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4.4.5 Lower Uranium Support Ring

-/
Under top end impact the lower uranium shell is held in place by a
-5 Inch thick retaining ring which s welded around the containment
vessel shell.
Side View
2
U Retention Ring
M .4375
e—- D
Inner 1 i
Shell ‘ i
BN AN
N ‘1
\\ \\\ » L
b\’\\/— Uranium
R=23.25" __ ] ,
\x u
T F= W(g)
W =5,170.55 lbs.
F=230(5170.55) = 155,116 1bs.
N
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Bearing of uranium on retention ring:

Agy = 7T7(25.252 - 23.252) = 304.74 In.2

= P/p = 185,116 _ ¢,
UBr A —'—-—304.74 509.0 psi

Bearing strength allowable for uranium at

382°F = 0.9 x 58500 x 1.5 = 78975 pst (Sect. 1.1, 1.2)

78975

I. - =
M.S 508

-1 = 154

Ring deflection:

During impact, the ring will deflect slightly to allow the rigid
uranium ring to place the full load on the weld (}) at the inner
shell region.

Area of weld = 27TTR (T) = 2 (23.25) (77) (.25) (.707)

Area of weld = 25.82 in.2

0s = £ - 155,116 _ ¢, 007 psi
A 25.82

Allowable shear stress (.6 Sy5 = .54 S,) for 304 S/5 at 382°F From

Sect. 1.1 under noncontainment structure and Sect. 1.2 equalsto

.60(54450) = 32670 psi

32670 _
M.S. = 6,007 - 1=4,44

Stresses in the inner shell applied by the lower uranium support

ring under top end impact is calculated In Sect. 3.8.
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4.4.6 PWR Spacer Plug

Basic Configuration:

The Spacer Assembly consists essentially of ten (10) square block; maintained
in spaced array by a circular ring and a diametral plate. Each block extends
downward into sleeve to pick up the corners or "Hard Points" of the Fuel Ele-
ments. Fuel Element loads will be‘transmitted to the square aluminum blocks

and thence to the circular ring or plate in compression.

The spacer has the ability to sustain Impact Fuel loads if the basket

contained less than ten (10) assemblies.

The Spacer System will be made from 6061-T6 aluminum with materia} properties

taken at an operating temperature under normal conditions of transport withou*"

auxiliary cooling. ~
Weights: WT_ Force at 30q
Basket = 7054 211,620
442,650
Sleeve = 7701 231,030
Fuel = 17000 510,000 (51,000 each element)
Total Impact Force = 30 (7054 + 770] +-17,000) = 952,650 pounds)
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Allowable Stresses for 6061-T6

Temperature of the Spacer is determined by an average of the Inner

plate of inner closure and the top end of the basket. (Ref. Sect. VIII -

Appendix D) =355 +425 . 350 0F
| > ‘

From Ref: 27, Figure 3.6.1.2.1 (c)
Table 3.6.1.0 (f)

Percent of Ult at temp. considered = 72%
Fry = 42,000 psi

Allowable tensile stress (Sa; = 0.9S, ) for A1.6061 T6 at 390 OF from-Sect. 1.1

under cask internal structure and Sect. 1.2 equals .72 (42,000) (.9) =
STA = 27,216 psi '

Allowable Shear stress (.6Sza = 0.54Su) for Al. 6061 T6 at 390 OF

from Sect. 1.1 under cask internal structure and Sect. 1.2 equals

Ssa = .72 (.54) (42,000) = 16,330 psi

Sbr = .72 (.90) (67,000) = 43,416 psi

Allowable Bearing Stress

Allowable Weld Stress In a welding operation, dealing with either a strain.

hardened or heat tempered aluminum alloy, it is impossible to reduce T6 temper
to 2 value less than O condition temper. Therefore, the computation of weld
allowables may use 0 condition: stress allowables as a conservative minimum in
the applicalbe equations. |
For the 0 Condition

FTu = 18,000 psi (Ref. 14)
Allowable Shear in Weld = 90% (.72) (.6) (18,000) = 6,998 psi

Allowable Tension in Weld = 90% (.72) (18,000) = 11,664 psi

XI1-4-68



Rev. 3 - 9/78

PWR Fuel Element

The PWR Fuel Element maintains structural integrity in the top impact
condition due to load tx;ansmlsslon'ln the pure compressive mode.
The baslic fuel bundle is tied together by seven spring clip grids thati
transmit compression to the guide j:hlmbles which In turn resolve

the load vectors into the adaptor plate or the top nozzle assembly.
The adaptor plate is a structural component which allows the upper
spacer to pick up axial loads on the spacer pl\;g éompresslon legs
located at two of the four local hard points. If structural failure were
to take place in the Zircaloy-4 Guide Thimbles, the relative movement
of the fuel bundle to the absorber sleeve would be limited to less than
one [nch by the adaptor plate assembly. In all probablility, the most

. -severé fatlure mode that would occur in the top end Impact would be

a local crippling phenomenon in the guide tubes which would not pose

any relative motion problems.
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-Adjacent hard points 0}1 the Fuel havé two holes In each bearing surface,

one being .875 In diameter and the other having a diameter of .555.

/— L 565 DA

ECcESSED //"Lc
Ve cap screws

Top View of Fuel Pick-Up Point

Full Scale

j SHADED AREAR [NDICATES BEAEING
28 ArsA UNDER. CorPRESSION [LEG

D -

(1.1)(1.17) -TT (22 5557 ) - ‘”' (.38)¢

P e op el PrefoR - Area = 1.287 - .242 - .113 = .932 in
FPorn 7T~ Full SCALE 51,000 :
Sbr = z—;._93-2_- ]3,680 psi
M.S = 43,416 _
~ 48 - 1= 2.7
)
2 :
.875
Area = (1.0)2 ST (——) - TT‘T (-3)2
Area = 1.0 - .601 - .0706 = .328 in®
t=e—/, O —>— 51,000
. =210 = 3.8 .
br 1 x .328 7 pst .
s, = 83,816 1= M7

38871
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Blocks as simple beams:

| F/2 = 1700 x 30 - = 25,500 1bs

M = 25,500 x 4-1/8 = 105,188 in 1bs.

z =§i_zgldﬂfi= 4.21 in3

s

sp= 105.188 _ .
[g@ b* F 37 24,980 psi
¢
27,216
155 ' 7A M-5=§zf§§5'-1 = .089 (Conservativej

Plate and Ring in Compression

. / I I
i 4~i~€5£2 A]?G

4 ¢

e 3/ ta:

WT. Ro0#
TOoTA L

Total load against closure head = 952,650 + 30 (200) = 958,650 1bs.
area plate and ring = (3/8731) + (3/8 x 30.25) = 47.86 in2

Sc = 958,650 = 20,030 psi
47.86

M.S.= 27,216 -1 = 358
20,030

Stability of cylinder

Roark - Table XVI -Case M-ends not constrained (conservative)

sl = .3Et/r=.3(.9 x 10,100,000) .375 = 65,976 psi (critical)
15.5

Actual S¢ = 20,030 psi OK

A1l welds are in compression, if considered loaded at all, since

stack-up of members allows direct contact for transmission of loads.
XI-4-74 |
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Spacer Plug - BWR

The BWR spacer consists of an assembly made up of three plaies
approximately 9.75 in deep. The main plate which runs along the
diameter and center line of the basket is 1.5 inches thiék. Two-
plates, 3/4 in. thick, intersect the main plate at 90° and are joined
to the main plate by a slot and joint arrangement. The main plates

are held in position by a 1/2" thick circular top plate that will assume
& position directly under the inner closure head upon complete assembly,
The top circular plate also acts as a platform to which is attached the _
fuel retention rods . The fuel elements are restrained from axial
movement toward the top by the fuel retention rods. These rods carry
a pure compressive load and engage the upper grid assembly of the
fqel. 4 .

The upper spacer as;sembly Is a single unit structure that is joined by
welding and contains openings in non-structural reglons to facilitate

placement of the spacer on the basket and fuel bundles. The welds are

' employed to position and retain load-carrying structural members

but do not constitute a primary load path in themselves. The plate

material is 6061-T6 - Refer to the material curves presented in the PWR
spacer analysis for impact allowables.
The fuel retention rods are 6061-T6. Material values have been presented

here by use of Ref. 27, Pg. 3-176, Sect. 3.6. 606l is a véry readily

XI-4-82
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weldable AL-MG-SI alloy available In a wide range of product forms. It

has high resistance to corrosion and has high toughness properties . ./

The maximum temperatures: Normal conditions of transport without

auxiliary cooling

For BWR

Temperature of spacer is determined by an average of the inner plate

of Inner closure and top end of the basket (Ref. Sect. VIII, Appendix D)
t = (355 + 425)/2 = 390°F

The purpose of this analysis is to determine the structural integrity

of the spacer used in the region between and the cover blate.

Top view of basket

Symetrical about both centeral lines

Hatched area indicates the plates; fuel elements

! are not shown

!z?"
L’ e’ ___Sleeve

e ~ Not shown is the 1/2 inch plate

: A
:O ‘ ' that positions the fuel retention

& ' - rods.

O.L/Puel retention rods




6/75

The 1.75 dlameter aluminum rods are used to transmit the fuel loads

(on top end impact) directly from the fuel to the inner closure plate.

The BWR fuel assembly handle is not involved in the structural retention

of the fuel bundle. [The plates carry the aluminum basket and sleeve

loads to the inner closure plate Independently of the fetention characteristics
of the fuel bundles.

View A-A (Fuel assembly Handlke is omitted here)

__\/_*ﬁ\\

@ C \ \ \ \\\.2_____ Inner closure plate
‘L///////Jf/jf /j////
lu plate" N | r I
\\\\ :
\\ | 1.75 |
\\ | | !
' \li | ; 10.5 (approx)
1.5" I
plate Zs S| i !
-2 Fuel retention
; rods

J
«— Tle plate (upper) -

Yoo
H - ————————
N,

Sleeve _

|| e———— Puel

DN\

uP

\i

Aluminum (not to scale)
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Elevation from bottom head of containment vessel,

A 179.50

B 169.750

Height of spacer plate =179.50 - 169.750 = 9.75 in.
This height is used for the analytical model. The actual height

may be somewhat less than 9.75 in.

W =30 (750)* = 22,500 1lbs.
* Design welght of BWR fuel assembly is 750 lbs.
Weight of alumlnum basket = 9557.23 lbs.

Weight of sleeves = 5851.90 .
Design weight of 24 fuel elements = 18,000 lbs.

Total weight = 9557.23 + 5851.90 = 15,409
Shock loéds are based on an impact force of 30 g.
Force = 30 (15,409) = 462,270 lbs.
Area of spacer carrying compression:
3/4 In. plate is 44.250 long - 2 are used
1.5 plate 1s 44.750 long ~ 1 is used.
Area) = (2)(.75) (44.250) = 66.375
Areaz = 1.5 (44.750) = 67,125

Total = 66.375 + 67.125 = 133.50 in.2

XI-4-85
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g - » (462, 270)

= = AL 3,462.7 psi.
c= /A% T133.50 psi

Allowable stress {S;5 =0.9 ) for Al. 6061-T6 - at 390°F from Sect. 1.1

under cask Internals structure and Sect. 1.2 equals to .68(42000)(.9) =
25704 psi.

Where Ref. 27, Table 3.6.1.2.1(a) Indicates the use of .68 temp. effect.

_ 25704
M.S. = 3162.7

Examination of stability is performed in the same manner as the ;

-1 =6.42

PWR spacer. As a conservative method of analysls, the plate
thickness is considered to be 3/4 of an inch which Is 2 min-"

imum value for all the plates used in the BWR spacer.
Stability is cited in Ref. 3, Table XVI, Case A

44.250
)
/ A
%
/|

* ] -

9.75,;

IEEEEEEERE

Impact Loads

3y, = 375 .220

44.25

X1-4-86
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2
Critical buckling stress = K (-l—_-ivz—) (55)
Reference (27) , page 3-179 Figure 3.6.1.2.4
Modulus of elasticity @ 390°F = 10.1 x 10° x .90 = 9.09 x 10° psi

S = (K) I"__Evz_ (—tb')2 Critical compressive stress:

6 |
s=16%9.00%x107  5587) = 46900 psi
.89

Since S > dc stability is not a problem.

Stresses and structural stablility of fuel retentlon rods demonstrates
there is no significant movement of the fuel'relatlve to the absorber
sleeve and basket. The fuel retention rod i1s a 1.75 inch diameter rod -
of 6061-T6 aluminum. It ls~_secured to the top plate by sn.la.ll fillet
welds which will not tend to materially efféct the overall temper
characteristics of the aluminum

Impact allowables of 6061-T6

Refer to Ref. 27, table 3.6.1.0 (f) and figure 3.6.1.2.1 (a).
Bearing allow = 67,000 (.9) (.68 = 41004 psi
Compression allow = 42,000 (.9) (.68)* = 25704 pst
Eq (allow) = 10,100,000 (.90)* = 9,090,000 pst

* Temperature correction factor from Ref. 27.

XI-4-87
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Conservatlvely dssume the fuel retention r6d to be a

round ended column with no end constraint or fixity.

Py

J\ I

10.5 PV = 30(750) = U,250 pounds
2

1P

Propertles: v
2 )
Area = TTR) = g7 Ll.78 )2 = 2.406 in.>
4 2 |
1=_T_ (R = .4603
4
Radius of Gyration =r = 1/A + },4603 i = .4374
2.406

Column behavior of the fuel retention rods:
Looking at the L/ r ratio;
L/r = 10.5 . = 24.0
.4374

which s a very short column. If the length of 8 column is reduced

below a certain critf cal value (L/p<<120), failure in lateral

XI-4-88
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bending will occur at loads below those predicted by the Euler Formula. </
This is due In a great part to a reduction in the effective value of E

caused primarily by changes In the slope of the stx:ess-stra;n

diagram. It.can be noted that a good many short-column form;l_a,

are given with the most satisfactory for compact shapes being the

parabola-straight-line formula for a line tangent to Euler curve.

For a pin ended column having zero end restraint

in

Streases in fuel retention rod:
r = Radlus of Gyration = .4374

L' = 10.5" ' W,
E = 9,090,000 -
Pc = Allowable stability stress under impact.
Pco = allowat_ne stability stress. under impact
F, = Pco 1 - 0.385 (L' /r) Ref. 27, Page 1-6

S TTVE/F, equation 1.3.8.5

Substitution yields;
B _

F, = 25704 1 - .385 (.363 ) ] = 22112 psi l ;

As suspected, this very short column exhibits little instability.

