional areaA a

| From this, the c.g. of the secondary lid is found to be 5.70 inches from the

j. Iowernost surface of the lid. In spe ction of the drawings in Section 1.3

revels that this location corresponds to a height of 104.20 inches above the |

package baseline, defined as the bottom surface of the lower impact lim it e r.

In a similar manner, all component we ight s and ce nt ers of gr av ity can be

derived. The overall package center of gravity can then be defined as:

T=}YW/}Wg3 g

Where: Yg = distance of cask component from baseline
Wg = component weight

*
.

T = 61.17 in.

In order to investigate the impact response of the pa c ka ge under the

regulatory oblique drop requirements (refer to Sections 2.6.7.2.3 and
2.7.1.2.3), the mass moment of inertia about the center of gr av ity ,

pe rpe ndic ula r t o the cask exis, must be de r ived. In order to simplify this

procedare, wh il e still maintaining accuracy, the cask components were

2-52
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i

oonverted into ognivalent simplified shapes. Again, as an ensaple, the-*

secondary lid is depicted as a simple disk. This was done by taking the total
,

. weight of the lid, as calculated above, and deriving' a disk of ogsel weight. :

' Aa oquivalent lid diameter of 32.0 inehos was assumed, and the equivalent lid f
thic knes s ' w a s the n .~onnd :

t,g = 1700 lb/[(0.29 lb/in )n(16.0)2] = 7.29 in.3

This ogsivalent lid shape was then esperimposed on the actual lid conter of
grav ity. - All cask component s were treated in this manner, and an ognivalent

P

"package was derived, as shown in Figure 2.2-1. In this equivalent pa c ka ge ,

li _the following additional assumptions were made:

o' Pr ima rr lid include s the weight of the thermal protective cushion, lid

bolt s, and bolt a t t achse nt sussets. It has equivaleat diameters of 75.0

|
in. 0.D. and 32.0 in. I.D. , and an ognivalent thickness of 5.78 in.

,,

L
Cask body is treated as a homoge ne ous cylinde r comprised of inner - and ,

t
,

out er steel shells and thermal sh ie l d, lead shielding, and appar tenance s !

such as tiedown lugs and prima ry lid at tachment bolt gussets. Outside -

di ame ter is 74.5 in., inside diameter is 66.0 in., and overall height is

79.0 in.

Impset limit ers are treated as fully ci rc ul a r, homoge ne ou s structures,
lc

with out side di ame t er of 1 08.0 in., maj or inside diame t er of 75.0 in.,

minor I.D. of 55.0 in. , and overall height of 40.0 in.

1

1

I Pavloed was assaned to be a homoge ne ou s cylinde r weighing 15,000 lb.,L -

73.0 in. high with a diame ter of 66.0 in.

1

l

1
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FIGtRE 2.2-1
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.iL ' Package Egs! valent Gennetry .
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.i Composest weights,. corresponding to Figure 2.2-1, are summarised below:a

a

|> >

Commenent number Weimht (1b)
,,

|| 9

1.

1 3,006,

'

2 1,700

3 6,730 j
l' 4 2,569 .

5 15,000 (payload) ;
t

6 26.96 0 .

7 2,569 k

8 6,460

!- 9 3,006

1

The package asas soment of inertia was derived from individual equivalent cot-

.
ponent moments of inertia. These latter were calculated according to Shigley, ;

Mechanical Enaineerina De sian (Reference 2.11.9), Table A-32. <

,

For solid cylinders (secondary lid, bottom plate, payload):
4

i

22 + 4Lg)(I,) g = (ag/48)(3dg
,

t

2
ag = component mas s = weight /386.4 in/ secu. Where:

!

L dg = component diame ter

L3 = component length .

,

(

For hollow cylinders (primary lid, body, 1spect limit er component s): ;

-
I t

|
*

.

. (I,) g = (ag/48)(3(d ) g2 + 3(d )g2 4g{2)o g

:
t.

Where: (d,) g = c omponent out side disset er
,

(d )j = component inside diame terj

!
L

.

I
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s,

d. g.

.

The overall package mass accent of inertia was them fosed from the espression:

Y ,

2 :g={[(I,)g+rg,g).I

|
.

There rg = distance from component c.g. to package c.g.

2I := 265,000 in-lb- se cg

2.3 Mechani c a1 ' Pro ne r tie s of Ma t erial s
l

||
The cask outer shell and tiedows 133 gassets are fabricated from ' ASTN A-516

Grade 70 or, alternatively, A-537 Class 1 carbon steel. The tiedown lugs are

constructed of ASTM A-517 Grade P alloy steel plate. The inner shell is con- !

. structed .of ASTN ' A-240 Type 304 stainless steel, and the top . and bott om lids
b, ;

are either ASTN A-351 Grade CF8 or CF8A Type 304 stainless steel' castings or
ASTM A-182 Type F304 forgings. Bolt s are ' ASTM A-320, Grade L43. Figures 2.3-

0 - 1 and' 2.3-2 show the tensile and compressive strese-strain carves for lead at |

|- various temperatures. Properties of these structural components are delineated !

|. in Table 2.3-1. !
|.> |
u 1

; |
.

:

|

'|

r l
1- i

'

t

L i
*

1
.

. .
|

,

1i

;|.

n

1
|

|

|
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TSIA 2.5-1
tesebes6 eel Promet6es of IIstersele Seed la att slapse 10/140W Cast ",

tees.es i. .e.i ;Ste cine s aseauem than t 31,ette . of heresan,t . . .el i. tr,e e, To.,e,. .r e viei.. Clu tee ut. le. Oge.s e

av .s..e ;Spectises t sea erede (*F) 8 8, 8, (1r pet) 00 da/6a/*F) !7

ASTN A-340 304 -100 - =
. St.1(1eaer hell 70 3 0.pe ?$ .p e .

34.3 8.44=

-sed Opper 100 30.0 ts.O 30.0 g.3 3
r

=
Primary Ltd 200 28.0 11.0 30.0 31.6 0.19telt Latel 300 23.8 66.0 30.0 31.0 9.00400 20.1 64.4 18.1 26.8 9.19

$90 19.4 68.8 17.5 18.8 9.37
400 14 .2 63.3 14.4 28.3 9.83

s

700 U.? 63.8 16.0 36.8 9.69
.

ASTN A*310 14 3 -100 - = = 28.8 -
feelte sad TO 108.Pe its .De * 29.8 6.20 t

,-

test e) S to 105.0 33.0- 6.21* +

200 09.0 33.0 31.1 6.54-

300 98.1 38.9 24.7 6.18-

ASTs A-ist CPG A/3 04 -100 29.1 '= = = .
| (Lide sed TO 33.Pe 77.Dee 28.3 8.46 1

=

1 5ppe r Pr aan ry 100 33.0 77.0 23.3 8.35*

Ltd Delt Lo8s) 200 29.1 72.4 23.3 27.6 8.19
300 26.3 61.8 22.6 21.0 9.00

ASTN A*181 F304 *100 29.1- = . -
(Ltdo . TO 30.Pe 70.PHe '28.3 8.46=

Altereste 100 30.0 70.0 20.0 8.38-

ams'1) 200 28.0 46.2 20.0 27.6 8.19
300 22.5 61.3 20.0 27.0 9.00

l ASTW A-851 @8/304 *100 29.1- = . .
(Lads - TO 80.0" . 10. P e 18.3 4.44=

AJ t e rma t e 100 30.0 10.0 20.0 '8.83-

bat'1) 200 23.0 46.2 20.0 ff.6 8.79
300 22.9 61.8 20.0 27.0 .p.00

| ASTB A-516 10 *100 30.3- - - =

40st e r Sh ell . 10 3 0.0H 10.0H e 29.5 S.42*

Cast Tsesses 100 38.0 10.0 28.8 5.83- *
Les pse eet s, and 200 34.6 70.0 23.1 28.8 S.89
Ltd Delt Leis) 3 00 33.1 10.0 12.5 18.8 6.26

; 400 32.6 10.0 21.1 27.7 ' 6.61
1 800 30.1 10.0 20.1 21.3 6.91
1 600 28.1 10.0 18.1 26.1 7 .1 ?
|' 100 29.4 90.0 _10.3 23.5 1.41

i. Affs 4 51* P -100 30.4 a- - =

| 19.1 6.206Taedoes Lagos 10 100.0H 118. P H -

6.21100 100.0 38.3 -.
| 38.3 29.0 6.54
| 200 99.8 -

88.3 28.f 6.18. 90 93.0 =

30.2A5Ts A.93* =100 == . -

29.5 S.42
| (C.t e r 16 ell 1 10 30.0 10.0 -

5.33Al t e rna te 100 $ 0. 0 70.0 13.3!. +.

he t e r n al) 200 44.1 10.0 23.1 28.8 S 89*

300 4 L.S 68.6 12.9 28.3 6.36*

400 37.8 48.6 22.9 !).? 6.81
300 33.2 48.6 12.9 27.3 6.91
600 33.9 68.6 22.6 26.* 7 .1 ?

100 32.1 68.6 11.4 28.3 7.41

~

Stranath (katI Coef fistast'
14 s d Prop er t temal* !sels' f a ts as. ee tiessse of Thorsal

(2C*gesesos .as/ as /*D
E a

ka t e r a s! Type er Teeperatare $ $ $ hegelse8I
Sposafssatzes Grade ( *T ) fie s e l #(Comp) (Ta s s) fCoopi (Tese) (10 ess)

.3!W 8: 9 Cop pe r -e9 -- - - - -- 2.50 15.18
2.34 14.078estses ?C - -- - - -

100 0.216 0.21$ 0.584 0.490 1.370 2.30 16.21
1M 0.2 93 0.101 0.5 0e 0.4 28 1.1 62 2.20 16.58
2! 0 C . ** * 0.10* 0.498 0.391 0.844 2.09 t e .9 3

325 0.189 0.093 0.311 0.320 0.642 1.96 17.54
1.14 18.3044C -- -. -- -- -

2.36 20.39620 - - .- - -

2-57
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Re fe re nce s:

1. ASME Boiler and Pres sare Vessel Code. Seet. III. Naclear Power Plant Coe-
ponents, Division 1, 1983 Edition, Ref e rence 2.11.3 Tables I-2.1, I-

2.2, I-13.1 and I-13.3, escept as acted. !

2. Ib i d , - Tables I-3,1 and I-3.2, escopt as acted.

3. Ibid, Table 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. TADC Technical Report 57-695, ASTIA Document No. 151165, Determination of '

the Mechanical Pronerties of a Blah Parity Le ad and a 0.05 8% Conser-Lead

AllgI, April 195 8, by Thomas Tie tz, Stanford Research Center, reference
2.11.10, pp. 21,26 +

7. Ibid

8. Ibid, p.14

9.- NUREG/CR-0481, SAND 77-1872,- An Asseaseent of St res e-St rain Da ta Sultable

for Finite Element Ele #stic, - Plastic Analysis of Shineina Containers, H.
J. Rack and G. A. ~4norovsky, Sept. 197 8, Refs tence 2.11.19, p.66

| 10. Ibid, p. 56

,

0* Me an f rom 70 F
" ASME Boiler and Pres sure Ves sel Code, Sect. II, Ma t e r i al See ci fies. ,

.t.19.p s , Part A,19 83 Edit ton

*" Ibid, minimum of specified range

*"* Ibid, dersted from 75 kai for sections greater than 5.0 in. th ic k

3
'

Notes: Carbon steel density taken at 0.283 lb/in , Poisson's Ratio = 0.?
,

3t ainles s ste el den sity t alcon a t 0.29 lb/in.3, Poisson's Ra t io = 0.3 f

3Lead density taken at 0.41 lb/in , Pois son's Ra tio = 0.4 5, melting
'

0point = 62 0 F,

2-58
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The lead shielding will possess those properties referenced in WADC Toshaisal |
-

Report 57-695, AgrI A Document No. 151165, htermination of the Meehanical Pro- r

Ma of a Ri mh-Par i tw Le ad a id a 0.05 8% Con ne r-Le a d A1_1m (Re f e re ss e
2.11.10), April 1958, by Thomas Tiets, Stanford Researek Institute, pp.14, 21

. sad 26.

2.4 gggeral' Standards for All Paekanes

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

I 2.4.1 Minimum Packame Sire
r i

t

The NnPac 2 0/140MI package does not have any overall dime nsion less than 4
inches.

.

2.4.2 Tamee r-croof Feature

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

2.4.3. Positive Closun

As de s cribe d in Se ction 1.2.1, the positive closure system consists of a pri-

ma ry t o p ( and, optionally, bo t t om) lid, secured by eigLt 2-1/2 inch diameter -

~

bolts, and a secondary lid af fixed with sixteen 1-1/4 inch diameter bolt s.~

.

;

2.4.4. Ch em i c a l and Galvanic Reactions
;
.

The ma terial s from which this packa ge is febrica ted (carbon, alloy and stain-
,l

less steel, lead and polyure thane foam) will not cau se s i gnif ic an t chemical,
galvanic, or other reaction in air, nit roge n, or wat er atmosphere. The tech-

nical basis for this fact is that all met alli materials of construction are
es sentially of equal potential in the Galvanic Series of Metals and Alloys.

2-60
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2.5 Lif tinn and Tle-Down Standards for All Packa.ggg

'All 10/140Ns. lif ting and ' tie-down devices have been evaluated . ander ,their

h . asticipated operational conditions. A summary of resulting critical component
- stres'ses is presented in Figure 2.5-1 and Table 2.5-1.

'

.

i
i

2.5.1. jd.LU an Dev ice s .

There are three lifting loss for the lid assembly (prima ry and seconda ry ;

|
- lids), and there is a single lif ting 133 for. the secondary lid. These lags

|
a re f abr ica t ed f rom ASTM A-240 Type 3 04 s t a inl e s s s t e el . All lif ting lugs are v

evaluated per the requirements of 10 CFR 71 Section 71.45(a).

:
,

2.5.1.1. Primary Lid Lif tina Luns
.

L

The three primary lid lif ting Ings will be stilized in handling. both the en- ]r

p' tire cask as well as .the prima ry lid as sembly. For this reason, the fol-
'

lowing snalysis will consider loads due to the nazisma loaded cask weight. The
net weight of the cask is 53,000 lb., and the nazimum payload weight is 15,000 :

|

|
lb., for a combined gross weight of 68,000 lbs. 10 CFR 71 Para. 4 5(a) states

|
that lif ting at t achment s must be designed with a miniana safety f a ct or of

!^ three assinst yielding. For three lifting Ings and a minimum lifting cable

0
i angle of 60 from the horizontal, the load per Ing is:

. Pg = (68,000 lbs/ sin 60 )(3)/(3 lass)
,

,

Pg = 78,520 lbs/1ng

Using the conventional 40" shear-out eq ua t i o n, the yield capacity is: $

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

Where: F,7 = ( .6) (28,400 p si)
= 17,040 ,p si

2-61
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PlemE 2.5-1 |. , -

Lif ting and Tie-Down Devices (
Composest Maximan Loads and Stres ses

,

!
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3 TSLE 2.5-1
-

t on. cou,ee.st st ro..e

=sie- unde .ed St,e.ee. for u f tie. and Tse- een

c eement com,.ee.t toest.ee t.ed..g ued T,,e of neeent-t dece,tenee ciees.ie ,,,,s.e of .g.
,

.e f. %. see.,t.oe . , t .e coed ttee c .eet.ee str... coe r et stree. crtter.e - ,sies .e,og, .e,e,sene
coe.e-e t intee..tr er teed of streeense, teem t .es .-

,
5

i er .o r, tid tog ere ufties meer-est mee r ves2e i . s, . a. e...f 3.s. .:j Lafales Leg itsed FeeterI
of 31

j 2 Seconda ry Ltd Leg Fye Littleg Steer-Out Steer $100 lb. S 313s0 gg, + 3 3,3,3,2
' Laffi.e Les (Le.d Feet er

of 3)
.

3 Pr ima ry L td Shese Lifties Temeles IIestr eme 23990 lb. 4 et2 egg gg, g ege 3.3.3.3
,

; Rolt e (tsed Feet er
i
g of 33

4 Pr ima ry L td cost Les Littles Demtios . Bombreos 3877 pet S, 30909 pet e4.33 2J.1.1 ,.

Belt Lose Weld itsed Feever and Sheer *Deadles
et 39

4

9 Seceede ry 1 beek Lifties Temosom 8tembrose 5399 16. S, 1996912 16. % rge 2.S.I.2
f.ed Delt . (tsed Forter

of 39

| 6 caet Tiedene Leg 'fe fle-9een Seartog Seerfes $49990 lb. S $9912$ th. e6.92 2.S.1.3
.

Leg (Tr eesport e t les

Leeds)

. Top Led Ierede fitstog Seedtes IBombr ose 39375 pee S, 28480 pet e1.41 2J.3.2
Aseeekly 99 eet e r (tred Feeter *Seedles .

of 3 D

12 Ost er Stet i Adjeeest to fle-Dees Beadles Westr ose 382?d p.1 S, 37908 pet
~

.99 -2.S.I.S+4
Tett Fed of (Tree.porte t tee and Sheer

Tie-Been Les Leeds)
.

O
.e

o
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:

There 28,400 psi is the yield stress of the stataloss steel las asterial at'

the masimum anticipated normal operating temperature of 133'F (Refer to Table- |

2.3-1).
'

s

t = 2.0 in.

d = 2.00 in.

ed = 2.00 in. j
'

P,' = (17,040)(2)(2.0 in.)[2.00 - (2.00 in./2) cos 40'] ,

P, = 84,106 ' 1b s ;.

; The yield Margin of Safety, using the nazimum lug load, ist
L

W.S. = P,/Pg - 1 = (84,106)/(78,520) - 1
M.S. = + 0.07 |

!

| Because of the unconventional ge ometry of the lif ting lug welds, as well as

loading sit ua tions involving both tensile and bending loads, a detailed weld j

analysis will be undertaken.- The basis for the analysis method derives from
'

Shigley, Me chanical Enninee rina De sian (Re fe re nce 2.11.9), pp. 421-423. Weld-

men t de t a il s a re shown below:

~5. 75 -

* 0.5 *- j
' -= e 0.25

|

N 0.5 x 45' CHAMTYP p
2 PLCS3 0 '.

{
.

i,

1.88 2.0

! \ l 5.13

-m /p . I \
,

/

'TYP
N1/4 -j

D'# // /N:

{ 7/5h
p' M' yy )- 2.0 T' T \

~

:

ASTM A-;4D TYPE 304 7/F
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'

Since the veldsent oossists of a double weld comprised of two identiss! 7/g- 'f-

inch beveled lillet welds. only one weld will be analysed, using on-half the j

masimum 'lif ting lag , load. The 1/2-inch and 1/4-inch fillet welds atoms the )
: odges of the lag will be coseervatively ignored. - The weld and load patteras. !,

are illsstrated below: ,

I
P i

h k
|

I s

|

X'
h

',

&
\ .

L a Y'

c
; II c 4.206 - -

,

d ?.13 i
3.25 0 '

O.619 @ h <g
- , - - 2[' 1. 54!.

[\Y\\D,"
Ui o x

[ ]n "O Gn g

1.25 :
y

la :

| - 2.5 ; : 3.25 --

,

.: = 5.75 - '

l'

Pg = 78,520/2 = 39.26 0 lb.
0 = 600= n/3 radians (minimum)
e = 450= n/4 radians !.'

.

For the 2.5 inch long straight section of weld, moment s of inertia about the
x-y coordinate axes may be defined as:

3d /12I, = b3 i

1
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' |
'

t. i, , 1

There- d ,='. weld throat length = 0.875 in/sia'45''

g.

= 1.137,is.
i

,$i

Bg = eeld length = 2.6 is. 1

d !I, = 0. 39 5 in -
41 = d ..b 2/12 = 1.611' in :

7 g g

' tt . .

!' Weld torsional seasnt is:. ~
,

!

2
701 " I *I = 2.006 ins y.

,

!

$
: and weld shear area is:

' 2A .= d ,b , = 3.094 in
1 g g. ,

t

- For section prope rties of the carved, que rter-circle area of the weld, r ef e r
to Roark, Foranlas for Stress and Strain, 5th Ed. (Re ference 2.11.11), Table

y' coordinate axes are .as ;1 Case 19. Noment s of inertia about the s' -

f ollow s:
,

1

3 2 r
3 /RI-d /4R )(a + sina cosa - 2 sin ,j,)Rd2 [(1 - 3d /2R + d2 2I,, =

2
2 22 /6R )/3R a(2 - d /R)]

~

+ (d sin a) (1 - d /R + d2 22 2

I

whera: R = 3.25 in.

d2=d2 = 1.237 in.
.<-

,i I,..= 0.809 in.4
33 /R2-d /4R )(a - sina cosa)I,=Rd2 (1 - 3d /2R + d2 2y 2

= 6.790 in.4
,

G2 " I ' + I , = 7.59 8 in.4J z y

A = cd2 (2R - d ) = 5.115 in. 22 2

y , = R[1 - (2 sina)(1 - d /R + 1/ (2 - d /R)) /3 a]g 2 2

= 0.837 in.
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'

o .

' ' , ' '
!

'
. , ~ ..

' l- iX,., '
,

?- Y
'

1<.p
t

!; The.eenter of. gravity of the weld group is defined ass ic'O

,

: ) .
I

I *f8A,/}A,'
.

in a
-

.

..

| ' = [(1.25)(3.094)' + (4.2 06)(5.115) /(3.094 + 5.115)) |
'

'

;, = 5.092' in,1, ,

"}yn,/}A, fAy

I

|' = [(1.2 37/2) (3.094)' + (1.544) (5.115) / (3.094 + 5.115)) {
'

"" = 1.19 5 in.'

1, ,

L 3 5L
L/, Distances frem the weld group conter of gravity to individual weld component -

>

. oenters of gravity aret f
-

k

[ rg = [(3.092 - 2.5/2)2 + (l' 193 - 0.619)2)1/2 = 1.930 in..

. r2 = [ (3 . 09 2 - 4 .2 06 ) 2 + (1.19 5 - 1.54 4 ) 2 j 1/2 = 1.16 7 in. .

,

,

I
.

?

|
Weld group torsional moment of inertia ist

!

2 IJ = (Jgg + A r3 ) + (JG2*A#22g
'

= 2 8. 09 8 in.4 '

\ ,.

- t

The soment arm of load Ft with respect to the weld group center of gravity may '

,

be found by defining the line de s cr ibing the load path. and then defining (

[ another line perpendicular to the first and intersecting the weld group c.g.
,

The equation of the line defining the load path may be orpressed as:

. , .

t y - 3.13 = m(x - 2.5 0)

+..
. , .

' 0There: a= slope of the line = tan 60 = 1.732.,

E
,

f

.
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i
The egnation of the line definlag the monest are can be writtes est '

,
.*

i
!

y - 1.195 = (-1/s) ( a - 3 . 09 2 ) . ;
'

E
;

Solving these egnations for the' intersection point (s.y) yields a = 1.510 and je

y = 1.935, from which the nosest ara length may be derived:
'

.

\

L = [(3'.092 - 1.810)2 + (1.195 - 1.935)2 1/2 |3 ,

. = 1.4 80 in. *f
L, ~i

!
' The critical stress point on the weld will be point 'o', whose distance from y

the veld group c.g. ist

L y

= [(3.092)2'. (3,gp3)2)1/2 ,ij' r

= 3.315 in.:

,

!
The total weld shear stress is:

T = V/A + Mr/J
= P /(A Lr/J3+A)+Pgg 2 ,

L = 11.6 38 p si
'

.|

|-
Conse rva tively using base metal material prope r tie s (3 04 s t ainl e s s steel

-.' plate) at a maximum normal operating t empe ra t ur e of 133 F, the maximum she a r0 '

stress allowable is (0.6)S = (0.6)(28,4 00 p si) = 17.040 p si . The margin of i
y

safe ty is thus:

'

N. S. = 17,0 40/11,6 3 6 - 1 = +0.4 6
, ,

.
;.

,i.

L lt can theref ore be concluded that the pr ima ry lid lifting lugs are a de qua t e
1

| to resist 6 load equal to three times the maximum weight of the f ully loaded

cask.

,

,

|.

,
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'

L.'s
J

.

E. , ' To evalaste the effect of. lif ting 133 loads on the primary sostainment system, ..
,

- consider stress levels'in tho'primarr lid aad closure bolts.- To. -|

1(. ' 'oosservatively analyse the lid structure, assano a flat ciroslar plate of 5.25
.

.
.

|L ' in.' coastant' thickness. Isaorias inser and oster edge ' lips', est side

disaster is 65.75 in sad inner diameter is 53.25 is.' Also. assume lag load is !;

taf formly distributed 'arosed the inner edge, and ist' ;| :-

, ,

Y w = p,/nDg

q . There+ s

P, = Vertical Component of Lif ting Las Load-

= (3)(68,000) = 204,000 lb. ij;.
w = 204,000/n(33.25) = 1,953 lb./in.

H
'

I,
L From Roark and Young, Formnias for Stress and Straig, 5th ed. (Ref e rence

2.11.11), ' Table 24, case la, easisus bending soment is: -

i

e

fNaar " Ntb

Where:
s

Mtb * IMtb'"
a = Out side Radiu s = 65.75/2 = 32.88 in.

.

b = In side Radiu s = 33.25/2 = 16.63 in.
b/a = 16.63/3 2.8 8 = 0.5 06'

i Therefore:.

EMtb = 0.7 78

and:

. . h. Mtb = (0.7 78 ) (1,9 53 ) (3 2.8 8) = 4 9,9 57 in.-1b. / in.

Maximum bending stress thus beceses:.1

2
/tS,,, = 6Mtb
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!

Whores |.

t = Plate Thicknes s = 5.25 in. !
J

S ,, = (6)(49,957)/(5.25)2 = 10,875 p si

Note that the horisontal componest of the lifting load will toad to induce a

bending moment of opposite sign as that' resulting from the vertical composeat. ,

This will act to redsoe naziona bending stress. Therefore, the above stress
I

valso is the nazimas pessible bending stress that could restit f r ont the

reguletory lif ting requirement s. l

lbaimum anticipated lid temperature at the inner edge (point of maziana i

i stress) for normal conditions of transport will be 133 F (refer to Section0

l
';

| 3.0, Thermal Evaluation for de t a il s) . In te rpola ting Table 2.3-1 for the

minimum strength lid material (ASTN A-182 Type F304 or A-351 Type CF8/304) at
!: this temperature result s in a minissa material yield strength of 28,400 psi.

The Margin of Safety for 1/3 yield then becomes:

M. S. = 28,4 00/10,875 - 1 = + 1.61

The nazimum prima ry lid bolt load that can be anticipated from lifting lug

loads is:

'

P3 = (3)(68,000) /8 = 25,5 00 lb./ bolt

0Tensile yield strength of the bolting material at 133 F is given in Section

2.3 as 103,300 p si, a nd the bolt trestle stress area is 4.0 in.2 The bolt
'

yield load is then (103,000)(4.0) = 410,000 lb, and the Margin of Saf e ty is,.

i thu s :

1

|
M. S. = 412,000/ 2 5,5 00 - 1 = + La rge

To evalut e the strength of the prima ry li bolt att a chment lug welds, a simple
beam be nding analysis will be pe rf orme d. Since the lug welds are all in11

pene tra t ion welds, the veld section will be treated as an area equivalent to
the Icg plate thicknes se s, loaded in bending and shear. The lug g e an e t ry , as

shown in the drawings of Section 1.3, is reproduced below:

2-70

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



+
..

_

,

c i,

.

.

unPae'10/1495 , Rev. O July 1989,

i: ;,

'
1

- =-- 2.50 * 7.38 +.

, .t.

'

. o
'

6-
[ x x ,

v,
,

f f
'

j'j 2 j'i !

8- _ _

6

6 :
_ _ _

.'
*

#
.

s -_

1.5 - .- - - 1.5

: ; 3.75

The weld areas of the upper and lower lugs are identical. The load offset on i

the - l owe r lug is greater than on th e up pe r , resniting in a greater ' bending
'

m ome nt. How ev e r , the minimum yleid stress at normal t ran spor t t empe ra tur e s
0(133 F maximum) for the lower Ing (A-516) i s 36,900 p si (See Table 2.3-1). r

his is greater than the yield stress of the 304 st ainl e s s steel lid compo-

nent s, which is 28,4 00 p si a t the same tempe rature. Therefore, both lugs will
be evaluated under the imposed lif ting load of 25,500 lb/ lug (same as the bolt

iload). The veld pa t t ern is show n below. The loading co nf igur a tion is the

same f or both lugs.
'7.38 -

,

d',
,

6
-

t
'

-

At

|,

T

I' 'aG
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,

y 3,

, j-jc: The distance to the oestroid of '.ae weld patters iss'

}.

$.[' - L . a = [(1.0) (2.0) (7.38) + 2 (5.0) (1.5) (6.0) /[(2.0)(7.3 8)
" '

$' .
+ 2 (1.5) (6.0))

'

= 3.2 0 in.

' ne soment of inertia of the section is:

I,= (7.38)(2.0)3/12 + (3.20 - 1.0)2 (7.38)(2.0) +
2 (1.5 ) (6. 0)3/12 + 2(5.0 - 3.20)2 (1.5)(6.0)>

'l
4j' = 188.68'ia '

.

Bendia: stress for the upper (lid) lug is
~

-oS " "'/Iz

= (25.5 00) (2.5 0) (8.0 - 3.2 0) /188.68
,

I. = 1,622 p si,, _,

!
,

Bending stres s f or -the lower (cask) lug is: .|

I eB = (25.5 00) (3. 75) (4.80) /18 8.68
1'

:

= 2,433 psi .|

I
*

.

i.

Shear stress for both ings is:

'l
t = (25,5 00) /((2.0)(7.3 8) + 2(1.5 ) (6.0))

,

!( = 778 psi

l-

2-72'
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Naziusa sembined, stress:for the 133 weld is.them I,s ,

c ." 'B + M'B/2)2 + )@e'
.

,

'
'

i,

f.. , , . For the apper lag: .

,

\ f

"

c== 2,746 psi-
-

o

, -

,

,

For the lower 133:
.

f'- %

oC = 3,877 psi ; j
*

\

1

.The margin of safety on one-third of yield stress is, for the upper lust j

. M. S. = 28,400/2,74 6 - 1 = +9.34
:

,!.For the lower lugt

1 i
?

N. S. = 3 6,900/3,87 7 - 1 = +8.5 2 ';
s

The critically loaded lug is thus the l owe r l ug , with the smaller margin of
,

'saf e ty, though both lugs are more than ade qua t e t o ca rry the cask lifting
load.

?

All the margins of saf ety for all component s are larger than the 0.07 margin. '|
.

.

.

f or the tear out of the eye of the lug. This indicates that exces sive -loading i

would not af fect the containaent integrity of the cask, since lug f a ilur e
.

!

-- . would occar bef ore failure of any . critical component could take place.
.

*

,

Thus,. lifting forces will not significantly af fect the containme nt capability ;

#
L

of the cask.
.

.

e
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'

F 1.8.1.1. Anaendarr Lid Lif tima tu

no secondary lid weight will be approsiastely 1,700 lbs. no total las lead
is ghost

Pg = (1,700 lbs)(3)

Pg = 5,100 lbs

11 sing the coserational 40' shear-est egnation, i,he yield espacity ist

P, = F,72t (og - d/2 cos 40')

There F,7 = 17,040 p si ( ahear yield at 133'F)
t = 1.0 is.

- d = 1.5 in.
l

Ed " l ' I ' I ''|
i

i
0P, = (17.04 0) (2) (1.0) (1.5 - (1.5/2) ces 40 )

P, a 31.5 4 0 lb s

ne yield Margin of Saf ety, using the u.asisue lug load, ist

i

y M.S. = P,/Pt-1a (31.540)/(5.100)
l F.S. = + 5.18

ne yield espacity of the 133-t0-114 weld say be estimated as:
4

*

P, = F,y ,t

Theret F,y = 17.040 psi
A , = L ,t ,
L, = 2 (4. 0 in. + 1. 0 in. ) = 10. 0 in,
t,= (0.707)(.5 0 in.) = 0.3 5 in.
A, = (10. 0) ( .3 5 ) = 3.5 in.2 |

f
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j
i

heat P, = (17.040) (3.8 ) = $ 9.64 0 lbs. ,

i
1

fhe lad-to-lid weld Marsia of Safety ist

.

I

M.S. = P,/Pg - 1 = (8 9. 64 0)/ ($ .100) - 1
M.S. = + L4rge |

|
t

he secondary lid is held on by the see of sixteen 1-1/4 inch ASTM A-3101A3 }

bolta. !
!

!
hey have a yield load ofI |

!
,

P = (0.969)(103.000) = 99.800 lbs/ bolt
{y

' or :

P -tot al = (16)(99.800)y
| = 1.5 96.800 lbs !

|
'

t
i

his gives a yield margin of safe ty of:

I
-

!

N. S. = P .g ,g ,3/Pg - 1 = 1.5 96.800/5.100 - 1 = + La rge7

i

{h erefore, by comparing the margins of saf e ty it can be coac t ade d that the
se conda ry lit lift eye vill fait prior t o a ny of the containment bounda ry
components. .

I
!

It can therefore be concluded that the seconda ry lid lif ting lug is more than .i

adegnate to resist a load egnal to three times it normal mariana lead. Since f
' . the secondary lid lifting lug is not designed to react the is11 package load, j.

it will be covered during transit. |

f
:

1 i
*

|'
I ,

.

<

' i
| ,

i
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t

! 2.8.2. Tie-deva Dericea ;-

i
:

Fest tie-down lags are provided to resist transportation indsees lende. Pros |
'

|
10 CFR 71, Para. 71.4 8(b)(1), the rogstred lead factors are ;

i

!

A, = 10s (longitsdinal)
$3 (lateral) jA =

7
A, = 23 (vertical) {

t

ne fome tie-down 1sse are loested with their lag-eyes at 90' intervata erosse
the package side wall.1%e legs are positioned at an angle of 33' with respect {
to the heritental, with their and tips at the same approsiaste elevation as |

t

the lower surf ace of the apper impact lim it e r. To eve nly distribste the tie- 1

down cable lead f rom the 133 into the cask outer shell, tw o pa irs of gu a se t s f
were added to the 133, as shown in Figste 2.$ .2-1. ne general tie-down j
arrangeme nt for the NaPac 10/140MB Cask is shown in Figure 2.3.2-2. |

i

From the geometry given in Fistre 2.$.2-2, the cable tension due to heritostal !

accelerations can be determined by summing soments stout the botten oorner of !

( the package opposite the reacting cables. Conservatively ignoring the weight |

of the cask it sel f, the longitsdinal acceleration case con be derived as |
>

f oll ow s :
|

I|

!(A,c)V = 2 (P d' + P h)y h

i

There: W = Maximum package weight ,

P, = Vertical (a - Direction) cable force component !

L,* Ph = Horizontal (z - Direction) cable force component {
,

c. d'. h are defined in Figst e 2.$.2-1 .

'
|

|
-

!
| But. 6

|

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

C

|
There, B, = Cable Direction Cosine with Respect to the I-axi s ,

| z/ Cable Length L -=

B, = t /L
L . (3272 . ,2)1/2

i
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|

FIGUtt 2.8.2-1 i
'

Tie-Deen Las Geomet ry
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F10tRE 1.3.1-1 }-
,

Tie-Dora Cable Arrassessat |
>

|
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.

Solving f or P 8C

FC = (T/2)((A,e) /(5,d' + B,h))
*long

Similarly, the esble tension ese to the lateral aseeleration ist

P = (W/2) t(A s)/(5,d'' + s k))c y y

'a s t

nere: B = y/Ly

no esble tension due to the vertical acceleration is staply

4 P , = A,W = 4B,PCg

Solvsms for P 8C

C = A,W/4B,P

vert

These tl.ree loads will coincide for the sost severely loaded cable:

C " III A3 I A c/(B,d' + B,h) * A c/(B,d'' + B h) + A,/2B )P z y y g

Whe re, f or th e NnPa c 10/140MB Ca sk:
.'

,

V = Cask Gross Weight = 68.000 lb.

c = 61.17 in.
d' = 7 8.96 in,

d' ' = 19.5 4 in. ~

h = 71.5 0 i n.

.
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i

To obtata the tie-deva leads, the direetles sosines of the tie-deva esble east
.

be defined. Sines the emble vill alveys lie la the plane of the tie-deva lag, ;'

I

whose taste p is seastaat, the emble directies sosines will be entirely depos- ;
'

dont en the sable angle 9. Cable angle is defined as the true angle which the l

o
. tie-dows esble makes with respeet to the tangent line of the tie-dera las I

,

(refer to Figare 2.5.2-1).
1

|
Cable directies sosimos saa be deternised as a fanaties of 133 angle p and j

!sable angle 9 is the following senser
I

f
!

!

|
''

,

[ !
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,
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D Tie-down |
, Point :

!

i.

e t

!*
.

.

True Lug Tangent Line Length T = h/ sin p
,

,

True Deviation Distance D = Proj ected Deviation Distance D' = T tan 6
,

'
| '
| Projected Lug Tangent Line Length T' = h/ tan E
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To allou seme fleniblif ty is the tie-deva arrangement, two cable anglee were.

inves tiga t ed. One angle,1g', eerresponds to the eagle at which the line of
acties of the sable deseribes a tangest with the eentroid of the sank outer ,

well. This is seasidered to be the optimme seatipsration for obtaining the f
most amiform lead distribstion from the tie-deva las into the esak ester vall.

' h us, tie-deva leestion ist

i

Trse Lug Tangest Line 14ssth T = 71.8/sta 33' = 116.1 in.
,

Deviation Piet ance D = (116.1)(tas 13') = 37.7 is. !

Projected Lug Tangent Line 14astt T' = 71.3/ tan 38' = 91.5 in. i

|
t,

These diasasions sc re used to loc 6te the trailer tie-down point, shown la

Appe ndis 2.10.3. The coordinates of this location were then stilised la cal- |,

| culating direction cosines, as defined sure (refe t o Filar e 2.3.2-2), with ;

which tho' corresponding sasista tie-down load could be determined. This lead, f
cal e s1 s t ed in Appe nd ix 2.10. 3, w a s f ound t o be $ 45,3 50 lb. |

)
.'i,.

I In order to obtain greater lateral support f or the cask in it s t ie d down po s- i,

ition (refer to Figure 2.5.2-2), a ens 11er cable angle,14', was also selected ;

for evalsation. In a analysis similar to that above and detailed in Appendiz |

2.10.3, the tie-down cable load f or this angle wa s f ound to be $25,211 lb. ,
[ !

'

To ensare that Ing and cask outer shell stresses did not exceed the regulatory |
limitation (material yield strength) unde r the se t ie-d own loads, a de t a ile d {

comput er analysis was unde rtake n. This analysis was performed stillains the

.- finit e element program ANSYS, Revision 4.1c, available on the Boeing Computer
Se rvice s (BCS) National Ne twort, MAINSTREAM - F.IS. The capabilities of ANSYS

are outlined in Appe ndiz 2.10.1, and de t a il s of the analysis are given in

I Appe adis 2.10.3. ;

i

!

,

>

>
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i

From the above tie-deva loads amelysis, it is apparent that cable direction,

sosinos, and thus loads, will chan ge with verriss sable eagle. Staeo the
flatte element analysis is based entirely om elastic material proporties, ele-

{
ana t stresses saa be varied la direct proportion to the shanging esble load.

For smalysis purposes, a 500,000 lb. esble load was applied to the las eye.
Adjusted stress levels for the varying emble loads are salestated in Appendis j

2.10.3 and sumas rised la Table 2.5.2-1. Ross1 ting stresa 'llarsias of Saf e ty |
are also given la Table 2.5.2-1.

|
;

Each tio-dova 133 is made of 2.5 inch thick ASTN A-517 steel plate velded to [
.

the cask otter skin. The las is designed sad positioned so that the t ie-d orm !

cable lies in the plane of lag, and there are no tristing moments induced in ;

the 1 33 The fisit e eleme nt smalysis result s for the 133 are outlined la !

Appe ndia 2.10.3 and summarized in Table 2.5.2-1. |

To check lug shear yield capacity, the conven tional 40' shea r-ont egnation was ;

| stilized:

i i

P,7 = F,70t[ed - (d/2)cos 40 ) {
0

; There: F,7 = (.6 )(99,240 p si) = $ 9,5 46 p si
i

Thire 99,240 psi is the yield strength of the tiedern lag as t e ri al at the ;

nr..rssi opera ting t empera ture of 114 F (refer to Table 2.3-1) |
0

= 2.5 in.
| '

ed = 3.0 in.
.' d = 2.2 5 in. i

,

0
The n: P ,7 = (59,546)(2)(2.5)[(3.0) - (2.25/2)cos 40 ]

!= 636,610 lb.

,

|
|

2-82

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



x.

'..y . |'

"4 ,.
.

' i

,JL Ilarme 10/148 3 , Bevo 9 ysty test j
.

,

.p,

;;

! J .! TmLE 2.5.2.-1-

I -

t

!W, . ) , Tie-Dava Ls4 Anolysis Stress Levels and Martins of Safety
|f~ r ;

i

j . ,' tl' 6

i
ir

|
Strsetsrel Camposest Tie-Down Cable Aa81e i

I

h .!
18' 14' ;

f

iNamiens Oster Skla Stress 36,276 poi 34.533 po!
;

Margia of Safety +0.03 +0.08 ;

i
<' i [

No isms Tie-Down Les Sta ss: 89,777 psi 81,398 psi i

Norgia of Safety *0.11 +0.2 2 I
!

:

Nazians Tie-Dora Lug Weld Shear Stress 17.12 5 p s i 17,370 psi
Narsim of $sf e ty +0. 31 +0.2 9 |

t
!

h

r

b

i
i

l

t
r

,

s

.

i*

. t

>

b

F

i

a
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l

! .thear yield margin of safety ist j

f (
,

iN. S. = (63 6,610/5 45,8 5 0) - 1 = +0.17

For shackle pia bearing stress, seanne sable load is evenir distribsted arosed ;

ese-hal f of tas log-eye diene ter. ne easimum sable lead them besones '

F, = (99.240 p ai) (2.2 5 te.) (P .5 0 in) ;

= $$8,225 lb.
:

non M. S. - ($$ 8,225/54 5,85 0) - 1 = +0.02

|

no cable load coasists of both radial and t ange ntial (to the cask trall)
!costonent s. introdrcing both a bending moment and a shear load into the oster

shell thronsh the iss-to-shell weld. no weld stresses in the a cg -t o- sh ell

veld are thus composed of pure shear and tension /compres sion due to the
'

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

With the tie-down cable acting in the plano of the 1sg. and assains weld load
component s parallel t o the lug t an ge nt line, the ing teld stres s component s !.

can be de t e rmined. Result s ars given ir Appe ndiz 2.10.3 and sama riz e d in
Table 2.5.2-1,

5-

To e nsur e t ha t exce s sive cable loads will not r e sul t in damage to the cask, ;

the lug ultia". ahear-out capacity was evalasted:

0
| P,, = 2F,,t [ed - (d/2)cos 40 )

.t
i

.

There: F,, = Maximus Shear Strength of Lug Waterial
:( 6)(115,000) = 69,000 p si=

0
P,, = (2)(69.000)(2.5)[3.0 - (2.25/2)cos 40 ]

= 737,680 lb.

F

,
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|
:

Likewise, 31tigste strength of the 1sg volds was shocked for the two estresse i

sable angles, as ahora in Appe ndia 2.10.3. The results indleated that *he j,

oomtrolling fallare load 3o314 be las ahear-est at 737,600 lb. Applying Als !

f| load at the easiana cable angle of it' (verst eass lead sendition) and
f directly ratioing menissa stress' obtained free the fialt e elsee st analysis

yields a cask outer shell stress of t
.

Paholl = (737,630/$00,000)(33,229) = 49,02$ ps!
,

Specified sistmas altimate strength o' the A-$16 Gr. 70 material compr ising !

-

the cask ester shell is 70,000 psi et 114'F. Failste antsin of safety for the [
t

cask is thus: '

,

l

N. S. = 70,000/49,02$ - 1 = +0.4 3 ;

!
I

It can therefore be concluded that the tie-down lug is more than adeg as t e to

| resist the loads specified in 10 CF1t 71 para. 4$(b)(1), and yet not compromise
the structors! integrity of the cask under more estreme loading conditions.

1

I

r

,

9

I

- . .

|'

I

i

.
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2.6 Massal cadli1.am.a AL Isaapa % )'

)
!

The NsPac 10/140MB cask has been desissed sad the contests are so limited (as ]

described la Seetles 1.2.3 above) that the perfersanes rogstrements spesified !
1

in 10 CFR 71.71 will be set when the package is subjoeted to the Normal Coa- j

ditions of Trs,esport specified therois. The ability of the NsPao 10/140MB to
satisf ae+orily withstand the Normal Conditions of Transport has been sesessed i

|as oescribed on the follovias pages. A summary of maalass stresses la the
major cask components crising f rom Notas! Conditions of Transport is presented
in Figste 2.6-1 and Tabl e 2.6-1.

;

I

I 2.6.1 Es.a.t.
.

!
l

!

A detailed thermal analysis can be f ound in Section 3.4 wherein the package
was esposed to a combination of solar heating, 95 watts internal decat heat
and 100 F ambient air. The steady state analysis conservatively assumed a 24- f.0

'

hour day as nazissa solar heat load. The mariana steady state tesperature in

any c ask component was f ound to be 174'F. This temperatste will have no ,

detrimen.a1 ef f ect on the package.

t

2 . t> . 2 f.c.1.1

|~
,

!'

IFor the cold condition, a -40 F steady state ambient temperatste is assumed as0

is no internal hsat generation. This will result in a naif orm temperature

throughout the cask of -40 F. The asterials of constraction for the cask are0
,

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

t o r e i s nr. t a c on c e r n , a t d i s c u s s e d in S e c t i on 2.1.2.2.1. -

|
The only concern identified sith the cold condition is with shrir.kage of the
lead onto the inner shell of the outer cask. As shown by the following

c a l en i s t ions , a hoop s t r e s s of -2,914 psi and an ax ia l s t r e s s of -2,820 psi

c a n d e v e l o p it. the inmo r shell when cooled to -40 F. This case is independent0

of other lead cases. To check buckling interaction, allevable hoop and asial

stresses sa'. be taken from Table 2.1.2 - 3. Conservatively using allowables for
1

1
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'" FIGURE 2.6-1 ;-

| -
;
1

! !
!

Cash Composeats Affected by Normal Conditions of Transport f'~
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|

a temperature of -10'F (lower temperature allevable stresses will be higher), f
*

a Margin of Saf ety say be celes1sted. The alleva'le stressoa are 18,004 poi !

(hoop) sad 19,106 psi (asial). The Warsia of Safety against backlins la i

therefore
i

N.S. = 1/[(2,914/18,004) + (2,820/19,106)) - 2 = +2.23 j

i

?

It ces thss be seem that the -40'F ainissa tosperatste requirement will have ,

!

so adverse effect on the cask. !

!

Bovever, e -20'F case anst be considered as a possible initial condition for
6,

other lead c as e s per 10 CFR 71.71(b). 7%e hoop stress will be approsisately 1

-2,462 psi and the asial s t re s s appros ima t e ly -2,70$ psi a t -20'F. These j

stresses are determined by conservatively neglecting lead creep ef f ects.
!
i

Fabrientinn Streamma b n M Eggt: f

Assume a unifers steel and le ad t espe ra ture of 620'F. The s t atic he ad (pr es- j

sure) due to a coltam of le ad is sir. ply: ,

i
,

i

p * Ph f
I

! !
'

| Vhere:

p = 0.3ff Ib/in (lignid lead) f
3

!

h = 77.5 + 10.0 = B7.5 in (10.0 inches for overflow pipe)
r

!

71en, j
-

'
.

| p = (0.366)(87.5) 33.78 psi=

1.
|

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

cask inner shell are catracted f rom Section 2.3, are:
f
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To.,...t.r. . .

(10*6 , / i, f c y)M f100mma) i &

70 28.3 8.46 0.3
,

,

100 28s1 8.S$ 0.3 |

200 27.6 8.79 0.3

300 27.0 9.00 0.3 ;

400 26.5 9.19 0.3 |

$00 25.8 9.37 0.3 {

600 25.3 9.53 0.3

620 25.2 9.56 0.3 )
i

The physic al prope rtie s f ASTM A-516 Grade 10, and, e l t erna tiv ely, A-531
Cass: 1, carbon steel used for the cask t, ster shell are:

1

Temperature E a 1

10 J, (106,,1) gio-6 1,y oy) j
E

|
70 29.5 5.42 0.3 1

100 29.3 $.53 0.3 |
200 28.8 5.89 0.3 ]

300 28.3 6.26 0.3 '|
1

400 27.7 6.61 0.3 !

500 27.3 6.91 0.3

600 26.7 7.17 0.3 ,

t

620 26.5 7.22 0.3
r
1

i

The physical properties of lead (copperized) a*e also taken from Section 2.3.
E

as follows: c
. .

7
,

p

|,

,

P

:
|

i
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I
Temperature E a

.

(1o-6 ,f4 foy)g (io6,,13 i

10 .$ 34 16.07 0.45

100 2.30 16.22 0.45

200 2.17 16.70 0.45

300 2.00 31.33 0.45

400 1.82 18.14 0.45

500 1.61 19.12 0.45

600 1.40 20.17 0.45

620 1.36 20.38 0.45

There

E = foung's (Elastic) Modnins

a = coeff!cient of therasi esponsion (mean from 70'T)

p = Poisson's Ratio

At 70'T. the steel s'. ell geozetry is as follows:

Geometry Inner Shell Oster Shell

70 r) (sei fin)0(at

Inside Diameter. D 66.00 72.00
i

Outside Diameter, D, 67.50 74.50

Shell Thickness, t 0.1f 1.25

Mean Shell Rediss. R 33.375 $6.625

..

At 620 T. without 1<ed the shells will grow as follows:0

R' = R(1 * cat)

t' = t(1 + CAT)
AT = 620 - 70 = $$00 T

o, = 9.56(20)-6 ggfg,for (304 Stainless Steel)
e, = 1.22t10)-6 g,jg,fer (A-516 or A-537 Carben Steel)

.

i
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heat i

R ' = 33.378(1 + 9.?6(10)~'($$0)) = 33.550$ is f
"

g,

t g ' = 0.78(1 + 9.56(10)*'($$0)) = C .7539 la
R,' = 36.625(1 + 7.21(10)~'($$0)) = 36.7701 la ,

t,' = 1.25t1 + 7.2.2(20)''($$0)) = 1.25$0 in f.
!

When filled with molten ledde the ins er and oster shella of the ester eask |
t

will be subjected to the 33.78 psi pressure head. This will decrease the j
radius of the inner shell and increase the radise of outer shell. Utillu sg !

Roark, Raymond J., and Young, Terren C., Faramina M Etraan g Et en to $th

ed. (Reference 2.11.11), Tabl e 2 9, Ca s e ab, the chasse in radius for each |
shell is: !

i
IA R ' = g(n ')2/Et g'g g

6= (-3 3.7 8 )( 3 3.$ $ 0$ g 2 /25.2(10 )(0.7539) -0.002 0 in.

AR,' = g(R,')2 jy ,

p

= ( 33.7 8)( 3 6.7 701)2/ 2 6.5(10) 6(1.2 5 $ 0) = 0.0014 13.

,

In stamary, the initial condition of the steel shells just befoes lead solidi- [
fication at 6 2 0CT, (R' + AR' 3 t '/ 2) i s : ;

.

Inner Radius Outer Radius
St 11 fic) (it) i

Inner 33.1716 33.925 $ ,

Outer 36.1440 37.3990 k

Lead erperiences a decrease in volume of approximately 3.85% spon soliditice- !
.

tion. As the lead solidifies, it vill sbrink and liquid lead f ro a above will
*

fill in between t'.3 solidif>ing lead and the outer cask inner and outer *

shells, thus maintalcing a 33.78 psi pressure on the she114. Eventually, the
ic11 annular regior between the shells will be filled with leed, subjected to

!a loading as illustrated below:

.

I

2-92 ,
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.

; t = 1.0 in.
(arbitrary)

,

i 33.78 psi
x.t. the 43.7 ,si

JJJJJ4JJ o
pressure setss11y only

* 3. 7 8 P s i ""*" '*"" 3 3. 78 p a i>
esists at the base of the

}}}iiiTi' ' lead e01sma and will
M.M psi linearly decrease toward theR %gg

1

| top of the coltan.
'

I et
|
|

|
,

|

Under this loading, R3 3 = 3 3.92 5 5 i nc h e s a nd R,3 = 3 6.14 4 0 incha s, the outer
radins of t.he inner shell and inner redins of the outer shell, respectively.

I Geometry of the unloaded lead shell is determined as follows:
|

|

| R,3 = a + As
| R33 = b + Ab

4

''
aa outer radins

b = inner radins

Solve f or a and b by superimposing Cases 1b and Id, Table 32, of the Ref erence
above with q = 33.78 psi:

2-b) gala S(1 - 2p) + b2(1 + p))/ E(a * - bE)Aa = qab2(2 p)/E(a S

= F,3 - a

:-93
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'

2 2 2 - b ) , ,g,2(2 p)/E(s2.g32 2
| Ab = gbla (1 + y) + b (1 - 2p))/E(a

=agg-b

Simplifyin8 the two egsstions yields: '

[1]. Aa = -ga(1-2p)/E
,

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

;

?
l

For g(1-2p)/E = (33.7 8)(1-2(.4 5))/2.36(10)6 = 2.4 84(10)"',
|
|

(1) (1-2.4 84(10)-6) = R,3

(2) (1-2.4 84(10)~0)b = R g3

nere:
E = 1.36(20)6 p,g
p = 0.45

R,3 = 36.1440 in
Rg3 = 33.9255 in

TE. solving f or a and b;

|
| a = 3 6.14 4 0 9 i n.

b = 33.92558 in.

At this pos:41, the hoop stress in the inner sad outer steel shells of the'

,

"

outer cask is:

1
'

Rog = F g/t g
= (-3 3.7 8)(( 3 3.92 5 5 + 3 3.1716)/ 2 )/ (3 3.92 5 5 - 3 3.1716 ) = -1.5 03 p s i

e, a pR,/t,
= (3 3.7 8)[(3 7.3 9 9 + 3 6.14 4)/ 2)/(J 7.3 9 9 - 3 6.14 4) = 9 0 0 p s i

2-94
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t

Again, stilitias Table 32 Cases ab and 14, of Ref eresse 2.11.11, the stress |
>.

in the lead shell, og = estal, e2 = hoop, og a radial, spos solidification. {
may be determined'as: [

;

!

e g = e 2 "' ' 8 * -3 3.7 8 p s i

!
Detetulae the temperature at which lead will separate from the ester shell, !

t

T,,p. Separation initiates when the lead oster redise, R,g, and outer stool |
shell immer radise, R,,, become egual. The sarestrained state of each of the ;

above shells, et 620 F, is: )0

i

R,, = R,' - t,'/ 2 = 3 6.14 2 6 in |

R,3 = a = 3 6.14 4 0 9 in j

!
8At 70 F, the lead otter radius, R, is such that R + Ra AT = 36.14409 inches at -

0620 F. Then, solving for R:
,

R = 3 6.14 409/(1 + aAT)
6= 3 6.14 409 / (1 + 2 0.3 8(2 0T ($ 5 0)) = 3 5.7 4 3 4 in

.

!
At 70 F the out er stee t shell innst radius is 36.0 inches. At the t empera- {

0

tore of separation, T,,p. the f ollowing relationship is true: !

!

3 5.7 4 3 4(1 + o g AT) = 3 6.0(1 * o, AT)
'
+

A solution for T ,p is achieved by trist and error. At approximately 6000F: !

( L

i

j ; AT = 600 - 70 = $300 F t
1

| o g = 2 0.17(10)-6 g,fg,jep ;
*

'

o,=7.nnor6 in/in/Or
,

and:

3 6.12 5 5 < 3 6.13 6 8
,

;

0At '00 F. lead shell outer redits bas decreased to less than the enter shell
0 0inner radius. e .g . , separation has taken place between 620 F sad 600 F.

|
|

2-9!
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|.

At $3 0'F, AR * R,, - R,3 = -0.00146 3 is. |
;

At 600'F, AR = R,, - R,3 = 0.01610 is. {
,

1.inearly interpolatin8 for the temperature at A!t = 0:

:

(6 20 - T,,,)/(6 2 0 - 600) = (-0.001465 -0)/(-0.00146 3 - 0.01610)
.

Ort [
f

T, ,, = 618.3'F |
1

f

That is, lesd separation f rom the outer shell consences almost immed ia t ely [
!

when cool-down begins. J
:
;
,

At 618.3 F, check press fit of the lead onto the inner steel shell. At 70'F, |
0

1ead inner radius, R, is such that R + R a AT = 33.92558 inches at 620'F.

hen, solving for R:

i
i

R = 33.9255 8/(J + CAT) *

i = 3 3.92 5 5 8 / [1 + 20.3 8(2 0)-6($ 50)) = 3 3.550 in !

l t

!

70 F, the steel inner shell outer. radius is 33.75 inche s. At 618.30F, the [0At
Iinterference is calen1sted as:
;

. t

6 = -3 3.5 50(1 + 2 0.3 62(2 0)-6(3 4 g,3 3 3) . 3 3,7 3 g 3 ;

+ 9.5 6 (10)-6 ( 5 4 8.3 3) ) 5
i = +0.002 82 9 in I,

*'

[.

t

Utilising the press fit egnation (2-67) from Chigley, Jo seph E., Meetamical
,

E..le.. rte. Desi.e- 4t h Ed. (Re f e r enc e 2.11.9), for the interface pressure, p, ,

! I
I at a t empera ture of 618.3'F, the interference is:

f

6 = b r(l(c2*b 2)/(c2-b 2)) + p3)/E [| i 3 3 3

+ b,pil(b,2 ,2)/(b,2 - a 2)) ,p,)fg {g

1 ;
,

|*

|
'

2-90
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", |
Where, f rom previous celestattomal techsigness

|
,

..
;

i

a = inner radies of inner steel shell = 33.1729 is j
b, = ester radios of inner steel shell = 33.9268 is !;

b3 = inner rediss of lead shell u 33.92542 in j

e = outer radies of lead shell = 36.14392 la ;

E, = 25.2(10)' psi |

p, = 0.3 i

3 = 1.36(10)0 psiE

pg = 0.45 i
'

>

Thus,

| 6 = p!4.04545(20)*4 + 5.94949(10)~3) = 0.002829 in [
' p = 47.6 psi interface pressure *

!

Using thick-walled pressor- ssel theory, the inner shell hoop stress ist

t
|

o, = -pl(b,2 . ,2)/(b,2 - a )) j2

= ~2,116 psi i

.

.i

Likewise, the lead shell hoop stress ist '

og = pl(c2*bg )jg,2 p}2))2
,

= 752 psi

i

0Note that at 325 F, the proportional limit of the lead is 189 psi, or with an j

of f set of 0.2% strain, yield is $11 psi which indicates the lead will yield

runder such a pressure. To inlly accommodate the 0.002829 inch int e rf o r er.c e,-

, ,
'

the lead would be required to see a strein of 0.002 82 9/33.92 5 42 = 0.000093 !

in/in, or 0.0083%. Utillaing Figure 2.3-1 f rom Section 2.3, the corresponding

lead s t ress f or a s train of 0.0083% vould be approzinately 270 psi. The i

interface pressors voeld then ben

p = o;![(c2b 2)/(cI-b 2))3 3

p = 17.1 psi interface pressure

2-97
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L . we., .o.1 t o 7 0*r . s a r i . . t h. s i . 1 .a 1. w .h.1 1, . t r . . . -f, . 4 5 .-
!,

.[ siens from the smalys.s perfortes abov.. The 8.oe.try and properties are, at |
*

1

10'F, a s f.1 *, o.s
}
!

l''
' a = 33.00 is ):

s i

b, = 33.75 in f,,
i'

b3a 33.330 in!
,

;

e = 33.7434 in '

E, = 28.3(10)6 ,,g j

p, = 0.3 |
3 = 2.34(10)0 psi |E

,

pg = 0.45 |
t

i

ana:

6 = b, - bi = 0.200 in
?

|

Utilising the same press-fit egnation as above, the interf ace pressure is .[
t
,

6 = b p(!(c2+b3 )f(,2 - b3 )) + pg)/E32 2
f3

+ b,p(!(b,2 , ,2)/(b,2 - a )) . Es)/E, I2

i

6 = ( 2. 8 5 8 7 ( 10)~ 4 ] p
i

i

Then: !

0.2 00/2.85 67(10)~4 = 700 psi interface pressurep=
,

?

his corresponds to a lead shell hoop stress of
|

2 iog = p!(c2+b g )jg,2 - b;2))'

11.090 psi=

|
'

!,

^ which, obytously, cannot be sustained.

| }

| To inlay accommodate the 0.200 inct in t erf erence, the lead veuld be r equi r ed

L to see a stra Ar of 0.2 00 / 3 3.5 5 = 0.005 96 i n / i r. , o r 0.6 01 Es trapolating l ead

s tres s-st rain d a t a f rom Sec tion 2.3, a hoop s t re s s of approniza tely 725 psi

2-38;
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will exist in the lead for this strain. The ef f ective interf ace proseste }

venid bei j*

;

2 23 )f(,2 - bg ))p = eg/[(c2+b
'

= 45.8$ poi interf ace pressure j

i
.

(NOTE: 6 of inner shell f or -45.85 psi = 2.43(10)-$(-45.85) = -0.0011 inches, |.

.hi.h.anse.onserv.ts,.17..1.et.d.) j
i
e

The hoop stress it the inner steel shell at 70'F wesid bei
i

e , = pl(b,2 + e )/(b,2 . ,2))2
,

-2,041 pa d ;u

0Nest, consides cooling to -20 F (-90 AT) f or the worst hoop stress on the |
inner steel shell during all hypothetical accident drop events. The steel and
lead properties may be estrapolated from Table 2.3-1 as: ;

o , = 8.21( 2 0)-6 g,fg,foy
E, = 29.0(10)6 p,g
og = 15.7(10)-6 g,fg,for

g = 2.4 3(10)6 p,3E

The steel and lead shell initial shell conditions are deterzined as:
i

a = (33.00)(1 + 8.21(10)-6(-90)) = 32.9756 in [

b, = (33.7$)(1 * 8.21(10)-6(-90)) = 33.7251 in ,

g = (33.$50)(1 + 15.7(10)-6(-90)] = 33.$026 in
'

b*

e = (35.7434)(1 + 15.7(10)~''(-90)) = 35.6929 in
and,

,
6 = b, - bg = 0.2225 in

|

To fully accommodate the 0.2225 inch laterf erence, the l e ad venid be r equi red
to see a strain of 0.22 25 / 33.5 026 = 0.0064 in/in, or 0.6*l. tztrapolating

f rom d a t a giv en in Sec tion 2.3, a boop s t re s s of approniza t e ly 875 psi vill
,

2-99 >
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esist la the lead for this strais. The ef fective interf ace prosesre vos14 be
,

p = eg/((c2+bg )f(,2 - bg ))2 2

= $$.3 poi interf ace pressste

The hoop stress is the inner steel the11 at -20*F, senservatively seslooting
the besoficial ef fects of lead creep, vos14 bei

e, a p((b,2 , ,2)/(b,2 . ,2)) f

= -2,462 psi .

i

Finally, consider cooling to ~40'F (-110 AT) for the worst hoop stress on the
inner steel shell. The steel and lead properties, estropolated from Table '

!

2.3-1, are:
1

;

!

e, = 8.15(20)-6 g,fg,for
E, = 2 9.0(10)0 psi
og = 15.6(10)~0 in/in/'F [

g = 2.43(10)6 p,gE

The steel and lead shell initial shell conditions are determined ass j

(33.00)[1 + 8.15(20)-6(-110)) = 32.9704 ina=

b, = ( 3 3.75 )(1 + 6.15(10)-6(-110)) = 3 3.7197 in !

3 = (33.$50)[1 + 15.6(10)-6(-110)] = 33.4724 in ib

c = (35.7434)(1 + 15.6(10)-6(-110)) = 35.6821 in ;

|*
i

(. and:
, ,.

6 = b, - bg = 0.227 in j

To fully accommodate the 0.127 inch int e rf e rence, the lead would be required'

( to see a st rain of 0.2 2 7 / 3 3.4 92 4 = 0.006 7 9 in / in, o r 0.6 8%. Estrapolating
'

| f rom the data given in Section 2.3, a hoop stresa of appronizately 1.035 psi
'

vil3 exist in the le ad f or this s t rain. The ef f ective interf ace pressure

sould te:

2-100
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2)g )fg,2 - b2p = eg/[(e2+b 3g,

= 65.5 poi interface pressste |
'

i

The hoop stress in the inner steel shell et -40'F, eosservatively negleettag j

the beneficist effects of lead creep, vos1d bei

V, a p((b,2 , ,2)/(b,2 . ,2))
= -2,915 psi I

.

h e preceding celes1stions dost only with the cales1stion of hoop stresses.
Assal stress will also develop in the laser steel and lead shelle due to antal
shrinkage of the l e ad. In cooling to -20*F, salal strain in the lead,

,

assuming bonding of the lead to the inner steel shell, ist 3

l

^

s , = ((o g - e,) AT) 620 + ((a g - a,) AT)-20
= ( (2 0.3 8 - 9.3 6 )(10)'0 ( 6 2 0 - 7 0)) - [ (15.7 - 8.21)(10)'0 (-2 0 - 7 0))
= 0.006 63 = 0.6 63% strain (tensile) |

:

Estrapolating from the dets in Section 2.3, en asial stress of approximately |
990 psi vill esis t in the lead f or this strain. The ef f ective f orce in the ;

'
lead shell vonld be:

P. = pA3
990n[(36.6929)2 - (33.1251)2] = 424,854 lbs

t

'
From equi 11 brine, this snee force can develop in the inner steel shell. Thu s , ,

the compressive axial stress in the inne steel shell at -200F is:
I

.

f o, = P/Ag
'

;-

- -42 4,8 5 4 /n(( 3 3.7 2 51)2 - (3 2.97 56)2) = -2,705 p s t
J
I

| This is e censervative estiaste in that it assumes the ends of the outer cask t

inner shell are free and that no load develops in the outer shell.

In cooling to -40 F, saisi strs.in in the lead, assnains bonding of the lead to0

the inner steel shell, is:

,

t

2-101
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;
,

,

s , = ((s 3 - s,)AT] 620 + l(*1 ~ * )AT]_4n i
. ,

= [(20.3 8 - 9.56)(10)-6(620 - 70)) + [(15.6 - 8.15)(10)~0(-40 - 70)) !
r
'

= 0.006 7 7 = 0.6 7 4 strain '(tensile)
'

.

3
| Estrapolating from the data la Section 2.3, an axialm stress of approsiutely

1,035 psi will exist la the lead for this strain. The ef fective force la the -

lead shell venid bei

i
^

'

| P,* pag
= 1,035n[(35.6820)2 . (33,7397)2]'= 442,820 lbs

,

..

'

From equilibrium, this same force can develop in the inner steel shell. Thus,
'

0
i

the compressive asial st:sss in the inner steel shell at -40 F is:
t

|
''

| V, = P/ Ag
= -442,820/n[(33.7197)2 - (32.9704)2) = -2,820 p:1

Assin, this calenistion conservatively c. semed that the ends of the outer cask
.

inner shell are f ree and that no lord develops in the outer shell.

l-
<

2.6.3 Redneed External pramance

'
t

|- F r oen Section 3.4.4, the nazimum normal operating pressure of the NnPac ,

10/140MB is 6.8 psis, assuming the cask was loaded at standard atmospheric
pres su re (14.7 pa ia). An external pressure of 3.5 psia wf 11 result in an
additional cask internal pressure differential of 11.2 psig. Tetal maximum*

,
,

,

differential pressure acting internally on the cask is thus 11.2 + 6.8 = 18.0
psig, which will be reacted by the lid and its associated closures, comprised
of eight 2.5 inch dinnet s r bol t s f or the primary lid and sixteen 1.25 inch
diameter bolts for the secondary lid. [

1;

Stresses induced in the cylindrical portion of the cash are conservatively'

|
estimated by assuming the pressure differential is totally torne by the 0.75

l. in. thick annre shell w 'n t backing by the lead shie) ding. The hoop,

|
*

t.

2-102
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.

longitudins! and radial stresses are:.. ,

f .= PR/T = (18.0)(33.375/0.75) = 801 psi
h

- (g = PR/2T = (18.0)(33.375/0.75)(1/2) = 401 pai
f, = -P = -18.0 pai

Since these are the principle stresses, the stress intensity may be calculated*

by subtracting.the minissa value from the matinum
_

g

S.I. = th~I r,

= 801 - (-18.0) = 819.0 psi
4

, .

The allowable membrane stress intensity for containment structures at Normal
[
- . Conditions of Transport i s S, (Tabl e 2.1.2-1, it em r e f e r e nc e numbe r 1( A)).

From Table 2.5-1, ' the value of S, f or the 304 stainless steel inner shell atp
0it s espected assimum operating temperature of 128 F is 20,000 psi. The Margin

of Safety is:

M.S. - 20,000 / 819.0 - 1 = + La r g e

Pressure across the lids is carried in plate bending by the 6.00 in (average)
- thick steel platss top and bottom. For the bottom lid of the bottom-loading

-

configuration assume a einular plate, uniformly loaded and with edges simply
supported. The maximum stress can be calculated as follows (ref er to Roark,

g f orm"M hu:. S t r a a t d Strain- 4 t h e d . , R e f e r e n c e 2.11.11. Ta b l e 2 4 Case

number 10s). Conservatively assuming a uniform pressure distribution over the
entire circular plate, the maximum bending moment (at the center of the plate)

N may be expressed as:
,

,- , , . .

M, = q a0(3+p)/16

'

There:

q = l'r es sure loading = 18.0 psig
,

Lid rodius = 38.0 in-

'oisson's ratio = 0.3*

.

-



- - - - _ _ _ . . .-

MnPoo 10/14055, Rev. O Jaly 1989"

,

N, =.(18.0)(38.0)2(3 + 0.8)/16 = 5,361 in-14/in

The bending stress at this location may then be derived as:
_

-

og = 6M,/t2 - (6)(5,361)/(6.0)2
893 psi.

For purposes of verifying the above hand colonistion, a finito element
analysis was performed on the bottom lid ander an assumed 10 psig internal

- pressure loading. The ANSYS finite element program, discussed in Appendia
2.10.2, was utilized for this analysis. The model ased is discussed in

_

Se c t i on 2.10.7.1 o f Append ia 2.10.7, and is shown in Figu r e 2.10.7-5. The

f mozimum surf ace (membrane plus bending) stress intensity was found to be 1,045

L psi on the lid ' skirt' (overhanging the cask outer well), at the primary bolt
attachment point. The maximum centroidal (membrane) stress intensity was 756

] psi, ac.ing at ths same location as the nazimum bending stress. Since the
analysis,was linear, maximum stresses arising from the actual maximum presstro,

of 18.0 psis may be found by d'irectly ratioing derived stresses by a f actor of
18.0/10.0. At the actual maximum pressure of 13.0 psis, these stresses becomer

1,881 psi (surf ac e) and 1,721 psi (controidg1). A (18.0/10.0)(479) = 862 psi
bending stress was f ound on the inside surf ace at the center of the lid, and
compares very well with the hand-calculated result of 893 psi given above.

Due tv the comples geometry of the cask top lid assembly, a finite element
analysis was also performed to determine stresses arising from internal
pressure loading on this struc tural member. The model used is discussed in

.