Compressive stress

0., = P = 1,250 = 4,675.8 psi
A 2.406 '

X1-4-89 )
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In column stability

M.S.= _22112. -1 = 3.72

,675.8
In compression

25704 = -1 =4.49
4,675.8

M.S.

. In bearing*

M-So 41004v -1 = 7.707

4,675.8

XI-4-89a
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4.4.7 Analysis of Absorber Shield Structure for Impact

The absorber sleeves perform a structural contribution to the integ-
rity of the Inner basket.region as well as serving to eliminate the
hazards of rad!ation. The absorber sleeves carry the weight of the
lower suppért structure and the aluminum basket to a reaction point
at the upper spacer structure. The absorber sleeves (both PWR and
BWR) are clad with stainless steel and have a heavy core material

that is essentlally free standing since it Is not structurally attached

to the stalnless steel clad. The absorber sleeve then becomes a

rather unique structure In its ability to transmit top end impact loads.
First, the stainless steel cladding must carry the forces from the .
lower support structure to the solld stainless steel region of the

sleeve. Secondly, the neutron absorber plate, which acts indepen-

-dently of the lower support structure and basket forces, must not

buckle under its own distributed weight and transmits Its own impact
force to the solid stainless steel structure that is integral to the
upper end of the absorber sleeve. Thirdly, the solid stainless steel

portion must also carry the full impact of the aluminum basket.

Forces on a sleeve: (Not to scale)

-~ /Plate
4 e
lad Basket forces—>) J
L /C
ower > : > > ; > Solid [
Support ’ L - — \-‘ = > > > —>| Stalnless je—
\Clad “~—— Distributed =
\ Absorber Mtl. Weight 4

XI-4-90
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Welghts: (PWR) \

Aluminum Fuel Basket =7059 lbs. (
One Absorber Sleeve =770.1 lbs. Impact =30g
Bottom Support Assy. =182 lbs.

Forces on Sleeve = 182(30) =5460 lbs. *

5460
1

Load per Sleeve = =546.0 lbs.

Looking at the end of the sleeve;
Y

I' <29 Sq. (Ref. XI-4-123m) .

I

Iﬂ-8.96——>|-
3
I, =1, = AL08VB06)° 4 048)(3.96)(4.48)2 + 4(.29)2(4.625)2

= = = 4
I IY 11.51 + 34.52 + 7.19=53.22 in

4 .048 Sheet

I

‘Area = (.048)(8.96)(4)(2) +4(.29)% =3.44 + .34 = 3.78 (n.2
Pure Compressive Stress =P/A = 534GTBO = 144.4 psl
The margin is high.

Investigate the column buckling characteristics:

Length of unsupported clad =151.00 inches

ﬁ = VVA (Radil of gyration)
L =3.75

151.00
L/ﬁ = 3.75 = 40.3 (This indicates a short-column)

XI-4-90a
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It is necessary to consider the buckling characteristics of short columns.

Ref. 27, Eq. 1.3.8.5

Where:
F__ =.9(59000)=53,100 psi. For 304 S/S under cask internal structure (at 499°F)
co
Sect. 1.1,1.2

L' =Effective length =I/'\/'c
c = 2, where both ends are fixed against lateral movement
E = 26,100,000 psl (at 499°F)

[} = Radil of Gyration
- 151.00

L' = 106.77"
V2

_ 28.5
F,=53,100] 1.0 - .385 (—69.65 )]

F, =53,100(.842) =44,734 psi

44,734

= - 3

M.S. 'TzZTZ_ 1 309

Consider the Individual buckling of the .048 sheets In the transmitting
of the lower support structure load.

Ref. 57, Case 158, Page 701.

Conslder the welds aftachlng the .048 sheet to the stainless steel solid
sections provide a degree of fixity to utilize case "A"

Per cent of load on plates = 3.44- .34 . gpy

3.44
.90(546.0) .
Load per plate section = ) = 61.4 pounds
— A (A 2 D
_Crltlcal Load =n = CR b

X1-4-90b
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Where b=28.96

A=7.0
- Et3 . 26,100,000(.048)° = 264.32

| T12(0-v3 T 10.92
y (772
o= L0 £89:32) _ 231.7 1bs.
(8.96)

M.S.= 231.7 _ ., 97
61.4

The absorber Materfal: This plate of absorber material is secured by two
sheets of stainless steel clad material which would naturally tend to inhi-
bit any classical wave form buckling. The primary load on the free standing
sheet of neutron absorber materlal Is its own welght under 30g lmpacf load-
ln§. Since the absorber materlal accounts for the majority of the welght

of the sleeve, this analysis conservatively assumes the total absorber

welght at 770 pounds. -

Wt. of each sleeve plate = ——— = 192.5 pounds

Assume C.G. is mid-span of the sleeve plate

8.96 —
Impact load =192.5(30) =5775

" E =10.2 x 10%@499°F for absorber mat. (Sect.1
e - 2425 /T/ Allow. tension/Compr. =38,610 (Ref. 19)

-ty
‘¢— 75.5"
151.00 J’ J/

L wig)

Area at Base =8.96(.2425) =2.173 In. 2

U =P/A =5775/2,173 =2,657 psi M.S. =(38,610/2,657) - 1 =13.5 .

XI-4-90c
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Assume the effective column length is 75.5 lnéhes with the full loéd of

5775 applied at that plane. (Ref. 3, Table XVI, page 312, Case 1-A)

e S
b “— Lower Support Structure Forces
j' ‘, VI >

V= E t |2
=% (5

As a/b approaches Infinity

K=3.29
g+ =-3:29(10,200,000) |, 2425'
01 8.96,

S§' = 27,012 psi (The buckling stress is well above the applled
stress)

27,012
M.S. = 2,657 -1=9.16

The absorber plate is able to withstand its own weight during impact.

Determine stress levels and structural integrity of the solid stainless steel

portion of the absorber sleeve.
To determine length of solid section refer to page XI-4-155.
L=162 - (155.9375 + .75) =5.3125"

Weld attaching lower plate to sleeve:

Sleeve j/\
@ ¢
. 7
] / Side view of sleeve & aluminum
4 ~= Aluminum
/.
7/
S
v
Ly 2
— ZZZZZn<—, 375 plate
5.3125 o .~Solid portion of sleeve
4
XI~-4-90d
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Welded reglons of .375 plate to basket.

|

B
—4.85"
TR 4.5

i

@ i,—-——f-‘g.ms"
l 5 g5 '>49.705"

.

Impact Force =FB =30(7059) =211770 pounds’

F
Weld Shear Stress =—£— = -2%2—7—22 = 5016 psi

Allowable shear stress (.6 S35 =0.54 S, for 304 8/5 at 499°F from Sect. 1.1 under

cask internal structure and Sect. 1.2 equals to .6(59000)(.9)=31860 psi(Full

pent.
weld) A

. ~—
31,860 :

M.S. = sole - 1 = 5.35

Section Solid Sleeve Portion:

SONNNN 4

— .3125

e &
/|
A e
/]
2777

—t
Q

Ref. 16, Page 5-37.

-19.63)% - (5.005)4 _ 8600.1-6575.6 _ 4
Ly =g - = 168.7 In.

Area = (9.63)2 - (9.005)2 =92.74 - 81.09 =11.65 ln.2

XI-4-90e
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- 1
PUSGEEE, 2
p =Vi/A =(%f—f’é—;) = 3.805
5.312 '
L/D = 3.805 = 1.4 (The L/[) is clearly too low to exhibit column stabllity
characteristics) ' '
9.63 P .
©=2(.707) ~95-81

Assume the loads are induced into the two corners of sleeve at the weld
points by the alﬁminum basket_. The sleeve must than carry pure compres-
sive loads induced by the absorber material, bottom support, aluminum
basket and local bending due to the offset loading by the aluminum basket.
The load on sleeve@ls & maximum as it contains the gréatest amount of
weld attachment.
Recall that the weld shear stress =5016 psi.
Load per SleeQe.slde =5016(9.-705)(.375)(.707) = 12,906 pounds
Moment about Ixy axis

Myy = 12,906 8:BL o 12,906 £:BL = 87,889 in.-Ibs.

Max fiber stress
ket My (C)
O'c - Lower Support + Sleeve +£as et | Cc

Area Area Area Ixy
546.0 5775 211770 87,889(6.81)

o= 1165 * 11.65*10011.65 * 168.7

ch 46.8 + 495.7 + 1817.7 + 3547.8 = 5908 psi

Allowable stress (Sza = 0.9 S,,) for 304 S/S at 499°F from Sect. 1.1 under

cask internal structure and Sect. 1.2 equals to (.9)(59000)=53100 psi

1 ,
M.S. = '5'3‘5‘53080_- 1 = 7.98

X1-4-90f
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Double Sleeves

The contributing axial load on the two PWR axial sleeves (double
sleeves) is in the same proportion to resisting areas as the single
sleeve with the single exception of the load applied by the aluminum
bas:ket to the weld attachment. Hence ' the values computed for
.048 plate buckling, and absorber materlal behavior Is the same for

double sleeves as that computed for the single slee‘.le.

Double Sleeve Weld Attachments:

T — q
d ] -
T
4 1 5.85
-
F— 9.705 ————>

Length of weld =2(5.85) + 9.705 =21.405 In.
A, = .375(.707)(21.405) =5.675 in.>

Load = 5.675(5016) =28,465 pounds

9.705(.375)(.375/2) + 2(5.85)(.375)(5.85/2)
9.705(.375) + 2(5.85)(.375)

_ _ .6823+12.8

X = 30.2 _0446
9.63

d. = ~3 - - .446 = 4.369"

4
1=168.7 in. (Single sleeve resists moment)

Moment on sleeve =28,465(4.369) =124,363 in.-lbs.

Bending stress = 124,363(4.815) _ 3,549.5 psi

168.7

XI-4-90g
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Total compressive stress =46.8 + 495.7 + 1817.7 + 3549.5 = 5909.7 psi

Saa = 53,100 psi

53,100 :
. LA - —
M.S.'— 5909.7 1—7.98 .

BWR Absorber Sleeve Analysis
Welghts: (BWR) See Weights section of SAR

Aluminum basket = 9910 lbs,
One absorber sleeve =244 pounds
Bottom support assy. =283 lbs.

Forces on sleeves = 283(30) =8490 1lbs.

8490
24

Load per sleeve = =353.75

Looking at the end of sleeve in the absorber materizal region,

— 3/16 Solid Stainless Steel Plate (3 sides)

] |
l[\ Tﬁ ; : >/“"""' 1875 Sq.
2.98 Uy |-~————Absorber Mat'l.

6.15 -1~ @-I——p-— % e
'y P -048 Sheet (5/5)

| A

3 N View showing single sleeve

i with maximum amount of
absorber material.

[e— 5-775

Determine section properties; general use Is made of (I =1 + Ad?)

Area = 3(6.15)(. 1875) + (2)(5.775)(.048) =3.46 + .554 = 4.04 In.2

3 ( 23( )(2)
x 12 12 |
4

I, =3.63+1.86+ 20.48 =25.97 In.

Determine X
__ -.554(2.98) + 2.98(1.153)
x = 3.755

= .4756
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3
1 =201875)6.15) 5 30(.4756)% + .554(2.98 +.4756)2
Y 12 +1.15(2.98 - .4756)2

Iy=12'25 + .520+6.615 + 7.21 = 26.60 lrz.‘tl

Pure Compressive Stress =P/A = 333025 = 87.56 psi .

Margin Is very high

Investigate the column buckling characteristics:

Length of unsupported clad = 146"

p= VIV/A  =2.536

146
I./’(_" =3.536 =57.66 (This indicates a short column)

It Is now necessary to consider the buckling characteristics of short columns;

Ref: 27, Eq. 1.3.8.5

D)

Fo=F__ |1.0- .385
¢ eo [ . TN [E/F ]

co

Where:
Foo = S35 = 53,100 psi
L' = Effective length =L/v-'c“
¢ =2, where both ends are fixed against lateral movement.
E = 26,100,000 psi

,O =Radil of gyration

L'= 1.414 =103.23"

N 40.7 s
Pc-53,100[1.0- .385 (—59.5 )J =41,143 psi

M.s. = S 6.

XI1-4-90i
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Consider the indlvidual buckling of the .048 stainless steel sheets in the
transmitting of the lower support structure load.
Ref: 57, Case 158, Page 701 *

Load on plate = (Area)(Stress) | »
A= (.048)(5.775) = .277

Load on plate = 87.56(.277) =24.27 pounds

2
Critical load = = A (D _
CR b2
Where:
b =5.,775
A=7.0
D=_Et= 26,100,0000.048° _ ,5, 3,
12(1-v) 10.92
7.0(TT¥ (264.32)
n = 2 = 547.5 lbs.
| (5.775) )
547.5

M.S. = 24.27 - 1=21.5

The absorber material: This plate of absorber material is secured by two
sheets of stainless steel clad material which would naturally tend to inhibit
any classlcal wave form buckling. The primary load on the free standing

sheet of neutron absorber material is its own welght under 30g impact loading.

The welght of one sleeve plate is determined by taking appropriate ratios
of the PWR absorber plate,

W, = (::—;3 Hg—f) (192.5) (:;%) =80.3 Ibs.

Impact load =80.3(30) =2409 pounds

E = 10.2 x 105 at 499°F
*See appendlx A

XI-4-90j



Rev. 3 7/75

Allow. tenslon/compression =38,610 (Ref. 19)

5.775.7

—"P t = .1625
wig)
146" "P//f
73"
Area at base = .1625(5.775) =.,94 ln.2 /L
2409 — ~/
C{: =P/A= —5, = 2,562 psi
38,610
M.S. ‘_Z:W - 1=13.5

Assume the effective column length Is 75.5 inches with the full load of

2409 applied at that plane.

Ref. 3, Table XVI, Page 312, Case 1-A

73"
5.775"

a
b
D S 2
S'=K ) (r'/ b)

Recall that, as a/b approaches infinlty

K=3.29
g = {3.29)110,200,000) [.1625 |2
N .91 5.775
§' = 29,198 psi (The buckling stress is well above the applied
stress)

The absorber pla‘te is able to withstand its own welght during impact.
To determine length of solid section refer to page XI-3-39b
Length = 167 - 150 = 17"

XI-4-90k
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Sleeve
|
l // Aluminum Side view of sleeve
' and aluminum
|
_3/8" Plate
\7,
{1
: 17"
\
7z N |
N\~ Solid portion of sleeve

Welded regions of .375 plate to basket;

» Quadrant view looking axially
-6.6205" at welds.

-~

—  <T6.183 + .

~£7.245" Lengths are indicated.

/6, 745"

75)

Total length = 6.933 + 6.745 + 6.933 + 7.245 + 6.6205 = 34.5

(Quadrant)

Total weld area = ,707(.375)(4)(34.5) = 36.6 in.2

BWR weights of aluminum basket = 9910

Impact Force = 30(9910) = 297,300 lbs = Fg

XI1-4-90L
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7 .
Weld shear stress = Fg/A = Lg;g‘}g(&' = 8,122 psi

Shear allow. = ,6(53,100) = 31,860 psi (Full pent weld)

31,860 |
— - —1 >
M.S. = 8,122 1=2.9 >

By inspection of the BWR sleeve amay, it is evident that the ratio of imposed
load to resisting section properties is the greatest on the outermost sleeve.
This is the configuration shown on pége XI-4-90L , with the weld loads act-
ing on two sides of the solid sleeve section. Hence, .the loading situvation

and resisting section is shown below.

3.168
e B
SSASSY
N Ner -+ 1875
/N x
x 4 D—N 5.775 6.15
N\ N -
Assts<U ,
L s :/. — Hatch marks indicates weld.
b4

Load per side of stainless steel box section
Stress = 8,122 psti
Area of weld = 6.15(.707)(.375) =1.63 in.2
P=8,122(1.63) =13,239 pounds

Section properties;

Area = (6.15)2 - (5.775)2 = 37.8 - 33.35 =4.45 in.2

4 4
1x=1Y=-(5T'21—5)—- S'ZZS =119.2 - 92.7 = 26.5 in. %

XI-4-90m
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1l
c 12
2=\ =( 25'5) =2.44

17
= — =0, An)
LA 2.44 6.9 (The L/) is clearly too low to exhlblt column

instebility characteristics)

Loads on upper solld section;

P = 30(244) + 353.75 + 2(13,239) = 7320 + 353.75 + 26,478 = 34,151.7 lbs.

Maximum Moment =13,239(3.168)(2) = 83,882 in.lbs.

Maximum Fiber Stress =P/A + Mc/I = 34,151.7  83,882(3.075
4,45 26.5

Stress = 7,674 +9,733 = 17,407 psi
S a= 53,100 psi

a
53,100
-—
M.S. = 17'407 - 1=2.05

X1-4-90n
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4.4.8 Containment Vessel Valves

Each containment vessel valve assembly consists of a quick-disconnect
‘valvgd nipple, a base plate and a cover. Details of the assembly, in-
cluding seals and mounting bolts,'are given in drawing 70651F.' $ou?

bolts, 3/8 - 16 UNC, hold the assembly in place on the top forging
and provide ample clamping force to maintain the seal under all
normal and accident conditions of transport. Cask acceleration in the

top end impact is 30g. General configuration of valve assembly:

_.- Forging
Cover — -~
| i ! ! :
<20 ~0785k— 4.62 — - »0.785 = -
=7 — 7 /’/ K : :
f'.-‘ //,0- //____’A, 2 d 0 37 1 :
e —F -3 X -0 Q)
//__ v 244 | _ _
/] P 1 , '
[ ’ —Fx— I -0 o
"/ A A L2 F 0.97
/ /. ’ .
£ p Z T /-' ) X
Q/D— Base- ’/,_
|
304

Weight and C.G. location of valve assembly are as follows:

q/0 L

Base W2

1.9 1b. 5 Y3 = 2.5 in. -
(.285)(4.38)(6.19)(1) = 7.7 1b. ; Yz = 0.5 in..

X1-4-91
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(.285) [14.3752)(3.63) - (774)(2.962)(3)] = 13.9 1b.
[19.8(2.8) - 5.9(2.5)](1/13.9) = 2.9 in.

Cover W3

Y3

Total weight, W = 1.9 + 7.7 + 13,9 = 23.5 1b.

C.G. location, Y, = (1/23.5) E5(7.7) +2.5 (1.9) + 2.9(13.95] = 2.1 in.
Impact load @30g, Py = 30 (23.5) = 705 ]bﬂ

(mr74) (3.0942) (72.9) = 548 1b. (Sect. 3.3.2)

Pressure load, P>

Seal load, Py =1r(3.094) (700) = 6804 1b.
(see section VI for seal seating load of 700 1b/in)

Total load, P = 705 + 548 + 6804 = 8057 1b.
load/bolt, F= 8057/4 = 2014 1b.

Since the bolts are each preloaded to 2533 1b (Sect. 4.6.4), the valve
assembly remains clamped against the forging in the top end impact and
the seal is maintained. .

M.S. = (2533/2014) - 1 = 0.26

X1-4-92
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Bottom End Impact ~/
Closures
Inner Closure Head R
During bottom end impact the inner closure wlli be subjected to
Inward inertlal forces due to its own welghf and to an oufward
force due to pressure in the containment vessel, As will be
shown, the two (2) inner plates remain in contact and act as a
unit but separate from the outer plate.

Outer Plate of Inner Closure Head

Ft =GW '
N
vyt LTTTTT
I )
@ 304s.s. | 3"
R, = 25.25 ‘..i

Design Conditions:

Temperature 410°F

Elastic Modulus 26.6 x 106 psi

Poisson's Ratio 0.3

Weight 1905 Ibs.

\_/I

XI-4-93
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Maximum bending stress at center of plate Ref.3 , Table X, Case 1

_3(3+v) F
Oc=srre2 '

Pt =GW
F¢ = 30 x 1905 = 57,150 1lbs,

U= 3(3+0.3) x57,150 = 2,501 psl.
877 32

Two Inner Plates

Ro = 25.25
_ Ft=| Fp - Fe
SERRRERRNENY
1
Uraniu 3"
© vrentun ,
@ 304 s.sl .475
] 1
NERARARE
Fp
r= 23,37
~
Term @® 304s.s. ® Uranium
Temp. °F 410 - 410
E, pst 26.6 x 106 24.8 x 106
v 0.3 0.22
Weight lbs. 575 4104

XI-4-94
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The two inner plates are constrained to have the same elastic deflection /
curves under lateral bending load. Hence the deflection of each

Plate must be the same and the total lateral load on the assembly

can be divided between the individual plates in accord with

each one's proportionate part of the total bending resistance.

The appropriate formulas for deflection and maximum stress are taken
from Ref. 3 , Table X, Case 1

Center deflection, yg = 3 (1-v) (5+v) Roz

= KF
1677TE t3
Max. stress at center (5 = 3 (3+v F
» Ye '—(—['L
87T t2
‘Equating the center deflections of the two plates gives: ~—

Ki F; = K; Fy
Also, the total load imposed on the closures must equal the

sum of the individual plate loads, so that I-‘t = Pl + Pz

Combining these equations in terms of plate @ load, l‘-'1 glves:

Fg = Ky Py (-1-4 1
t 11Kl Kz)

These equations may be evaluated to obtain the force on each plate

as follows:

pt=pp-pe 1='e=G(W1+W2 )
G=30
W1=5751bs.

WZ = 4104 lbs.

XI-4-95
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Containment vessel pressure is 16.45 psig (Sect. 3.3.1) and this

pressure is chosen for the analysis because it will result in a higher

total force ( Pt ).

F, = pA . A = T 23.375°
F, = 16.45 (1716.5) = 28326 lbs. A = 1716.5 In’
F, = 28236 - 30 (575+4104)
' F, = -112134 lbs. (inward force)

Evaluating the compliance constant K for each plate:

gk, =3 (0.7) (5.3) (25.252)

16 7 26.6 x 10° x .75°

2
g, = 31078 5.2 28.257) . 3.31379 1077 In/lbs.

16 7T 24.8 x 10% x 33

= 1.258 x 10”° in/lb.

Now F, can be found from the previous equation as follows:

5 4

112134 = 1.258 x 10°° B, . (7.949 x 16% + 4.3219 x 107)

p.o= 112134 _ Lo .
55.369 ~ 2025 1bs

-5
F, =K F, / K, = 1.258 x 10 ~ (2025) _ yy0119 )ps.

2 1 2.31379 x 10~/
Plate @ Max, stress = 33.3 ) 2025 = 1418 psi.
8 T .75 *

Plate (2) Max. stress = 3 3{327%’3 110110) _ 4702. psi.

Center deflection for plates @ @ @ :

Y_ Plate @ = K F
1.258 x 10”5 (2025) = 0.02548 in.

X1-4-96
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| i . C,
Y Plate (2) =K,F, o |

7 @on0) = 0.02548 in.

2.31379 x 10~

Yo Plate (3)

Ky P3

>

1.9656 x 10~/ (57150) = .01123 in.

| 2
where Ky = “16°T 26.6 x ER)

= 1.9656 x 107 1p_/in.

!

The above deflections are all inward and show that plates @ and @
do separate from plate @ . Piates @ ' @ have an inward
lnert-lal force due to their own weight greater than the outward force

due to internal pressure of 16.45 psig (vessel helium pressure).

If the containment vessel has an Internal pressure of 80.5 psig (BWR L
fuel rupture_) plates @ . @ have an outward force greater than

the internal inertial force due to their own welght. In this case

plates @ . @ will deflect outward in contact with plate @ .

so all three plates will act together. Thus the stresses for this

case will be lower than those calculated above.

X1-4-97
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Calculating effective stresses on plate @ . @ . .@

proper formula for effective stress equals

V_.\/(dx UY’Z'*(UY"GZ)z*'(U d)2+6(Ty+Ty 2+1‘ 2

where x, y, @ are normal stresses, Txy, Tyz. Tzx are shear

stresses .(Sect‘. 1.1

Plate @ hl'ghest stress area ls at the center portion of the

inner surface.
dx = 1418 psi (Radial Stress)
ny = 1418 psi (Tangential Stress)

O; = 16.45 psi (Axial Stress)

Tey = Tyz = Tzx = 0

Ses -\/TE-\/(ms 214182 + (1418 - (-16.45))% + (-16.45 - 1418)°

= 1434.45 psi

Allowable stress (.8 Saa = 0.7 Su) at 410°F for 304 S/S from Sect. 1.1

under containment vesset and Sect. 1.2 equalsto 0.7 x59500=41650 psi

41650 _ ) _ ,g

M.S. = (434.45

Plate @ highest stress area is at the center portion of the
inner surface.

O; = 4702 ps! (Radial Stress) -

ny = 4702 psi (Tangential Stress)
= 6.88 psi (Axial Stress)

=T =T =0

XI-4-97a
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Solving for pressure stress (fz between plate @ and plate @

-/
2025 = F + 17250 - 27044
F = 11819 Ibs. .
O, = 289 - 6.88 psi
Seg® -\/1;-\/(4702 = 4702)% + (4702 - (-6.88)° + (-6.88 - 47022
= 4708.88 psi
Allowable stress (.8 Saa =0.7 S,,) at 410°F for uranium from Sect. 1.1
under containment vessel and Sect, 1,2 ecuals to 0.7 x 56000 =39200 psi
M.S. = 43‘7—?)%8 -1=7.,32
Plate @ highest stress area Is at the center portion of the ,-
7

inn;r surface.
dx = 2501 psi (Radial Stress)
O; = 2501 psi (Tangential Stress)
dz = 0 (Axial Stress)

Tgy =Ty, =T, =0

- L - 2 _ny2 _ 2
Ses- '\’[; (2501 - 2501)° + (2501 - 0)° + (O 2‘510‘1)

= 2501 psi

XI-4-97b
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, Outer Closure Head

During bottom end impact the outer closure head is subjected to an in-
ward loading due to its own weight time 30G acceleration. This results
in a force equal to 69,840 lbs. less an outward force of 23,609 lbs. due

to internal pressure, giving a net total inward force of 46,231 lbs.

During the top end impact, the outer closure head is subjected to an
outward inertlal force of 69,840 lbs. plus 23,609 lbs from internal
pressure for a total of 93,449 lbs. The analysis of the outer closure
head under this loading Is presented In Section 4.4.1 and shows the
resulting stfeés to be within the establlshed limit. Comparison of
forces on the outer closure h_ead fog' bottom end and top end impacts
shows that the resulting stress ls much less than the stress calculated

in Section 4.4.1 for top end impact.

X1-4-98
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4.5.2 Bottom Head
The bottom head arrangement supports the internal pres-
sure (static load) plus the weight of the hgad and contents
at an accelerﬁtlon of 30g (dynamlé load).
The impact force on the impact limiter because of its con-
figuration, is balanced by the deceleration load of the
cask bottom forging, v}hlch is outboard of the bottom head

arrangment shown below.

w
o
[N
(7]
[ ]
[42]
RS OV . .

@_ URANIUM . : 2,5
— '3
- @ 304 S.8 i 2
N D R O e
1"t 1 22.875 = R,

Outward loading Pt =F + Pp

F=30W) 30g = Acceleration during bottom
end impact.
F = 30 (40,900) W = 34,500 (contents) + 6,400 (bot-
tom head)
=1,227,0001bs. =40,900 lbs
Fp = 21(a) Internal pressure éssummg total

fission gas release is 72.9 psig.
(BWR Sect. 3.3.2)

A= T7(22.875%) =1,644 in’
F,.=72.9 (1,644) Higher internal pressure is chosen,
= 119,848 this results in higher outward force

on the bottom head.
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Ft = 1,227,000 + 119,848

=1,346,848
Following the same method of analysls and analytical
model as used in Section 3.9 the compllanc;e constant K-for

eacli:plate are afs follows:

X, = 5.44472 x 10”7 in./1b.

Ky = 3.28146 x 107 in./lb.

K, = 1.66937 x 1078 in./1b.

From Section 3.9

- 1 1 1

6

1,346,848 = 1.66937 x 10-8 Fq (1.8366 x IO6 +3.0472 x 10” + 5.99028 x 107)

1,346,848 _
Fq mrg-s— 1,245,317 lbs.