S e c t i o n 2.10.7.1 of Append is 2.10.7, and is shown in Figure 2.10.7-13. An
.

intensi pressure of 10 psig was applied to the inner surface of the top l id ,
with a resulting aszimum surf ace (membrane plus bending) stress intensity of*

3,7 90 ps i. This stress int ensity was located on the outer surf ace of the
secondary 1 d. near the secondary bolt circle diameter. A maximum centroidal
(membrane) stress intensity of 1.194 psi 'ess developed near the same location,
at the midpoint of the secondary lid section. The actual surface stress
intensity for 164 psit laternal pressure is 6,822 psi, and the actual
centreidal stress sensity is 2,14 9 p s i .

2-104
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The maximum allowable membrane stress intensity, f rom Table 2.1.2-1, item ;

ref erence assber 1(A), i s S,. For the lowest-strength material suitable for {
..

lid c ons t ruc tion, according to Table 2.3-1. S, is 20,000 psi (at the 11d's j

maximsa normal operating temperature of 133'F). The manians controidal
stress, 2,149 psi, from the top lid finito element analysis, yields a Mar 81a
of Safety of:

M.S. - 20,000/2,149 - 1 = 4 8.31 i

The maximum allowable membrane pins . bending stress intensity, f rom Table
2.1.0 - 1, it es r ef e renc e numbe r 2( A), is 1.5S,, or (*. 5)(20,000) = 30,000 psi.

,

From the top lid finite element analysis, the maximum surf ace stress in t en si ty
of 6,822 psi yields Margin of Safety of t

i

,

M.S. = 30,000/6,822 - = + 3.40

'It is thus demonstrated that both the top and bottom lids for the 10/140MB .
cask easily meet the reduced external pressure requirement. Since the fixed-

bottom cask configuration has an essentially clamped-edge bottom piste, it may
be assumed that the more flexible bottom-loading version vill present the |

I' worst caso.
!
1

Loads on the primary lid attschment bolts may be approximated as:
{ ?

8
|

iP, = Ap/N
|
|

There: A = Ares that the internal pressure acts on = nD /4 f
2

D = Maximum 0-ring seal diameter = 69.0 in-

.

p = Maximum internal pressure = 18.0 psi'

N = Number of primary lid bolts = 8
,

|-

| For the worst case loading:
a

,.

!

P, = [ n( 6 9.0)2/ 4 )(18.0) / 8
= 8,413 lbs. |

!
|- |
1 !
1 l
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Similiarly for the secondry lid bolts, the load ist'

.

P, = (m(32.0)2/ 4)(18.0)/16
905 lbs.=

l' Since both the bolt loads are well below the assimum bolt proload value of

17,350 lb and 15,500 lb, respectively (ref er to Section 2.1.2.2.2), it voeld
seem that bolt loads under the Reduced External Pressure requirement are

inconsegmential. Bovover, inspection of the finito element results diseassed
above reveals that the simple approach to bolt loads used here is non-

.,

conseraative.

The primary lid top and bottom bolt loads are indeed reduced to values below
preload. For the top lid, the load decreases from the preload vaine of 16,774
lb/ bolt t o 14,152 lb/bol t, and the bottom lid bolt load is reduced from 16,*/50 ;

lb/ bolt to 13,883 lb/ bolt, for an assumed internal pressure of 10.0 psis. It

can be seen that tha sp.zimum residual primar) bolt load will be that of the
top lid bol ts. The load on these bolts decreases under internal press tre a

14,15 2) /10.0 = 262.2 lb/ps i. It can beloading an average of (16,774 -

h espected then, that the maximum possible residual load on a primary lid bolt,
assuming an initial preload to the anzimum value of 17,350 lb/ bolt, would be: ;

I

12,630 lb/ bolt Ipbelt = 17,350 - (18)(262..".) =

sl

under 18.0 psig f or the Reduced External Pressure case. I

e j
' 1

)
The secondary lid bolt load, on the other hand, actually increases, f rom the ,

l

applied preload value of 14,736 lb/ bolt to 15,3 80 lb/bol t, f o r 10.0 p s i g 1

(. intsrnal pressure. This represents a bolt load increase of (15.380* -
*

| 14,756)/20.0 = 62.4 lb per psi of spilled internal pressure. If the secondary

1

L
bol ts were tightened up to their maximum preload of 15,500 lb, it can be
espected that the bolt load esiculated in the finite element analysis would
increase to:

I

'

P = 15,500 + (18)(62.4) = 16,623 lb/ bolt
bolt

u
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L for sa internal pressure of 18.0 pais. This vnuld in tars indsee a secondary
!

! bolt tensile stress of t'

I.

i

$ ol t = 16,623 / 0.96 9 = 17 .15 5 p s i ;
b

L -

The mechanism behind this usespected result besones clear spon laspection of''

the exagerated lid deflection plot shown in Figure 2.10.7-19 of Appsadiz
3.10.7. While this plot is for an end drop load with eazissa payload
distribated over the inner surf ace of the lid, the interas! pressare loading.i

will prodare the game gemoral ef f ect. As can be seen f rom the plot, the |

deformation of the primary lid acts to impart a prying action on the secondary

lid. The est result is an increased pressure on the secondary Envir>Sesi ta
.

h plate, reactad by an increased secondary bolt load.
,

1' l
:\

| The allowable stress of the bolting material, f r om Ta b l e 2.1.2-1. iten
'

|

reference nomber 6(A), is 2S . From Table 2.3-1 S for this material at the. i
i

nazisam a n t i c ip s't e d operating temperature of 1330F is 34,360 ; si. The |
l

,

68,720 psi.a l l ow abl e ' 's t r e s s is then (2)(34,360) =
j,
L

,

The nazinum priesty lid bolt stress will De conservatively taken as the
easiana pre load' v alue of 17,3 50/ 4.0 = 4.340 ps i. The resniting Margin of

|

Safety of primary bolts is: 1
l

'
.I

l 4
.

M.S. = 68,120/4,250 - 1 = + Large .;

|
|

|. For the secondary bolts, the Margin of Safety is:

M.S. = 68,720/17,155 - 1 = + 3.01
,

0
1

I. Even with the unexpected loading mechanism acting on the secondary bolts, bolt

stresses are still well below allowable vaines for Reduced External Pressure.

I
It can thus be concluded f rom the above analyses that the packaging can safely

react a reduced external pret.sure of 3.5 psia.

2-107
,

|

|

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



. - . _ - .-

,

,:, , ;

p g ;*

map;e 10/14 W , Rev.'0- Jsly 1989 !g

'

2.6.4 Imaramand Entarmal Penanmen
,

:c !

'Conservatively asssaias the cask is loaded at the previously evaluated minimam
atmospheric pressure of 3.5 psia, and increase of esternal pressure to 20 {
psia . will result in a cask minimum .aternal pressure of -16.5 psig. The
absolute magnitsee of this pressure is less than for Section 2.6.3 above, so t

,
cask lid margias of safety for this condition will.' be even larger than those

' L

calculated above.

For t.dditional conservatism, assans that the negative prassure differential is'

applied directly to the inner shell, and utilising the ressics of the previous
section, the restiting compressive hoop and asial stresses are:

|-

th = (-16.5/18.0)(801) = -734.3 psi

f3 = (-16.5/38.0)(401) = -367.1 psi
:

These are very such less than the same compressive stress components cal-i

0culated in Section 2.6.2 above for a -401' temperatur e. Therefore,.no exces-
,

sive compressive stresses will be applied to the critical inner shell under
increased external pressure.

,

1

|
| i
| 2.6.5- Vibration

1 ,

1

The effects of vibrations normally incident to transport are of lihited

consequence to the 10/140MB Package. This conclusion is reached bss ed on a
relatively simple comparison of worst case truck transport vibratory

,
,

accelerations with the tiedown accelerations addressed in Sec tion 2.5.2 (10, 5

and 2 s's). As established herein, vibratory loadings are significantly less
than the 10, 5 and 2 g tiedown loadings previously addressed. Since stresses

due so the .elatively large tiedown loads es e required to remain les s than
yie? .tul'ing f rom normal vibration will be consid.rebly less than
yi- it 2.5 .<. 1 tant stress levels are also readily shown to remain below

t' e m; ea cs fcr the applicable materials of c on s t ru c t i on. Details'

a provd .e , the f ollowing subsections. l

.
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2.6.5.1 Te==== net V4hemene, Acentarnean=a q
l

1

l

Draf t ANSI $taadard N14.23, Ref ereace 2.11.20, Baalan Basia. Las. laa1aimaaa As. )
k Sinal Aad. YAh'=*4a= AL Raaiaaeei,a Maearia1 Esakassa. EsaatAE. Ahaa. Saa Isa, in

IsaAA,Tr .a. net, provides a basis for estimating peak truck bed vibration |
lapats and package response accelerations. Table 2 of ANSI N14.23 sammarises 'f

' peak vibratory accelerations at the truck trailer bed for heavy loads (over 20'

tons, which applies even for an empty 10/140NB), as follows: '

<i

Igggg,g d Viheatnew Acentaratlama

f
Diemetinn Mannienda

Longitudinal 0.3 g
,

Lateral 0.3 g

Vertical 0.6 3 ;

Since some amplification of these i n p u '. loads can occur, the package
acceleration response can be somewhat greater than presented above. As a ,

conservative estimate of the amplified response of the pacinge, it will be
assumed that the package responds at centinuously cycling accelerations equal
to the greater of twice the above tabulated truck bed vibratory accelerations
or one half of the maximum shock acceleration response of the package. The

1' maximum shock response of the package is readily available as Table 1 of ANSI

N14.2 3. That table provides peak shock accelerations f or the bed of the ;

| truck. Additionally, per the commantary provided within Section 4.2 of ANSI
N14.2 3, these peak accelerations can also be diractly used to estimate the'

',

maximum inertial loading acting on the cask tiedown system. The peak shock i

accelerations are as follows (Note: the vertical down acceleration from Table
| 1 of N14.23 is us ed, a s this acc e l e ra tion t end s to s epa r:t e the packag e f rom

the t ruck bed , thut loading the tiedown systems the 1 trtical ..p acceleration

forces the package into the truck bed and does not load the tiedown system):

2-109
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i
'' M M hemlaratina RA&88&&A. Al. M h
t

DfemetIan Magalinda

V

Longitudtaal 2.3 g

Lateral 1.6 g ,

Vertical 2.0 g ,

r

By using th* greater of one malf of these peak shook accelerations, or twice -

the vibratory acceleration input at the bed of the track. the masiasm cyclic
acceleration raponse of the package used for the analysis herein therefore

L hecomes: ,

|. \ .L

|. h gg Cecile Ramenman Aeenlarattan 31, m Paekana ',
.

t.

Diemetlon Ma s a l tph
1

Longitudinal 1.15 g

j. Lateral 0.8 g
.

- Witical 1.2 8 ,

2.6.5.2 Tranamort Vibratore Strannaa ,

!
,

,

I

l' Under normal vibra tion loading s, the most ignific ant l y s tre s s ed 10/140NB
components will be those componenta which directly react the loads that
develop in the tiedown system. The components to be addressed are therefore

.

,.
the tiedown lug, the welds attaching the tiedown logs to the cast body, and'

\; the cask outer shell itself in the vicinity of the tiedown lugs. Nominal
|

stress levels in t hes e component s are readily det ermined by ra tioing the .

s tres s resul t s a vail able f rom Section 2.5.2. 11ese resultant nominal rtresses
can then be multiplied by appropriate stress concentratioa factors to arrive
at peak stress magnitudes. As the tiedown cables are tension-only components,
the alternating stress to be considered in the fatigue evaluation is simply
one half the peak stress magnitude. The remainder of this subsection develops

'
i
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, c.
I

the alternating stresses to be considered in each component of interest.
1

.

1

2.6.5.2.1 Ma&iana C&hla. Lead.
,

i

|
The easiasm cable load resulting 'f rom the sissitanoons application of the i

package cyclic respcase accelerations of 1.15 g longitudinally, 0.8 g
laterally and 1.2 3 vertically, is readily determined using the methodology *

presented in Sec tion 2.10.3.1 of Appendia 2.10.3. Using that me thodol ogy, the

-resultant c3ble load to be considered for this normal vibration case becomes: ,

I

For an 180 cable angle, FC = 103,305 lb
,

1.-

For a 140 cable angle, PC = 99,354 lb-
.

i

2.6.5.2.2 Maalana Alternatin. Etemma Intan it, Jg Lgg,

The peak stress intensity in the lug will occur in the vicinity of the 2.25
inch diameter hole used to interface with the tiedown hardware, due to stress

concentrations associated with the presence of the hole. To de t ermine this

peak stress intensity. the lug geometry 'is approziasted as follows:

65M ;

/
#

i h

h = 3.0 inches
I /

w - 6.0 inches,
/

w t = 2.5 inches"

p, j.

i d = 2.25 inchesy

! /9 i

/ ' i
'

-

, ; i
e ' / /

/
!thickness = t

2-111
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Joseph-E., Maniara'aml 'lUtilising Fistre A-26-12 os page 842 of' 911g' ley,,
>

"
, ,

.

h; tan a'===,4 == naa 4 = =, 4th Ed. (Ref erenc e 2.14J), the peak s tres s int ensi ty la ]
,

7
-

m - the.133 beeoneas.
,

'

te, a E (e,) = E (F/A) =:37,465 psi ' .v,

g g

:.
.y

1,
0 Theres,

;

;.
It = 3,4 (directly f rom Figure A-20-12 for h/w = 0.5 and

d/w.= 0.375) ;

[' F=PC = 103' 3051b ',,

2A ~ = (w-d)t = 9.375 in ,

..

he maximum alternating stress intensity. .e, is one half of this peak valse, j

ora. t

t -

. .

1. e, = .18,7 3 3 ps i-
'

>

| >

'

2.6.5.2.3 h il. nam Al ta r ant ian steams f a t a n a i t? h Las n Badr. M

L .

!

l' To determine' the peak stress intensity in the lug to body veld, a nominal ;

shear stress in the veld will first be determined.by simply applying ~
.,

appropr.is t e ra tios to the resul t s avaliable f rom Table 2.5.2-1 of Section '

2.5.2. The resultant nominal weld shear stresses therefore become
~

2

(103,305/545,850)17,125 = 3,241 pas for an 18' cable asigle
!

| ';
,

(99,354/525,211)17,370 = 3,286 psi for a 140 cable angle '
'

'
-..

To secount for stress concentrations associated with the bevel /filiet veld, a
v

. f ac tor of 0.7 will be applied to the above nominal weld shear stress es (per'

Tabl e 9-5 on pag e d ' o f R e f e r e n c e 2.11.9 ) . Add i t ion a l l y, t o ob t a i r. stress

intensities, the resultant peak shear stresses must be further increased by an

additional factor of two. The resni tent peak stress intensities in the veld j

'

are therefore:
4 ;

I
,
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17,501; psi for' an 18'. emble ansle
~

,|
.

'|>

, .f;[ 17,744 psi for a 14' cable' angle
y

-, ,

'
The nazissa aJ tornating stress intensity, e , is one half of ths worst case :

peak value of 17.,744 pai (for the 14' nable sagle), or'
;

8,872 psi ;o =g

i

2,$,$,2,4 11tarmatine Eteman Istamaltw h M M M
i
I

4: There ers no stress concentratica f acsors associated with the outer cask shell !
a>

in the vicinity of the ~ tiedown Ing. For this to soon. the peak stress

intenr.ity can be directly obtained by applying appropriate stics to the ;

s tres s int ens ity resul t s a v ail abl e in Tabl e 2.5.2-1. of Section 2.5.2. The

resnitant peak stress intensities in the cask outer shell therefose become:

(10;,305/545,850)36,276 = 6,865 psi for en 180 cable an te
.o

0.(99,354/325,211)34,533 = 6,533 psi for a 14 cable angle.

'!
!

.The maximum alternating stress intensity, c, is one half of the worst case

0peak value of 6,86.5 psi (for the 18 cable engl s), or?

'o, = 3,433 psi
,

l
1

2.6.5.3 Enap r imen s,f. Vitraraev Straansa I,ith ilinwabia LiaJ11.

The allowable af ternating stress intensity limits for the A-517 Ing material.

and the A-516 or A-537 outer shell material are available from Figure I-9.1 )
and Tabl e 1-9.1 of Me f e rence 2.11.3 ( ASME B and PV Code, Sec tion III). From )
tha t 71gure and Tab. e , the following allowable alternating stress intensities
are obtained at 1(10)6 c y, 3 ,,,

20.0N psi f or A-517

2-113
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,

,

12,500 psi for A-516 or A-537
.

As Figure I-9.1 is based on a soor tue of elasticity of 30(10)0 psi, the above a

" "

, allowable limits asst be adjusted to reflect the modsins of elasticity of the
u ,

.' A- 117 133 and A-516 o r A-5 37 c a sk on t er shell- a t their 'aormal opera ting-
- tosperature of 114'F (29.44(10)0 psi and 29.24(10)0 psi respectively). The

| adjusted allowable alturaating stress is. tensity limits 'therefore become [

' 19,625 psi for A-517

12,180 pai for A-516 or A-537
.

1

|- From Subs ec t ions 2.6.5.2.2 through 2.6.5.2.4, the nazimum al t erna ting s t res s
intensity for the A-517 lug is 18,733 psi and the maximum alternating stress

' intensity for the A-516 or A-537 cask oater shell or veld setaching the lug to

the shell is 8,872 ;si. The cortesponding Margins of Safety are therefore sa

..
follows:

l

N.S. = (19,625/18,733) - 1 = +0.05 for A-517

N.S. - (12,180/8,872) - 1 = +0.37 for A-516 or A-537 ,

As indicated, the allowable limits are met end the response of the 10/140MB

Fackage to normal vibrations is fully acceptable.,

|
-

.

! 2.6.5.4 Strammat la & Pelvnrathan. Enam T==*ct ti=itara
l

To estimate the effect of transportation shock and vsbra tion on the supporting.

impact limit er, us e the nazimum vertical up sho.ck value from Table 1 of

l' Referer.ce 2.11.20. This value is 3.6 s 's . Assuming that the cask is
18

l~ supported in transport on the 10 inch high, reduced diameter end section only,
1

j peak stress of the foam due to transportation shock may be derivad by

|: multiplying the peak shock loading by the support area. The area of the

reduced diameter segment of the impact lielter can be determined by taking the
'

area of an equivalent out sid e diameter, c a l c u l a t ed in S e c t i on 2.7.1.1 t s

; 100.34 inches, and subtracting the srea of the 55 inch diameter center

l
.
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.

<

2Area = (n/4)[(100.34)2 - (55.0)2] = 5,532 ia
;

E' The cask gross weight is 6s,000 lb, as dotived la section 2.2. Combined with

the peak shock load factor of 3.6, the stress on the foss in the support base
,

of-the impact limitor is:

i

eg,,,,. - (5s,000)(3.()/5,532 - 44 psi

The polyurethane foam used in the impact limiters experiences its lowest
mechanical strength at elevated temperatures. Conservatively using the

0
l manista foss temperature for Normal Condit4. , of Transport of 169 F (actually

f ound caly in the upper lapact limiter), the 'platean' stress is f ound to be
approzise t ely 700 psi (r ef e r to Figure 2.1.2-3). It can thus be seen that, .

;

even under worst ce e conditions the po* 9tethans foam in the impact limiters
remains well below its compressive yield strength, and its impact absorbing
integrity will not be dimenished.

.,

2.6.6 intar Esug

Sinc e the pack ag e ex t erior a s c or.s '.rne t ed of s te el, t his t e s t will hav e no ,

detrimental effects on the NnPac 10/140MB.
l

:

2.6.7 Ela,s. h

!
'

.. *

The NnPac 10/140MB Shipping Cask weighs approximately (8.000 pounds. Subpert

F of 10 CFR 71 requires that a package in excess of 33,000 ponsds be capable
1

L of resisting the effects of a one foot drop anto a flat, essentially
j. unyielding, horizontal surface striking the surface in a position for which
| maximum damag e is expected The ic11owing subsections address free drops ,*n

| any oriertation, and show that the requirements of 10 CFR 71 are net.

[ For end and side in:p a c t events, the package is analyzed using iio c l e s t

| 2-115
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| ?

Packaging's EYDROP and STDROP programs, respectively. These progress are ]
' '

described la detail in Appendis 2.10.5. The progress predict a masissa- j.

acceleration imported to the cask daring the event, which is thea opp 1|.e4 .;'

statically to the rackage as a whole. Sinoe the impact limiter foss stress-

strata carve la dependent on toeparature, the foot p :fermance at the estrose i

tempo.tatares predicted for the town under Normal Conditicas of Transport (-10 )8

L to-169'F) is assumed as a means of bosading the performance of the impact
. x

limiter. Additionally, since the programs assume a relatively simple

|. - cylindrical impact limiter surrosading a smaller cyllader, additional bonsding ,

,.

ualyses have been performed w accr. sat for the flat s?csions of the layect I|

u j

L limiter, as well as the ' notch' 4.n the side of the impact limiter.
,

For obligne impacts, the peckage was analyzed using N: clear Packagirr's CYDROP

and OBLIQUE computer programs. These progress are also detailed in Appendis j
i

2.10.5. Again, bounding calculations were performed to insure adequate con-
sideration wts taken with respect to the somewhat'saconventional shape of the

- impact . limiter and the temprature variation of the polyprethane fona.
l

|
A graphical and descriptive sunsa'.y of the impact limiter geometry assnaptions
made for each type of analysis is given in Figt.re 2.1.2-4 and Table 2.1.2-8.

Polyurethane f oes impact limiter behavior is becoming increasingly well under-

| stood, due to the many drop tent prog rams tht t have been undertaken in the
past few ysars. Notable anons these prcgrams are the tests perf ormed in j

support of the 1 130 II peckage, the NnPac 125-B Fuel Shipping Cask (Docket |
Number 71-9200), and, most recently, the 10/140MB qua rt e r-sc a l e c a sk, as
detailed in Appendiz 2.10.4. These tests indicate that analysis methods and

|, f assumptions used in this application are reasonable and conservative.

It has. been determined in the free drop analyses which follow, that drops in
the various orientations psodnee differant situations critical to overall cssk
design. For sasaple, in general, flat end drops result in loads which t end to
induce the governing stress resnitents on the major cask components. Oblique

d rops t end to c r e a t e max imum prima ry lid sepera tion load s. Because of the
various appurtenances extending from the side of the cask (tie-dovi lugs and
primary lid bolt lugs), as well as the r el a tiv e ly 's of t ' impact lielter res-

|

!
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posse in the sido drop crientation (foam strala hardenias effects are general-
ly less for side ' rop than for other orientations), flat sido drop will toad,' d ;

to rosmit in the most critical deformations condselve to potential 'bottaming

ont' of the cask. ' All of these considerations are addressed in detail in the
'

following sections.
a
i

!

An important consideration in the detailed analyses whio!. follow is the fact

that cask response to the regulatory drops is temperature dependent. At

maximes temperature condf tions, the strsotaral satorial comprising the sank ]
et11 exhibit lower nochenloal strength than at lower. t empe ra tur e s. A6 a i

consequence, the stress and buckling allowables will also be lower. Nova v e r,
because the polyurethane foam in the impact limiters likewise exhibits lower

mechanical strength at e l e v a t ed t ame a r a tur es , it will deform more on imp ac t

then would be the case at lower temperatures. The result will be smaller

impact loads occuring at higher temperatures.

Conversely, at the miniana regulatory temperature, while the mechanical .

|
strensti of the struct tral components will t, greater, so will the aschanical ;

s trength of the f oss. The retult will be grea ter impac 6 loading at reduc ed

t empe r a tu r e s . |
1

In order to conservative 1y' bound temperature effects in the free drop events

that f ollow, the anzimum impac t load s, deriv ed a t the minisua t empe ra ture,

will be applied to the essk. Simultaneously, the cask respous e will be

evsluated utilizies mechanical properties at the highest not aal operating

.esperature derived for the individual cask componenets at the nazimum

temperature condition. In this extremely conservative f ashion, cask integrity

will be demonstrated acsoss the full range of temperatures expected order all-

*

Normal Conditions of Transport..

,

|
|
L

2-11'l

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



.-. . . - . . .-

'

t,
,y

staPoe 10/14W,.Rev. 0 7:1y 1989 d') , [
, a ,

;,# ,

i
,,

,

, ,

'2.6.7.1 Elai Kad.Azna
j

' Analysis of the NsPac 10/140NF Cask behavior during normal condition dropa' '

' *

[ f rom 1 foot is performed in tho following steps:

1. Analyse the'sasimum impact limiter def ormatie using the EYDROP ;

'
energy balasse compster program.

!

2. Analyse the nazimum impact force using the EYDROP computer program.
i4

3. ' Analyze the asial and bop stresses in the ' cask shells and lead. |..c

|

( 4. Analyze the cask lid for bending, assnains thzt the payload acts as f
a unif orm load on the inside surf ace of the lid, and'the impact

limiter foam pressure acts in the opposite direction in the !
*

appropriate place on the outside of the lid. Reanalyze the lid,
i

omittins payload reaction.

*

5. Analyze the stresses in the primary and secondary lid bolts. |

t6. Analyze bearing sttesses on the EnviroSeal a pi,g,,,
L

h e flat and free drop event wil) tend to impose maximum loading on the major
cask components, compared to other impact orientations. Lids will generally

experience their greatest bending forces, while the cask shells will undergo
maximum compressive loading conducive to esckling. In addition, there are a

,' number of cask-specific considerations which could govern component loads and >

| determine which are the most critical. These are as follows:
'

L
!

3. The NnPac 10/140MB ssk has two dif f erent basic confignrations -- a ,

L fixed-bottom and a removable-bottom version. Each will respond *

dif ferently to the same imposed drop load.
|
L

|- 2. Drop orientation cos1d be an important factor. Impact s for both top-down

and bottom-down end draps must be addressed.

2-118
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3. The .pressaco of the cask payload say, is certain circsastances, tend to

counteract and relie v e ' impac t loading on some composeats. Response of

the lids, for esseple, sador uniform loadings applied esternally by the

impact limiters and internally by. the payload will dif f es f rom the s

response where a payload is reduced or constraired from applying an

evenly distribated loading. Conseguently, two bosading cases are ;

'

considered: Dae, where the impact is modelled as though the in11 15,000
lb payload were present, and the other with no pt.yload reaction at all. -

t

4 The maximum normal condition inte rnal pressure (6.8 psis, f rom Sec tion
3.4.4) mu s t be accounted for, when this will result in a worse-case ;

stress-condition. Generally, the presence of internal pressure will tend

to increase the critical inner shell (containment boundary) buckling
'

strength. Conversely, for lid analysis purposes, internal pressure will

restit in. additional tending stress. Therefore, for the following shell

analyses, internal pressure will be conservetively neglected. For lid
.

- Iand closure component stress evaluation, internal pressure will bei
,

applied.
,

<

5. The state of the lead shielding will be an important f actor on casi shell

loading. As demons tra t ed in Section 2.6.2, it is possible that the lead
!will shrink onto the cask inner shell during the cool-down proces s, and

wonid be clinging to the shell during the drop event. Whether or not the
e

force of the impact would be sufficient to cause the lead to slip down is
e

an important consideration in how severely the shell is loaded during

this event. Conversely, over a period of time, the lead could creep

l' I completly away from the inner shell. Response to end drop loading wonid '

!-

vary accordingly.

In the analyses that follow, worst-case combinations of all these f actors have
t

been evaluated. There simple geometries and load patterns a l l ow , classical
strest analysis techniques are utilised to determine component rssponse to end

i
(rep loading. For more comp 3 et geometries, the ANS15 finite element program

,

was used to determine maximna stresses.
l'
| |

| 2-119 i
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A sammary of' all' end drcp analyses performed in Section 2.6.7.1 is present ed j
,

1
I it. Tables 2.6.7-1 and 2.6.7-2. This samsary details each componoat analysed, J

j the initial conditicas assumed, analysis technigme stilised, and results. It )
, '

- As from these Tables that the worst-case end drop stress states detailed la

|: Table 2.6-1 ebove are drawn. .

|
,

Waterial proporties of structural components stilised in the analyses vers

taten f; on Table 2.5-1. Stress allowables were drawn f rom Tables . 2.1.*.-1 and i

'
2.1.2 - 1, and buckling allowables case f ree Tables 2.1. 2- 3 and 2 .1. 2 - 4.

Polyurethane foam properties were derived from Figure 2.1.2-3 -

..

1he impact limiter is modeled as having an outside diameter of 100.34 inches.
|

| This dimension corresponds to the diameter of a circle with the some area as
| a 101 inch diameter circle fisttened to 96 inches on each side. Refer to'

Sec tion 2.7.1.1 below f or the derivation of this equivalent diameter. As a

result, the impacted area calculated by ETDROP is exactly equivalent to the |

end contact area of the impact limiter. Tests performed on a variety of

packages indicate that loads calculated in this manner are slightly

conservative (ove rpredicted). The assured impact limiter geometry is shown in

7
Fi g u r e 2.6.7-1.

,

L 2.6.7.1.1 Imenet Limitar Deflection,
4

Table 2.6.7-3 pre s ent s the results f rom the EYDROP energy balarce progras for
an impact limiter at 1690F. This corresponds to the maximum tesperature the -

pol yu r e th ane foam in the package might esperience under normal conditicns, as
0d e sc ribed in 10 CFR 71 (s ee Sec tion 3.4.2). Note tha t the 169 F temperature

'
represents the maximum f oam temperature, which occurs in the upper imptet.

. limit er, and not the av erage tempera ture. The minimum temperatur e in the

0upper impact limiter is actually only 119 F. The icwer impact limiter is
0considerably cooler. with temperatures rangin; from 119 F to 129 F. It should

also be noted that the foam properties astnaed were taken at the lower bound

.

that might be expected at that temperature. That is, foam strength was

derated by 15% up to 75% strain. and by 20% thereafter. Ref er to Sec tion

2.1.2.4 f or f u r t h e r d e t a i l s .

.
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TABLE 2.6.7-1 ],

(Pass 1-of 2)
1
1

1

1 Normal Conditions of Transport I
s |' Flat End Drop Structural Componoat Aa61ysis Parameters i

]

J

1

Camposest Case Cast Drop Psyload IA sd late rnal Astly sis |

1Bef. No. Confiseratics Orseatstics Statse Pressare Techaitse,

1 Botten Bo t t e No Slump No ANSTS
leading Dowa ,

2 Fised Bo t t er Yes Cling No C1sesical
NNER Botton Dows '|i

# 5BI2.L 3 Fised Botta No Cling No Classical $

Bottias Doe s

4 Fised Bottat Tes $1 amp No Cl a s sical -

Bot t aa Dowa

$ Fised Botton No Stamp No C1sesical
Bo t t on Down

6 Botte Botta No Sleep N/A ANSTS
*

La nd s es Dove,

) 7 Fised Bottae Tes Clits N/A Classical
,

|, OLTER Bott e Devo
>

|' SHELL 8 Fised Bette Ne Cling N/A Cisasical
| Bot t cm Dow c "

9 Fised Botton Tes $1ner N/A Ci s s sics!
Bo t t ce Dows

1 '

10 Fise d Bettce No St amp N/A Olsesacs!
7 tcc Dwn

--
~

,

|

11 Both Top Tes N/A Tes ANSYS
*

TOP Down. .

LID
11 Both Top No N/A No ANST$

Dow n

|

..
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TABLE 2.6.7-1r. , . '

9

(Page 2 of 2) j

I.- 3,

(

Campose s t Case cask Drop Psyload I.a sd lato rst! Astly s t e

Ref. No. Conf istr a tic s Or ie ntat ios States Pres sere Teehanges ,

,

30 TION 13 no t ten totte Yes N/A Tee ANET$ ;

Lea ding Down
i

LID ,

14 Botte Bo t tia No N/A No ANSYS ,

Leading Does
- >

k

5

15 Fased Be t t en Tes Class No Classical .,

*

Sott a Dev o ,

B0170H 16 Fised bottom No Cling No Cl a s sie s t

bottom Dows

PLATE
17 Fixed Bo t t an Tes $1mp No Classiss! 1

Bottae Down

18 Fised- Bottsu No sleep ho Classical |

|
i Bot t as Doet

-

|
|

| It!KAIG 19 Both Top No N/A' No Classical

- LID BOLTS' Dev a

1

|

i
BOLT 20 Both Top No N/A Ne Cl a s sie s!'

>

LCGS . Dove
5

,

$2coteART 21 Both 1op Yes h/ A , Ies ANST$

LID BOLT 5 Dow n

|
*

.

h

f

,
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| T ABLF. 2.6.7 -2
EPeteIet3t

Nerest Ceeditiene of Yseesport
Flet Fe4 Deep Streeteret Campeneet Strees Ecelest.ee

e

f mpame n t feee e,ees t een teed Type of Reesiteet Strese Accertesee Atle=eble a rgte et Se
aef. No. eighte Coo 66mettes Strees C**poseet er Criterie Telee of SefeM Refereene ,

Composent Strees letgeesty Strees t.eestles
freil tret)

e - . . - . - -

} *sendtes St = 73 24 St i 1.35,t.SS,= 30ees e2.99
pie. Portees 2.6.7.1.3(2)

I repeet End emed Sleep Neobrese 54 * 6898 St i S. S. * 29000 e2.81 2.10.6.2

g = 2598 heSweilies o ** e * II''8
faternettee e, = 6442 e,,= 19962 et.9C

stenbr ose $1 = ? Ret St i S , S,= 20000 et.See*e
2 tapeet End Nee. Paylose - 2.6.7.1.3(1)

h = 2442Isod CI8eg 9ea t tles e he * II"Ie
ten erset tee e, = 7998 e ,* 19962 +0.01**

twa
steobe seo St = 9619 St 1 5 , 3,= 29090 +1.98

1 3 sepect End men. Pey teem
i

h * 2462 hee * 17999 2.6.7.1.M1)SHFI t, Lead Cites poetites e

let ernet tee e, * 9619 e,, = 19962 e@.96 '=-**

Neobrese St = $421 St i S, S,= 20000 e2.69***

4 sepect Fed Wes. For teed-
Leed Sleep Reekt les *h = 2462 hee = 17999 2.6.7.1.3 (2)

i tenerseteen e, = 5423 e,, * 19962 et.37*****

Neubr ese SI - 7'** St i S , S,. 2eoes et.ge .
.

h = 2462 g, = 17903 .
2.g.7.3.3(1)$ tepeet Fed Lead Sleep seektles e e

tetoreettee e, * 7131 ** e,, = 19962 +0.9 9
_ _

,

.__.....

seestag 31 = 7369 St 3 S, 3,= 372se e3.pee

2.6.7.1.3(2)
orr=a 6 Impact Eed Wie. Foyle ed Membreee St * S779 SI 1 S, S, * 37200 +S.44 2.10.6.2

t. sed Sleep

Sept 1 pochteng eh = 124 S
- **teternettee e,- 4418 e,, * 22729 ed.91

** St - St ree s teteesity, oh * I*ep eeepres elve e*rees. e, = est et esopresolve otrose
** Beet t les toteroce len: lie fe I * I*e#'e eII $ Ibe
*** Net speed fically peesent heroes - met a goverstes weret esse

-
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T Aftt E 2.6.7-2
; troge 2 of 3)

Norset Ceede t tees of freesport
Flat med Deep St reeter al Ceeposest Strees Evoluee see

1

Cemyoneet Case Lece t tee Lead Type of Ree elt es t St r es e Areeptance - Altsweble Maggio of Sm;
Ref. No. Wit h ie Combt ee t ten Strees Cser*eest er friterse Tetoe of Safety esfereene ,

Compe es Strees teteestty stroes Lees t see
(peil* (yet)

e

lesebr eee St = este SB 3 S, S, = 372ee . +7.06
7 foreet red Res. For tee.'

Lead Cites Beetling og=e e,,= 22728 + 3.9 2 2.6.7.1.3(1)
Internettee e, a 4686 **

membree. St = 347e St 3 S, S, - 37290 +9.14***
8 Iepeet Eed ute. Psy lee.

'
Lead Ctsee poetsles og=0 2.8.7.3.3(1)

lat erect ies e, = 3670 e,, = 22728 +S.19*****
t tN47R
I

moetreme St = 6331 St f 3, S, - 372ee +4.88
9 toyeet End less Pey toes 2.6.7.t.S(2),

SWFI L tsed 31emp Sea t t les eh*'
Internettee e, = 4917 e , * 22729 +3.68**

j membrose Sr = s3e3 st 3 3, s, = 372ee +S.9too.
; to toyeet red see. Pertoes 2.6.7.1.3(2) *

4 Lead Sleep meettles eh**
1 totereettee e, = 3991 e , = 22728 +4.69*****

2

^

Seeeedary Lsd membeese SI = A914 31 3 S, S,= 2o000 +t,33
II use, rey lead - 3,s.7.3,4

Outelde Dee, membres , 2.19.7,3
TUP *sendtes St = 13378 St i 1.55, S.SS ,= Sesos +1.26 *

LIO
Get elde Die. Eisebr ese $1 = 181$ ST 1 S , S,= 2 esse +2.69

12 men. Payleau 2.6.7.1.4
Set elde Ste. Itembr ose 2.1o.7.F

-

49eedtog St = $496 31 3 t .S S, 1.SS, = Sotes +4.30

.

e

o"

-
,
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trese 3 of 3),
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Fiat Fed prep Se vecteses Campement Strees feeleot tee4

Campeme n t Csee Lese a See I. sed Type of Resetteet St e es. As eept ance Allemet se meegte of Se

Ref. No. Wit hin Ceeblee46ee Stress Conyeeest ,e Cettegte Tet oe ( Sefegy ggf,yg ,eg
_

Ceeposest Strees toteest ty St roe s teengtee

troll * teet)
! e

ceteed Die. mestree. St = 4.03 St i S, S,= 2aese +2.28

$3 Wes. PerReed 2.6.7.1.4
<

turtTmt Cent e r hebr ese 2.10.1.3
LID + Reedles St = 870s St i 1.S S, .3.35,= 3e000 + 2.41

Oat elee Ste. Noebesee St = idte St i S , S,* 29000 ed.33
Id aim. Peytead 2,g.7.1,4

Wesbese* 2.19.7.S
Ceeter + pe nd te s St = S293 St i 1.39, 1.33,- 3e000 +4.6 7

Wee. Payleed SEsoteese
19 Center Lead CItog eseedies St = 3897*** St i 1.S( t.S S, - 3000m e4.72ees 2.g 7.3.g

!

|
mee. e.,3..d me ....

DOTT118e 16 Ceee e Leed Cleog * DeetIas - St = 9It1 St i I.SS, - t.SS,= 79999 +2.62 - 2.6.7.3.4
; +

i ftr E
tim e. Peyleed membesee

17 Center Lead Sten, e seedtog St - 4 2 3 3*** St i 1.39 1.39,= 39809 es.gp*ee 2.6.7.1.4

Wie, reyneed meet, e.

In Center Lead Slam , e seedles St = 7939 * St i 1.SS, 8.S 9, = 39000 +2.79**e 2.4.7.1.4
+

PRf44RT
.

t.tD not.TS 19 Sheek IIes. PayReed S m ese St = $740 St i 2.99, 2.99, = 68729 + Imege 2.6.7.1.3

pnLT Wold to stembe see

R.ftzS to Cent Body Isos. Povtoed e needles St = 3600 SI i 1.S S, 1.S3,= 34033 ee.g3 2.g.7.3.3

|
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TAJNLE 2.6.7-3
.

i -

EYDROP Result 8 for 169'F Foaa
I'
p

EYD40P(END) NUPAC 10il4Dnt. NOT FDAM (169 Dt01. N.C.T.

PACEA0t WE10NT e 68000. (Lol)
PACKA0f D!Angitt e 180.34 tipt
M0tt O!AMffER e SS.80 (!N)
OvtRPACK DEPTH e 18.00 (IN)
DROP ME10HT a 1.00 (FT)

++++ IMPACT ++++ ++++++ ENER0Y ++++++
Cav5N
C[PTM STRAIN FORCE ACC(L. KINETIC STRAIN RAf!O
(!N) (LSS) (0) (IN+L81 (IN 48) (SE/KL)

.06 .003 302789. 4.5 820250. 9442. .012

.13 .007 605578. 8.9 824500. 37869. .046

.19 .01C 908367, 13.4 428750, 85159. .303

.25 .014 1211156. 37.8 833000. 151395. .382

.31 .017 1583945, 22.3 437250. 236554 .283

.38 .021 1836735. 26.7 841500. 340638. 405
44 .024 2119524, 31.2 445750. 463646. .548
50 .C28 2422313. 35.6 850000. 605578. .712

6.4 C .!6 .C31 2665649. 40.1 39.2 854790 764)l7. .ats 1.006
.e4 .035 z795468. 41.3 53530s. 933437. 1.089
. 69 .038 2913785. 42.8 862750. 1113651. 1.291
.75' .042 30206C0. 44.4 8670CO. 129910). 1.498 i

.8) .045 3115911. 45.8 871250. 1490867. 1.711

.88 .049 3199720. 47.1 875503, 1688230. 1.928

.94 .052 3260016. 48.1 879750. 1890347. 2.149
1.00 .056 3322852. 48.9 8840C0. 2096311. 2.371 '
l.06 .059 3368141, 49.5 888250. 2305405. 2.595
1.13 .C63 3403105. 50.1 892500, 2517069, 2.820
1.19 .066 3434966. 50.5 896750. 273C821. 3.045
1.25 .069 3458947. 50.9 901000. 2946256, 3.270 <

l.31 .C73 3485609. 51.3 9CS250. 3163273. 3.494
'

1,38 .076 3510295. 51.4 909500. 3381895. 3.718
,

1.44 .000 3531871. 51.9 913750, 3601963. 3.942
1 50 .083 355C540. 52.2 938C00, 3423288. 4.165
1.56 .Cl? 35665C7. 52.4 922250. 4C45696. 4.387

>|1.63 .090 3579974 52.6 926500. 4269C24 4.6C8
1.69 .994 3591146. $2.4 93C75C. 4493121. 4.827 j

1.75 .C97 36C0227. 52.9 9350CC. 47174!2. 5.046 i

F- 1.81 .301 3604955 $3.1 939250, 494!!38. S.263 ;

1.48 .304 3622825. 33.3 943500. 5149132. S.479 !

i
i 1.94 .1C8 36 36 22 C . 53.5 947750. !395977. S.693 1

2.C0 lli 3669162 $3.7 952000. 562364f. 5.907 .
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4

From the Table, the deformation at which all the Aspect energy is absorbed by

the impact limiter may be cales1sted by interpolation. Even with the

conservative ' essamptions regarding foam strength, the easisse impact limiter

, deflection reaniting f rom a 1 f oot flat end drop was . calculated to be only

0.60 laches. Considering the depth of foes on the bottom part of the Aspect
'

limiter, it is obvious that this ;spect limiter deformation is insignificaat,

and that the impact limiter von 14 be espected to perform nearly clastically.

'

Impact loading for this case was foned to be 40.2 s's, which is significantly

less than that calculated for the cold foes case below.

2.6.7.1.2 I=eaet Ennas.

- Table 2.6.7-4 pr e s e n t s t h e r e s ul t s f r om ETDROP f o r a n imp a c t limit e r a t -20'F,

corresponding to the coldest service temperature the polyurethane foss in the '

package sight' esperience under normal conditions. Foaa properties assumed for
0-20 F were taken at the upper bound that might be expected at that

| temperature.

t

~ From the Table, the acceleration at which all the impact energy is absorbed by ,

[ . the impact- limit er is calculat ed to be 62.7 g's. This load is well below that
i reported in Se c tion 2.7.1.1.2 f or the hypothetical accident free drop event.

[ 2.6.7.1.3 Azial Ar.1 EAAA Strattet .iA 1hs. Sh=111
|

|
The response of the cask steel shells and lead shielding to the normal end

,

drop event is determined using both hand calculaticns and finite element
,

analyses. The principal concern f or the cask is with buckling of the inner

shell. which is the containment structure. As shown by the following

calcula tions, buckling will not occur as the resnit of the hoop and axial

compressive stresses which develop in the cask inner shell under normal end
d rop conditions.

Various initial conditions c an be as sumed f or the normal drop event. In

2-128
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[i TABLE 2.6.7-4 ;
,

.
<

'

t

ETDROP Re8 sits for -20'F Fosa <

,

. !

s

..

$

FYDROP( ENDI NUPAC 10/160MS. COLD FDAM (*20 Diel. N.C.T.

PACKA0t Nt10HT e 68000. (1953'
PACKAct plantitR e 300.34 (IN)
Nolt DIAMittR e 95.00 (IN)
OvtRPact DEPTN e 14.00 (!NI
DROP Nt10Hi e 1.00 (FT) ,

++++ IMPACT ++++ ++++++ (NER0Y ++++++
CRUSH
ttP1H STRAIN FORCE ACCtt. 81NETIC $fRAIN RATIO ,

(IN) (L85) (0) (INats) (IN*LS) (St/ET) .|
|

.06 .003 677915. 10.0 820250, 21185. .026 ,
J

.33 .007 135$829. 19.9 824500, 84739. .303
1

.19 .030 2033744. 29.9 828750, 190664 .230

.2$ .014 2711639. 39.9 833000. 338957. 407

OMC.31
.017 3389573. 49.8 837260. 529621, .6,33 (.000

39 .021 6?676ft 47.7 !9 I R41500. 7afiS4 . eg

4= .G24 4765sG3. 61.5 545750. 3935G57. 3.s27

.50 .028 $423317. 79.8 850000. 135S829. 1.595

.56 .031 6066297. 89.2 8$4250. 1714880. 2.007 ?|

.63 035 6617523. 97.3 858$00. 2111262. 2.459
J

.69 .038 7126539. 104.8 462750, 2540776. 2.945

.7S .042 7Se2145 Ill.6 867000. 300073S. 3.461 1

.81 .045 193474*. 317.9 871250, 3488450, 4.006

.48 .069 4394328. 123.4 875$00. 4001234 4.S70 f

.94 .0$2 4717933. 128.2 879750, 4535992. 5.156 |

1.00 .036 8992200. 132.2 884000. $049433. S.757 1

1.06 .039 9229741, 135,7 888250. S658870. 6.373 .i

1.13 .063 9434629. 138.7 892$00, 6242133, 6.994 ,

1.19 .066 9610697. 141.3 8967S0. 6837300. 7.62$ |

1.25 .069 9761936. 143.6 901000. 7442694 8.260

1.31 .07 3 9914783. 145.8 90$250. 4057592. 8.901

1.38 .076 100$$176. 147.9 909500. 4681653. 9.546

1.44 .080 10179857. 149.7 913750. 9313988. 10.193

1.50 .043 10289657. ISI.3 918000. 9953670. 10.843

1.56 .087 10385608 152.7 922250. 10$99766. 11.493
1.63 .090 10667966, 153.9 926500. 11251433. 12.164 ,

|- 1.69 .096 10$38103 15$.0 930750. !!907472. 12.794 |

1.73 .097 10$94713 ISS.8 935000. 12568315. L3.442

1.81' .301 10649821 156.6 939250. 13232289. :,4.088 |

1.88 .306 107162;0. 157.6 943500. 13899978. 4.732

1.96 .308 10776966. ISS.S 947750, 14571640. IS 375 1

2.00 .311 10832''' 159.3 952000 15246929. 16.016 J

e

i

l

|

|
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|
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particular, a temperature must be assumed la order to establish an initial
*

.

!

f abrication stress f or the inner shell. A lower assumed temperature will

rossit la a higher initial hoop stress on the laser shell (see Section 2.6.2)

but higher allowable stresses. For purposes of this analysis, drops at 126'F
(masiana lead normal temperature per Section 3.4.2), 75'F, and -20'F are

!

considered.

To adegnately bound the ocasognences of the drop event at a given temperature,

two initial lead conditions are also considered. These are: (1) The lead
shielding clings to the cask inner shell for the duration of the drop events

and (2) The lead shielding is free to sinap duriss the drop event. For

additional conservatism, two analyses will be performed to determine nazione

stress states. The first will assnae a uniform payload weight distribution on
f

the bottos plate in the form of a pressure load. The s ame c ompstaticaal

technique will then be used to determine cask stresses without the payload
,

reaction, to find out if this is a potential worse-case condition.

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

Condition Assnaed)

|
L The first condition assumes that the lead has shrunk onto the inner shell and

away from the outer shell. In addition, due to the combined effects of

f riction between the lead and inner she11, and axisi shrinkage of the lead

relative to the inner and outer shells, axial gaps will develop between the

j lead and the steel structures at the top and bottom end of the lead. column.

These axial gaps are important in that, until f ric tion is overcome, under'

increased axial loading, the lead will impose a direct axial load on the inner
~

shell.

f

Once f riction is overcome, the l ead will become supported at its base (the

| bottom of the lead column) and will grow radially outward due to the 'Fo is s o n
1

Effect' under increased axial loading. This radini growth will tend to

relie ve the initial f abric a tion hoop s t res s as the l ead separa t e s f rom the

inner shell. If sufficient axial load develops, the lead would grow out to

the outer shell creating tensile hoop stresses therein. Under further

2-130
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loading, the '1ead vonld eventually bogia to yield and flow back inward. intoo ,

'
=the inner shell, thereby developlag compressive hoop stresses in the inner.

abell. 81 ace'the primary mechanism of this load case wonid ~be to relieve' '

.

stresses on the critical inner shell, it is not considered to be worst-case

conditloa.-

l.

From Section 2.6.2, hoop stress in the laser shell dne to f abrication is as j
''

follows: j

l

laser Shell j

Temperature Roop Stress

('F) (psi) |
1
1

-

{. 128 -1,793 ( ex t r ap ol a t ed )

75 -2,041

-20 -2,642
,

1
Note:

L
,

~ The outer shell hoop stress is considered negligible sitica the lead separates ,

from the outer shell upon cooling. |

The equivalent pressure at the lead / inner shell interf ace is as follows:

| t, ,, p'= ct/ri
|

|- There:
1'

. t = 0.75 in

i

.

r = 33.375 in.

,

|
|-

Thus, the interface pressures at the different t empe ra tures a re:

|

.

|
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Interisco
Temperature Pressure, p-

~('F) (psi)

128- 40.3

15 45.9'

-20 59.4

With a coef ficient of friction, f, for lead on stainless steel assumed to f all
,

in the 0.5 t o 1.0 rang e (Ref e r t o Xa.E1 a. Standard Bandhaak Iar. Machaale al Xa .

al==arn- 8th ed.,197 8, (Re f e renc e 2.11.12), pp. 3-26), the load, P, which c an
be supported by 'fr;.ction at the lead / inner shell interf ace, may be determined
as follows:

P = nDLpf ~

Where:

D = 67.5 in (inner shell outside disseter)

L = 77.5 in (lead column height)

1,

|-'
p = interface prsssure, psi

'

|< f = 0.5 to 1.0 (coefficient of friction)
1.

|

Applying the interf ace pressures determined earlier. the total load which any '

4 .

be supported is:

4

.

e
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Temperatste Coefficient Lead Supported |

|

('F) of Friction (1bs) ;'

!
,

,

,f -
,

' 128 0.5 331,090

1.0 662,119 |
L 75 0.5 376,885

1.0 7$3,769 ;

-20 0.5 487,863.

1.0 975,727
i

i

L

Total lead weight can be calculated as:

- R ,2;t PLYg = n(ROI g C

There:

ROI = Outer Shell Insida. Radius = 36.0 in

R , = Inner Shell Outside Radius = 33.75 in3

L, = Belght of Lead Column = 77.5 in
i

3
pg = Lead Density = 0.41 lb/in

g = n[(3 6.0)2 - (3 3.7 5)2 )(7 7.5)(0.41) = 15,6 6 6 l bW

,

1
0At the Normal Conditions of Transport masimum l e ad t empera ture of 128 F, the

anzimum g-load which can be supported by friction is (662,179/15,666) = 4 0.6
t

s's. Since this exceeds the maximum temperature Normal Condition end drop |
'

l o a d o f 4 0.2 s 's , i t is possible that the entire lead weight would cling to .

* -

the inner shell during the drop event at the assimum Normal Condition
0

temperature. Likewise, at the minimum temperature of -20 F, maximum sus-

l' tainable g-load is (975.727/15,666) = 62.3 s's. End drop acceleration at this

temperature condition is 6 2.7 g's , which is very near the anzimum sustainable |

load. It is clear, theref ore, that lead cling is a possible load condition
across the entire anticipated normal condition temperature range.

2-133
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To ocaservatively bosse the end drop event, the ansiasm s-load of 62.7 s's-

(derived at -20'F) will be used"to celestate shell stresses (and sceospanylas ),

bottom plate deflections). while ' the minisms applicable stress intensity sad'

n

booklins stress.allowables and material properties (derived at 128'F) wil1 be ]
~

1

'. ( seed to. evaluate Marsias of Saf ety. The geometry to be addressed is as )l. ,

'
i

fellowst. j
'

,

I

,

1

4

R
i 7

| k
1-

| W
3 | 7

W

I
Iig i

s' ,,

h I fi kI '
,<

' l T4 71 Ti TiTr- - 43
o n n o a q

i

i

|

|

|'

For calculating structural deflections, ref er to Pilkey and Pin, Modern

Formnian & Statien Ani Dynamien (Re f e r enc e 2.11.13), Tabl es 11-1 and 11-2..

.

Relevant structural weight components are:

'

ig = (Teight of top impact limiter and cask lid assembly) (62.7 g's)
l'' (14,000)(62.7) 877,800 lbs= =

l'
1

W2 = (Weight of cask outer shell, thermal shield, e tc . ) (62.7 s's)
(7,790)(62.7) 488,430 lbs==

l'
|
.

. 2-134
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L W3 = (Weight of. cask inner shell) (62.7 s's),

= (3,510)(62.7) = 220.080 lbs

g = (Weight of lead) (62.7 s's)'W

l' = (15,666)(62.7) = 982,260 lbs 7,

WB = (Weight of bottom plate) (62.7 s's) I

= (6,460)(62.7) = 405.040 lbs ,

i

q2 - (Weight of paylood) (62.7 s's)/n(33.375)2 ;

2= (15,000)(62.7)/3,499.4 = 268.76 lb/in
.

|
2

g + W + S2n(33.375) 1/n(36.6252 - 27.5 )q3 = (W3 + V; + W3+V B
2= 2129.2 lb/in

q3 = W /n(36.625)2
,

B
2= 96.12 lb/in

Free-body diagrams of the outer cast inner and outer shells, and end plate are
4

L illustrated below:
l

!

I'
|

'

.

4

'
|

|
1.

|

|

|
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'|
R R,

3- .

Inner Outer

|~ ,

Assuming reaction R3 does not af f ect the deflection of the lower end plate
(conservative f or anzimum R ), the differential deflection, 63 - 6;, may be3

calculated. The analysis requires superposition of three pressure loads: gg,
due to the reaction force of the bottom impact limiters q2, due to the package
payloads and q3, due to the self-weight of the bottom plate. For the first

t. load case, the dif ferential deflection is:

I
|

| 2
*

63-6 = y, - M r /2D(1 + p) + F,,

e

l'
I
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!
R R

}3 4
.

*

r = 3 3 . 3 7 5 ---+

v y ,,

I t=6.0
I

., o n o o o a o a,

!
e,

q3=-2129.2 psi|

3|
,

.. -a =27.5
3

a =0R=36.625. -
2

,

P

'There:

Te = -[0R*/2D(1 + p)]FMlr=0R - Fv|r=0R
'

|-

i

3 [12(1 p )}/ 2D = Et
|

~,

E = 28.0(10)6 psi (at 128 F)0

,

| .

.- t = 6.0 in (average lid thickness)
1

p = 0.3,

1

l'

D = $53.85(10)6

u>[r 1<0R.1) -r,,1<0R.2>]r i,=0R = -celu y

2-137
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N

F ,3(OR,ag) = (OR-ag>'((3 + p)0R /4 - ag2, j2* y

(1 'p)ag /40R2 _ (3 + p),1 1m(0R/a3)) f
4 2

<

.|
i

JOR = 36.625 in.
4

og = 27.5 in'.
'

(01.- a3>' = 1 when og ( OR
(OR - ag>0 = 0 when og 1 OR |

'

Fy,3(OReag) = 143.30

,

'

Similarly:

F ,3(OR,a2)y 0, since.OR - a2 = 0=o

Therefore:,

F l =0R'"'708279yr +

,

ylr=0R " (4 /8D)(F ,3(OR,ag) - F ,3(OR,a2)]F
1 y y

4 4 2 2F ,3(OR,ag) = (OR - ag>0 (OR/8-5:3 /8 + ag 0R /2y

ag (OR2 + ag /2) in (OR/ag))2 2-

,

F ,3(OR,ag) 2,064.62= sy

Similarly:

Fng(OR,sg) = 0. .

|

F |r=0R = -9.921(10)~4v

. Then:

| y, = -0.07007 in. (positive downward ) t'

-F |r=0R = -76,279 in-lb/inM, a M

.

2-138
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F,=(gg/8D)(F,3(rag)-F,,3(res2))'-
'

y

i

4 4 2F ,3(r a g) = < r - a3 >' [r / 8 '- 5a 3 / 8 + a g ,2/2 - aghr2, y

+ agD2)la'.(r/ag))
,

*
,

r = 33.375 in
,,

:
,

<r - ag>' = 1-when ag < r

'
= 0 when at 1

F,,3(r ag) = 376.81 [

Since r < a2', <r - ag>0 = 0 and F,,3(r.a2) = 0-

F, = -1.7675(10)~4
~

- Then:
t,

L
1

'

63-62 = -0.07007 - (-76,279)(33.375)2 (2)(553.85(10)6)(3,3)/
,

| .' (-1.7675(10)-4)+

|

|-

(. 63-63 = -0.01124 in (positive downward)

|
The second load case r9 presents the dif ferential deflection due to the distri-

| buted payload pressure q2'
. . .

. *
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13-,

3 4a =0y

r=a = 3 3 . 3 7 5 --+
2

j9 =268.76 psi ,,, ,,,,,. , ,,,,,,,. y y2

| t=6.0-

. o

OR=36.625 5

. . ,

1

An analysis similst to that above yields a deflection of:

61-6 = 0.007 301 in (positive downward), and
!
|

M, = 73,007 Jn-lb/in i

4

.

The third load case represents the differential deflection due to an

equivalent pressure q3 of the bottom piste self-weight.
*

,
,

'l

,

'

!

1 i

'
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,

V j
c ,

.

RRa =0 3-4 -j
g

..

'
- r= 3 3 . 3 7 5 --.

I

l f i

.

t=6.o :q3=96.12 psi 1 M D D DT"4U M-'

i- .
.3

.--- OR=a = 3 6. 6 25 ;

2

'
\.

1 >

,

)

,

i

.

?
r

,
5

For this case, relative deflection at r = 33.375 in is:
,

,

1

| t
! 63-63 = 0.002686 in (positive downward), and
|

| M, = 26,593 in-lb/in (

Superposition of the results of the three load cases yields:
,

.

'

1

63-62 = -0.001253 in (positive downward)i,

M, = 23,321 in-lb/in (positive f or tension on bottom surf ace of base
'

g

plate)

| To neglect the effect of the payload on bot t om pl a te defl ec tions, the f irs t
and third load cases are superposed. Note that this conservatively assumes

1
1+
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does act decrease when payload is eliminated. The rees1 ting [that gg

differential deflootion sad bendias moment is: '|,

63-62 = -0.008554 in (positive dowaward) .

!
.

, M, = -44.686 in-lb/in (positive for tension on bottom sarface)

fTo obtain stresses in the cask inner and outer shells, the relative deflec-
tions obtained above will be still ed. The first case to be smalysed will be
that where is11 payload weight is applied as a sniform pressure load. The '

differential deflection for this case, as derived above, is o-62*g

-0.0 012 5 3 in. It should again be emphasised at this point that this piste -

'

deflection is derived.by conservatively ignoring the stiffening effect that
,

the presence of the cask shells would induce. The bottom piste was analysed ;

as simply-supported at the outer edge. This assnaption corresponds to the
finite element analysis procedure, which stilized the bottom-loading cask 7

option (e.g., bottom lid configuration, with the bottom plate not rigidly
'

attached to the cask walls).
.

The cask shell analysis will be performed by imposing these relatively large
I

plate deflections on the shells as though shells and bottom plate were rigidly!,

,

attached. As c an be seen, this is a very conservative analysis procedure
which assimizes both piste and shell stresses, while analytically bounding
both the fixed-bottom and bottom-loading cask geometries. ,

,

1

| From the f ree-body diagrams f or the cask inner and outer shells, and asial
stiffness relations for the shells (6 = PL/AE for an end load, and 6 = PL/2AE >

for self-weight, i.e., dis t ribut ed l oad), the deflec tions, 61 and 62, and '

3 and R , may be found:reactions. R 4
, >,

|

3 = R L/A E3 3 - (T3+Vg)L/2A Egg6
3

2 = R L/A E; - T b/2^2 ;E6 4 2 2

I There:,

L = 77.5 in
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1,,
,

3 = sl(38.75)2 - (33.0)2)';( A
,

= 157.28 in ' ]2

is
,

i

g = s[(37.25)2 .'(36.0)2) ]l'*-f'. :A
2= 207.65 in . .;

:
I
1

g = 28.0(10)0 psi (at 128'F)E'

g . .,

:-1

2 = 29.2(10)0 psi (at 128'F)1' E
'

!
Then

6 '=.(1.760(10)~8)R3 - 0.010583

L e,

I 62 = (9.227(10)~P)R4 - 0.00225
.

.

1

sad

R3+R4=V3 i V; + V3+Vg = 2,568,570 lbs
i,, !

F

ort

R4 = 2,568,570 - R3
. ,

Solving simultaneously:

1 R, = 1,2 40,6 60 l b s
I "

< , r

FR4 = 2,568,570 - 1,240,660 = 1,327,910 lbs

Theref ore, assuming full payload reaction on the bottom piste, the arial [
.

.

.

compressive stress in the cask inner shell, og, and outer shell, c2' 15:

/ og = R /A3 = 7,888 psi3
.

L o2 = R /A2 = 4,616 psi |4

|-

Using the same analysis procedure, shell stresses for the case where payload

2-143

r:
, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._



|I c . '' '

i,.c ;

IInPoe,10/14W, Rove 0 7:1y 1989- j
> 'i
, ;

i- reaction is ignored, can be derived est

i
.

og = 9,619 psi
e<

2.= 3,670 psi8

,

Free 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 sero, maximas inner shell stress intensity tocomes:
?

8.I.3 = 0 - (-9,619) = 9,619 psi *

!
From Table 2.1.2-1, reference case naaber 1(A), the allowable membrane stress |

0limit for the inner shell material is S, = 20,000 psi at 128 F (Refer to Table
*

2.3~1). Stress Margin of Safety is therefore: .

M.S. = 2 0.000 / 9,619 - 1 = +1.08 ;

0From Tabl e 2.1.2-3, at 128 F, inner shell buckling allowables are 19,062 psi

(asial) and 17,905 psi (hoop). Buckling Margin of Safety is thus:

M.S. = 1/((9,619/19,062) + (2,462/17,905)] - 1
= +0.5 6

|

|
From Sec tion 2.6.2, the outer shell vill not be in contact with the lead, and

will, therefore, undergo axial stres s only. -

l

S.I.2 = 0 - (-4,616 ) = 4,616 p s i
*

.

Table 2.1.2-2, reference case number 1(A), yields an allowable membrane stress

37,200 psi (greater than S, =(for non-containment componenets) of S =
y

0
(: 23,250) at 128 F. Stress Margin of Safety is thus:

L

M.S. = 3 7,2 00 / 4,616 - 1 = + 7.06

1

| Table 2.1.2-4 yields an axial compression buckling allowable of 22,726 psi a t
|
.

.
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,

!128'F, for a Margin of Safety of:
.

4

M.S. = 1/(4,616 /22,72 8) - 1 = +3.92 )
.

I

Therefore, the cask immer and outer shell structures are both well is essess
'of regulatory requirements for the Normal Conditions of Transport end drop

event when the lead shielding is completely supported by the inner shell.

(2) Stresses in the Oster Cask Shells and Lead (Zero Fabrication Stress
,

. Coadition Assused) ;

The second initial lead condition assumes that the f abrication stress has
I fully crept away, resulting in a stress f ree column of lead just in contact |

|[ with the inner and outer shells. This is a potential worst case, since any 5

asial 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

the outer shell and back into the inner shell to develop a compressive hoop '

E stress in the inner shell).
.

(
1

. For this condition, initial stresses in the lead and the steel shells are

taken as sero. As axial load is applied to the lead and shells, the lead will {

i
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

asial stress distribution from top to bottom:

1

o " TPLEg
.

. . .

Where:

o, * Lead Axial Stress (psi)
1.

y = Acceleration (g's)

pt = Lead Density = 0.41 lb/in |3|

1

)

l

l
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E a = Distanee Down From Top of Lead Colman (in) .

.

'
Bowe v e r, from the lead stress-strain carves shown la Fistres 2.8-1 and 2.8-2,

L,> it is apparent that as the lead seaches a stress level around its yield ,

f.
point,' the stress will toad to remala fairly sniform ander continued loadias.
The resulting asial stress distribution can chas be illustrated as follows:'

;
'

t

,u''

l'' k, P

t

G % n
U9 %,.

A % :
.

J' y9 ,
'

#,

^
Rii % \

X({
* % \ t :

| 9 , , ' , . % \
. .

9 i . % | F

\
!b \% ,L -

| A \ !
'

s ,

S'V \ T 1 ;

IO I
yL 0:ax

0
z

l'

1
1

l.

Where 3

o L = Tield Strength of Lead (psi)*
,y

1

o,,3 =Masinun Stress at Applied Accelerstion for Fully
Elastic Material (psi)

|

L = Lead Column Beight = 77.5 in

|

The height b at which the lead resches its yield point can be found by:
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L - h = e g,/ypt' ' '
y

.
1

3

Ort

f .k - L - s g/ypty ,

|

For the masissa Normal Condition of Transport end drop eseeleration of 62.7~ '
-

s's, h becomes:,
,

h = 77.5 - 600/(62.7)(0.41) = $4.16 is.
,

'
,~ :

There a g is conservatively taken as 600 psi, the appresiaste yield strength ,

y
0of lead at 128 F. ,

?

, .

,

,

.

4L

i EEM \
a i \<d ML hi

Q k I h
~

tI,
'm
-

<

e ,

[ L| U.. - 6-i

IU y I y7
!! l-- - .f2

f |i ._-
=

i r y
_

fPit"'
,,

- r=33.75 M b
.

_,

'' T,

E=36.0 :

,

t
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' ' - ' The saa of the asial forces acting on the lead coltaa may now be espressed as: j
-

l
3

'
W[= Fg ,+ Fgg + Ff2 q

'
*

,

,,

. . - Wheres
:Wg = (15,666)(62.7) = 982,260 lb.:

.

1,

,.

Fg =-('600)n(36.02 - 33.75 ) = 295,820 lb.
'

2

v :
i. 5

it
' - Fgg = Frictional Reaction Force of Inner Shell , ;

'
4- ,

Ff 2 = Frictional Reaction Force of Outer Shell 7,

|-

The above f rictional f orces result f rom radial f orces exerted t> the leed '
icolumn esto the steel shells. These radial forces will be a in ction of.. the

l e ad -t o -s t e e l coefficient of friction. Conservatively assnains the minimum ;
t

friction coefficient of 0.5, the not radial. forect become

.:

FR1 = Fgg/0.5. or Ffy = 0.5 FR1 ;,;

i

/0.5. or Ff2 = 0.5 FR2FR2 = Ff2 ,

These radial f orces can then be expressed in terms of a lead mazimum radial ;
'

pressure, PE. which is assumed to be equal on both shell .. .For uniform
in the lead yield region and linearly varying pressure in the lead ;

pressure pE

elastic region, the radial force on the inner shell may be expressed as:
|

R1 " PEr.D h + 0.5 pEr:D3 (le h)F*
g.

|

[- ,
Where:

Dy = Inner shell outside diameter = 67.5 in
,.

1

e

Or:

a+h)FR1 = 0.5 p Er:D3
,

I
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:From whtoh ;

[ Wg . ,

,

;; - . . ;

I .Fgg = 0.25 PEND,3 (L+h)
,

.

p
t

Likewise, for the outer shellsL >

'Ff2 = 0.25 PE D2 (L+h)
|

There:
|D2 = Outer shell inside diameter = 72.0 in

,,

.g'

The lead equilibrium- equation may now be re-written es
|,

, a

1 + D ) (L*h) !Wg-FB = O.25npE (D
'

2
>

ort ;

PE * 4(IL-F)/ "IDI*D)(b*h)) '|
B 2

|

Substituting in the proper terms, the equivalent shell pressure becomes
~ >

I ,

! PE _ = 47.59 psi ,

i

Therefore, the inner shell compressive hoop stress is:

E

og = -pE 3R /t
^

1

L
= -(47.59)(33.375)/(0.75) = -2,118 pst

>

The outer shell tensile hoop stress is:

.

82 * pt 2R /t 2

= (47.59)(36.625)/(1.25) = 1,394 psi

To evaluate axial stresses in the shells, a similar approach to the previous
,

analysis i: utilized. Appropriate frictional forces are added to the inner

and outer shellt, and an applied pressure load q4, representing the force to
yleid the l e ad c olumn , is added to the bottom plate between the inner and
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octor Shells. From the above analysis, shell frietional forces may be'
i

4

i7 t, . ', calculated:
l, K i. ;
,'

,

1

! 1 Fgg'= 332,172 lbs ;
g

. ,

,

n
,

. 4

Ff2 = 354,317 lbs ]

; .-

1
'

p- - i
J

t l'

l'
,
.

}Ii
'

m

FF --
f y --- f2

.
1

;
v l1 w,

3 o -. - .

l ''

I4
l1 -94

, ,

v

92444;111 1414 " "
m

l n n n D TITlTITIT 9 3
'

o so no i a n no ,

S1
L

I |

| -

|-

|*
' For'this evaluation: i

\

l'
!
t-

J

1 \

q4 = F /r(36.6252 - 33.375}) = 413.9 psi j
t **

B .

Repeating the previous cniculational approach, and taking q4 into account:
|

|

63-6 = -0.00622 9 in (positive downward) for no payload reac tion.

3 = R L/A E3 3 - (T3+Ff3)L/2A E336
3

.
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2 " I L/A E22-(T2+Ff2)L/2A E22 |
6 4

,

|

R4=Wg+W2+I3+Fgg + Ff2-IS
"

= 2,272,800 - R
'

3

i

Also, the bending moment at the conter of the plate for this pressare load
,

combination is: I

W, = -47,609 in-lb/in (positive for tension on bottom surf ace)
!

Solving sissitaneensly. inner shell reaction load becomes |.

|

R3 = 1,124.730 lbs
|

| l
| Thus, outer shell reaction ist

J

R4 = 1,148,070 lbs. |

Therefore, assuming no payload reaction on the bottom plate, compressive axial
stresses on the inner and outer shell are:

1
~

og = R /Ag = 7,151 psi3 1

o; = R /A; = 3,991 psi4
l'

lith payload reaction pressure q:, the following resnits:

L 63 - 6; = -0.000928 in. (positive downwa rd)
..

.

M, = 25,398 in-lb/in (positive for tension on bottom surface)

Resniting compressive asial stresses for the inner and outer shells are:
,.