_lg_ _._egs_u_x_m__xL.ZAwl = 38,164 1bs.
5.4472 x 10~7

~KFy _1.66937 x 1078 x 1,245,317 _ 3,353
3.28146 x 10-7

Bending stress on each plate is

_3(3 «+ - .3x3.3
plate (1) o'l-—éLﬁ;?- r =325 (38164

3758 psi

g. - 38 +v? P, = 3X3.3 (63353) _ 4903 psi
plae () G=gre 27 T 2.5y |

g. = 33 3 (1245317) _ 18581 psi
Plate @ 3 47Tt2 4 TT 42

XI-4-100-



g Rev. 2 9/75
Calculating effective stresses on plate @ ’ @ . @ _

The formula for effective stress equals

Tyx’)
where dx' dy' dz' are normal stresses, Tyy, Tyz’ sz

are shear stresses (Sect. 1.1)

Plate @ The highest stress area Is at the center portion of the

outer surface.

dx = 3758 psi (radlal stress)
Uy = 3758 psi (tangential stress)
: dz = ~696 psi (axial stress)

Txy =Tyz=sz= 0

Caiculating the pressﬁre stress d z between plate @ and plate @
38164 = 119848 + 1063110 - F

F = 1144794 lbs.

1144794
d,=

1644 = 696 psi

Sea="\/ # /4758 - 375812 + (3756 - (69802 + (-696 -3758)°

= 4454 psi
Allowable stress (0.8 533 =0.7 S,) at 410°F for 304 S/S from Sect. 1.1under

containment vesseland Sect. 1.2 equals 0.7 x59500=41650 psi

41650

MoS. = 4454 - 1 = 8.35

Plate @ The highest stress area is at the center portion of the

outer surface.

XI-4-100a
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dx = 3993 psi (radial stress)
ny = 3993 psli (tangential stress)
dz = -688 psi (axlal stress)

Txy = Tyz =T, = 0
Calculating the pressure (fz between plate @ and plate @
63,353 =1,144,794 + 50,550 - TF
F=1,131,991 lbs,

1,131,091 _
0, =~“Teas 688 psi

s 4-’\/; ‘\/(3993 - 3993)2 + (3993 -(-688))% + (-688 -3993)°
e

= 4681 psi

Allowable Stress (S, =0.95 )at 410°F foruranium from Sect. 1.1 under

noncontainment structure and Sect. 1.2 equalsto .9 x56000=50400 psi

S0400 =9.76
M.S. = 4681 -1

Plate @ The highest stress is at the edge portion of the inner

surface.

dx = 18,581 psi (radial stress)

From Ref._3, Table X Case 6
dy =-3%% = %M = 5574 psi (tangential stress)

=1,131,991 = -688 psi (axial stress)

Z T 1644
1,245,317 _
sz- 45.75 1] 4 = 2166 psi
Tyz—TxY= 0
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5.e4= /%-\ﬁlssal - 5574)2 + (5574 - (-688))2 + (~688 - 18581) + 6(2166)2

= 17,433 ps! S A

Allowable stress (Saa =0.9 Su) at 410°F for 304 S/S from Sect. 1.1 under

noncontainment structure and Sect. 1.2 equals to:

0.9 x 59500 = 53550 psi

53550
M.S.="717433~ - 1 =2.07

XI-4-100c
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4.5.3 SHELL ANALYSIS FOR 30G BOTTOM END IMPACT

INTRODUCTION ~

The bottom end impact analysis of the cask shells was performed for an
equivalent 30g static force. - ; i

The shells were analyzed using the finite element idealization of Section 3.8
of this SAR. In addition, the evaluation procedure described in Section 3.8

was utilized.

SUMMARY AND CONCLUSIONS
This phase of the analysis indicated the following:

a. The primary stresses developed in the equivalent 30g
loading are not large. The ﬁlaadmum effective primary
stress of 6297 psi is developed in the outer shell at the
bottom of the cask. ms value i3 well within the allow-
able stress of 0.7 S = 45386 psi at that location.

i:. . When the 30g 16ading is coupled by superpositon with the
-40°F isothermal solution and the stress solutions for the
normal trangport condition$ the resulting primafy plus
secondary stregses are all within the allowable stress

values.

ANALYSIS

To analyze the cask for the 30g bottom end loading, the same finite element
model as used in the analysis of the normal cycle (Section 3. 8) was employed.
For the solution, the cask was assumed to be at an isothermal 360°F. Thus,
there were no thermal stresses computed directly in the equivalent dynamic

loading solution. A node in the bottom end forging of the model at a radius
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that approximated the line of action of the impact ebsorber was fixed axially
in space to provide a reaction point for the solution. No internal pressures
were applied to the cask in this solution. Moreover, the weight of the water
was not included in this solution.- The effect of the water pressure wt_:uld be
to place an additional hoop cdmpressive force on the inner and outer shells,
thus reducing ihe effective stress resulting from the c_:_ompressive axial gra-
~vity loading. It w'as thus concluded that omission of the water in the bottom

drop solution was a conservative assumption. .

RESULTS

Plots of the lead pressures and shear stresses together with the membrane
stresses of the inner and outer shells at the bottom of the cask are presented
in Figs. 4.5.3-1 through 4. As indicated in Fig. 4.5.3-2, the unsupported
region of the inner shell at the bottom of the cask is not heavily loaded in the
bottom end drop. This result is due to the axial support supplied Ly the stiff
uranfum ring. Membrane ;tresses for the cask evaluation poihts discussed in
Section 3. 8 are presented in Table 3. 8;4-1, base case no. 8. Primary plus
secondary stresses for the evaluation locations are preseﬁted in Table 3. 8.4-2,

also listed as base case no. 8.

EVALUATION
. Table 4.5.3-1 presents the primary stress evaluation for the 30g bottom

end drop. The effective stresses indicated in this table result from a super-
position of the indicated base case membrane stresses. The allowable stress
for the evaluation of 0.7 S, is also listed in the table. As seen in Table 4.5.3-1,
the stress values are well within the allowable.

Table 4.5.3-2 presents the primafy plus secondary stress evaluation. In
this table, the effective stresses result from the superposition of the 30g bottom

X1-k-102
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end drop stresses with the other stress results indicated at the t&p of the
table. As shown in Table 4.5.3-2, the stresses for the load combinations . j
examined are well within the allowable stress of 0.9 §,.

X1-4-103
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TABRLE 4.5.3-]
ACCIDENT PRIMARY STATIC AND DYNAMIC STRESS SVALUATIOHN

BASE CASE MULTIPLIER BASE CASE DESCRIPTION
8 1.,00000 30 G BOTTOM END DROP
10 «72900 108 PSI CAVITY
LOCATION  EFFECTIVE . TEMP., STRESS ALLOWABLES
smess‘.ée'—_;5 , T . 0.7SV -

1 701 268 ‘ 45465

3 595 248 J 45990

5 1525 218 " Le777

7 1033 316 . +4205

9 1122 303 : L4546

11 825 420 . %1895
13 2792 359 : 43076
15 2€7% 323 . 44021
17 2532 ‘302 44572

19 1758 - 2960 . 44887
21 2446 2e2 e 44835 .
23 6297 271 . 45386 *
25 5363 261 46174 :
27 2270 218 46777
29 %7 260 B 45675
31 66 256 ' 45780

33 826 2uld - 46200 .

X1-4-1032
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TABLE 4.5.3-2

4 CIDENT PRIJARY PLUS SESINJARY STATIC AND 27NAMIZ 3TRESS EvA

. . o/
34SZ 3aSE MU_TIPLIER BASZ 3ASE OISIRIPTION
2 1.33063 ~4J.0 ¥ ISOTHERMAL
8 1.36502 30 5 YITTOM END DR)>
LICATION  :FTECTIVE TEYP. STRISS ALLOWA3LES
STRESS 55—4. : . 0.351L

1 32873 43 ' : ' 13350

2 19593 -4) . 163503

3 19192 -43 - , 183503

" 12030 -43 y 163530

5 %097 -%0 . 103530

5 753 -4 - 133560

7 40665 -49 103543

3 37553 -%) ' . 163538

9 20766 - - LTS R - --133556
19 18644 -40 . “ 153500
11 3727) -40 : 1335500
12 35264 -4%3 o . . 1035460
13 21842 -4) ‘Y 103540
14 184630 -%0 ' 103550
L5 3995 IV E - . 133343
15 A 4005 -40 12 ¢
17 18561 -4 185740
18 16493 =40 v 103535
L9 L3943 -43 103549
25 16393 -4) ; 133535
21 14864 -43 3 1635460
22 12377 -40 3 103550
23 12435 -0 . : 103538
24 126L8 -40 " - 133540
25 8. 31 -49 oL 163540
25 7411 -4 3 163556
27 6671 -4 - L -~ 183553
21 1048 -4 N 163543
29 7237 -43 : g 1635050
30 71438 -4 : S 163500
31 4773 -%) ; ¢ : 1035u0
32 15032 -4) . : . 1935u0
33 7533 YRS : 3 i - 1335uG
34 12127 -4) V.o 163543

AN

XI-4-103b
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TanLE 4.5.3-2 (coNT'D)

ASCIDENT PRI4ARY PLUS SECINJARY STATIC AND DYNAMIS STRESS cvAL

BASE 3ASE MULTIPLI=R 84Sz CASt DZSGRIPIION

4 1.00960 NORJMAL 7uKW 130F AMBIINT
8 1.00534 30 3 d)TTOM ZND DR)3

LICATION  SFFECTIVE TEMP. ' STRISS ALLOWABLES
3TRESS 934_ : : ' 8.3
1 24258 268 : ) 58455
2 %.08) 267 : : 58483
3 8378 248 : 53136
4 4566 237 : : 59531
5 26631 213 . y BCLG2
5 19575 218 ‘ ’ - 63142
4 13471 3156 _ ' B 58335
8 11813 31k : 556352
9 4668 -363 : - 57274
10 7345 291 57579
11 26032 42 53355
12 22950 420 53355
13 50865 353 : 55384
14 1128% 34k ' 55893
15 11217 323 - 56539
15 11044 323. 56539
17 L743 362 . 57347
18 27153 - -301 : 57341
13 2.853 : 2990 . . 57712
20 14337 29) : 57712
21 9707 292 57545
22 16921 290 57712
23 10845 271 ’ 58354
24 - 1310 253 : 58753
25 25734 241 $ 53365
26 29072 23) . 59737
27 35128 215 S N - Bdle2
28 25789 213 0 53162
29 4990 260 3 58725
33 3802 269 - . 58725
31 25101 255 - 58357
32 16153 256 ~ . 58960
33 19954, 24 - - : - 53%0¢
34 288093, 240 _ ' . © 59%53¢

X1-4-103c
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TABLE 4.5.3-2 ( ConT'D)

ASCIDENT PRIMARY PLU3 SZS3INJARY STATIC AND JYNAMIC STRESS /4

HULTIPLIER

1.G3503
ie0b00

IFFECTIV:
STRFSS 5‘34

339¢u
3908%
6333
1230
‘9465
" 4933
21851
18789
8865
519)
19194%
181u4%
4927
53513
2813
.2891
9535
3916%
21962
18625
11748
3903
14512
1247
23972
33015
14853
108138
4911
48G5
20944
139217
18425
2ulli

TEYP

103
1.2

81

69

53

50
143
147
153
113
242
233
1383
171
143
1.9

.-135

134
123
123
125
12%
103
99
74
63
50
5]
102
192
93
98
83
83

BAS:Z CASE JISCRIPTTION

36 5 BITTUM END DR)>

VORMAL 79KW

X1-4-103¢c-1
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BASE CASE

8 1.00660

12 1.60000

LISATION  SFTECTIVE -

STRESS 554,
1 35575
2 31982
3 11491
4 3623
5 9273
6 47259
7 27139
8 25078
9 13252
19 8337
11 22324
12 21653
13 10285
16 9653
15 750
15 777
17 14612
18 38519
19 25937
29 24199
21 18607
22 161643
23 13563
24 £929
25 12955
25 24134
27 7465
28 7267
23 5922
30 2640
31 17298
32 17122
33 14621
34 9831

TABLE 4.5.3-2 (ConT'D)

2/76

v

ASCSIOENT PRIMARY PLJS SEZCINIARY STATIC AND JrNAMIS 3TRESS Zsat

e e — - ————— - — .

MULTIPLIER

BASZ

SASF DESCRIPTION

33 3 BITTOM IND DRI

NIIMAL +JKHW

TEMP,

54
53
2
33
20
2a
81

XI-4-103c-2

=% JF "AMBIENT

STRISS ALLOWAB.ES
S 0.35U
3 74559
' 74353
78341
81152
85331
. _ .. 85331
68938
63153
-~ 69512
712384
65112
65255
. 67335
- 68013
: - 68383
68388
69542
. 69512
~ 73354
73354
- 79575
73377
74539
77114
79588
82330
85431
85193,
75273
75273
75385
75885
- 79558
79558
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4.5.4 Lead Shielding Retaining Ring

The purpose of this ring is to limit possible axial movement of

the lead shielding during a bottom énd ‘Impact. Since a mode.l test
has demonstrated that the lead will not displace axially in an end
impact, the ring is no longer needed and no analysis of its strength

Is required (see Section 4.4.4 and Appendix D).

4.5.5 Uppér Uranium Support ng
Under bottom end impact the upper uranium ring is held in place by

a 1 inch plate plus a 1" ring.

/4" Inner Wall

:‘, . 1 .fs " ) - \
777727,

7777777777

Cooling
Header

/2“ Wall

AN

ANNNNNNINN

304 s/8 Uranium

W = 1690 F=Wi)

g = 30

30 x 1690

o |
]

50700 lbs.

X1-4-104
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During impact, the ring will deflect slightly to allow the rigid
Uranium ring to place the full load on the weld at the outer shell

region,.

Area of weld = 277 29.25 (1.25) = 230 in2

_ P _ 50700 _
.O’s = 230 220 psi

Shear allowable = .6 (60500) (.9) = 32670 psi

32670
M.S. = 22200 _) = 141
230 -




BLANK PAGE
X1-4-106

Rev. 2 - 1/31/75



BLANK PAGE

X1-4-107

Rev. 2 - 1/31/75



4.5.6

Rev.5 9/78

Bottom Support for Basket - PWR

The support for the Aluminum Basket, Absorber Sleeves, and Spent Fuel
Elements consists of a lower 1/2 inch plate, an outer ring of 1/4 inch
thickness and 1/2 inch thick Aluminum-(GOGI-TG) plate welded together
into 2 H configuration (NLI drawing 70652F). See sketch on page XI-4-
109 which shows the C & E, Westinghouse and Babcock and Wilcox Fuel
foot-prints with a superimposed outfine of support H. The support H is
in direct compression from loads due to the bottom end shock forces, the
1/2 inch thick lower plate merely acts as a device to position and main-
tain the orientation of the supports relative to the fuel foot print
locations. The support H's are welded to the 1/2 inch circular plate.
The geometry 6f the support H also allows the sleeve loads to be carried
in direct compression.

The absorber sleeves and fuel elements are reacted at two diametriﬁally
opposed corners. Both the sleeves and the fuel elements are sufficiently
supported and due to the structural integrity of both units, any differen-

tial shear witﬁin either the fuel or sleeves is negligible.

X1-4-108
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Determination of Properties

Assume an end impact load of 30gwithafue1 element design\.weight at
1700 pounds. | ' | |
Assume on equal distribution of shock loads to each two H supports, and
uniform loading over H section because of # inch plate. '

R; = 30(1700)(1/2) = 25,500 pounds for fuel
R = 30( 770)(1/2) = 11,511 pounds for sleeve .

Item Area v Ay d Adz In
1 8x1/2 = 4 .25 1.0 .75 2.25 .083
2 2x1/2 = 1 1.5 1.5 .5 .25 .333
3 3x1/2=1.5 - 2.75  4.125 1.75 4.59 .031

5 6.625 7.09 + 447

Z = 7.537 = 3.77 at edge of item 3
2 -

Allowable stress (Saa = 0.9 Sy for Al. 6061-T6 at 438%F from Sect. 1.1

under cask internals structure and Sect. 1.2 equals toj(.9)(.43*)(38000) = 14706psi
Refer to Ref. 27, Table 3.6.1.0(e) and Fig. 3.6.1.2.1(a)

*Temperature correction factor (Ref. 27 — t = 438°F

X1-4-110




Analysis of various fuel stress conditions

For Westinghouse fuel - eccentricity is + 1.125 in.
St = M = 25,500 x 1.125 = 7609 psi

z 3.777
Sec = P = 37,011 = 5694 psi
A 6.5 Total ——
_ = 13,303

i

M.S. = 14,706 -1 = .105
13,303

For Combustion Engineering fuel - eccentricity is -.5 in.

Sf = 25,500 x .5 = 3,382 psi
3.77

Se = 694 psi
Total = psi

M.S. = 14,706 -1 = .62
9,076 ‘

For Babeock and Wilcox fuel - eccentricity is - .25 in.

Sg = 25,500 x .25 = 1,691 psi
3.77

Sg = 5,64 psi
Total = 7,385 psi

M.S. = 14,706 -1 = .99

~7.355

XI-4-111
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The buckling stress on the 1/4 inch outer ring.

The critical buckling stress for an unpressurized thin-walled

circular cylinder subjected to axial compression is given

X1-4-112f




1/31/75
by the equation:
Ref. 4 Sect. 10-3, Page 229. N
dcr =K, 7T2 E (gz
n 12 1 - v)¢ . L

For short cylinders: The buckling coefficient is expressed by,

Ke=K, + 12r22%
T * Keo

Stability of thin-walled cylinders

For simply supported edges, Kgg = 1

Also, Z=_L_2 ’\/l-vz
Rt

First, investigate the critical buckling of the 1/4-inch thick
support plate for shock loads due to an accident condition.

N
The temperature at which the accident takes place is assumed

to be the maximum temperature at steady-state loss of

coolant operation.

let,
L = 4,00 in.
R = 20.5 in.
t = .25
v = .3
z = (4.00)% it,gl} F _ .gs53 13-9825 = 2.462
(20.5) (.25)

Temp. = 4389F. {average for basket)

XI-4-112qg
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The equation for computation of the buckling cnefflcient yields:

2,2 20.5
K, = K+ 142 Ry =/ ,c = 82
co Tr4 .25
Keo
K, = 1.00 ‘ _.

r = .65 (from correlation factors curve in Ref. 4)
L =Length of Cylinder :

Stability of thin walled cylinders (support)

Buckling coefficient evaluétlon: |
| 4 J2065)° (2.462)°

K =

c 4
o
K, =1 + 30873 = 1,355
97.40
E = 8,282,000 pst 438°F

- 148 3 L2
d, =1.315 T }(1-)

b

.o 10.92

of

cr

| S 2,0 6 '
‘ 0, - 1.a1s | (8282 (0 ’] .00444

43,703 psi (no stability problem éxists)

The sections of the aluminum basket are very thick (16 inches)
and provide a high degree of rigidity in the bending mode. The
basket can conservatively be assumed to equally distribute it's

load on the 1/4" thick outer ring.

Compressive Area of Outer 1/4" Thick Ring

X1-4-112h
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Area = TT(R(_.’2 - Rlz) = 7T7(420.25 - 410.06) = 32.000 lnz

2
Total Compressive Area = 32,00 in
Ref: 20122B
Basket Weight = 7054 pounds

At Impact P = 7054 (30) = 211620 pounds
g - P _ 211620

fo] - A el 32 = 6613 pSI
- 14,706 psi | J 14706 _, _
Saz = 14,706 psi M.S. s613 - ! 1.22
4.5.6.1 Bottom Support - BWR

The configuration employed in the BWR Support allows the 4S°
Bevel on the General Electric Fuel to rest on the 450 angle cut in

the 1/2" thick Bottom Support Plate.

XI-4-112i
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AL Al , . ... . SLEEVE WK
LI KET Com o LoADING SKET=Y

Uy W7

\:

L

FUEL ELEMENT FORCES {'_ &
§

3.5%

4" DIASCH.SO

77 7777 7 77 777 7 7777777777

Refs: NLI Drawing Number 70653F, Sheets 1 and 2

Total Fuel Weight = 18,000 pounds (Ref. Section VII, Pg. 1)

Individual Fuel Weight = &égﬂ = 750 pounds
Force at Impact = 30(750) = 22,500 pounds

The placement of the Schedule 80 Pipe allows the vertical load
component to be carried by the pipe dlrecﬂy in the Compresslon
Mode.

Area of Pipe ‘= 4.407 In®
Note: PWR and BWR temps are considered the same for the

bottom support. t= 438°F (Sect. 3.1)

XI-4-112]
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Compression In Pipe (Fuel Loads only)

O.= 'p/a=%23%0 _ 51055 psi

Allowable stress (Saa = 0.9 Sy) for 304 S/S at 438°F from Sect. 1.1 under

cask internals structure and Sect. 1.2 equals to 6.9 X 59500 = 53550 psi

.=53550 - ] = 9.5
M.S 5105.5

The stresses are also below the dynamlc yleld strength of 39667 psi, hence
the elastic stability analysis is then.valld.,

Compressive Stresses on 45° Chamfer on 1/2 Inch Plate

1 \}‘// il ; 375

P = v - —tE e

Area In Bearing = 27T R (t)

Where t = =375 - g3g4n

.707
Ay, = 2T (2228 (5304) = 5.93 in?
BR = ‘3'15"% = 5,364 psi
Saa = 53550 ;;sl M.S. =5:;§'%-1 = 8.98

Conservatively, the bearing allowable is used as being equal to the
compressive allowable.

Deterﬁalne ability of 1/2" plate to carry sleeve lqads to support points.
Each Quadrant of the Lower Support has 9 pipes to support the sleeve

loads and the outer 1/4" thick Peripheral Ring.

XI-4-112k
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Total Sleeve Weight = 5852 for all Sleeves

Individual Sleeve = §-§—éﬁ = 162.5 pounds

The Sleeve loading pattern ls dispersed as to allow the assumption

of a uniform load. Ref. 8, page 158-159.

And the distance between supports is taken as &n average éf all
distances encountered on the placement of the four inch pipes in
the Lower Spacer.
Average distance between supports
C, = 4"
C, = 3"
C3 = 1.75
Ave. C = 2,92"
Make the conserv,atlvé assumptlion that the loads (Sleeve) are placed

on the outer edge of the Ring.

Sleeve Load at Impact = 162.5 (30) = 4,875 pounds

a = .22 (2.92) = .642" a = 3.56 + 2 (.642) = 4.84
&5 _, 4,875eP (85)

-————l !
-

{0 |

1 2.5¢ 1 s Ref. 34, pp. 67-68

2 L
a/b = TZL;% = 1.36 K = 1.156 (Case 1)

X1-4-112L
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Maximum Stress in 1/2 inch Plate

max = 2 K = 1.156

2 = (.5)2 = .25

_ 1.156 (4875) _
(max) ~ .25 = 22,540 psi

Saa = 53550 psi

3550

Mosn = 22'540 - 1 = 1.37

Determine Ability of 1/4" Outer Ring to Carry Basket Loads

The aluminum Basket, due to the overall rigidity of the rather thick

structure distributes Iits load equally to the 1/4" outer'Ring.

Welight of Basket = 9557.3 (Ref. Weights Section of SAR)
Impact Weight = 30 (9557.3) = 286,719 pounds

Compressive Area of 1/4" thick Ring

2 2
Area = T(R, -R; ) = 7T (420.25 - 410.06) = 32.00 in>
= = 286,719 _
Jc P/A 32.0 8.960 psi

Sa3 = 53550 pst

8,959 -1 =, 4,97

The elastic stability of the BWR Bottom Support Ring (1/4” thick)
Is greater than that computed for the PWR Case due to the lower

value of L In the BWR case. In elther case, the stress required to

XI-4-112m
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produce instabllity far exceeds that of Dynamic Yield Point.
Length for PWR 1/4" Ring = 4.00" (Approx.)
Length for BWR 1/4" Ring = 3.00" (Approx.)
C;:mpresslve Plpg stresses due Sleeve Impact
Individual Sleeve Weight = 162.5 pounds
| Impact Force = (162.5) (30) = 4,875

Compressive Loading in Pipe
P 4875
0 = x = t.407 = 1105.4 psi
Total Compressive Pipe Loads; (Sleeve plus Fuel)

C{ = 1105.4 + 5105.5 = 6,210.9 psi

Saa = 53550 pst

_ 53550

‘M.S. 6210.9

-1 =7.62

The design allowable buckling stress for an unpressurized thin-walled
circular cylinder subjected to axial cofnpresslon is glvén by the equation:

Ref. 4 Sect. 10-3, Pg. 229

dcr = m? E (_t_)2
n c 12 (l-v)z L

For Short Cylinders; The Buckling Coefficlent is expressed by
2 2
= 12r° 2 " _

: KC KO + ?—K -

co

X1-4-112n
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Stabllity of thin walled cylinders,

For simply supported edges, Kco =1

. 2 .
L
Z *rR@m V-V

First, Investigate and Determine the critical buckling stress of the

Also,

4" Schedule 80 Pipes and compare this with stresses imposed by
Sleeve and Fuel Loads. The temperature at which the Accldent takes
placé Is assumed to be the maximum termperature at steady-state Loss
of Coolant Operation.

Let the following Parameters be shown

L =3
R - 2.3028 + 2880 _

R =225+ 1O _ 0615 (& Mean value)
t = .337

v = .3

2
(3) 1
(2.08) (.337) [-91] = 12.248

N
0

Returning to the equations for computation of the Buckling

Coefficient,
2 2
- 12r° 2 - 2.0815
K. Kco-i- Ty R 337 = 6.176
co
Ko = 1-00

-
]

.65 (from Correlation Factors Curve (n Ref. 4)

XI-4-1120
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Stability of the Pipe Blements:

2 2
K = 1 + 12(65)° (12.248

¢ T (1.0)

K = 1 + 12(.4225) (150.01)
¢ (97.409)

1 + 7.8 = B.8

al
L]

27,000,000 pst at 438° F
d = 12.067 77 2 (22 x 10°) (t_>2
cr 12 (1-v" ) L

10.92 *

o]
L]

g = 8.80
Ccr

g = 2,705,790 psli
cr

The Critical Stress for Elastic Stability greatly exceeds the

Dynamic Allowable .

XI-4-112p
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4.5.7 Absorber Sleeves (PWR/BWR)

N
Dynamic compression loads in the absorber sleeves are calculated
for bottom end impact. The loading summary table is shown be-
low.
PWR BWR

Top Spacer Weight (lbs.) 142 303
Top Plates Weight (lbs.) 71 69
Individual Sleeve Weight (lbs.) 770. 243
Impact Load @ 30 g (lbs.) 29,490 18,450
Area of PWR sleeve = (9.633)2 - (8.956)2 Ref. Dwg. No. 70652 F

A=12.58 in.2 N
Area of BWR sleeve = (6.150)% - (5.775)2 Ref. Dwg. No. 70653 F

A=4.45 in.2

18450  _
(BWR) Cfc = s~ 4146 psi
®wRr) d. = 29490 _ 344 psi
¢~ 12.58 ps

Assume the stresses calculated are carried primarily by the meutron '
absorber material. The ultimate tensile strength of the absorber
material is 42800 psi (Ref. 19).

_Allowabie stress (Saa =0.9 Sy) from Sect. 1.1 under cask internal
structure and Sect. 1.2 equalsto 0.9 x42800=38520 psi.

. _ 38520 _
Minimum M.S..-—._4146 - 1= 8.29

XI-4~113
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4.6 Side Impact
4,6.1. Outer Closure Head
During the side impact the outer closure head is subjected
to an acceleration of 81 g in the plage of the closure.
Ini.égrlty of outer ciosualv'e must be maintained to protect

containment vessel valves.

\—2 PACT LIMITER
\\\\\\\\\X

-

%Fhﬁ\j v
»\\\\\\\\\\\}\‘////}y/\\\\ , . - A

L_p/ !! ] \ F=wg— 5/8 .?_
7 TTreTT E?
Weight of outer closure = 2328 lbs. e

Lateral force on closure F = 81 x 2328 = 188568 lbs.
Analysis of bolts in shear:

Outer closure Is boited down with 28 32 in. dia. bolts.
Yield strength of bolts at250 °F is 85,000 psi (Sect. 1.2)

Ultimate tensile strength at 250:°F is 130,000 psi (Sect. 1.2)

plana {s 0.9408 in.z

Shear area of 11-8 bolts at the shear

XI-4-114
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Shear Stress ss = -ZFK= 231?(80 964808 = 7,158 psi

Tenslile stress inthe bolfs from preload is 12158 psi:.
(Sect. 3.11)

Effective Stress

Se2
Se'z = 17,364 psi.