1

og = 5,421 psi

o; = 4,937 psi
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L'oaservatively ignoring shell radial pressure loading, the masissa inner shell -

.

stress intenalty ist: i

,

g<

S.I.3 = 0 - (-7,151) =<7,151 pal )
.L

0Fros'the previons section, the stress allowable for the immer shell at.128 F

is 8,e 20,000 psi. The stress Margin of Safety is thus:
,

,

N.S. = 20,000/ 7,151 - 1 = +1.80

The eszimum inner shell hoop stress which von 1d arise due to lead slamp, as

calculated above, i s -2,118 ps i .. This is less than the inner shell hoop
I

' stress due to fabrication, a s derived in Sec tion 2.6.2. This value, which is
'

-2,462 psi, will be used for the inner shell backling evaluation.

l

i Buckling allevable s at .128 F are 19,062 psi (asial) and 17,905 psi (hoop).0

Buckling Margin of Safety is then:
|

N.S. = 1/ [(7.151/19,062) + (2,462/17,905)) - 1 = +0.95
|

Naximum stress intensity of the outer shell is:
1

,

S.I .2 " 3 '3 9 4 - (~ d ' 9 3 7 ) = 6,3 31 psi

0With an illowable stress intensity of 37,200 psi at 128 F, the Margin of
,?
\' Safety becomes: ;

# N.S.= 37,200/6,331 1 = + 4.8 8--

The axial buckling allowable at 128 F is 22.728 psi, and the buckling Margin0

of Safety is thus:

M.S. = 1/ (4,93 7 / 22,7 2 8) -1 = + 3.60

I

This analys a s indic a t es that the cask inner and out er shell s will not be
|
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adversely affected by the Normal Conditions of Transport end drop event with
.

so f abrication stresses present in the lead shielding.-

It should be noted that the assumptions made regarding the response of the
,

lead shielding to eed drop impact loads are approsimations only. Prodistion
of the actual state of the lead is difficult to achieve by elassissi analysis

technignes.- To more accurately analyse the soaples interaction of lead

shielding with inner and outer steel shells during the end drop event, a

finite element aanlysis was coadneted with the ANSYS progras. Details of this

program are given in Appendia 2.10.2 the smalysis reesits are shown in

Appendia 2.10.6, and these results are sammarised below.
1

0While the minimum temperature condition ic,r the drop event (-20 ) induces the ,
,

highest acceleration loading (62.7 s's), the material properties and buckling
'

,

I and stress intensity allowables are also at a masissa (refe:: to Sections 2.1

and 2.3. f or d e t ail s ). Likewise, though the marissa temperature case resnits !

[ in lower impact 1 cads (a naziana of 4 0.2 s 's ), asterial properties and

| backling and stress intensity allowables are also reduced at the higher

I temperature condition. Refer to Section 2.1.2.4, Impact Limiter Design |

| Criteria, as roll as Sec t ion s 2.6.7.1.1 and 2.6.7.1.2 abov e for details of the i
|

|-
effects of temperature variation on drop loads.

;. To conservatively bound the buckling and stress allowable calcula tions, the

maximum g-load (obtained at the minimum temperature condition) was applied to
7

the analysis while utilizing reduced material strength properties (found at

l' the higher temperature), which will tend to maximite stresses. Therefore, the

analysis utilized material properties based on a nazimum espected normal
0condition of transport temperature of 128 F st the inner shell. e

;.

,

The ses11er buckling and stress a l l ow abl e values found at the higher

temperature were then used to derive Margins of Safety. Thus, maximum

possible loads were combined with minimum possible maternal strengt!

conditions for a worst-case analysis and minimum possible Margins of Saf ety.

The resnits of the s tress atd buckling analyses f or Normal Conditions of
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Transport, detailed in Appendia 2.10.6, are essaarised in Tables 2.6.7-3 and |

2.6.7-6. Iledelling asssaptions seed for the finite element smalysis, and |.

jsstilltation for their use, sto de tail ed la Sos tion 2.7.1.1.W. |

|

As a pelat of laterest, it should be noted that the finite element ressics

indicate th6t inner and outer shell hoop stresses sador end drop leading j

increase grades 117 f rom the top (non-ispected) and of the cask to a point I

approsisately one-third of the way deva. They them tend to remain f airly
snifers deva to the botton (impacted) one of the ensk. These resslts provide |
further justication for the lead sinsp pottera escased is the hand |

)celes1stions above.

2.6.7.1.4 LitItraaaaa

The lid analyses performed for Normal Conditions of Transport still:e the same
finite element techsignes as estlined la Section 2.7.1.1.4 for the

'Bypothetical Accident Conditica 30 foot drop. Note that the worst case impact
suder normal conditions is only 38.2% of the vorst case for accident

conditions (6 2.7 /16 4.0 = 0.382, where 164.0 is the worst case accident

condition 3-10:d). Since the allevable acabrane stress for normal conditions,
derived at the same temperatore as f or accident conditions, is 41.1% of the

,

accident allowable (S, verses 2. 4 5,) , and allowable bending stress is 43.6% |
|

(1.$5, v e r su s $,), then clearly the normal condition margins of safety will
always be larger than the accident margins of saf ety f or the lid during end :

)

impact. ;

I

A staanry of the lid stresses and margins of safety during the normal
condition 1 f oot end d rop is giv en be low a s Tabl e 2.6.7-7. The Table is

'

I d e riv es f ram lid ana lys is resul t s d e t ail ed in Appendis 2.10.7. Allowabl e
.

normal c ondition s t r e s s e s a re d e riv ed f rom coloan ( A) of Tabl e 2.1.2-1, in
'

c onjunc tion with Tabl e 2.3-1. It should be noted that, since the lids are not-

Idirectly attached to the cask shells, but instead pivot on the Enviro $eal * i

i
pistes, their resense to end drop loading vill be independent of the state of
the lead shielding (e.g., either clinging or sinsping under load). ,

>
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TABLE 2.6.7-5
.

End Drop Finite Element Shell Stress Analysis
Ross1ts Sammary

,

|'
,

Drop Lead = 68 s's
( Actual Drop Lead a 62.7 s's at -20'F)

Material Properties and Stress Allevables Temperatste = 123'F;-

Naziana Inner'Shell Stress Naziana Oster Shell Stress
latensities latensities

inefaca Mambrana inermea Mambrama

(Element $1) (Element $1) (Element 60) (Element 66)

7,524 psi 6,498 psi 7,$96 psi $,775 psi

|

Stress Intensity A11ovables* Stress Intensity Allevables** !
i

|
30,000 psi 20,000 psi 37,200 psi 37,200 psi |

Margins of Safety Margins of Safety-

+ 2.99 + 2.08 + 3.90 + 5.44

| |

1.

,

Interpolated frea Table 2.2.2-1*

'' Interpolsted from Table 2.J.2-2

,

2-1ss |
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L'd TABLE 2.6.7-6 |
!

(Page 1 of ) t

6t- .

I

i

End Drop Finite Element Shell Desklass Analysis j
Ro ss1t s Samma ry

-]p
l.

i

Drop Lead = 65 s's i
i

(Actual Drop Lead is 62.7 s's at -20'F)
'

!

Material Properties and Stress A11evable Temperature = 123'F j
t
&

'
Nasimum 2 amer Shell Maatson Oster Shell

Stresses Stress ;
1

Aslal Enan ALial
(Element $7) (Element 42) !

!
:

~6,462 psi -2,558 psi -5,663 pst

Bockling A11ovables' Bockling A11ovable** f
i.

19,062 psi 17,905 pst 22,728 psi ;

Wargin of Safety Mstgin of Safety
,

t

+ 1.08 + 3.01 '

i

i

|

1 ;

i ,

,

|

|

|
|

|
.
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TABLE 2.6.7-6
.

(Pese 2 of 2) ,

I
4

f ( |1

|

Baadia& M14
i

(Element $1) (Element 60) !

I
i

I

7,$24 psi 7,$f6 psi

|

Backling A11ovable* Bockling A11evable"
;
|

19,182 psi 22.793 psi j

]

Norgin of Safety Narsin of Safety

+ 1.55 + 2.00 :

I
<

|
!
4

I

i

|

|

|
;

i

!

!

I l
.

!

I
;

;. .

t

t

!

I
o

J

h

:

Interpolated free Table 2.1.2-3*

'' 3rterpolated free Tatte 2.1. -4
i

:-1!?

,
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|

For the esse of the fised botton eenfiguraties, the previessly deterstaed !

soments (Secties 2.6.7.1.3) esa be directly seed to arrive at the easissa .

I
bending stress at the center of the end plate. The massess mesent at the

[

seater of the end plate was deternised to be: [
t
i

W, = 49,686 in-1b/in (ao payload, lose stias) !

i
!

The corresponding bending stress is therefore: ;

r

., = .. i t : = . 2 1 ,si :
[

There t = 6.0 is (average botton piste thickness) f
f

With an allowable stress of 1.5 5, = 3 0,000 psi, the correspond!ss margin of .

Safety becomes ;

i
M.S. = 50,000/8,231 - 1 = 42.62 :

I
;

From the resnits generated in this section, it is apparent that the lids sad

botton plate of the 10/140KB can withstand any worst-case 1 foot end drop. [
s

|

2.6.7.1.5 Primar, g Saene.Aare Mh i

i

From the finite element lid smalysis resnits presented in Append 1: 2.10,7 and |
staae r i s e d abo v e in S e c t i on 2.6.7.1.4, it was f ound that neither the top or

|
botton primary lid closure bolts escoed their tensile prestress during the end

'impact event, with the ic11 payload present. Tithout paylood, the bottom lid
bolts seistain a loading somewhat lower than their preload, while top . lid

* ,

bolts slightly exceed their preload valse. The aasiana bolt load (top lid, ,

,

without payload) is 19,410 lb pe r bol t. This valse vill thus be taken as a
'

wors t c ase f or moraal condition end drops. The re sti t ing s t re s s on t he 4.0
2im tensile stress area is thus:

!
,

obolt 19.410/4.0 = 4,853 psi=

The es t e rial for all 10/140MB conteissent clostre bolt s is ASTM A-320 Grade
'

1

2-159
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{

L43. he Warsia of Safety on the allevable stress of 18, (taking 8, as 34,360
;,

psi for ASTN A-320 Grade L43 et 183*F), ist i

i

N.S. = 68,720/4,853 - 1 * * Large

i

Free Secties 2.8.1.1, it was deternised that, f or pria.o ry bol t lead s, t he mo e t i
eritically leeded bolt 133 voeld be the les attached to the cask body. In [
that Section, a bending stress intenalty of 3,997 pai was esicolated for a ;

littlag lead imposed on the bolts of 25,800 lb. For a bolt lead of 19,410 lb, |
this stress latensity 9on14 be (19,410/28,500)(3,042) = 2.66$ psi. The

allevable sembrane pass bending stress for the A-$17 Orade 701st material is

1.$$, = (1.5)(2 3,237) = 3 4,855 p a s a t a temperature of 133'F. The bol t lag
,

Margin of Safety for bolt preload is then:

!M.S. = 34,855/3,042 - 1 = + Large
!
1

Primary bolt loads will therefore not be e consideration for normal conditica .

flat end drops.

he stresses in the secondary lid bolts are also derived f rom the lid analysis !,

'

f r e sti t s g i v en in Appe nd i a 2.10.7 and stimma ris ed in Sec t ion 2.6.7.1.4 abov e.
| The easiane load in the secondary lid bolts from a 65 g impact accelerstion

was determined to be 42.139 lb. f or the case of a top down impact with ina l

payload present and 6.5 psis internal tressure. This results in a stress on i

Ithe 0.969 in tensile stress area of: {
!
I

obolt = 42,139/0.969 = 43.487 psi
:
i

'

tactsding the load in the bolts due to the normal condition easient pressure

1.5 conservative for two reasons: (1) he ensimon internal pressure occurs at
'

a temperature for which the impact accelerations are considerably lovers and
(2) The pressure load, being less than the bolt preload, will not actually
result in additional bolt loading.

i

The targin of saf ety on the allevable stress of 2 S, (taking 5, as 34,360 psi
0133 7), is:for ASTM A-320 Grade L43 at

1

l

2-1(0 l
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i

!
>

'
N s. 68.120/43,4 1 - 1 . +0.58

!
l

2.6.7.1.6 &ashafaal.** 2hu Raasias. lauun j
;

f

In Section 2.7.1.1.6 below, positive Warsias of Saf ety are sales 1sted for |
bearing stresses on Enviro $eal " y1stes sad eating sortsees. Since the il

t

allevable stress (5 ) is the same for normal senditions as for assident i

7
conditions, with motorials being etsisated at the sese temperature, while ;

imposed leads are seasiderably less. It any readily be seen that Margias of {
Safety for norsel conditions will be noch greater than for the more estreme j

sceident condition loading. Therefore, bearing stresses la seal areas are of |

30 conseguence to package perforssace for Normal Conditions of Transport. f
t

From all the above smalyses, it is evident that Noras! Conditions of Transport f
'

end drep will have to detrisental ef fect on the 10/140NB Cash integrity.
| |

|

|

|
L

i

i
!

I

i
e

i
>

g.

| *
,

1
*

|

,

1

|
|
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.

|2.6.7.2 Dh11ama f== net

; )

Aselysis of the MsPac 10/140MB pochese behavior daries morosi condition drops
f rom 1 foot proceeds la the following steps, using the esse cesservative j

assseptions made la the analysis of the hypothetical aseident 30 f oot drop |

event disesssed in Section 2.7.1.2 be l ow. |

1. Use CfDt0P to deteraise worst-case impact limiter deformations for {
sinissa foam properties. |

1

2. Use CfDROP with the highest (coldest) f osa s tres s-s t rain da t a t o de t e r- |

sine a conservative estisets of the force-deflection relationship of the [
10/140MB impac t limiter design at varions impact angles. This f orce |

{deflection relationship is identical to the one seed (and discussed in
detati) f or the acclysis of the hypothetical 30 f oot drop (see Section

|

2.7.3.2.2). ;

I

|

3. Use the OBL10PE program to determine internal f orces in the cask body.
Geesetry assuuttions vill be the asse as used in Section 2.7.1.2.3 below.

|

4 Determine the worst case stress state f rom internal f orces in the cask ;

f body.

:
$. Determine lid a t t a c hme n t forces and stresses in the lid clostre system

under-worst conditions. Tie OBL10UE program vill be utilized in the same [

conservative manner as outlined in Section 2.7.1.1.$. |

f
-..

| 2.6.7.2.1 brat CAAA cermer Defermittema ,

|

Under normal conditions as defined by 10 CFR 71, the polyure thane f oam-filled
0 0impact limiters may range in temperatore f rom -20 F to 169 F daring normal

,

operations. It is clear fece an examination of the stress-strain protet tles
of the polyure thane f oam a t various temperate:es that the highest impact ;

ilimiter deformations till ocett at the highest terperartre estrese, and that
the highest inpse t f orces vot!d develop at the lowest testerature estreet.

|
| .

| 2-1(2
1
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Tabl e s 2.6.7-8 and 2.6.7-9 present the estyst f rom NaFae's CYDROP energy
balasse program for impact limiters of 96-inek sad 101-lack disseters,
assteing as tapact angle corresponding to the e.g. over stresk sorser ensk.
Fose properties are taken at the eastaan temperatore for Normal Conditions of
Transport, 169'F. The two lapset limiter disseters chosen for analysis
provide a conservative estiaste of the deformation which voeld osest in the
actual impact limiter should it be subjected to this event. A more soaplete
discussion of the conservative satste of these saalyses appears is Sostion'

2.7.1.2.1. The a s sened g eome t rie s of the impac t limiter appear in Figures

2.6.7-2 (96-inc h diamo t e r) and 2.6.7-3 (101-inch disse t e r).

The Tables show that a normal condition drop event voeld be espected to rossit
' in less than 8 inches of deformation ander the worst conditions. Compared to

| the depth of fosa in the laract limiters, and considering the conservatism of
the analysis approach. this deflection can be considered inconsequential.

2.6.7.2.2 Ferra - Definettem Raintiammhip

As stated above. the c ons ervativ e f orce-deflection relationship f or normal
conditions is identical to the the hypothetical accident force-deflection
relation, since the relationship is a innction of impact limiter geceetry, not
drop height. A complete discussion on the conservative and reasonable nature
of t he f orc e-d ef l ec t ion r e l a tions hip u s ed f or t he 10/140MB oblique impac t

analysis is p r e s e r. s e d in Section 2.7.1.2.2. The assumed impact limiter

g eomet ry used f or d eve loping the f orc e-d eflection relationship is shown in
F i g u r e 2.6.1-4

.*

1

2.6.7.2.3 Interami Forcan During Qh.1,Lgat fammet

|
Ca sk int e rns 1 f orc e s a r e e t i col a t ed by NtPac's OBLIQUE c ompu t e r prog ram.

discussed in Appendia 2 .10. $ . The f orc e-deflec t ion rela tionship calculated
u s ing t he a s s osp t i on s pr e s ent ed in Se c t ion 2.7.1.2.2 w a s t s ed in c on jtec t i on

with the physical prope r tie s of t he packag e c alcul a t ed in Sec tion 2.7.1.2.3 by

OBLIQUE to det e rmine a c ens e rv ativ e estias t e of c ask int ernal f orc e s. As
,

| 2-1t3
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:

FJOURE 2.6.7-2

Impact Lietter Assumed Geometry for Center of Gravity Over
<

Struck Corner Drop - 96 Inch Diameter Impost Limiter ;
,

;

$
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FIOUBE 2.6.1-3
.

1spect Limiter Aeemoed Geometry for Center of Gravity Over
,

I Struck Corner Drop - 101 lash Disseter Impact Limiter;
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F101FR2 2.6.1-4
,

e

Impset Limiter Asensed Goosotry for Obligne Drops
To Nazimine 2epost Forces
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esplained la that section, a sosisse dissetor impact limiter will toad toa

incrasse cask body f orces for oblitse impacts at drop angles where lead

combinatiosa vill be magissa. The assamed impact limiter geometry seed for
developing assions cask interani leading is shown la Figste 2.6.7-5.

Table 2.6.7-10 presents a sammary of these internal forces celes1sted by
OBLIQUE for a drop of 1 ft. The forces and soments are presosted graphies117

la Figsr e s 2.6.7-6 (int ernal f orce s) and 2.6.7-7 (c ask bending monomts). Not
surpristagly, the internal forces for a drop from one foot are very each less
than f or a d rop f rom 30 f ee t (ref er to Sec tion 2.7.1.2.3).

2.6.7.2.4 Etrama calemiatinan la gaat Stag.

From the sunnary of internal forces in Table 2.6.7-10 the worst case state of
cong ressive s tress any be f ound. From that table, it is evident that the
worst stress state vill occur during drops f rom angles between 65 and 30

i degrees from herirostal. Using the standard formula for combined estal and
bending stress:

o = P/A * Nc/1
l

i and conservatively assnains all stress is carried by the outer shell. the
f ollowing table any be constructed:

Imenet M Thennt hment Stramm

6 6(10 lbs) (10 lb-in) (psi)

.; 65 .5846 3.225 2655
,

60 .5554 3.820 2666

$5 .5294 4.471 2105

50 4895 5.0$$ 2676

45 4347 5.462 2566

40 .3701 5.636 2375

35 .3062 5.650 2155

30 .2!26 5.694 1977

2-169
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|
The stresses above were sales 1sted assasing that all of the bending and asial j

'
forces are earried by the ester shelle which has a eroes sostional area of

2287.6 1a and soment of inertia of 1.93(10)5 g,4 (s ee Sec t ion 2.7.1.2.4).
nose stresses have been de,ived . sing est,s.e17 senser,ative to.haig.ee, as

d e t ail ed is S ec t ion 2.7.1.2.4 be l ow. In addition, the stress maalass for |
ee,sbined leading f or the package for 1 foot obligte impacts escars at the |

r,s. the tabl e abov e, the .sai... !,oint of local ,eak is thr.si toad .$. .

stress intensity doe to combined lessing is 2.705 psi, ocesring at sa impact ]

angle of $$ degrees from horisontal. |,

1

'

For Normal Conditions of Transport, the assiasm allevable membrane stress

(c on s e r v a t i v e l y ignoring the small bending contribstica) for the aca-

contaissent enter shell is Sy (Tabl e 2.1.2-2, ref e renc e c a s e numbe r 1( A)).
From Tabl e 2.3-1 this is 37,200 psi at the easiasm morast outer shell

0temperatste of 128 F, The Margin of Safety is therefore
i

,

N.S. = 37,200/2,705 - 1 = + Large :'

i

The statste cask bending soment for this oblique impoet event is 9.13 6.9 91 in- |
lb. occuring at an angl e of $' with respect to horisontal. Cask bending

soment s are higher in sid e impact s as descas t rat ed la Sec tion 2.6.7.3 which f

f oll er s. Theref ore, bending ef f ects will not be a significant factor for

oblique drops. f
|

2.6.7.2.5 Lil A t t n e b u t Ferees
!

'

,

In order to evaluate the satisce forces acting on the 10/140MB clostre systes j

during the oblique impacts. a different set of assumptions regarding impact
limit er geome try sust be made. Separation forces are asalmsted through the ;*

'
use of an assumed minimum disseter impact limiter. The detailed logic behind

i

this assumption is set out in Sec t ion 2.7.1.2.5 be low, and basically revolves i

around minimizing cask inertial effects in order to masisite ispect limiter

deformation and consequent t h ru s t leading. For this reason, another OBLIQUE '

| analysis was performed, this time utilizing an assumed 96 inch disseter impact
'

limiter. The lepset lisiter geesetry used in this analysis is illustrated in
Fig ur e 2.6.7-2 abov e. The results of the analysis are listed in Table 2.6.7-

.
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!
11.

!

!
A dotatied evalsettom of the cask clostre system seder obligne impact leading :

!

is s et est la Sec tion 2.7.3.2.5 below. This same approach will be att11:ed j
i

here. '

I

The assissa throet load for norssi condities obligne drops is foemd from Table [

2.6.7-11 to be 1.038,664 lb, derived at as topact angle of 85' with respect to
horisontal. he ress1 ting asial 3-load is thses

!

Tantal = 1.038.864/(68.000)(sta 85')
= 15.3 s's ;

l

It should be noted that thrust loods are significantly higher during and
i

impac t s (62.7 3 's . a s demonstra t ed la Sec tion 2.6.7.1 above). so asis 1 effects
on the cask body itself vill not be a f actor for obligte impacts.

|

Impact on the cask clostre system can be esiculated by f actoring the combined
top lid assembly and mostwas payloso weights by the asial g-loads f

!

P,,, = (15.3)( 3.430) = 358.479 lb i

(
!

The resulting lid separation moser.t can mov be found

M = (358.479)(41.0) = 14.698(10)6 in-1b |

h
The r e 41.0 it is the radius of the primary lid bolt cite t e. In Section j

2.7.1.2.5. it oss demonstrated that the assists force acting on any component
, ,

of the cask clostre system can be derived att

F

f, = 4M/3RN
!

There: R = 1,id belt circle radits = 41.0 in f
N = Number of closure at t achments = 8 |

t

f, = 4(14.698(10)f)/3(43.0)(B)
:

;

t
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i
= 89.747 lb !

'

|

!
The 6.8 peig normal operating pressere, derived la Sostles 3.4.4, will esort
em additional 3,180 lb es each primary lid belt. Total belt leadias is |
therefore 39,747 + 3,180 = 62,927 lb. 7%e 2-1/2 inch eleoste bolts have e d.0 !

12 tessile stress ares. Rest 1 ting belt stress is therefore 62,927 /4.0 = {
13,732 psi. From Table 2.1.2-1, ref eresse esse assbor 6(A), the allovsble |
stress for Normal Conditions of Tressport is 28,. Free Tabl e 2.3-1, 8, f or ,

the bolting motorial at the assinun service temperatste of 133'F is 34,360
poi, so the allevable s tres s is (2)(84,360) = 68,720 psi. The Margia of

,
,

Safety is: '

!

M.S. = 68,720/18,732 - 1 = +3.37 !
!

From Section 2.7.3.2.5, it was foend that the most severly loaded bolt ;

attachment Ing is the lover lag, attsched to the cask voll. For this 133, the [

bolt circle is 3.75 inches f rom the 133 attachment at the cask well. The ,

moment of inertia of the ettschment section hs been derived in Section 2.5.1 (
des 188.68 in , and the distance f rom the centroid of the attachment area to ,

the tip of the log gosset was fosed t o be 4.8 in. So the bending stress

acting on the Ing under stairam oblique leading ist

eB = (6 2.92 7)(3.7 5)(4.8)/18 8.6 8
= 6.003 ra t

Shear s tres s on the a t t achsent section is:
.

t = 62.927/32.76-

*
= 1,921 psi

2There 32.76 in is the area of the Its attachment section. Combined stress
for the section is

c = eB * II'/I) * (T) Io

= 9,$67 psi
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.

From Table 3.1.2-1, ref erenee case member 2(A), the allevable oesbrano plas |
,

Sending stress on contain. oat to... mesi i. 2.ss,. For the 4-s1 1o.4, las !

8, = 23,286 psi et 188'F, so the silevable is (1.5)(23,286) = 34,388material,

pai. The Margia of Safety ist

N.S. = 84,385/9,$61 - 1 = +2.64
i
I

l

!a Sec tion 2.7.1.2.8 below, it is deseastrated that elesare system bearing j

sarfaces oshibit large mercias of safety la bearing against an allevable of |

yield for the osch more estrose accident sendities leadings. It is therefore f
obricas that the eas11er moraal condition loadings will resalt la even higher i

fmargias for bearing stress with the same allevable stress at the same
|
,

temperature. i

i

It has thus been demonstrated that Normal Conditions of Transport obligas drop .

!impacts will have negligible ef f ect on the the 10/140MB cask.
!
t

.

!
l

:

I
r

|

I

| ;
, t

!

*
. ,

?

|

,
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2.6.7.3 f.la1,11&A I====*

I

Analysis of the 10/140MB essh behavior during sido lapset f rom one foot j

f ollove the same approach deseribed la Sec tion 2.7.1.3 f or the hypothetical j

aseident lapset event. Besasse the moraal condition impact is such less ]
severe them the assident condition impact, the evalsation of the event is

s omewha t l e s s c omplie n t ed. I

I

The smalysis presented here follove these steps: ;

,

1. Determine the asalass impact limiter deflections using the STDROP !
t

computer program, stilising conservative esaseptions regarding t

:

impact limiter geenstry. j

!
i2. Determine the lapst t f orc es using the SYDROP costst e r prog ram a s

|
vell as some hand analyses, stilising conservative asssaptions |

regarding impact listi t e r g e ome t ry .

i

3. Determine stresses in the outer shell assuming it reacts the entire !

impact bending Iced.

i

l 4 Determine stresses in the inner shell asssains it reacts the payload

weight and half the lead weight in bending.

2.6.7.3.1 lidt 1= emet Defleet4aen |
,

In order to conservatively assimise impact lialter deforestions. the STDROP) -

energy balance program was ssed, with miniana laract limiter outside disseters

,

assteed. Thes e disse t e r s cor re spond to the dis t anc e s ac ros s the fla t t ened .

|

| sides of the major and minor portions of the impact limi t e r, and we re 102
1

| inches and 96 inches, respectively. The assumed outside diameters are !

illus t ra t ed in Figu re 2.6.7-8. In this sanner, impacts on both the rounded ,

and f1sttened sides of the impact limiters are ef f ectively bounded. The
inside diameter was a s sumed to be the minimum value of 77.5 inches. This

assnaption conservatively ignores the presence of the bolt I ng 'poc k e t s '

2-179
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embedded in the sides of the tapart limiters, As will be shova la Section |

1.7.1.8.1 be l ev , these pockets toad to indsee leest strain hardestas offects
in the polystethase foam, sad thus set to reesco deforwtions. Ignorlag them

i vill rossit is higher celes1sted deflections thaa vesid otherwise eessr.

I

addio.a.11y, the .asi a io.,e,. tore foa. ,re,e,ues were .in i.ed. since !
i

the polyurethase foam is et its lowest strength at elevated temperatures, this i

sostaptica vill toad to assistse deflections. Fosa properties takes at the

assimas morosi condition temperatste of 169'F sere derstod by 15% (2M st the j

mesiasm s t ra ta of 80%), as esplaimed in Sec t ion 2.1.2.4. The ross1ts of the |

STDROP smalysis are gives la Tabl e 2.6.7-12. As esa be seen, the assione
'predicted deflection, even with the conservative sessoptions made, is only

| 1.7 4 inc he s. It shesid be noted that, since the dif f erence in radit of the i
i

lapset limit ers is (102 - 96)/2 = 3.0 inches, only the 30 inch long major j

diameter portion of the lapset limiter will be af fected by normal condition
#side drop. The 10 inch long, minor disseter ' cap' portion vill tot incar any

dassge. I
6

I
I

In S e c t i on 2.7.1.3.3 b e l ow, i t is shown that the minista distsace between as

outer sad an inner steface of the impact l i m i t e r i s 8.1 inches. Notes! I
condition impact limiter deflections are therefore of no consequence.

!

2.6.7.3.2 ild.a. lasnt Fe r c a s ;
,

1 Sid e impact forces were likewise de teralmed sting the STDROP energy balance'

program. For this e v sina tion, the analysis vos performed assnains foam ;

properties at -20 F, increased 15% to 20%. At this minians temperatsre [
0

condition, f osa strength will be greatest, and ensning impset loading vill* .
.

therefore be ma n issa. The same sistema ostside diameters were used for this ;

onelysis as were used above in the deflection smalysis. Bovever, to [

cons ervatively assisite impac t loading, a masians inside disseter of 88.5 f
inches was es semed. This dimension corresponds to the dis tance across any f
opposing pair of bolt its ' pocket s' embedded within the impset l imit e r. The

full 30 inch leng th of ma jor diame t er portion of the impac t limit er on each
end is assnaed effective. This has been shown by test to be the most

*

realistic model and results in higher loads.

i
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'

The results of the STDROP ovaluation are given la Table 2.6.7-13. The 10 inch
yi' ' cap' portion of the impact limiter is again shova to be maaf feeted by one

foot' drops, since the impact limiter does not defloat emossh to sob 111:e this
part of the f oss. As shows in the Table, the nazissa secoloration darias a

|
moraal condition side impact would not be espected to exceed 28.2 3's.

,

| ,

L .2.6.7.3.3 IhLLar Khall Raad.ias. E * * a = = = = I

|-
I

1 The outer shell bending stresses for the hypothetical accident 30 foot side

impact were deteralsed using a linear analysis (see section 2.7.1.3.2).

Theref ore, the stresses derived from that analysis may be f actored by the |

ratio of the normal condition impact acceleration to the hypothetical accident I
impact a c c e l e ra tion. The nazissa stress intensity from hoop and longitsdinal |

L beading during the accident event is given in Sec tion 2.7.1.3.2 as 17,380 psi, j
1

for an impact acceleration of 163.2 s's. Therefore, during normal conditions,

the corresponding stress would be:

I ( 2 8.2 /16 3.2)(17,3 80) = 3,003 p s i
.

The allowable membrane stress under normal conditions for the non-containment

A-516 Grade 70, or, alternatively, A-537 Class 1 steel outer shell is the

greater of S, or S (Table 2 .1. 2 - 2 , reference case number 1(A)). At the *

y
0mazimum expected outer shell temperature of 128 F, the allowable is thus S =

y

37,200 psi (greater than S, = 23,350 psi). So the Margin of Safety is:

M.S. - 3 7,200/ 3,003 - 1 = + La rs e

' The normal condition bending buckling allowable is 22,793 psi (Tabl e 2.1.2-4),
so the Margin of Safety on bending buckling is:

1
M.S. = 2 2,7 9 3 / 3,00 3 - 1 = + 6.5 9

2.6.7.3.4 Inre r She l l St re n n e s

The inner shell stresses may be factored from the hypothetical accident

2-183
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conditions la the same manner that outer shell stresses were. Thas, the-

|

19,150 poi maaisam stress' in the immer shell daring the hypothetical seeidest

side impact event becomes:

(
|

(28.2/163.2)(19,150) = 3,309 psi,

Using the membrane stress allowable of S, = 20,000 psi for the stainless steel
inner shell, the Margin of Safety is then :

,

M.S. = 20,000/ 3,309 - 1 = + 5.04

| The buckling bending allowable is 19,182 psi (Table 2.1.2-3), so the Margin of
'

Safety on bending buckling is thent

|
|

1
. N.S. = 19,18 2 / 3,3 0 9 - 1 = + 4.8 0

|

|'
It can thus be seen from the above analyses that Normal Conditions of

Transport flat side drops will be of little consequence to the 10/240MB cask,.

even under the worst possible conditions.

I

i i

l
'

I

:

.

1
..

i

|

|
|

|
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2.6.8 Eazaas. Raas. ,

1. t. .i

!

I 151 . rogstrement . As not . applicable, eince the NmPac 10/140MB is construeted '

.

L . primarily of-stool and lead, and esseeds 220 posada gross weight.
i

I
!

2.6., e....... ..

!,,

This requirement is not applicable, since the NsPac 10/140MB exceeds 10,000 ,

'

posads weight. .

,

t
,i

,

1
2.6.10 p.m.teneinn

|

L |
'

,

From previous container tests, as well as engineering judgement, it can be i

concluded that a 13 pound red would have a negligible ef f ect on the heavy
1

l- gange steel sheet impact limiter or cask.
b
' , ' >

1 i

!

.

i 2.6.11 faamazz.,

1, '

1
|

L As the result of the above assessment, it is concluded that in normal c ondi- i

1
,

!I tions of transport:
5

'

l

l 1. There will be no release of radioactive asterial from the package.

.i
\

,

I 2. The effectiveness of the packaging will not be subs t antia lly*
,

1, - . .

reduced.
1

1.~
|

3. There will be no sisture of gases or vapors in the package which

could, through any credible increase in pressure or an explosion,
significantly reduce the ef f ectiveness of the package.

L
1 .

1

.

I

L' 2-186
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2,7 Ewmaekaeleni Agai&aak Canditiana
,

The NsPac 10/140MB Cash, when subjected to Eypothetical Aeoident Conditions as

specified in 10 CFR 71.73, asets the performance regstrements specified la

[ Subpart E of 10 CFR 71. This is de6.eastrated in the following subsections
where each' accident condition is addressed and shows to meet the applicable
design criteria previously disonssed la Section 2.1.2. A essaary of maziana

stresses in the major cask composeats arising from the Bypothetical Accident
| Conditions is pressated in Figste 2.7-1 and Table 2.7-1.
|

|

| 2.7.1 Els.a. D.zna

Subpart F of 10 CFR 71 requires that a 30 foot f ree drop be considered for the
NnPac 10/140MB Cask. The drop is to be onto a flate; essentially unyielding,
horizontal surf ace, and the cask is to strike the surf ace in a position for

l

L which naziens damage is espected. Per 10 CFR 71.73(b) the f aitial temperatste
for the drop is to be the worst case constant amblest air temperature between

-20 F and 100 F. Internal heat generation from the payload (95 watts) is also0 0

considered when it is conservative to do so. (Note: 10 CFR 71 does not re-
condi- jquire consideration of insolation as an initial condition for accident

|
tions). Regarding initial internal pressure, the nazissa normal operating

| pressure must be consideret unless a lower internal pressure consistent with ,

the sabient temperature assnaed to precede and follow the drop is more un- |i
'

J

favorable. |

)
|

I

|
The analyses in this section estract accelerations from NnPac's impact anal-

,/ yses programs (ETDROP, SYDROP, CTDROP, and OBLIQUE) and statically apply thes |l- *
;

|
to the package. Static application is justified since the natural frequencies1

of the cask are relatively high and the duration of the lapact loadings tels-
!

tively long. The cask frequencies are high as the result of using relatively|r

thick, stif f shells in the cask design. The duration of impact loadings are ;,

relatively long as the result of using soit (relative to the steel structures)

|
energy absorbing impact limiters to protect the cask during free drop events. 1

!- In addition, inspec tion of accelerometer data available from previous drop |I

.
)

1

2-187
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tests indicates that casks such as the 10/140NB respond essentially as a,
,

rigid body. This observation further justifies static application of a loads. i

!

It has been deternised is the free drop analyses which follow, that drops la ;

~ the various orientations produce dif forest sitsstions critical to overall eask

design. For example, in general, flat end drops ross1t is loads which toad to

induce the goversias stress rossitants on the major cask structural com-

ponents. Obligne. drops tend to create nazimam primary lid and impact limiter

separation loads. Because of the various appartensacos eat ending from the

side of the cask (tie-down 1sas and primary lid bolt Ings), as voll as the
'

relatively 'sof t ' impact limiter response in the sido drop orientation (foam

strain hardening is generally less for side drop than for other orientations), '

( flat sido drop will tend to result in the most critical deformations conducive :
1

L to potentis! 'bo t t oming out' of the c a tk. All of the considerations are
i

addressed in detail in the following sections.
,

j An important consideration in the detailed analyses which follow is the fact ;

|
'

that cask response to the regulatory drops is temperature dependent. At

( maximum temperature conditions, the structural material comprising the cask

( vill exhibit lower mechanical strength than at lower temperatures. As a
'

consequence, the stress and buckling allowables will also be lower. However,

because the p ol yu r e t b an e foam in the impact limiters likewise exhibits lower '

mechanical strength at elevated temperatures, it will deform more on impact

i than would be the case at l ower temperature s. The result will be ses11er ;
1'

impact loads occuring at higher temperatures.

Conversely, at the minimum r egul a t ory t empera tu re, while the mechanical i

strength of the structural components will be greater, so will the mechanical
,

streng th of the f oam. The result will be greater impact loading at reduced

temperatures.

In order to conservatively bound temperature ef fects in the free drop events

that follow, the maximum impac t loads, derived at the minimum t empe ra ture,

will be applied to the cask. Simultaneously, the cask response will be

evaluated utilizing mechanical properties at the highest Normal Conditions of

Transport temperature derived f or the individual c ask c omponene t s at the

2-190
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:

- - masiasm tosperature condities. This introdscos additional conservatism, ese
!

to the feet that composest temperatures at the start of the Eypothetical I

Accident Conditions will be signifit.satly lower than for Normal Conditions of

Transport. In this estremely conservative fashios, eask integrity will be,

1

l demonstrated across the is11 range of temperatures espected sador all.

Eypothetical Accident Conditions. !

Finally, it should be noted that, while the following smalyses are based os

conservative asemaptions derived from sound engiacering jsdgement, the flaal i

evalsation of the 10/140NB Cask istogrity rests in the results of the guarter-

scale drop tests performed to verify the cask design. Details of this test
'progree are given in Appendis 2.10.d. The results derived theref rom is11 7

vindicate the occident condition analyses performed in this Section, and !

|
t demonstrate that the NnPac 20/140MB is fully capable of meeting the most

'

,

'
I stringent regulatory requiressats.

,

|

P

l-

-,
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2.7.1.1 El m.1 luul D.s.na

Analysis of the NsPac 10/140MB Cask behavior during the accident condition i
;

drops from 30 foot is performed 'in the following steps:

.1. Analyse the nazimas aspect limiter deflections using the EYDROP

energy balance computer program. .[

2. Analyse the satiasm impact force using the ETDROP computer program.

!

3. Analyse the axial and hoop stresses in the cask shells and lead.

i
,

L 4 Analyze the cask lid f or bending, assuming the payload acts as a

uniform load on a piste supported by the impact limiters exerting a

uniform pressure in the opposite direction. Reanalyze the lid,

( omitting' payload reaction. ;

|
l

5. Analyze the stresses iri the cask primary and secondary lid bolts. *

l |
.

,
_

6. Analyze estimum bearing stresses in the EnviroSeals te and adjacent
sealing surface.

7. Determine the amount of lead slump.

The flat end free drop event will tend to impose crisical loads on the major i

cask st ructural component s. Lids will generally experience their greatest

,- bending forces, while the cask shells will undergo nazimum compreesive loading

conducive to buckling. In addition, there are a number of cask-specific

considerations which could govern component loads and determine which are the

L most critical. These are as follows:
,

1. The NnPe c 10/140MB c a sk ha s two dif f erent basic configurations -- a

fixed-bottom and a removable-bottom version. Each will respond

dif f erently to the same imposed drop load.

.

2-19:
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2. Drop orientation could be sa importsat factor. Impacts for both top-dova.

and bottom-dova and drops asst be addressed.

3. The presence of the ensk payload say,' is certata otronastaneos, toad to i

consteract and tellowe impact . loading os some composeats. Resposee of
'

the lids, for esample, sador maiform loadings applied ostereetly by the
.

,

s y
' impact limiters and internally by the payload will diff er from the

response where a payload is reduced or constraised from applying as ,

o '

evenly distributed loading. Coasettently, two bosading cases'are
considered: One, where the impact is modelled as though the is11 15,000
lb payload were present, and the other with no payload reaction at all.

4. The nazimum normal condition internal pressure (6.8 psig, f rom Section
'

3.4.4) mu s t be accounted f or, when this will result in a worse-case,

stress condition. Generally, the presence of internal presente v01 tend '

to increase the critical inner shell (containment bosadery) buckling
'

strength. Conversely, for lid analysis purposes, internal pressure will
result in additions! bending stress. Therefore, for the following shell
analyses, internal pressure will be conservatively neglected. For lid

stress evaluation, internal pressure will be applied.

!

It should be noted that the analyses below demonstrate that the lead shielding
will always slip under Hypothet ical Accident Conditions end drop loadings.
Assumed t end condition for structural analysis purposes will therefore always

reflect this initial state. ,

7

In the analyses that follow, worst-case combinaticas of all the above f actors

.' have been evaluated. Where simple geometries and load patterns allow,
|

,
,

classical stress analysis techniques are utilized to determine component

response to end drop loading. For more complex geometries, the ANSYS finite

element program was used to determine nazione stresses.

A suiamary of all end drop analyses performed in Section 2.7.1.1 is presented
in Tables 2.7.1 - 1 a nd 2.7.1-2. This summary de tail s each component an a l y s ed ,

the initial conditions assumed, analysis technique utilized, and resnits. It

2-193
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TABLE 1.7.1-1*

(Page 1 of 2)
,

'

Bypothetical Accident Condition

' Flat End Drop Structural Component Analysis Parameters
(Foss Temperature'of -20'F)

.

Campone st Case . Cast Dro p Psyload la nd latetaal Analy s s a

Bef. No. Confiserettes Or te st ation States Pr es sar e Techangee

INER 1 Bot tm ' Betten No siemp No ANSTS

Leading Dov a

BBILL
2 Fised Bottoo Yes $1 amp ho Cisssical

Bottes Down

3 F ise d Botta No $l am p ho Classies!
Bott e Down

OUTER 4 Botta Bottos No $1 amp N/A ANSYS

leadsag Dor a

$BII.L
$ Fased Bo t tae Yes $ limp N/A Classical

bo t t on Down

6 Fised Bottos No $ lamp N/A Classical
Bos t on Dova

TOP 7 Bott Top Tes N/A les ANSYS

Dova
L LID

8 Bo t t; Top No N/A he ANSTS

Dov a
|- 1
i

-

1

i

BOTTtW 9 Botta Botta Yes N/A Yes AN5YS

Loading D ov e 3

ILID
10 Botte Bo t t cc ho N/A ho ANSYS*

Loadtag Dora*

BOTftW 11 Fised Bottee Yes $1aer No Casssical

Bott e Dova

PLATE
12 Fased Botta No Slump he Cassiles!..

''

Dott m Dov a

)2-194
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!:. TABLE 2.7.1-1. ,
t

(Page 2 of 2)
e

*
r

compea.nl c .. cost D r. , peraees u es lat e rsei A .irste
| not. No. Configoration 'Ortestation States Pre e ssee Toshalese.,

)

PRIMART 13 Soth Top No N/A No Cl as sisel
1.!D Deen

BOLT 5
,

BOLT 34 Both Ter No N/A No closestal
LUCS Dove ,

5BCOW ARY 35 Both Top Tee N/A fee ANST&
L1D BOLTS Dev o

|'
|

|

|

!

|'

i

j

!,

|

e

O

I

i

|
|

|
1

-

i <
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T S LF 2.7.3-2'

(Pose t of 29

Nypothetical Accident Coedites
Fiat End Drop Se rectaret Ceepeseet Stroes Evetentise

t a=rese n t Cee. Lece t tee tied Type of Ree st t eet Strees Asseptance At l eee6 t e - fleegte of SS
Ref. %. Withee Comboostsee Strees Ceeposest er Cr it er t e Telee of Safety Refereene .

Compeeest Stress totenesty Stres. Leestsee
tret)* trott

.

membrose
e tte ed t eg St = 21699 St i 3.65, 3.65,= 72909 +2.32

2.7.1.1.S(2)
I fopect red Nie. Peyteed hebrese St = 19427 51 i 2.4 5, 2.43, = 48000 + t .6 8 2.10.6.3

tsed Sleep

h*INI- 'ha * 26042I'tNFR Sockttog e
SRt11 Internet te . e , * It'88 e , = 27593 +0.96**

" " ~

2 toyeet E nd mes. Pey tee.

h = 4320 hetsed Sleep Seektles e e = 24942 2.7.1.1.3(2)
Intereettee e,= 19538 ' * * e = 27393 +0.24***n

,

Nie. Feyfeed hebr ese St = 20006 5112.45, 2.43, = 48000 +3.39
3 toyect End Lead Sleep 2.7.1.1.3(2)

*

h = 6320 h = 36042Docttles e s
tot eree n tes e, - 20606 e , - 27393 =e.93*

--_-.m

t,
+ nemsteg St = 20607 $$ i S, 3,= 70000 e2.3 e

2.7.1.8.3(23
4 foyect End Nie. Feyneed Slesbree. St = 130e6 St i 9.73, 9.75,= 49800 +2.SS 3.19.6.3

,

tsed Steep

h = 3274Seektles e

Ol'TF R tetereettee e, = 13 621 ** e = 36239 +1.43

sur21 hebreee St = 17990 SI 10.73, 0.75,= 49000 +1.73
the s. Peyteed 2.7.1.1.3(2)

$ fopeet End I,eed Sleep

g*9Seekttag o

| Internettee e, = 13820 ** e = 382S8 +1.62u
I

Nee. Feytend membrano St = 19394 St 1 0.73, 9.79, = 49000 +2.16*"
6 Impact End t.eed Sleep 2.7.1.1.3(2)

h*8Doettles s
*

fetersettee e, = 11344 ** e = 34298 - e2.20**u

* St = Strees lateet etty, e = toep esepreselee strees. e, = estet compreestee ettese

|
" Soestles ,tetereet tee: .t.e ,e*I'e#'nII I Ilie fe I

ee. e,- i 6 celi, ,ree.ete re .et e m orate. eerst e. -
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TsetE 2.7.1-2
(Pe se 2 of 29

4

a

Syyettetteet aseteese Ceeditos
Plot End Drop Streeteret Campeeeet Strese Erelma tee

.

| Ceepease f Case Lea t see Lead Tyye of. Seeeltant Stroes As eept owe alteestte anrete et Se
: a.f. see. witate C m teettee Stre.e Cen,eeest ee Cetterte. v. tee oc Smeet, esee, ease
i C w eest Strese 1stesetty Strees Leest see *

} (peti * f yet )
*

| Ostelde Die. Seehr ase St = 19923 SI i 2.4 9, .2.4( = 48000 e2.92 2.7.1.3.4
7 mee Peytees 2.10.7.4

Seetweeei YtIP Ost eede St e. * Senders St = 36314 St i 9, 3, = MS *1.90
LID

Out side Dee. Enebeene St = 14991 Sti2.4( 2.4( = 48000 +2.4 2 . 2.7.1.1.4
8 Wim. Paytoes 2.99.7.4

, Ost elde Die, bestreme
* Deeding St = 11743 St i S, S,= G8789 e4.S$

j Out elde St a. amebreee St = 19937 Sti2.4( 2.4 ( = 48000 +2.09 2.7.3.3.4
S Ens. Peytees 3.19.7.2

center usebreee
metT3u + Seedtog 'St = 22493 SI 3 J , S,= G879$ +2.06

j Lip

Ostelde pte. Emebeene St = 13919 SI i 2.4( 2.4 ( = 49000 +2.4 9 2.7.1.1.4 .
10 Ble. Pe7 eed 2.29.7.2t

Setetdo Dio. Itembreme
* Sendtog St = 11914 St i 9 , S,= $e789 e4.SS

|

| Ene. PayIced Enebrose
i nDTTTel 11 Centee Lead Si g + sendtog St = E9912*** SI 38 , S,= $8795 +S 94*** 2.7.1.1.4

ftJLTE'p ,

Ble. Peyteed Wembrose
| 12 Center Leed Stoo, e seestog St = 21313 9t i S, - S,= 80709 +2.3 9 2.7.1.1.4
|

|
PttWART

j Lap act.TS 13 Sheet Preteed memb-ee. St = 42$9 S, 5,= 192000 +1asse 2.7.3.1.5
i

'I
p%T vote to membreo.
Ltr3S 14 Ceek Body Proteed * Seedtog SI = 2449 5, S,= 19999 *tmege '' 2.7.1.E.S

r

'1
SEft w 2.7.1.1.S *

| Lip SULTS IS Sheek Ilms. Foyleed usebrose St = $2000 9, 3,= 199000 +0.96 2.10.7.4
|

|

l'

)
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is from these Tables that the worst-caso end drop stress states detailed la
],

Table 2.7-1 are drawn.

Natorial properties utilised in the analyses were taken f rom Table 2.3-1.

Stres s allowabl es were drawn f rom Tabl es 2.1.2-1 and 2.1.2-2, and buckling
allowables case from Tables 2.1.2-5 and 2.1.2-6. Polyurethane fosa properties

,

were derived from Figure 2.1.2-3.

:

The impact limiter is conservatively assumed to resist the impact over its

entire footprint area. Tests performed on a. variety of ~ packages indicate that
.

Ioads calculated in this manner are overpredicted. Since the EfDROP program

assumes a circular impact limiter, a geometry' assumption was made to

accurately account f or.' the irregular footprint of the 10/140MB. The impact '

limiter diameter used for input to EYDROP is adjusted to account for the ,

impact limiter 'fl a t s', which reduce the impact - resisting atos of the impact

limiter. The equivalent diameter may be calculated as follows:

2 2D,=(D.p(2/n)(o-sinacosa)}0.5'

';

Fhere D, = equivalent diameter.

D = major diameter (101.0 in. in this case)

o = cos'1 (Flat width /D) = c o s'1( 96 /101) = .316 radians

D,=(103-101(2/r.)[.316-sin (0.316)cos(.316))]0.52 2

= 100.3 4 inches
.. .

The equivalent impact limiter geometr} assumed for flat impact evaluation is

s hown i n Fi g u r e 2.7.1-I .

2.7.1.1.1 I-emet tietter Deferestinn
'

Table 2.7.1-3 pr e s e c t s the results from the ETDROP energy balance program for

.
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FIGURE 2.7.1-1; ,s.
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'c ' Impact Limiter' Assumed Geometry for Flat End Drop' '
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TABLE 2.7.1-3

t-
c
'

EfDROP Resnits for 20$'F Fosa. ,

(
'

EYDADP(tWD) NUPAC 10/140MS, NARM FDAM 4 305 Dio). M.A.C.

PACKA0t Wi!0MT a 68000. (195)
PACEACE DIAMtitt * 100.34 t N)
Nott DIAMtift a 35.00 ( N)
OvfRPACE CIPIN * ~8.00 ( N)
DADP NEIGM1 * J0.00 (FT)

++++ IMPACT ++++ ++++++ ENER0Y ++++++
CRUSH
ttPTM STRAIN FDROE ACCEL. KINETIC STRAIN- RAfto
(IH)' (L85) EG) (IN LS) (IN*LB) (SE/EE)

.25 .014 1410882. 20.7 24497000. 176360. .007

.50 .028 2821764 41.5 24514000. 705441. .029

.75 .042 3699090. 54.4 24531000. 1520544. .062
1.00 .056 4 3 7 410 4.~ 61.4 24548000, 2504697. ,102
1.25 .069 437551). 64.3. 24545000. 3573399. .145
1.50 .083 4533931. 66.7' 24582000. 4687079. .19) i

1.75 .097 4640952. 68.2 24599000. 5833940. .2 47 I

2.00 .311 4729863. 69.6 24416000. 7005291. .245
2.25 .125 4802739. 70.6 24633000. 8194867. .333
2.50 .139 4858699. 71.5 24650000, 9404547. .382
2.75 .153 4901310. 72.1 24667000. 19624548. .431
3.00 .367 4934140. 72.6 24684000. 11853979. 480
3.25 .341 4960755. 73.0 24703000. 13090441. .530
3.50 .194 4984723. 73.3 24718000. 34334025. .540
3.75 .208' 5024772. 73.9 24735000. 15585212. .630
4.00 .222 5077688. 74.7 24752000. 16848020. .481
4.25 .236 5133947. 75.5 24769000. 18124474 .732 i

4.50- .250 5194171. 76,4 24746000. 19415489. .783 i

4.75 .264 5258983. 77.3 24803000. 20722133. .835 ,

5.00 .278 5329005. 78.4 24420000. 22045631. .888 i

5.25 .292 S404859. 79.5 24437000. 23387364 .942 i

'' 5 7 ?ft .306 5485228. 86 8 80 7 24854000, 24748625 .996 L000 i

5.75 .als 5576GGl. 61.9 4457451G. ze34Gasv. s. Gal s

6.00 .333 5663261. 83.3 24488000. 27534687, 1.106 ]i

i

1 6.25 .347 5766195. 84.8 24905000. 24963369, 1.143 i~

i. 6.50 .361 3879988. 46.5. 24922000. 30419141. 1.221
6.75 .375 '6005825. 88.3 24939000. 31904868. 1.279
7 00 .389 6144891. 90.4 24956000. 33423708. 1.339
7.25 403 6293464 92.6 24975000. 34978550. 1.401
1.50 417 6441017, 94.7 24990000. 36570407 1.463
7.75 431 6608124 97.2 25007000. 38201550, 1.520*

8.00 444 6798972. 100.0 25024000. 39477457. 1.594 1

!'
MD

t

'*
. ,

:
1
L !

I l
'

l

.

|

||

i
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|
1
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as impact limiter at 10$'F. This corresponds to the masiama temperature the. 1

1, .

]polystethese foes that the package might esportence prior to the accident
, conditions tests, as described in 10 CFR 71 (see Section 3.4.6). Note that the i

,
108'F temperatste represents the assimas foes temporessre, and not the average

/ te.,erataro. no.. ,0.p.ratare ,athe ,.,ast 1,.,ter f.a. ,a astsa,,, ;

onl y 101'F. It should also be acted that the foam properties assumed sero ,

' taken at the lower bossd that might be espected at that temperature. hat is, l
, , _

foes strength was dorated by 155 sp to 75% strata, and by 20% thereaf ter. ;

Ref er to Section 2.1.2.4 for farther details. ;

!
*Interpolation of rean1ts for the energy balance point yields a masians impact;

limit er deflection of 5.52 inches. Since the bottom of the impact limiter is

' 18 inches deep. It may be seem that t h i s d e f o r m a t i o n v i 1' 1 be of so *

consegnance. The impact load for vara foes is calen1sted as 30.8 s's. which i

A r. less that half of the cold temperature leading derived in the nest section.
|

1'

l 2.7.1.1.2 End lan&Al Ecu s.Da**r=i=**4an
l.
{.
,

The maximum ac c el e ra tion impa rted t o the 10/140MB c a sk durin's a fist end
l-

impact f rom 30 f eet was also calenlated using the EYDROP program. For this

| bounding case, the highest foam strength possible (15% greater than the *

average f or f oam at -20 F, up to 75% strain, and 20% greater thereaf ten) was0

|- assumed.
.

The resnits of the EYDR0p analysis are presented in' Table 2. 7 .1 - 4. The

accelerations for this case can be interpolated from the appropriate lines cf
output on the Table. As can be seen, the anzimum end drop impact acceleration
which might be expected f or the 30 foot drop is 164.0 g's.

[ .

| 2.7.1.1.3 Axial n i h Stremana la ihm.Shel1a

Of all impact orientations, the flat end impact causes the greatest

acceleration to be imparted to the cask. This acceleration creates a

i
significant compression load to be carried by the inner and outer shells of

!. the package. The lead be tween the two shell s complic a t es the s t at e of stres s.
|'
1
,

2-201
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k TABLE 2.7.1-4-
,

I

ka. ETDROP Reesits ior -20'F Foam
i

EYDADP(IND) NUPAC ID/146MB. COLD F0AM (*20 DIO). N.A.C.

Pact &Of utt0Mt e 66600. (LDS)
PACE 60t plAMETER e 100.34 ( N)
N0LB DIAMt7ta e $$.00 t N)
OvtRPACK DEP1H e 18.00 t N)
DADP Mt10H1 e 10.00 (LT)

.++++ IMPACT ++++ ++++++ (NEROY ++++++
CRU5H
DtP1H STRAIN FORCE ACC[t. KINtf!C STA&!N RATIO

tlN) (Lll) (07 (IN*LB) (IN-Ll) (SE/Et)

.25 .014 2711659, 39.9 24497000. 338957 .014

.50 .028 $423317. 79.8 24514000, 1355829. .055

.7) .062 7592145. Ill.6 24531000. 2942762. .!!2

1.00 .056 8992200. 132.2 24548000 $05$405. .206
1.25 .069 9761936. 163.6 24565000. 7600072. .301
1,$0 .083 10289657 L51.3 24542000. 9906522. 403
1.75 .097 JCS96713, '

$$.8 26599000. !!$17318. .509
2.00 .111

'

0832306 ,59.3 24616000. IS195945. .617

; 2.50 .339
m1903??8. 61.4 26633000. 17925455. .7282.25 .32$
1 105777 163.3 24650000.' 20649150. .639

' c'' t 60 2.75 ,113 1B2076. 'L4.D 166.0 2 4 6 6 7 0 t'O . 23471311. .912 1.000

4.00 .367 -m156666 166.1 2468400G. 26259967 1 06=
3.25 .181 11332672. 163.7 24701000. 29066087. 1.176
3.30 .194 13096S18. 163 2 24718000. 31826646. 1.248
3.75 .208 11118663. 164.5 2'735000, 34601133 1.399
6.00 .222 11190767. lee.6 24752000. 37389810. l.Sil

4.25 .234 11270228. 165.7' 24769000. 40197432. 1.623
6.50 .250 11358662. 167.0 24746000. 43026063, 1.736
4.75 .264 11657605. 168.5 24803000. 45874076. 1.850
S.00 .278 11568613. 170.1 26820000, 68754354 1.966
S.25 .292 11693243. 172,0 24837000. 51664046. 2.080
S.50 .306 18430802, 176.0 26454000. 56604591. 2.197
S.75 .319 11941998. !?6.2 24871000. 57541191. 2.315
6.00 .333 12152396. 178,7 24888000, 60597991. 2.635
6.25 .367 12566204 181.5 24905000. 63660066. 2.556
6.50 .361 12559628. 186.7 24922000, 66773065. 2.679
6 15 .375 12800478. 188.2 24939000. 69943104. 2.895
7.00 .389 13070160. 192.2 24956000. 73176987. 2.932 4

7.25 403 13360371. 196.5 26973000. 76480804. 3.063 4

7.b0 617 13647287 200.7 24990000. 19856761. 3 196 i

7 75 .631 1397S332. 205.5 25007000, 83309588. 3.331
8.00 .=6= 16352109. 211,1 2$024000. 86850519. 3.671 |

i

;;

}

i

I.
,

e

I

I
|
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)
sises it is nach sof ter than the steel. As the aseeleration incrosses, the )

lead espands radially at a different rate than the steel, and whom the lead {'

Isetss11y yields, both inner amt, enter shelle espport and somtsin the lead.
i

'

The response of the eask steel shells sad lead shielding to the seeident end
drop event is deterstmed using both head salestations sad flatte elements

analyses. The principal concera for the eask shield vall assembly is with ,

boek11mg of the inner shell. As shown by the following 'ealesistions, bseklias |

will not osest as the rossit of the hoop and asial compressive stresses which
develop in the cask immer shell sador aseidest end drop eenditions.

?

#Various saitial conditions can be assumed f or the accident drop event. Ia
particular, a temperature must be assumed la order to establish en initial
f abrication stress for the inner shell. A lower assumed temperature will
result in a higher initial hoop stress on the laner shell (see Section 2.6.2), ,

but higher allowable stresses. For p*arposes of this analysis, drops at 128'F''

(masiana lead normal . temperature per Section 3.d.2) and -20'F are seasidered.
To adequately analyse the full consequences of the drop event at the given

I tempera tures, two initial lead conditions are also considered. These are
l (1) the lead shielding clings to the cask inner shell for the duration of the

drop event, and (2) the lead shielding is free to slump during the drop event.

(1) Stresses in the Cask Shells and Lead Shielding (Maximus Fabrication
'

Stress Condition Assumed)
t

The first condition assumes that the lead has shrunk onto the inner shell and
away from the ou t er shell . In addition, due to the combined effects of

f riction between the lead and inner shell, and asial shrinkage of the lead

|. I relative to the shells, asial gaps will develop between the lead and the steel.

structures at the top and botton end of the lead column. These asial gaps are
important in that, until friction is overcome, under increased asial loading,

I. the lead will impose e direct asial load on the inner shell.

Once f riction is overcome, the lead will become supported at its base (the
bot t on: of the lead column) and will gree radially outward due to the ' Poisson
Ef f ec t' nader increased axisi loading. This radial growth will tend to

2-203
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:
relieve the initial f abrication hoop stress as the lead separates from the

'

immer shell. If sufficioat asial load develops, the lead vos1d grow out to
'the outer shell, creating tensile hoop stresses therein. Under farther

loading, the lead would ovestselly begin to yield and flow back inward onto

the inner shell, thereby developias compressive hoop stresses in the immer
,

shell. Sines the primary mechanism of this lead case vos1d be to relieve

stresses on the critical inner shell, it la mot oossidered to be a worst-osse i

condition.

From Section 2.6.2, hoop stress in the inner shell due to f abrication is as i

follows:

Inner Shell
Temperature - Boop Stress

(OF) (mal)

128 -1,793 (extrapolated)

70 -2,041

-20 -2,642'

Note: The enter shell hoop stress is considered negligible since the lead

separates from the outer shell upon cooling.

Ile equivalent pressure et the lead / inner shell interf ace is as follows:

p = ct/r

3 e

Where:

t = 0.75 in

|
! r = 3 3.3 7 5 in
l-

.

2-204
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- Thss, the interf ace prsssaros at the dif fereat temperstares are j
~

|

.

Interface '

Temperature Pressure, p

( *F ) ' (=ma)

128 .40.3 -

70 45.9 i

,

-20 39.4

o
With' a coefficient of friction, f, for lead on stainless steel assumed to f all

'

l' in the 0.5 to' 1.0 range (Ref er to Mazi's. Standard Ramahnak Laz. Manhaminal En .
b minaara, Ref erenc e 2.11.12, . p. 3-26), the load, P, which can. be supported

' by friction at the. lead / inner shall interf ace,- may be determined as follows: .

| +

| P =stDLpf

.There: i

D = 67.5 in (inner shell outside diameter)
,.

!-
l

'

L = 77.5 in (lead column height)

;
,

t

p = interface pressure, psi
|

|-

! t = 0.5 to 1.0 (coefficient of frictlon)

|:

} Applying the interf ace pressures determined earlier, the total load which may

I , ." be supported is: ,

!

*

L
|>

2-205
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.

' Temperature Coefficient Lead Sepported 1"

(#F) .at Framelam -(tha) ;'
*

-)

~128 0.5 331,090 |
a

1.0 662,179

70 0.5 376,885 .

1.0 153,769
,

-20 0.5 487,863
;

1.0 975,727

,

With the total lead weight ogsal to 15,666 lb., the nazioss 3-load which can
i

be supported by. friction is 97 5,727/15,666 = 62.3 3's. The Bypothetical .}
Accident Condition -load's range from 80.8 s's at 128'F t o 164.0 s's a t '

-20'F. Since all possible accident condition s-loads are significantly greater
,

''

.than the maximas at.which the lead can be supported by friction, the lead will-
,

,

- always slip, and this load caso will not be of concern here.'

'

[ (2) Stresses in the Outer Cask Shells and Lead (Zero Fabrication Stress
Condition As samed)

i

The second initial lead condition assumes that fabrication stresses, as
. . ,

associated with lead shrinkage, have 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 inner and outer shells (i.e., the l e ad ne ed not flow
! away f rom the inner shell, into the outer shell and back into the inner shell
l

to develop a compressive hoop stress in the inner shell).

'

For this condition, initial stresses in the lead and the steel shell s are.

i taken as zero. As axisi load is applied to the lead and shells, the lead will "

|.
'

attempt to move downward and outward and develop pressures on both the inner

sad outer shells.

Utilizing the analytical technique d ev e l oped in Sec t ion 2.6.7.1.3, inner and

ou t e r shel l hoop and an t al s t res s e s c an be c a l enl a'.ed. The geometry to be

1 2-206
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seasidered is es follows: !
>

,

, ,
,i

.
.,

t i

R

1

E
\

--3--

=__
.

t
m

.,

|-- -

f L
|

2-
. |l - -

jF
- -=

,

fl j +- '- . f2 | hF -
- . -

f (.1- - .t

1
-

~

| i

i
- i

_; e v :
- -

f leij' -i
'

e

- r=33.75 - | h

F
t, 3

'

R=36.0 :

+

The height, h, at which the lead reaches its yield point is:

L - c t ypty/-' h = .

L 7 7.5 - 6 0 0/ (16 4.0)(0.41) = 6 8.6 in=
'

1 ;

!
'

} Static equilibrium of the lead column yields:
,

*

\ .

5 I FB+Ff2 + Ff2=L
1

b Where:

L' V
t

(25,666)(164.0) = 2,569,220 lb=

1

2(600)r:(36.02 - 33.75 ) = 295,820 lbF =
3
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'

'Fgg' = Friettomal Rosetion Force on Inner Shell ' 'l J
- !

;( '

, ,

i: .F f2- Frietional'Resetion Force on Oster Shell d=,

Immer and oster shell radial forces aret. $
e.'

s

I TU F Fgg/0.5, or.Fgg = 0.5 Fgg, =gg .

=!, ,

F
'

F /0.5, or Ff2 = 0.5 FR2 ,,!=
R2 f2 <

iAlso:
}

0.5 PE nD3 (L+h) IF =
R1

Lc
'8,' s

- and ~

1
..

L F 0.5 P E' "D2 (L+h)=
R2

..n
!

Solving f or FR2 and FA2.in teras of PE and substituting back into the lead- j,

(

L.

equilibrina equation yields: ~ i
' >.

l

W -Fg B 0.25 nPE (D3 + D ) (L+h)=.
2

- ort
,

4 II -F )/I"ID +D )(L+h))PE
" L B I 2

Fros which:
.

s

. PE 142.0 p s i=
- _

,

*

Therefore, the inner shell hoop stress is:
,

'

pE g/t3R. og =

-(142.0)(33.375)/(0.75) = -6.320 p si i-

[.'
| -

'
,

The outer shell, tensile hoop stress is:

|:

PE ;/t2RL '2 *

!

|
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|
4̂

(142.0)(36.625)/(1.25) = 4,160 poi' :=
,

. .

'
To evalsste asial' stresses in 'the 'shellsi a similar approach to that detailed

''
;

in Section 2.6.7.1'.3 i s st ills ed. ,
,

'
'

|..,

,

4

.

I' .w
3

,

.

v

f-I 4
, m

-TFf3 -gg g2
-

,
,

q 4 m .

. . ,

W fI "23 o "

,
I4

"

I p-%'

,

i

92 111111111111 ".m
"

'

7 n n n TJTlTIT1 TIT 9 3
-

oi a n o n o n o< i
,

'9;
. ,

4

!

0.25 n D pE (L+h)F =
3f3

t
).

1,099,847 lbF = ,

g3

;
-

.

|- f2 0.25 m D; pE (L'h)F =

l' [

F 1,173,170 lb=f2
, .,

.'-

I

.

i

(height of top impac t limiter ard cask lid as sembly)(164.0 s's)l'3 =

!

|
1

l '. 2-209
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|

( a ..

(34,000)(164.0) . = 2,396,000 lb
.

=

.

oi' V g (Teight of eask ester shell, thermal shield, ete)(164.0 g's)='

,

1
'- I

f (7,790)(164.0) = 1.177,360 lb |=

f |
*

|

[-'

g (Voight of sask inner she11)(164.0 3's) |'f I =

.

[ (3,810)(164.0) = 378,640 lb=

} .'
'

i Wg (Teight of lead)(164.0 s't) I=

! -c,o

E (15,666)(164.0) = 2,869,220 lb ]=

:.,.

.

Vg (Veight of botton piste)(164.0 s's) j=

|

(6,460)(164.0) = 1.05 9,440 lb !=
!
.

|(Weight of payload)(164.0 s's)/m(33.375)2
|42 =

,

,

(15,000)(164.0)/m(33.375)2 = 103.0 It/in2=

l. (

g3 =(T2*I2*IS * 'L * IB*42m(33.375))/m(36.6252 - 27.5 ) j2

;

$,$69.3 lb/in f2a

| !

| I.

V /m(36.62$)* |j; g3 = g

!

2*I 251.4 lb/in=

i

g4 Tg/m(36.6252 - 33.315 )2 t=

413.9 lb/in:=

)
1

'

Trom the corpstational techtigte used in Se c t ion 2.6.7.1.3. relative deflec-

tion dte to the pressure loads is:
1

|

' t

2-210
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'

v ;

[ }
| |-

-0.'02208 in (positive dowavard) for me payload reacties |
'- 6g-63 =

-0.002945 in with payload resettom ';=

!'

R L/A Eg g - (V3+Fgg)L/1A Egg6 =
; 3 3

I

ILIIA E22 iI L/A I2 2 ~ II2+Ff26 "
2 4

|:

= V3+V2*Il+Fgg + Ff2*IlR4
!

! s. i
'

6,422,220 - R3=

!
Spiving sissitaneessly, the inner and outer shell reaction loads becosei }

!

!

3
3,1$ 9,120 lb without payload, and 2,446,920 lb with pay 1cedR =

4
3,268,100 lb without payload, and 3,97$,800 lb with payloadR =

Therefore, asial stresses in the inner and otter shella aret
I

|
i

-R /Ag = -20.086 psi withost rayload, and -1$,$$8 psi with payload {og =
3,

k

! o2 *I /A2 = -11,344 pst withost payload, and -13,820 psi with payload !*
4

I'
' Conservatively ignoring inner shell radial compressive loadies, sations stress

,

' intensity in the shell ist -j
t
,

0 - (-2 0.0 8 6 ) = 2 0,0 8 6 p s i j;.I.3 =

|
-

. .

Fue Ta bl e 2.1.2-1, itse ref erence aanber 1(B), the stress allowable for the j

i m m e r s h e l l i s t h e l e s s o r o f 2,4 S, o r 0.1S , w h e r e S, = 2 0,000 p s i s ad 5, = f
74,000 psi et 12 8'T (f r om Tabl e 2.5-1). For the inner shell asterial, the

,

ellevable is thus (2.4)(20,000) = 48,000 pai (which is less than (0.7)(74,000)
= $1.800 ps1).

!

The stres6 Margin of Safety for the inner shell is thus
i
i

2-211
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'

.

|

I>

48,000/20.056 - 1 = +1.89 ;NJ. = ,-

i

!

From Table 2.1.2-5, besklass allevables et 128'F see 27,898 poi (sais1) and f
26.042 psi (beep). Daekling Norgi2 of Safety is thost

i
e

1/ (( 20,086 / 27,898 )+(6,820/ 26,042)h1 fM .S . =

;
4 .

+ 0.0 8 ;=

:

I
Stress intossity of the ester shell is:

|'

18,$04 psi for no payload reaction j4.160 - (-11,344)
| S.I.2

=a

4,160 - (-13,820) = 17,980 psi with payload reacties imelsded |
|| =

t

!
From Table 2.1.2-2, iten reference anator 1(B), the allovable stress for this
son-coatsimment s t ruc tor e is 0.75,, where 8, = 70,000 p oi e t 128'F. Thus, the

stress Marsia of $sfety ist j
,

!

(0.7)(7 0,000)/11,9 80 - 1 = +1.7 3 iW.S. =
i
,

1

Fros Table 2.1.2-6, the sais! bschling allevablo at 128'F is 86.258 psi. The
bockling Norgin of Safety is therefore:

;

| -
;

*

I 1/(18,820/ 36.2 $ 8) - 1 = + 1. 6 2 .N.S. = |
!

iAgain, sting the s ame c ompets tional t echnigt e provided in Sec tion 2.6.7.1.3, I

| bending moment at the center of the end piste ist ;

. ,

J. W, e ~127.891 Italb/in (witheat payload) i

63,075 in-lb/la (with payload) {
|i

=

i
1 ;

iwhere a positive soment ladicates tensica on the bottom surf ace of the beso
l,

pl.to.

In addition to the band smalysis developed above, a finite element model vos
i

2-212
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developed to analyse this phonemones asias the oosses ANSTS streeters!
analysis eode. A desoripties of AW878 is gives is Appendia 2.10.2 and.

details of the analysis are shows in Appendia 2.10.6. The analyttesi approach

to bosoding all temperatore-related theseness are the same as for the
presseding elassical type analyses, sad are reespits1sted briefly belay.

While the minissa tosporatore sendities for the drop event (-20'F) inesses the
highest aseeleraties leading (164.0 A's). the meterial properties are aise et
a sesions (ref er to Sec tions 2.1 and 2.3 for details). Likewise, thessh the
assisse temperatore esse ross1ts is lever lepast lesde (a sesissa 30.3 s's),
motorial proporties are also redsood at the higher temperatsse sendities.

'

Ref er to Sec ties 2.1.2.4 1stset Lleiter Desigs Critosis, se voll as Sections
I 2.7.1.1.1 and 2.7.1.1.2 above for details of the effects of tosparstars

veristion es drop loods.

! !

,

Tbss, to cesservatively bosed the backling sad stress allowable cales1stions, i

! the sesissa g-load (obtained at the minions temperatste eerditica) vos applied i

: to the smalysis while stillains reduced-strength satorial properties (fosad at
t

the higher tosperatsre), which vill tend to assisise stresses. herefore the
analysis still ed seterial properties based on an espected Normal Condition of
Transport t espe ra tore of 123 F a t the immer shell. Ref er to Sectics 3.0.0

1

Thorsal Evsisation, for details of this tosperetste condition.

1

For the worst-case loading to be applied to the cask inner shell (the |

containment bosadary), internal pressste sad payload reaction pressste were |

both osit t ed. Neglecting internal pressure vill sesimise the compres'iv e j

loading and backling ef fects of leed shielding pressore applied to the ostside I

surf ace of the immer shell. Neglecting payload reaction. as desonstrated
by hand calesistions above, and rettforced by the tid smalyses below. vill ]

,

tossit in en inward bowing of the cask lid, resulting in the greater portion
of the reaction loading being applied to the isboard portion of the primary
EnviroSeal a plato. This. in tors, vill assimise asial loads on the innert

|
shell. A bot tes-down drop orienta tion is as semed since the top lid, belas ;

heavier than the bottom lid or plate, vill lepose a greater load on the cask i

shield vall assembly under end drop accelerations.
i

2-213 )
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The finito element entlysis was esa beyond its theoretical masiess

ascelera ties of 80.8 s's - (assident sendities and drop lead at the appar,

temperatore 11eit) op to 170.0 s's, to investigate seeldest oosdition stresses
at normal sendities temperatore materlat properties. Fsether senservaties se

,

thes iusea in the analysis, sisee the Gy,eihetiesi 4esident co.ditions dre,, j
these eastasm anticipated tosperatste at the eritical area during the drop {
event is only 106'F was analysed at the higher sersal sendities temperatsro |

et 128'F, where atterial properties will be lever and sess1 ting stresses j

higher.

1

The ressa ts of the stress and bookling smalyses for Eypothetical Aceident )
|Conditicas, detailed in Appendia 2.10.6, a r e s omma ris ed in Tabl e s 't.7.1-5 and

|- 2.7.1-6. j
, ;

!

The above analyses seed setorial properties and stress and backling allowables f
at the upper temperatste outreme (128'F). which conservatively ove estimates {
the stresses and underestimates margias of safety that vesid actually ocesr at !

any hypothetical accident t empera ture. Additionally, becesse the actual sold
condition drop load vos only 164.0 s's and not 170 s's, the high degree of

conservatism already inherent in the analyses becomes even greater. The |

factosi margins of safety will therefore be sigalficantly larger than those

| shown, and it is thus readily demonstrated that the shells will not buckle or

escoed sliceable stress limits at any teaterature in the range of interest.
t

A comparison of hand celesistions and finite element analysis ressa ts is i

presented below. As een be seen, good corre'istion is schieved for the stress {

component s on both shell s. The dif f erence in results can most likely be ;

attributed to end constraint effects in the finite model which vere act t ak e n ,

t,

into account in the hand anal; sis.*

,

As a final note, esaminstten of the finite element results indicates that the j

inner and oster shell hoop stresses mader end drop loading increase gradually
f rom t he top (non-impac t ed) and of the cask to a point appromina tely one-
quarte of the way down. They then tend to remain f aitly snif orm down to the
bottes (impacted) end of the cask. 71.ese results support the validity of the

r

i
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. TABLE 2.7.1-8 |
I

.

i

Brd Drop Finite Elenest Amstysis Shell Stress Analysis j

tesults Sammary
;

:

i

' Drop Lead = 170 3's j

(Actual Drop Load is 164 s's at -20'F) |

!
1

Material Properties sad Stress A11osables Temperature = 128'F f
1

(Actsel Temperatste During Drop is 106'F) J
!
i

i

!

Masissa Inner Shell Stress Wasioon Oster Shell Stres s |
'Intensities latensities
;

I

Enefaen Mambrana Enefaen Mambrama

(Element $1) (Element 38) (Element 60) (Element 60) |
,

21,695 psi 18,427 psi 20,007 psi 13,806 psi [
;

Stress Intensity A11ovables* Stress Intensity Allevables** |

!
r

12,000 psi 46,000 psi 70,000 psi 49,000 psi i

{
1

IMargins of Safety Margins of Safety
:

i

+ 2.32 + 1.61 + 2.$0 + 2.$$ [
!.

,

i

i

!

l

:
t

* See Table 2.3.2-1
'

:

** See Table 2.1.2-2
f

I
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TABLE 2.7.1-6
J

'

(Page 1 of 2) )
I

i
Bad Drop Finite Element Shell Baek11as Analysis )

Re sul t s Ssama ry |

5 i

1

Drop Lead = 170 s's i

(Actssi lead is 164 s's at -20'F) |
l

Motorist Properties and Docklims Allevables Temperatste = 128'F
]

(Actss! Tempere.tste During Drop is.106'F)

! I
l

Nasissa laser $ bell Westesa Outer Shell
Stresses Stress

ALial. Baan ALLAL j

(Element $7) (Element 42) .)
i

l

-18.188 psi -7.341 psi -14.896 psi j

:

Beckling Allevables* Buckling Allowable **
i

l 27.593 pst 26.042 psi 36,258 psi ;

l
I

Norgin of Safety Margin of Safety
1
1

'

+ 0.06 + 1.43*
1

!
,

* See Table 2.1.2-5 !

** See Table 2.1.2-6
e

1

i

*'-216.

,I
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TABLE 2.7.1-6
'

,

(Page 2 of 2)
|

|
i

|
Saasias. hing j

(Element $1) (Element 60f |
1

21.698 psi 20.007 pet

Backling Allevable' Deskling Allevable**

27,754 psi 36,316 psi

Nargin of Safety Marsin of Safety

'

+ 0.30 + 0.t2

! I

| i

l' I

i

I
;

i
l <

| 1

|
l j

-
. .

l
!

!

|

l
:

|

1

* See Tatle 2.2.2-5j,
| ** See Table 2.2.2-6
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p ,

P

lead slasp patters stillied is the hand sales 16sions.
,

!

Stress Component Band Analysis F.E. Analysis

i

Inner Shell Astal Stress (psi) -20,086 -18,188

laser Shell Boop Stress dpsi) -6,320 -7,341,

1
s

4- ! amer Shell Bsckling N.S. +0.03 +0.06 i
|

I
i

Oster Shell Asial Stress (psi) -13.820 -11,621 !

|

1

Oster Shell Boop Stress (psi) 4,160 -3,27$''

Outer Shell Dschling W.S. +1.62 +1.43

* Away f rom end ef f ects, outer shell hoop stresses range from about +4,500 psi
t o + $,800 ps i.

From the preceeding analyses, it is apparent that the cask inner and outer j

shells will withstand the regulatory Byrothetical Accident Condition end drop

event f or all applicable temperatures and cask parameters.

!2.7.1.1.4 w ..... m.1....

I
1.,

'

| Becense the end drop impact acceleration at -200F (164.0 s's , f rom Tab l e
' 2.7.1-4) i s v e ry mu c h hi g h e r t h a n t ha t at the upper temperature bound (80.8
I l

s's, f ree Table 2.7.1-3), margins of saf e ty in the lid will be conservatively j
0 '

calenisted using the acceleration espected at -20 F and asterial properties

)Itaken at the satiene corponent terperature (top lid, under Norsal Conditions
1

of Transport) of 133 F. Stress allowables are likewise conservatively derived )0
t.

,

at the mariens normal condition temperature for the lids. This is j

conservative because, at the start of the accident, the e.s a i en s lid 1

!

L

| I
2-218 |
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i

!

tooperetste is only 110'F.
J

,

To sessestely predict stress levels seder sad drop topoet conditions for the ;
,

rather sosples !!d eenfigurations att11:ed in the 10/140MB essk, a finite
|

element analysis oss sedertaken saias the ANSTS program described in Appendia ;

2.10.2. Both the top lid essembly (primary sad secondary lide) as well se the
bottom lid for the optional bottom leading confistrettom were evelasted.

,

o ,

:

Details of this analysis are gives la Appendia 2.10.7, sad are saaestised in |
.

Ta b l e 2.1.1-7 be l ow.

i

For the esse of the fised bottom confistration, the previossly deternised

some n t s (S e c t i ca 2.7.1.1.3) c a n b e d i r e c t l y u s e d to strive et the assions

bending stress at the center of the end plate. The assinse soment et the '

center on the end piste is determined to bei f
!

W, = 127,891 in-lb/in (no payload. lead stamp)

The corresponding stress is thereforet f

og = 6M,/t 21,315 psi
7

=

;

6.0 in (sverage piste thickness) tj There t =

|
|

Vith an allevable of 5, = 6 6,7 8 5 psi, the corresponding Mstgin of Saf ety
becomes: |

| I
,

M.S . - 6 8,7 85/ 21,315 - 1 = * 2. 2 3 :
t

-
<

,

It i s therefore apparent that the essi bottom of either version of the

10/140MB cask i s suitably designed to withstand the ressistory drop f
reqtiresent on the end of the botton impact l imit e r.

| .
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-1
,

. .

t,

.
e

es
?~
es

iI.l[ Men. Mending Mas. Mem br ene War. Primary Wem. Seconda ry ScIt .

Stregg (psi) St ress (psi) - Salt Stress (pol) Stress (psi)

(% rgin of (4= rain *.f (%rgin cf Safe ty) (Mergin of Sefe ty) m .

Safety) Safety) *
e

..___ . ._ .. ____ w
m
n
e

ht t me 22453 13537 2360 7
se =

*2.04) (M. S. - *2.09) (4. S. * * La rge ) - Iwith (4.5 -

w
e

Payland %j **
,

,",' . . .' Re act inse p -

*>
,e Tor 34314 15923 2406 82999 g w

.
'

( M. S. - * t .0 0) (M.S. - *2.01) (M.S. * *Imrae) (W.S. - 49.26) $"
w m

_ _ . . _ _ _ . _ _ _ $
=
.

5
no t t <=e 12914 13919 2264 *

,,,

w
W i t tme t (4.5. * +4.33) (4. S. * * 2.4 5) (W. S. * * t.o rge ) - =

| 7
| re, s on.:
i

I Reaction

Top 11763 14033 3938 .29242

(M. S. * * 4.2 5 ) (M.S. - * 2.4 2) (M.S. - *I*tse) (W.S. * '4.89) w.

0
m
M
to

3
|

|

.
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2.7.1.1.8 Es.Laks3. Ami E**AndarF kii IAlh j

|,,

From the finite elassat lid analysis rees1ts presented in Appendia 2.10.7 and
,

;

summerised above la Section 2.7.1.1.4. it was f osed that seither the top or (
bettee primary !!d slooste bolts escoed their teas!!e prostress during the end |

tapact event, with or without the fe? 1 payload present. The primary tolts for
'

both top and bottes tids salead completely at accident sendition impact loads, i

for the case with is11 payload present. This maleading of primary lid bolts
'

is viewed as a trossitory phenomenoa. ocesring only daring the short duration
of the impact event. In any case, smalysis results indicate that proseste is

'

maintained on the pris6,ry EnviroSealta plates during the impact by reac tion
forces between the cash and lid. |

!

The pristry bolt assissa preload valse vill thus be takes as a worst case for j
I

accident condition end drops. The bolt stress due to the 17.350 lb preload is
17.3 5 0/ 4.0 = 4.3 40 p s i. Since this stress is less than that for moraal
c ond i t ion r (r e f e r t o S e c t ion 2.6.7.1.5), and since the allowable stress is

greater for accident conditions than for normal conditions (57 v s 2.05 ), it

may be assumed tbst the Norgin of $sf ety f or primary bolts under accident
condition leading is even larger than that derived f or norssi conditions.
Primary bolt loads will therefore not be a consideration for accident >

t

condition flat end drops. j
l i
'

.t
The loading on the secondary lid bolts say be derived from esamination of the
finite element results from Appendia 2.10.7. Section 2.10.7.4. Masinom {

loading occurs for the case with ic11 payload present. The 's n e e r e d ' . (

secondary bolt element (element 95) of the asisymmetric model shows a nasinun [

load of 175.710 lb/ radian. or an etsivalent of (17 5.710)(2n)/16 = 6 9.000f Ib/ bolt. The bolt load due to pressure ef f ects is 10.459 lb. Superposing the
..

two lead cases ressa ts in a tote 1 bolt load of 6 9.000 + 10.4 5 9 = 7 9.4 5 9 l b.
.

As pointsd ont in S e c t ion 2.6.7.1.5 adding p re s su r e e f f e c t s f or this lead

case is conservative. The t ot s! bol t lead trans1stes into a bolt stress oft
|

obolt = 7 9.459/0.969 = 82.000 psi

Froz Tabic 2.1.2-1, ites: r ef e renc e acaber 7(B), the seriens allowable f ast ener

|
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:

moabrano stress mader aseident conditions is the material's speelfied misleae .

i

yield stress S . From Table 2.3-1, this valse for the bolt asterial at its |
'

7
masissa temperature of 133'F (top 114 sador Normal Conditions of Transport) is |
103,000 psi. The Norgia of Safety la the bolts is them |

c t

|

N.S. = 103,000/82,000 - 1 E +0.26 !

From the finite element results for the case without payload applied to the

[ lids, it was found that the secondary lid bolt lead was 19,614 lb/ bolt. This
is less than the case with the payload present, so the secondary bolt Warsia
of Safety will be grooter. for this case.

| 2.4.7.1.6 E.H ent.at te h a..,<.. h a
l'

The only other sittificast consideration f or end drop loading is that of
tbearing stresses on the Enviro $esi e plates. For the primary seal plate, the

worst-case assumption would be that the cask lid at the impacted end is
supported ty the impact limiter et that end, while the combined weight of the
cask shield voll and opposite end lid sod impact limiter best directly onto
the seal plate mader sosissa end drop loading. The most critically loaded
seal plate vill te that for the bottom lid during a bottos-down impset. This

is due to the fact that the seal plate dimensions for the optional bottom lid
are the same as for the top primary lid, and the top lid assembly weighs more
than the bot tom lid ($,430 lb vs 6,460 lb, per Sec tion 2.2). Theref ore, f or

the same seal piste strisce area, more weight vill be bearing on the botton
seal plate during a bottom-deve drop than would be acting on the top seal
pis t e during a top-deen impact.

The primary lid EnviroSeal a plate basic dimensions are illustrated below:t'
*

J
.
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I
1

!

e 36.2$0R I
'

!

7 35.988R r
,

e 35.763R |

e 34.988R- 2 |
|

.me -- 34. 7 63R : i

e 33.875R +

'1 1 [[ '

/ I \
!

\ | \ | t

/ \ |
1

!

"s- =- -

#

f
.

!

>

Csing this illsstratics and the drawings in Sec t ion 1.3, the simimus bearing i

2strisce area of the sesi plate can be celes1sted as 323.0 in . his bearing ;

jarts sakes allovence for all chsafers. 0-ring grooves, sto test gas
*

comatnication ports and channels. The total weight of the bearing strtetsres

is, from Section 2.2, 8,430 lb (top lid assembly) + 26,960 lb (cask body) + [

5,575 lb (impac t limiter) = 40,965 l b. Under the sosiasm accident condition
end drop loading of 164 s's, the bearing stress on the seal plate and moting f
strisces can be calculated as:

|
*

.. .

[ob = (164)(40,9t'5)/323.0 = 20,800 psi -

The sosists allowable bearing stress on sesi surf aces is Sy (T a b l e 2.1.2-1, {
'reference case etsber 4(B)). At the sesists anticipa t ed seal area operating
>

t

|
temperettre of 133 F, f or the lowest-strength sesi plate or lid esterial S0 = *

y

28,400 psi ( ASTM A-240 Type 304 f or the seal pl ate, ASTM A-132 Type F304, or |
A-3!! Type CF8/304 for the lid). The Martin of Safety for bearing st ess is:

,

)

2-223

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



_ _ .

.

L* IbnPoe 16/1 6 , Rev. 9 Poly step {,

l'
'

?

N.$. = 28,400/20.800 - 1 = +0.37'

!.

For the top 114 secondary seal plate, the creas-sostion is ilisstrated belev. j

For this seeeetry, the bearios antf ase is 108.8 is , j2

!
,

!
!

!

=2 16.687R - I

!

-+ + -- 16.507R : }
!

16.282R ; j- - -

f ,

- =- 15.569R r t

- 15.344R -

r

-**- 14.563h + |
:
i

!

/ j i \ |
'

!

O I / ;;

;

,

t

i

:

'

I

.

A potential worst-case bearing stress on the secondary EnviroSesi e paste vill !t
:

ocent during a botton-down end impact. Under this loading condition, the f all }
'

veight of the 1,700 lb secondary lid, f actored by the mesimon end drop g-load !*

1

of 164 g's, will bear on the seal pl at e. The entissa s econdary s ea l pi s t e j

! bearing stress is thus
!

o b = (16 4)(1,700)/108.5 = 2,570 psi i

I

Another pos sibi c worst-case is that of Tristry lid bearing on the secondary
seal plate daritg a top-down end drop. An eastination of the finite element

|
|

|
'-224
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!reest te of Appendia 2.10.7 reveals the easiens bearing lead on the sooometry
- seal esesrs daring the end drop esse with is11 payload present. For this ,

!

esse, element $2. one of the gap elements representing the secondary seal j

plate interf ace with the primary lid, is closed and sador load. The other
,

|so.1 ,i.to 3. , ele.emi (ele.eai S u i. e ,ea fe , thi. lo.4 e..e. the tot.1

|
tlose settas on the Enviro $est e tr. der this somdition is $2.841 lb/radina, or

($2.841)(2a) = 382,000 lb tots! load. The bearing stress is them: |
t

'

t

t eb = 332,000/103.5 = 3.060 psi |
|

Both these valses are considerably less than the bearing stress esististed

above for the 3.rlasty lid sent plate so the Margin of $sfoty will be greater

for the secondary lid seal plate.

i
i

2.7.1.1.7 LaAL Lt.nas.

The f imit e el ement smalysis performed in Appendia 2.10.6 demonstrates that the ;

lead might be espected to slump 0.3 inches during end impact at the ensissa |

drop tesperature. Due to the stepped configuration of the primary lids, this .

'
sus 11 stoont of lead settlesent will not adversely effect the ability of the t

t

rechste to seet the shielding requirement s of 10 CTR 71. .

!

..

l

|

|

'
,

.

4

6

|
|
|

t

I
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;
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l

!
2.?.1.2 Sh2Juuta 1=== = * !

-

! |
|

i. Analysis of the NmPac 10/140NB package behavior da. ting hypothetical obligee |

f. impasts from drops of 30 feet has been performed in the follevias steps:
|
1

1. Use the CfDROP computer program is conjonction with the lowest ersah I

strength team data to detetsime worst ease impoet limiter deformation to |

insure that the package vill act ' bottom ost'. f
|

2. Use CfDROP with the highest erssh strength fosa dets to determine a
conservative estincte of the force-deflection to1sticeship of the

'

20/140MB impact limiter design at variots impset eagles.
|

l,
3. Use the OBLIQUE program to deternime a conservative estiasts of laternal

forces in the 20/140NB during impact.

4 Determine the verst case st res s state f rom internal f orces in the cask
body.

I. 5. Determine lid attacLeemt forces sed stresses in the lid closcre system
under vorst-case conditions.

|

6. Detereine impact limit er a tt achsett forces and s t resses onder wor s t-case

conditions.

i
|

2.7.1.2.3 Vermt-Cana Cerne r De f e rma t iana
'

,

| Becette the containment and shielding strictore of the 10/240kB is namy times
herder than the polystethane foam impact limiters, it is essential that it may

be demonstrated that the cask shie1d and associated hardware vill mot actsally
- strike the impact surface. The wors t-c aso drop orient ation f or impac t limit e r

,

deformation is that where the center of gravity of the reciese is direc tly

ofer the impact point. In thi s c.g. ov e r s t ruc k c orne r ispat t , the ispect

limit e r def ores tion occurs le e s s entially a s t a t e of cent ral equilibrium.

.

| 2-226
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f
I ;

Boessee none of the kinetic energy of the thirty foot drop is dissipated is j

rotational moties of the peekage, all the drop energy asst be absorbed is i

fstrain energy of the deforming foes impact limiters. For this reason, the
e.g. over strosh sernor impact is seed to deseastrate p.asimas possible erseh j,

depth. It will be demonstrated that, even with staissa impost limiter j

deformation, a residual clearsace vill be maintained between the esth sad the

Aspected sayielding sortsee. '
,

I
'

Add i t i ona l l y, since the nochemical stroasth of the foso deeresses with tes-
perature, greater deformations soy be espected with higher tosperatste foes f
for a given drop height. Theref ore, the energy balance progras CfDROP was ,

used in conjunction sith the minimum polysrethsee foes stress-strain proper- f
ties at 10$0F to determine a conservative estieste of the assione deflection.

I

l

Finally, because CfDROP is written for simple cylinders, the somewhat !

|soorthodos geometry of the 10/140MB impact liebters required that conservative
!

simplifying assnaptions be sede. To this end. two estreme bosading cases were
, The first case assones that the impac t limiter is a cylinder of 101rom.

inches octside diameter atoms its full length. This assaned configsration j

corresponds to the diameter of the 10 inch loms end ' cap', and ignores the j

contribution of the impact limiter beyond the 301 inch diameter base of the
|

!- ispset 1seiter. This will conservatively overestimate the anotat of f

deflection required to generste emoosh strain energy to balance the emergy of f
!This as steed g eome t ry is illss t ra ted im Figure 2.7.1-2.ispect. )
f

The s econd bosoding c a s e assumes a 96 inch impact limiter diame t er. This ;

l dimension corresponds to the distance across the flats of the end ' cap' -

i

portion of the lapset limiter. Since larger volumes of crashed f oam are
Theignored, this assomed geometry is even more conservative than that above.'

P

assteed configuration is shcom in Figste 2.7.1- 3.

The result s of the 301 inch diameter case ispecting with the package c.g. over
the strock corner are presented in Table 2.7.1- 8 . sed ressats for the 96 inch

| case are given in Table 2.1.1 - 9. These resnits show that the 101 inch
disseter impact limit er 3o01d deflect 19.78 inches, while the 96 inch disseter

t

case vocid deflect 15.33 f ache s.
i
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,

P.

h

f
[
f' The impact orientation estlysed above, where the teater er gravity la directly |'

over the Aspect point, is spyrosinately 408 f ro. vertice!. The sveit able !

t e.es .e,t, oe t,e tiett e.o. e ue or i e i.,sei n.iie, .e, ,e .eio,.i.e. ,,e. {
[

the sketch below
!.
'

, .

f

f
:
6

P

?
t

t

E
'

j

/g *Q v
:'

'O m'
N

'

/

C i
'O

40' p# $0*

O
.

The distance from point A to point B in the figste ist'

'
*

KB = [( 9.2 5)2 * (18.0)2 }0.5 = 20.2 4inches

.
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F10t4tt 2.7.1-2 |
.

i

lopect Limiter Asstood Geometry for Center of Gravity Over |

Stesch Corner Drop - 1012ech Dienster lopect Limiter !
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F309tB 2.7.1-8,

Impnet Limiter Assmeed Geometry for Coster of Gravity Over
Streck Corser Drop - N !sen Disester Impost Limiter
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6

- The assiana possible crash depth (to the point where the essk first coatsets
, s

- the lapset strisse) esa be derived as follows: j- s

!

| 6.. . se sone .

|' \
i

There: 9 400 - 4 |
9 = tsa-1(9.25/18.0) 27.20 t

;, 1
i

) 6,,, . 39,94 g, {

!

Since for the 96 inch dissetor case only 19.33 inches of deflection is pre- |
dicted, clearsace is maintested between the essh hard point sad the impacted j
surface, eves mader this estremely conservative eastysis approach. {

!
| For the 301 inch disseter esse, the assians crash depth that cos1d be ellowed |

prior to 'bottonies ost' any be derived in the asas sammer es above. In this [
c as e, t he mesians e rssh d epth is 21.50. Since CfDROP predic t s only 19.78 I

e
I

laches of deflection seder a consertstive analysis, there vill be sa even
i

greater residos! clearsace reasining during impset on the 301 inch disaster
portions of the impoet limit er. These results indic ate that nader the most |

| es treme conditions, the 10/140MB impset limiter is large escogh sad stif f |
emotsh to protect the shield and contaissomt structures f rom impac ting the |

hypothetical snyleiding strisce directly. |
!

|
i

| 2.7.3.2.2 Varat-Caan forca - Defl ec t iem Enlattamahle .j
:

'

In order to obtain a conservative estimate of the internal forces med stresses
within the NoPac 10/240MB, assomptions were ande regarding the f spect limiter ,

, ,

goossetry impet to both CYDROP sad 091.100E (Ne c i e n t Packaging's obligte impact |
'

smalysis tools) to assimite both impset reaction forces (in the CYDROP impst) {
Isad cask body forces (in the OBl.10UE impst). These assumptiens were rettired

due to the somewhat complicated impset limiter profile used on the 10/140MB. [

A conservatively high ferce-deflection relationship was obtained by assuming
the lapset limiter is only 13 inches thick on the end of the packsge. sad
13.15 imetes thick on the side of the package. This cor r e spond s t o an impset ,

1
1
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|
i

limiter whose ester sorser is halfvey bottoes the 101 inch diesetor sorser sad
,

the 108 lach diameter corner. he asstaed seesetry is illsstrated la Figsre
,

3.1,1-4.

i.
Besasse the testeed impact liatter is so sash smaller than the actsal impact i

1

limit er, and becesse the stress-strata properties of -200F foss, ineressed by |

186 (incressed by 20% at 80% strais) were seed, the stresses in the ersehed
Ipolystelhans foam are predicted to be steh higher than voeld occur is reality. *

I

This is due to the f act that foam stralas vill be granter en a ess11er impact
'

limiter for the same crash depth than on an actsal, is11-site impact limiter. |
1

Streis-hardenias ef f ec t s will theref ore be more promesaced, rossiting is j

higher resetton forces. Additionally, predicted crssh depths will be greater
for the sas11 geometry than for the actsal confistration, due to the sos 11er I

1

ivolsee of fosh available for energy absorption. This will result la en even

greater incresse in resction forces than vos1d ocesr for essel deformations.

|
The results of this conservative CfDROP analysis, in the form of force- |
deflection tables at various drop angles, were mest u t !!!a ed in NoPac's {
OBLIQUE program to determine cask body forces restiting from impsets et the
corresponding drop angles. |

.

2.7.1.2.3 Intereal Fercam anrime Ob l ien a Imenet j
!
!

Cask internal forces a re e s1cti s t ed by NsPac 's OBLIQUE c omput er prog ram dis-

!casted in Appendia 2 .10. $ . OBLIQUE stilises the force-deflectica -

relationships calena sted by CTDROP to determine the rigid-body kinematic ,

response of the cesk. |
|

. . -
Required impet to OBLIQUE includes the cask and impact limiter dimensions, the

Ipackage assa and mass nosent of inertia, the acceleration of gravity, package
velocity at lapset, and the f orce-deflec tion relationship of the impac t
limiters at various impact angles. OBLIQUE ases inches, pounds and seconds as [

its pritory units of length, force and time. The acceleration of gravity is

then 386.4 in/sec2 and the mass of the 10/140MB in consistent units is ,

17 5.9 8 l b.- s e c 2 / i n. The package rotational asss rozent of(6.000/386.4 =
1

in e r t i s , a s d e r i v ed in S e c t i on 2.2, 'Te i g h t s and C.G.'s ', i s 2 65.000 in-l b-

.
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Impset Limiter Assomed Geometry for Obligse Drops !
|

to Nesteine lapset Forces
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2ses . Package velocity at impact oss be calcalated f rom the followings i,

!
|

V = (2 h)1/23

|
2 jThorst g = Aeseleration of gravity = 386.4 ta/ses

k = Drop height = 30 ft = 360 is

|
1

Y = $27.45 is/sec !
i

For purposes of ORLIQUE impet, the impset limiter vos tahem to be 108 Amehes !
I

la disseter sad 40 inches long, esteading 18 inches beyond the ends of the I

l
lead sad steel cash streetsre. The sessmed ispect limiter geometry is shers ;

in Figure 2.7.1 - 5. This sassmed geometry casses OSL10UE to apply the impact
f orces closer to the essk center of gravity (in the range of impoet angles i

considered critical for body load combinaticas), restiting in higher internal j

forces. Also, the lose application point is mov further from the ensk
.

centerline, which will toad to sozinise impact itsitor separation soseats. j
The logic behind these asssertions is set ont below. (

l

:

- As esplained in Appendia 2.10.5. the impact reaction force is taken at the j

'

( seometric center of the elliptical piece defined by the crashed area of the
inpset limiter. As a restit of tb4 impset limiter secoetric asstartion ande i

l

herein, the distance between the reaction force vector med the essk center of |
t

gravity will decrease. The basis of this logic is illestreted in the

f ollowing sketch:

|
,

I

>

,
8 $

|

| i

.!

*

,

&

1
'

1. l u
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e 1

,.. .

d = Reaction Force Offset from Cask C.C. |
(

,o for Normal Impact Limiter ;
| :'

- h
#

d' = Reaction Force Offset from Cask C.C.' !
| ^

' for Extended Disaster lapact Limiter"

/\
,

|\<
',

c' ," d' < d, s
\

,

\ \ '
O .

N
'

\ '

) s
t< >

\ ' >s

/
i

v1 ,'
:a

s ,

v' :

.) i
r,#

j#

_ _ _ __ ._

i

2.10.5, |Free the egnations of motion derived in Sec tion 2.10.5.2 of Append 1

it is evident that the restit of this redsced offset will be decreased
:

rotational acceleration, d 9/dt2 The implications of this are that more drop2

energy will have to be dissipated by fosa strain energy. This logically i

implies greater irrect limiter deforastions are cales1sted than voeld actsally
,

focent. resulting in higher reaction forces. The not result is ar. increase in
'

calen1sted body f orces which is conservatively higher than voeld take piece in
r

reality.
r

!

So, whil e the crash 'f ootprint' and f orce-deflection characteristics rossin ,

1
,

the same as conservatively calculated above by CYDROP, the decreased load
offset f rom the cask c.g. esses that the final reaction force (vbich ocents at ,

the point where the combination of f oam strain energy and cask rotations!
,

I
energy of f set the kinetic energy of the 30 f oot drop) vill be assimited. The
coshina tion of a conservatively derived f orc e-d e fl ec t ion re l a t ions hip wit h !

conservatively simplified impact limiter disensions sakes for en estremely [

conservative estimate of cask internal forces.
i
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The results from the ORLIQUE computer analysis are presented in Tabl e . 2.'7.1- |
10, and the ress1ts are shown la graphical form in Figures 2.7.1-6 through

.

2.7.1- 8. Figure 2.7.1-6 1113 stratis ensk body forces (thrust, shear and total
forces) throughost the range of drop angles. Figste 2.7,1-7 shows how the ~ j
beadlag moment in the cask varios with drop angle. Figure 2.'f.1-8 gives the j

impact limiter separation moment acting at each sagle. |

,

From Figures 2.7.1-6 and 2.7.1-7, it is evident that the larges t combination j

of body loads, consisting of thrust force and bending moment, will oscar <

somewhere between drop angles of 350 and 600 with respect to the horisontal.
The 's p ik e ' shown in these Figures at the 50 drop angle is a result of |

relatively sudden f oam strain hardening which takes place at lower impact

angles, as explained in'" 2.10.5.2 o f Appendia 2.10.5. This results in,

sharply higher cask bending and shear loading, but the critical combinations

of thrust and bending take place at lower angles. |

|
(Note that the maximum bending moment calcula t ed by OBL10tJE is 66.7(10)6 in-1b i

at an impact angle of 50 with respect to the bor(santal. It will be

demons t ra t ed l a t e r, in Sec t ion 2.7.1.3, 'Fl a t Sid e Impac t', that the cask is

capable of withstanding a greater brading moment than this).

From t he Tabl e, it can be seen that the maximum cask bending moment in the .

(. range of interest is 50.1(10)6 in-1b, occurring at en impact angle of '

approximately 400 from horizontal. It should be noted that this moment is
- derived from slender rod dynamics (4/27 Ficos9) and as such is fairly

conservative for the short, squ 2 10/140MB. Th e pe ak th ru s t pr oz ir.s t e to the
peak moment impact angle is 4.47(10)6 lb at a 550 from horizontal impact

.-
[ .,

|_
angle.

1
l

|
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2.7.1.2.4 h Ca1an1=*ia== h M 5mLg,
j . -

I
From tbo sammary of internal forces in Table 2.7.1-10, the worst case state of

:

oospressive stress any be fosad. From that Table it is clear that the worst

stress state vill' ossar enring drops frca sagles between 60' and 35' from

horisostal. Using the standard foresla for sonbined antal and bending stressa

e = P/A + Nc/I
,

and conservatively astuming all stress is carried by the outer shell, the

following table may be constructed

i
,

lapact Angle Thrust Moment Stress

(106 lbs) (107 lb-in) (psi)
.)

60 4.36 2.884 20724

i 55 4.47 3.735 22748
l

50 4.31 4.515 23698

45 3.F5 4.989 23013

L 40 3.14 5.013 20591

( 35 2.41 4.755 17556

|
The stresses above were calenlated assuming that all of the bending and asial j
forces are carried by the outer shell. The outer shell compressive area ist |

|

| A = n[(74.5)2 - (7 2)2)/ 4 = 287.65 in2
L

and the moment of inertia is 2.93(10)5 g,4 (see Section 2.7.1.3.3). The

1. maximum con 61ned stress is shown to be 23,698 psi, occuring at an impact angle {
*

| of 50' with respect to horizontal.

It is important to note that, while the method of calculating. the above
m

stresses is fairly straightforward, the assumptions used are very
'

conservative. First, the loads are developed using a conservative envelope of

the 10/140MB c a sk impac t limiter. Second, it is assumed that the anzimum

axial force acts at the same point on the package as the maximca bending

2-244
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moment for tho' impact angle, Sines the sosiasm asial force is always at the
end of the package and the monest acts at apprestaately the third point along
the length of the package, the moment and antal force easiaa sever act

aiseltaneessly. As stated above and in the disesssion of the OSLIQUE program,
the moment is based on a slender boas impact, which signifissatly overprediets :

1

the soment in a short, large redise sy!!ader each as the 10/140MB. Finally,
,

because the internal forces arise from inertial effects, it is ocaservative to

assume that the stresses are entirely carried by the oster shell. If all

|
these elements of conservation were removed, the stresses celes1sted in the i

sask would be such less than predicted above.
.

The following margin of safety la calen1sted salas the ASME membrane stress

allowable, even though the stresses calen1sted above include a small fraction

which is properly a bending stress. From Tabl e 2.1.2-2, reference case anober '

1(B), the allowable limit is 0.7E,, where, for the outer shell material at the
0maximum normal operating temperature cf 123 F, S, a 70,000 psi. The allowable

stress is thus -(0.7)(10,000) = 49,000 psi, and the sargin of safety is

|

| M.S. 49,000/23,698 - 1 +1.07==
,

When the conservative nature of the s tresses and allowables used f or this

analysis are considered, it is clear that oblique impacts from 30 feet will

not severely affect the package's containment or shielding capability.

| 2.7.3.2.5 Lid.Aitaeheent laAJLL '

|

| The eight 2-1/2 inch primary lid closure bolts and associated bolt lugs most

be strong enough to remain intact during the impact. An analysis of the |
| forces exerted on the lid closure system was perf ormed utillains result s of'

.

the the OBLIQUE program.

For this particular OBLIQUE analysis, in order to conservatively maximize lid

separation loading, a different assumption regarding impact limiter geometry

was made. The general logic behind the choice of impact limit e r geome t ry is

set out in Section 2.7.3.2.4 s bov e. The basic criteria is that cask

rot a tiona l acc el era tion be minimited, in ord er to maximize impac t limiter

l' 2-245
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'

.,

deformations, and thereby assiaise loading on the cask. For the near-vertleal i
I

.

impact angles at which lid separation loads are greatest, the miniana diameter |

of 96 inches (corresponding to the distance across the flat areas of the 10 j

inch long ' cap' portion) is ocaservatively choses (ref er to Figsre 2.7.1-3). |
This will redsoo the distance between the reaction foros line of action, and |

the seater of gravity of the cask. As espleined above, the rossit will be

less rotational acceleration, greater foas daformation, and hence large

reaction forces. The configuration is illastrated belows ;
-

,

!

-e~ d * Reaction Force Offset from Cask C.G. ,

' ' - - - - for Normal Impact Limiter

d' = Reaction Force Offset from Cask C.G.
7,

1- for Reduced Diameter Impact Limiter
,

i <

I,~,,' /
'

''l'- d' < d' ,| .,
-

;;

|
r i

'IIi
,/'

,

I e
| |

|..
' I,,
' '~~,, %

'

, , . .' f ,I
'

,,

/ _%,' ; _ _
,

-
.

1 rom the resulting OBL10DE analysis, s hown in Ta b l e 2.7.1-11, the maximum
thrust load was found to be 6,647,530 lb at an impact angle of 850 from
horizontal. The nazimum f orce in the closure system may be conservatively

estimated using the assumption that the f orce acting on the closure bolts

varies linearly from the point nearest the impact. The assumed lead response

of the lid is illustrated below:

.
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TABLE 2.7.1-11 -
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OBLIQUE Rosalts for -100F Fosa. 2
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I I

Point of Lid Rotatiot
|
|

I

1

The moment exerted by a set of discrete fot... 3n: 117 spaced around a I

circumf erence of radius R, where the force in proportional to 3 ts projected
Idistance from the point of rotation nearest the impact point is given by the

formula:
L 1

M=0.5f,R](1-cos0)2 j
1

|

Moment to resist (separation moment)There M =
*

( .-,

i Maximum force in the lid closure attachments=
m ,

lid bolt circle radius = 41.0 inR =

O Angle f rom point of rotation to attachment i=
g

|- This formula reduces to:
i
'

I
' M = 3RNf,/4

|
! a-248
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|

Ort f , = 4M/3RN
'

,

(
There:' N = the number of attachments = 8

,

-1
1 i

To derive the separation soment acting on the lid streetsre, the cash masimas |

asial 3-load is calcolated, based on the OBLIQUE :ses1ts:

1

Tanial = 6,647,530/(68,000)(sin 83') j

= 98.13 3's I
|
,

<]
The load acting against the lid clostro system w!!! consist of the manissa .,

i

cask payload of 15,000 lb, as well as the weight of the primary lid assembly, j
,

| 8,430 lb (f rom Sec tion 2.2). The combined weight is 15,000 + 8,43 0 = 2 3,430
l b. The total load will be this combined weight at the axial acceleration of .

98.13 g'st -

|

|

|, P ,x = (98.13)(23,430) = 2,2 99,186 lb
'

I
1-

Assuming that the resultant force of this load acts at the center of the l id , '

a distance of R from the pivot point, the separation moment then becomest

M = (2,299,186)(41.0) = 94.267(10)6 in-lb
I
l

'

ThereforJ:

f, = 4(94.267(10)6)/3(41.0)(8) = 383,200 lb
,

p
|

|- Additionally, there is a maximum normal operating pres sure of 6.8 pais, as
*

derived in Section 3.4.4 This will result in a uniform thrust load on each*

,

attachment of:

|
f = r.(34.8 in)2(6.8 lb/in2)/8 boltsp

3,234 lb=

'

There 34.6 in is the radius of the inner 0-ring seal of the EnviroSeal ta
|

plate. The total rescitant nazieur. attachment force is then:
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!

4o fT = 383,200 + 3,234 = 386,434 lb [
.

2From this 'ressiting ansiosa bolt load, the assiasm stress in the 4.0 in

,

tossile stress area of the 2-1/2 inch diameter bolt may be tales 1sted as
,

3 86,4 3 4/ 4.0 = 96,610 ps i. The allowable' stres s f or the bolt s, f rom Tabl e |

2.1.2-1, ref erence cas e member 6(B), is S . For the A-320 bolting motorist at |y
its sesimum normal operatlag temperatste of 133'F, the yield stress is 103,000 |

'
psi. The Marsia of Safety for the closure boats is thus:

N.S. = 103,000/96,610 - 1 = +0.07
.

'

l' The bol t at tachment Ings on the lid nad vask body may be evaluated is a manner
similiar to that developed in Section 2.3.1. From that Section, the soment of

d
inertia of the section joining the lug to the lid or cask body is 188.68 in ,

and the distance from the tip of the las gassets to the centroid of the {
,

s ec t ion is (8.0 - 3.2) = 4.8 inches. The moment arm f or the upper (lid) lug
is 2.50 inches, and f or the lower (cask) Ing, it is 3.75 inches. Therefore,

for the upper lug, the bending stress is:
,

''B = (386,434)(2.50)(4.8)/188.68
|

= 24,577 psi

| (
L Bending stress in the lower lug is:

!

oB = (386,434)(3.75)(4.8)/188.68,

= 38.866 psi

'

Shear stress for both lugs is:.

t = (386,434)/[(2.0)(7.38) + 2(1.5)(6.0))

= 11,796 psi

Corbined stress for section ist

oC " 'B * E ('B/2) * I') 3
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For the upper las f
'

,

eC * 41'611 psi j
.

'I.

iFor the lower As8:
.

^

c = 58,750 poio

The allowable membrane plus bending stress for those components is the lesser
,

of 3.6 S, and S, (Table 2.1.2-1, re f e renc e case snaber 2(B)). For the

stainless stool material of the upper, or lid,133, at the nazissa normal '(
ope ra ting t empe ra ture of 13 30F, S = 20,000 psi (Tabl e 2.3-1), and; 3.68, * - I

72,000 psi. For the same material, the minissa valso of Su = 68,785 psi. he
allowable stress is theref ore 68,785 psi, and the margin of saf ety for the

apper. lug ist ;

M.S . = 6 8,7 8 5/ 41,611 - 1 = +0.6 5 ,

;
i

For the ' lower lug asterial, ASTM A-516 Grade 70, or A-557 Clas s 1, 5, = 23.200
' = 70,000 psi. The allowable is theref ore 70,000 psi (less thanj' psi, and Sg ,

i 3.6 x 23,200 = 83,520 psi) . The Margin of Safety is:
.. r

.

N.S . = 7 0,000/ 5 8,750 - 1 = +0.19'

x

'.
5

L
The bearing stress between the bolt head and the Ing will now be evaluated.
The minimum head diameter of the 2-1/2 inch socket head bolt is 3.717 inche s
(f rom Machinarra Handbook. Ref e renc e 2.11.18, p. 1202). From the drawings in

,

| S e c t i on 1.3, the maximum bolt hole diameter is 2.91 inches. The minimum'
''

effective bearing area of the bolt head is thus:

2Ab = 0.25nl(3.72)2 - (2.91)2) = 4.22 inL
|

|
| Maximum bearing stress on the bolt lug is:

3 = 386,434/4.220

|

L
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= 91,572 pai ;<

.

The allowable bearing stress on the bolt, washer or sut, from Table 2.1.2-1,
ref erence ease maaber 4(B), is 8,. For the bolting material, ASTN A-320 Grade

,

l

L L43, S, = 125,000 psi. The Nargia of Safety for bolte sut and washer ist
i
t''N.S. = 125,000/91,$72 - 1 = +0.37
>

The minimum outside diameter of the washer sador the 2-1/2 inch socket head
,

bolt and sating heavy het nut is equal to the minisan width of the lug between ,

the support aussets, which is 4.29 inches (ref er to Section 1.3). The saalssa

bolt hole diameter is_2.91 inches. The minimum effective bearing area of the'1'

L
washer on the bolt lug is thus: ;

1
1

b " 0.25n[(4.29)2 . (2,91)2] = 7.80 in2A
-

I n
Nazimum bearing stress on the bolt lug is

eB = 386,434/7.80
49,543 psi |=

!
!

| The potentially lowest strength lug material is that for the upper lag, ASTN
|

A-182, Type F304. or A-351 Type CF8/304, f or which S = 6 8,7 85 ps i a t 133 F.
0

' u

The minimum Margin of Saf ety f or both lugs is then:

r
~

M.S. = 68,785/49,543 - 1 = +0.39
1

L - s
~

It should be pointed out that the impact results given in Table 2.7.1-12 for
near-horizontal impacts are unrealis tic, due to the extremely conservative

,

nature of the assumptions made regarding impact limit e r side wall t h ic hn e s s.
More realistic resul ts of horizontal impacts, accounting for the impact
l imi t et r's t ru e g e ome t ry , a r e g i v e n in S e c t ion 2.7.1.3, 'F l a t Sid e Imp ac t s '.

These Side Drop analyses demonstrate that the cask will be able to withatand

greater bending loads than the mazimum shown in Table 2.7.1-12 in a wors t-case
impact situation, while displaying less impact limiter deformation in a worst-
case deflection situation.

'-
.
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2.7.1.2.6 f===== Lt=<+=e At tmehmant Lada. I

i

1 'As pointed out in Section 2.7.1.2.3 above, the nazissa tapact limiter ;

separation moment will rossit from the assaaption of a sosissa impact limiter

diameter, illustrated in Figste 2.7.1-4. The ross1 ting impact limiter- ;

separation loading derived f rom the OSLIQUE analysis performed with this
'

g e ome t ry' i s s hova la Figs te 2.7.1-3.
,

The nazimum force in the impact limiter retention system may be estimated in a '!
sanner similiar to that used above for the lid closure system. Asessethat

the force varies linearly f rom the point nearest the impact, and that the ,

eight impact limiter retention legs are evenly spaced arossd the ciromaference

| of the cask. Refer to the sketch in the previous section for details.

,

The maximum separation moment was found to be 6.24s(10)6 in-l b , occuring a t an
impact angle of 85o with respect to the horizontal. The minimum radius R to
the conter of the impact limiter attachment pin holes is 40.68 inches. The

maximum attachment load is therefore
|

f, = 4M/3RN = 4[6.248(20)6]/3(40.68)(B)
= 25,600 lb i

With this applied force. tearont of the impact limiter attachment la
0

[-
considered using the 40 shearout equation. The allowable load, P,. is:

l'

P. = o,7(2 t)[E.M. (d/2)cos 400] [
-

- ' Where: o sy = yield sheer strength of the gusset material (ASTM A-240 Type .

. 304 stainless steel) = 0.6Sy
, t = 0.75 inch plate thickness

E.M. = 2.00 inch edge margin

d = 1.00 inch attachment pin diameter

For the stainless steel material at a Normal Condition of Transport maximum

impact limiter t emp e r a tu r e of 1690F (conservative for Pypothetical Accident
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, .[.. : Comeitions), 8 = . 26,5 50 psi, and e =
'

(0.6)(26,580 ps1). = 15,930 po1.
|7

7 Therefore, the maniana allowable las lead for yield shear ist
'

1

7 1
,

1 dt' L f

P, = (15,930)(2 a 0.75)(2.00'- (1.00/2)(0.766)) .|
r j.. 6 . Ib.=

.p v 1
.I': ,

'The Margia of Safety against tearost ist' ,

*
1

,

1

M.S. = 38,638/25,600 - 1 = +0.51 I
'

;

Bearing stress at~the pin hole is: f,

. .

{'. '

'ob * I /Ab = 25,600/(0.75)(1.0) fa
34,133 psi I=.

>

0 iWith an allowable bearing stress of S, = 72,240 pai at 169 F, the Margia of
Safety ist

M.S . = 72,2 40/ 3 4,133 - 1 = +1.12

,

1.

|r . The double shear capacity of the 1.0 inch disseter ball-lock pins is 147,000'

,

l: ' ' 1 b (C a rr Lane Mod e l Numbe r CL-16-BLP-S-2 BALL). Taking one-fifth of this
u -

'

.

capacity. as a rated working capacity (conservative for the one-timo

hypothetical accident event) yields 29,400 lb as an allowable ' load. The .

,
''

. Margin of Safety is than

!

M.S. = 29,400/25,600 - 1 = +0.15

e
~

The impact limiter retention Ing veld consists of two 22-inch long, quartes-
,

2inch bevel welds. The total weld area is thus 2 x 22 x 1/4 = 11 in . This
weld will be essentially loaded in pure shear. The shear stress in the veld

is:

V
1^

| t = 25,600/11 = 2,327 psi

..
M.S. = 15,930/2,327 - 1 = +5.85

I:

1'
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'

The impact limiter attachaeat gassets on the cask wall vill be loaded in

bending and shear, and the ame17 sis will proceed per the technique sot est la !

Bl odg e t t, Da * 4 = = al f a l amame n (Re f e renc e 2.11.17), Sec t ion 6.3. Total veld- ,

. length por gasset is C !achese and each assaet will take half the total )
eastata separation load. Wald shear load ~is thus

,

. .

f, = (25,600/2)/s = 1,600 lb/in
i
r

The center of the attachwent, pia hole is (40.68 - 37.25) = 3.43 inches f rom'

the side of the cask. The soment acting on the veld is thus:
P

W = (25,600/2)(3.43) = 43,904 lb-in :

Weld-moment of inertia for a vertical line veld is:

S, = d,2/6 = 8 /6 = 10.67 in22

Weld bending load is then:, (

1

L- ib * M/S, = 43.904/20.67 = 4,115 lb/in

Resultant veld line Iced is:

,
!

b )1/2 = 4,415 lb/in| f * II * Ir s

|

,

|

Each gusset is welded in place with a half-inch bevel plus a half-inch filet
<

weld, f or a total weld sheer leg length of L = 0.5 + (0.707)(0.5) = 0.85 inc h.
,

'

The minimum required ahear leg length is calculated as-

, L, = 4,415/15,930 = 0.28 in

q, Margin of Safety on the gusset velds is thus: -

.

M.S. = 0.85/0.28 - 1 = +2.04

,
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The impact limiter retention system is thus more them adegaste to retain its 'A
'

integrity mader worst-esse Bypothetical Aceident Condition obligne drops.

,o It' has therefore been demonstrated with senservative analyses that the
;en

10/140MB peekage . will , meet accident sendition drop. test requirements in- any ;
'

>

obligne ispset orientetlos. j

.

.
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t
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2.7.1.3 Fla.g. 11dA r.. et

.

Analysis of the NsPac 10/140MB package behavior daring a hypothetical 30 foot j

side impact is performed in the following steps:i

1. Determine worst-case impact limiter defloottona noing a combination of ,

[ the STDROP computer program as well as hand analysis.
P

4

., 2 . Determine worst-case impact forces using the STDROP computer program.
.

I
2. Determine stresses in the outer shell assuming it reacts the entire

impact bending load. Include ovality effects.

3. Determine stresses in the inner shell assuming it reacts the payload ,

weight and half the lead shielding weight in bending. Inclado evality

effects.

5. Evaluate the potential f or primary and secondary lid shif t, and its

i effects on cask containment integritys check bearing of primary lid on

cask inner vall, and bearing of secondary lid on primary lids investigate
possibility of loading the primary and secondary closure bolts in shear.

t

Several bounding analyses were perf ormed using the energy-balsace program
1 SYDROP, along with appropriate hand calenistions, to determine the behavior of'

the 10/140MB impact limiter system during side impact. The bounding analyses
were performed to compensate for the unusual geometry of the 10/140MB impact ;

,,,

limiter system. SYDROP was written assuming that a simple rigid cylinder (the
cask) is protected by a simple cylindrical f oam impact limiter around the
sides of the rigid cylinder.

|.
'

The actual geometry of the 10/140MB package differs from this a s s nap t i on in
three ways. Tirst, the impact limiter ex t end s beyond the end of the rigid
cylinder. As a result, some assumptions must be made regarding the effect of

the cantilevered (unbacked) foam. Many drop tests have been performed which

.
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indicate that the castilevered foas contributes a signifienst part of the
package's ability to resist impacts. In general, the ef f ectiveness of the

,
-

overhang in foss may be estimated' by compartag the pistess crush strength of
,

the impacted foam with the sheer strength of the foes carrylag the load boek
into th's package. The shear strength of the foam in the 10/140MB is more than
adeguate to assste nearly complete involvement of the impact 11elter length is

,

resisting' side impacts.
|

Secondly, the 10/140NB impact limiter employs a stopped, design, such that 10 ,

inches from the end of the impact limiter the radios of the Aspect limiter is
reduced 3.5 inches. This step allows the impact limiter to def orm each ,

.

further in the side impact without bottoming out onto one of the protabersaces
on the side of the c ask (e.g., tio down lugs and cleante bolts logs). The |

impact limiter would be expected to act as if it were only 30 inches long on 7

each and for the first 3.5 inches of impact deflection. After that, the

additional 10 inches of impact limiter on each end would begin to be

| mobilised. ;

"

Thirdly, the flat areas on either side of the package vill act very little
like the cylindrical impact limiter modeled in SYDROP. Additionally, the bolt

f lug 'pocke ts' embedded in the impact limiters will af f ec t the manner in which
i

the impact limiters respond to crush on the essentially anyieldir, surface,
even f or impac ts on the rounded sides of the impact limiters. Ac c o rd i ng l y,
loads and deflections for impacts on the impact limiter rounded side s, as well |

I

, as on the flat areas, will be eniculated through . combination of simplified ,|

geometries which conf orm with the assumptions of SYDROP, as well as hand
calenistions for the remaining, non-conforming portions of the impact ;

!

limiters.
-

.

2.7.1.3.1 11dA lasu.t.M=ri = De f1 aet 4en

To adequately bound potential maximum deflections, two primary impact limiter

orientations will be addressed. These are (1) impact on the rounded portions

of the side of the impact limiter, and (2) impact on the flattened sides.

.
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; (1) Impacts on Rosaded Sides4

'.L .

It is sessmed that the worst-ense orientation for impacts en the rosaded sidee

of the impact limiters is that where a bolt 133 ' pocket' is directly over the
,.

!~ impacted surf ace. The geometry of the restiting impact area is shown below
,

i

|- |
F'

'';.
,

e 77 L

a

i
,?|- '

. f f
esCS

~

! ,
t i

[ i ,

'
e9'

,

9L g
i

.

% [!

|

!

,

!

\
|

*'

To e va lua t e the effect of impacts on this region, the impact limiter is

divided in four separate components:
'

.

1. The 101 inch diameter by 10 inch long end ' cap' of the impac t limiter is

treated as a cylinder vitt an outside diameter of 101 inches, and an

inside diameter of 7 7.$ inches (assuming essentially fully-backed ;

response). This portion of the impact limiter, shown shaded in the

sk etch below, will not have any ef f ec t until the main portion, the 108

2-259
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lack diameter by 30 inch long sospesent, has already defleeted a total. of l

(108 - 101)/2 = 3.5 inches.
1

||
'i

r. ,1
'

i
i

:
'l

If +

// y...\ .

fj' p. ...

;// I
'
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J

,

p - 10.0~

2. The 8 inch Icts segment of the main portion of the impse s limiter (106
,

-
iinch diameter) which does' nAL include the bol t Ing 'pocke t' will be

treated as a cylinder with an outside diameter of 108 inches, and an -

insid e diame t e r of 77.$ inches. This portion of the impset limiter is
illustrated below:

'

..

e

G
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l 3. The portion of the impact limiter direc tly 'under' the bol t Ing pocket ;

will be treated as a rectangular slab, 8.9 inches vide by 2 a 22 = 44 .
;

inches long (where the ' pocket' length is 22 inches f or each of the two (
| impact limiters). This portion of the impact limiter will be evaluated

LI

l' with simple hand analysis techniques. The assumed configuration is shown
|

| below ;

1 .

e

p

i

1

2-261

|

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



,,
~

)[ ,'

!'
6

. 4 .'

. MnPao 10/140S e Rove 0 'Jaly 1989
,i

;
.

7: ;
,

I
'

[. ,

t-

i. I

t

!
,

N /.
!

N N

J J
|
'

i

!
.!

4. The remainder of the major portion of the impac t limiter not directly

'ander' the Ing 'pocke t' will be treated as a reduced-diamet er cylinder.

The method of deriving this equivalent cylinder is simply to subtract the I

vidth of the lug ' pock e t ' (8.9 inches) from the outside and inside j

.

diameters of the impact limiter. The outside diameter of this equivalent
l'

,

\

cylinder is thus 108 - S.9 = 9 9.1 inc h e s. The inside diameter is 77.5 -'
,

!

8.9 - 6 6.6 inc he s. The d e v e lopment of this portion of the compc' site !

impact limiter is illustrated graphically in Figure 2.7.1-9.
'

.

' Tables 2.7.1-12 through 2.7.1-14 r epr es en t the response of portions 1, 2 and 4

of the composite impact limiters at 1050F, the hypothetical accident nazimum
temperature for the polyurethane foam. The properties of the foam were

105 F (20% reduction in the 80%0degraded 15% f rom the expected response at

strain region, as explained in Section 2.1.2.4, 'Impac t Limiter Design

Cr i t e r i a '), consistent with previous analyses presented herein.
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FIGURE 2.7.1-9
. .

Impact Limiter Assmaed Geometry For Flat Side Drop

on Rosaded Side (Masissa Deflootions)
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A senservative estimate of the easiens deforesties which ees14 be esperienced

by impact en the earved sides of the impost limiter say be obte(see by
comblaims the above elements of the VfDROP rsas as fe11ess. Asease inst the
response of the asjer diameter porties of the sospesite impact limiter is
serrest for the first 3.8 Asches of deflection. This porties tastedes

)
elossats 2 and de as detailed above. In additiene the hand ressats indiented 1

1

by element 3 ves14 to included. After this isitial 3.5 taches of defleetles.
the STDROP results of element 1 (einer dissetor porties of the impset limiter)
shes14 be added in to get the oesbined f orse sad strain energy tu the fees.
The sembined f orce may be divided by the peekage weight to deternise the
ef f ective acceleration. The greatest deflections will restit f ree the 10$'F
case, and the tables below show how the data f rom the STDROP runs can be
combined with the head smalysis resslts to derive tots! impoet limiter ;

I
| d e f orma t ion, or crash depth.

|

| The following table was developed using hand estcalations and the stress- |

|
strain relationship f or 10$'F polystethane f oss. Stresses were assssed to

'

corresposo with strain levels as 111sstrated le Figsre 2.1.2-3, 'Fosa Strese-
Strain Properties Used f or De sign.' Strains greater then 90% were

|
conservatively represented by the fosa stress corresponding to 80%. so that, i

at no time in the analysis were stress values ssed which exceeded tested
limits.

I 2
I

i The coiss,as of the table are reisted by the follering relationships:
I

!
,

Strain a Deflection /9.5 inches
Stress a f(strain), shore f(a) is defined by the design stress-strain

relatio*2 ship at this temperatore j
'

Stress 8.9 a 44.0* Force *

The total strain enerf y is obtained by an1tiplylag the averste of the force at
the given deflection and the force at the previons deflection by the differ-
ence in deflections, and adding this to the total strain energy at the pre-

p viens deflection. {
l

1
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<

For the 2 a 22 = 44 inch t emsth 'redseed diameter' impact limiter smalysis,

(f rom Tab i s 2.7.1-14):

Crsah Depth lapset Force Strata Energy

7.50 2437764 10077898

8.00 2648290 11347275

i

1

Free the 2 s 10 = 20 tach length minor diameter impact limiter smalyets (f rom
Tabl e 2.7.1-12):

Crash Depth 1spect Force Strain Energy

4.00 (= 7.5 0-3.5) 930325 3837631

4.$0 (= 8.00-3.5) 1010108 4322398

Cosbinias the four components yields:

Crush 1spect Acceleration Potential Strain Ratio
Depth Force Energy Energy (SE/PE)

|

7.50 7775767 114.3 24990000 2124!ill 0.P5
'

F.00 8468419 124.5 2$020000 25305464 1.01

|
The impac t f orce sad crush depth maybe f ound by interpolation f rom the com-

| bined deta

, . a
Crash Depth lapset Force Acceleration Ratio

7.97 8425130 123.9 1.00

Since the ernsh depth required to contact the bolt Ing ' pock e t' is 9.5 inche s.
it can be concanded that the cask will not bottom out on side drop when irpact

ocetrs on the rounced sides of the ispect limiters.

2-269
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(2) Impacta em Flattened Sides

As previessly stated, impacts on the impact limiter flattened sides eenmot be

acesrately modeled using the program 87 DROP alone. Eevever, the impact

limiter deformations and impact forces may be estimated from a combination of

STDROP r9ss1ts and hand analyses, similiar to these done above.

The area of the flattened portion of the impact limiter, with eerroepending

bolt 133 ' pockets' shova, is ilisstrated in Figure 2.1.1-10. To

conservstively estiaste assisse deflections, the 133 'poskets' sad portion of

the cask betross the 'pocasts' are modelled as flat 'astf aces, shova as dashed

lines in the Figure. This assaned configuration vill toad to minimite foes

strain-hardening offects, and thus assisise deformations. With this

i conservative approsisation, en analysis similiar to that above may mov be

carried ost.
.

|

L he individual elements of the cesposite impact limit er remain approxima t ely

the same as the previons analysis, with esceptions as follows:

1. The 10 inch long end ' cap' is modelled as a 96 inch diameter cylinder.

This is the dimension corresponding to the distance across the flattened

areas of this portion of the impact limiter. This asaneption

conservatively ignores a significant volase of energy-absorbing fone.

,

2. The asjor disseter portion of the impact lialter which does not include

the bolt 133 ' rockets' is modelled as a 102 inch diameter cylinder. This

is the dimension corresponding to the distance across the flattened areas
''!' of this portion of the ispect limiter. This, too. conserva tive1T ignores

significant stantities of foes actos 11y available for impact absorption.

3. The fl a t slab portion is broken down into two separate subsections: ha t

portion of the impac t limit er mader the 1sg ' pocket s', and that portion

i backed by the cask wall itself. This assumption is illustrated below
1

.

2-210
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4. The 's edu c ed diameter' portion has 2 11.3 = 2 2.6 inches removed,

leaving an outsido diameter of 66.2 inches, and an inside diameter of
35.7 inches. This approximation is illustrated graphically in Figure
2.7.1-11.

It shon1d be noted that. from the above assnaptions, the major portion of the
,

,

impact limiter vill now deflect a total of only (102 - 96)/2 - 3.0 inches
befone the end ' cap' portion vill contact the impset strface. Details of the

impact response of these sessents of the composite impact limiter are given in
.. *

Ta b l e s 2.7.1-15 t hrossh 2.7.1-17.

|

1
.
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!- For the 2 a 22 = 44 inch leasth 'redseed diameter' topset limiter tastyeis

(| (f ree Tabl e 2.7.1-17):

j Crash Depth Impset Force Strata Energy

|

t' 6.50 1888740 6220699

7.00 1664308 7083683

From the 2 a 10 = 20 inch length einer. disseter inrect limiter analyste (f ses
Table 2.7.1-16):

Crash Depth Impact Force Strain Energy

3.50 (*6.80-3.0) 671710 18$6p09

4.00 (=7.00-3,0) 7$6494 1713683

Comblaims the four components yields:

Crush Impact Acceleration Potential Strain Ratio

Depth Force Energy Emersy ($E/PE)

6.$0 6069176 89.3 24922000 22291601 0.89

7.00 6163635 99.5 24999000 25504374 1.02

The impse t f orce and crush depth asybe f ound by laterpolation f rom the com-

bited data

C:ssh Depth Impset Force Acceleration Ratio*

6.92 6656964 97.9 1.00

Since the ac tos! crush derth required to larac t the bolt 13 3 'poc k e t ' i s 8.1
inches. It may be concanded that the essk vill mot bottom ont on side drop
them lapset occurs en a flattened side of the istsct limiters.

i

2=274
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i

i
Again, besasse the fose properties seed in this 10$'F analysis were degraded |

'

in (2M st DM strata) to secetat for f abricaties variables, the erseh depth !
o, ,..,to.,.o. derived a,ove ,e,i...e,s en t,e rosaded .ue e,t,e i...et j
lietter, is the menints that might be espeeted assseing e is117 ef f ective .

,!. .e n .iier.

!

rhe only other ,s.sm e i.,.ei .eos.uo is the . tis.nen ,here s uo i.,.oi |
eeste ocess at oso of the 'poskets' leested is an ares where the lapset

lietter transitions from rosaded to flattened sides. In this esse, beessee of

the unogsel distributica of foam seder the lose the ross1tsat senter of fores ;

of the ersehed fose voeld move away f rom the seater!!ao of the esske predseing f
a moment which vos1d roll the essk over onto the f1sttened side of the impset !

t

limiter. Decesse this rotational seceleration voeld dissipate a perties of !

the impact energy, it is espected that this case vos14 he less critical them !
,

*

the two alroody evelssted.

Ad d i t t om a l l y, the only protsberance of say significance, aside from the 1st

' pockets'. which coold be af f ected by a fist side drop is the tie-deva 133
|

vhich esteads 6 inches ett from the side of the cask (not imelsding the

therms) shield). Each of the f our tie-down 1sts is located at a position

corresponding to the toneded portion of the irpect limiter, half-vsy between ;
;

two bolt Ing ' pockets'. Because the lapset limiter esteads 15.25 inches :
r

ontvard f rom the side of the cask, any crash in sacess of $.2$ inches voeld !

c aus e the tie-down Ing to ' bot t om ott'. Since it has jest been shown that. {
stder a vors t-ca se intact sitettien (lapact on the flattened stes between two |

lug ' pock e t s') the c rush depth is only 6.92 inch .. clearly the tiedown 133 |
voeld mot be espected to botton out.

.- !.

2.7.1.3.2 11A1 lasAs.1,Manin. Fnecem ;
*

!
!
'

To conservatively estiaste assists lapset loads attains from a flat side drop.

cold fose properties were still ed in conjunction with impact limiter geometry !

| s s s es.p t i on s i l l u s t r a t e d s m Ti g s t e 2.7.1-12. A s d e t a il e d in S e c t i on 2.1.2.4 |

fosa at t he sitiate. t r am s por t t erpere ttre of -200T will e hibit the greatest
.

|
sirez,th. ..d restlss in ite hishest imp.c i l o. dime s. |

:

!

;
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!

g i

The essamed impset limiter geometry pisees the inside ditmeter at the leesties |
:

of the bel t 133 'pocke t s.' This results la e statene impact limiter side well !
I

thiekasse, and ignores the energy oboorbing potential of the fose between the i
i

'pechets', esseing fase otrois hardentes effects (and onestag greater leadias) |

to devole, .no,.come,th.a .o.u est in ,e.n t,. rhe e.teide di..ters of !
Ithe stjer sad einer portices of the lapset limiter are takes se the average of

the easinom dieneter and the distesse screes the (16ttened areas for each
portion. These everage diametere are 105 inohes for the 50 inch leeg asjer
disseter sessente sad 98.8 inches f or the minor disseter ' esp' segeest. This

sesamption vill thne be valid sad cesservative for side impacts on any porties
of the impac t limiter. The ress1ts of the SYDROP emelysis are presented in
To b 1 e e 2.7.1-18 e ad 2.7.1-19.

Ta b l e 2.7.1-18 g i v e s the impact respose f or the 30 inch long e major disseter
portion of the impac t limit er, and Table 2.7.1-19 give s results f or the 10
inc h l ong, einer d iame t er end 'e sp.' To etelnete the impset response of the

'

full impact limiter. these restits esst be combined in a manner similist to

that used i n S e c t i on 2.7.1.3.1 a bov e. For the as essed catside diameters, the

( major diameter portion vill have to deform a total of (10 5 - 9 8.5)/ 2 = 3.2 5
inches before the aimor disseter portion contacts the tapact ssrface and

begins deforming. The results of the two impset limit er competent s sto

outlined telcos

f rom the 30 loch leasth major diameter impact limiter smalysis (f rom Table
2.7.1-18):

Crash Depth laract Force Strain Energy.
*

l,

$.50 9693760 22909497

3.56 1002$145 2)$258(9

|
1
|

|
.
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| From the 10 inch lossth einer disseter impact limiter es,alysis (f rom Table
' 2.7.1-19):

Crssh Depth tapest Forse Strain Energy
|

! 2.2 5 (=5.80-3.2 8) 1270719 1634177

2.31 (=$.86-8.2 8) 1814487 1718214

Combining the two sospesents yields:
I

Crosh Impoet Accelerstlem Potential Stress Ratio

I Depth Force Energy Energy (SE/PE)
!

8.$0 10917419 161.4 24854000 24843674 0.99

5.$6 11389602 166.8 24856250 25241063 1.02

The lapset f orce and crash depth maybe fosed by interpolation f rom the son-
bined dats:

Crash Depth lapset Force Acceleration Ratio

5.32 11096167 167.2 1.00

As est be seen, this ispect acceleration is significantly higher than those

developed in the geometrically more precise amanyses for masison deflections.

2.7.1.3.3 Ont ar Sta l l Band ian hm

Becesse the 10/140MB impact limiters estead only 22 inches op the side of the*
-

steel and lead radiation shield, the center section of the essh is tusepported

during the side impac t. A bending soment will develop between the impact

limiters.

To eveltete the ef f ec ts of this bending nonett e it will be conservatively

asssted that t he e s sh is simply suport ed at the end s of the lead ned s t eel
cylindrical shell. The shell is 79 inches long. Th e p a y l o ad i s a s s umed t o be |

|
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distribsted eless the siedle 78 insbes of lengthe which is the total height of
|

.

the essh perlose envity. The weight per inch of paylose is thmes ;

I

18000/73 = 208 lb/is.
:

!

The shield lisser weight oss be estes1sted as fo11 eves |
f

2 - 72 )(0.233) + (722 2-67.53co,4g)} |
2

0.28m[(47.3
22 - 66 )(0.2 9) e (14.8

= 329 lb/la f
f

There: 0.29 = Voight density in 1b/in3 of the stainless steel inner shell
0.283 = Teight density of the carbos steel otter shell

0.41 a Toight density of the lead shiel&iss ;

i

The total distributed load any be taken as 205 + 329 = $34 lblin, which

conservatively esennes the payload is distribeted a l ong the entire 79 lash t

lealth of the shell. The assists nosent on a simply supported base with a {

distributed Iced mader the 163.2 g assioma sido drop scceleration is given by: |

!