= ~\/ 3 \/(0 - 02+ (0-12,158)2 + (12,158 - 0)° + 6(7,158)2

During the Impact accident condition, the Allowable Stress for the bolts is
conservatively set at the statlc yield strength of BAS,OOOVpsl. fhls Is well
below the acéident allowable stress of 0.9 Su (Sect. 1.1) and assures an
adequate margin of strength in the bolts during the subsequent puncture acci-

dent condition (Sect. 4.8.1).

85000 _
17364

M.S. = 3.90

XI-4-115
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Bearing
Surface

Rev. 4 9/78

Inner Closure

During the side impact the inner closure is subjeci:ed to an

acceleration of 81 g in the plane of the closure. Integrity

of Inner closure must be maintalned to provlde the desjired -

containment of the cask contents.

N\
N
N

!

- 58" Dia.

Weight of Inner Closure=7400 lbs.
Lateral force on closure, F = (81) (7400)

F = 599,400

This force will not be taken by the bolts In shear since
the radial clearance between the closure head and
the cask fo'rglrig is less than the radial clearance

between the stud end the bolt hole in the. closure.

XI-4-116
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Calculating bearing stress on the 304 S.S.

forging
P _ 599,400 _ - 2
Sy ==-=2220000 = ) A—l.875x58=108.75[n
"2 T108.75 5'-51_2 p??

Bearing stress allowable (Sprd = 1.35 Syq) for 304 §/5 at 325°

from Sect. 1.1 and Sect. 1.2 equals 1,35 (41200)= 55620 psi
‘ 55620

Mls. =‘ 55-12

-l=9.09

Lateral mo'vement of the lnner closure before cc:;ntact with the

cask top forging is limited to thé_ diametral clearance of 0.010 in.
(See Dwg. 70651F, Sheet 4). The segling surfaces of closure,
forging and silver-plated O-—ring seal are ﬁide enough, radially, so
that lateral displacements of 0.010 inch will not cause loss of seal
integrity according to the seal manufacturer (Ref. 84). Hence,

the pressure seal will-be maintained for the smll lateral move-

ments of the closure that are possible.
4. 6.2 Bending of Containment Shells

During the side impact the cask Is subjected to a 81 G
acceleration which produces large bending moments in the cask
containment structure. These moments are resisted by the

Inner and outer containment shells and by the water jacket shellh.
Conservatively, additional support from the lead and the end
fbrglngs for this analysis is ignored. Stresses on the shells

ére within the allowables based on ultimate strengths. "

Hence, the containment feature of the cask design Is main-

tained and retention of the contents is assured.

XI-4-116a
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The cask contalnment structure Is treated as a simply supported beam
loaded by a uniform transverse load due to its own weight. The moments -
are shared by the three shells in proportion to thelr stiffness because they

are all constra ined to have equal end’slopes by the ver? stiff end forqings.

The analytical model for this analysis is shown in detail In Section 3.8.6.
"o
The -40 F isothermal condition with 81g side load results In the primary effective

stress Segj at various locations In the shells as follows:

Sez (psi)

Loc. (19) (81g) Spp = .78, M.S.
1 204 16524 80500 pst 3.87
3 278 22518 80500 psi 2.57
7 237 19197 80500 psi 3.19 N
9 372 30132 80500 psi 1.7
11 377 30537 80500 psi 1.64
13 512 41472 80500 psi | .94
17 174 14094 80500 psi 4,71
23 237 19197 80500 psi 3.19
25 200 16200 80500 psi 3.97
29 106 8586 80500 psi - 8.37

X1-4-117
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ACCIDENT PRIMARY STATIC AND DYNAMIC STRZSS EVALUATION

BASE CASE "MULTIPLIER BASE CASE DESCRIPTION
9 2435009 —4C0_PSI HATER_CHAMBER __
10 T .72900 77100 PSI CAVITY .
11 ‘-81.0G060 1.0 6 SInE orop: (compression side)
LICATION =FFECTIVE - TEMP. o STRESS ALLOWABLES
STRESS Sex e BaTSU_ __
1 16213 268 | 454LES
3 22100 w8 e __W5999
5 19893 218 ; 46777
7 ‘20862 318 : - | 44205
9 29313 303 Y. BUL5U4E
11 29448 %20 ; 41895
13 | 40435 359 : 43076
15 45180 . 323 _ e 4021
17 12522 382 44572
.19 13620 290 L4 887
21 ice3 . 292 - B L4835
23 21481 271 S 45386
25 15786 261 46174
27" 13456 218 46777
29 8225 _ 260 - . 45675
31 157. . 256 45780
33 307" 240 . 46200

Norﬁal Transport-Cond itions e

_.Imﬂfe&%‘an.cmiled)_- . —— — e im e

- 70 kw decay heat load
130%F ambient temperature

——— 0 - mevms aew
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ACCIDENT PRIMARY STATIC AND DYNAMIC STRSSS EVALUATION

-——— ciem m e e Sr e e mew e tm Gt mE——— s w wee e t————rn o=+ e s

"BASE CASE DESCRIPTION

RASE CASE MULTIPLIER
e 235000 100 PST WATER_CHAMBER _ __
1 = 72903 108 PSI CAVITY
11 81.00000 1.0 6 SIDE DROP (Tension side)
LICATION EFFECTIVE TEMP, N STRESS ALLOWABLES
STRESS Se, . N B.73V _
1 16874 2568 : 454565
3 2294% 248 R, %5990 .
5 24514 218 i 46777
7 23625 315 : 44205
9 2115, 303 _ - _ Y 1Y 1Y - -
11 - 31769 L248 ' %1895
13 42536 359 v 43676
15 39772 323 _ L. L BbE21
.17 15726 302 : 44572
19 14804 290 44387 \_/
21 _ » 1933 292 . . 4835 ]
23 22862 271 %5386
25 165665 241 ; L6174
27 18463 218 o 46777
29 8952 260 45675
31 - 157 256 45780 . .
33 347 248 45220 ' _
Normal Transport Condition o . L
- 70 kw decay heat load
130°F ambient tem erature
Internal pressure f{all clad fafled) . _ _ e
XI-4-119
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ACCIDENT PRIMARY "STATIC AND DYNAMIC STRZSS EVALUATION

B8ASE CASE
K 2.35000_
10 «16500

MULTIPLIER

11 -81.00004 "

..
e e e S e

- cmm s e emes - e

LOCATION TFFECTIVE

TEWP,

Rev. 5 2/76

re e o -

“omes o m e e

""BASE CASE DESCRIPTION

_ 100 _PSI MATER CHAMBER_
100 PSI CAVITY
1.0 G SIDE DROP

Tt i 4 e e mbamte s mede - s e a e

p——— o e man ¢ @ e W e

(compression side)

STRESS ALLOMWABLES

STRESS Se, _ ... . __.. .. ! 0TSV
1 16521 268 45465
3 22113 248 ___ o 4599C0_
5 4199CS5 218’ v 46777
7 26929 316 ; 44225
9 29323__  _s03  _ . t 44546
11 29427 429 41895
13 L0433 - 359 43076
15 45228 z23_ . _ wwg2t
£ 17 . 12972 362 44572
19 13672 298 44887
21 1766 292 . o Wu835
23 21429 271 ' 45356
25 15837 241 : LB174
27 13517 218 . 46777 i
29 8795 260 4567%
31 412 256 ' 45780
33 502 240 - 46200 _
Normal Transport Conditions
70 kw decay heat load o - T
130 F ambient temperature
_Internal pressure (no clad faflure)  _ _ - o
Xi-4-120
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ACCIDENT .PRIMARY STATIC AND DYNANIC STRSSS EVALUATION
BASE CASE  MULTIPLIER ~~~ BASE CASE DESCRIPTION T
9 2.35080 - R .100 PSI WATER_ CHAMBER - _
10 16560 "100 PST CAVITY
11 81.00303 1.0 6 SIDE OROP ' (Tension slde)
LICATION EFFECTIVE . TEMP, . STRZSS ALLOWABLES
STRESS Se, .. .. SRR S 1 -1 B
d !
1 16613 263 45455
3 22936 _..2n8 e 85990 e
5 24500 2183, 45777
7 23622 316 44285
9 _§_1_.__169 303 S ——e__B4540 e
11 . 31799 429 418395
r~ 13- 42558 . 359 43076
15 39725 J323_ —_ . BW32a
17 154145 1302 T w4572 v
19 : - 146387 B 29) T . L4 887 .
21 1766 292 ' —_b4835 —
23 22954 271 45336
25 16613 241 L6474
27 _ 18503 218 L6777
29 38377 260 458675
31 ’ 412 2556 45780
33 502 240 %5280
Normal Transport Conditions
70 decay heat Joad -
) 130 F ambient temperature :
—-. - .Internal pressure { noclad faflure) _ —_— s e —— .
v
XI~4~ 12]_.“ _ L
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casemtn Ges seamep ez ge @ UM O 3 WETURL G, L% T

T BASE CASE DESCRIPTION

R IR

oo — - ———

- e -

"ALLOWABLES
0.3SL

1035C¢
10356¢
103540
10350¢
10352¢
. _10355C
10353¢

103543
__18350C
10353¢
10355¢
10350¢
10350¢
10350¢
o _4D350C
10350°0
10350¢
10356C
1035&C
10353¢
10353L
10350(
10350¢
_____ 10352¢
16350¢

103560

10350¢

1035358

10350¢(

1035CT

10352¢

163507

10353¢

- e p——

BASE CASE MULTIPLIER
2 1.60003 ____ =40.0 f ISOTHERMAL_
11 81.00000 1.0 G SIDE DROP (Tension side)
LOCATION  EFFECTIVE TEMP,
STRESS Se, '
i 49689 =40
2 8789 -40
3 12859 _ 40
. 35379 -40
5 21269 -40
6 21459 L0 .- e e
7 34485 -40
8 33390 -40
9 L1068 -%q
10 38092 40 ‘
11 39824 -40
12 37978 =40 _ .- R
i3" 49568 ~40
14 47652 -4
15 396 30 -4
16 39621 =i
17 15343 -4
18 26260 -4
19 20493 =40
20 21603 -40
21 14566 -40
22 12083 <ug
23 . 28461 -40
24 21666 =40 :
25 9775 -43 i
26 37733 -4
27 12980 =40 __ _ O
28 1627% ~49 :
29 12585 -40 I
30 18793 =e8_ _ . |l
31 9275 -40” " |
32 11911 -40 b
33 %699 =40 '
3% 16594 -40

Normal Transport Conditions

-———

No decay heat load

-40 F ambient
No Internal pressure

7T 4g353¢

" S——— e

— - - 4 .
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ACCIDENT .PRIMARY PLUS SESONDARY STATIC AND DYNAMIC STRESS EVAL.

BASE CASE

O — . e ——— - t—. - -

T MULTIALTER

' BASE CASE DESCRIPTION =~

-=40.C F ISOTHERNAL

2 1.00000
11 -31.009900 1.0 6
LICATION  EFFEGTIVE T YEMP. .
STRESS Se4
1 19380 -49
2 34620 =40 -
3 .._._39589 =48
% 98953 -40
-3 23128 -40
6 22934 -ud _
7 55012 -4
. B 51427 -%J
_.9 32388 =40 i
10 32772 -40
I 11 54109 =40
) 12 52729 _ -40 L
13 44301 =47
14 43199 =40
15 42342 -0
16 42351 -43
17 27978 =41
18 20829 40
19 19228 =40
20 138793 =40
21 14566 =40 _ -
22 12083 -4
23 16527 =40
28 22897 _.=w0___
3 266383 -40
26 5991 =43
27 18934 =up
28 15707 -4
29 4765 =40
39 _ 3256 =y )
31 9275 =40
32 11911 =4
33 __. . k699 . =0
35 18504 =40
Normal Transport Condlitions . )
No decay heat load
-40°r ambient
No_Internal Pressure e

X1-4-121b
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. o e e i e — e ce e -

e we e . emema—— .

—————— -t .

© e ee e C s e,

L -

.§hLLoﬁiaLes

SIDE DROP (compressidh side)” ~— =

0.9Sv

" 163523
108353¢

.. 183500

103509
103509
103538
103587
103509
103530
10351
1031
_ 1033
10353¢
103530
103525

"103500

- comalen oen

- - - ——

103549
1035082
1835433
183563

103500

103500
103509
__ig8350¢
103500
103558
183530
10350¢C
123500
133588
133566
1035¢C0
103560
163500

'\_/
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GCCIDENT - PRIMARY PLUS SECONDARY STATIC AND DYNAMIC STRESS EVAL.

RASE CASE MULTIPLIER BASE SASE DNESCRIPTION
4 1.063C0 __ __ _ NORMAL TCKH 4130F AMBIENT _ _ .
11 81.00000C : 1.0 6 SIDE DROP (Tension side)
LOCATION EFFECTIVE TEMNP. . ALLOWABLES
STRESS Se4 ‘ ' 0.9SU
1 L1611 268 . 58455
2 29253 267 ' ‘ . 58489
3 29603 248 _ . S 59130
4 19350 237 59501
5 54370 - 218 ' : 60142
6 7187 A 218 .. s e e e .. 63142
7 45363 : 316 , ) 56835
8 15377 316 56332
9 . 27281 _ ___ 303 __ . e . 57276
10 35469 291 " 57679
11 30102 420 ‘ ~ ' 53865
12 28662 828 L ——e 53865
13 39984 359 o 55384
14 . 46938 . = (A - ' 55890
15 4547k 323 _ L __5659¢%
16 45615 " 323 56599
17 40935 302 : ~ 57367
18 10129 301 _ — e —— 57341
19 3955 290 57712
29 24696 230 < 57712
21 8665 292 . : _ 57645
22 9650 290 . : 57712
23 20744 271 , 58354
24 24198 259 __ - L —_ 58758
25 36046 261 ‘ 59366 -
26 8016 . 230 ' . 59737
27 54535 218 L . Y B31K2
28 12009 218 - : 60142
29 9393 260 58725
30 3424 269 _ . . .. R .. 58725
31 20610 256 _ 58860
32 - 13652 256 58860
33 - 17074 _ 243 - e ——. ... 59400
x{" 24485 240 T 59400

Normal Transport Condition

70 kw decay heat load

13C°PF ambient
Internal Pressure (no clad failure)

| XI-4-121c
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CCIDENT PRIMARY PLUS SECONDARY STATIC AND DYNAMIC STRESS EvAaL.