N = *L / 8 = (16 3.2)($ 3 4)(7 9)2/ 8 = 6 8.0(10)6 1r1b |2

[
t

The nonent of imettis of tte otter shell is given by the forenis:
!
.

-R 4)1 = .2 $ r (R,4 g

3 6.0 ) = 1.93(2 0)I4= .2 5(m)(37.2 54-
,

[Bending stress is then
, ,

i

o = Nc/1 (
= (6 8.0)(10)6( 3 7.2 5)/ (1.93)(10)8 - 18,12 5 psi

~

IThis is a pure tension and pure compression stress on the entreme fibers of

Ithe shell. $1sti t ant on s wit h t hi s s t r e s s , a s t r e s s du e t o t he s t e ll's t e n-

dency to flot ten into en orsi shape occurs as a bending s tress in the hoop

direction of the shell. These stresses may be estiasted using Roark
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(Ref eresse 3.11.11), Case 19 in Table 17 of p.137, which gives the f oresla
! -

for the bending moment et the te . of a stresist ring leaded by its ets weights
,

'

and aspported by tangentisi shears

N = TyR2 ( 3-k ) / 2
4

!

Theres-

y = seseleration = 163.2 s's
V = voight of shield per inch of stresaf orence per inch of length

= 329/2nt = 1.429 lb/la

| t = Nosa Radiss of the shell = 36.63
kg = k /A1 = 0.992222

k g = 1 * = + ) = 1.0 0 4 2 4

h2 = 1-= + p = 0.9 9 6 4 3

= 1/AR = .00391=

p = FE!/ GAR 2 = 3.33(10)"4

F = 1.2 (form factor for a rectsassist sectica)
1 = bh /12(1 p2)(b=1.h=1.2$.pa.3)8

d= .3789 in
A = bh

2= 1.25 in
Ee 29(10)6 psi at 128 T0

l O = E/2(1+p) = 11.2(10)6
|

This:
| N = (1.42 9)(16 3.2)(3 6.63)2(1.992 2 2)/2 = 1.218 in-1b/in

1 =.1789
e = .625

' Mc/3 = (1.218)(.625)/.17 8 9 = 4.25 $ psi* e .

.The worst bisnist state of stress asy be assumed to occur when the hoop

bending stress (ovelity) acts in tension and the longitudinal bending stress

acts in compression (as at the inner voll of highest point of the shell daring
impact). The s t res s int ensity under such conditions c an be approniast ed by

.

combining the hoop and Icagitudinal bending stresses esiculated above (sador
|

|- the assumed conditions, there is virtually no sheer stres s):
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.I

;S.I. = 4.388 - (-18.12 8) = 17.3 80 p o i
i

!

The eastosa silevable asebrase stress f or the ester shell et the assisse .

normal operatias toeperatore of 138'F is 49,000 pet (Table 1.1.2-4 reforesse ;
;

esse assber 1(8)). The saggia of safety is them
,

|
'
>49.000/17,880 - 1 = *1.82 !
!

The beskling allevable stress is bending f or the ester shell at 128'F is ;

|36 376 (Table 2.1.2-6), so the assgis of estety assinet boekt tas tot :
'
;

!

'

N.S. = 32.2 3 8/17,3 80 - 1 = 4.86

!

2.7.1.3.4 h T-= et h M seemanna ,

Daring a side ispect. the immer shell of the 10/140NB 9o314 be espected to est .

,

F

Novovere it is i
in conjunction with the otter shell to carry bending load.
conservative to asesse that the immer shell most sopport its ova weight, the ,i

payload weight, and the weight of the lead above it. As before, the payload |

veighs 20$ lb/im. The immer shell and lead distribsted load can be
calesisted as follows:

2 2
2 - 66 )(0.29) + (.5)(.2 5)m(7 22 - 67.5 )(0.41) :

.2$m(67.5 t

= 143 lb/in ,

!

!

The total distriboted lead on the inner shell voeld theref ore be 20$ + 147 =
! 352 lb/in. The satinum soment ist i

.

N = v1,2/ 8 m (163.2)($ $2)(7 91 / 3 = 44.82(10)6 i n- 1 b
*

2

i
i

The moment of inertia of the immer shell is: !

4 d
! = .2 5m(3 3.7 54 - 33 ) = 37.600 in

,

,

| ,

The stress in the inner shell is then: !

|
,

:

:
!,

'
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!
!

e = Ile/1 = 44.82(10)'(88.78)/87.600 = 17.268 psi ,|
'

,

!
>

As in the ester shell, this stress shes14 be oesbined with the menest in the ;

heep direction. The fo11evin8 gsantities may be salestated sein8 the same
method as presented for the ester shells

:
:

I =.0386 ,

!

A = .7 8

e = .0018 4 f
p = .000144 ,f

k g = 1.0016 8 8

,,=.,,8 01 ;
,,= .,, ,18 :
E = 2 8.0(10)0 et 128'F -|

0 = 10.8(10)0 at 128'F
'

W = 145/2d = .6915 lb/in i

!R = 3 3.3 7 5

N = (.6 91$)(163.2)(1.996 918)(33.37 5)2/2 i

193.7 in-1b f=

e = (193.7 )(.37 5) /.03 8 6 = 1.8 8 2 p s i .

;

Combining (tensi t e) hoop and (ccurres siv e) longitudiasi bending stresses to !

get the stress intensity restits in
,

t

i

S.I . = 1.8 8 2 - (-17.2 6 8 ) = 19.150 psij
1 -

The ellevable stress for the inner shell material at the operating tosperature j

of 12 8 F is 4 8,000 ps i (Tabl e 2.1.2-1 ref erenc e ess e assber 1(B)). so the |
* 0' *

margin of safety in bending ist j
i

| i,

L N .S . = 4 8.000/19.150 - 1 = + 1.51
1 t
i

For buc k ling in bend it s , t he a l l ov s bl e i s 27.7 5 4 p s i (Tabl e 2.1.2-5), s o t h e

buckling sargin of safety is:

,
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!

W .S . = 17,784/19,150 - 1 = +0.48 !.

!
v

2.7.1.3.$ LLA b rt..ea . A- tw.n. j

Vader the assimas celes1stod side drop leading of 163.2 s's, the primary sad i
'

secondary ilda of the 10/140M8 eaak oos14 potentially slide reistive to the

ensk body and to each other. Beessee of the f ase seal arrassenest of the [
EaviroSeal a system, any relative motion of the sealias estf ases voeld not |

t

have any negative impact on the sealing capability of the eask. Novover, !

fsther potential problem areas which might arise sador this lendtag sitsstion

must be addressed. These areas of concera specifically f ac tsde bearing !

stresses of impacted surf aces, as well as bolt loads. f;

I |
i

t

First, bearing stress betwoon primary lids and the cash body will be !

investigated. The casa body, top primary and (optional) bottom lids are

dimensioned so that, when the lids are centered on the body, an eighth-inch

gar vill esist between the cask inner shell sad the lid inner step. At the ;

same time, a quarter-inch gap will esist between the cask outer vall and the [
lid ou t e r 'l ip'. Thus, any side slippage of the lid will alvsys ressit in ;

contact between the cask inner shell and the lid inner step. !

,

As can be seen f rom the drawing details in Section 1.3, the length of the ,

nominal bearing surface of the lid inner step, escluding chaafers and ;

fEnviroSeal t*, is 2.00 inc h e s. The cask inner diameter is 66.0 inches. The
2projec ted bearing ares will therefore be (66.0)(2.00) = 132 in , |

1

j

A worst-case relative deflection vonld assnse that the cask top primary lid [

and bottom lid or plate are supported by the tapact limiters in a side drop |, ,

event, and the cask von 14 slide downward and bear against the inner step of

the lid (s). Conservatively negiveting the sliding resistance provided by the
'

tEnviroSeal a and bolt Ing saterfaces, the in11 force of the shield assembly
and payload, under a 163.2 g side leading, will produce a bearing stress at

the contacting surfaces of the cask and lid (s).

From Sec tien 2.2, the weight of the cask shield assembly is 26,960 It. This,

combined with the 15,000 lb marians payload, produces a total load of 41,960
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Ib. Assuing half of this lead is espported by each lide the total bestia8,

Istress at the contacting surf asos voeld bot
j

|lob = (41,960/2)(163.2)/132 = 23,939 pst
J

From Table 2.1.2-1, ref erence case number 4(3), the maatsse ellevable bearing
stress sador Eypothetical Aceident Conditions is 8,. For the 114 sad Asser j

shell material (Type 304 stsialess steel) at the easissa saticipated operating

temperature of 133'F (for the lid), 5, = 6 8,7 83 poi (Table 2.3-1). The margia
]

of esfety on bearing is thes )
|
.

N . S . = 6 8,18 3 / 2 3. p3 9 - 1 = *1. 6 3 i

|
.

The nominst vidth of the bearing area of the secondary lid on the primary lid ;

is _2.6 3 inc he s. The lid dissator is 29.0 inches, so that the projected i
2be a rias a r e s i s (2 9.0)(2.(3) = 16.3 in . Secondary lid weight i s 1,7 00 l b. [

Bearing stress of the secondary lid ispecting the primary lid is thus |
(1,100)(16 3 2)/16.3 = 3,6 3 6 p s i. This is less than the bearing stress of the
primary lid on the cask voll calculated above, so that the astgin of safety j
will be even greater. |

!
|

As for the effect of lid shift on prissry and secondary lid bolts. It is

important that assiana lid movement not result in shearing loads on these |
| <

[fasteners. To this end, all bolt holes have been dimensioned sec.h that, evem

vith the assiana possible lateral lid movement. there vs11 still be cientsace

between the bolt and the bolt hole. In this asaner, shear toeds on the bolts

vill be ef f ectively avoided. Ad d i t i on a l l y , both primary and secondary lid;

bolts have suf ficient f ree length inside their respective bolt holes to essste ;
,

,

adegaste flexibility under the worst-case lif t shift scenario. .

!

1

! It is therefore clest from all the preceding analyses in this section that the

f flypothetical Accident Condition f a st side drop test will have no detrimental
l effect on the NnPac 10/140MB cask.

.
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2.7.2 Pamalan

A 40 inch drop onto a 6 inch disseter pas saa oesst la three separate regions, ;

e.g., sylindrieel body or ensk side well between the impset limiters, top and
bottes lids inside the impact limiter coster opostas, and the impact limiter

itself.
1

J

2.7.2.1 Aida gall,Pamaauna naaiae== a :

r

Using ORNL-NSIC-6 8 (Re f e renc e 2.11.12) f or t he sid e wall e valsa t ion, the i

required ester shell thickness for pseetste integrity can be salesisted as
;

t = (T/ S,)'71
There t = Oster Shell Thickness

'

V = Cask Gross Voight

S,= Ost er Shell Ul tima t e St reagth

i
.

From the dravlags in the Section 1.3, it con be seem that the esternal shell i

for the No!'oc 10/140MB cask is f abricated from 1.2$ in thick ASTN A-$16 Grade .

70, or, al terna tiv ely, A-$37 Cl a s s 1 carbon st eel. At the 128'F sanimus 'f
normal operating temperatore of the cator shell (conservative for this |

'

accident condition test). S, = 10,000 p s i (r ef e r t o Tabl e 2.3-1). In Section
2.2, the cast gross weight is cales1sted as 68,000 lb. |

| .

Realising that the kinetic energy of the 40 inch drop is: ,

i

*

E = h V = 40 i
! ..

this egnation say be rearranged as ,

E/S, = 40 t 1/.71 = 4 0 t I'41

|

! Assnains that the total kinetic energy of the 40 inch drop is absorbed in
,

stressing the outer shell asterial just to the point of failure, the miniana
energy ratio required to preclude puncture is: |

i

|
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i ,

!

r/s, = 409/s, = (40)(68,000)/70,000 = 3 8.86 in-ib/ psi |
| :n

From the ogsettes derived above, the eatsel drop ener8y ratie is: |,

r
'

i

E/ 8, = (40)(1.2 $)I'41 = $ 4.7 7

!-

The reamitin8 emer8y Mar 81a of Safety esa be sales 1sted as: '
,

i

!
M.S. = $ 4.7 7 / 8 8.8 6 - 1 = + 0.41

,

!
Sakamoto's equation (Ref erence 2.11.13) for the side psacture event is: '

1

1

E/S, = [.003 + .047(t /D) + .002(d/D) + .006(r/4)) :

t (1.5 8 5 .11 r)d (1.4 6 5 +.07 7 r) ;
1

t

theres da Pancture Pin Diameter
t = Outer Shell Thickness !

D = Cask Outside Disseter !

i

r = Poncture Pin Edge Radius !

:
,

all espressed in estric units. t

I
Resolving the egastion into En811th units and stillring a 6-luch diameter

| puncture pin with a 1/4-inch edge radies yields: ;

1

E/ S, = [ 6 4.3 0 + 2 31.4 /D + 92 9.8 8( t / D)) t.8 86 5

= 164.30 + 2 37.4/ 7 4.50 + 92 9.88(1.2 5/ 74.50))(1.2 $) .886 5 |
. . .

= 101.2 6 in-l b/p s i [

Energy Margin of Saf ety is:
I

M.S. = 101.2 6 / 3 8.8 6 - 1 = + 1.61 i
;
1

i

Simil a rly. f rom Shieb's equa t ion (Re f e r e nc e 2.11.14):
P
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| ,

y ,.q,

1, 3111 + s /D + (di/n)2 .t / 3 ,1.6 8
'

1
i.

S, g # ,gg.87

h,,
. )

J- een be espressed as

.

73 , la ali + 6 /D + (41/D)8 .t/3,1.68 j1
.

8, 1 + .it'87
U

,
,

i2 .1.25/3g1,3g31.63E ,'id.afi + g/74.so * (41/94.s03 1

S' 1 + (.1)(1.25)*87a

,

= 40.2 9 . in-1 b/p s i
L
1

1'
E for a Margin of Safety oft i

| N.S. = 4 0.2 9 / 3 8.86 - 1 = + 0.04
..

f

| Finally, irtergrity of the cask outer shell has been demonstrated in a
1

qu art er-sc al e t e s t. In this test, the cask was dropped from a height of 40
'

inches onto a scaled puncture pin, with the pin striking the outer shell
'

midway along the cask length. Results of this test are detailed in Appendiz

2.10.4.

In addition to the above discussed concern with local puncture of the cask

side wall, the overall bending response of the cask must also be considered. .

The following calculations demonstrate that the overall bending response of

the package due to impacting on a puncture bar at mid-length of the package is
,

of little consequence for the 10/140MB. 'I.
, ,

Foi this assessment, the 10/140MB will be idealized as a uniforc beam with end

masses corresponding to the impact limiter and a center load, F, equal to tbc

force required to flow the puncture bar. The sys' tem to be analyzed is

therefore as follows:

.
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Where: -

F = Force to flow the 6-inch diameter puncture pin

1.329(20)6 lb( r:/ 4 )( 6.0) 2 (o g )= =

og = Puncture pin flow stress
= (1/2)(e, + e ) = 47,000 psiy

e, = Assamed mild steel puncture pin ultimate strength
= $8,000 psi.. ,

e,7 = Assumed mild steel puncture pin yield strength
= 36,000 psi

'

L = Length of cask without impact limiters = 83.75 in
W = Gros s weight of cask = 68,000 lb

y = Effective g-load actin; nn the cask

= F/5 = 1.329(10)6/68,000 = 12.543

Ty = Concentrated .'ond associated wis.h an impact limiter
* Impact limiter weight time g-load = (5,575)(19.543) = 108,950 lb
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|!: , = nistrik.t.d load associas.d .1th the cash (witho. i.,..t it.it.rs)
,

168,000 - 2(5,575)1(19.543)/s3.75 - 13,266 lb/is j
,

1

1

Conservatively aassaiss that the entire beadf ag sesamt associated with the ,

above.1oading conditions is reacted by the otter shell of the cask only, the '

rossitant loadias and stress in the eask ester shell may be esiculated as:

2N = W L/2 + wt fgy
'

= 16.193(10)0 in-lb

eB = 16.193(10)6(37.25)/1.93(10)5
= 3,125 psi ;

Where 1 = 1.93(10)5 g,4, as derived in Section 2.7.1.3.3.

| This stress is well within the allowable limits for the cask outer shell under
Hypothetical Accident Condition loadings, and a large Margin of Safety there-
fore exis ts. ,

,

| Finally, an oblique pin puncture on the cask body could conceivably result la
'

the loss of some of the cask thermal shielding. Such an event, however, would
result only in localized and fairly minor damage to the thermal shield. The

| massive nature of the cask acting as a heat sink would assure that such an
occurrance would not result in excessive temperatures in the l e ad shielding |

!' and consequent loss of shielding ef f ectiveness.

|
'

It is inns evident that the cask side wall is adequate to resist the regula-
tory puncture impact requirement.

,

2.1.2.2 C,sai Lit Punetnre Renintance

. .

Due to the est remely rigorous leak-tightness requirements f or 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 impact limit er c enter opening. The secondary lid opening in the top
primary lid makes this m3mber potentially the more structurally flexible of
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|

the two lids, and therefoto the more prose to high stresses and persament c

deformation leading to possible loss of seal integrity. It was therefore this.'

Istructure which was subjected to the the most intossive aanlysis. The botton
,

lid (stilised in optional bottom-loading easks) was evalsated rather than the'

fixed botton sinos it will be more flezible, and therefore more highly i

stressed, than the rigidly-attached bottes pl.to of the baseline fixed-botten
sank model.

,/
1

In addition to complying with accident condition stress allowables set out in s

Ross1 story Onide 7.6 and outlined' in Section 2.7.1 above, lid destestions were |

to be limited so that a residual compression vos1d be maintained on at least
'

t8
L one of the two sets of EnviroSeal 0-rings at the end of the psacture ovest.

|
To maintain lid stress levels within regulatory limits while ensuring con- ,

tinu ed sealing integrity, special lid configurations were developed. These
'

naique designs are shown in the general arrangement drawings in Section 1.3.
i \

For the analysis, the ANSYS finite element routino was stilised. The as pa-
bilities of the program are outlined in Appendia 2.10.2 and details of the

'

analysis are given in Appendia 2.10.8. All possible worst case conditions for

both s tress and deflection were evaluated. These included a center-loaded'
axisymmetric model of the bottom lid to evaluate conter impact, and a three-
dimensional model of the top lid with post impact at the center, at the secon-
dary seal location (outside diameter of the secondary lid) and at the inside
diameter of the impact limiter center opening.

Material properties for a 133'F temperature condition (masiana normal'
-

condition temperature for the top lid) were used in the analysis. Also, the
{

lowest applicable 304 stainless steel material properties f rom Table 2.3-1
were derived f or this temperature to evaluate stress level Nargins of Safety.*

-

This is conservative, since, f rom Section 3.0, the naziana anticipated lid
0temperature f or the accident condition drop events is 109 F, f or which both

material strength and allowable stresses will be higher.
.

P
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A'ammaary of ' analysis results is estlined in Table 2.7.2-1 below. To verify'
.

the finite element ress1ts, a hand- analysis for. the bottos lid was performed, ?,;. _
.

's t i l i s ta s Ro a rk , Fa e== 1 a m igg, B e r a m a d 11 sala, 4th Edition (Referesee |
,.' '

'~ 2.11.11), Tab l e 24, Cas e 16. Assume a lid diameter of 76.0 is, sorrespondant
,

to the outer disseter of the 114 ' lip', so that a = ' 76.0/ 2 = 3 8.0 ' La. Also {

' assume sa' average lid 'thiskaoss of t = 6.0 is.

i
,

'
i

'i

e

i.

1.329(10)6' lb (puncture pin }V =-

I
L 'f l ow stress' force, as

derived above) .

9

l '
1, a = $8.0 in.

.;
.|

Since r, = 3.0 in = 0.St, f
=*- a+ er

o

i
i

r,' = r, = 3.0 in
,

l

>

(

,

4 1

The maximos bending (surface) stress in the bottom lid finite element model

(- occurs at the location corresponding to the puncture pin radius, r = r, = 3.0 g

in. From Roark, the maximum bending moment at this location is:
.

|'

M,,3=(T/16n)[4(1+p)1n(a/r) + (1 p)[4 - (r,'2/r2))}
= 404,597 in-lb/in

2-296
.. 3

p.

1 . ~ -. - . . . . . - .- .. . . _ _ .. _ ,,



_- . ,_. _..

..
-

-

.
-

-

.
..

. .

t
.

5..

' - ~
o w

7
I.

"
.

.

E E
'
-

. s
*

! n iI.on d Max. Be ndi ng Ne z. Neubrane Nam. Primary Men. Seconda ry Bol t o *
Case Stress (psi) Stress (psi) Bolt Stress Stress (pel) 7

(Nergin of Safety) (Nargin of Safety) (psi) (Norgia of Safety) *

- - - . . . - . -
__.

T.
(Na rgin of Safe ty)

i

,.
.

| Center Punch- 60698 24953 35398 $
p o4
~

Bottc. Lid (M. S. = +0.13 ) (M. S. = +0.9 2) ( N. S. = +1.91) .[-- N.,,

w w
$ . . -;

Q ?Center Punch- 56838 29033 14921 0 . w
Top Lid (N. S. = +0.21) (M.S. = 40.65) (M.S. = +5.99) = w

W
Punch at 65606 47448 22177 6334 j

~

| Secondery (N.S. = 40.05) (N.S. = +0.01) (N.S. = +3.64) (M.S. = +La rSe) ;
i I,id O. D.

E.- )
,

,

* '

Punch at 45632 43780 15921 16179
~

;Overpack ( M. S. = + 0.51) ( N. S. = +0.10) (N.S. = +5.47) (N.S. = +5. 3 7)
I . D. ,

e
'

a .
-

h
* .

3 1
y

1
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For-plate bending stressi >

,

2og = 6N,,3/t
>

= 67,433 psi
,

! i,

'

Conservatively neglecting the stif fening effect of the lid attachment system, ,

'this rossit is reasonable and commervative compared to the finito element

rossit of 60,698 psi f or the same loading condition. The Marsia of Saf ety

rossating from this conservative analysis is: !

>

f

W.E. = 68,785/67,433 - 1 = +0.02
,

As can be seen f rom Table 2.7.2-1, the worst-case puncture event, resulting in

L the osallest margins of saf ety, was that where the pin impacted the cask at-

the location of the secondary lid outside diameter. As an empirical

verification of the above analysis results, a quarter-scale test was
(,

|.
conducted. For this test, the cask was dropped from a height of 40 inches

onto a' scaled puncture pin, with the pin impacting at the secondary lid

outside diameter. No significant danese resnited from this test. Details of

the test are included in Appendiz 2.10.4.

l.
I
.

These resnits indicate that the cask lids are suitably designed to withstand

any regulatory puncture event. It should be further noted that the corsin1
design optimitation of both lids has lead to structures that are egnally

( s trong despit e their g eometric dis similiarities. This is evident f rom the

similiar stress resnits for the top and bottom lids under conter punch
'

loading. These resni t s are for the bottom-loading cask configura tion. It any
be assnaed that the fixed-bottom configuration, with its more rigid,| ,

- .i.

essentially clamped-edge bottom plate, will be even stronger and more puncture

resistant.

2.7.2.3 Lit finance Srstam ,

As s hown in Ta bl e 2.7.2-1 abov e , s tresses in all primary and secondary lid
bolts reasin well below their allevable limits during puncture loading. Pin

punch on the cask lids will theref ore have no detremental effect on the

.
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closure bolts. Additionally, scale testing of a pin lapset directly onto a
,,

lid bolt- les has demonstrated that pin peach will have ao significant effect
;

on the bolt and bol t lag (see Appendia 2.10.4 f or detail ed te s t re sul t s).
This ,is dse la part to the robastner.s of the lug system itself, as well as :

! dimensional seasiderations in providing protection for the bolt. The maalaan ;

I. width between las gassets is only 4.47 inchose which precludes entry of the 6 |
inch diameter psacture pin into the bolt area. Therefore, the closure

arrangement for both top and bottos lids is more than adegaste to withstand'

1

p the effects of regulatory pin punch.

]| .
1

2.7.2.4 T-- =* Li-ten, P.. .... n..i......

L

|

| Since it has been demonstrated that the unpsotected cask will survive a 40
1

inch drop onto the puncture pin per 10 CFR 71, damage from such a drop impact-
I

ing the impact limiters will be loss severe on the cask than f rom the cases j'

already examined. The : nly additional adverse ef f ect which impact limiter pin |
\

| penetration might have on cask perf oresace wonid be the es9e where the pin

strikes the impact limiter at an oblique angle, penetrates the impact limiter, I
|and the tears out some of the polyurethane foam as the cask rolls of f of the

puncture pin. Recent drop tests on both the 10/140MB quarter-scale model
(ref e r t o Appendiz 2.10.4), as well as a similiar cask have demonstrated this
worst-case loss of f ose which could be expected under this impact situation.

The implication of this damaged configuration is a potential loss of some of

the f oam insn3 ation protection in the vicinity of the EnviroSeal ta. As a

result. the temperatures of the 0-ring seals could be higher than von 1d other-:

vise be e,z p e c t e d . This damaged configuration has been arbjected to the

accident condition fire transient analysis, in conjunction with further damage
| . .

I arising from a 30-foot corner drop at the same location, for maximum loss of
impact limiter f oam fl111mg. The resnits of this analysis are given in

S e c t i on 3.5.3. The peak seal temperature was f ound to be 296'F, which was
maintained for a pariod of about one-half hour. Recent tests have indica t ed
no loss of sealing capability f or the 0-ring material used in the Enviro-

taSeals under conditions more extreme than those analysed. Refer to Appendiz

2.10.7 of the TRUPACT-II Saf e ty Analysis Report (Docket Number 71-9218) for

1 details.

2-301
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The above rossits demonstrate that the NaPac 10/140NB eesk will servive a 40 .j''
,

,

!inch drop onto the penotste pia por 10 CFR 71 with so adverse af f ect om eask.
i

sealing and shtolding integrity.
i
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2.7.3 Tharmal
,

!
'The hypothetical fire transiest is analysed in Sosties 3.5. From that soo~ !
tio'a, mestata temperstares sad prosesres are directly available for use.

,

,

2.7.3.1 Bammarv af Eza&ansaa aat Tamparataran
,

,

a The assimas fire accident condition temperstares for the varions eask compo-

nests are presented in Sections 3.5.3 and 3.5.4. Nasimum internal presasse

resulting from the fire transiest is 17.8 psig.

2.7.3.2 Diffarantial Thae=*1 E=====ta=
>

Differential thermal espansions due to the fire accident are of little conse-

quence for the NaPac 10/140MB Cask. All stresses ress1 ting from differential
esponsions can be classified as secondary, displacement limited stresses. Aa

,

limits on secondary stresses do not apply for accident conditions (per Section *

2.1.2 ) , d i f f e r e n t i a l expansions do act compromise the integrity of the cask. [
'Through wall (and through thickness) thernial gradients also result in secon-

dary stresses and again are of little consequence for the cask.

2.7.3.3 St rama Ca l enl a t ione

l' The concern f or accident cotditions is with primary, load controlled stresses.
.

The only load controlled stresses during and af ter the fire transient are

those resulting from pressure and dead weight, and are therefore rather f

j' modest. Although temperatures associated with the fire transient are
,

typically higher than those associated with other accident conditions, the

NuPac 10/140MB Cask design is considered by inspection to be governed by the

i significantly more severe drop accident events.

|

|

2.7.3.4 cn=narimon g Allowabla Steamman

|
Ba s e d on t he d i s c u s s i on s pr e s e n t ed in Sec t i on 2.7.3.1 t h rou g h 2.7.3.3, i t i s

apparent that large margins of safety exist for the fire transient condition.

2-303
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2.7.4 Immaeaiam - Fia a11 g, Maiaria.1 '1

-

L ..

This sosties is not applicable to the NsPac 10/140NB, sisse so fissile
,

material above esempt limits wos1d be transported is it. 1

!

,

!
|| 2.7.$ Immaralan - All Pankagna
l- j

h, The effect of a 21 peig esternal proseste due to immersion in 50 feet of watet
as reignited by 10 CFR 71.73(o)(5) is analysed below: |

-

Assnains the pressure is entirely reacted by the outer shelle the component
;|' stresses are

1

i l

j, Boop stress = oh = pr/t |

l Longitudinal stress = ot = pr/2t
Radial Stress = o, = p

|
i

where p = pressure = 21 psig -|

r = outer shell radius = 36.625 in.
| t = outer shell thickness = 1.25 in. |,

| |

lSo,

ch = (21)(36.625)/1.25 = 615 psi

h- og - (21)(36.625)/(2)(1.25) = 308 psi
|

't = 21. ,.

|

The mariana stress intensity in the outer shell is then 615 - 21 = 5 94 psi and
the margin of safety is very large. ,

Stresses in the 5.25 inch minimum thickness end plates are similarly trivis1 i

and completely bounded by the stresses in the lid f rom the payload pres sure
0

during the 164.0g acceleration from end impset from 30 feet at -20 F.

|
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2.7.6 Emmaarr al Dasaga *

;

From the analyses presented in Sections 2.7.1 through 2.7.5, it sea be shova i

that the sooident test sequence vill mot rossit 'in say silaifieaat streetstal '

damage to the NsPao 10/140MB Cask. Nearly all persament damage oeenre in the

esternal impact limiters as desired. Minor amosats of desage saa osser to j
cask sosponents as follows:

1

For a 40 inch drop on a 6.0 inch disseter psaetsre pis, with impact osestring i

on the side of the cask at midlength, localised cask damage 'can eessr at the
,.

ispect point, but the enter cask outer shell will act be perforated and the 3

. 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 cask -

,

top lid, a very slight permanent bow of the 5.25 inch minissa thiskness lid
,

may occur.

These permanent deformations are of little consequence for the NsPac 10/140MB ;

I Cask as they represent only minor changes in cask geometry. In particular,
i

.

damage is not sufficient to compromise 'lenktightness' of the containment ves-1

1'

| sel or cask seals. For these reasons, the integrity of the cask is not con-

sidered to be compromised by the accident tes t sequence set f orth in 10 CFR

71.

.

2.8 Enacial Enza

!

This section does not apply for the NsPac 10/140MB Cask.
, ,

|

2.9 Earl indi

This section does not apply f or the NnPac 10/140MB Cask.

,

!
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2.10.1 St ability and Bucklima De sian Criteria !

|

This appendia defines a stability and buckling criteria for radioactive mater- |
!als packages consistent with the guidelines of Paragraph C.5, NRC Regulatory

.

t

Guide 7.6. see reference 2.10.1.5.1. The technical rationale for this cri-

teria is presented and discussed in conj unction with appropriate works in the

technical literature. This appendia concludes with an analysis of the inhe r-
~ eat factors of safety embodied within this criteria and a comparison of these

f actors of safe ty with comparable element s of other est ablished f orms of de-

sign criteria for stability.

,

Briefly, the criteria es tablishes the limit (membrane compression) stress at

1/5 or 1/7.5 of th e elastic buckling (Euler) stress limit s f or ac cident and
'

normal conditions of transport, respectively. In the domain where failure is

characterized by yielding or plastic flow, ra ther than ' instability, the limit !

!

stress is further reduced by consideration of physical ma t e rial limit s for !

yielding and strength. A par abolic c urve provides the transition be tween the
[

| physical ma terial prope rty. limit s and the elastic stability limit s.

|

|

Ile bounda ry be tween stability and plastic flow or yielding regimes is se t at,

, a point where the elastic buckling load exceeds the yield load by a f actor of
1

L 5. Itis bounda ry cr it e r ion i s . t a ke n from the work of Comb es c ur e , reference'

2.10.1.5.10. Within this stability de sign criteria, this 'bounda ry is i mp11-
\

citly sa t i sf ie d, for ac c i de n t co nd i t ion s , by se t t ing stress limits at 1/5 of

the elastic buckling stress. The corresponding factor of 1/7.5, applied to

| n orm al co ndi t ion s , is attained by application of .he convent ional ASME f act or ,

1.
"

of 2/3, representing the ratio of (5,/S ).-
.y

The criteria defined here recognizes that compressively loaded structures be-

have in dif ferent f a sh ions depe nding upon ge ome tric aspect ratio of the strue-
ture. The nature of the criteria is such that the f actors of safety vary with

this se ome tric aspect ra tio up to asymptotic value s of 5 and 7.5, ve rsus elas-
tic buckling stresses, for accident and normal co nd i t ion s of transport, r e-

spectively. The se a sympto t ic f actors of safe ty may be con side red con se rva t ive

for general use as radioactive ma terials package de sign criteris. It should be
noted that the seceral form of th e cr it e ri a al l ow a dj u s t me r.t of these asymp-

-10-1-1
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totic f actors of safety to any values considered appropriate. -

.

2.10.1.1 Criteria Definition

<

Direct primary compressive nombrano stresses. S, in containment vessels shall .

be less than the lesser of S,/Rd '' 8 ' 8 is defined as the appro pria t e
J e

elastic buckling stress limit con sidering adju s tarat e re s olv ing the ore tic al

and esperimental result s, but neglecting plasticity corrections. The reduc-
tion coefficient R is t o be t ake n as 7.5 f or normal conditions of transport

d

and 5 f or accident conditions of transport. This reduction coef ficient, R'd
;

corr espo nd s to the inte nde d factor of safe ty of th e me thod at high aspect

ratios of the structure. S is a ge neralized ' Johnson' parabolic transitionj ,

having a value of S,, at an aspect ratio, G, of zero. This ' pa raboliccurve

transition curve is also tanput to the capression S,/Rd at a stress level of
2/3 S,. The term S, denotes the applicable strength limit of th e ma t e ri al -- ;

S for, normal conditions of transport and S), for hypothetical accident c o nd i- [o
tions, both as defined within reference 0.10.1.5.1. The de tails of the cri-

teria, in symbolic f orm are as f ollows: {

'

Where G is . les s than G*:
,

l'
I

S 1 s,
3

,

*ihe r e G i s gre a t e r t!.cn or eq ual t o G* :.

|L .

|
5 I S,/R *d

|
'

| '
'

'

The cl a s sica'l clastic buckling stres s expres sion ca st in'T h e r e : 5, =.

|- the ge neralized f orm:

E/G.=
1 ,

,

A nu:::e r ic a l constant unique to each compressive loading1: =

mechanist. reflecting materials pro pe r t ie s ( Young's M od u-

lus, Poisson's ratio) and empirical or theor e tical coeffi-
c ient s. See Table 2.10.1.1-1 f or a s u::ma ry ve rsu s typics! I

loadir.g mechanisms. |

|

1

2-10-1-2
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A non-dimen sions11:ed ge ome tr ic aspect ratio unique to. .eG =

e ach loading mechanism.- Se e . Tabl e 2.10.1.1 1 f or a sun- +

'

ma ry ve rsu s typical loading mechanisms. . For example:
,

;

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

(R/t), for esternal pressures on long cylinders and asial= , ,

compres sion loadings of cylinders.

,

d
7.5, for Normal Conditions.R =

5.0, f or Accide nt Conditions.=
,

,

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

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

G* Th e a spe c t ratio, G, where the parabola defined by Sj in-=

tercept s and is tangent t o the curve defined by (S,/R )'d

|
in other words, G* correspond s to the aspect ratio where

Sj = ( 5,/R ) ' fdv
,

,

(3/2)(E/R )/8 '=
d s

S, S . f or Normal Condit ions,=
g

S, f or Accide nt Conditions, i=
y

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

~ Boiler and Pressure Vessels Code.-

Yield Stress.- S =
y

4

|
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TABLE 2.10.1.1-1 !
"

I- SUIAl&EY OF NUIERICAL CONSTAlf!1 AIS NON-DIIENSIONAL OMFFICIIDfTS j

OF 8, = K/G VERSUS LOADING ColeITIONS

Loading Mode E G Re fere nce )III I3)
|

: /

Arial Coantes sion j

and Bendina: Va rie s: (R/t) 2.10.1. 5.13, pp. 2 3 0-5 j
e

At (R/t) = 10: 0.5022 E(2) .

At (R/t) = 100: 0.3570 E

Lon e Col umn Comor e s s ion : 4.9348 E (L/R)2 2.10.1.5.13, pp. 231

,

Exte rnal Pres sur e - -

No Ext e rnal Con s traint s:
1/2 tfg /2) 2.10.1.5.13, pp. 23 63(1) Moderat e Length: 0.9181 E (R

(L t/R3 (.11)2

| (2) Long: 0.2473 E (R/t)2 2.10.1.5.13, pp. 2 3 7

(L t/R3 > 11)2
'

Ext e rnal Pr es s cr e -

Ext e rnal Con s t r a in t :

(R/t)2
.0913S E 2.10.1.5.17, pp. 3 4 2, ,

[6.66(R/t)'3-1) eq. 47-6
.

2.

Notes: (1) Poisson's ratio = 0.3 as saned f or constant evalua tion.
'

(2) E = Modulus of Elasticity.

(3) No t a tio n:

R r a d iu s=

L length=

th ic kne s st =

2-10-1-4
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2.10.1.2 Backaround
;

NRC Reg Guide 7.6, refe rence 1, - require s that ' tuckling of the containme nt

vessel shon1d not occur under normal or accident co nd i t ion s ' . h e ASME NUPACE

Committee has proposed a series of rules governing buckling and instability,
Se c t io n NI-313 3, re fere nce 2 .10 .1 '. 5 . 2 . De NUPACK proposed criteria are of

two pa r t s. Sections NI-3133.1 t o NI-3133.6 employ chart s and . ' ro te' proce-
dures to establish limit s for s pe cif ic ge oas tr ie s and loading ' conditions --
most not applicable to typical pa cka ge ge ome t rie s or loadings. The se cond

pa r t of this NUPACE criteria, Section NI-3133.8 proposes rules more consistent
with the ' design by analysis' approach of NRC Reg Guide 7.6. This particular !

se t of provi s ions is t ake n direc tly from ASME Se c t ion III, Division 1 Code
- Case ' N-47-21 f or Clas s I component s in eleva ted temperature s e rv ic e . Within

Se c t io n NI-313 3. 8. con s t an t safe ty factors are proposed for load-cont rolled -
and strain-controlled buckling. The proposed NI-3133.8- f actors of safety are

a s f ollow s :

| Co ndi t i o n Load F. S. Strain F. S.

I

1

L ' Normal (Level A): 3.0 1.67

| Ac c i de n t (Level D): 1.5 1.1 .

!

Pe r SI-3133. E . t h e s e f a c t er s of sa f e ty a r e appl i e d t o t h e ' load (strain) which

would cause in s t an t 2.n s t a b il i t y at the de sign (or actual se rv i ce ) t empe r a- !

ture'. Applica tion of these proposed rules has prove n dif ficult due to the
dive rsity of opinion conce rning the resolution of these issues:

'

o ' Instant instability' implies a clas sic clas tic instability f ailure that
"

is fundament ally in con s i s t e n t with th e pr a c t ic al ge ome tr ie s of radioac-

tive materials packa ge s. If clastic instability is not of conce rn f or a

par t ic ula r pac ka ge , are the f a ct ors of safe ty applicable? ,

o The applicable instability r eg ime is not defined. Does this impl y that

Al compres sive loading stat es are to be treated as potential in s t abil ity '

l

situations?

!

o ' Instant instability' Joes not characterize the behavior of structures

2-10-1-5
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[.r' - '' whose failure modes are associated with yielding or plastic flow where no

loss of load resistance is esperienced. What criteria govern the design
' '

. of these s t ruc ture s? How do these cr it e ri a ' me sh' with stability cri- I

1

teria as the aspect ratios of a structure increase? j
i

o The single-valued f actors of safe ty appear both potentially low for 'in-

' stant instability'' as sociated with true elastic instability and saces-

sively' conserva tive for plastic flow or yielding situations where no loss v

i

of load resistance t ake s pl a ce . In fact, the single-valued f actors may ,''

be appropriate only within some intermediate regime.
,

,

i

Investiga tions to resolve these. issues have lead to the following findings
i

1. - ASME Code Case N-47-21 is ove rly con se rva tive for situations were 'in- |
t

stant instability', 'or buckling does not represent the failure mechanism ;
J

.

of the component, r e fere nce s 2.10.1.5.3 and 2.10.1.5.4.

l' .!

2. For cylindrical sh el l s , as used for co nt a inme nt ves sel s of radioactive
mat erial s . packa ge s, th e r e are three cha ra ct e r is t ic f a il ur e mechanisms<

associated with compressive loadings, r e f e re nce s 2.10.1.5.5 and
'

2.10.1.5.6. Each of these f ail ur e mechanisms is cont rolled by a dif-

ferent pr io r ity set of ge ome t r ic and ma t e r ial properties, r ef e re nce s
2.10.1.5.6, 2.10.1.5.7, 2.10.1.5.8, 2.10.1.5.9 and 2.10.1.5.10. The

characteristic s of the f a ilur e, or saf ety consequence, in e ach me chanism''

dif fe r -- ranging f r om ca t as t ro ph ic c oll ap s e , a t one extreme, t o cont rol-'

led plastic flow, at the other extreme, reference 2.10.1.5.5. Thus each,

L can and should pos ses s dif fering f actors of s a fe ty. To illu s t ra t e ,

'

! Johnston, reference 2.10.1.5.6, states (page 265): '... formulas t o pr e--

i> dict the buckling capacity of thick-walJ ed tubular members u nde r axial
' compression are much more reliable than formulas to predict the capacity

of th ia-w al l e d sh el l s. [Thu s) f a c t or s-of- sa fe ty u sed in th ic k-....

walled member design shoul d be less than those used with thin-walled

sh el l s ' .

|
o
| *

L

1

1 2-10-1-6
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3. The boundarass between each of the three f ailure me chaniuns ' can be de- !

fined with reasonable ac c ur acy. These boundaries typically are defined ;

in terms of the shell aspect ratio and material properties, for esempl6,

see re forence' 2.10.1.5.11 Sect ion 7.$a. A recent French proposal. |'

L r ef e re nce 2.10.1.5.10, sugge st s definition of these boundaries in terms |
'

of the ratio of elastic backling stress to yield stress. Both approaches

give reasonably consistent r e s ni t s. For esemple, using a cylindrical
6 ;shell compression case and assuming a steel with a modulus of 29.5 a 10

psi and's yield of 30 ksi, reference 2.10.1.5.11 give s the inception of i

, plas tic buc kling at (R/t) = 62, where as the French approach predict s this ;

bounda ry at (R/t) = 70.
J |

s

4. Typical industry de sign (crit eria) codes provide varying f actors of 1

I o

L safe ty as a function of aspect ratios, for example, se e Par a graph 1.5.1.3 >

of the AISC Specification, reference 2.10.1.5.12. ;

1

Ite above discus sion not es tha t there are thre e characteristic f ailure mechs-

| nisms or behavior regimes. They are ca taloged below, along with their princi- j
; i

| pal at tribut e s. |

I

o Soft S t ruct ur e s :

.a. Stress Range: Elastic.

|
4

b. Buckling Type: Local buckling, bifurca tion buciling, antisymmetric |

buc kl ing , diamond ( shaped) buckling.
I

'

c. Failure Mode: Ca tas trophic Collapse, oil-canning snap-through.* .

l

1

d. Pr e dic tive Se n sitivity : Initial impe rf ec t ion s in se ome t ry and
ma terial propertie s lead to large and random variations obse rved in
buc kling test s as c ompa r e d t o th e o ry. La r ge f act ors of safe ty are

required, reference : .10.1. 5 . 6 . In this range these factors can
i

range f rom 3 t o 10.
|

| \

|

|
L :-10-1 -
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.o Intermediat e St ructures: ,

s. ;

!

a. Stress Ranges Elasto plastic.
.

!

b. Buckling Type: Equilibrium collap se load buckling, bellows type ,

backling, f ull-wall buckling, synastrical (asisynascric) buckling. ,

!1,

c. Failur e Mode : Controlled plastic deformation, constant or incres- |

sing load re sistance (for strain-hardening materials, like stainless. ,

|

steels or aluminum).'

-
,

d. Predictive Sensitivity: Primarily dependent upon ma terials prope r- *

,.

ties in the tr an sition r e gion s be tween fu11 -elas tic and strain-3

hardening behavior. Relatively insensitive to geometric imperfec-

t ions and end condit ion s. Factors of safe ty should be somewhat
,

greater than those typically applied to strength de signs.,

1

o Ha r d St ru c t ur e s :

L

a. Stress Range: Plastic.
>

b. Buckl in g Type: Generally not considered as a buctling ph e nome na
since no instability (loss of load re sistance) oc c urs for a work- }
harde ned ca t erial . Yielding, plastic flow.

L

c. Failure Mode : P1&stic def orma t ion and flow.L

i

d. Predictive Sensitivity: Comple tely depe nde nt upon ma terials prope r-''

ties and strain-ha rdening behavior. Tot ally insen sitive to ge ome t-

ric impe rf ections and end conditions. Factors of safe ty should not
t

exce ed tho se typically applied to strength design.

,

Bounda ries be twe en these three classes of behavior are described it a va rie ty

of f oren t s. The most co nve n t io nal , s e pa r a t ing ' Ha r d ' s t ru c t ur e s free 'In-

is the conventional distinction betveen thint e rme di a t e ' and ' Soft' structures
sh e 41 s and th ic k sh el l s , r e fere nce s 2 .10.1. 5 . " . 2.10.1.5.S. 2.10.1.5.9 and

2.10.1.5.13. This is a relatively imprecise distinction with estientes of

2-10-1-6
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(R/t) values ranging from 20 to grs-ster then 100. With a well behaved stress-,

'

L strain curve, i.e. , a smooth transition and strain hardening, the predictive

reliability of this bounda ry de t e rm ina t ion incre a se s. Thus, from a stability

s t a nd point, stainless steel and same aluminun alloys, with anooth transitions- ,

and strain harda ning, are preferable to sild stools, with sharp transitions
i.

and minimal strain hardening.
L

Combescure, reference 2.10.1.5.10, suggests that a ratio. of elastic buckling

stres a to yield stress, ( S,/ S ) , of 5.0 defines this boundary. Tu, reference
y

'

2.10.1.5.11, points out that the AISI Code'(Equation 3.8-1), r e f e re nc e
2.10.1.5.14, definer the bounda ry be tween 'Hard' (yielding, plastic flow) and ,

' In t e rme di a t e ' (pla stic ' buckling) structures at a (D/t) = 3300/S ,-or appros- a
' y

imat ely 110 f or a 30 ksi steel. Yu also notes tha t for les se r (D/t) values ,

the design stress need not be reduce d below conventional strength allowable s.
~

Impor t an tl y, the bounda ry employed by AISI has been developed by estensive
test s, references 2.10.1.5.15 and 2.10.1.5.16. .

1

The bounda ry be tw e e n ' Intermediate' and ' Soft' structures can be stated in

simila r t erms. For example, Yu gives the AISI boundary e s tima t e as (D/t) =

L
13000/S , or approximately 430 for a 30 ksi steel.y

2.10.1.3 Crit eria Ra tienale
4

p The proposal of Combe s cure, ref erence 2.10.1.5.10, have been adopt ed t. s the

defining bou n da ry be twee n ' Ha r d ' and ' Intermediate' structures. Thu s , this

bounda ry is de te rmined a t an aspect ratio defined by the stress ratio (S,/S )y

= 5.0. Th i s bounda ry is used to define the Lntercept of th e basic strength
limit , S,, and the reduced elastic buckling curve, (S,/R ). Of course, in*

d

this region the parabolic transition curve, S, passes below this interceptj
value. The prima ry re ason f or adoption of this me thod is that it is i nd e pe n-
dent of loading mode whereas all the aspect ratio methods are mode-spe cific.

' Imp or t an tl y, the Combe s c ur e me thod and the mor e conve nt ional aspect ratio
.

methods, such as r e f e r e nc e s 2.10.1.5.11, 2.10.1.5.15, and 0.10.1.5.16, :11

give compar able r esult s, a s men t ione d in It e= 3, Sect ion 2.10.1.2.

At le s ser a spec t raties, the basse strength allowables sre not reduced signa-

f i can tly. At greater aspect r a t io s , the allowables are geve rned by a 'de-

-10-1-9
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I

graded' elastic buckling relation, (S,/R ). Smooth transition from the '!!st-d,

topped' strength limit .to the ' degraded' elastic buckling curve is provided by
a traditional ' Johnson' parabola.

|

The principal attributes. of the stability design criteria set forth herein are
a s f ollow n s

i

L i

1. At high aspect ratios corresponding to 'Sof t' structures, the me thod pro- |

vides 1crge factors of safe ty -- 5 for accident L conditions, 7.5 for nor-'

sal conditions. This is significantly greater than as provided within
the NUPACE proposed rules and as provided in other stability related de-
sign criteria. Impor t an tly, these increased f actors of saf e ty prov ide a )

' pe n al t y- f unc t io n' f or use of ' Soft' s t ru c t ure s. This has the effect

encouraging use of more robust structural forms that be have in a 'Hard'

L _or ' Intermediate' s t ru c t ur al f a sh ion. This pe nal ty-f unc t ion directly

supports the philo sophy of Reg Guide 7. 6 -- 'buckl ing should not ;...

oc c ur ' .

2. At low aspect ratios, the method implicitly provides a correction' to the I

clastic buckling relation which conse rva tively envelope s the plasticity
correction f act or, see reference 2.10.1.5.13. Using the method, there is

no need to calculate this plasticity correction f a ct or. This is a de- ]

sirable feature because the plasticity correction factor must be derived
f or e ach spe cific mat eri al give r. se c ur a t e s t r e s s- s t r a in da t a in the
t ran si t ion region from the pr opor tio nal limit to the s t r a in- ha rd e ning ]

t a n ge n t . Such data is difficult to obtain f or design purposes, is unique

to a particular heat of material and cannot be easily verified er checked
*

.

by r eview or Re gula t ory pe rsonnel.

I

3. For normal condi t io ns , no stresses exceed the proportional limit. This

g ua r ant e e s n o instabilities and no inelastic behavior that could invall-
da te s tructur al demonstrations of adequacy. This condition is as sured by

the limita t ion of str es se s t o value s below S , which closely approximatesg

the proper t ional li=it stre s s f or all typical pac ka ge materials.

4 While the bulk of discussion tas f ocused upon axial compressive loadings,

it is imp cr t an t to note that the me t hod is f ul ly applicable to e c l u:r.

2-10-1-10
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stability and external pressure (these two are mathematically siellar).
.

In fact, the method (for normal condition s) precisely duplica t e s the

coluna design formulas of AISC and the Column Research Council, see page
I

64, . r e fere nce 2.10.1.5.6, whe n S, is as s umed ogual . ., 0.6*S . In appli-y
. ca t ion, this es thod proves to be considerably 3g.3, conservative . dne to

the fact that the . parabolic transition is tangent to ($,/R ) whereas thed

AISC 'and CRC parabolic transitions are t ange nt to S, it s elf. Clea rly, .

the reduction factor, R , forces a significant and predictable additionni
'

d

me as ur e . of con se rva t i sm. ;

2.10.1.4 Sa f e ty An al ys i s

The characteristics of the recommended criteria are analyzed within this se c-

t io n. Three basic loading conditions are examine d in a parametric f a sh ion:
azial. loadings, est ernal pres sure loadings and finally, column-type loadings.

The . analyse s are condu ct ed in a par ame tr ic f a sh ion, e xamining res ult s as a

function of appr o pr ia t e aspect ratio. For each examination, two plot s . are ]
pr ov i ded. The first is a non-dimensionalized stres s plot versus aspect ratio, |
normalized by yield stress. Shown on this plot is the basic clastic buck. ling

.

s tres s with experiment al/ the ore tical c orr e c t ion s , ( 5, / S ) , the buckling stress jy
as determined by ' mode rn' analysis me t hod s including plasticity corrections,

|'

Chapter 10, r ef e rence 2.10.1.5.13. (Ser/S ), and finally the stress limit sy j

(S,3/S ) proposed w ith in th i s cr it e ri a, S,3 5) wh e r e G <
G' and S,3

'

= =
y

'n', for normal condit ion s and(S,/R ) el s e wh e r e , utcre the subscript 'i' =
g

'a', for accident c o nd i t ion s. The s e cond companion plot pr ese nt s the'l' =

d is tr ibut io n of th e r e s ult an t factor of sa fe ty (of this method), plasticity
correction factor from ' mode rn' t h e ory , and approximate plasticity correction

,
,

provide d by this me thod. j

l

Within e ach of the f ollowing paragraphs, the partienlar charact eristic s of the
input s t o the analysis are described. Res ult an t output is discussed, where |

appr o pr i at e. For cal cul ation purpose s, ma t e rial pr ope r ti e s of 304 s t a inl e s s
0at 212 F a re utilized.

2.10.1.4.1 A si a l C o rt e s s ic r. Be h av i er

The r el a tion s ;ive:, by Baker, reference 2.10.1.5.13, page 230, are u se d for

2-10-1-11
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this demonstra tion and comparison analysis. In the Baker relation an esperi-'
'

mental correction coef ficient is applied to the basic (Euler) elastic bucklin8
'

stres s 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 pec t ratio of 100. For these two aspect ratios, sample

'

,

critoria evaluation and analysis is provided below (notation follows Section |
2.10.1.1) . !

.i.-
,

PARAMETER Symbol [

.

'
Aspect Ratio: G 10 100

Numerical Coef ficient: E 13910000 '9888000 *

s

Euler Buckling Stres s: S, = E/G 1391000 98880

46.57 4.214Plasticity Factor -

Baker Limit Stress: S, 29869 23465
e

Reduction Factors: R
d .

(from elastic buckling)

Normal 7.5 7.5

Ac cide nt 5 5

1

|

L Strength Limit s: 5,
'

Normal S, 20000 20000'

| Accident S 24700 24700y

'

| Inte rcept Aspect Ra tio: G*
|'
j Normal 139.1 98.9 -

,

! Ac cide n t 168.9 120.1*
*

Criteria Stres s Limit: S,3

Normal S, , 19966 13184

Ac ci de nt S, , 24671 18992

|

'

PARAMETER Symbol
..

Fact ors of Safe ty:

Norma 1 S i5 1.50 1.78*

er an
|
1

2-10-1-12
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Ac cide nt 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 f or a full range of aspect ra t io s.. De conse rva tism of the

| proposed criteria for ' Intermediate' and ' Soft' structures is readily ,

'
ap pa re n t. Le graphs are largely s el f-e spla na t ory, howeve r the dif fere nce'

'

be tw e e n normal condition limit s and AISI design values requires discussion.
For a11 ' construction industry codes, including AISI, the working stress limit,
F, is se t as 3/5 of yield, S. The criteria proposed here, se t s the normal,y
or working stress limit s at 5,. Normally this provides a value approximating

2/3 of yield, S . For the comparison shown in these Figures, data correspondsy
'

I to prope rties a t 212 F. At this temperature, yield is degraded from the room0

t empe r a t ur e value of 30 ksi to about 24.7 ksi where a s the value S, r ema in s |

constant. Ro om t empe r a ture c ompar is on t would have shown both the proposed
>criteria and AISI nearly coincident, 0.6 versu s 0.6 7, a t los a spe ct ratios.

|

(, The Figures clearly show the con se rva tive impact of limiting high-aspect ratio

|' stresses to (S,/R ) rather than a constant f actor of fse t (3/$) from S,, as
d

1

|- done by AISI. Figure 2.10.1.4-2 graphically shows how the resultant factors
,

1

| of safe ty asys::ptotically approach 7.5 and 5, a t blCh aspect ra tios, f or normal
and accident c ondi t ions, r e s pe c t ive l y. Of no t e, the plotted plasticity cor-

| r e c t ion shown on th i s Fi g ur e is simply the i nve r se of that used by Baker,
l reference 2.10.1.5.13.

|
|

*

|
*.

e
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FIGURE 2.10.1.4-1
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2.10.1.4.3 Ext ernal Pre ssare nehavier'

|.

These ressat s, Figures 2.10.1.4-3 a nd 2.10.1.4 -4, are essentially idestical is

form and significance' to those discussed for asial compresalon behavior.l'
,

2.10.1.4.3 celuan Behavior
i

Once a ga in, Figur e s 2.10.1.4-$ and 2.10.1.4-6, dispisy resmit s comparable ta
the asial comptes sion behavior. The conventional A.!SC colmar. de sign f oresta f

For (L/t) values in escess of approsisately 60 this design criteria {is abows.
limit s stres se s to les s than 40-60% of the allowable ATSC valves.

This ispect t
t

is a direct result of 'the intended high redartion factor, or safe ty f actor of |

7.5 cad $ f or normal sad ac ci dent condit ion s , respectively. This cr it e ria |
i

also provides a more sharp 1,* defined ' cut-of f' of pe rmis sible stresses, at the
due to the ;plastic inst ability bocada ry ('Ea rd' t o ' Int erme diat e' s truc t ure s),

fact that the parabolic transition is astred in the transf ormed 'O' coordinate {

syst es, not the conventional (L/R) coordinat e syst em, as used by AISC. In the f

case of the column equations this coordinate transf ormation is given as 0 = ;

:

(L/R) .

I

!

. ,

o ;

|

i

L :-

.

,

|

,

! !

!

!

,

,
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,

t

2.10.1.3.1 U.S. Noclear Regulatory Commissics Regstatory Guide 7.6, 2gA133 |

Cr it a r i a f or tha St rue t nr al haf t ala of Shimmina Caak cmmtala- |

me a t Ye a sel s , Rev i s io n 1. Ma r c h 1978, f
!

2.10.1.5,2 Design Task Gronp, ASE cosaittee on Containment systems for I

Nuclea r Speat Feel and Nigh-Level Waste Transport Pachestags ;

[- (NUPACE). |

;

2.10.1.$.3 Personal communications with Code Ca se N-47-21 Consit te e men- |
bet, Dr. Dc cald Grif fin, Westinghouse, Madison, Penney 1vania to i

Dr. Howard C. Merchant (NuPac consultant'. :

i

I2.10.1.$ .4 Pe rso nal ecumunica t ions with Code ca se N-47-21 Cansit t e e men-
be r, Mr. Al W. Delcher, General Electric, (408) 738-760$ to Dr. -

Down rd C. He rchan t (NuPsc consuitanti. !
,

2.10.1.5.5 Bu shn ell, D., ' Static Collapse A Survey of Nethods and Modes I

'
of Behavior', Col i er s e An aly s i s of S t ru c t ur e s , PVP-Yol.84,

ASE. 1984, pp. 7-$ 0. ,

!

2.10.1.5.0 Johnston, Druce G. , Editor, Guide t o St ability Desitt Crit eria

Jor Me t al S t ru c t u ul. Third Edition, John Wiley and Sons, New
,

Yorh, 1976.
.

2.10.1.5.1 Batterean S. C., ' Plastic Duckling of Asis 11y Compres sed ,

t .

Cylindr ic al Sh el l s ' , A1AA Journal, Vol ume 3. No. 2, J an ua ry*

1965, pp. 316-32 5.
I

2.10.1. $ . 8 Gerard, George, 'On the Role of Initial leperfections in Plas-
'

i tic Buckling of Cylinde rs Unde r Asial Compr es sion', J ournal ef
l
I Aerosteet Sc ie nce s, Vol . 2 9. June 1962, pp. 744-74 5.

;
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*

J

Sh ell s Under Ast al Compr e s s io n', Jourmat of Prenanre-Yeasel

Tashac1cy, Vol.102, February 1980, pp. 40-44.

l 2.10.1. $ .10 Comboscare, A., ' Design Against El a s te-Plas tic Buckling of f
r

Shells: Proro sit ion of a No thodology', Ra ma n t Advances in j

thelaa r Commenent Teatina and The ore tical Studies on Buck 11ma.
PVP-Yol. 89, ASME,1984, pp 13 7-15 5. ;

2.10.1.5.11 Yo, Ve i-We a, Celd-Forme d St eel Structures -- Deafam. Anal v a l a , j

Construction NeGraw-Hill Book Company, New York,1973.l.
i

I
'

2.10.1.5.12 Ma n ua l of steel Construction. 6th Edition. American Institute {

of Steel Construction lac. (AISC), 1963.
2

2 .10.1. $ .13 Bake r, E. D. , L. Ecy sl ev sky and F. L. Rish, struc t ur al Analv s f e e

i of Sh ell s. Rober t E. Krie ger Publi shing Company,19 81.'

2.10.1. $ .14 Cold-Fermed St e el Desien Ma n ua l . 1983 Edition. Ame ric a n Iron
I and Steel Institute (A151). '

,

2.10.1. $ .15 Plant eca. F. J. , 'Collap sing Stres ses in Circular Cylinde rs and ;

Round Tube s' . Report S.280, 1946, Nat. Luchtvaartlaboratorium.

Amst e rdam. Ne the rlands.

[

2.10.1.5.16 V il s on. V. M.. and N. M. Newmark, 'The Strength of Thin Cylin-
dr ic al Shells a s C ol umn s ' , Unive r sity of Il l in oi s Enmineerint i|

L
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| t

ne MSYS computer program is a la rge-s cale. gentral purpose coopster program !-

!

; for the solution of several classes of englasering aanlyses. Analysi s caps-
|

I bilities laclude static a nd dy namic; elastic, plastic, creep and ev e111as; j

|! backling; small and large deflections steady state and transient heat treas-
for, fluid and current flow. f

'

!

The satria displacement method of analysis based upon finite elenest ides 11:n- 1
, 6

t ion is empl oye d throughout the program. De libra ry of f init e eleme nt s ;
,

available numbers more than forty for static sad dynamic analyses, sad twenty
for heat transfer analyses. Dis votie ty of element s gives the MSYS program
the capabt!!ty of analyzing tw o- and t h r e e-d i me n s i onal frame structures,

piping systems, two-dimen sional plane and a si spame tric s olids, thre e-dimen sion-
al wilds, flat pl a t e s , asisymmetric and t hr e e--di me n si o nal shells and non- ;I

tlinear problems including interf aces and cables.
:
i

Loadi ng on the s t ruct ure may be f orce s, di spl acement s, pr es sure s, t espe ra ture s
'

or response spectra. Loadings may be arbitra ry fonctions of time for 11asar ,

'

and nonlinear dynamic analyses. Loadings for heat transf er analyses include
int e rnal hea t ge ne r a t ion, conve ct ion and r adia t ion boundar ie s, and specified

,

!

temperatures or heat f icw s.
4

1

l Th e AN SYS },r o g r a m uses the w av e- f r ont (er 'frontel') direct sol ution me thod

for the system of siscit ane ou s ; ir.e a r equa t ion s develo ped by the ma triz dis-
pl seeme nt me t hed, a nd give5 :esult5 of high a e cur acy in a m ar.a cr.un of comput e r i

'

time. Tae trogree has the capability of s ol v a ta g la r ge st ruct tre s. Here is

|
no limit en the numbe r of element s used in an analy si s. Dere is no ' band '

!

I
width' limita tion in the analysis definition; however, there is a ' wave-front'
r e s t r ic t ion. H e ' wave-front' r estrict ion depe nd s on the amount of core st or- j"

.

age available f or a given problem. 1*p t o 2000 de gr e es of f r e edom on t he w ave- ,

l front can be handled in a la r ge core. For eattemely la r ge analyses, an out-

! of-core wsve-front proce dur e (whic h e f f e ct ively remove s the 'v ave-f ront' If mit

with an incre a sed run tin.e pe nal ty) is ava ilable.
.

.

| |-I N -1

|
'

__
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)
!

ne isput data for the AN$YS program has been destgeod to make it as easy as |,

possible to define the analysis to the computer. A preproce s sor (PET.P?) com- |

tains powerful me sh temeratica capability as well as being able to define all
other analysis data (real coastant s, material properties, seastraints loads,
etc.). Geoestry plottlag is available for all classats la the ANSYS library,
insinding itemetric, perspective, esstion, e d ge , and hiddem-line plot s of |

thre e-dimensional strostates.
)

AN5TS has the capability of geacrating substructures (or s upe rel eme nt s) . f

nose substructures may be stored in a library file for see la other smalyses.
Substructuring portions of a model can result in conside.'oble c espnt e r-t ime

!

savings for scalinear analyses.
J
|

Postprocessing routines are available for algebraic modification, differentia-
tion, and int e gr a t ion of calculat ed result s. Roo t-s us- squa re opeestions may

be performed on seismic modal result s. Response spectra any be generated f rom

dynamic analysis result s. Result s f rom various loading modes may be combined

for hersonically loaded axisymmetric structures. Post routines also plot dis- -

I
t or t e d ge ome t r ie s . stres s cont ours, safe ty f actor contours, t empera tur e con-

tours mode shapes, time history graphs and stress-strain curves. ,

|

Details of the types of finite element s used i t. the variou s analy sts of NuPa c 8

10/140)B components can be found in the AN SYS l's e r s Ma n ua l . Revision 4.1.
4

'
Volume s I and II. Swanson Analy sis Syst ems. Inc. , llouston, Pe n n. . 1983.

;

,

.
*

. ,

,
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Omarter Scale Drop Test sleesite
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i

!

2.10.4.1 1111 Ghiantives j

,

!

The key objectives of this test progran revolved arosed verification of assus- |
ptions seed la smalysing the is11 sesle eask design, and confirmation of |
reesite detived t'aerefrom, for psekage respesse se rossistory rogstraments set |.

est in 10 CFR 71. Twelve t est s were condested is all -- eight as s i de n t [
eendition free drop tests, three puncture tests, and an estra-rossistory bare |
cask drop. [

i

P

Spe ci f ical ly, the test objectives imelsdod the followinst ;

i

(1) Cooperison of predicted and actual impact limiter def ormations at ambient +

drop conditions. -

!

The differences between celes1sted and empirical deflections was f osed to ;

be approsimately the same for all drop applicable orientations as ocomrod
during the est ensive testing program for the 125-B cask (docket s o. 71- |

9200). Since sensured loads f or that t est program were very close to j

predicted values, and since both casks were analysed by the same energy ;

bal ance drop progr ams (re f e r t o Appe ndia 2.10.5), it any logically be ;

inferred that predicted loads for the 10/140MB will also correlate well ;

with actual load values.
?

Drops for true deflections at amb i e n t temperature (laract limiter
ge omet ry as sumpt ions not an import ant con side ra t ion): ,

,

s. Fl a t e nd drop ;

Two e nd drops were pe rf orme d. These were tests 1 and la (l a '

actnally being the third test perf ormed overall in the t est se r ie s)'

b. Flat side drop ;

Thi s w a s t e s t 6

c. Oblique drop - center of gravity over struck corner ;

(An indirect comparison, since this drop sobillies both asj or and
einer di sse t e r por tions of impa ct limit e r sian1 t ane ou sl y. This

sit ua t ion is not ame nabl e t o direct analy sis with Nnpa c's ener gy ,

botance dr o p pr o g r ut s. Re f e r t o Se c t ion 2.10.4.2 be l ow f or detail s)

:-10-4-1
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. n ia osa tesi i j

|
(2) $lant ation of worst-case invert leadings at critical ero i s*,gles Is

i
>

Obligte ispects were evalasted at a soar-vertical drop orleatation to |
r

impose assimum impact limiter and lid separation forees, sad at a near- j

horisont al orienta t ies f or sank bending sad assimaa seconda ry (altpdeen) |
[

0forces. This ainsistion of loading due to sinismo tosperatste (-10 P) :

foam was accomplished at ambient conditiona by dropa from elevations la }

feasse s of the reest atory 30 f oot height. For a detailed diessation of

the theorence 3ssiifioation for iesting at heights greater ihan 30 fee
t o sissi st e t empe ratore e f f ect s on f oon prope rtie s, ref e r t o Se ction i

2.10.4.6.2.1 of this Appe adis. |
|

!

Drops to indace assimum cesk loads were condseted from a 37 foot helfht, |
t

0in order t o simulat e response of minissa t empera tste (-20 F) impact f

I
limit er f osa f or !!ypothetical Accident Conditions tattial temperatste |

conditions.
:

I

a. Obligte drop -- near vertical ,

(Maximum ispect limiter and lid separation loads) f
This was test 2 ;

b. Obligce dror -- near horizont al j

(Maximum st ardose and oblique-induce d be nding l oads) !

his was test 4

l !
;

(3) Sisui s tion of wor st-ca se impact limiter deflections !
t

'
.

Drop t est s were pe rf ormed to ensore that suf f icie nt energy-absorbing ,

materist is avail able f or all drop orient ations, t o preclude any pos- f
sibility of the cask body or oppsttenances from striking the es sentially

l~ naytelding impacted surf ace. This simuistion of deformations anticipated |
st the anziana Bypothetical Ac c ide n t Conditions impact limit er t empers- ;

ture (10$0T) was accomplished at ambie nt conditions by drops from eleve- ;

tions in excess of the rest 1 story 30 foot height. Justification for use
of non-regul a t ory drop height s is prov ided in Section 2.10.4.6.2.2. -

1

1 2-10-4-2 ;
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!
i

,

Drops to indsee easimum impact limiter deflections were ooedseted at a 40 )
f oot drop height la order to sissiste response of wars (10$'F) impact |

J
limiter fosa f or typothetical Ac cident Condit tens initial tospers tare j

oonditions. !,

!
)

a. Oblitse drop - esator of travity over strsch eerser !
i

(Cor r espo nd s t o as s ume d wor s t-e n a s d e f l e e t ion s i t ua t io n f o r Eyp e- [

thetical Accident Conditions) i
i

nis oss test 3 |
b. Flat side drop (ca flattened sides of impact limiters) i

This ses t est 7

!

(4 ) Simuistion of worst-case pin punch drop j

i

The most detrimental result on ensk performance arising from a pia psash !

drop would be possible loss of rostsimment due to desage to top lid or
lid retention eyst em (bolt a sed attachment lass). Additicas117, loss of I

ffoam and rescitset loss of insnistion around seal areas could tessit in
esces sive 0-ring temperatsres resulting f rom the accident condition fire }

I t ran sie nt ev ent. Fitally, pin poncture through the ca sh est er shell !

could result in localized setting of lead shielding during the accident i

fire. To evalsa te the worst-ea se ef fect s of pin punettre, three orien- |
v

i totions were tested. ;

!

I
'

a. Oblique drop onto lid bolt Ing |
!(To sintl a t e ma niens impact limit er f osa t e a r-oc t and assimus 1sg

dassge) j,.
'

This was test 8 |
;

b. Flat side drop

(To simulate worst-case out er shell puncture condition) ;

Thi s v o s t e s t 9
6

c. Flat e nd dro p ott o pr ima ry l i d i n si de di ame t e r
,

(To simulat e wors t-ca se l id de f orma t ion)a

| This wa s t e st 10 ,
.

*
,

2-1(w4-3
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|

($ ) Cont arsaties of lead slump patters as sened is end drop shell smalyses !
l

(both classiest analysis resalta and ANSf8 fielte cleasat ress1ts). To

mantelse lead stuap and ilisstrate saaggerated lead resposas to ispelse
leading is the saisi direction, s bare sank (se impact limiters) drop was
perf oras e from a height of 80 f ee t. Drep orientaties was for a flat end

'

impact on the bett en of the ecsk. This was test it.
|

|
2.10.4.2 Ital Artiele

The design of the gearter-seale test article adheres to the eencept s set est j

Whilein Sectica 2.2 regarding equivalent sees and inertist properties.
eritical componeats (clossee derices. ispect limiters, inner and ester shells,
lead shielding. key velds) and component laterf aces are scaled precisely, the
qua rt e r-sca l e ps cha se la ge ne ral is composed of simplified equivalent s.ess |

'

abspes which are stronged to dsplicate the overall sass sad inertial proper-
ties of a secnetrically-ttse scal ed cask. Addittoaal mass act spe cifical ly

modelled includes such items as thermal shields, lif ting and tiedova lege, and
other relatively minor appartenasces. The ogsivalent (scaled) mass of those |

items is conservatively added to the ballast comprising the slaslated peyload. .

of the t es t packa ge was 1060.$ lb, f or a (u11 scale weight of j
Total weight

67.872 lb. Maximum estimated it11 scale weight, f rom Section j
(64)(1060.$) =

2.2. is 68,000 lb. The payload weight was 279.9 lb. or a in11 scale total of f

17,913.6 lb. Since the actual nazizus design peyload weight f or the 10/140MB |

Cask is caly 1$.000 lb, the test was very conserv ative, particularly with f

regard to sanimum lid separation loading (t est 2). The test article peyload {

consisted of dry sand mise d with le ad shot, as well as some easil lead bricks.
1

Of particolar interest in the quarter-scale model were the impact l im it e r s. |
*

'

!'1he behavior of the cash f or the regst atory 30 f oot drop at any orie ntation
is a direct function of hov |and within a vide range of temperatste entremes,

the tapact limit ers pe rf orm. Nspa c's pr opr ie tary e nergy-ba l ance drop prog-
I

rams, EY! ROP, SY!*0P sad CTDROP. de t s i t e d in Appe ndi a 2.10.5. ha v e be e n show n
limit er I

te accur at ely pr edict impose d loads, and to cal cul a t e te sol t in g impact

de f orma t ious r e asotably w ell.
I

|

|
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!

These progress assume that all of the kinetic energy aristas from the 30 foot,

drop is converted into strais esorgy la the polystelhase foen eseptising the
energy absorbing materist is the impact limiters. F.stensive drop testing has

indicated that, is setselity, a certain percentage of the impact esorgy is
]

absorbed la plastica 11y deforming the thia-vall shell of the lupast limiters.
The oomtribstion of the shells has been estimated as a small fracties of the
overall energy absorption espeetty of the impact limit er. These same t es t s,

|

however (especially the 125-5 teartes-seals test s) indien t e that the de f or-
nation characteristics of the shell strsetsre toad to matek those of the foes ;

oostest s, resulting is forse-defection relationektps closely parallellas those
predicted by the drop programs.

!
1

Additions!!y, the meaner la which the drop programs account for deformation of j
Ithe fosa within the impact !!aiters makes it diffictit to directly correlate

;

analytical and espirical res ul t s. The programs present tots! def ormation,

j vhich is a combination of elastic and plastic def ormation. In actsality, a

significant saetat of elastic spring-beck will generally take piece af ter
an siass (el a s t ic plus pl ast ic) de f orma t ion ha s oce sre d. Refer to Section

2.10.4.6.1 of this Appendis for further discussion on this subj ect.

As a re sul t, se a s tred permanent def orma t ion ari sing f rom drop t e st s will

se merally be Itss the total ca l cul a t ed r es ti t s. High-spe ed pho tography

l utill ed in the 125-B t est program captured the elastic portion of the impact
limit er def orma tion, thus allowing direct comparisons be twe en cel ett at ed and

actual deforn.ation results. The correlation was tout.6 to be quite good f or j

Jall drop orie nt stions. The pe rmanent (pl as tic) f oam def orma tion, a s a pe rce m-

t a ge of cal etist ed (pl astic plus el ast ic) deforestion, deriv ed f rom the
10/14 0MB t e s t program de t ail ed be l ow, was f ound to compare well with that.

.

ar i sing f rom 12$-B t est resalt s. It i s t hu s logically concluded that total
deforestions of the 10/140MB test essi tapact limiters likewise correlsto well

with est colat ed r estit s.
'

;

The net restit i s that, both impset loads and total de f orma tions can be
pre dict ed with good sec srecy, al thonsh permanent def ores tions ari sing from
actual impact s wil l ge nerally be les s than es tima t ed.

|
|

|
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he 10/140 b13 gua rt e r-s c al e impa ct limiters sostained the same 20 lb/in3 rigid

polystethane foss that la seed la the actual is11-sise production easks.

Ref e r t o Sec t ion 2.1.2.4 f or f ur the r de t ail s on the polyste thane f osa la
partiest ar, and impact limit er desiga la general.

De il gage (0.120 la thick) sheet metal impact limiter shells were ainstated

on the tsarter-scale model with 22 gage (0.030 in thick) sheet. This corres-
ponds precisely with a 1/4 scale thickness. De only dif ference be tween the

tsa rter-scale version and is11 size impact limiters is the fact that, on the

is11 scale impact limiter, all interior sheet metal (directly adjacent to the

cask and it s appartenamees) vill be 0.25 !ach thick, he tsarter scale model
still ed 22 ga ge asterial in these areas. This provided a conservative in-

dica tion that 'inside-out' punch will not be a f a ct or on the 10/140N8 ca sh.

|
Refer to Section 2.10.4.4.6 below f or additional discus sion of this destga

con s ide ra ti on.

The qua rter-scale es sk f abricaton as sembly drawing is shown in Figore 2.10.4-1
f or te fere nce. Ca sk component s and the as sembled cash are shown in Figures
2.10.4 -5 t h r o u g h 2.10.4-10.

2.10.4.3 Drg.c f.g.d Descrittien

Th e impa c t surf ace used in this test series consisted of a 10 f eet squa re by 6
feet deep concrete foutdation, topped by a 3 inch thick st eel pist e. The

f acility used is the prope rty of the Tacosa Boatbuilding Costany, located in

Ta c oma. W a sh i n g t o n.

2.10.4.4 .I.t.g.1 Re s u 1 t :
,

.

2.10.4.4.1 Predicted I.1 At.t u s ! 1s p e c t L im i t e r De f o rm a t i o n s

la orde r t o e s t ima t e 10/140 MB ispect loads by comparison to 125-B test
re sul t s, similiaritie s in impact limit er deforma tion patt erns had to be es tab-

l i sh e d. Once this ses accomplished f or the conventional impact or ie n t a t ion s
(flat e nd dr o p. flat side drop on impact limit er rounded side s) for which

,

NuPa c's propr ie t a ry drop prorrie s pr ov i de calculated deflections, it coni d

:-1C+4-6
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:

then be readily saansed that the very eenservative ispact liatter possetry |,

assumptions made for impt. cts es saaeeventiemal portions of the 10/34011B impact }
limiters vesle restit la conservative overpredictions of loada er defer-g
mations. !

!

2.10.4.4.1.1 Elgi lad 21.22 j
!

!For* parposes of salest ating impact limiter reepsinne during flat end drop with
,

the energy balance program EYDROP, an 'eguivalent' est side diameter was so- |
aused for the sea-cirest ar end of the 10/140bs ispect li mit er. nie roastted {
is an impacted area esactly ogsel to the actual area of the end of the tapest
l imit e r. Ross1t s of the EY! ROP saalysis were therefore valid for the actsal j

(non-cire sis t) ge ome t ry, and cost e be applied direc tly. The derivation of |
; I

i. t his 'equival e nt' di ame t e r i s pr e se nt ed in Se c t i on 2.7.1.1.1. As can be seen, j

at an ambient temperatste of 75'F an impact limiter deflection of 4.38 tashes ;

fwas pr edict ed by EYDROP. The ress1 ting acceleration was calctisted to be
{

100.2 s's.
i

Two flat end drop tests were conducted. The first, which was the initial test
of the entire t est sequence, was jsdged to be invalid, due to the f act that ;

ithe steel plate was improperly positioned on the concrete foundation of the
drop rad. This resulted in a slight rebosed of the plate spon impact of the
t es t ca sk. 11od e r t h e s e c i r c um s t a nc e s , it was deduce d that the pad did not

constitute an essentially styleiding surf ace.
)

!
jCon s eque ntl y, another attempt was made, this time on the other impact li mit e r.

in this t e st, the cask did not strike the drop pad sq ua r e l y. It strack

sl ight ly of f-vertical, impacting on one of the flattened sides of the bottaa i
,

,

impact lim it e r. As a result, the cask robonaded, complet ed one and one-hal f

revolutions in the air. and ingsst ed again on it s side. The impact ed edge of |

the impact limiter is shown in Figure 2.10.4-11. A permanent esternal defor- (
as tion of appromina t ely 1/8 inch was se asured at the point of the prima ry
impact, and an additional 5/16 def ormation occared due to inside-out punch, as ;

se asured from the ref e rence stripe on the ce sk a t the point where the cask
enters the impact l im it e r, ne result was a total pe rmane n t fapact liafter
deformation of appr ox i ma t el y 0.4 4 inch, or (4) (0.4 4) = 1.7 5 inches on an

2-10-4-7
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I

etsivelent is11-seale ca sh. nie is saly about 40% of the salestated deter- {.

sa t t e n. It is reasonable to semelsde that a significant part of the drop f
one,gr .a. a so, bed in ihe secos ., i.,ast. j

!

It voeld theref ore act be valid to attoept e sosperison to 128-3 end drop |

ress!t s, a s pleased. Bovever, a much more severe end drop without impact !
limiters, ses perf ormed as the last test in the series (refer to Scottom !

2.10.4.4.8 bel ow f or de t e t t s), nia test provided evidence that containment !

latogrity of the 10/140N8 is seistained for eseh verse conditions than the !

impact response predicted for the essk in Sections 2.6.7.1 and 2.7.1.1. f
i
|

2.10.4.4.1.2 f,ls,,111,At pter !

l
i

For purposes of calculating impact liatter response daring flat side drop (ca !

the rosaded sides of the impact limiters), the energy balsace program ff130p |
I

vos attlised, alonr with a corresponding hand calculation. nts cales1stion ,

was performed with foam properties derived at ambient t empe rs t ar e (75'F). no ,

'method is ide ntical to that used in Section 2.7.1.3 f or f oes at the masissa
a c cide n t t empera ture condit ion (105 F). Both the major disseter (108 inch e s) i0

and minor diame ter (101 inches) portions of the topset limit er were accounted '

f or, a s well as the lid bol t i ts 'pocke t' embedded in the first 22 inche s of !
i >

' the maj or di ame t er se gee mt.

!

For analysis purposes, the impa c t limit er was separated into f our s e ss e nt a. i
,

( Ea ch se gment wa s ev al ua t ed sepa rat ely. and the result s were then combined to

! det ermine the ove ral l impact limit er response no analysis as suses that the ;

ninor diametu portion of the impact limiter does not be c orte af fectsd antil f
the maj or diame ter por tion had already crushed 3.5 inches ((108 - 101)/2 = |-

.

3. $ ). In this manner, an energy equilibrina point could be caletisted to i
i

de termine the total crash depth and corresponding acceleration. accotating f or
'

the full ef fect s of the entire impact lim it e r.

s

Resul t s of the 30-foot flat side drop analysis f or the composit e impact

limiter se gment s a re pre sente d in Section 2.10.4.6.3 o f this Appendia. A
'

total impact limit er deflection of 7.17 inches was predicted by SYIROP and the :
,

associated enerry bal stce hand esiculation. ne resulting acceleration was
|

|

2-10-4-8
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1

similiarly salest ated to be 127.8 s's. '

\

The sido drop test, with lupact on the rosaded side, was perf ormed to verify

|this reestt. ne esak is shova la Figare 2.10.4-12 just bef ore impast. no
cask struck ogsarely, and the ress1 ting impact lialter damage is shows la |

Figaro 2.10.4-13 at the location marked 'A4 - 54' on the eask (damage on other
omrf a ces of the impact limit ers is dse to prev ious drop tes t a). '

he actsal asastred (plastic) deflection on the 10/140MB guarter-scale model
|

was approsiast ely one inch, or (4)(1.0) = 4.0 f aches for a f all-scale ensk. j

nis is $$% less than the tots! (plestic plus elastic) deformation predicted j

by SYDROP. For th e 125-B qua r t e r-s ca l e t e s t pr o gr am, it was fosad that

b equivalent full-s cale tapact limiter pernament deflection was approstaately )
9.6 inches f or monimal t empe ra tor e condit ion s (70'F). STDROP predic t ed a

deflection of 15.92 inches (assuntag a (3117 ef fective impact limiter at sa
ope r a tias t empe ra tst e of 70'F). The actsal (plectic) deformation valso wasI

! thus about 66% less than that predicted by STDROP f or that cask. Integration
of the cask acceleration indicated an actual total (plastic pits elastic)

impact limiter def orma tion of about 14 inches, showing good correlation with j
J

the calculat ed value. )
I

The cor responding acce l eration cal cul ated by STDROP was 39.6 s's. The average

me asured v alue f or the quarter-s cal e 125-B. f a ct ored appropriat ely f or a in11- |

sit e ca sk, w a s 4 4.2 3's.
;

3t can thu s be seen that, f or ths side drop ev ent. STDROP pr edictions a re ;
i

quit e acc urat e f or ac celertion s and s omewha t underpredict persemant defor-
actions, n e s ame pa t t e rn f or de f l e c t ions w a s not ed f or t h e 10/14 0MB qua r t er- ,

scale cask (actual pl ast ic def orma t ion approziant ely $$ - 66% l es s than
ca l e nt s t ed). It can theref ore be concluded that the acceleration pattern will
f oll ow (re asonably good correla t ion be twee n pre dict e d and a c t ual r e s tit s). >

Be ca u se of t he v e ry conse rv a tiv e a s snapt ions made rega rding impact limit er
I

ge ome t ry t o ea sie t t e si de drop l oa d s in Se c t ion s 2.6.7.3 a nd 2.7.1.3. impa c t !

response acce l era tions pr edict ed f or the 10/140MB can theref ore be as sumed to

be valid and cor servative.

,

I

*
(
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2.10.4.4.1.3 ER1411118.22 !
s-

!

1

A senter of gravity over attack corner drop use performed on the rosaded side
,!

of the impa c t limit e r. For analytis perpeces, a eesperison was made to impact |
result s from the same orientation, stilising as ' average', erlindrieel sayset |

limiter with a diameter of 104.5 taahes and a length of 35 taehoe, est e ading |
13 inches beyond the end of the essk. See impact limiter geometry assertion i

l
case 4, reprodseed in Figste 2.10.4-14, f or details of this asessed seafig- j

station. ;-

,

tlalike the previons two analyses, end and side drop. en esset correlation
cannot be dreva between this case sad test result s, since the geomet ry assam- {

ptions made for the impa c t limit er do not reflect the actos! conf i gur ation. ;

Rovever, it is instructive to compare rossit s between predicted and actasi i

,

impact limit er deflections, since the geometry asseption used la this esse |
vas the same as that used to derive comparisons be tween ambient temperstate f
f oam and f osa a t the ent reme ope rating temperstares (see Section 2.10.4.4.2 |

bel ow) f or othe r oblique drops. The ge ome t ry a s s sept ion s n eed t o de riv e f ina l ;

deflection voltes are illustrated below! ,

e

|

;

i
I

!
,

,

t

!

| t
i . a

5

,

!
,
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The calculated assimum deflection for this geome try, a t ambient t empe r a tur e,

f or a 3 0 f oo t drop, w a s 17.4 inche s. The corr esponding impa c t load wa s 97.6

s's. A center of gravity over attack corner drop test was conduct ed to

confirm this r esti t. The ca sk impact is shewn in Figure 2.10.4-15. and the
,

resul ting impset limit er dama ge is shown in Figste 2.10.4-16 and 2.10.4-17.

Te s t r e s ul t s show ed an ac t ua l tot al dia gonal defl e c t ion of (4)(3.3) = 13.2

inches, full s ca l e, or approsiastely 76% of the calculated value. The total
def orma t ion include s both exterior cru sh of approximat ely 3.2 inches, as well
as interior ('inside-out') crush of approziantely 0.1 inch, as measu ed from a
reference stripe located on the cask at the interf ace with each impact
l i mit e r. This me asured deflection indica tes that the impact limit er ge ome t ry

2-10-4-11
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assumptions made la the smalysis rossit in reasonably good sorrelaties with ;

r-

estmal impact def ormations. j

i

| For parposes of oosperison, t he 128-3 s ea l e t es t for e.g. over struck eerser j
(a t th e s t ai sum se rv i c e t empe ra t ur e o f -20'F) indseed a 20.0 inch is11-seale |

persanost (plastic) ersah depth, with am neoonpanying average aseeleraties of {

24.7 s's. The valse calculated by CYDROP for this impact orientation and !
I

t empe rature was 28.4 laches and approsisa tely 30 s's. The setsal (plastic) |
t

deflection was theref ore abost 70% of the predicted total (plastic plus |

e l a s ti c). The tots! seasured (plastic plus elastie) deformation was about
t

24.9 inches, showing good correlation to the salesisted valse.

!
Since, f or the 125-B impact limit er go onstry. the induced def orma tion rep-

'

; re sent s a si tnif ic an t ly ass 11e r pe r ce nt a ge as sisten f o sa strain than that for

the 10/140MB (approxima tely Son nazimum fosa strain for the 12$~B, vs arosed
80% masissa strain f or the 10/140MB), a direct comparison be tween impact loads
obtained from the two test s would not be valid. How ev e r, the 97.6 g impa ct :

load predict ed f or the 10/140MB is conservativ e, due to the v olase of fosa
negl ect ed in the analysis. Also, it does not impose more critical loading on ,

the cask than those already evaluated at other drop orientations. j
!.

2.10.4.4.2 V or sl-flit ler o e t LasJl1
i

Since all 10/14 0MB qua r t er-sca l e drops were pe rf orme d at ambie nt tesperature ;

condit ions (approximat ely 75 F ca sk component s), a me thod wa s dev eloped to0

va ry the drop height t o conse rv atively approxima t e the ef fect s of drops at [

other component t empe r a t ur e s. Refer to Section 2.10.4.6.2 f or detail s of this j

method. Of pa rticul ar interest was the response of the polyurethane f oes
| ,

lapset lim it e r s. The foam used exhibit s a si gnif ic ant variation in strength
,
,

charact eristics over the range of t empe ra tur e s anticipated fcr the 10/140MB
ari sing f rom t empe ra t ure conditions impo sed at th e start of the Hypothetical
Ac cide nt Conditions drop tes t s. ;

L

At the minimum se rv ice t empera ture of -20 F, the foam is stiffer than wonid be0

the ca se a t highe r t emperature s. Ac cordin gly, the reac t ion f orce s ari sing

f rom crushing of the f oam during impact will be highest at reduced tempe ra-'

|

.
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1

t ar e a. Cask body loads will assordingly be at their assinua values for this i

t este ratore sendition. )
I
J

In this regard, accident sendition obligne inyset s at sear-vartical sad near-

horisontal impact orientations are of speelal laterest. The f ormer wil l to ad |
to masimise lid and (spect limiter separation forces, and the later v(11 he {

feritical for esak bending and secondary impact ('elspdown') response. Besasse

of the sassaal design of the 10/14015 ineset li mit ers, it was not possible to ,1

use NsPac's proprietary drop programs. Cf DROP a nd OBL,10DE t o a s s are t e ly
evalaste impact s at oblique orientations. Conservative assumptions were ando i

regarding impact limiter response la order to analytically impose assians

worst-case loading, and af fected cask composeats were then evalsated |
!

accordingly. |
!

!

One of the purposes of this test program was to verify that these assumptions ;

are valid, and cask response to worst-case impact s will be no worse thea !

predict ed in the relevant analyses, i

|'

|

To sioniste response of a cold-foss impset limiter with one at ambie nt ten- 1

? perature, a elevated drop height was colonisted. Drops f rom this increased -|
height would impose loadings equivalent to drops from 30 feet at the reduced
se rv ice t empera ture. Refer to Section 2.10.4.6.2.1 f or a background discus-

| sion of the me thod used. ,

I
r

In order to derive this equivalent drop height, conservative as sumptions were |
made regarding impact limiter geometry f or the purpose of rendering it into a f

f form compa tibl e with NoPac's e nergy ba l ance drop progr ams. That is, a cylin- f
!dr ic al impact limiter was assnaed, with st a diameter egnal to the average of.-,

the astiana disse ters of the major and siner por tions of the actual impact
Il ia it e r. This diameter wa: (108 + 101)/2 = 104.5 inches. To approzimate the

height of this as sumed equival ent impact limit e r, a point was chose n hal f-way {
be tween the end of the anjor portion of the impact limiter, and the end of the

| ainor por tion. This resulted in an overall height of 35 inches, with a 13 [
'

l inch depth bel ow the bot t om of the ca sk. and a height 22 inches along the cask

v a l 1. This assamed seometry is the same as that de a cr ibe d in Seetion >

2.10.4.4.1.3 a b oy e.

2-10-4-13
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2.10.4.4.2.1 Near-Vertical phlitas R113

i
he assaned impset limiter described is she previous section was seed la the ;

CTRW program with sold-fose mechanical properties, for a drop heltht of 30 {
feet, to develop fore 6-4eflection earves for meer-vertical (85 degrees with ;

respost to heritostel) imps et s. These force-deflection ehersstoristles were i

thea ut111:ed la the prosram osLIQUE to detereine eaok body losda. A eunas ry i

of ress1t s at the crities t sagt e (85 degrees with respect to horisestal) is [

given belous !

!
Drop Height Deflection Manism Force Accelerstlos |

(ft.) (in.) (1b.) (s's) {
!
.

30 4.78 6129990 90.1

Nest. the some ispect limit er go ome t ry was input with ambio at tempe rstaro
!(75 F) f oam propertie s, and CYDROP was assin run. This time drop height s0

vere varied from 35 t o 44 feet in one-f oot inc r eme nt s, and force-deflection ,

c urv e s we r e a ga in ge ne ra t e d a s input s int o OBLIQUE. Body f orces were them

evsita ted at the va rion s drop height s. The resuit 6 of these analyses are

s tama r iz e d be l ow:
( i

'

Drop Height Deflection Nasimum Force Acceleration ,

s

(ft.) (in.) (1b.) (s's)

35 7.31 $83$298 85.8

36 7.44 $987913 88.1.

i.

37 7.$6 6163606 90.6

38 7.69 6358876 93.5

39 7.81 6550789 96.3 '

40 7.93 6739526 99.1

41 8.05 6915621 101.7
+

42 8.16 7074633 104.0

43 6.28 7232078 106.4

44 8.39 7387586 108.6

*
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From this table, it saa be deternised that the drop height regaired at ambient

taperatste to impart as aseeleration ogstvalent to that of a rodseed taper- :

| store 30 foot drop (90.1 s's) eestra between 36 and'37 feet f or ambient |

t empe ra tst e f ona. By interpolation of those rossite at these two points, and

otsivalent drop height of 36.8 f t som be derive & he setsel drop height seed ]

in the test vas 37 f t. )
l

l
During the actsal sear-vertical drop test, the eask tapacted os one corner of <

the top impact limiter, rotated over onto the opposite corner, and them re- !

tomaded lato the air. he cask sede two oneplete revelstions la the air, then

struck the origiosa ispect point at approaisately the origiosi drop angle.
The cask again rolled over on the opposit e corner and rebonaded. A final )

l j

impact ocesrod on the botton impact limiter, diagonally acros s f rom the pri-
ma ry impact l oca t io n.

Cask (spect is shown in Figste 2.10.4-18. he r es ul t ing pr ima ry ispe c t dama ge

is shown in Figste 2.10.4-19, while secondary sad tertiary impact dans se is
shown in Figur e 2.10.4-20. A t otal tapact limit er de f orma tion of 1.6 inches

w a s me a s ur e d. h e total def ormation includes both esterior crush of appreal-

ma t el y 1.3 inches, as well as int erior ('inside-ent') crash of approsimately
1

0.3 inch, a s seassred f rom a re f ere nce stripe located on the cask at the
interface with each impact limiter. This is equival ent t o (4)(1.6) = 6.4 i

inches total defermattom his corresponds reasonably well with the an t i c i-
| pa t ed def orma tion of approxima tel y 7.56 inches for ambie nt foss at a 37 foot -

drop height.
I
1

Ext erior dama ge due t o s e conda ry and tertiary (af ter 2 complete rotations in'
.

,
,

the air) appear to be similiar in nature to that due to prima ry impact, thosgh
not as est ensive. No inside-ont type def ormation was noted at secondary and'

t ertia ry impac t l oca tions. From this it may be concluded tha t the prima ry
impact location on the impact limit er absorbed the maj ority of the drop

!- kinetic ene r gy. I
i 1

After this drop t es t (the second in the full se rie s). the uppe r impact
l im it e r, lid and payload were removed, and a thorough inspection of the cask

( .
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esterior and interior was made. There were me indications of say damage to,

either the lid closare system, not to the impact limiter retention erstoa. It

say thas be assumed that the smalysis indlesting so loss of closato er impact

limiters is valid.
!
P

Ileasureme nt s were made of the f asido disseter of the inner (sostainment) f
sh el l. These messarensats indicated a assimas diametral varieties of only |
0.009 inch, escaring at thr apper (impacted) and of the en sk inner shell. ;

This provides a clear ladiettion tha t backling of the containannt beandary j

will act be a f a ctor f or near-vertical impact s of the 10/140MB package. A '

such more severe loading was imposed when the cask was dropped from a height' $

of 30 f eet without impact lialt ers, and only minor local distortion of the !
s

inner shell occcated (refer to Section 2.10.4.4.5 b e l ow). i

!
;

2.10.4.4.2.2 Noar-Borizontal gkl.1A11 EI.22
i
,

!The sano assumptions still ed la the previous section were applied to sinala-
ting assissa impact loading at a near-horiz ontal drop or ie nt atloa. The cask {
was dropped from a height of 37 feet at ambient conditions to sisstate a 30 !

f oot drop at the minimum se rv ice t empe ra ture of -2 0'F. The ca sk impact is !

|shown i s Fi gur e 2.10.4-21.

!
!For t h e ne a r-ho r it et t al drop orie nt ation. impa ct-ioduce d de f orma tions we re

impart ed ont o both impact l imit e r s. See Fistre 2.10.4-22 for primary and

seconda ry impact damage. Bov e v e r, the def orma tion due to the seconda ry impact
hwas significantly less than that imparted on the other impact limiter by the

initial impact (se e Figure 2.10.4-23). It can theref ore be concinded that I

seconda ry impact s f or the 10/140MB will be l ess severe than prima ry impact s.
. . ,

This is a reasonable conclusion for a packago with a fairly low a s pe c t ratio r

(approtisa t e l y 1.0).

2.10.4.4.3 Wor st-Ca se Impse t Limi t e r De f orma t ions

:

Since polyste thane fosa es.hibit s it s lowest strength at el eva t ed t empe ra t ures. '

it i s r e as onab l e t o a s sta e t o ma ri ana impa c t limit er def orma tions will be

impo rt ed a t the easiest se rv ic e t empe r a t ur e. For th e 10 /140 MB. the assiana

2-1 >4-16
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foss tamperatate espected prior to the start of the accident condition tests.

i s . 2 0$ 'F. To slaulate manissa deflections which might arise at this elevated .

.
. !

temperature while using foam at an ambient co ndit ios,. a method of increasias ;

|j the drop height was developed. This method is very similiar to that seed

| above . f or nazimizing impact loading. Refer to Section 2.10.4.6.2.2 f or . '

details. ,

e

Ant.cipa ted wor st-ca so drop orientations f or potential eask 'bottaming-ost'
,

are a center of gravity over struck corner drop, and a flat sido drop, with

impact on the flattened sides of the impact 14 citer. These ca ses are ev al-
I

mated with the programs CfDROP and STDROP, respectively, for 105'F foas
es t e rial pr ope r ti e s. The same cask gesastries were then run for ambient foam,

with drop height s varying from 35 to 44 feet, in one-foot increment s.

2.10.4.4.3.1 Center.g.[ Gravity Ar.gI Struck Corner

s

For the' center of gravity over struck corner analytis, the sano average impact
limiter geometry used in the prev ious oblique drop evaluations above was again

u t i l i z e d. The result s of the CYDROP analysis f or 10$oF fosa are pre sented
,

bel ow :p

I-
!

Drop Beight Deflection Naziona Force Acceleration

(ft.) (in.) (Ib.) (g's)

|

|. 30 18.59 6754716 99.3
|

.

OFor the CTIEOP analyses at ambie nt conditions ('iS F) and various drop height s, 4

Ithe result s are s enmarized below:

.

2 -1 C>-4 -17
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( N, ,
Drop Beight Deflection Manimum Force Aeoeleration'

,

,' |i; ' (ft.) '(in.) (1b.) (8's)

'
38 18.07 7906899 '116.3

,

-36 18.17 8145097 1 19 .8

37 18.27 8379367 125.2

38 18.37 8621398 126.8-

39 18.46 8855686 130.2

40 18.56 9097368 133.8

41 18.64 9327739 137.2

42_ 18.73 9558259 140.5

43 18.81 9788940 143.9

44 18.90 10019790 147.3
.

Interpolation of the ambient temperature data between 40 and 41 foot yields an
equival ent drop height of 40.3 f t. A height of 40 f eet was actually used'in

testing.

For purpose s of comparison, a CYIROP analysis was al so perf ormed using foam'

0pro pe r t i e s a t -2 0 F. The . result s are shown below:

Drop Height Deflection Mazimum Force Acceleration

(ft.) (in.) (1b.) (g's)

30 15.49 3725768 84.2

It should be noted that, due to the greater def ormation of the warm foam case,

'. and resul ting strain ha rde ning effects, the impact acceleration is actually ,

I'

greater for varm foam at this impact or ie nt a tion. In this ca se, thin effect .

.!
can be at least partially attributed to the conservatively ses11 diameter and
length as sumed for the impset I f mit er. .

|

For ambie nt drops from 40 feet, an impact accel era tion of 133.8 s's is expec-
|.

t ed t o dev elop. Since this is well in exces s of the actual maximum ant ici-
pa t ed l oad of 9 9.3 s's, the 40 f oot ambie nt drop bounds loads as well as
impact limit er def orma t ion s f or this drop or ienta t ion.

2-10-4-18
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De conter of gravity over struck oormer ispect is shoes in Figure 2.10.4 24. i.

no resalting damage is shora in Figures 2.10.4-25 and 2.10.4-26. He estaal !

,

impact def ormation was se asured as approsiastely 4.0 inches (3.48 isshesr
|

l' esterior deformation and 0.35 inch inside-out type def ormation). His sorres- |

i ponds to a full-seals total deformation of (4)(4.0) = 16.0- inches. Die value [

compares well with the 18.56 inches of deformation predicted by CTIROP for the ,

assumed impact limiter geometry at a temperature of 75'F and a drop height of
,

40 feet.

Since extremely conservative calculations in Section 2.7.1.2.1 show a mistans [
I

of 19.74 inches would- be required t o ' bottom cat' the cask at this ' drop
or ie nt a t i on, it may be safely assumed that suf ficie nt impact limiter foam is

! a v a il ab l e to absorb all of the worst-caso drop energy. As odditional ,

assurance, there was no visual evidence of cask ' bottoming out' spon removal

and inspection of the af fected impact limit e r. ;

2.10.4.4.3.2 Elgt jidf. EL9.2

To derive an equivalent drop height for maximum deficction side drops (maximum*

foam t emperature and impact on the flattened sides of the impset limiter), the ,

same me thod used above was again applied.

For this drop case, an impact limiter geometry was assumed which had a maj or

di ame t er of 105 inches and a minor diameter of 98.5 inc h e s. These dimensions
-

correspond to the avera ge of the anzimum diame te r s and the distances across
the fla t t ened are as of the maj or and minor di amo ter por tions of the impact

l i m i t e r. The ge ome t ry i s illustrated in Figure 2.10.4-27. The strain- |
.

.

limit ersha rde ning ef f e et s of the bol t Ing 'poc ke t' embe dde d in the impa ct
were conservatively isnored f or maximun deflections.

,

!

The maj or and minor diame t er por tions were analysed se p a ra t e l y, and the

result s were combined to derive tot al deflection and load resul ting f rom
impact s on the c ompo si t e impact limit e rs. It should be noted that the minor
diameter portion does not have any ef fect until the major diameter portion has !

de f orme d (105 - 98.5)/2 = 3.25 i nc h e s.
The method of combining the maj or and >

2-10-4-19
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stoor ' diameter rossit's is similiar to that seed la Section 2.10.4.6.3.'

-

For impact s from a 30 f t drop height with elevated tosperatste fosa,' the j

i cambined impact limiter response is summarised below.
L

For the major diameter portion of the lapset limitert
|

|

Crsah Depth Ispect Force Strata Energy
,

a

9.00 5511751 21564251

9.25 5967591 22999169 |

|
' For the einer diameter portion impact limiter j

1

Crush Depth Impact Force Strain Energy

5.75 (=0.00-3.2 5) 3625109 3227405

6.00 (=9.25-3.2 5) 3769362 3507787
)

| )
|

Combining the components yields: ]

Cru sh 1spect Ac ce l e ra tion Potential Strain Ratio

Depth Force Energy Ener gy (SE/PE)

I

9.00 9136860 134.4 25092000 24791656 0.99

| 9.25 9736953 143.2 25109000 26506956 1.06 I

|
,

Th e impact force and cru sh depth maybe found by int e rp ol a t ion from the*
.

combined da t a:

|.
Crush Depth Impact Force Acce l e ra tion Ratio

9.04 9222588 1 35 .6 1.00

For compa r ison purpo se s, the response of a cold foam impact limit er may be i

derived in a similiar manner:
,

i2-10-4-20
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Crush Depth Impact Forse Ac cel e ra tion Ratie

6.19 7685081 112.9' 1.00

'

,

For ambient temperature foam, the f ollevtat table has been derived:

Drop Boight Deflection Maximum Force Acceleration

(ft.) (in.) (Ib.) (s' e)
__

35 8.59 7684505 112.9

36 8.69 7899193 116.3

37 8.79' 8128961 119.8

38 8.90 8403946 123.4

39 8.99 8628934 127.0

40 9.08 8884691 130.9

41 9.17 9144294 134.8

42 9.26 9409365 138.7

43 9.35 9718178 14 2 .9

44 9.43 9992680 147.2

Interpolation of the se values results in an equivalent drop height of 39.6 f t.
For t e st purpose s, a height of 4 0 f eet was use d. Note that the resulting

130.9 g-load is conservatively in excess of the' maximum which would be
.espe cted at either of the temperature estremos.

The drop t est on the flattened sides of the impact limiters from a height of
'40 feet indicated that the side of the impact limiter crushed to within

.

approximately 3/8 inch of the impact limiter attachment lug. El astic rebound,

of the foam moved the lug s om ew ha t further away from the impact limit er side,
but the location of the actual maximum lug deflection is clearly marked by the
lug imprint in the impact limit er wall. Ref er to Figure 2.1 0.4-28 f or this
damage detail. The 3/8 inch residual clearance is equivalent to (4)(3/8) = 1-
1/2 inches. This compa res f avorably with the 2.3 3 inch es res idua l cl e arance

de riv e d i n Se c t ion 2.7.1.3.1. General dama ge a ri sing f rom the impact is show n

is Figures 2.10.4 -2 9 a nd 2.10.4 -3 0.

.

2-10-4-21
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Sisse the impact limiter 13 esteads out from the cask outer shell the same
,

distance as the lid bolt lag, the residual clearance sensured provides proof ,

that some of the eask appartensacos will 'botten ost' mader a worst-ease sido '

drop impact.

,

2.10.4.4.4 Ein ERESA '

,

2.10.4.4.4.1 Z111 11d,1 EiB JER&fd I
.

,

t

Impact of the puncture pin on the side of the eask prodnood only minor local
damage of the cask outer shell at the point of impact. Some ahear deformation

,

was induced by the face of the poncture pin, and more ge neral bending arosed
the area of the pin impact was produced. The oster shell remained intact, and
not loss of shielding capability due to lead melt would be anticipated daring .i

the accident fire transient event. The impact is shown Figare- 2.10.4-31. m
~

resul ting dama ge to the outer shell is shown in Figures 2.10.4-3 2 and 2.10.4-
L 33.

2.10.4.4.4.2 ELil 131 fin Isoset

The pin punch on the inside diameter of the primary lid produced no measurable
def ormation in the lid, except f or minor local surface embos sing by the punc-
ture pin at the point of impact. Since the actual ca sk tid is reinf orced at ,

L the in side diamet e r, and is consequently much stronger than the test version,
it may be logically as saned that pin puncture will have no adverse ef fect on ,

the containment capablity of the 10/140MB cask. The impact is shown in Figure

2.10.4-34. The resul ting dama ge te the lid i.s shown in Figures 2.10.4-35
. . .

through 2.10.4-37,

'2.10.4.4.4.3 Oblione fin Iepset

The pin punch at the bolt lug location resulted in a very l i t t l e f oam t e a r-

| out. A much greater loss of foam was con se r v a t iv el y as s umed f or in the
t h e rma l ana l y si s f or the a c ci de nt fir e c ondi t ion (Se c tion 3.5.1.1), and th e

resulting t empera tures are shown to have no detriment al effect on the ability

1 2-10-4-22
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of the package' to maintain sealing or shielding integrity. The impact is
,

showa in Figure 2.10.4-38, and the resulting damage is shown in Figsres
~

2.10.4-39 through 2.10.4-41. ]
.c i

No significant ef fect of pin impact on the bolt lag itself was detestable.
'The pin impacted directly on the closure sat (Figure 2.10.4-42), leaving a.

natching ladentation in the face of the pia (Figure 2.10.4-43). No de tri-

mental effect was observed spos disassemely and renoval of the impasted att.

,

From the above test s, it can thus the pin puncture event will have no detri-
'

ment'a1 ef fect on the ability of the 10/140MB to survive' the accident condition 6

tests.
,

2.10.4.4.5 kald llamp
[

The final tes t pe rf ormed was not pa rt of any regul atory requirement s, but was
:

| done to conservatively verify assnaptions made in. the end drop analyses

|' rega rding the respo'nse of the lead shielding to axial impul se loading. The

t es t was a bot t om-down drop without impact limiters or payload. This t est was j

(- conduct ed in orde r to de termine, unde r wor st possible conditions, how the lead

shleiding behaves under axial loading.
l

In the test, the cask did not strike the drop pad sq ua r e l y. It struck

slightly of f-ver t ical, impacted on one ed ge, rotated over onto the opposite
e d ge , and then rebounded into the air. The ca sk made one compl ete rev olution

in the air, and the n struck assin on the original impact point at approzi-
mately the original impa ct angle. It may thus be concluded that most of the
drop energy was absorbed in local def ormation a t one location on the cask..

'

The ca sk was then sliced through this point of maximum deformation in order to
l ob se rve the le ad sl ump patte rn.

The ca sk impact is shown in Figure 2.10.4-44 The resulting dama ge is shown

in Figures 2.10.4-45 through 2.10.4-47. Figures 2.10.4-48 through 2.10.4-40
show the cut-away section of the ca sk af ter the ba re drop. Figure 2.10.4-49

l' is the point of prima ry impact, while Figure 2.10.4-50 is the point of the
s e co nda ry impa c t , on the opposi t e edge.

I; 2-10-4-23
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Assumptions regarding lead response to this type of loading, charseteristic of ' |
end drop impact s, have taken into asoonat features inherent la the design of ;

)u
imodera lead-lined transport easka. The important design considerations are

twot <

?

1.. The 10/1402 has relatively thick outer and inner shells, containing )
a relatively thin layer of lead la between. It is theref ore logical '
to assano that the shells will posses at least ease espability of

supporting ~the lead coluna as it deforms.ander asial loading and ,

,fo spreads outward, esorting redisi pressare on both shella. It an ts- |
s.

rally follows, then, that the -lead pressure acting on the relatively q

L
stiff shells will esort smo frictional force as it toads to collap- )

: se asially, such that the shells will prov ide some espport of the ]

1ead in friction.
_

I

(' 2. The shield wall s of the 10/140 are stiffly supported at each end. I
,1

1At - the inte rfa ce with the prima ry lid (s), the inner and outer shells
.J

are connect ed by a thick plate. At the interf ace with the bottom ]
plate on the fixed-bottom version of the cask, the shells are j

se cur ely wel ded in pl ace. This fizity of the ends of the inner and

| outer shell s is additional as s ur ance a gainst gross discontinalty
1

ef fect s observed in older and nor-obsolete cask designs.

This combina tion of stif fness and end fizity are import ant fea tures of the
'

10/140MB design, and they have considerable influence on lead response to
axis 1 l oa d i r.g. As the cutaway sectica of the cask clearly shows, there was no
gross asial def ormation of the lead shielding, even under the extreme condi-

I tions imposed under a 30 f oot bare drop. This finding is in accordance with| ,

assanptions made in the Flat End Drop analysis sections of this Safety Analy-I

sis Report. These findings are further confirmed by the ANSYS finite element
anal ysi s, which predict s maximum stres ses at those points where mariana shell

def orma t ion ha s occured. This localized ef fect is the response that would be

expected from a l e ad col umn uni f ormly suppor t ed al ong it s l e ngt h by the
'

shells.
i

1.

L
!

1
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2.10.4.4.6- Disemanion 31 Anomolies i,

It was observed daring the inital eask disassembly following the second drop l
|

test that the closure bolts had looessed daring the testing, sassing the bolts 1

to lose their preload. ' The bolt s had not been 1sbricated prior to instal-
,

lation, and .it wa s f elt that this loss of preload was dse to frictional
1

resistance daring bolt torquias, which prevented the in11 torsional force from

being trans1sted into antal bolt load. Upon impact, the frictional resistance

was released acaentarily, canains the bolt to release the torsional component 1

of it s proload.
2

Since surface finish was not scaled on the quarter-scale cask, it is felt that ,

I this ef fect will not be a concern on the f ull-size ca sks. To validate this
l

theory, the bolt torquing method for the second series of tests was modified.

no bolt s were overtorquod to compensate f or non-scaleable frictional 'offects,

and then backed of f to their actual torque values. This method improved the '

pe rf ormance of the bolt s, which were checked after each subsequent drop test.

While there was some detectable loss of preload in some instances, complete

' unloading of a bolt occurred only five time s in the remaining ten accident <

condition free drop tes t s. In no case did more than two bolt s ever completely

lose preload during any single drop (bolt s were retorqued to the stipulated

v al ue af ter each t est).
!

*

,

For the second cask reassembly prior to the final drop tes t (flat end drop of

a ba re ca sk), the bolt s were also lubricated bef ore being installed in the

manner described above. In this ca se, ev en the ext remely severe ispect fa il ed

to unload any of the bolt s.

:

Con s eque nt l y, instructions to lubrica te all closure bolt s have been inserted

I '
int o the Opera ting Procedure s (Cha pt e r 7.0). Thi s me a s ure, combined with

significantly less frictional ef fect be tween surf aces of the full-scal e cask,
will tend to ensure full bolt preload will always be maintained.

It should be noted that this l os s of pr el oad phenome non has be en obse rv ed

during development t est s on other scaled ca sks. Non-s c a l ab l e surface finish

is felt to have contributed to the same situation in these instances.

!
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A second asomely involved the retaintas plas f or the impact limiters. The |

analysee in Section 2.7.1.2.6 demonstrate that the retalains pins will res- -

train the impact limiter under worst-case separation loads. hose loads ooest f,

during oblique ' impact s at a location opposite the isynet potat. These sales- .

'

lations were boarse ont by- the t est s described sbove.
:
:
1

Row ev e r, shearing of some pins was observed at the tapact locations for sono ;
;

oblique drops. ' Do cause of this pin failure was determined to be the inside-
'

out type punch loading, whereby the cask voeld deform the interior of the
impa ct limit e r at the impac t loca t ion. The resulting relative deflection

3' between cask and impact limit er would sasetimes cause adjacent impact limit e r ;
.pins to ahe a r.

; ,[

In order to preclude this type of failure on the is11 scale casks, the inter-
f or shell thickness (adjacent to the cask) has been increased from 0.120 inch
t o 0.2 5 inch. This will have no of fect on impact response of the impact ,

lim it e r s, since none of the thicker skin areas are ever affected by exterior r

impact l oa di n g.

In any case, it is cl ear from the test result s that no loss of impset li mit ers
eve r occurred, even unde r the worst-ca se impact loadings imposed.

,

s

!
- 2.10.4.5 Conclu ions

The compr ehensive test program documented by this Appe ndiz indicates that the
NaPac 20/140MB is capable of perf orming satisfactorily under the most rigorous

of regul atory requirene at s. Additional confirma tion has al so be en given <'

-

regarding the validity of the analysis techniques used to qualify the cask.

Specifically, no loss of containment will occur, either through lid or closure
sys t em f a il ure, or through buckling of the cont ainment shell. The impact

'

limit er design will succe s sf ull y pr ev ent excessive loading on the package
'

under the f ull range of serv ice conditiens, and the impact limit ers will
remain attached to the east. No degradation of shielding capability will take

place under the Hypothe tical Acciden t Condit ions t est s.

2-10-4-26 |
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FIGtRE 2.10.4-2

Assembled Cask
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FIGWE 2.10,4-4
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FIGURE 2.10.4 -6

Low e r Impa c t Limit er - Inner Suriate
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FIGUltE 2,10.4-8 I

Test Cask Lid Assembly I
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FIGIRE 2.10.4-10 |

Test Package Being Assembled .1
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FIGURE 2.10.4-12 |

Flat Side Drop - Just Before Impact )
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FIGURE 2.10.4-12

Flat Side Drop - Just Before Impact
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Impact Limiter Geometry Assumed for Obligne Drops*
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FIGURE 2.10.4-15

Center of Grav sty Over Struck Corner Impact
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FIGURE 2.10.4-17

Center of Grav ity Over Struck Corner-Damaged Area of Impact Limit er
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' FIGURE 2.10.4-18

Near Ver tical Oblique Drop Impact
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TIGURE 2.10.4-19

Near Vertical Oblique Drop - Primary Impact Damage
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i FIGURE 2.10,4-21

4 Nea r Hor izont al Obl ique Drop Impact
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FIGIRE 2,10.4-23

Near Rorizontal Oblique Dror Primary Impact Damage

, g --- - . . . .

g - %,
''

,-' - .

g.-'% .- . - ... , - . .

=0%
. z{ .

'y

^-
,

. . ,

,.}w ~ ~--< - - m- m , n n,,.r. , ,r

.-

\\|t %r -

kg A*\ g
(s<- t ,

,p.

i :

y { ,, ^
'

.
*i

, i, i

hf ,'..
'

:. ,

.gf%
,

\. h!. ..

l.
, . ; L. ,# . ,

it;d ..

, > ,

-j
..

* '

,
4 ,.

'

}j ,W|.*.
. ..- .. .

. . . .

; - '< |i ' c v .E.- , .

J |,? | .
, . ;

:

FIGl'R E 2.10.4-24
I

Ce nt er of Grav ity Ov er St ruck Corner Impact
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FIGURE 2.10.4-25

Center of Grav sty Over Struck Corner Impact - Impact 1.init er Dama ge
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Masisue Sice Drop Deflection Detail.
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FIG 1RE 2.10.4-3 8

Oblique Pim Impact
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FIGtR E 2.10.4-42
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:

2.10. $ Des cristica of NmPac Preorie t arv Dree Prearans ;

?t

!<

This sostion briefly documents the methodology employed by the NnPac proprie- [

tary computer programs which are used to demonstrate compliance of the package
with applicable prov tsions of 10 CFR 71 for moraal and hypothetical accident f

co ndit ion s. The first two subsections deal with the calculation of esternal |
r

and internal forces imposed upon the package, when subjected to drop events. !

A sample problem is then presented and the NaPac computer code quality assur- |
,

sace program is briefly discussed. These subsections describe techniques and

compute r programs developed by Nuclear Packaging. Inc. of Federal Way. Wa sh- !

Auston as f ollows:

:

o 2.10.5.1: De s cr ibe s derivation of energy absorbing impact 11 sit e r ;

load-defle c t ion r ela t ion s. .i
:

!
,

o 2.10.5.2: Describes the me thods to esaluate the dynamic behavior of

oblique impact s and the associated internal f orces generated within ;
,

!
the cask body.

(

o 2.10.5.3: Describes a sample problem, and input and output for each |
cf the four c omp ut e r codes ( EY DROP. SY DROF. CY DROP. and OBLIQUE) ;

.

discussed in this section. .

!

t

o 2.10.5.4: Describes the quality as sarance progree utilf red to main !

t ain NuPac comput e r code s. ,,

?

'

2.10.5.1 13ps e t L MRt r21.tude PA),a_YJ21*

,

The packa ge is protect ed by f ote-filled, e mergy-absorbing end buf f e rs, called :

impact lim it e rs. For purpo ses of analy sis, the impac t limiters are assumed to '

absorb. in pisstic deformation of fone, the potential energy of the drop
event. 71st is, the analyses assume tha t none of the drop potential energy is
transf e rred te kinetic er strain energy cf the target (the unyielding surface
as s umpt ion of 10 CFR 71), nor strain ener gy in the rackase body it self.

:-I D- 5 - 1

_ . . _ _ __ _. ___
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,

There are three orientations of the package where the potential e nergy of a

drop is assamed tot ally absorbed by plastic def orma tions of the impact
limiters. At other orientations, whose rotational ef fect s are importsat. the

me thod s outlined in Section 2.10.5.2 are empl oyed. N thre e or ie nt a t ion s
where rotational (or pitch) motions play so role la the evalsation of the

impact event are s

o End Droc - on the circular end sarf ace of the impact limiters,

o Side Dron - on the cylindrical side surf aces of the impact limiters.

o Corner Dron - with package center of gr av ity directly above the
struck corner of the tapact limiter.

For the se thze e or teata tion s, the prodiction of behav tot can be

approached from straightf orward energy balance principles:

6

E = V(h + 6) = f F ds (1)
3

0

Where:

W = package weight

h = drop height

6 = ma x i mas i mpa c t limster deformation

F = f orce imposed upon targe t and package by the impact limiter at a* '
3

deflection equal to z.

The left-hand ter: represent s the potential e ne rgy of the drop. The right

hand term represent s the strain energy of the def ormed impact lim it e r.

Each of these three orie ntations is treat ed by an individual co:puter progtse
reflecting the dif fering ge ome t ry cha r a ct er is t ic s of each eve n t . Al l three

s o:put e r programs c= pl c;y commen e ne rgy balance techniques to assess ca s i:.rac .

!

1

2-10-5-2 i
.

__._,__._m_ _ _ _ _---,-e.-.. _ - . , * _- - - _. .
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'

impa ct limiter def orma t ions, including utilising a cannom description of the
Icrushable emersy absorbias f oss. Tis foes typically eshibits a stress-strain

plateus of searly constant stress up to a total strain of 40-60%. Above this

atrain valse, pronounced strain hardening ef fects consence shish reflect the
'

'

collapse or ocasolida tion of the entr apped bubbles within the foss. Ac c ord-

l asl y, a tabular definition of foam stress-strain relations is employed in I

each of the thre e coopster programs. This tabstar definition la taken

directly from sensured properties and accurately reflect s the strain harsemias ,

behavior of the foan up to strains of about 30%. |

1

The following discussion of these three computer. programs proceeds from the )

se ome tric ally simples t (end drop) to the most compte s (corne r drop).

!

:.10.$.1.1 End Droe (EYDROP) !

|
|

CYDROP perf orms the calenistions outlined in Equations (1), (2), and (3) for a
i

trial range of def orma tion values. 6. For each trial value of tot al def orma- i

tion, the energy balance of Equation (1) is sonitored and reported. Solution

for total impact 11 cit e r def orma t ion is found by an int erpolat ed balance of
Equation (1). EYDROP a s sn=e s a constant foam strain across the crush area,

neglecting the af fect s of a ny unbacked areas. A sample problem input and ,

output f or EYDROP may be f ound in Section 2.10.$.3.1.
I

IThe f orce produced by the i= pact licitcr is simply:
,

t

(2) !T,= Ao,
!
1

* 7 tere:*

IA = rD /4, the end :rea of the package

D = ef f ective diameter of package

!
t

(3)eg. = (le), the fc.ac crush stress as a strain of c

the t ab al cr de finition of f oam st re s s s train prope rtie s;[t] =

.

.

P

1-10-5-3
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i

e = s/s,
I

'

sa deformation
!

!

s, = e nd thicknes s of impact limiter j

J

l

! 2.10. $ .1. 2 Side Dree (SYtROPl
,

!

SY!EOP differs from the end drop solution only in the f act that both de forms-
tion and strain vary from point to point and tot al force, at a given crush
depth, sust be f our.d by gecastric ictegration over these points. The details |

,

on th i s ge ome t ry a r e f ound in Fi gur e 2.10.5.1-1. SYDROP as sume s all fosa is ]

backed, exhibiting homogeneous properties along the package length. A sample

problem input and output f or SYDROP may be f ound in Section 2.10.5.3.2. i

For each trial deformation vslue, the force is found est

i
1

8 max

6"Ol]'Sa
'

daF

O
,

Vhere:
L = cf fective length of the ieract licit e r

>

,

[r2 - (r, - 6)2 0*#3
,=

x 33

og, = ([t3), t abul ar de finition of f oam s tr e s s-s train trope rtie s
i

'
'

c = f oam strain a t loca tion 'a '3

i

Re f e rring t o Figur e 2.10.f .1-1, the strain at a point 'z' is found by:

= [6 - r,(1 - co s 6))/[r,(co s 0) - rg(cos y)) (
c

3

Where:

~1(zir,)O4 sic

sir. 1(1/rj)-

I y=

,

t

'

2-10-5-4
|
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FIGURE 2.10.$ .1-1 !
i

,

-
Side Japact Geoas try (SY!EOP)

,

?

-- r* = cvarpack radius |
i

.'= package radius
i :
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2.10. 3 .1. ) Corner Droe (CYMOP)''

I t

CYm0P is similar to $YROP, eacepting that a two dimensional gemastric inte-
!gr a t io n is required to assess the impact lim it e r c ru 'ah force at each

deformation. A sample problem input and output for CYMOP any be found in [
f

Se c t toa 2.10.5.3.3. )
,

i
.

CYROP treats the corner inpact of a cylindrical package upon an unqyielding |
surface, ne packsge it self consist s of a cylindrical payloa d p or t ion s ur- ,

rounded by a larger cylindrical colaan composed of a crushable media. So long

as the de f orza t ion s of the ca sh able media are modest, the probles any be j

spproximately solved by assuming a unifera crush stress esists over the ellip- i
!tical surf ace of the camsh plane (contact surface). CYMOP was developed spe-

,

lcifically to address problems of large deformations of this crushable media
and to treat ge ome tr ie s wher e the cylindrical impact lim it e r e nv elope |

possesses asisymme tric cylindrical voids (e.g. , does not comple tely cover the
fcylindrical a nds of the payload package),

.

'ne large deformation behavior of the crushable media is accommoda ted by de- ,

termining the actual strain of the crushable media at a point, n is strain is i

!used to determine the corresponding stress from an implicit tabular definition
of media stres s-strain characteristic s, ne total cru sh force is f ound by a

double integration over the contact area c.f the crush plane,
i
;

i

j Strain c nc rgy abs orbed by the cru shable n>edia is det ermined by int egra ting the !
;

crush force and it s as sociated deformation. Th e pa c ka g e i s a s s u.se d t o be at
Irest when the computed strain energy value equals the applied drop energy.
i

(= -
.

| ,

The geometric calculations for the contact surf ace and the as sociated strains ;

are carried out u sing a moving (s. y, 2) coordina t e sys t em in which th e zy
,

| plane corresponds to the crush plane, as illustrated in Figure 2.10.5.1-2.
,

ne cru sh plane it self r epre sent s a s e gme n t of an ellipse. The contact area
is this ellipse segment, provided no cylindriesi end void exists. When a cy- }

lindr ical e nd void exist s. the contact t. r c a of the cru sh glane is reduced by

the re= oval of a second elliptical region as sociat ed with the proj ection of
i

tl.is void int o the cont act place.

r
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Calculation of strain is somewhat more comples. In principle, the distance

f rom point (a, y) Ir. th e c ru sh plane to the payload is f ound and de no t e d,
,

Z Similarly, the distance to the unds f orme d esternal layect limiter
t o p. The atrain r epre se nt s de f orma tione nv el ope is f ound and denoted, Zbot.

divided by original thicknes s, or
,

/IIbot * Itop)e=Zbot-

At any point (x, y), the calculation of Z ,p any follow three branches, accor-g
|

three possible branches reiste to the payload surfaceding t o loca t ion. Th e
intercepted. They a re the circular bottom of the payload, the cylindrical

( surf ace of the payload, and the unbacked regions, each of which are separat ely
|

addressed below:

The Circular Bottom of the Payload:

an ellipse in the crush plane.The bottom of the payload cylinder describes
If point (x, y) is inside this ellipse, the point is considered backed by the
bot tcen of the payload. An exception to this general statement is noted in the
discus sion of the unbacked region, below.

I

|
'

The Cylindrical Surf ace cf the payload:1

I

| surf ace of the payload de scribe s a rectangular region tangent*he cylindr ical
| t o the payload bott om ellip se at it s maj or a se s. If g oint (z, y) is out sf Je

the bottcc ellipse yet posse:se s an x-coordina te lesa than the redius of the
1

is considered backed by the psyload cylinder.psyload bot t om, the point*

Unbacked Regions:

Unbacked regions are cf two f orms - those associated with the cylindrical end
void and those tear the e xte rnal s ur f a ce of the impact lim it e r . The unbacked

region as sociated with the end void is a poir.t in the crush plane wht:h lie s
within the el l ip se defined by the void circle lying in the plane of the
pa>1oad botto.:. The unba cie d region a s sociat ed w ith 70:st s near the icpact

i-10-!-S
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timiter estremities is defined by those point s (s y) where the :-coordina te'

escoeds the radius of the payload volume. Point s which are tabacked employ a

act.inal cru sh stres s f or f orce integra tion purposes.

th's distance to the undsformed impact limiterThe calculation of Zbot,
e sv el o pe , may f ollow two branches. These branches correspond to intercept s

with either the cylindrical surf ace of the impact limiter or the circular e nd
of the impact limiter.

De analytics de scribing the secuestry discussed above, consists of the sequen-
tial ap plica t ion of a series of ge ome tric tran sf orma t ions of surfaces des-
cribed in the coordinates of the cylindrical package (I, Y, Z)to the coordi-
na t e s of the contact plane (z, y, 2). The s urf a ce s in package coordina t e s

are:

Impact Limit e r Cylinder : X2+Y2=R2

Impact !.ielt e r Bot t om Circle : 12.y2=R2 ;

Z = -L,/2
l

Payload Cylinder : X2+Y2=R2

! ,

. $ -

|
I Payload Bot t om Circle : X* - Y = RJ

''

l Z = -L /2p
,

i

Void Circle at Payload: II+Y2=Rf !

i

2 = -L /2 |
p

-
.

'*

| Void Circle a t Impact Limiter Exterior: 12+Y2=Rj '

2 = -L,/2
|

|

CYDROP also pe rf orms a se n sitiv ity a naly si s to de t e rmine the amouc t of un-
backed foam st each inc r eme nt al crush depth. Additionally, this calenistion

is carried over to the impet f or ce and str ain energy, ne code aut or.a tic ally

print s a varning me ssage if the f ose strain exceeds 80% and the ratse et foam
t

t

I str ain e ne rgy t o lite tic e ne r gy is les s than one (SE/EI s 1).
.

6
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2.10.5.2 obiinue Immaet Dynamic Analvsfs'

i

|

Impact s at arbit ra ry orientation angl e s differ in two major r e s pe c t s from
those tha t occ ur at angles corr esponding to stable or mentral equilibrium i'

( e nd, side, and center of gravity over struck corner). In the mestral and

stable equilibrina co nd it ion s, the entire initial kinetic energy of drop is |

t ransf orme d into strain energy associated with plastic deformation of the !

impact limiter. At a rbitra ry orle at a t ion angles, only a por t ion of this
kinetic energy is transf ormed into strain emergy at the tapact ed end. 71 e j

r emainde r of this kine tic energy be c ome s notational motion of the package. ]
The s ol u t io n approach must pr ope rly reflect the continually changing {

tran sf orma tion of initial transla tional kine tic energy into rot ational kine tic
energy and plastic def ormation of the impact limit er energy absorbe r. i

i

!

ne second major dif fere nce be tween neutr al equilibrium impact s and arbitrary
angle impact s relates to the rather different load-deflection behavior of the ;

i

impact limiters at low angle (<30 f r om hor iz ont al) or ie nt a t io ns. Under !0

neutr al equilibrium co ndi t ion s , a maj or por t ion of the cru sh foo t pr int is
backed by the cylincrical body of the package, allowing strain ha rde ning
ef fect s to stif fen the impact limite r load-deflection rela tion. At low angle

j or ie nt a ti on s (<30 from ho r iz o n t al ) , much of the impact limit e r crush |
l 0

f oo t pr in t is unbacked, hu s , the l ow angle load-deflection r ela t io r.s are ,

init ially quit e sof t, then abruptly harden as portions of the crush footprint f

f
g r ow int o ba:ied r e gion s. As these low angle cr ienta t ior.s approach hor izont al ,

!' attitudes, this t erminal stif fening phenoce nt be come s c. ore pronounce d.

;

h e r e a r e tw o po t e n t i al s olut io n pa t h s t o pr obi te s o f th i s na t ur e - a m ome n t um ;

! f ormulation er a direct solution of the equations of motion, ne mom e n t um- ,
' *

ap proa ch pr ov ide s an e asy and simple me ans to assess the t r an s f orma t ion of
t ran sl a t ional initial velocities into rotan velocities, h e nc e , t o t al plastic i

strain energy absorbed by the impact limit e r energy absorber. l'nf or tuna t el y,

| this mome r.tum f ormulation does not produce intermediate values of crush force
and cr:sh def erma t ion r.e eded t o as ses s impact lim it e r a t t a ctre tt forces, not|

|

f
does it c o nv e ni e n t l y pr ov id e a means to ancorporate the v a ry in g load-
deflectien r e l a t io r. 6t ip s of the impact lim it e r as a function ei or ie nt a t ion1

(

:. c g ! c . h us, a direct solvtien cf the equations of cotton was selected,

l
,

l :-10-f-10
|

I
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The thre e key problem va riable s, cru sh f orce F, cru sh depth, 6. and or isate--

tion angle, 9, all vary with time, t, for a given initial crientatica angle, 9 j
The c ru sh f or ce is as s ame d t o a c t a t the oestroid of the elliptical crush )..

f oo tp:: tat. For the model illustrated in Figste 2.10.8.2-1, three independent j
asoond order dif ferential equations of motica can be f ormed: ;

,

2 2N(8 gfgg ) , pg
;

2 2N(4 Y/6t ) = F Ng-

y
:t

2(b ,fg32) = ((6(a - c)/c(sin 6) + TB + L/2)(sin 9))F, f
2

| +- (I - (6(a - c)/c tsin 9) * T3 + L/2)(cos 0))F ;y

jWhere:
'W = the package mas s = pt

)

F = the crush f orce '

,

!g = tic gravita tional const ant = 386.4 in/sec
i
I

I = the rotational mass moment of inertia (as input) '(
,t
,

r = the radiu s of the body
e

!

1. = the leng t h of the body
.

!

T3 = impact lim it e r bo t t om th ic kne s s t

;

9 = the instantaneous orientation angle of the psckage with respect
.

to the heriron ,

t,

pa the asss per unit length ;

i = distance to centroid of f ootpr set ;

I

a. c= se oec tt:c quantities defined in Figure 2.10.5.2-2 ;

i

2-10-5-11 ,
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FIGURE 2.10.5.2-1.

Oblique Impac t Go one t ry !
1

I
'

i
l'

y ;

i

k
'

e

:

I*
i

?

i
s

/ !
!

l
i
;

e

cash heer - Y
I-

A i

s - !.

e m
:

f >=
.

.,

\ !
evcrpa:ks .

L ,'2
;

1

y/.
. ;

.
;

:9
/ =

';
.

r/ i

/* / i '

~.
,A y "') i &

x
:< A

.

- ,

, ,

I
r >

. p

i

e

-10 .(-12
!

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



q.. ,:;; , r ', , .'

.,
a. 7

- ~- -

y , ,

.
, , .#

.

'. ) f ' .|
. ' . '

,3

v.1":
'' . ,, i : . i

- !'

,

.

,
t-' . '

.$ MaPas 10/14015. Rev. 0 ' JCly 1989-
'|. .'N.

p'9 sp .
-

,

L - ., ,4'g- '
- ,

'? FIGURE 2.10.5.2-2 -'
. 4

4['. a n! ' '
. '

; Elliptical Foc 's|At Geometry'

.
... ; .

.. a >

r l. ' ' .t,

| N \ +' 6

| %' .

'-cask body.*

,

.s.,
,

;t:
'

. .
' '

:
r

r r 7,

/,7 /cvarpack -

'v.-

J ,u .- ;
'

.n
% .t

9

<-
.

, .
, t

.f6 |
'

', ; . N /'

vp Y
,

I
-

g. j
-

:'rv
:J. ', 1

,

.O 'c*
.

.,

, .

L
'~ m '
,.,

__
X w

'*
-- crush f:::; in area, A ;

n

. Y -
.

K / . .

&'x
+r ,

<' y' N
N .

b center cf Fressure ,

(ce :::i:i' |

> f

.I I||'. a n.

,- - , ,

.

1 ,

i

f5
'

;.

..

- |

|
|

|
|

|

!

l
1

. . , ' -10-5-13 |

|

L
_ - . --- . _ . . . . . _ . . _ _ _ _ _ _ _ _ _ _



r; , -

'

..g, , ,. o 7.,-

?fv '

',

L" s: NmPoe 10/149 3 , Rev. O Jtly.1989.
'

,e -

m
'k. , ,

{ t

E These. 'dif ferentia1' equa tions'

are integrates. subj ec t to initial conditions

[b ' associated with the moment of impact when time, t, . equals sero, of:

1: , ,

,

:A
4 I=0 ;,

,

~ y
,

, - i
' '

Y=0,
.

,

' 'A.
};) ( ,i

Y [ 0=0'

o
s

F

/ 01/St = 01,/St'

f, ,

4. '
,

' OY/8 t = SY,/8t
-

,

;,

r- ,
'

|,, . '

80/0 t = 60,/et
s,

'

Where:s
,

'O, = impact angle (varies with time, t) j' ' ''
,

>

'aY,/8 t = . (2 gh)0.5 '
.

h.* drop height . j

+ , ,

Each of the above differential equatiens requires a continuously updated value ;*

'

of ,the f or ce . F, r efleeting bo th cru sh depth and packa ge orient a t ion, or:

i
F =.((6 ,0)

7
,

'

This centinuously updated value of the force, F, is supplied to the integra-'' ' ' '

t ion proces s by me an s of a two dimensional Lagrangian inte rpola t ion of cru sh
depth, 6 , and orie ntation angle, O. The tabular data used in this interpo-

7
lation consist of a series of complete f orce-deflection relations for separate' '

,

f or ie nt a t io n angles developed via the CYDRCP c omp ut e r program, described in'
'

[ Section 2.10.5.1.3. The deflection, 6, is expr es sed in ter=s of pr obl ec:
7v.-

var! ables as:

~ 6 = L(sin 6 - .in O ) /2 + ,(co s 9 - co s 6 ) - Yc 3

,

'k'.
2 -10-5-14
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The foregoing analysis process for evaluating impacts at oblique orientations
~''

p was consolidated in a NuPac . developed computer program, OBLIQUE. OBLIQUE in- [>

tegrates the equations of action for each value of orientation angle versus
ti me , until maximum values are found for crush foros, cru sh de f orma t ion,
shear, and body bending somen't. At each incr eme nt al time step (incr emental

! cru sh def orma tion), impact limitt r attachasnt moesats are c omp ut ed, scanned
1 s

|. for anziumm values and - output. By sweeping through a series of initial

| -- orientation angles, the maximum values of all int e rnal loads are found. At

each specified initial orientation angle, a solut ton is realized when all
L inte rnal f orces, moment s, and deflection have reached a nazimum value. Nots ;

that these internal forces, auments, and deflections do not necessarily happen
i

at the same instant aneou s angle, 9.

,

2.10.5.2.1 Imract Lim it e r Force Analysis

1.

This section treat s both external and int e rnal forces imposed upon the pack- ,

age. Key to the treatment of external force applic a tion locations is an ,

understanding of cru sh footprint ge ome t ry,
1
|

The ~ crush f oo tpr in t is a sector of the ellipse, as illustrated in Figure
2.10.5.2-2. The loca tion of the ce n t roid , I, is calc ulated relative to the .

ellipse crigin. The geonetric pr o pe rti e s of the elliptical crush f ootpr int

are ,

1

1

\'

a = risin 6 j

b=r
i

'

l
-

!

c = 6/[(sin 0)(cos 6)) |
1

I

The area, A, and the centroidal offset, I, of the crush footprint are derived |
<

as:
1

1

1

.

:-10-5-15 ,

1

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



,.m . , _

!-
, ,

,

$h- ' s
',

, ,

'HePao 10/1495 , Rev.' 0 , July 1989 '

''

i

si !
*

| ?. ..c . When 'c 'I a t
g,

V.\
},k'.\

A = 2f y ds
|-(a-c)

Where: ,

y.= b(a2 _ ,2 0.5 ,"
3 f

, . ,

,' ' De n,

,f
,

A = (2b/s)f (a2 . ,2 0.5 dx3 ' -s.

(a-c)
:

Solving,

A' = (b/s) ((na /2) - (a - c)(2ac - c )0.5 . ,2,g,-2 [(, . ,) f,j )-2 2
'

; )
'

Th e ce nt e r of pr e s s ur e , i, is:
.

C

-Ai=(2b/a)fx(a2_32)0.5 da
(s-c) 2

'|

. ,

Th e n, 1

I = -(2b((2ac - c )2.5 y f3 jfg -|
2 ,

1

nen a- t c 12a:

A = cab A'
,

i = (A'i')/A ,

det ined f or A and I, except that c' replaces c. The Inere A' and I' are as-

.. .

value of c' is:' '

1
i

d c' = 2a - c ,

Whe n a > 2 a :

!v

A = tab .

W

l- i.O
i
I
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2.10.5.2.2 innect Limit er At tachment Forces-

,

t

For most orientations and crush depths, the impact limiter crush force is

t r a n sm it t e d ' t o the cask body in direct c ompr e s sion, hence, the forcesp

transmitted to the circumferential overpack attachments are near zero, this

is not true for near vertical and near horizontal orientations of the package,
'

at very modest crush deformations and crash f orc e s. In these very limited
,

s it ua t ion s , the center of pressure of the crush force can lie beyond the outer ;
.

'

entremitioc of the cask body ad exert a resn1 tant moment force upon the impact

limiter attachment s. Si gnif i can tly, these moment s exist only for very modest
,

crush deformations 'and crush forces, regardless of osientation angle. This is
1

! because la rger cru sh def ormations move the center of pressure' t owa rd the cask ,

1

! body. At maximum crush depth and marisma crush force, for all angles of i
!

I or ie nt a t ion, there are go impact lim it e r a t t a chme n t moment s becau se the

overpack interface forces . are all direct compression. Tne near vertical and
nea r hor izont al or ienta t ion s, where attachment moment s exist, are illustrated

below:
,

|
'

'l
,

\.7g

|
"

-

I \

a
|

|t- ,

+ e ,ee ->-|
=* - i ,

a | y T )c-

E [ N}
TEAR ECE!:OT}igpy gg gy.

? ?

1-10-5-17
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1

The impact limiter attachment moment is: ,
.

i

N = F(e ) or F(e ) ;g n

Where: !

r

j e, a moment are about adjacent corner j

. i .. j
,

>

e, a moment arm about opposite corner

The location of the crush force can be approximated as the centroid of the
cru sh footprint area. This approxima tion is con sist ently con se rva tive.

,

Spe ci fic ally, f orL both near vertical and near noriz ontal or ie nt ations, foam:-

atra in-ha rde ning ef fe ct s te nd to move th e center of f orce f rom the ge ome tric
ce nter of the crush footprint toward the cask body. In both instances, this i

tendency reduces the actual moment' arm of the cru sh f orce to 1sss chan that i

predict ed by the loca tion of the crush footprint ce ntroid. The mome nt ' a rm, a s

"

defined by crush footprint ge ome t ry, is derived below. De location of the
a

center of pressure relative to the opposit e and adjacent corners of the cask |

body can t e obt a in ec f r om the se cw.t ry as illustrat ed belo :
9i9i j

,

I :
C/ ,

'

o
/

T
T c

. '
e

.

a 1

6 \ ,/
,

Al
C .