T o/
aASE CASE MULTIPLIER BASE CASE DESCRIPTION
N _1.00900____  _  _NORMAL 70KW 130F AMBTENT . _ . .
11 -81.0830D 1.0 6 SIDE DROP (compression side)
LOCATION EFFECTIVE TEWP, ALLOWABLES
STRESS Sey 0.9sU
1 95921 268 58455
2 53314 267 . ‘ 58489
3 A66%5 . 28 __ e eemee——.. 29130
4 25840 - 237 53501
5 13927 218 : ’ 63142
6 Hh1383 218 _ . _. ——— e BB142
7 32722 316 . 56335
8 31447 31% : ' 586302
9 — 33358__ . 363 __"_ .. .. e e .._ 57274
10 28120 291 : 57679
11 46738 | %219 53365
12 _ 44478 _ w20 . _ . e . 53855
e 13 43113 359 ‘ 55324
146 38961 Jtety : . 55 :
15 39525 323 ... e e 56
15 39493 : 323 . 558599
17 1757, 302 : 57367
18 35957 301 . L 57341
19 31269 297 ) 57712
20 69985 299 : 57712
21 8665 292 - 57545
22 8659 290 ' : 57712
23 20514 271 5835%
25 14203 259 . _ 58759
25 5516 241 593656
26 29017 230 59737 .
27 23652 e18__ ——e . BO1627
28 %8126 2138 855152
29 78286 263 58725
31 14050 260 o 58725
31 20610 256 ‘ 58860
32 13852 26 : &38s0
33 1797 - 240 . e .. 59800
36 24485 247 59400
Normal Transport Condlitions

70 kw decay heat load
130%F ambient

—Internal pressure (no clad fallure) . o e e -

— .. Xl-4-121d _
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ACCIDENT -PRIMARY PLUS SECONDARY STATIC &ND DYNAMIC STRESS EVAL

Normal Transport Condlitions

4U kw decay heat load
-40°F ambient

Internal pressure (no clad fallure) ___ _ __ __ .. . ... _._

XI-4-121e

RASE CASE " MULTIPLIER
11 81.0000%_
12 1.06908 NORMAL &LCKH
LOGATION EFFECTIVE TEMP. .
STRESS  Se,
1 53049 54
2 21225 53
3 19624 %2
4 27025 33
5 34265 20 -
2 17680 ___ 280 _
7" 19956 81
8 20476 80
9 35448 72 T .
10 35733 65
11 22851 137
12 ______. 23515 135 ..
-~ 13 43736 100
1& G3RT7TL g5
15 43992 81 —
16 L4038 81
17 19215 73
18 19634 72
19 10544 68
29 31624 68
21 19155 __ 67
22 14501 66
23 23313 54
24 24373 _46
25 22240 38
26 8288 29
27 26931 _20_ )
28 10163
29 11146 52
39 9095 52
31 13319 . S2
3 140C9 59
37 12318 38___ X
34 5396 38

' BASZ .CASE DESCRIPTION

...1.¢ G SIDE DROP_(Tension side)'~. ____ .
~4BF AMBIENT

P ]

aemrm e o e e s—

- —————————

" ALLOWABLES

¢.9SU

74659
74966
78341
81102
85091
85291
68988
63058
69612
71264
. 65112
65253
67396
68019
68988
68988
69542
69612
76364
70364
765670
70977
. 74659
77114
79568
82330,
gsgat
£5091
‘75273
75273

————. o ——

T T 75888

7588¢

79568

79568

e e e e s s aca o
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ASCIDENT PRIMARY PLUS SECONDARY STATIC AND DYNAMIC STRESS F °L

BASE-CASE ~  WULTIPLIER BASE CASE DESCRIPTION =~ "7 7" ~

13 -81.,40300 1.0 G SIDE DROP_(compression gide) .
12 1.38009 NOPMAL 4GKW =40F AMBIENT
. LOCATION EFFECTIVE TEHP, ~ ALLOWABLES
STRESS Se, ' 0.9sU
1 20397 54 74659
2 w5717 53 - 74966
3 - 30155 %2 e e N 41’31
% 18911 33 e 81102
5 10463 .20 85391
5 26337 a8 _ A v 85091
7 4461% a1 ' 63933
3 51997 80 : 63058
9 30539 r2__ S 59612
10 26400 65 ' 71284
11 56430 137 65112
12 45833 35 e e, . 85250
13 41607 106 87 5
14 41230 35 ' _ 65 _13
15 37991 - e o _.___ 68988
16 37945 a1 , : ‘ | 653983
17 20333 73 , 69542
18 L7815 -2 —_———— — .. 69512
19 36242 68 g 70364
29 17971 63 70364
21 19155 &7 _ .. e —— L
22 14501 66 70977
23 21138 © 54 L 74559
2% 18368 _ 46 L : . 77118
25 13996 38 o 79568
286 24705 29 ? 82338
27 6064 -2 . _. ‘ —— RS L1 -
28 22063~ 20 ' 85091
29 6262 52 | C 75273
33 8142 .k v — . imen... 75273
31 13719 50 ' 75886
32 15009 59 : 75836
33 12313 38 o . 79531
3%

5395 38 7 - . T 79568

Normal Transport Conditions

40 kw decay heat load - - - —— e
-40°F ambient _ |
Internal pressure (no clad failure) e |
N

XI-4-121f e
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4CCIDENT PRIMARY PLUS SECONDARY STATIC 4ND DYNAMIC STRESS EVAL.

\—
BASE CASE MULTIPLIER BASE CASE DESCRIPTION
11 81.068C03. ' ._ 1.0 G SIDE DROP (Tenslon side) .
43 1.00360 NOPMAL 7JIKW =4OF AMBIENT )
L3CATION EFFECTIVE TEYP, ALLOWABLES
STRESS . Se, 6.9SU
1 51498 133 67465
2 2717 162 67535
3 ) 22891 L o o ©898B
[ 22417 69 70857
5 34040 52 75886
) - 17256 __ ___ . . S0 _ . —— e i 75885
7 11198 148 64352
8 14525 147 64419
9 34525 433 . . 65388
190 36294 119 - 66358
11 14043 LY 59332
12 15361 _ 233 - __ N e _ 59434
_ 13 41062 185 61719
- £ 164 41029 174 _ 62758
(U 15 . ____46128 _ 149 ' _ _ L . ._6u281
16 46219 . 449 . 64281
17 19141 135 65250
18 20563 134 ) L o ®5319
i9 6128 123 66081
4} 26639 123 66d81
21 12327 das —_——— ; 6592
22 9240 126 66812
23 19298 103 67465
24 23478 s __ — 68365
25 I3ILNG3 74 69473
26 cBLS 63 71898
27 34301 sg o . 75886
28 7649 50 75886
29 104175 182 675325
30 69892 162 _ __. .. — e B67535
31 ieu58 98 67812
32 15812 98 67812
33 _ 15558 8% L 68850
34 15929 83 68850
Normal Transport Conditions '
70 kw decay heat Iead " e T ) T T
-40°F amblent

— _ Internal pressure (no clad failure) . .____ = .. .. . ...

N\
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ACCIDENT PRIMARY PLUS SECONDARY STATIC AND DYNAMIC STRESS EVAL

N
BASE CASE MULTIPLIER BASE CASE DESCRIPTION.
11 -81,08363__ _ __ 1.8 G SIDE DROP_{compression side). ..
13 1.00060 T NORMAL 70KH <~4OF AMBIENT .
LOCATION  EFFECTIVE  TEMP, ' ALLOWABLES
STRESS Se, . , 8 .95V
1 18487 103 687465
2 —> 52540 102 | 67535
3 23880__ 8L S o 68938
& 22648 89 : . 76057
5 . 11683 53 . 75386
6 27137 .50 e e o S ¢-1:1-1-
7 51787 168" _ 64353
8 37746 147 _ . B441C
9 31445 133 T . ____ &538e
iG , 23991 119 65635¢
11 47034 242 Lo 59332
12 k5941 2~ 239 . __. S e, 58434
i3 %2249 185 , 6171¢
'S 14 %2263 171 . 6275¢
| 15 353338 N L . _ € )
16 ~ . 35795 429 | . BweB1
17 14623 135 - 85258
13 18223 436 . _ - B334¢
19 32417 123 F ~ 56081
20 13932 123 o 660 81
21 12327 125 o L B594:
i 22 9240 124 : ’ 66012
. 23 24051 103 | - 67465
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Shear Stress Calculations

Rev. 1

2/76

Calculate maximum shear stress In the shells at points "A", "F", "G".

o _
The maximum shear stress occurs 90 circumferentially from the maximum

bending stress.

Inner Lead .
Water Jacket Shell Shell QOuter d Forging
. Sh?u
e - L |
ool | .—End Impact
Limiter
N
‘ | !
204 a4 A | _ G )

X = '
~ x=4 -.1 ‘
i X = 50 _;-i
e . x=10 — LOADING
e x=182 . DIAGRAM
< x =187
< XxX=194
, & ;
. L =210 > RZ = 8,100,000 lbs.

Rl = 8,100,000 lbs.
Max.
+
SHEAR
0 : DIAGRAM
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Calculate shear stresses in the inner shell, outer shell and water
jacket shell at point ""A" on a horizontal saction through cask axis.

From Ref. 3 Sg = VQ
I(:b

where Q=A'z!

Vv = 8,100,000 - 8,100,000 (_13345_ = 5,477,143 1bs.
A} =107.8 = 53.9 in. 2 (A' is shell area above centerline)

2

Al = 380.1 = 190.05 in. 2
== _

95. 7 in, 2

A} = 19;. 4

2l = R-(R) (1 -sinccfc) = R-R(l-24r) (Ref. 3, Table I Case 12)

(z! is distance from

= 23.25 - 23,25 (. 363) : neutral axis to centroid

of At) ’
= 14,81 in.

bl,
"

31.25 - 31.25 (. 363)

19,9 in,

N
L]
n

41 - 41 (., 363)

26.117 in.

I = (0.049) (46.5% . 454

28160 in. 4
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4 4
I, = (0.049) (62.5 - 58.5))
= 173803 m“
_ 4 4 :
Ij = (0.049) (82 - 80.5)
= 157708 m4 )
4
I, = 35971 in
b = 2(.75+2+.75)
= 7 In.
Q = (14.81) (53.9) + (19.9) (190.05) + (26.117) (95.7)

3
= 7079.6 In

'S_ = 5477143 (7079.6) = 15401 psi
359671 (7)

Calculate effectlvé stress Se3 in the shells at points "A", "F", "G" at NormaI.
Transport Condltion 70 kw, 130°F Abmient, 16.45 psig cavity pressure and

235 psig In the water jacket. This case will give the highest effective .stress.Ses .
Effective stress in the inner shell Se3 at point "A"

Jx = 12.1 psi (Radial Stress) From Sect. 3.8

dy = -1315 psl (Tangential Stress) From Sect. 3.8
dz = -606 psi (Axial Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)
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sz = 176 psi (Shear stress) From Sect. 3.8
T =
y 0
-\/ 2 2 2
Sey = VEVU2.1--1315)" + (-1315-(-608) + (-606-12.1)° 3

6 (154012 + 1762)

26702 psi
Allowable stress (0.8 Saa = 0.7 Su) at 268 F for 304 s.s From Sect. 1.1
under containment vessel and Sect. 1.2 equals 45465 psi.

MS = 4546S -1 = .703
26702

Effective stress in the outer shell Sej at point "A"

Ox = =254 psi (Radial Stress) From Sect. 3.8

ny = -676 psi (Tangential Stress) Prbm_Sect. 3.8

dz = =52 pst (Axlal Stress) From Sect. 3.8

Ty = 15401 psi (Shear Stress)

sz = 223 psi (Shear Stress) From Sect. 3.8
Ty = 0

.\/ 2 2 2
Se, = VIVI-254-(-676)) + (-676-(-52)) + (-52-(-254)) +
6 (15-‘1012 + 2232)
= 26684 psi

X1-4-121.1
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Allowable stress (0.8 Saa = 0.7 Su) at 248 OF for 304 s.s From Sect. 1.1

under containment vessel and Sect. 1.2 equals 45990 psl.

MS = 45990 -1 = .72
26684

Calculate effective stress Se3 in the outer shell at point "F"

S =vo__

<
n

8,100,000-8,100,000 [ 23
105

= 6325714 lbs.

Ss = 6325712 (7079.6) = 17787 psl.
359671 (7)
Ox = -115 psi (Radial Stress) From Sect. 3.8
ay = -1012 psi (Tangentlial Stress) From Sect. 3.8
Jz = -175 psi (Axial Stress) From Sect. 3.8
TYz = 17787 ps! (Shear Stress)
Ty = -259 psi (Shear Stress) From Sect. 3.8
Vi : » "
Se; = VI V-115-(-1012) + (-1012-(-175)) + (-175-(-115)) + .
2 2
6 (17787 + (-259) )

Se3 = 30823 psi
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Allowable stress (0.8 Sia = 0.7 Su) at 241°F for 304 s.s From Sect. 1.1 under_

containment vessel and Sect. 1.2 equals 46174 psi.

MS = 46174 -1 = .498
30823

Calculate effective stress Se3 in the Inner shell at point "G"

Ss = vQ
It B
\'4 = 8100000 - 8100000 [16
105

= 6865714 1bs.

6865714 (7079.6) = 19306 psi.

Ss =
359671 (7)
Ux = -8 psi (Radial Stress) From Sect. 3.8
Jy = -46 psi (Tangentla} Stress) From Sect. 3.8 ~/
dz = =237 psi (Axial Stress) From Sect. 3.8
TYZ = 19306 psi (Shear Stress)
sz = Tx_y =0
Se _ \/T-\/ 2 2 2
3 = k; (-8-(-46))" +.(-46-(0237))° + (-237-(-8))" +

6 (193062)

= 33440 psi
Allowable stress 0.7 Saa = 0.9 Su at 260°F for 304 s.s From Sect. 1.1 under

containment vessel and Sect. 1.2 equals 45675 psi.