_

m
|--

x 7'r

| f ! -

-e e

| a
_

-

o
"
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.Wheres
. !'

!

q = r,(sin 6), ,

ao .

I'

f = g(co s 0).-
|

3=TB + I* ~ 'II''8 8)
'

;

i = i - f. i

The loca tion of ' the ce nter of pr es sure, measured from a normal to the cru sh
a

/ plane pas sed. through 'the inte rcept of package center line and body base plane |
2

(Point c). ist ' !

,

i = i - [TB + (a < c)(cos 0)](cos 0)
;

L
e. . representing the distance from the center ofo. and1 The mome nt arms, c ;

L .

pressure to the ccrners of the cask body, are thus given as:
'

i

B' . c = -(i + q) = ' mome nt arm about opposite corner
e

;

< >

|; .e = (i - q) = mome nt a rm about a dj a ce nt corner
3|-

N Sign conv e nt iou fer these t rm s is such that the m om e nt , F(e ), produces ag

cl oc kwi s e ( s epara t ion) m ome n t about the oppo sit e corne r and m ome n t , F(e,),

is pr odu ce s a count e r-cl oc kwi se ( s e par a t ion) mome n t about th e adjacent corner. ,

| >, .

,

L In other words, a positive moment must be resisted by impact limiter
1. . .

a t t a chme n t bolt s where as a negative moment implies that the center of pressure*

is totally resisted by coalressive interface forces end there are no
|

a t t a chme n t bol t loads.
y

;

*In summa ry, the f orce s between the impact limit er and body have be en de rived
in terms of package Ec one try and thre e probl em va ri able s : or ienta t ion angle,

crush force, and crush deformation.
,

|

'
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2.10.5.2.3 Internal Forces i-

.

The packa ge is idealized as a beam impacting on' the lower end. The equations '

'of motion are formed and used to def ine station-wise accelerations. These:y

accelerations, in coWunctio'n with the unit 'assa of the package,. form forces i
i

which va ry along the length of the pac ka ge. When int e gra t ed, the se forces
'

t.

fprovide a complete definition of internal thrusts, shears, and moments for the
_ , ,

: package as a function of total impact force and orientation angle.. ;

,

|- p

.-

y /'

1 x
/
/. .

>

i

?
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t

*
,

,

L
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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 i,

'
rigid body. In the preceding figure, local coordinates are. defined at the

oenter of gravity, with ases parallel and normal to the beam.' The end lapact
force is resolved into components paralle1~ to these local ases.- Summation of-

,

forces at' the conter of gravity leads to three rigid body equations of motion: ,i.

?
,' \

M(8 yfag2) , pg,g, ,)2' Sam of Lateral Forces -

,

,

M(8 1/8t2) , pg,,, ,)2Sum of Longitudinal Forces -

s

I(0 0/8t2) = -FL(sin a)/22
| Sum of Moment s -

!

.hhere:

aM = pL, the mass of the bodys
| '

1 '. 3
l I = pl /12, the mass moment of inertia of the body

i
'

I

p= the ass s pe r unit length of the body
.

'

a = the orientation angle with respect to vertical
|

|

Not e ' tha t the mas s moment of iner ti a term given above is valid only for in- ')

| finit cly slende r be ams of mas s. A more accurate mass moment approximation is

- 'provided by the eq un t io n :
|

J = pL(3R2 - L ) /122

b,
'

Where:

R = the radius of the cylindrical cask
,

Th is in cre a se d mass m ome nt of ine r ti a demonstrably de cr e a se s the internal
,

I

all mo=ents calenlated using the slender body approximation are' m om e n t . Thus,

con se rva tive in propor t ion t o the de gr e e with which the cask is not sle nde r.
A v e ry squat ca sk w oul d have an interns 1 moment predicted by OBLIQUE consi-

der ably hi ghe r than re ality.

1
1

e

1 :-1o-5-:1
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f s

!| .

y?
' Substituting f or the mass and inertia terms:'4<

p

L . E. ;,

5.-1,y 4

!.L ' 2 2
'

8 Y/8t '= F(sin a)/pL
k . ; ;, |,

8 gf3g2 , p(,,, a)fpt2' ' ' '
''

I

l

8 9/8t2 = -6F(sin a)/pL2 |2

|

ne ' lateral and longitudinal accelerations's t n' point 'r' are: d

1

0 3 j3,2 , 3 Y/8t2 g, _ (gj2))(8 9/at2)2 2 2
g

:

2= - [F(sin a)/pL ) (L - 6 [r - (L/2)])
. ;i,

i,

2= [2F(sin a)/pL ](-3r + 2L)

! I
1

J' - 2 *

0'S,/8t2 = 0 I/at* = F(cos a)/pL |
*

! ~!,

th
The lateral inertial force. acting on the body at th e r location is:

is
I '

:0V /0# " "EIO S /0I } '

r n
1.

The c or re sponding espression for shear is found by integrating this lateral
th if or c e f r om th e fre e e nd t o th e r g oc g gog, or:

,

L r ;

Y, = [-2F(sin a)/L ) f (-3r - 2L)2 or II

't j

2 . g ) /2 + 2L(r - L)) ;22[-2F(sin a)/L ](-3(r'
* = .

|

| Re a r r a n ging ,>

'

V, = [-2F( sin a) /L ) (-3 r* /2 + 3L* /2 + 2Lr - 2L') .;2 9 ' *

!<

2 2[F( sin c)/L ][3 r2 - 4Lr - L )=

4

2-10-5-22
L

'I
'
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, < Similarly.. the corresponding moment is found by integration of the shear ex-

pres sion:

'.
6M,/br = V,

. ,

I ,. r
2 2

N, = [F(sin a)/L ) J {3,2 - 4Lr + L ) dr - ,

i
L

.+

}
r

2 22 . g ) g (,_ g))2 3= [F(sin a)/L ) g g,3 . g ) - 2L(r
7

,

t

Restranging.
1

2 33+L,.g)M = [F(sin a) /L ) {g3.g3 - 2Lr2 + 2L2
r .i

2 2[F(sin a)/L )[,3 - 2Lr2 . g r)'l =
,l

'In order to verify these expressions for shear and moment, they are evaluated
at th e bounda r ie s , r = 0 and r = L:

t

At r = 0:
,

<

2 2
V, = [F( sin o) /L ][3 r2 - 4Lr - L )

,

2 2[F(sin o)/L ][L ) = F(sin a)=

22 + L r) = 0[F(sin c)/L ][r3 - 2Lr2M = ,

.,

At t = L:*

,

2 2[F( sin c) /L )[3,2 - 4Lr + L ]Y
,=

r
,

22.g)=0[F( sin c)/L ][3L2 4g2
' ' =

C

2 2[F(sin a)/L ][r3 - 2Lr2 g 7)'
M =
r

33+L)=0[Fi sin c) /L l[L3-LI=

2-10-5-23
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The maxima moment. occurs where the shear. Y,, equals zero. For this to . I

* 'g
oc cur, the qua dr a tic t e rm in the ahe a r equa t ion mu s t fbe s olve d.

;

. ['|- !
'' '

. ,

,Y 'i l

!
.

0 = 3r2 _ 4g, . g2'

;

o- 1

r = (4L 1 (16L2 4(3)t )o.5)/6 g2

= (4L i 2L) /6 = L. L/3 !

,

l'
>,

'

s
7

'
s ,

1,
' The maximum moment is found ac r = L/3, or

2 3 3 3
.(,, = (F(sin a)/L )[g /27 - 2L /9 + L /3)*'

;

1

. )..

= 4FL( sin a) /27 at r = L/3
i

. Th e mi nimum she a r occ ur s whe r e the lat e r al force equals sero. F or this to
'

';c
the linear term in the. lateral force equation must be solved.

:, ocent,
,

L,
'

2

i BY,/Br = I-2F( sin a) /L ]!-3r + 2L) = 0 - l

r = 2L/3 J

The magnitude of the axial (thrust) force can be f ound as e fun: tion of loca-
i-

t tien as:

]
.

BT/Dr = p(6 5,/St2)2 1

-

y r
T = p(8 5,/0 t2) f 6r = -p(0 3 /8t2)(,_ g)

' )
2 2

' r
.

L |

1'

|

s i,. The n.

T = F(cos a)(1 - (r/L))
.

|
|

|

|

!. |

|

|
i

-10-5-24 ,
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' For convenience, the package internal forces are summarized below:'

;

PARAMETER EQUATION MAXIEN MINIEM
,

Thrust F(cos'a)[1 - (r/L)] F(cos a) 0

(r = 0) (r - L) !
1

Shear F(sin a)[3r2 4g, + t ) f t2 pg,g, ,) o
;2

(r = 0) (r = L/3, L)

Moment F(sin a)[r3'- 2Lr2 g ,)ft2 4FL(sin a)/27 0 |
' 2

,

(r = L/3) (r = 0, L)
i

i

|
These force s are graphically illustrated belew: . .|

l

i

|

/r
.

1
N

|

.J

|

|

| |

3 L |

|

2 /3
' -

Y |
'

1
. '

.

!-
S j 4,q,3='

f .i
'

|

P

I v

|

|-10-!-2 5
<

-

'
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2.10.5.3, M Proaram Innut a nd ' Ou tn u t ;

' +.
~ input 'and . output tables for the computer codes i,

_

'
'

; - This sec t ion . cont a in s . sampleg
. . . .

4
||, f ; ., EYDROP, SYDROP, CYIROP and- 0BLIQUE. As a ' descriptive. illustration, assume a

'
- package with the geometry described below in Figure 2.10.5.3-1. ..
, .t

+

.

s >

Y'' .,As

f

.-

; 60.0 t' ..;
,.

'

Sce "'
- - 40.0 0 10.0 --

; :>
" ~ 20.0

5
. t t

A| / / 1| !/,

.|s /. /
CVI?. PAC 7.7/ / A >

(1,000 Ss)- i

// i 1x/ -

_
...

s. 0 3,

I 42.0 i,

| ! tN|h.!
'

'
. , . . . . . .u_.~>

< ,

/p/ / (*.0,000 Ds)' '

i

/ / i j-I

f[
' $

- e a24.0l
'

/ / 'hi !).. '

1
.

, >

s i,

p
.

! ,

. . .

fFIGL*RE 2.10.5.3-1
i\

Sample Probl ee Pac ka ge Ge ome t ry

1,

2-10-5-26
i

,,
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2.10.$ . 3.1 End Dron Ssmele Problem'

i

Table 2.'10.5.3-1 contains the data input to EYIROP' f or the abov e ge ome try.
,

.

PROGRAM EYDROP, VERSION 2, DATE 5/11/81
7

I

1 345678901:345678901:345678901:345678.901:3'4567890123456789012345678901234567890
V V V V V V V V-

EYD20P-(END DROP) SAMPLE RUN. 20 PCF F0AM OVERPACKS (
12000. 60.; 20. 12. 30.

.2 3. .2 '

/> 17
0.00 0.00 'i
0.05 668.00
0.10 1337.00
0.15 1345.00 *

I 0.20 1315.00
|. 0.25 1347.00 '

0.30 1411.00i

0.35 '1507.001 '
i 0.60 1673.00-

O.45 1901.00
0.50: 2004.00
0.55 2623.00
0.e0 3:33.00 .

0.65 4242.00 ,

0.70 5908.00
0.75 9053.')0
0.80- 153:0,30

,

TABLE 2.10.5.3-1

EYDROP Input Table

'

,

|

| A s umma ry o f e a ch ca r d i s a s f ol l ow s :

Card 1 Problem Title
*

*
|,

Card : Package weight, package diameter, impact limit er hol e diame ter,
impact lim it e r e nd th ic kne s s , drop height.

Card 3 Starting crush depth iteration, e nding a t cra t ion, incr eme nt.L

l-
1

Ca rd 4 Su=be r of f oa= c urve da t a point s.

t

L Card 5-5 Fone strain, foa= crush stress.
|

|

2-10-5-27
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Table 2.10.5.3-2 oon-All the required . input parame'.ers are straightf orward.'

,

i< n's :1 ; |tains the samp16 problem output. .Information from this table is essentially ;
'

'

~

|self-esplanatory. A solution is determined when the kinetic energy of the drop..
,|n ,

.- .

i s ' squal ' '.to the strain e ne rgy ' ( SE/EE = 1) from crushing. the foaw impact ;
p:

.

;
-

0

73 12m it e r s , j
'

1;

t| 4 '. ;i
'

i

i.

3; .

'

.i
l',

i

1
- : 4

|

1
t, y

..

.. : v
.

!'t 9 t
.

l
.

EYDROP( END) - EY: ROP (END DRDP) SAMPLE RUN. 20 P:F FOAM OVERPA.C.U
J, ,

| 4 '. |

s' PACXAGE WEIGHT s 1:000. (ISS) s

|
>

r' ~y PACKAGE DIAf1ETER a ,60.00 ( N) 1

,

HOLE DIAMETER - a 20.00 ( N) -1L -

L DVERPACX DE*TH = 12.00 (:N) 'I
i

| DROP MEIGHT a 30.00 (FT) -'

|

+--- IMPACT ENERGY
CRUSHi

. DEPTH !" RAIN FORCE AC !!, . KINETI STRAIN RATIO: )
' '

(IN) (130) (3) (IN-LS) (IN-L3) (SE/KE)
1;',

r' .00 .317 456640. :33.1 422:400. 45664 .011 I
.,

i6~ 40 .0!! 1026302. 86.4 43:G800. 195000. .045.4
L .60 .050 1678067. 139.9 43:7000, w66575. .108 ;

,

.30. .007 :: 1010. 19I.4 43:9600. 866583. .000 I

|(.
1.00 .032 2900:11. 241.9 43:0000. 12E39:5. .311
1.00 .100 3260:48. 230.0 4334ta 0 0. 2015171. 465

; 1.40 .117 II.7 4:14 239.5 4I!6300. 0598617. .62: ,

e 1.60 .12 3461535. 238.5- 43I9:00. !!90197. .78: .
,; 1.30 .150 !!80:54 ;31.7 4341600. 4076291. .939 a

O.00 .167 3:523:1. 279.5 4344000. 4749769. 1.093 :'.- > '

0.00 .132 22:5136. 277 .1 4346400. 54176 9 1.246
1

0.40 .000 3:04955. ;75.4 4342300. 6060643. 1.395

.31
, 2.60 .017 3213172. 276.3 4:51:00, 676:956. 1.!!D '

2.30 . !! 2245913. 273.3 4352600. 7409265. 1.,7 0:" *

,

';

y;.
-

,

|G +

u, - e ,

|
-

I

| TA3LE 2.10.5.3-2
1

p ETDROP O u tp ut
b

,

1

| e

!

/1 ..,

!, q 2-10-5-28
,.g

,n . i -
*' 4 , - - , - . . . - _ . , _ _ _ _ _ . .. _, , _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . , _ _ _ _ _ _ _ _ . _ _ _ _ _ .
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In this case, a linear interpolatt>n of the SE/EE ratio results in a crash' '

j.

o, ' depth of approximat ely 1.36 inches a nd an 'accelera tion of 'almo s t 281 g's.'

Equations for EYDRor are discussed in Section 2 .10. 5 .1'.1. ;
'I.

''

T

i

2.10.5.3.2 Side Drce Samele Problem :

i

y
Table 2.10.5.3-3 contains the da ta ' input to SYROP for the sample problem - j

-pac ka ge ge ome try.

,
,

t

t

l'

l ''
y ,

'

PROGRAM SYDROP. VERSION 3. DATE 1/28/85 ]|,

12J45678501:3456781012:4!6719012!45(73001234567890123456789012345678901234567890 i
,,

'

I
.

y V V V V V V V *

H SYDROP (SIDE DROP) S AMP L E R'JM . 20 PCF FOAM OVERPACKS ,

' 12000. 48. 60. 40, 30. 1

| 17 .

0.00 ;
i

0.00
,

0.05 665.00 j

f- 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
i 0.55 2623.00

0.40 3258.00
| 0.65 6242.00
E 0.70 593E.00

0.75 9058.00 (
'

0.30 15322.00
L 150 .25 6.0 **

1

*
|,

|
'

|

|
1

0 lTABLE 2.10.5.3-3
SYDROP Input Taele

|

|
;

|

2-1D-5-29 I
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:
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A summary of each card is as follows:-

Ca rd 1 Problem Title

Card 2 Pa c ka g e weight, impact limiter length, package diameter,
payload diameter, drop height.

Card 3 Number of foss entre data points.

.

Ca rd 4-N Fo am s tr a in, foam crush stress

-

Card N+1 Number of integration points, * tartirs crush depth iteration,"

L e nding itera tion, incr eme nt .

As with the end drop problem, all required input parameters are s t ra ight f or-

L ward. Tu e cho n e L us.be s of int e;:s t ion p aint s (150) is based upon previous
,

| pa rame'tric study f or the side drop geometry. Increasing the number will alter
1 the end result s by only a fraction of one percent. As with EYDROP, a solution

!
is determined when the kinetic enern of the drop is equal to the strain
ene rgy f rom cru shing the foam impact lim it e rs. Table 2.10.5.3-4 cont a ins the > |

SYDROP output. Equa tions for SYDROP are discussed in Section 2.10.5.1.2.

I,

|^
|

i
'

*

|

!
a

?

:-10-5-30
;

i
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,

,

i,

TABLE 2.10.5.34 >
,

t

C STDROP Output
.

| <

>

j;
5

.|.

se.e9.s9 suevne **se t
avc6eaaeaeaae:aePeeea:etaay. .

usesessist) -
svaner istes peers s&sete sun, 29 por ream ev w asas

t

4

P6C8&e let f a St900. tl 983 .

e et.to ( W3 LP6Csas Anet (tuotu
' y. PACsee not plantTLA e 48.64 ( Ni -

Pavttel lafelf EA e 40.00 t al |
seer ut! M1 e 39.06 (I'T)

,

r
i

sinatu vs stat s TAets
* i

PT sitatu 879888 '

3 0.00 4.00' *

t .99 ''064.99
*

3 .30 37.09 >

.jl 45.996
S ,,9 .-)S.99
6 j 9 4 7 . 0'.
? ,8 611.00 .;..

397.
673.f84 .4

se
' 9 66 ,

991.001 45
' 194.90.30

.
.35 '6t3.se

J .64 .it08.09
6 .45 elet.96

.

,

.5 .70 9998.88- 4-

6 .75 9090.00
67 .80 18311,00

ni
'

t'
i

b

b

>

. -

?

fDROPttttt! 4VCttAB * 4 C L & 0 $ N O .P t 0 P t ! E T & R Y 18.09 89 .33/04/le Past i >

$98809 ($125 Ca0P) Samett DVN. It FCF F0am OvtR9&C15 3

CI$tettufftm 07 STRAIN 841103 87, w

++ Cavsp stant ** ** IPP ACT *** * * *** (Wit 07 ++++++ 8tttt41 Of CCNTAtt seta

Ot'tw seta vttV=t teett aC!tt * cit'rt t a t ?ttagu eatic tg.70 Of.19 07.88 Of.90 07.99 ,

CTVtw

41113 ( !f t: P (3N3) f&#3) 101 LIN*tl) E lk% 81 ( SL'P!) LE.48 Lt.90 tt.99
*

et. 33679, 4.9 6323999, 18319. .992 189.99 9.00 9.90 9.99 9.80

!! !? *! . 3 {?!. !! *10 19.4 63*60tt. 69 eft. .811 380.fr 8.88 S.30 0.99 9.80
,t

*9.9 *1. ***6t! 31.3 43t9999. 134934. ,031 180.99 9.3t 9.99 9.46 0.00-
!! ...!:

'e * tte it 9.*0 8.*0 0.99 a.30
*f St. 6333880. tff588.

'

e!?.* .$1. e79582. !! }'
"

4839tet. 66ftti. '21 *dt.tt 3.29 S.9e 0.99 1.30* *et

.jt too.3 486. e e 9 3 6) , g;.4 6333g83, 4e4879. ,el
'

t9.St 3.30 0.39 9.80 9.30 '

.!! 832.! 648. 89168e.

ev9.3 1138. Ittest*. e: 4 63s3999 99tst* .' ! ! .30.38 3.00 1.00 9.00 0.30

2.33 .t 96 3 1644. 1201336. Ice.s a56?ett. 15139f9..
.itt 98.00 0.00 1.39 0.09 0.00 '

88 $34 3 1388. 1391399, 99.3 e366489. It4644I.E.1 .Jff C8 se 8.30 9.30 0.80 0.00

2.10 afl.) 1929. '3106ta. 116.! e3*ttle. 1483652. .*33 ft.tt 8.09 9.30 0.09 f.#6

2.tl itt.e .!!*. 699286. !!!.6 43938't. 2:30!?t. .Jia 89,30 6,et 9.00 0.99 9.0e .

88.91 0.30 9.99 0.00 0.00 '
9 a316t89. 368520' 60,9 ee.90 e.00 e.90 0.0 .00Ile.j4.9923..

14J.to ,t!3.6 !!3*. :p:3 73l .. 3s90st. .99.00 0.80 e.89 0.80 4.01.

028j. s 293. flet.

. 1 396 3 allt.
. ?33398, )64.4 43628C9. 36398t8. .744 .

137 ten. 193.1 6365990. 31stett. .889 ,et.00 * #8 . 08 0,00 e.tr396.8 J149
I. 0

,

e J0 .,434.4 3844 ,969171. 162.4 4344085. 4338740. .997 i00.00 0.80 9.80 9.90 9.99

* 01 1631.8 3493. 1952310, 143.7 4360074 4348942. 1.999 100.09 9.09 9.89 9.00 0.80
*

4 tit. 20ft??!. 72.6 4371900. 4498t33. ). 11 96.99 9.00 0.00 0.99 #4.

4.jt !!? I 6626 ! *I!3429.
8 3.? 4576000. 9393158. 3. 33 89.99 0.80 S.30 0.89 0.30

e !! '4?' *

o.3 til ; ltte. 2.69512. 99.4 +3779tc. tesgrit. 1. 62 to.pt 9.00 9.99 0.88 9.80 |

e le tt!* . 1.809 98.09 0.09 9.99 9.99 0.30 -

1.30 192 5602 23194ei. 209.2 638 tite.
?!!9) 4.$67 . t!.tc 0.00 0.89 9.00 0.80

t 9 :e..fI .
,.

i !! 62* e fl04. 1688422 !!6,1 4333tte. t.sts 189.0! e.no e.ee 0.te o.se
06s.3}. i.9 s ,tt.99 e so s.so 0.nl s.se2:9et*3 a.e.9 3:6998.

: I. C, it t,.. 6.:
26.

sits e.. Ist.s Settet.ee

4.99 1?t8.4 7063. 3401912. 183.3 4393900, 9 46366. 1.189 100.00 0.88 0 00 0.09 e.893s. .

.

: s .

I

f
I

,

,.s
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V' 2.10.5.3.3 Corne r Drov Samele Problem
j ;

Table 2.10.$ .3-5 containt the data input to CYIROP for the sample problem
! pac ka ge ge ome t ry..,

,

r,

,

&

PROGRAM C"fDROP, . VERSION 3, DATE 2/07/84

123456749012345678901234567890123456789012: '.:f.789012 :456789012345678901234567890 .

V V V V V ' y V V !,

CYDROP (CDRNER DROP) SAMPLE RUN, 20 PCF FOAM QVERPACKS
1:000. 72. 60. 48. 47, 20. 24.

30. 39.8
,

1100. 17
0.00 0.00 s

'0.05 668.00
O.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 2004.00
0.!! 26:3.00
0.60 3:38.00
0.65 4:42.00
0.70 5908.00
0.75 9058.00
0.80 153 .00

25 25.51 15.37 .51

,

*TABLE 2.10.5.3-5

CYDROP Input Table
:

~ ~
;* - A s u=ma ry of e a ch ca rd is a s f oll ows :

Card 1 Problem Title i

s

Card : Pa cka g e weight, package length, package diameter, payload
length, payload diameter, impact lim it e r hole di ame t e r.
impact limit er length.

2-10-5-32
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Card 3 Drop height, angle from vertical.'

'

.5

Ca rd 4 Unbacked foae esu sh stress, number of fosa curve dat a point s.
i
:

Ca rd ' 5-N Foss, strain.. 'f oam crash s tres s.
.

Card N+1. Numbe r of int e gra t ion point s along crush plane s em i-s in or |
c

ellipse asis, number of integration points along crush plane
. semi-maj or ellipse anis, starting cru sh depth iteration, ending

t i

i iteration, incr eme nt.

|i.

The angle from vertical to execute a center of gravity over struck corner isr- [

pact is calculated as:
.

O'= tan ~1(6 0.0/ 72.0) = 39.8
<

The unbacked f oam crush stress is the foam compressive yield ' strength, about

1,100 p si f or the 20 pcf foam. Pro gr am default for this entry is to assume

-

the foam rush stress at 10% atrain, a value usually close to the plateau com-
s

pr e s sive strength.
g

|

L
Simila r t o SYD20F, the ntrabe r of lat e gr a tion points cho se n for CYDROP (05)

have be e n det e rmined f rom a par ame tric eval ua t ion. Additional point s are un-'

nece s sarily time cor.su=ing and provide very little change in the e nd re sult s. -|

Tabic 2.10.5.3-6 cont a in s the CYDR0p output for the sample problem. CTDROP

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 da t a u s ed' '

.

in the drop analyses pr ov ide accurate empirical relationships to 80% stralc. ,

This calc ula tion is ca rr ie d int o th e force and strain energy result s to pro-
j

-

vide the program user with inf ormation on solution reliability,
,

Ene rgy equilibrium for th e sample problem may be linearly int e rpela t ed to a
crush depth of about 10.6 inches and an acceleration ef 106.! s's. Th e di s-

tribut ion of strain energy ratios for this problem indicate the foam stress
da t a ir.t erpol a t ed f rem the input fil e nev er exce ede d 70% s t ra in.

.

2-10-5-33
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' Linear. interpolat lon' of the sensitivity analysis shows approximately 24.5% of

, b
,

3

- ' j

U. the total' crush' area was unbacked. Additionally,- fur ther interpolation shows |,

'

, . - the unbacked foam accounted for about 17.5% of the total force and 8.7% of the
! strain energy at SE/EE = 1. ' Equa tions for CYROP are discussed, in ' Section -

..2.10.5.1.3.
1

I
.

og
TABLE 2.10.5.3-6 ,

CTIROP Output,
;

|'e !
,

free 9Ptt$$NtRI RUC&t&a P&CEA0140 PR9PRIET&AY 10.31.19 86 set /16 past 1 '

C*De0P (CDONet De0P1 SA8FLt AUN. 20 PCP PGAM Ovt3tPACL3 |

*,

Patt&Of net!ONT * 43909. (| 95,)Patt&CE (2ttenet LE'!0fM e 78.38 t H

|.' P&Ct&Gt ' 3ttRNAL $1& MET 51e 44.48 t ll i

P&CAAet XTtRNA4 Nett DI As 20.00 t N :

$ PafLOAD Jrvit0Pt LfHofH e 64.96 i N i

I
P.a T4,G A OJivtLOPt 91& METER *

e.t.84 t ,'11

. Au 6:n0 M e . ...t. u
| ,

lpeep Nf!ONT *
31.3 0 s t e't)t0Rtt.1 Net 70 VERf1 CAL)

i$$.$$ (P
cattHTat8pN ANett e

PtAttAU CWUSN TTtt!S e 1890.80 &lt)'
(SEPAULT TAttH Af 10 PCT $fRAIN) - *

ST9815/.STRA IN EVALVAf t$ IN 1/f CRU$N P.teNE RLLIP$t Afl |
nu 22 ectuts eseatttt to tigt glH0s ELL Ptt 43! '

NT * 3.3 PCIHis PanAL4tk 40 all==tAs0A tak;Pst Aa!
|
1

, i

EXPtR! MENTAL staAIN V3. STRt!3 VALUt3 |

et STft!N 37tE2 3 i

tstt 8.39 1

i- .99 ' 448.00 |
|- 3 .8 337.39 i'

4 .3 1345.48
9 Et ,313.30 |

s .:3 ,361. 9 I

* 61.30 .).Je
'07.38$ .JI 2 i

. 40 .of3.30
15 89 1988.30 I

, 11 .30 2:06.00
'

'

j3 .35-

}:623.38 l
*

, .48 34.38
6 .e l 4341.30
2 .it 5988.38

L. .:s .ess.
tr .as ts m .3s

\

l- -

-
.

. .

|

|

1

|:

1

1

|-
!
'

1

1'

|' ,

'

1
|

| 2-10-5-34
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IABLE 2.10.5.3-6
.

CTIIt0P Output
3' (continued)

. .

.r930Pttesum) . WWCLt&0 P&CE&0150 PeePeIt?&aY 13.11.30 Deveeple Past 8'

CT9 ASP (553115 WEP) SAfrLE Sun, te P,CP P9000 svWests

** CAUSN PLANS ++ **** IMP ACT **** ****** ellemer st3TelbvTieu er StestM 04f t98 ST *

CAUSf1 PSACDif er Ceuf 6CT assa
stP9M 6064 Welunt Ptect ACCtt, SINfTIC Stettu . Deffe LE.70 01.70 ST.40 87.9e ST.99
LINI (3HE) ($N43 (LS83 40) 48N%83 8 8N*t3 3 ' (SS/ttl LE.se Lt.fo Lt.tl

e

.31 9.4 1. 1384. 6848144 199. .40s
'

es.te s.se e.se s.00 6.09. ,

4333280. p$6. .001 so.se 6.00 0.00 e.80 . 8.0032 P".4 1||. ef?$.
2. j, '

..it 69.8 3 ':3834 4836432. asse. .005 .00,80 0.00 e.se 8.t* 8.ee 't
. ,.

..ss v4.9
'

99 347. 6.9 4 Soffe. 464. .049 - .
et.se e.8e e.ee 0.De 0.ee -

4 es**ste. 343. .ett6a. aui.<

.36 08.9 84.80 0.00 0.00 e.80 . e . De '

.47 33.4 70. .9946 .9 e S4444 1 eaa. .827 90.60 0.60 0.00 6.00 0.00
,.34 49.6 ;'44. 43492 4 4 43008. 49468. .048 00.00 9.00 0.8e 0.80 9.se
4.30 .:ft.7 . 64 ''94587 .e 4349838. 88904 . .96 8 ,00.09 0.8s e.se e.Se 0.00 ., ' -

.

4.41 '43.4 est. .st!!9. 21.8 angste. 4990sf. .ett eg.00 0.00 e.8e e 80 0.80 t

9.32 408.1 996 . 04303. f.6 4848649. S48322. 134 90.00' 6.80 0.80 0.00 0.00
5.63 324.3 769 , >4 8 64 9. 6.{ 4347884 fittet. .let 48.00 e.88 0.es s.80 e.te
4.16 Joe.e tie. atttle. 3.. 4893124. 983409. .;:Os St.80 0.80 0.00 0.80 4.00
6.66 e49.8 ,123. e99f95. 40.9 4399072. 147844. .;'48 80.86 0.89 'O.00 0.80 4.00

494 ,344. ' $64073. 47.3 etees te . elette. ;22 00.00 e.se -0.00 0.80 e.00
ett e )r

f.37 .,

396. 4a6633, 34.1 4442164. 729694. .d98 00.80 9.8e 4.80 0.80 - e.00f.68
4.19 $61.9 898. 736236. 61.4 4418304 2904t10. 4ft !S.00 e.80 0.88 0.8s 4.8e !

4.70 992.8 R369 884311. 64.9 4436668. 3644237. .361 00.09 9.88 0.88 4.88 0.00
te l . 927187. 77.3 ' 443999t. 3933092. 468 00.09 0.80 0.00 0.09 0.089.22 '648.2

' 095. 964734. 47.2 4436734. 3484397. .773 04.80 e.8s 4.80 0.88 0.009.73 444.2
4360764. .902 100.00 - 4.00- 8.80 0.80 .0.se

***t,t e t .
'

t.Il ' 736.4 lit. .188866 98.4*4
66a9 86, aos9413. , $es 10s 39 0.80 s.00 4.00 0.800. 789.J 3948. 32:224 10.2 ,

1 *6 839.2 3976 443603. 23.6 sal 5164. 3367444 . 2t9 99.J3 .67 0.80 8.00 0.00 8

1. I. 4 483.J aalt. 67447f. 39.9 466g312. 487?3|?. .385 94.69 - ].J1 0.00 0.80 9.00 -
.

446 ele. 70947s4 .589 94.48 a.69 8.00 0.80 6.00f.29 938,e asft. 933371. 60.0
2.80 908.3 ' 1349. ;:266998. 47.2 6433480. 4869497 .8tj 99.07 6.e9 44 0.90 8.00 -

13.J1 .838.3 Stet. 2698436 ::21.3 **f9764 9489709 . 10s 92.9)
9.75 {.JO t.88 - e.9e

12.32 079.4 e624, 3133369 :42.9 e689844. 19996444 '.433 98.0 4.j . 82 'O.80 0.08 .
14.J4 li8.8 4089 !?62296 313.{ 44910J2. 2877321. :.St1 44.17 4. 2 4.39 .: 0.80 ~

176.2 ?!?9 **44986 37 4.. 4498t?4. 6791397. .. 388 af.f4 6.26 4.70 3.40 e.89
14.453.J6 1:24.8 8193. $341227. sel.4 496e320. 7311306. 3.468 48.88 4.81 6.13 1.37 .a f .

w

i

|
|

|

'

*tten t:Rutt > ao: L Ae P4e ae:=oPaseatttaeT 1c.11.:? s e,0:n . Pact 3

C'*380' ICf RNtR 3tCP) !&MPtg tyN. $$ PCP Pg&M gy RP6CE$

1 Cit!TtV!*Y Ak&LYl!! 07 ITRAII. AS$URPTIONS
**+= Capta aeta - ++ IMPac* penet == + staa tN twen'y +

P:t 33 ?tlIVft:N PCT O!11A!)l??ft'l TC?AL Pgt 313fA!0VitC4 tilatte tg
' CivtN fttat tacttt TCTAL tacat: treatN SAC 112 E!Nf?!C
l StefM A R EA Uwe Mat STRAIN FORCE . Uwe M&E 3184tM [ fit.R OT 'Jile PAI STlalN EnttCT

|| $& Cit.2 41 Of lacIES 4? Of SACKt2 L7 GT 84f30
(IN) (th0) .399 (L333 .300 (!N*tts) .800

i ,

l. .ft 19. 9.9 180.8 8.0 !!86. 0.0 100.8 8.9 353. 0.0 l$9.3 0.0 0.000.

1.32 27. 9.3 144.0 8.3 4?ft. 0.9 let.3 f3 1996. 0.0 108.3 0.3 .att*

j.26 49 9.3 400.0 0.4 !!a34 8.s Ice 0 0.0 18604. s.s att.4 8.3 .883
. 31 ' 74. 8.3 109.3 0.3 51131. 0.8 190.3 0.9 312e3. 0.3 09.s 9,s .ss?

.26 t|, 0.4 100.4 9.3 83 !?. 0.0 3t8.3 0,0 6)eee. 0.3 ;t8.3 8.3 .83e
- .37 ja, 4.8 100.1 0.3 119936, e s 100.3 0.3 117483. 6.0 00.3 f.8 .Stf

.7 0.3 800.8 0.3 {60492. 0.3 130.3 0.8 j89442. 0,3 ,et.8 0.3 .363
43|.

.38
1.3 189.3 0.3 .3a93;. g.g 300,3 g.8 8gten. g.8 280.3 0.3 .04$4.10 ..

e.61 j'$. 0.8 480.3 8.3 !!!!t. 0.4 104.3 8.8 399867 f.4 Lit.3 0.3 .291
5.;; 91. .J 99.* 9.3 196309. 3 99.7 0.3 3423:j. 8.8 att.3 9.3 .1:6

.

l 3.63 33!. 1.8 99.3 0.3 361683. 1.8 99.3 9.9 71:?6.. .: 99.3 8.3 .le

1. 98.3 0.s 91360s. .e 99.6 0.3 .228
2 . {.| 6.16 340. 1.! 98.3 t.3 a22:26.

97.3 0.0 1167164. .4 99.2 0.3 .241j. s.ee 427 2.9 97.1 9.3 490799.
'

f.47 aft. 3,J 94.1 9.3 368873. l.8 95.3 0.3 1688236. 1.4 98.6 2.0 J:2*
97.8 8.3 .J12i. *

}.:f.48 !!a. .2 92.8 0.3 64442!. 4.4 93.4 0.9 1719491.
.1 94.9 8.3 .*?!| 8.29 !?S. 30.6 89.4 9.3 734216. 9.1 9c.9 0.3 2386210.

l 8.?3 tie. 1 .4 4?.6 0.3 4:4311. ,0.3 49 " 9.3 2444t17. 6.2 9!.4 9.3 .341
1. 96.? 9.3 .44*.? e!.3 8.3 917107. ,3 . 9 88.. 0.8 2933292.
e.3

j 9. : ere.
)9.1 91.6 f.J .??$
1 48.8 8.3 1964728. .6.e 83.4 9.3 3434291.| 9.?1 ?! .

1.9826.7 83.2 0.3 a008740. *3 92 2 83j' O.jt ?I4,
. ?*.J f.3 ,jtlita.

** *
.

361:*34. 17.8 42.2 0.3 eee9411. 9.; 90.9 030.,9 066 *J 76.* 0.8
,

1.;6 9t8. :.J et.? 8.3 643609. It : 79.8 3.3 334?46*. 10.6 89 e 63 1.*tt
..

1.73 'ff 22.2 a? 8 0.3 678677 *2 79 3 0.3 4377:37. 13.7 88.J 9.3 1 489i

* ;9 L0tt. 36.* e2.4 8.3 Mtt373. 21.2 *t.8 0.3 7018716 13.9 87.3 0.3 ..J8''
.

*4e990. ,9 . 4 ??. 3.J 816569*. 14.3 82 7 . 3:3*

i ,;.3C Cf*. !? 3 4:.a *

j.2 2.J03' ,1.41 12* 21.s et.' 1.J *652836. .. 4 .1 71.6 It.J **197t9. 1*.3 86.*
2.*3;

.2|.. *1.9 !!.a e.J 3742*96. . ! .1 !! ; 2t.4 16ft!1. :!.; 10.3 e.. .3 :18 et.3 !! * .J 31!!!a9. ,?.3 42.3 20.? 10904444. 16.9 81.9 ..'
12.s:
,6 24 t.! 3.228.

e 3 e6ee906. 1.9 se.8 29.3 16791897. .!.. ?6.4
|3.* 2.**316 83 1:49, se 1 69.3

e.3 8.. u.st:: .s :8.3 49 1:31as4. 2..a 407
,

u .Je u 3. 45.4 .

|

|
|

|
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Tabl e '. 2.10. 5 .3-7 contains the data' input to CBLIQUE ior the sample problem

- q- pac ka ge. - ge oas t ry. Equa t ion s f or . 0BLIQUE are ' discos sed in Section 2.10.5.2. _ .|
4 .

t

ti
P

Q ;

t

i

)

:
PROGRAM 08LIQUE VERSION 7, DATE 9/15/83

+

,

1:345678901:3456789012345678901234567890123456789012345678901:24567890123456789011 V V- V. V V V. V. V .i
i '

08LIOUE SAMPLE RUN, 20 PCF FDAM OVERPACX3 '

'

48. 20. ' 24, 10. 12.
I . 31.056' 1:574. 386.4 . ,

'

.25 12. .25 10. '0.5.- 10. 20. 30, 40. 5 0 .-c60. 70.- 80. 45.<

-527.45 85. 5. -!. O. 3. *

|
.

.I

/

P

1. TABLE 2.10.5.3-7
| 'i
i OBLIQUE Input Table j

A s umma ry - of e a c h ca rd i s a s f ol l ow s :
?

Card 1 Problem title
,

4

Card 2 Payload length, payload radius, impact limiter length, impact [
'

.

l' limit e r side thicknes s, impact limite r e nd thicknes s.
,

>

Card 3 Package mas s, radial mas s moment of inertia about the center of
gr av i ty, gr av ita t ional ac celera t ion.

Card 4 Starting deflection, e nd ing deflection, deflection inc r eme nt,
nu=be r of angl e s, pr in t con t r ol .

.

.
Ca rd 5-S .b tl e s ( 6 pe r c a rd , 2 4 m a x imum ) ;

'
,.

2-10-5-36
.
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!

Ca rd N+1 Packass fre e-f all velocity, output starting angle, output
,

V ending angle.. angle incr eme nt, friction coef ficient, estimated ;

5 de fl e c t ion, package translational velocity, package rota tional
velocity.

N:
2. The package mass, assuming a gravitation acceleration of 386.4 in/sec , g,,

d ..
2"; a = 12.000/386.4 = 31.056 lb-sec /g,

:
'

'

'

Th e r adi al mas s mome nt of inertia of the system is ca l c ul a t e d, know ing the

/ payload and impact limiter weight s, using composite sections: '

,

L s

,
, 30.0 J*

- 20.0 4 |

a
- 10.0 -

|

/ \ 'f//,/ "?*
/////A

'

//&/ f ;7 //
| f . ,

:.0 t /// C / -i',
I 4 '

;

| 13.0 72.0

t,

24.0
C

Y

f
y ,

-

V |- x x, .-.

<

2-10-5-37 -
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;y8 ,
> , ;.

'For the Payload: ..-e,i' '., . ', .

'

j 'i'
22 , g j3)f4i I '= a(Rgp,'

,

iP

(.

c' a Where:
f2

:I s = 10,000/386.4 = 25.88 lb-sec f g,'

.. ,

v .

' ' t' 4 i

O' R = 4 0.0/2 = 20.0 in
-

'

i'. i>

im

L' L = 4 8.0. in.

L ,

m
,

- ne n, .'

.

I : = 25.8 8[(2 0.0)2 + (4 8.0)2f3)f4p
.

1

tb
<

7,5 57 lb-in- sec*=
..

!'

.. -

For the impset limit e rs :

2+(Lf/3))/4-22IE2
i .' I,p = z[R2 (t /3)]/4 - m3[R3 2

+(Lh/3)]/4-2m3f-2m3[R 2 + (Lf/3))/4 - 2m3 jdd 3
'

i

,

| z. Where:
Im = Er.R L |

|'$ l

|-
l- E= Wop / (386.4 )Vop
t

f. .
*

W,7 1,000 lbs
.

=

. .

-i.

Y,p = n[(30.0)2 - (20.0)2)24.0 + n[(20.0)2 - (10.0)2]12.0
: <

.

349,009 in=- c

0 4E = 1.000i[(3 86.4)4 9,009] e 5.28(10)-5 lb-sec / in

,

, 8

2-10-5-38 ,
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<

L.

t. .
' ' R = 3 0. 0 i n.

,L = 72.0 in'

g: ..|

v' -
,

2:n = [5.28(10)-5)n(30.0)2(72.0) = 10.75 lb-sec f g, .
;p i

e

3.=EnRfL'5 3
..

*

..

'

i.

P R3 = 30.0 in '.
.

< ,

!

L3 = 24.0 in
,

.; -i

2l

.m3 = [$ .28(10)-5]n (30. 0)2(24.0) = 3.5 83 lb-sec /in

m2=EnR$L2
e

.

R., = 2 0 . 0 i n
'I. 1,

1

L3 = 12.0 in

2

m.,
= [5.28 (10)-5 )n (20.0)2 (12.0) = 0.7 962 lb-sec f g,

a_

m3 = mnR L33
.,

|

R3 = 10.0 in
,

i
i

L3 = 12.0 in
;

2

m3 = [$ .28 (10)-3 )n (10.0)2 (12.0) = 0.1991
lb-sec /in'

"

|
1:

d., = 16.0 in

1

d3 = 3 0,0 in
I

I

|

|

|

|-

|

|
|
i2-10-5-39
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Then,

f' ' I,p = 10.75 ( (30.0)2 + . ( 72.0)2/3]/4 - 3.583((30.0)2 + (24.0)2/3374'

- 2(0.7962) [(20.0)2 + (12.0)2/31/4 - 2(0.7962)(18.0)2- |
,

'

- 2(0.1991) [(10.0)2 + (12.0)2/3]/4 - 2(0.1991)(30.0)2
!
,

= 5,017 lb-in-sec''

Finally,
2Iu 7.5 5 7 + 5,017 = 12.574 lb-in- se c

i.

The starting deflection,- e nding deflection, and de fle ction increment are- >

f
v al u'e s se t to build a u nif orm force / deflection table for u se by OBLIQUE.. )

~

'

Prior to.use of '0BLIQUE, a tape holding f orce/ deflection data (Table 2.10.5.3-1

8) over the range of angles from 5 to 85 i s cr e a t ed by CYDROP. OBLIQUE, in0 0 ,

turn, reads the tape and convert s the . force / deflection data to a unif orm table

f or each specified angle.'- Note that the angles specified in OBLIQUE are with
-

respect to horizont al whereas CYDROP references ver tical. The ma gnitude of |

the ending deflection must be chosen such that it is greater than the nazimum
de flection expected in OBLIQUE, yet need not exceed the ma xim um pos sible

|

deflection in the corner drop evaluation.
,

E The pr int con t r ol determines whe ther the output will be a t abular sm:ma ry or a .
J

L |

|

t ime h is tory t ab l e . I

|L
.1

Frcm the equa tions of |Package free-f all velocity is based on the drop height. 1

J
mo t io n :

|

1-

V = -(2 sh)0.5
'

,

!

Wh e r e :
4

g = 3 86.4 in/ sec-,

h = 30 f t = 360 int

.1

2-10-f-4 0
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;W'O n i

MW TAB 1.E 3.10.3.3-8 |
,~>

1

CYIROP Force / Deflection Det a !

D. ;

l
|

i

i
' - 12345678901234567890123456789812345678901234567890123456749012345678901234567898y v v v v v v v j

t

.35 11.01 .25
32347. 128991. 205207. 334008. 477903. 983fft. 6T7442.- 758737. )

845420, 934841. 1938385. 11*if 477. 1268206. 1313393. 1751333. 2111304. I

28216 0. 3527691. 3437239. 46272:9. j
j

.60 11.93 .60
18:40, 47473. 121740. 173898. 258462. 368714 504353. 434713. <

74.9455. 842066, 941411, 1949548. 1178914. 1320455, 1509786. 1839217. I

i
235/319. 3044434. 4269526. 6238679.

i
.67 13.49 .67

1:193. 56671. 91499. 113057. 154188. 229526, 313617. 404088. |

501568. 609987. 733768. 480:32. 10:3819. 117:033. 1337047. 1382734. t
, .'

|

199:234 2335789. 33966:1. 46332:2. '
>

.73 14.63 .73
' St:8. 21986. 31823. 100180. 163!05. !:741, 3046:1. 381703. !
f

465926. !60835. 644431, 79:142. 937642. 1114234 13:6395. 1393802. |
;

1971609. 0395:05. 33:4784 4638336.
.77 15.39 .77

3109. 20093. 57039. 1084:1. 1684:9. 234305. 3110!7, 394634 ,

486876. 29:357. 70!!!7. 44140, 999463. 1197891, 1441110. 1744045. :

|
2t24183. 2989067. 4003001. !295:08.

.73 15.63 .78 g

4:3!. 26380. 68840, 123!26. 187139, 259087, 340108. 434086. i

!433*3. 667914, 804180. ?!8380. 1136760. 1371183. 16!0630. 2040733. ,

26:1016. 3413833. 4478667. !8133:* !

.77 15.39 .77
4057. 6494 74869. 148989. 2343:6. 3306!:. 4368:0. !!!8:3. !

68700 . 8:3086, 979993. 1150114 13416:0. 1!66644. 1844710. ::30726. '

28%t7$t. 2730696. 4961630. 65375: :

.73 14.69 .73
1877: 64816 13:583. 236890. 366604.- 500475 640691. 801924 !

979105. 1151:39. 1316710. l'87169. 1694789. 19'6953. 20f3342. 070 947. '

348:689. 4608111. 6:14733. 8341340. '

.68 13.!! .68
3:8:0. :16806 545960. !477:4 819178. 1093308. 1315683. 15134:7. !

17!0771. 1988978. ?.093:95. 26777!'. 3097958. !!70763. 4040177. 47:3886.

601:244 8077797. 10808178. 14:619:6. |
.64 12.83 .64

13:903. 46&917. 8 9010. 1:74790. 1673088. 2085488. 2617955, 3024971. -,

30808: . 3276792. !!:5463. 35!!!a4 3876190. 436 971. 3134758. 65:5535. <'

I

9073079. 1:696963. 17334716. 20804149.

!.

*
,

i

P

;

|
.

L
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I

Tien. !-

V = -[2 (386.4) (36 0))U'3 = -3 27.4 $ in/ see
i
!

The1 output starting angle, e nding angle, and angle incr ose nt spe ci fy the

OBLIQUE analysis package angles of impact with respect to the horizon. The

saarla pro'iles specified solutions at angles of $' to 85' in $' increment s. j
i

The friction coef ficient is usual;y set to sero. Package translational and )

rotational velocities are parameters specified to study the ef fects of secon- f
J

da ry laps et s. ;

i.

The sample problem output for OPLIQUE is found in Table 2.10.5.3-9. For each j

specified angle of laract the magnitude of FMAI is determined as the assimum j

value of the vector summation of the thrust and shear forces at s om e in s t ant a- )
i

n6 ous packa ge angle d uring the analy sis. Note that the assisua value of the I

pa c ka g e internal f orce s. noment s, and deflections do not neces sarily happen at j
th e same in s t ant ane ou s angle. Whe n all ;*ranet e rs have achieved a sanimum
value, the problem terminat es for that specified angle of ispact. OBLIQUE l

continues the analysis at each angle of impact.

r

Additionally. ODLIQUE utilizes the me thods delineated in Section 2.10.3.2.2 t o
'

de t e rcice the *,aztmum impact limiter separation moment s about th e oppo s it e a nd

a dj a ce nt corners in ths lepact li mit e r. As before, a solution occurs when the

maatuum value is f ound f or each moment a t s ome inst ant aneou s angle, not nece s- ,

isarily the saue ins t.nt aneou s angl e f or each moment. A negative coment

de no t e s impact licit e r comptes sion and a po sitive moment impact limit e r
separation.

*
.

!

i

!

,

0-10-5-4:
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I

TABLE 2.10.5.3-9'

OBLIQt'E Output

NUPAC OSLleUE ANALTSIs 48L24WE SAMPLE RUN, 23 PCF PGAM SVERP&ctX
*

'

PACKAGE SESMETIrra
LENStM e 44.005
AA Us e us.ses
av Pact a ut.8co
ev Pacs na TN!cxnts: e ,s.ses,

tv act tfon TN3 CENT 33 e |,1, g g g

PACEAst NASS P OPERTIEE-
*

mas = 1.ess
mass er !NERTIA e 1 4.33g

SRAVITA OMAL CONSTANT * 84.460
SOLUT3DN CMA CTER!!i!C3-

* -!!7.6251MPACT VELOCITT (TDOT)
(E307) * 0.000
(TMETAD07)e 3.gg0

PR!CUON C*EFIC E'IT * 8.800
* 3.800E3TIMTD CRUEH CCPTH

THETA 0 PMAX SME8R THRUET MOMENT DEREOU M CLEARANCE

8!.0000 1730:12, 114463. 17:7492. 313!44 3.30 9. 3

80.0000 13309!:. 187564 1319863. ,13T79f. 4.8% 8 6

73.0000 1:40:26. 866781. 1:13409. | 897113. 4.36 7. 3
70.0000 11818:2. 3!29 f7 1130!!O. |J09913. 7.43 4.95
63.0000 1166U2. 447883, tr788:2. J186961. 8.71 i'.39

|
60.0000 1:40968. 39*437, 1091:9!. 6111462. 9.6: , !.7 3

' !!.0000' P,281833. 736041. 19696!0 3:24069. 10.29 . l.27

i !0.0000 |,*70208. 8 4 f. 09 6 . 968:30. 6009!73. 10.!7 i!.84
4!.0000 |,180689. 879329. 789060. ~6U4!01. 10.!! 4.91

l

L 60.0000 10!a731. 83e:79. 6:0324 407487 . 10.06 4.98
3!.0000 9 6 04 f7 . 811764 48:96:. f7*:343, 9.73 4.96
30.0000 867983. 766!11. 37:0!O. 24!O75:. 9.06 5.88
03.0000 79!!86. 7a!!:!. :8811:. 3:01310, 8. s 3.34
20.0000 7:33!7. 693!98. 209686 492:12*. 7.3: 9.68

| !! .0i10 0 641600. 6:5788, 136961, 6671379. !.90 6.19
' 10.0000 810769. 80!'02. 109797 !?:*: 3. 2.81 f.47
| !.0000 !79:13. !T7310. 46411. a10673!. 3. 8 7.62

|

|

|
+.

,

p

i
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: i

! 2.10.5.4 NuPa c Coment e r code Quality Annurance

:
? !

NuPac computer analysis prograss are malatsined in acaerdance with a formal |
!quality assurance pregram approved by the Nuclear Regulatory Canaisalon under

ce rtificate amber 0192 that complie s with ANSI N4 5.2. These provisions are j

spp!!so to both NnPac authored sof tware and vendor supplied sof tware. Ve ndor s i

of computer services, such as Boeing Computer Services, have demonstrated that
their gus11ty standards are in accordance with the provisions of ANSI N45.2. |

Docme ntation of such compliance is maintained in NuPac Quality As sur ance

files. |
,

The r equirement s of ANSI f4 $.: are interpreted to itLpose the f ollowing stipu- i

la tion s upon computing s of twas e t j

i

i

ANSI 14 5.2

Section Rec ci reze nt
,,

4.3 The supplier shall require the ide nti fica tion and pe rf or- i

mance of verifica tion /qualifica tion ev al ua t ion s which
demonstrate that con;put er code s are capable of producing j

information of s uf f icie nt ac c ur a cy to sa t i sf y design j
Jrequiremeats.
.

!

All esiculations and comput er input data shall rective i

d oc uar n t e d , i nd e pe nde n t , in-hou se verif ica t ion.
;

I

7.0 The supplier shall establish r e s ponsibil it ie s and proce-
d ur e s relating t o comput e r code confi gur a t ion ide n t i f i ca- |

'

!

tion and configuration control.
,

!

.

t

i
,

:-10-3-44
|
,

-- , , , - , . - . ,, ,
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J
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|
|

Conf igura tion identification is the establisharat and use

of a unique identifier for a code version. Co nfigura t ion j

' nclude s the docuneatatica and preservatica of acontrol i
code ve rsion to assure it s retrievability and lacludes j

similar preservation of input for coopster runs to assure :
1

that output results can subsegmently be reconstructed.

<
A valid computer solution requires that each of the f ollowing tests be ]
as t i sf ied: ;

l

I -o Does the analytic method accurately represent the modeled physicalf
! processes?
l i

i

i o Does the computer code fully and accurately implement the analytic
o +

l me t hod ?

| b

o Does the input problem data accurately reflect the physical prope r- .j
|

i t ie s of the situa tion being smalyzed?
1

I !

i o Can the re s ul t an t output data be uniquely identified as re s ul t ing i

f r bs a par tic ular input da t a se t ? !

I i
i

)
'

NsPa c pr oc e d ur e s assure that each of the above questions is s n ew e r e d in an

af firma tive f a 6h ion. Th e se proc ed ur e s include the f oll owing co nf i gur a t ion

control elements. >

(*
.

' '
|

.

analysis sum ma ry prov ide s a1. Each safety analysis repor t or design
i
,

complet e des cription of appropriate analysis me thods impl e me nt e d inI .

| :

NuPac developed sof tware, j
;

2. Version identificatiet for each run of the computer code as main-

( t ained by the s ut oms t ic ap pe a r anc e of e urr e n t code r ev i s ion s n umbe r s i

and dates in both output headers and day file listings. ,

'
1
'

,
,

-

|-10-54 !
| ,

|-
!

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

3. All superseded versions of codes are maintained on file.
I

4 All imput data sto automatically echoed on output for verification
sad checking purposes.

$. All output data, including plot s, are labeled with a machine geme-

rated name, time and date corresponding to the run which generated
the reported engiatering resnit s.

,

i

Ve rif ica t ion of me thodology and code ac c ur acy involves one or more of the

ffollowing stepst

I

i

1. End-t o-e nd expe r ime nt s:
.

,

i

!

Tlese esperinents simultaneously test the accuracy of both method- |
ology and code implementation of me thodology. For example, a ful!

7

scale series of 30' drop test s conducted in Sept ember, 1980 on the !

fCh e m-Nu cle a r Sy st em s . Inc. CNSI-13C (II) package demonstrat ed that

the overall predictive error of NuPac impact dynamic s sof tware is [

about 61 (Reference page :-91 Section 2.7.1.2 of CNSI-13C (II) I

>

S.A.R.) ;

!

% Comparisoa vsth Alternative Me thods..
.

!

The me thod of comparison varies with the particular t e c hnelogy in- |

volved. Two exampl e s are de scribe d below.
.

. ..

L s. Impact Analyse s:*

y

Alternative energy balance and mome ntum se thods are used to chick p

poin t time his t ory impact dynamic s s ol ut io n s. These e nd-t o-e nd ;

I checks have been perf ormed at three orie ntations where the dynamic
*

eq ua t ion s of mo t ion become sicplified: e nd , side and ce nt e r of
>

gr av sty over s truck corner. At other orie ntations, the impact dy-|
1

|l natic 5 clut aon me thod ha s bee n verif ied by momentum t echtiques com-
|

bined v ith idealiz ed perf ectly pl a s tic ene rgy absorbe r a s su:ptiens.
*

|

|
!

2-10-5-40
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|

|
1

b. Thermal Analyses J,

t

|Steady state solutions are checked by Ladopendent it eration me thodsi

and a caref s1 check of model heat flow balsase s (equi!Lbrina). !

Transiest analyses are independently checked by Schmidt plo t gra-

g, g phical analysis me thods. ;

I' !
,e

(' 3. Band Checks of Codes ;

i
I I
| Band chetka have been performed to assare that: '

;

f
o Equilibriur. is always satisfied. Sc.t l the rmal and all impact

solutions have been so tested. t
,

! i

!

[o Force or heat tran sfer be tvesa point s, or modes, obey the

assumptions of the analysis model. !

l i

i

o Analytic ge ome t ry c alc ula t ion s obey the model a s s umpt ion s.

These features have been checked by both descriptive se cane try I
t,

constructions and ma thema tical checks of the algorith:ns. !
i

!
o In t e rpol a tion s of non-linear t ab ul a r da t a are correctly pe r- |,

forced. |

|

o Su:ne rical int egr ations a re prope rly pe rf orme d. ||'
!

|

i'

.

=

.a

!

|
|

't

i

P

>

?

'
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,

i
|

'

i
;

!
.

!
s
t

t
i

!
''

AFFWSIE 3.10.4.
:

:
,

, ,

Cask Tell Book 1&as Analysis j
;,,,

;

:
6

MIS SECTIM IS FBIRINTARY i
i

| -

!

i

-

5

I
i

( I
't

{ f
,

'
,

i

I

I
.

.

$

|
I

I - |
4

e
'

?=

t,

i

[

t
!

i.

h

*
.

I

1

?

,

2-10-6-1
i

*

1
1
1
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i
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*
b
i

i
.

!

I

I
'

i
i
b

i
r

(
)
*' AFFBSII 3.10.7
.

$
1

I

End Drop Ltd Analysis |
t

i
1

,

i

MIS SECTION IS PROPRINTARI i

i
t

I
+

f
I
i
/

,

i
.

4i
i
:

!

.

t

i
>

:

h

r

l
;

i

f

.
-

.
, ,

i

:

;

1

!

|

9

f

[
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.I

AFFWDII 2.10.8 i

,

,.

Lid Paseture Analysis j

)
1

!

l
1

TEIS SBLTI0ft IM PROPR2rtAIY
'

)
l
.
I
1

i
e

,

-
\

+,

\

'

*
,

1

,

,

!
4

i
,

,

1

|

| i

| 'I
.

*
;.

;

|

|
1

| I
, 1

1 :
t

i

;

i
.

r

>
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APPER IX 3.10.9
. ,

1

AN6f8 Analysis Ostyst j

i

(Microfiske)
!

!

6

THIS SBCTION IS PROMmTARY |
|

i

'!
:
)

i

i

{

t

,

|
}

w

I

i

i

0

i
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)
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'. 3.0 1M ENAL EVALtlATION
.

I
I

his section identifies est describes the principal thermal engineerlag desiga j

aspect s of the Wapse Nede.) 10/1402 shipping eask important to asfety and son-'

;. stance with the performasse requiremast a of 10 CFR 71. ;

1

|

3.1 Dineussion
;

! 1

!'' The NoPac Model 10/1402 cask is lesigned with a tetally passive thtraal sy s- |
|

1
'

i. ten. As seen from the drawings in Appe ndix 1.3, the principal phy sic al c oar-'

1
.ponents of this theras1 sy s t em consist of a singl e thickne s s thermal fire .i

i

shield surrounding the cask' aides, a single thicknes s thermal fire ahleid pa r-
tielly covering the cask end plate, and an inssisted panel partially covering !

l

the cask lid. Ad dit ional thermal protection is achieved by the polyst * thane 1

i

f oam impact limiters. Together, these various protective devices cove: the |
|

entire arterior surface of the cask such that direct esposare to esternal con- )
ditions (assuming that no dams ge has occars ed) i s minimal . J

,

The cy 11mor ic al ca.sk w all con sist s of a 1.25 inch thic k ca rbon st e el plate
outer shell vita 0.06 inch thick stainless stest cladding in those areas not

covered by the thermal sh i el d , a 2.25 inch thick lead shield, and a 0.75 inch
thick s t a inl e s s steel pl a t e inner sh el l . De cask end pl a t e is f abrica ted ]
frce 6.5 inch assimum thicknes s s t a inl e s s steel. De cask lid is fabricated |

1

from $.25 inch sorminal thickness stainless steel pl ate. Twenty Ib/en. le (not )

polyurethane foam impact limit e rs covering each end of the cask proride pro- j-
,

t ection from accide ntal impa ct s.

;

| Four pr incipal heat transfer analyses were run utilising the NASA /Nartin ,

IMa r ie t t e c omp ut e r thermal ne twork a naly se r program, SINDA/8$: 1) steady-

state analysis at an ambient t empe ra t ur e of 100''F w i t h solar in s ola t ion as :

fprescribed by NRC 10 CFR 71, 2) st e a dy-st at e analy si s a t 100'F ambient and no

solas insolation, 3) a transient analysis f or an undame red condition with an
0e xposnee t o an ambient t em pe r a t ur e of 1.475 F f or thir ty minut e r f el i ce ed by

'

esposure to 100 F ar.bient a i r t o s i mul a t e a hy po O..e t i ca l fire a c ci de nt condi-

1
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tion, age 4) the same fire accident coalition for a typothetical damaged cask'

,
'

configaration. De following table f. resents the masinua t empe rstare t de t e e-

nimod by each of these analyses for selseted aajor esoposeat s of the cask.
Details of the smalyses and additional temperstare levels ars presented in
Section 3.4 and 3.8.

Disaises Temperstare (*F)
,

Losctica Steady-State Trassiest
!

w/ y/o No Ccrac t Drop

Sola r S ola r Damass w/ Pin Panch

9

' Cask Inner Shell 128 106 337 341'

t-
1A a d Shield 128 106 $42 34 5

|' Cask Oster Shell 128 106 350 352

Thermal Shield 122 104 1240 1241

Impact Limiter Shell 174 100 1417 1416

lapact Limiter Foaa 169 10$ 246 246

Inrst tid Closure Seal 133 108 133 14 0

Out e r Lid Clo s ur e Se al 129 106 282 296 |

Cask Bottcm Seal 128 106 2 02 20$

Ca sk End Plate 129 109 255 :$$

Tie-Down Lug 114 104 1342 1.862 |
1
i

These result s are based on a masians internal decay heat lead of 95 watt s.

*
.

<-

|. 3.2 Sas sa rv Of n e rmal "r e ve r t i e s of NQty,13Ls
'

;

1

|
The NnPac Model 10/1402 Cask is f abr ica t ed primarily of st ainl e s s s t e el, ca r-

bon st e el, Irad. and polyure thane fona. The void space s within the package ,

are assnace to be tilled with air at a pr e s sur e of one atmosphere. Air is ,

also astraed to f ill the gap be twee n the cask exterict and the thermal
j
l' ish iel d s ,

3-2
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;

f.

^

Since the condsstivity and specific heat of the metals and the polystethane

( foam varies relatively little with t empe ra tur e, their valses were f a me d. |

Boeever, in the interest of improved acetracy, one condsetivity valse was seed j,

for the steady state analysis, while a second valse was need for the higher i

tenyeratures seen for the fire assident transient. !

t
!

In con trast, the thermal properties of air do vary esbst antially with tempe rs- '

tare. As soth, the thermal analysis contianossly resalestated the valse of !
!

condsetors f avolving air. This recalesistion used the mean fisid temperetsre,
i

!
The f ollowing table document s the theras1 properties need in the model and the j

*

source s f rce which they were obt ained.

!

Prope r ty ,

i

Spe ci fic ',
i

Conduc tiv i ty De a. s i ty Beat :

Material (BTD/hr-f t OF (Lb/ft3) (BT0/1b 0F) Reference

- .
,

0Steinless Steel 9.6 at 120 F 488 0.11 3.7.1
0Type 304 10 at 300 F

t
0Carbon Steet 25.0 at 120 F 487 0.113 3.7.1 *

,

24.5 at 300 F |0

0Lead 19.8 at 120 F 710 0.031 3.7.1
~ 0 i18.8 at 300 F

.

0Polystethane 0.031 a t 75 F 20 0.30 3.7.4

se e bel ow - - 3.7.5Air --
,

The thermal conductivity of air va rie s significantly with t(aperature as

shown in the f ellowing table:
,
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[,
f

.
.

.

1
Propertlee of Air-

!'
'

:

i. |

q Tempe ratst e Condes t ivity De r.si ty Specific Rest j

('F) (BTV/hr-f t *F) (th/f$3) (BTU / 4 'I' !
1

I
32 .9140 081 0.2402 :|

100 01$4 .071 0.4402 )

300 .0193 .052 0.2432

$00 .0231 .0412 0.2472 j

1000 .0319 .0271 0.2622 1

2'1500 .0400 .0202 0.2762
!

i
)

!

Radia tion Proper tse s !
i

,

Component Mt t o t al e Condition Ref. |

<> . . . . . . . . . . . -- ;;

i

rask I.D. S. Steel 0.2$ All 3.7.3 !
>

i
i

Ca si O. D. Ca rben Ste el v/ 0.25 All 3.7.3 |
S. Steel Cladding [

i

'
Impa c t I.,imit er S. Steel 0.25 Normal 3.7.

Shell 0.8 Fire 3.7.( ;-
,

| ;'

I r

|
Out er Sur f ace-

l :- Thermal Shield S. Steel 0.25 Normal 3.7.3

0.8 Fire 3.7.6 e

| ,

|. '

! later Surface- S. St e el 0.25 Normal 3.7.3
|

| Thermal Scield .6 t o .4 Fire 3.7.2/3.7.7 i

!
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i
!

i
i

|
*

3.3 Teeknical Soncifica tions of Camsonant s i
i
!

,

||
The 0-rings seed at the clostre se als of the sank are the most t empers t are

sensitive material s withis the package. The 0-rings are maJe of betyl rabber

and have a safficient temperstare capability to haudte the espected peak ten- [
peretsres to be seen by this cask. This statement is based on recent fire ;

test esperience with another cask which showed so loss of isaling capability {
seder more estreme toeperature conditions. Refer to Ref erence 3.7.9 for

de t a il s. !

!
|

The stainless steel need in the construction of the cask seets the specifica- k

ft ion s f er AFTN A320 Type 3 04, while the carbon st e el meet s ARTM A516 Or.70,

The melt ing tempe ratures f or lead, ca rbon steel, sad stainless steel are 620,
02750, 2600 F, respectively. 1he thermal properties are given in Section 3.2.

f
'

The fosa used in the impact lim it e rs is a 2 4 gid polyarethans fosa pr odu ce d

sader the direction of the Nuclear Packa ging, Inc. of Federal Yay, Washington.

The foam is fire re sistant and has been demonstrated to not support a flame. ,

i

Other technical specifiestions are given in Reference 3.7.8. !
; !

E

h
3.4 71e rstl Kill us t ion f or NorgM.,Condit ions _ _of Tro e stert |

i
'

This se ct ion pre sent s the theras! a naly se s of the NnPac Model 20/140MB cask
for Noraul Conditions of Transport. The the rmal conditions considered are

0t ho s e s pe ci f i e d i n 10 C7R 71.71. Per 71.71(c)(1), # 200 F ambient t em pe r s- !

ture and the solar insolation values given in the table below are to be used.

,

f or the rmal bounda ry condit ions. An a s s ume d s ol a r a b s or p t iv i ty of 0. 5 f or th e !

s t e inl e s t steel impact limiter sh el l s acJ heat shields was used with these ,

s ola r ins ola tion val ue s. .

A 95 watt payload internal heat load va s al so as sumed f or the neraal transport ,

thermal medel. ,

!

!

I
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!' 301.AR INSOLATION.

I ,

Total Issolation for a
2Form sad Loostion of $srface 12-Boar Period (g sal /c )'

|h

-i

|
'

Flat surfa ces transport ed !
r ,

[ Eor 17ontally. j
- Base No66 |

- Other surfaces 800 !
I

L |

! Flat surf aces not transported

Borizontally 200
1

)
Curve * surf a ce s 400 j

!

An additional steady-state case was run osing an esternal ambient t empe ra t ur e
0of 100 F with internal heat generation. but without s ol a r ins ol a t ion, his j

case is to be considered as the initial condition for the Byjothetical |
0Ac cide n t Conditions. A final, rather trivist case of -40 F ambient air with

1.
no solar insolation and no internal haat generation is al so considered herein

as another estrase initist condition f or other event s.

L

i

3 .4 .1 Therse! Mode! )
)

|| 3 . 4 .1.1 Analyt ical Modd
' j

'

| - ,
.

l' Figur e s 3.4.1-1 and 3.4.1-2 111ostrat e the location if the 88 modes used in
!the ste ady-st at e analytical model. The location sad n eber of modes were

chosen to permit scenrate determination of the temperature distribution in the l

1 sajor cask c ompone nt s, ne model utilized the different thermal prope r t ie s

presented in Section 3.2, For s i mpl i c i ty' s sake, a fixed value of thermal
conduc t iv it) and specific he at was used f or the met als and polyste thane fou.

1

since their change with temperature is small over the temperature range seen. j
I

In contrast, the thermal properties of air were coeput ed as a functior of t ee-
perature since their variation with temperatore is significant. l

|

1
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| F10tRE 3.4.1-1 |. , -

| Node Loyost - Through Lid Bolt Loestica ]
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F103E 3.4.1-2
Node Layout - Is Botvces Lid Bolts i

l

i
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l

..

he thermal model represents sa asisynestric segasst of a fined botten cask
c onf igar a t ion. h ermal re sul t s f or a bo t tr.a loading 6enfiguration vos1d be

sittler, eteept that t empe ra t ste distributions for the bot t aa of the cask
would be searly ide ntical to tho se at the lid bocesse of the additional
th,'rsal paths af forded by the lid attacharat bolt s and the 1-1/4 inch gap
between the impact limiter and the essk ester shell. De smalysis assumes that
the cask is in its normal spright shipping position and that the botte of the |

cask sees sa ediabatic surf ace. It is further assumed that the payload withis }

the ensk is evealy distributed. The relatively low assamed decay heat rate of
,

95 watts seems that a change in this assumption will act have a serious ef fect f

or the peak temperature distributions.
L

!ne internal s t ruct ur e within the package was not modeled. Instead, the
|

transfer of her t from the perload to the inner vall of the cask was modeled es i

a simple heat input to the interior vall modes. t

f
;

iBest transfer through all other portions of the cask structure was calen1stedi

seing a combination of conduction and ' gray-body' radiation heat transfer. [

ne heat transfer across th. air g ap s within the cask (e.g. be twe e n the |
.

t hermal sh ie l d ar.d the cask, cask lid, etc.) was treated as radiation pins 3

|
pur e condu c t ion, since the Grashof number is below that for which free convec- .

|. tion ocent s. An exception occurs for the air gap be tween the cask lid and the

thermal shiel d (i.e. node 84) when the cask is in a hor izont al orient a t ion. I

such as occurs for the hy po th e t ical accident s ce na rio (see Section 3.5). |
Under the se conditions the heat transfer across the gap was treated as radia- !

tion and free convection within an enclosure.
,

!..
,

ne free convection of heat from the exterior surf ace s vos computed as a func-
tion of temperature and orientation of the surface using standard equa tions i

f or free convection f ree cylinders and vertical or horizont al surfaces. See

Appendia 3.6 f or the specific equa tions used in each ca se.

.
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I

i

|
t

3.4.1.2 Test.Redel
|
1

i
I 'This acetion is not applicable, as ao thermal testing was performed for the

NsPae stode! 10/14018..

I

3.4.2 $alaam Tpanoratares

i

The assisen temperatures noted for Normal'Conditicas of Transportation (i.e.
1004 ambient t empe ra tt.r e , s ol a r in s ol a t ion, and 93 decay heat loadias) are

pre sent ed 8.1 the f ollowing table for the asj or component s of the cask. Se e . !

Figures J.4.1-1 and 3.4.1-2 f or the loca tion of the various mode s. A complete

|,
listing of nodal t emperature s is pro ided in Appendiz 3.6. |

It

A point to be considtred when rev fewing the i trature Irrels in the table

below is that the tsistively long time constant of the feas impa ct limit e r s j

|
(i e . 5 0+ hour s) seems that the steady-state tosperatsres are conservatively . j

f
| high. This is due to the fact that the impact limiters will isolate the cask

component s f rom the ef fect s of solar insolation such that the cask t oepe rs-
tures will net reach a steady-state condition during the typical daily ambient

|'
' thermal cycle.

i

I

1 |

| \
;

!Ir
'

;
E

e o

!

!
i

|
|

1
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Mas. Temperatures for MsPee Model 10/140m'

,

Normal Conditions j+-

!,.

\

Locatios Node Number Temperatere 'F ,

t. |
j..-__

i i
:'

Cesk Immer Shell 10 127
r

30 1M ;

130 128 ;

Le ad Sh f ol d 14 127 [
34 128 }

'

134 128

i.

Cask Oster Shell 16 127 -

7

36 128 [

136 128
,

t

Cask Lid 40 133 .

46 130 !

i

! Cask End Plate 14 0 129

144 129 >

!
!

Se al s - Lid 42 133 i

i
,

[ - Cover Plate $8 129 :

f- End Plate 158 128

!

: Thermal Shield 70 122 }
;

'

80 170
'

181 129 ,

|' lapset Limiter Shell 77 174 |

| 75 119 ,

:

,

&

:
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Mas. Temperatare s for NsPse Model 10/14005
,

Normal Conditiosa

(Costissed)

Loestion Node Numk r Temperatare 'F
.

1spect Limiter Foss 69 169

67 159

6$ 1$0

63 144

61 135
'

68 1 19

66 121

64 123

62 127

Tie-Down Lug 72 114

3.4.3 Mini ana Tenee ra tur e s
j

The.minisam t empe ra tur e di st ribut ion for the NnPac Model 10/140MI cask will i
,

occur with no de cay he a t load and an ambient air t empera ture of -4 0'F (pe r 10

CFR 71.71 ( c ) (2 ) ) . Since tt;e steady state analysis of these conditions repre- I
,

avata a t r ivi al case, no c aput e r iz e d theras! c alc ula t ion s were pe rf orme d. j

0Instead. It was assumed that all cask component s vonld re a ch the -4 0 F t ee-

'perature under steady state conditions. This tempe ratur e is within the allow- ;

3 able ' range of all ca sk couponent s. As a further potential initial condition !

^ 0f or normal or accider;t events, a -20 F ainians uniform t empe rature was also <

con sidered pe r 10 CFR 71.71(b) .

1

3.4.4 Masisus Norsal Condi t ion Int ermal Pr es sur e
1

Internal pressures in t he NcPa c 10/14 0MB a re af fe ct ed by thre e physical
ef f ect s. First. ga s law s predict that pres s ure s in a fixe d vol ume a r e propor-
tional to the absolut e t empe rature of the ga s. Second. see anticipa t ed pay-

3-12
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!
l
!

!. leads which vos14 he shipped in the 10/14013 eshibit some gas evolution when j-

sabj ected to a samma fles. Finally, a chasse is temperstare voald change the
1

i vapor pre.sare of water, as that i f small amosat s of wa t e r a re pre se nt in the i

package, the internal pressare vos14 increase sesordingly.

I

|
Fr om th e dat a pre se nt e d above, it can be seen that the highest inner surface I

tamperature predicted on the lid of the cask is 183*F (mode 40) while the I

remainder of the cask inner surface averages abost 128'F. A weighted everage

of the inner surf ace temperature can be takes as s mesas of determining the

! ges law and vapor pressare ef fect s on the internal pressare.
|
'

|

The inner surf ace area of the lid can be approximately est

|
1

n(33)2 , 34 3 33,2 j

l
1

The reasinder of the internal surf ace area is: 1

I

n(33)2+2n(66)(73) = 18557 in2 j
1

1
i

So, the avera ge t empera ture : {

(133(3421)+128(185$7))/ (3421+185$7) = 129'F

Some assumptions rega rding the amount of free space present in a loaded con- |

t ainer anst be made. A typical payload configura tion i nv olve s a inner waste |

container (most likely a High Integrity Container, or BIC) filled as auch as !

practical with fon exchange re sins. Operational requirement s dictat e tha t the

HIC may be fillsd no more than 8 to 10 inches from the top. In addition, the*
.

| HIC typically is de signed with a t least 1 inch of clearance on the sides and 2 |
inches between the top of the BIC and the top of the 10/140 2. For purposes !

Iof cales1 sting the int e rn al presscre, a s s ume a void space equivalent to the i

sum of an 8 inch high cylinder the entire diameter of the cavity, and a one

inch thick cylindrical sh ell the length of the restainder of the cavity: J

3

\'v o i d = n ( (3 3 ) ( 6)+ (7 3-8) (3 3 -3:: )) /1728 = 23.5 2 f t

|

1
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His volume somservatively ignore. the interstial volume inherent la the vaste i.

fore, deostering plumbias internal volume, and the volume of the domed sesor i

da ry lid de si gn.
I
,

The noosat of ga s generated may be estiasted by assasing that the entire [

volume of the 10/24015 mot consted as void spese is filled with los-esabange j

resias. BNL-NTREl-51565, p. 27, indicates that the gas generettom rate of a
typical ion-exchange media esposed to a gasse fits is 1.59 5 (10)~8 3ss /grertad.

Conservatively assume an average gassa flas through the resia of 300 R/hr (see -

Section 5). |

The volume of the 10/14018 cavity is t

k

3n (33)273/1728 = 144.53 f1
'

,

i

So the volume of tesin is: ,

,

,

3
'

144.53-23.52 = 121.01 ft
' i

ne re sins may be assumed to be 60 lbs./f t.3 in density so the gas generation

! rate given abov: can be converted to British unit s: ,

l

3(1.5 95(10)~8 c c/ g r ant-Ra d) (4 53.6 g /lb. ) 60 lb./f t
34.341(10)~4 cc/f t -Rad=

3 3e c/f t -Rad)(3.5315 (10)~3it /cc)( 4 . 3 41 (10)~4
3 31.5 3 3 (10)~8 ft /ft -Rad=

1 *
.

The gas ge ne ra t ed assnming a 300 R/hr fins for one year can then be ;

c ale s1s t e d :

(1.533/10'8 ft / f t -Ra d) (2 21.01f t3)(300 R/hr)(24 hr/ day)(365 day /yr)3 3

'
34.88 ft=

i

!
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Y $ [! Sor app 1'ying the perfect pas law
.

!

>

,g. yip
I

V g
P V /Tp= Pg g/Tg'''

- gg jy', , ,

~ -i,

i

@ Pg = 14.7 psi,

3
Vg = 23.$ 2+4.88 = = 28.4 f t

.

; :('

)
g = 10'F = $30*1.T'

I'

Vg * 23.52 f t
g = 124*F = $84'R.i|

T
,

,1 .

( I;)

Solving for Pg 1
'

L 'j

p ;i > <]
4

g = P V T /V Tgg .

P gggL .j
P, = (14.7) (28.4 ) (584) / (23.5 2f) ($3 0) = 19.6 p si a, ,

'

1

| = 4.9 p sig.
,

E
,>

l, 1

.

Any water vapor pr e se nt m ay : b s assurnd to condense on the surface with the.
7;I

''
,

E Icmest temperature in the cavity. This temperatur e will be conse rva tively,

1

The interna 1 pressnee will increase wt. water is present by ]L0tate n' as 130 F.
the dif ference in vapor pressure be tween anzimum normal conditions and - the |

.
conditions at clo s ur e . Since the vapor pressure at 70 F is ' O.36 ps' at0

-

130 F ' it. ' is 2.2 3 p si, the pressure increase due to vapor pressure
;

0'

U}, . Therefore, the tot al pressur e incre ase, assuming a typical
's,

0.3 6 . = 1. i,7 p s i . s
1

payload, i s: '

.l
.

IL

|

,

4.9 + 1.87 = 6.8 psis, maximum normal condition internal pres sure.
a ,

.!

? 8

1

.

' 3.4.5 De rmg1 St re s se,,,,g l

Iky- in the large steci membsrs of the.

' Am' examination of the predicted temperatures
.10 /140M3 Cask reve als that throu gh-w all the rm al gradisat s are vir tna) 3y non-

existent.
Because u tais, and because the overall t empe ra tur e chante from'

the upper to l owe r t empera t ure lir\ts is very much less than from the lead
s e rv ice t empe ra t ur e, it seems clear

pour f abrica tion t empe4sture to the lowe st
|

that thermal stresse s per se sie negligil .nde r normal conditions.
|

[,i,. j
*

|
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3.4.6 Eval ua t ion of Pa cka me Perf ormance for Normal Conditions of Tramanort i

-

The component temperstares fosed for hoth the naminna and minimum normal l

t empers t are distributions, as described in Sections 3.4.2 and 3.4.3 ab ove ,
were all well within the allowable limits for the respective material (see I

Section 3.3). As input to Section 2.6, the minimum toeperstare for any cask
0

c ampone nt i s t e ke n a s -4 0'F, a nd the na zimum t raper s t ar e a s 128 F f or the ca sk .

1

cylindrical out e r w all, 133 F f or the lid, 130'F for the end plate, and as |0

i

169'F for the irpact limiter foon.
,

l

|

3.5 Broothetical Accident Thermal Evalua tion |

\
|
1

This section presents the thermal analyses of the NaPac Model 10/1402 Cask !
'

|

f or the hypothe tical fire accident condition specified in 10 CFR 71.73(c)(3). I
i

The s nit i al temperature distribution in the cask prior to the fire is taken as j1
'

that corresponding to the 100 F steady state condition without s ol a r in s ol e- f0

I tion as discussed in Section 3.4. This is in accordance with 10 CFR 71.73(b).
I

1

y To de termine the ef fect of a hypothetical accident involving a fire, the cask

|' is exposed to a 1475 F flee having an emissivity of 0.90 f or one hal f hour.0

After this time pe riod, the thermal bounda ry conditions are re turned to 100*F f

subi e nt a i r w rG t.o s un. The transient is then continued f or a t ime sut fi-
cient f or all t emperature s within the cask to reach their maximum values. All

thermal bounda ry conditions meet t ho s e s pe c i f ie d in 10 CFR 71.7 3 (c ) (3 ) .

1
|

.

|:
'

|' 3 . S .1 M rp_al Model

3 . 5 .1.1 Ansivtical Model
l

The analytical model used to evaluate the Hypothetical Acief c' int Conditions was
Section 3.4.1.1. except that the cask ras dividedsiellar t o tha t de s cr i -

into sis (6) circur" 6i al stations as show n in Figure 3.5.1-1. The node

distribution at ar f c um f e r e n ti al station is ide nt ic al to that shcyr in

Fi gur e s 3.4.1-1 a nd 3.4 .1-2. The distribution of the circunferential stations

3*6
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'e . was chost a to escarat ely model the extent of damage and to resolve the cirem-
,

forestial temperature distributions,

ne cask is assumed to have been dislodged from it s normal spr ight shipping
positier. and to be resting horisontally at the start of the ac cident tran-
sient, his assumption implies that the cask end is not esposed to the fire
conditions as opposed to the adiabatic conditions seen in the cask's normal
shipping orientation. His assumption also af fect s the free convection egas-

tions used for each surface. De thermal model also conservatively assumes

that the fire conditions will exist around the entire sarface of the cask.

. Ac * sis sivity of 0.80 was used for all caternal s ur f a ce s , while the cask ID
end OD surf aces remained at an emissivity of 0.25. Based on data in. References

>

3.7.2 and 3.7.7, the emis siv ity of the interior surface of the thermal shield
was raised to 0.60 during the 30 minute fire and then lowered to 0.40 daring

the remainder of the transient. This action sought to model the change in

emissivity of stainl e s s steel when it has ' been exposed to t empe ratur e s of

1500 F for as little as 1$ minut es.

Based on previons fire tests, impact limit er polyurethane fcan is assmaed to
0begin to char st t empera t ure s in excess of 400 F, but not support a IIame.

i

Therefore, the basic assunption for this analysis is that, although s om e f o am

in th e direct v i cini ty of the me t al surfaces will be lost, the ' bnik of ths
f oam will r ema in intact. For c on s erv a t i sm, the thermal model a s sume s that ,

three inches of foam in the vicinity of the impact limit e r shells is lost due >

'
to charring. The charred f oam is replaced in the theres1 model with an equi-
talent three inch air gap.

.

In adC t1o. to these a s s umpt i on s , thermal model modifica tions were f.t c o r-

porated to account f or the Hypo the tical Accident Condition damage. The

de tails of this damage are o4 scussed in Section 3.5.2.

3 . 5 .1. 2 Test Model

This section is not appl i c a bl e , as ao thermal testing was pe rf orme d for the

NuPac Model 10/140MB cask.

3-17
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3.5.2 Pac km as Condition s and Erirg.amn

Two hypothe tical . package conditions were esamined for the ac cident the rmal
e nv ir osse nt . The first condition represents nadamaged cask. This :ondition

serves as a reference against which to judge the eensitivity of ' the cask to

the damaged condition discussed below.

The second condition evaluated was for a corner drop followed by a puncture'
impact on the ares damaged by the corner drop. The corner drop i s con se rva-

tively assia:ed to result in the 0.D. of the impact limiter covering the lid

(; e nd of . the ca sk being cru shed inwa rd by approziant ely 12 inche s. This degree

of damage would reduce the normal separation distance be tw e e n the 1.D. and
'

O.D. of the impact limiter from 13.5 inches to ess utis 11y zero inches at the
centerline of the impact tone. Due to this narrow distance, it is conserva-

tively as s ume d tha t the p olynte th ane foam in the impact zone would be com-
l' pletely charred away during a fire transient. For modeling purposes. the

charred foam is replaced ' with air. In addition. it is as s umed tha t the pin !

puncture would t ear a 7.5-inch diameter hole through the' outer shell of the
impac: limit e r. The r ema ining por t ion of th e out e r sh ell of the impact

J imiter. as well as the entire inner shell. is assumed to romain intact. Note
that this simulted damage is a c t sal l y much worse than oc e nt e d during th e
quartcr-scale t es t which attempted to simulate this accident s ce na rio. Re f e r

to Ap pe ndiz 2.10.4 (Q ua r t e r-Sc al e Drop Test) for de t a il s . It is f ur the r

a ssumed that. following the free drop and pin punch, the cask would roll over
and e xpo st the damaged portion of the impact limiter to the fire conditions.

.

*
The line of impact limiter crushing a t the other circumferential stations is

illu s t r a t e d in Figures 3.5.2-1 and 3.5.2-2. Based on this s ch ema t 2 c . th e ,

thermal medel a s sumed tha t foam node s 69 and 67 would be crushed and node 65
would be charred a t the 4 5 and 315 de gre e st a t ions. The ca sk i s a s s ume d t o be

undamaged at the 75, 180, and 285 degree stations,

s

3-18
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FI0tRE 3.5.2-1 )'
<

,

,1 Damaged Impact Limiter Thermal Model
,
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3.3.3. Pac ka me Tannera tare a
!

*

;.

' ne assimum temperatures noted f or the Bypothetical Accident . Conditions des- 1

[:
:cribed' above are presented in the following table for the major component s of ;

the cask. In' addition, the initial ,sondition for the transient s, as described

in Section. 3.5, is also give n. A complete listing of nodal-temperatures is

provided in Section 3.6.2. In addition, Figures 3.5.3-1 and 3.5.3-2 illustra-
;-

to the ' temperature time hist ories f or typical ca sk locations f or each accident
condition, no initial accident condition temperatures were used in Section

event s. Spe cif i-2.7 as desist t emperatures in the analysis of the accident
8

cally, the impact. limiter foam is take n to be 105 . ,);

)

'I

Maximum Temperatures for NuPac Model 10/140MB ' Cask |'

Fire Ac cident

Initial No Corner /PJn

Loca t ion Node Condition Dama ge - Drop

,

Inne r Sh ell 10 105 338 341

30 106 290 302

130 106 203 206

Lead Shield 14 105 342 ?45

34 106 290 302

134 106 203 206

Out e r Shell 16 10f 35 0 352

36 106 291 302

136 106 203 206

| Cask Lid 40 108 130 125 1'

1 46 107 1 65 173
L

End Plate 40 1 09 2 04 2 05

144 108 255 255
t

Se si s
123 140

- Lid 42 - >2

'

- Cove r' Pint e 57 282 296

- End P1 ate .57 u 200 2 05

.
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<

.

Initial .No Corne r/ Pin*

Locatics' Node Condition Dama8e Drop

|i' Thermal Shield 70 104 1240 1241

-i , 80 101 1406 1415

181 1 08 1066 1066- t

-

Impact Limiter 77 100 1414 1395
,

Shell- 75 100 1417 1416 .

,

J

- - *
E Imps e t Liait e r .69 100 ,--

. ';Foaa 67 101 218 218** .

.s-
*

65 102 127 227H
,

l' '63 103 117 118** ,

!'
'

,

61 105 146 146**

(- 68 100 -- --

66 101 246 246** j

! 64 10.3 191 1918* |

|
'

62 103 22 0 22 0* * - ,

|- i
i

[
Tie Down' Lug 72 104 1342 1562 :!

|

|-

,

* - Mis sing Nodes Repre sent Charred Foam ;

L
" - Foam Nodes At Undamaged Section

.I
L ,

*
..

|
1

!
p

l'

(,

t

,

|,
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.+ i%m 3 y
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3.5.4 Maximum Internal Preuni.

,> >
.

;t

i

' ' J' ? As calent ated -in Section 3.4.4 above,' the maalama normally occurring internal
pres sure is .6.8 ' p sig. Conserve tivelf. asstating the . entire laternal volume is :,

at the highest ..tosaperature . predicted for - any node on the inner cask surf ace j

(341*F. a t mode 10), the maximon internal pressure may be calculated anlag' the ,

periest 'ga s. law:
.

1
"i'

P /Tg = P /T2 I

- <
.

3 2

.1

: As s um in g the initial t empe ra t ur e i s 70*F, the internal pr e s s ur e may .be i

' cal cul at ed:
i

i

(14.7 -+ 6.8) /(460 + 70) = P /(460 + 341)2

I

P2 = 3 2.5 p sia
17.8 psig 'l=

I
|

So, the maximum int e rnal pr es s ur e wh i ch could occur during the hypothetical j

accident fire transient is 17.8 p sig, l

I
a

3.5.5 Maximum The res! St res se s
1

I

|Through-wall temperature gradient s during the accident thermal transient event

0are never more than about 11 F from the inner steel sh ell to the outer shell |

in the center of the cask side wall. Fur the r , the bishe r t empera ture shell is

,.
4 the outer shell, so the shell s would tend t o mov e apart relative to each J

_
other, such that no thermal stres ses would arise due to the intera, tion of the

inner and outer shell.

|
1

In any case. thermal stresses ass.sisted with the fire transient can be

clas sified as se conda ry, di s pl a c e me n t limit ed stres se s. As limit s on s e co n- |
1

da ry stresses do not apply for accideut conditions (per Section 2.1.2), the
1

magnitude of the rmal stres ses during the fire tran sient are of lit tle conse- |

que nce and are not specifically determined herein. I

|

,

3-25

,

y - - - __ . - . . - .,.w., m-* .. . _ . , ~m ,____ _ . _ . _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _-



-

4

|-

i'

HmPse 10/140 3 , Rev. O July 1989
|
|

.

.

3.5.6 Eval ua t ion of Packnae Pe rf orma nce for Broo the t i c al Ac ci de n t 'Ihe rma l
'

co ad i t lon,g

I

Of the component temperatures noted from the transient analyses for the un-
damaged cast $c adi t io n, none orceeded the t empers tare limita t ion s of the

respective materials as defined in Section 3.3. The highest lend temperstare

0noted is 270 F h>1ow the melting point, while the highest seal temperature
|.

remains below 300 F. This temperature is within the estended esposare opera- I0
,

ting limit for the butyl rubber used in the cask 0-ring sentre

1
Similar result s were seen for the case of the corner drop with pin puncture i

0
damage. In thss case, the peak se si t empera ture was 296 F. Thi s t empe ra ture ,

together with the time of esposuie, indicat'es that the seals will not be ad-
versely af fected. I

!

In conclusicn, all. analyses indicate that no loss shielding or loss of c o n-
t a i nme n t w il l oci. nr e s a r e s ul t of the fire transient f or either the undama ged I

or damaged conditiots examined undst this study.

l

|
|

|
*

.
,

1

|
|

|

3-26

. . . . - . _ . --.-_ - _. _. --. _ ____ _ ____ ________ _ _ ______ ___ _ __ - -._ . _ - _. ... _



s.~ . .. . ~ .

r. . , . . - ,

' '# t

( ', ' r,', 4 ig} '
,

., ;f y
3'.J, i

'< -
' (, 3,

'
-

1 ,

1 's c * si , ;t
. g

i''

, Narno AS/1483 , Rev.- 0 July 1933 q
.- ,t ,

'i rg

;",' -

[;.:
4-

-
.

1

., 3.
, .

.i' I i?'r
r,,.

i.....
, \

.h f. .(, g

,s. . .

; k. . j.
-

i-

i

o i .. ,i -*

h AFFW SIX 3.6
- ),.u a s# ,r -

:'
,

,

w ,i

vi,i
.

s )
. '

W rmal Nede11ag Notes i'

1,,
*

-o,
, , ,

4 't I

I

f
c

'. I i k

(
i, n

'

'

. A. .|
.

.,'{ L .
.

L.
'

t\ e t

,

,''I /

, ,

f ;' t t

| '
i 1

|

1

i.| .' t k

t

|
'

e
.

I

s

Y

l
'

t. .o

*
1

s

i

I'

lc

(.. THIS INMRn!ATION IS NOPRIETART ;

i. ,ti-

;
,

| ''. s
,L

s

s
~

f. I

1 ^

1* r

t|- . c,:

* t

t

i

k

b

e
|

|
5

||
|+

i (

i1

|

| 1 <
'

e

Tn
4

*2

Is
t 3.6-1
!-

s ,|

b,
I I.# *

.. 6 t 4 t

,y' I

'',} i -"' iirj
* ' - ~ - ' - ~ . - e. , ,,. . , , , . , . . , . . . , , _ _ _ _ ___ ____ __ __ _



y t,, ~. - _._ _ -,_ .,
, ,

. ;y%; i,
~

. , ,

;(- ,,

t n 3.m . n . . - ial,1,., |

.

3.7 Reference s [

1. Rohnenow and Eartmett, ggjdhok of Beat Transfer,1,73, McGraw-Bill.,'
j,

'

2. Ge ne r al' El e ct r i c Es ad bo os of Esat Tr an s f e r Promerties, Jane 1976.

l' General Electric Co. Section $15.5. |

3. 'Estasivity Testing of Eetal Spe ci ae ss' , NaPac Coordination Sheet #CREM '

37 72, da t e d Ango s t' 21, 1986. A copy of this meno is attached.'

,

L 4. ' Rigid Urethane Foss Thermal Conductivity', letter report trea Nor thwe s t

| La bora t or ae a :o General Plastica. Tacoma, WA. La bora t o. report #E-

32611, dated March 29, 1985.

'd. Rreith, Frank, Pr inci el e s of Heat Transfer, 3rd Edition, . McGraw-Hill,:
t:

Table A-3.
.

6. Nucl ear Regul atory Commis sion,10 CFR Part 71.7 3.
,

f

I 7. Tb c reo chv s 1.c e l Provertie: of Metter. The TPP.C Data Se r is s. Purdue
I,

U nive r s i ty, 1970, IFI /Ple n na, New York and Wa shington..

|

l

| 8. Product Brochure for ' L A ST- A-FO AM ' , Ge ne ral Plastics Manuf a c tur ing

Compa ny, Ta c ces , WA. ,

9. Appe ndix 2.10.7 t,f 'TRUPACT-II Saf e ty Analysi s Repor t', Docket #71-9218,
..

'

1988.

1
1,'

|

i.
'

L
l
1.

.i

3.7-1 ,r

'

.

1, . - ,.. .- . - - . - . .. - . - - _.. . - .._-. .-__ __ _ -_. -

'



. . - . . - - . . .

'

,

't fI

HnPa0 19/1483 ,' Reva 0 July 1989 i
'

' *
c.

- y .

q
4. 0. CONTAINHEhT ,o,

P

c; 4.1 Cont a inment Bounda rr [- >

1
>

-

,

4.1.1- Cont ainment Ves sel
k i

r

The conta cet t b'oandary of NaPac 10/14018 is formed by an icner 0.75 inch
stainless steel cylindri-al shell, with ends f ormed from a -varying thickness 'I
of heavy stainless steel forged plate. The uppe r e nd pl at e, as well as, op- j

t io nally, the 1ower sad plate, f orm removable IJ s4 for loading and unloadish.' '

The upper end plate features a large se conda ry lid designed to allow loading

without removing the shielding capability of the prima ry lid,

1

f

4.1.2 Con t e inee nt - Pe ne t ra t io ns

For models without the bottom loading capability afforded by a removable lower
e nd plat e, ~ a t est able drain por t is provided to facilitate decontamination and
other. cleaning activities.

t

4.1.3 Se al s and Wel ds .

!

Each of the clos ur es a re egnipped with NnPac's EnviroSe al** (f or wnich patent

L protection is being pursued), which pr ov ide a ve ry high degree 'of sealing
capability while preventing damage from loading and unloading ope ra t ions in ;

t
the field. Each EnviroSeal a consists of a me t allic ring, with four 0-ring
gro ove s c ut int o it, two on each side of the ring. re twee n th e int.e r and.

,

out er 0-rings on e acn side, large hole s allow the free passage of ga s ses from
e i the r side of the ring. The ring is fixed in place by s cr ew s through the
ring. P ?anse the seal is fized in place, the sealing sarf ace s on the l ow e ro

half of the ring are prot ect ed f rom pos sible damage by the ring it self, while
the groc7e. on the top su: face are protected by the 0-rings. Th e s e al surface

on the upper lid is protected by being in a rela tively inac ces.ible l oca t io n ,

on the undersiJe of the npper lid. For the optional removable lower lid, the
tEnv iroSe al e stays with the lower lid, a n t' the seal surf a ce on the bottom of ,

th e side w all i s p:ot e ct ed by a dministra tive controls requiring that the side

4-1

tL ,

!. . . .



p. 7
-

.1;.

O . i.

[|
,' ',

Marne 10/149 5 , Rev. 0 Jtly 1989
,

!

..
. wall seal surf ace be kept from Maring' against asqr surface except the se al on

.

.the lower lid..
,

The seals are protected from the effects of normal and hypotbetical accident i

thermal scadstions by thick sections of self-satingt ',shing polyure thans foss.
The seal on the secondary lid is protected by e removable thermal shleid/psd, ,

and the. primary lid seals are protected by the impact limiters. The seals are
tested using helium mass spectroscopy to prove that the seals do not escoed akJ

' leak rate of 1'I 10~7 standard cubic continer es per secoM. The design of the ,

se als is such that a redundant se al is alvsys present. 'Ibe r e f or e , the se al s

provide an unprecedented level of security against leakage.>

,

P Prior to first u se, the cont a inme nt vessel welds s' s radiographed to show. l.

1

their ' integrity. Also prior to first use, the contaissent vessel is pressars'

t ested to 1.5 times its design basis pressure, pe r the . r equir ement s of ASE

Boller and Pressare Vessel Code Section III.
|
I
!

l
,

4.1.4 Clo s ur e
I
i

Closure of the containment vessel is ef fected by a combination of eight ASME .)
!

A320 Grade IA3 bolt s on each removable e nd , - a nd sist e e n ASME A320 Gr a de L43 |
,.

bol t s securing the se conda ry lid in the center of the upper pr ima ry lid.
Th e se d ev ic e s prov ide f or quick and secure closure of the cont ainment ves sel. ]

||

4.1 Ecotirements for Normal Cop!ficions of Transpor_t

*

Prior to eac' sh ipme nt of radioactive matsrial not classified as a Type A
.

quantity or Low Spe cif ic Ac t iv ity ( LSA) , an as sembly leak test meeting the
requireme nt s of ANSI N14.5 shall be pertormed to demonstrate proper assembly

the NnPac 10/140MB cask may be used to ship particulate andof se als. Be cau se

semi-liquid payloads such as dewatered ion exchany resins. ANSI N14. 5 may
r equir e that the cask be capable of being se aled to a 'le ak ti ght' condition,
or les s than 1 % 10~I standa rd cubic ce ntimeters per secord. This capabf?ity

shall be demonstrat ed annually, or whenever th e O-r i n g s , E-v i ro 5e al te ,gn,
,,

.-

other seni el eme nt s are changed or reworke d.

.t - 2
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,4.2.1 Release of Radioactive Material
7

| <

Section 2.61 above demonstrates that normal conditions of transport do not is- -!
'

part loads on any part of the containment vessel in excess of the Regulatory ;

G aide 7.6 design criteria. Because the containment vessel is equipped v Ath
ofNaPac EnviroSeals ', which. allow for minor flezare of the seal without los e

there shall be no release of radioactive material to the e orirot- |cont a inme nt ,' ,

sent in excess of the tested leak rate of the seals. This leak rate, dessed

to constitut e ' leak ' tight' conditions per ANSI N14.5, is extremely insignif 6-

L cent.- Assuming a pressure gr adie nt of one a tac sphere (14.7 psi), this leak .L >

| rate would result less than four liters of leaksse in 300 years.
|

4.2.2 Pres suriz a t ion of Conta inme nt Ve s sel

|

Section 2.6.3 addresses' the structural capability of the NuPac 10/140MB cask

f or normal pressure. That section demonstrat es tha t th e pr e s s ur e s pr e se nt for r

normal conditions will not reduce the ef fectiveness of the package design. j
1

1
'

;

4.2. 3 . Co ol an t Con t am i aa titg

so this section isThere ' are no cool ant s in the NuPac 10/140>B package de sign,

.not applicable.
1 1

| i
'

Y ),

l. .

4.2.4 Cool an t Loss i

I

so this section isThere are no coolants in the NuPac 10/140FB packs se de sign,
,

not applicable.
(

1 |

| |

l

1'
|

|
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4.3 Cont ain ant Renalrgquent s f or the livno t.he t ical Accident Condit iona
|

|, N

~

'
Section 2.7 above demonstrates tha t la all hypothetical accident condi t ions,
no significant . permanent deformation of the packa ge voeld be esperienced.

ta !assuring that the Es.v iroSe al s remain compressed. Because of the Env iro-
,

'

Se al a. s do n'21 e sided seal de si gn, the seal can tol era t e an estraordinaryt

amoun t of seal distortion without significantly af fecting the ef fectiveness of
fthe seal to remain within AN31 N14.5 limite defining leak-tightness. This is

well in escess of the leak requirements of ANSI N14.5 accident cr it e ria for
any possible payload.

| :

V

4.3.1 Fis sion Gas Prodo:t s ,

The NnPac 10/140MB paclage will normally contain negligible quantitles of-i
'

| fis sion gas product s.

!

I'
! 4.3.2 Rel . a ses of Cont e:1Ls .

i

Because the residual seal ef fectiveness following a hy po th e t ic a l accident is

l. the same as f or normal condit ion s of transport. there can be no rele ase of

radioactive materials in excess of the limit s defined in 10 CFR 71.
'[

|

-

.

:
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5.0 SHIELDING EVALUATION

This chapter will describe and quantify the shielding capabilities of the

<t NaPac 10/140MB cask. This is proeided merely as a guideline f or u se rs t o

evaluate the package for their partien1er transport needs. In all ca ses, a

radiation survey will be made prior to the release of a particular cask f or
shipme nt to verify that external radiatina dose rates fall below the limit s ]

se t by 10 CPR 73. )
|
1

5.1 Discussion and Resul.lf
.. |

|Be ca u se each sh ipme nt may include an indeterminate quantity of various 1. 0 -

topes, it is not pos sible to fully assess the e xt e rnal dose rate from eve ry
possibic payload isotope content and distribution. In many cases it is diffs- J

c ul t t o de t e rmine thi s inf ormation even f or specific shipasnt s. As a result,

shielding calculations have been per2ormed assaning that the source consists ;

entirely of Cobalt-60, an isotope casmonly found in power plant waste streams.
60The use of Co as e benchmark ca se for shielding is justified, since in most

sh i pme n t s , it is the presence of this isotope which controls the external dose <

rate.

I

Table 5.1-1 presents the e s t i ma t e d surface dose limit s of typical liners i

f ill ed with dewatered rssins loa ded to the ma ximum distributed quant ity . of |

u which would remain below 10 CFR 71 limit s. Ir. other words, a liner 'l60

60
loaded with Co resin showing a surface dose rate of that indicated wonid

causs a dose rate at the surface of th e 10/14 MB cask would not enceed 200
,

mr/hr. and ' the dose rate 2 meters from the side vi the conveyance would not

exceed 10 mr/hr.

.

5-1 j
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''4 TABLE 5.1-1 ;
6

'

.;.,

Dose (1/hr) :1,

t

; Total Col Csator At At 2M From Top, [60 '

Cur ie s . of Liner Line r Cask Side of Sarf a ce -
'

Sarface t ide' Cony.o ,

,, i

l'0.58 471.5 76.0 0.06 0 0.010 0.1826

1. . ,

P

t .i !

60. * 160.5 Ci of Co is equivalent to 2.5 watts
:
5

-(

i
r

i

<

64

0 .

1
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5.2 source sneef fication
,

,

1,-

5 .2 .1 Gamma Sontco

The potat-kernel method of cales1 sting shielding effectiveness was seed to

gene rat e the data pre sent ed in Table 5.1-1. It was assumed that the ganas

a' 60 '

source was Co saiformly distributad within a bed of dowatered resins com-

plately idlling a typical Enviralloy*" High Integrity Container sired specif-
60ically for the- NaPac 10/140MB model cask. The Co ponroe is assumed to omit

two gamma photons per disintegration, cas of approximately 1.17 NeV and the ,

o the r a t approzina t ely . l .332 NeV. De quantity cf 00 was det ermined by !60

scaling a unit quantity by that required to rema in within the.10 CPR 71
'

11alts. Sel f- sh i el ding is accounted f or by assuming that the re sin exhibit s
approximately the same attenuation properties as water.

i

i

5.2.2 jiintron Source ,

..

Since only negligible quantities of neutron emitters would be shipped within

the Series'B casks, no neutron sources were assnaed for this sh i el ding j
evaluation. |

|
:
J

'l

5.3 Mpfel Spe ci fica t ion )
1

I

5.3.1 De scr irt ion c f t he Radial and Azial Shieldine Configuration

/ 5.3.1.1 Ra d i al Shielding i
J

The radial shielding of the NnPac 10/140MB consists of a 0.75 inch inner
1

st a inles s st e el shell, a 2.25 inch le64 thicknes s, and a 1.25 inch thick outer |

sh el l . For the purposes of Table 5.1-1, the 0.375 inch thich wall of the

Env iralloytm High Integrity Container was included in the shielding model, as
1

well as the 0.5 0 inch thick top pla t e. 'Ch i s additional elenant of shielding |

|1s considered to be eart of a typical conf i gur a t io n. Figure 5.3.1-1 show s

s chema tically how the radial shielding is modeled. )
.
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!FIGLEtE 5.3.1-1
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a - Radial Shielding Model Diagram '
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5.3.1.2 Amial Shie h
;

- |

Asial shielding in the NaPac 10/14015 ca sk is provided by thick sta talo s s'

steel plates on each end, he plates have been sised such that the payload j

source which wesid 'just meet the 10 CFB 71 requirements for radial esteenal
dose rates would cause an esternal done rate through the end of the cask at or

U . below 200 mr/hr at the package top su.4 face. ,

I
1

i

5.3.2 Packame Remional Densities

The calculational me thod used f or this analysis requires that the ma s s de ns- |

ities and mass attenuation coefficient s for the various regions of the shield j

be known. De point-kernel build-up f actors are al so required. I
! |

1
Mass a t t e n ua t ion coef f icient s and build-rp factors are t aken from Re a ct or ' |

Handbook. Volume III, Par t B. Second Edition. Following the reccanmendation of |
I

N. M. Schaeffer in Reactor Shieldina for Entineers, the outermost ma t e rial
J

greater than two me an free paths thick is u se d to calen1 s t e the build-up
factor.

The ma s s at tenua tion coef ficient s and build-up f actors f or steel were talen to ;

be the same as iron. Le pro pe r t i e s of water were substituted in r e gion s
Ite signa ted as resin.
1

ne de n si ty of st e el is assumed to be 490 lbm/f t.3 while lead is assumed to be

|i 700 lbm/f t3 Resin is assumed to be 62.4 lbm/f t.3 ne attenuation of air is
.

.

conserva tively negl ect ed.

I

i
1

l

1
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5 .4 Shieldina Evaluation*

.i

..

he da t a pre se nt ed in Table 5.1-1 above was generated using standard point-
!- kernel techniques on a very 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 shonid be considered as . reference only. To

'assare compliance with the requirement s of 10 CFR 71, 's radiation sarvey' 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 Packa ging, Inc. to apply these
'

: t e c hnique s in an iterative f a shion t o the unique ge ome tric const ra int s of a'

H r ight circ ul ar cylindr ical sh iel d. The program, referred to as ' SAP' for
l, Sh i el d ina Anal y s i s Pronram, breaks up the sonrce term into discrete element s
|-

'each treated as point sonrces with no s el f- sh iel di ng. De a t t e nua t ion of *

o the r element s of the s our ce is not i gn or e d , how eve r, he a t t e n ua t ion of >

photons emanating from each discrete element is calculated, and the dose from
all element s are int e gra t ed (stanned) to arrive at the t o t al dose rate at a

.given distance from the out side of the shield. To speed cal e ni s tions, the

contribution to the cose- rate of element s of source far the r than a specified
'

number of mean free paths from the out side of the source are ignored. For the
i purpo se s of Table 5.1-1. ele:nent s more than 5 mean free paths from the source

O surf ace are ignored, since they do not contr ibut e significantly to the t o t al
external dose rate at the point in question.

.

The relative size of the elements of source is controlled by the user. In
,

ge ne r al , th e smaller the el eme nt s , th e mor e ac c ura t e the r es ult s , as in any
o

nanerical integration procedure. How ev e r , because self-shielding is ignored- -

within c alc ula t ion of the do se contribution of each dndividual e l e me n t , the
dose rate calculated is conservatively predicted regardless of the size of the

el ement s .

u
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i

The program eval uat es the .espres sion: jo
,
'

!

j

4nR |
Ig=SBesp(-}pt)O

l

where $g = Photon flax a't the point in question
S = Photon Generation Rate
B = Dose Build-up Factor

pt = Naaber of mean free paths thronsh material of i

mass attentation coefficient p and Unickness t

R = Distance from sontce closent to polat in question
,

for each element of the source and each source photon energy and ge ne ra t ion

rate. A running t ot al of the contributions to the photon fluz at the dose
point is kept for all element s les s than 5 mean free paths f r om the ed ge of
the source. From the above expression, it is clear that the other elements
will contribut e ve ry lit tle to the tot al fluz at the dose point.

I
r

The t ot al photon flus from each gamma energy level is then converted to dose
rat e by me ans of a st anda rd fluz-dose rela t ion from the Re a ct er Ha ndbook.

Tne program allows ei the r cy lindr ic al or i nf i nit e slab shields to be modeled
*

as well as cylinderical or rectangular source v ol um e s . It allow s point and

line source calculations as well. ,

*

The program has been benchmarked against ANYSN and QAD calculations as well as
a ctual me as ur ement s, with good res ult s. Compar isons show the SAP output to be

within 10% of other calculational methods, whish is well within the scenracy
of the point-ke rnel t echnique.*

.

As stat ed in Section 5.1 above, these calculations are presented as a means of

ap pr oxima t ing the ge ne r al shi el ding cha r a ct er i s t ic s of th e NuPac 10/140)3

cask. In ev e ry c a s e , the ca sh shonid be surveyed to de termine that the regu-

1 story dose rat e limit s are not exceeded prior t o delivery of the package to a
ca rrier f or transpor t. The dose rates and contents limit s susgested by Tabic

5.1-1 a r e no t inte uded t o be u sed a s a&ministra tively controlled limit s, since

many parameters not modeled may affect the actual me asured dose rate and p e r-
=is sabl e radioiset e pe q Lant itie s within a ny give n shipment.

5-7

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



, -

i

,

HnPse 10/1483 , Rey, o y ,3y i,,,

,

t
.

..

6.0 CRITICALITT

|

6.1 Disens alon and Resnit s

.

Recesse the NnPac 10/140NB package will not contain significant quantities of
fissile materist, this section is not applicable.

,

b

l'
,

i.
,.

1

j. .

-
.

.

1

r

l '

1

1
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7.0 ORRATDE It0MDRES

Ris section describes the general procedures to be ased for loading and as- !

loading the varions configurations of.the NaPac 10/1408 packa ging. |

|

7.1 Procedures for Leadina the Packame
|

De following procedure asaames that the cask is ta' the loading area assembled
in it s over-the-road configuration. he cask may or any not be on the vehicle

used to transport the cask over public roads.
,

I

i

7.1.1 Remove the Thermal Shield Cover from the top of the package. Resore

the ball-lock pins securing the top impact limiter to the cask, and remove the

impa ct limiter. Loosen and stor the closure bolt s which secure the pr ima ry
.t

lid.

7.1.1 Remove the lid by attaching suitable hooks to the primary lid lif ting

lugs. Ca r e should be taken during the operation so as not to damage the lid
tt o body int e rf a ce se al while setting the lid down. In spe ct the EmiroSe al "

plate for signs of damage or wear. ,

1

7.1.3 Inspect the inside of the shielded cask to assare there are no loose

article s within the packaging. Inspect seal surfaces on underside of lid and-

clean if neces sa ry. Ca ref ully clean the primary lid seal. Repisce 0-ring

se als at least once a year or upon signs of west or det e r iora t ion.

7.1.4 Place the disposable steel liner into the cask. If the liner is signi-

ficantly sm all e r than the int e rnal c av i ty of the cast, s uf f i c ie n t shoring
and/or bracing shall be trovided to insure the payload will not shift signifi-
can tly d ur ing sh i pme n t .

7-1
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7.1.5 Replace lid and sec ure it to the cask body using the closure bolt s. -

Torque pr ima ry lid bol t s to 455115 f t-1b torque. Repl ace top impact limiter

and' reinstall ball-lock pins. Install lock wire on all three impact lialter
,

hoist rings to preclude their use during transport.
,

h
;. !

7.1.6 If any loading of material is to be done through the secondary ope nias
,

in the apper lid of the cask, the seconda ry lid ant s should be removed and .

St ep s. 7.1.7 through 7.1.1) shall be perf ormed. i

i

7.1.7 The lug in the osater of the secondary lid asy be used to remove the

seconda ry lid f rom the cask. Care should be t ake n to avoid damage to the

se allas surface on the lip of the secondary lid.

'

7.1.8 Inspect secondary lid bolts for signs of wear. Damaged threads and

e xces sive corrosion shall be cau se for repla ceme nt of the se it em s.
tMe a s ure s should be t a ke n to protect the EnviroSeal a in the se conda ry lid

opening from damage during loading operations.

7 .1. 9 Load cask through s e conda ry lid. Replace s e conda ry lid and t orq ue

bolts to 2 00110 f t .-lb s . Ins t al l a t ampe r-ind i ca t i n g seal on the se c onda ry

lid.

.

I
7.1.10 Surv ey the loaded ca sk t o a s s ur e comp 11suce with 10 CPR 71.4 7. In-

i ' spe c t f or s urf a ce cont amina t ion pe r th e r eq uir eme nt s of 10 CFR 71. 81( 1) .

7.1.11 Perf orm an as sembly verifica tion leak-test pe r 8.2.5.1 or 8. 2.5.2,
as r eq ui r e d by AN SI N14 . 5 . Un di s t urbe d se al s ( t ho se which have not be e n

|
ope ned since their most rece nt leak test) need not be tested. This assembly

( verification t est sh all demonstrate tha t all tested se als exhibit leak rates
l e s s than 1x10-3 standa rd cubic ce ntime ters pe r second, and any le ak ac tually

7-2
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|

detected is less than 1:10-7 standard cubic eestimeters per second. The ses-'

sitivity- of the assembly verification leak test shall be 1 10~I sec/sec. I

7.1.12 Replace .the top lid Thermal Shield Cover and install temper indi-
cating deelce on at least one locking pin.

:

7.1.13 Inspect the package for proper labeling necessary to meet all appli-
cable regn1stions.

,

7.1.14 Using suitable material handling equipment, transfer the package to

the transport vehicle, if it is not already on the vehicle.

.7.1.15 Check to see that the Thermal Shield Cover lif ting Ings are covered

for transit.

7.1.16 Install a t ampe r-indica ting se al on one or more of the nyper impact
limiter ball-lock pins.

7.1.17 Se c ur e pa c ka ge to the transport vehicle using the approportate tie
down dev ice s, if it is not already tied down. If th e ca sk ha d be e n pr ev iou sly

secured to the vehicle, re-check all tie-down device s for proper security.

.

7.1.18 NnPac 10/140MB package s moy be equipped with bottom loading capability
to facilitate remote loading ope rations in fuel pools or other vaste storage

facility. The pr o c ed ur e s for coch operations are similar to t ho s e for top
loading in St eps 7.1.1 through 7.1.17.

7-3
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7.2 Procedures for Unioadina the Packane
)

7.2.1 7he regatronsat s of 10 CPR 20.205 shall be f olloeod whenever. Breater
1than Type A quantities of RAM are received. ;

;

7.2.2 Move the anopened package to the appropriate saloading area. Pla ce it
in a suitable valoading attitude.

.

7.2.3 Perf orm an exte rnal inspection of the anopened package.
,

7.2.4 Reauve tempe r-indica ting seal s f rom impact limiter ball-lock pins.

7.2.5 Re pe a t st ep s 7.1.1 and 7.1.2 in Section 7.1, above, for remering the |

pr ima ry lid.

!

f 7.2.6 Remove the disposable steel liner.
i

l

7.2.7 Af t er unloading the entire packa ge, the interior and exterior shall be

visually inspected to a s sur e t ha t it has not been significantly damaged i.e. ,
no cracks, puncture s, hole s or broken velds.

|'
1 . ..

1

7.2.8 The f ollowing configuration checks shall ts perf ormed af ter unlosding
1

and prior to any loading activity:,

|

|

7.2.8.1 Exterior name pl a t e s , stencils, pl aca rd s and other required
identification is in place and legible.

7.2.6.2 Bal l-l oc k pins, bolts and s e al s are in pl ace and in good

opera ting condit ion and free of de f ect s.

7-4
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7.2.S.3 All regnited doemasatation is ocapleted and retained / displayed
;

as specified by the rossistory satherity and the user. |
1

7.3 Prensration of an a==tv Paekane for Tramanort
i

Pr ev iou sly u sed , empty packages are headled por the requirment s of 49 CFR ,

173.427. <

J

!
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 'I

|

8.1 Ac cent ames Test a
!

The NuPac 10/14095 packaging shall be inspected and released for use by res-

possible operation personnel prior to loading. The following items ahall be
,

included in such inspection:
,

8.1.1 Before first use, the 10/140MB package shall be subj e ct ed to a

f abr ica tion verif ica t ion le r.k test of the entire cont a i nme n t bounda ry at
;

1:10~7 sec/sec.

8.1.2 All configuration checks described in Section 7.2.8 above.

,

8.1.3 he cask sh all be pre s sure tested to 1.5 times the nazimum 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 least
10.2 p sis. Following the pressure t est, all containment velds shall be liquid
pe ne t rant inspected in accordance with ASME Code, Section III, Division I,
Subsect ion NB, Ar t i cl e NB-5000, a nd Se c t ion V, Ar t i cle 6.

8.1.4 The integrity of the shield shall be demonstrated by means of a gamma

scan perf ormed on the lead-filled cylinder during the f abrication process, as ,
'

.

de s cr ibe d in Appe ndiz 8.3.1 bel ow.

!

t
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)'

|
L _. . _ . _ _ _ . . _ _ - _ . _ . . _ . _ ___ .__ .



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

i
;

Nurse 10/1483 , Rev. O Isly 1.989 -

.

8.2 Maintenance Fronran.

r

8.2.1 A good somad indust rial asiatemance program should be f ollowed to

assare the lategrity of the NsPac 1 0/140101 pac ka ging. Camposeate assh as O-

ring seals, ball-lock pins, and bolta shall be inspected prior to each see and

repaired or replaced as necessary. A leak test shall be performed when seals

are replaced or when damaged seals are suspected, he 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 mov 0-rings meeting

the description in the dr awin gs shown in Appendiz 1.3 eve ry tw elv e (12)

sonths (sooner if visible wear is detected).

I

8.2.3 Pr i ma ry l i d c lo s ur e bolt s must operate fre ely and ea sily. They shall I

be Inbr ica ted as required for installation, and replaced if necessary.
,

8.2.4 Any damaged or lost f astene rs sh all be replaced with equivalent grade

and strength as shown on the drawings in Appendia 1.3.

8.2.5 Whenever the 0-ring se al s a re repla ced, a leak test shall be co nd u ct e d

(see b e l ow ) . Regardless of condition. all 0-ring se al s shall be r epi sce d |
eve ry twelve (12 ) months.

]

8.2.5.1 The pa cka ge shall be leak tested utilizing a Maifs Spectrometer )

Le ak De t e ct or (NSLD) type test in accordance with ANSI N14.5
,

Section A3.8. The helium test gas shall be introduced to the

inlly as sembled pac kage through appropriate fit tings.

8.2.5.2 The leak test described in section 8.2.5.1 shall be pe rf orme d

at the Prima ry a nd Se conda ry se als and a t all por t s as appro-
priate f or t he pa r ti cul ar 10/14 0MB ca sk conf igur a tion. The
a c cept a n c e cr it e r ion sh al l be 1:10~7 sec/sec. Test se n s i t iv i ty

shall be approximat ely 5:10-8 sec/ sec.

|

8-2
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8.3 APPENDIX ;
;

APPEISIX 8.3.1 DISCUSSION OF GAIDIA SCAN PROCEDURE
?

!

Lead shielding integrity shall be confirmed vis samma seasning. There are two

samma sean techniques stilised. The mala difference is la the method stilised I

to determine acceptance criteria.

!

Both gassa sean techniques are essetly the same la all other respects and are ;

ocadseted as f ollows. '

An Eberline E120 probe or equivalent is used to scan the outer surf ace of the

cask wh ile an Iridiam 192 or Cobalt 60 source of s uf ficient strength is

present in the center of the cask. The source is first pieced on the bottom

of the cask while the surface is c:anned around its circumference parallel to

the source.. The source is then noved up a pr e-de termined distance and the

circumference s canned a gain. his sequence is repeated antil the entire ensk

aarf ace is scanned.

For these: test s, the ca sk surf ace is gridded (in this case the grid consists !

of 4 inch squares) and a chart is made to reflect the gridded cask surf ace.
,

Readings are taken from each grid square by scanning ev ery point in the grid ,

and recording the maximum reading in the corresponding grid on the chart.

This data then s e rv e s as the raw gamma sca n r e s ul t s. All readings are in

(- Milliroent sens (MR) .

The readings are evalua ted by comparing them to prede termined MR value s for-
.

mainal, or as de signed, lead thicknes s and nominal -10% lead thicknes s.

I The two dif f erent methods utilized to determine acceptance criteria are

discus sed bel ow.

1

1 The Laboratory Calibration Method utilizes test blocks of the ca sk wall made
up of le ad and ste el sh e e t s . The test blocks simuist e ncminal or as de si gned

and -10% lead thicknesses. Th e source is pl aced behind the test block at a

! dist ance equal t o the in side radiu s of the cask. The probe is then placed on

8.3.1-1
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the out side of the test block and readings are taken. his sequeses is; .

repeated on the nominal and -10% test blocks and the data is recorded.
,

!

t

The roamitant valsea are thea averaged. A ratio of the valses is al so de-
|

veloped. The n the average valso is asitiplied by the ratio. The valso so

derived is the manians acceptable valso for the shielding to be inspected.
;

|

An optional Laborat ory Calibration Method can be stilised in lies of the

lead / steel calibration mockup method. In that case, calculations are ran to

establish accept ance criteria.

,

To do this, compiled source power data and a t t enta t i on characteristics data

.for steel, lead and distance through air are utilized to c alc ula t e the ex-

pected readings at the cask surface. The cal cul a tion s al low for different

source powers and are corrected f or nominal and -10% ahielding confisarations.

The f ollowing exce rpt from NuPac Gamma Scan Procedure No. G5-001 is provided
to illustrat e the calcula tion Me thod of Laboratory Calibra tion:

1.1 The nominal and -10% shielding calibration MR readings may be obtained

via calcula tion as an option. Rese c alc ula t ion s shall be performed as

f ollow s :

1.1.1 Data and transmission charts found in the Tech / Ops Gamma

Ra diography Ra dia t ion Handbook sh all be ut il iz e d. Co pie s of

the handbook can be obtained from:
.

Te ch/Op s. Inc.s
,

Radiation Product s Division

40 North Avenue ,

Burlingt on, Ma s s. 01803

1.2.2 At t a chme n t A. Table 2. ' Sele ct ed Ra diois o t o pe Data' f r om the

handbook shall be ut il iz e d to obtain s our ce pow e r da t a. (Copy

of Table 2 included a s At t a chment A. )

8.3.1-2
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1.2.3 Attachment 3 fissres of the headbook shall be stilised to, -

det e rmine the attensation of Osama Rays la the skioldf ag so- ;

terial s stilised in the eask to be inspected. (Copy of typieel

figures inelsdod as Attsohasat 5.) j

.

1.2.4 The f ollowing is an example of the solcalated calibration

method using Cobalt 60:
,

EIAIDLE
,

Ca sk 0.D. 4 8 in. Ca sk I.D. 3 6 in. I.D. b all 0.5 0 in. O. ' . Wall 0.5 0 in. FeD

!

1,ead Shielding = 5.0 in. Le s s 10% le ad shielding = 4.5 in.

;- Total Fe shielding = 1.0 in.

210 R/Hr at 12 in. (usingSoarce Cobalt 60 attength 15 curies 14.0 =

| At t a chme n t A) ,

i

(210s(12)2 (24)2=52.5). This/210 R/Br a t 12 in. = $2.5 R/Er a t 24 in.
won 1d be the out er surf ace of the ca sk,

i

i

52.5 R/br at 24 in. reduction f actor for 1.0 in. Fe 0.5 8 = 30.45 R/Br.

j '- 30.4 5 R/Er a t 24 in. x reduction f actor for 5.0 in Pb 0.0009 = 27.4 mR/Er.
'

30.45 R/Br at 24 in. x reduction f a ct or for 4.5 in. Pb 0.00185 = 56.3 mR/Br
| (using Attachme nt B) .
1
'

,.

De sign thicknes s reading at ca sk surf ace = 27.4 mR/Br.-

De sign thicknes s re ading les s 10% Pb = 56.3 mR/Br.

The following is an example of the calculated calibration method using Iridium
192:

.

8.3.1-3
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C Cask O.D. 48 in. Cask I.D. 46 in. I.D. Wa11'0.25 in. Fe 0.D. Wall 0.25 in. Fe
e

Lead Shielding = 1.5 in less 10% lead = 1.35 in.

Tot al Fe Ehieldias 0.50 in.

'
Source Iridium 192 50 curies 5.9 = 295 R/hr at 12 in. (asing At tachme nt A) .

295 R/Hr. a t 12 in. = 73.75 R/Hr a t 24 in. (295 (12)2 (24)2 = 73.75). !/
This wonid be the out er surf ace ' of the cask. '

,

73.75 R/Hr at 24 in. z Reduction Factor for 0.50 in. Fe 0.55 = 40.56 R/Hr.
4 0. 5 6 R/ Rr. x Reduction Factor for 1.5 0 in. Pb. 0.0024 = 97.4 mR/hr. ,

40.56 R/Hr. x Reduction Factor for 1.35 in. Pb. 0.004 = 162.3 mR/hr. (using

At tsches at B.)
P

Design thickness reading at cask surf ace = 97.4 mR/Hr. |

De si gn th ic kne s s re a din g l e s s 10% of Pb = 162.3 mR/Br.

F

The calenistion values and methods are besed on da t a . dev el ope d . d ar in g i

approxima t ely 300 actual calibrations utilizing the lead she e t / st e el piste
sandwich technique described in Rev. 4 of the ref erenced procedure.

Additional correlation has been provided by the use of established attenuation 1

value s obtained from the various figures found in the Tech / Ops Radi ation- - .

Safe ty Ha nd bo ok. This reference s our ce is a recognized st a nda rd d oc ume n t

utilized throughout the NDE industry. This information, together with

NnPac's, e xt e n sive l a b or a t ory dat a enabled NnPac t o develop the e nrrent

optional calenistion method of laboratory calibration for gamma scan.

The calc ula t ion me thod pr ov ide s a greater degree of acc uracy and correlation
to the actus! ga mma s ca n conditions pr ese nt in a typical ca sk than the lead
and ste el plate setup used in the past. It also reduces o pe r a t or e xpo s ur e

,

during the calibration phase. The resnitant calibration vaines f or accept ance

8.3.1-4
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of the lead shield are, in fact, slightly more ' conservative and therefore
,

assare a greater margin of safety for the shield. |

The resaltant improvement in the calibration of gamma scan acceptance criteria
provides greatly improved accaracy and repeatability, l

I

To 111astrate this accuracy, correlation and conservativeness, the calibration
data for a typical NaPac 05-142 (C of C No. 9073)' gamma sean was rerun using j

the calculation method of Laboratory Calibration. De original calibration

technigne for this cask had been the lead and steel sotop method.

The correlation between the two Laboratory Calibration methods la essentially

ide ntical . ne variance ' An the acceptance critoria between the two methods is

from .3 mR in the acminal to 1 mR in the -10% vaines. This equals to more.

than 2% variance be tw e e n the Pb/Fe and calcul ation me thod s of Laboratorv
Calibration. The dif ference in percentage (DIFF, %) be twee n the nanimal and
-10% values for the two calibrations is also very close with the Pb/Fe at 64%

and the Calc at 63%. The calibration result s f ollow: .

SUMMARY OF GAMMA SCAN ACmPIANCE VALUES - NnPac OH-142 (C of C No. 9073)

'

Source Type Source Strength Calib Type Nominal Value -10% Val ue Diff

( c ur le :) (1) (mR)(2) (mR)(3) (%) (4 )

Co6 0 11 Pb/Fe 21.5 33.5 64%

Co60 11 Cale 21.2 33.4 63%

NOTES:.

.

1. Pb/Fe = Laboratory Calibration using lead and steel sheets to si mul a t e
the casi vall. Calc = Laborat ory Calibra t ion u sing the c alc ula t ion

method.

2. Nam in al Val ue s is the calibrat ed acceptance vaine expected if the lead
and ste el thic kne s s mee t the de si gn r equir ement s.

8.3.1-5
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3. no -10% value is the calibrated samma reading exposted if the'1oad
,

thic kne s s is 10% less than that regaired . by the de si gn. The steel l

thickness is assumed to be at the masiaal. This reading will be large r )
than the aceitaal re a dias. No reading above this value daring notaal

,

samma soon inspection is acceptable. 1

l

f
s

4. DIFF (%) refers to the percentage' of dif ference between the Nominal and

-10% vaines. A variance of approzinately 5 to 6% between the r.cainal- and, ,

-10% values of separat e calibrations is normal. his is attribatable to

dif f ere nce s in ' lead density (ca st vs. rolled sheet), accaracy of meters
and related equipannt, as rolled steel thickness variables, etc.

The Field Calibration Method utilizes a spe ci al ly fabricated test lid which

incorpora t e s a hol de r for va riou s lead and st e el she e t thic kne s se s. This

fixture is installed onto the cask to be scanned. The test lid is then set up

to sinnlate the nominal lead th ic kn e s s, and the source is placed below the

test lid in the cast at a di st an*ce equal to the inside radius of the cask.

Readings are the n t a ke n. The test lid is the n set up to recreate the -10% ,

lead thickness configuration, and readings are again taken. ,

i~
,

Other readings are the n t ake n in 1/8 inch lead thic kne s s increment s be twe e n
and beyond the two base readings until four to eight readings are obtained.
The da t a is then plotted on a chart of readings versus lead th ic k.ne s s. The

value for nanimal lead -10% is then utilized as the nazisua acceptable reading

during the actual samma scan.

|

|
,
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TABLE 2

SELECTED RADIOtSOTCPE DATA

Ra cio. isotope Matt;ite Pnnc::al Pncton 5:ee:fic Gamms Ray Constant
Energies nev) Rthe per cune ,

et 1 tcct at 1 mete? i

EE2 34 0.02 i
Cesium''' *0f.

. C::a't** 5.3y 1a 73.1332 14.0 y 1.30 ;

inc:gm'a 74:| 311.4ES.60' . p 0.!!*

herram'n 34c 4 ys 0.015 0.0014

c
/k:: ' 63.110,131 1.35 0.i*!.'**Y::e

C 177.195 302 ,

im x rt.ys
,

A-e ca- %4 tie a: sta :ar:: rsuute staaca c sc as:rce:see s=e we cf
c 4= ~+rc re iae 3:ecie ;smma , c:esiant ter irie wm ise'

.

r

|
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The NsPac 10/1405 shielded shipping cask is designed to the Type B criteria ,

of 10 CPR 71. The criteria also places certain requirements for asseptance of
the cask during f abriestion and after in-servies ses1 asistemasse. A major |
requirement pertains to aceeptable leakage past the eask seal s. The scoop-

Itable leak rate for the seal integrity test is 1s10~7 ste-em /s or less based
i

om dry air at 25'C. He requirement is delsseated la detail in ANSI N14.5,
1Aakage Test s on Packages for Shipannt of Radioactive Materials.

The accepted asthod for ascertalains leak rates in the 1s10~7 range is via a '

Bellum Mass Spectrometer Snif fer or Spray test. This test is described in
ANSI N14.5 and is stilized for all se al integrity acceptance tests on the |

10/1404W cask prior to first use and af ter any seal maintenance or replacement

after the cask is in senice.

The test stilizes helium ga s as the detector medium and a calibrated holine
snif fer or probe as the detector. The helium snif fer or probe is calibrated

against a standard leak simul ator that pr oduce s a know n leak rate. This

device is traceable to the National Bureas of Standards.

The interior cavity er seal area between the redundant se al s is evacua ted to
an indicated pressure below one atmosphere (vacuum). A special test port tool

is utilized f or the evnens tion. Af ter the evacuation, the speci al test port

tool is adjusted to allow the helium snif fer or probe to monitor the evacuated

area between the se al s. H e exterior of the cask se al area is then loosely

e nveloped to trap helium gas injected into the enclosed area. If a ny leaks

greater than 1x10'7 sec/see, they will allow the helium to migrateare present

f r cun th e po s it iv e e xt e r ior pr e s s ur e to the nega tive interior pres sure. Thi
*

j

1eak will allow the helium to then be monitored by the helium leak probe. The
|

equipme n t which monitors the probe's input will indica t e when the leak rate
exceeds the preset acceptance level. Addi t ional ly, the seal in the 10/14 010

tes t port s are al so t es ted to 1 10-7 scc /sec or less. This is done after the

main cast se als are tested. The void between the main se al s is flooded with
hel ium at one atmosphere pressure and the test port i s then se al ed. The area

on the out side of the test port se al is evacuated using a special tool and the
h el ium de tect or is exposed to the evacna ted area. If a leak is pr ese nt, the

I le ak det ector will so indicate. If the leak detector indicates a leak rate of
i

8.3.2-1
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1 10'7 sco/sec or less, the sosi integrity of the 10/14018 cask is asseptable
,

and the test has been completed saccessfally.
,

,

Eowever, if the leak rate exceeds the aseeptance criteria, the test is stopped
4

and the cask' seals are re-inspected for proper site, sendition and installa-
' tion. De test shoald be repeated no more than three tiass. If the seal s do

not pass on the third attoept, a Qaality Discrepancy Report (Qtt) is prepared ,

and sabeitted to NaPac QA and Engineering for disposition in accordance with
the rossiressat s of the NRC approved NaPac QA Syst oa.

.

1
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9.0 QUALITY ASSEMLG

he NaPac 10/140MB Cask has been designed and will be fabricated by Nuclear

Pa cka ging, Inc. , (NuPac) Fe de'ral Way, Washington. The Osality Assurance''

,

Program used for the design, f abr i ca t ion, assembly, testing, use and ma in-
tenance of the NnPac 10-140 cask satisfies the eighteen (18) crit eria of 10

CFR 71, Subpar t I in it s entirity. NaPac's Quality Assarance Program meeting
these criteria has been submit t ed to the United States Nuclear Regulatory

Camis sion and has been awarded Approval Naber 0192, Revision 2.

In addition, the QA program and the implementation of it during the design and |
fabrication phases will adhere to NnReg Ot-3854, Category III requirement s.

'

A synopsis of the Pacific Nuclear Systems, Inc./ Nuclear Packaging, Inc.

Quality As surance Program f ollows:

9.1 Introduction

!

Pacific Nuclear Systems, Inc. (PNSI) has developed a quality pr ogr am to (1)
assure tra ce ability, and (2) control the quality of all materials and proce s-

ses utilized in the prodnetion of radioactive shielding, casks, c ont a in e rs ,
and o the r equipme n t pertaining to shipping packages for irradiated fuel, high

[ level waste, and pl ut onium.

A Quality Manual delineates requirement s and procedures nece s sary to exe rcise
co n t r ol over design, doc ume nt a t ion, p r oc ur e me n t , material, f abr ica t ion,*

.

inspection, ope ra t ional testing, e quipm e nt ope ra t' ion and use, ma int e na nc e ,

| repair, modifica tion, i nve n t o ry, sh ipme nt and quality data retention.

|-
The PNSI Quality Program is implemented by Quality Procedures which are de-
signed and administ ered to meet th e 18 cr it e r i a of 10 CFR 71, Subpa r t H. The

|
Quality Program is impl eme nt e d throughout the company and its s ub s i d i a r ie s ,
ne Sub s i dia r i e s include: Pacific ht ele a r Systems, Inc., hb c le a r Pac ka ging ,

I Inc., NuPac Leasing, Inc. , and Pacific Nucl ear Systems and Service s. Inc.

.

9-1
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9.2 Descrietion of the PNSI.10 CFR 71. Subma r t B Quality Prorran

s

*

9 . 2 .1 ' Ornanization

' Psil resposiribility for the Quality Assurance (QA) Program adherewe to 10 CPR
71, . Subpar t H cr it e ria rest s with PNSI. Quality Program activities include |.

calibration of messaring equipme nt, non-de s trac t ive esamination (NDE), .and.

materials testing. PNSI surveys and qualifies all organiza tion s pe rf orming ;

these services to assare adherence to the 18 criteria prior to theirtuse. All

other quality activities are perf ormed by PNSI quality personnel. How eve r,

.

the responsibility of the control of quality in the other organizations con-
l,

tinues to rest with PNSI.l

;

PNSI's President has in11 authority over all functions of the company, and

dele ga t e s authority and responsibility for s el e ct ed functions to other ;

personnel within the company. i

The administrative function includes financial, legal, and ma rk e t in g

a c tiv i t ie s.

Procurement de pa r tme nt pe rs onnel perform purchasing a ct iv it ie s and maintain

supplie r pe rf ormance re cords. Th e Engineering Departant is responsible for e

rese arch and developcent of shipping container t echnology, design of casks for
licen sing and f abrica t ion, and de sign doc ument a t ion.

,

The PNSI Quality Department has suf ficient authority and organizational free-
.. *

dom to ide n ti fy quality pro gr am s , impl eme nt c orr e c tive action, and verify

corrective action ef fectiveness. )

:
'

Additionally, the Quality Department is inde pe nde nt from ether organizations
within PNSI and report s directly to the Pr e s i de n t of PNSI. The Quality De- I

p a r tm e nt is headed by the Corporate Quality Director who is responsible for
th e d evelo pme n t , impl em nt a t ion, and administra tion of the entire PNSI Quality j

i
1

|

l

9-2
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Pro gr am. He must have sufficient expertise in the entire field of Quality to j.

enable him to direct the entire quality function in close adherence to the 18 ]
'

' criteria of 10 CFR 71 and the PNSI Quality Manual. Responsibility for

develope nt of quality acceptance requirement s, inspe c t ions, and NDE ac t iv i-

ties rest s with the Corporat e Quality Direct or. It is his responsibility to I'
,

delegate and evaluate the performance of all quality reisted tasks f or PNSI I

' through the authority of the pre sident.
6

l

It is delineated in writing through the Corporate Quality Director that ;

de si gna t e d QA pe rs onn el have the a ut hor ity to prevent the continued
'

processing, f abr ic a tion, installation, or delivery of unsatisf actory work.
i

This a ut hor ity also e xt e nds to the quality monit oring of special processes
utilizing PNSI equipment, personnel and procedures such as vaste processing,
in-se rvice inspections, e tc.

.

Production responsibilities include s cheduling or in- se rv ic e inspection and
, . -

a dm inis t r a t io n of all f abr ica tion a c tiv it ie s , both within PN SI and at .

.

qualified suppl i e r s. The shipping and r e c e iv in g function is al s o the ;

responsibility of the Production Department.

.

On- s i t 6 a ct ivit ie s such as waste processing, in- s e rv ic e inspections, e tc. are

a dm i nist e r e d as a j oin t effort of the o pe r a t ion s and engineering pe rs onn el . .

Quality supports these act ivit ies wit h writ t en procedures that pr ov id e
ne thods , process con t r ol . and chec k point s. Inspection pe rsonn el pe rf orm f

monitoring activities and verifications of regulatory, contractual, and tech-
nical r equir ement s during the se opera tions. ,

.'
. .

The Corporate Quality Director and all other quality pe r s onnel and/or
or ga niz a t ion s w ith in , or utilized by PN SI , are in117 qualified for th ei r
quality responsibilities. Ous11fication records are maintained in the PN SI
Quality Record File.
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