MS = 45675 -1 = ,366 | J
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Calculate effective stresses Se4 in the shells at points "A", "F", "G"

o
at -40 T temperature condition. No pressure in cavity or in water jacket.

Calculate effective stress Se 4 In the inner shell, outer shell and water

>

jacket shell at point "A",

Calculate effective stress Se 4 in thé inner surface of the inner shell at

point "A".

Ox = 0 pst (Radlal Stress) From Sect. 3.8

Jy = 13740 ps! (Tangential Stress) From Sect. 3.8
Jdz = 38589 psi (Axial Stress) From Sect. 3.8

Tyz = 15401 psi (Shear Stress)

TXY = sz = 0

VE-\./(0413740)2 + (13740 - 38589)% + (38589-0)2 +

Se4

2
6 (15401)

43119 psi

Allowable stress (S,, = 0.9 Su) at -40°F for 304 s.s.From Sect. 1.1 under

all cask structures and Sect. 1.2 equals 0.9 x 115000 = 103500 psi.

MS = 103500 -1 = 1.40
43119
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-

Calculate effective stress Se 4 in the inner surface of the outer shell at

point "A",

dx - 2505 psi (Radial Stress) From Sect. 3.8 ) B
Uy = -9884 psli (Téngentlal Stress) From Sect. 3.8

dz = ~19246 psi (Axlal Stress) From Sect. 3.8

Tyz S = 15401 psi (Shear Stress) From Sect. 3.8

sz = 769 psi (Shear Stress) From Sect. 3.8

Tyz = 0

ﬁ\/(zsoz - (-9884))% + (-9884~(~19246)) + (~19246-2505)2

[7;]
@

N
]

2

6 (154012 + 7699

32717 psi .

MS = 103500 -1 = 2.16
32717

Calculate effective stress Se 4 In the inner surface of the water jacket shell

at point "A"

dx = 0 psi (Radial Stress) From Sect. 3.8

dy = -443 psi (Tangential Stress) From Sect. 3.8
dz = =1150 psi (Axial Stress) From Sect. 3.8
Ty = 15401 psi (Shear Stress)

Txy = sz = (0
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\/?‘\/(1(-443))2 + (-443-(-1150))% + (-1150-0) 2+ 6(15401%)

Se4

26694 psi

MS = 103500 -1 = 2.87

Calculate effective stress Se4 in the outer surface of the outer shell at

point "F".

dx = 0 psi (Radial Stress) From Sect. 3.8

g y = 3398 psi (Tangential Stress) From Sect. 3.8
OVz = 23117 psi (Axial Sfress) From Sect. 3.8
Tyz = 17787 psi (Shear Stress)

TXY = sz = 0

Se

2 2 2 2
'\/?_\ﬁ)-zass) +(3398 - 23117)" + (23117-0)  + 6(1778)

37637 psi

MS = 103500 -1 =1.75
37637

Calculate effective stress Se 4 in the inner surface of the water jacket shell

at point "F".

C)/x = 0 psi (Radial Stress) From Sect. 3.8

dy = 48 psi (Tangential Stress) From Sect. 3.8
O’z = -2953 ps! (Axial Stress) From Sect. 3.8
TYZ = 17787 psi (Shear Stress)
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Calculate effective stress Se 4 in the outer surface of the lnner shell at

Rev. 1 2/76

(0-48) + (48-(-2953)) "+ (-2953-0) + 6(17787")
v%— 2 2 2 2

30947 psi

MS = 103500 -1 = 2.34
30947

point "G"

o’x = 0 psi (Radial Stres‘s) From Sect. 3.8

Jy = 3400 psi (Tangential Stress) From Sect. 3.8
Uz = 11675 psi (Axial Stress) From Sect. 3.8
Tyy = 19306 psi (Shear Stress)

Ty = T =0 )

Se

2 o2 2 2
\/%'\/(0-3400) + (3400-11675)" + (11675-0) +6(19_306)

= 35019 psi
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Calculate effective stress Se 4 in the shells at points "A", “F", "G" at
normal temperature condition, with a cavity pressure of 16.45 psig. and

a water jacket pressure of 235 psig.

Calculate effective stress Se4 in the outer surface of the Inner shell at

polnt nBaw
Jx = 322 psi (Radial Stress) From Sect. 3.8

Jz = -44706 psi (Axial Stress) From Sect. 3.8

dy = 29619 psi (Tangentlal Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)

Ty, = ~-262 psi (Shear Stress) From Sect. 3.8

Txy = 0

2 2 . 2
V% (322-(-44706)) + (-44706-(-29619)) + (-29619-322 )

(7]
o
N
It

+ s‘(154012 + 2522) '

47829 psi

Allowable stress (Saa = 0.9 Su) at 2570}‘ for 304 s.s From Sect. 1. under

all structures and Sect. 1.2 equals 58489 psi.

MS = 58489 -1 = ,223
47829
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Calculate effective stress Se 4 in the inner surface of the outer shell at

pomt L). U
Ox = 127 psi (Radial Stress) From Sect. 3.8 . .
Jz = 3881 psi (Axial Stress) From Sect. 3.8
dy = -5672 psi (Tangential Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)
Tyz = 234 psi (Shear Stress) From Sect. 3.8
fl'yx = 0
5 _
Seq = '\/;-\/(127-3881) +(3881-(-5672))2 + (--5672-127)2 +

6 (15401% + 2349

= 27950 psi

Allowable stress '(Saa = 0.9 8y) at 248°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 59130 psi.

Calculate effective stress Seq In the inner surface of the water jacket at

point "A"

Ux = -235 psi (Radial Stress) From Sect. 3.8

Uz = 36467 psi (Axial Stress) From Sect. 3.8

Uy = 10384 psl (Tangential Stress) From Sect. 3.9

X1-4-121t
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TYZ = 15401 psi (Shear Stress)
TXY = sz = 0
2 2 2
Se4 = ﬁ (-235-36467) + (36467-10384) + (10384-(-235))
-2
+ 6(154017)
Se, = 42209 pst

Allowable stress (Szz = 0.9 §,,) at 216 F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 60142 psi.

MS = £0142 -1 = .424

Calculate effective stress Seyq in the inner surface of the outer shell at point

npe. o . -

Jx = 0.0 psi (Radial Stress) From Sect. 3.8

dz = 17066 psi (Axial Stress) From Sect. 3.8

gy = -5032 psi (Tangential Stress) From Sect. 3.8
'1‘},z = 17787 psi (Shear Stress)

Txy = sz = 0

Seq = V§=\/(o-17oss)2 + (17066-(-5032))° + (-5032-0)°

2
"+ 6(17787 )

. 36763 psi
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Allowable stress (Saa = 0.9 Su) at 241°P for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 59366 psi.

MS = 59366 -1 = ,614
36763 -

Calculate effective stress Se 4 in the inner surface of the water jacket shell

at point "pP*

Jx = =235 psi (Radial Stress) From Sect. 3.8

dz = 42790 pst (Axlal Stress) From Sect. 3.8

Uy = 10154 psi (Tangential Stress) From Sect. 3.8
Tyz = 17787 psi (Shear Stress)
T = T = 0

Xy xz

. '\/T- , z 2 2

Sey = 7 \/(+235-42790) "+ (42790-10154)° + (10154-(-235))

+ 6(177872)
= 49611 psi

Allowable stress (S, = 0.9 Sy) at 218°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 60142 psi. _

MS = 60142 -1 = .2]2
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Calculate effective stress Se 4 in the outer surface of the inner shell at

point “G"
Jx = 0.0 psi (Radial Stress) From Sect. 3.48 .
dz = -6140 psi (Axial Stress) From Sect. 3.8
dy = -1467 psi (Tangential Stress) From Sect. 3.8
Tyz = 19306 psi (Shear Stress)
Txy = sz = 0
g T 2 2 2
€4 = 17\ /(0-(~-6140)) + (-6140-(-1467)) + (-1467-0)
2
+ 6(19306°)

33897 psi
Allowable stress.(Saa = 0.9 S,) at.260°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 58725 psl.

MS = 58725 -1 = .732
33897

Calculate effective stress Se 4 in the shells at points "A", "F", "G" at
70 kw, -40 F ambient, with a cavity pressure of 16.45 psig and a water

jacket pressure of 33 psig.

Calculate effective stress Seq In the outer surface of the inner shell at

point npn
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Ox = 1200 psi (Radial Stress) From Sect. 3.8 .
dz = -42980 psi (Axial Stress) From Sect. 3.8
o'y = -=26541 psi (Tangential Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)
Tyy = -382 psi (Shear Stress) From Sect. 3.8
Txy = 0
2
Se, = '\/-}'\(1200-(-42980)) 24 (-42980-(-26541)) + (15401-1200) 2
+ 6(154012 + 3829
Seq = 43862 psi
Allowable stress (Saa = 0.9 8)) at 103°F for 304 s.s From Sect. 1.1 under
all structures and Sect. 1.2 equals 67465 psi. S
MS = 67465 -1 = .540
43868
Calculate effective stress Se 4 in the inner surface of the outer shell at
point "A"
dx = -189 psi (Radlal Stress) From Sect. 3.8
O:'z = ~-4345 psi (Axial Stress) From Sect. 3.8
dy = ~7474 psi (Tahgentlal Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)
sz = 20 psi (Shear Stress) From Sect. 3.8
TYZ ) ’ N
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Se '\/?\/(-189-(—-4345))2 + (-4345-(-7474)) + (-7474 -(-189))°

KN
]

6 (154017 + 202)

27416 psi

>

Allowable stress (Saa = 0,9 Su) at 81°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 68988 psi.

MS = 68988 -1 = 1.52
27416 '

Calculate effective stress Seq In the Inner surface of the water jacket shell

at point "A"
dx = -33 psi (Radial Stress) From Sect. 3.8
Gz = 14221 psi (Axial Stress) From Sect. 3.8
dy = 5449 psi (Tangential Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)
Txy = T-xz =0
2 2 2
seq =  VI\/(-33-14221)° + (14221-5449)° + (5449-(~33))
2
+ 6(15401°)
= 29439 psi

Allowable stress (Sgz =0.9 S,) at 50°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 75886.psi.

MS = 75886 -1 = 1.57
29439
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v Calculate effective stress Se 4 in the cuter surface of the outer shell at

-/
point "Pll
dx = -33 psi (Radial Stress) From Sect. 3.8
dz = -20066 psi (Axial Stress) From Sect. 3.8
Uy = -6764 psi (Tangential Stress) From Sect. 3.8
TYZ = 17787 psi (Shear Stress)
Txy = sz =0
2 .
584 = '\/;F\/(-33-(-20066)) + (-2.()066-(-6764))2 +
2 2
(-6764-(-33))" + 8(17787 )
= 35510 psi
Allowable stress (S,, = 0.9 Su) at 63°F for 304 s.s From Sect. 1.1 under ~
all structures and Sect. 1.2 equals 71898 psi.
MS = 71898 -1 = 1.02
35519
Calculate effective stress Se4 in the inner surface of the water jacket shell
at polint "F*"
dx = -33 psi (Radlal Stress) From Sect. 3.8
Uz = 20685 psi (Axlal Stress) From Sect. 3.8
Uy = 5353 psi (Tangential Stress) From Sect. 3.8
\’//
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Tyz = 17787 psi (Shear Stress)

Ty =  Tyxg =0

3 2 T 2
VI\/(-33-20685) + (20685-5353) + (5353-(-33)

Seq

+ 6(177879)

36000 psi
Allowable stress (S5 = 0.9 S.) at 50°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 75886 psi.

MS = 75886 -1 = 1.1

Calcuiate effective stress Se 4 In the inner surface of the inner shell at

point "G*

dx = =16 psl (Radial Stress) From Sect. 3.8

Jz = 2075 psi (Axial Stress) From Sect. 3.8

dy = 1078 psi (Tangential Stress) From Sect. 3.8
Tyz = 19306 psi (Shear Stress)

Txy = sz = 0

Se, = VI\/(-16-2075)2 + (2075-1078)2 + (1078-(-16)2 + 6(193062)

‘33488 psi
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Allowable stress (S33 = 0.9 S) at 102°F for 304 s.s From Sect. 1.1 under

o’
all structures and Sect. 1.2 equals 52527 psi.
MS = 52527 -1 = ,57 . -
33488 : 7
Calculate effective stress Se 4 in the shells at points "A", "F", "G" at 40
kw, -4°F amblent, with a cavity pressure of 16.45 psig and a water jacket
pressure of 14 psig.
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Calculate effective stress Se4 in the Inner surface of the inner shell at

point npn
Ox = -16 psi (Radial Stress) From Sect. 3.8
Jz = 39188 psi (Axial Stress) From Sect. 3.8 '
Jy = 1688 psi (Tangentlal Stress)
TYZ = 15401 psi (Shear Stress)
T, = T, = 0
2 2 2
Se, = '\/-}_'\/(-16-39188) + (39188-1688)° + (1688~(-16))

+ 6(154012)

46740 psi
Allowable stress (S5 = 0.9 Su) at 54°P for 304 s.s From Sect. 1.1 under
all structures and Sect.. 1.2 equals 74659 pst.
MS = 74659 -1 = ,597
46740

Calculate effective stress Se, In the Inner surface of the outer shell at

pol.nt upn
Ox = 1158 psi (Radial Stress) From Sect. 3.8

Jz = -10397 psi (Axial Stress) From Sect. 3.8

dy = ~9797 psi (Tangential Stress) From Sect. 3.8
Tyz = 15401 psi (Shear Stress)

Ty = 730 psi (Shear Stress) From Sect. 3.8

Tyz = 0
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7 7 2
Se '\/%_'\/1158-(-10397)) + (-10397-(-9797)) + (-9797-1158)

+6(15401% + 7309

28985 psi :
Allowable stress (S35 = 0.9 S,) at 42°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 78341 psi

Calculate effective stress Se4 In the inner surface of the water jacket at

point "A"

dx = -14 psi (Radial Stress) From Sect. 3.8

0z = 10775 psi (Axial Stress) From Sect. 3.8

Uy = -2449 psi (Tangential Stz"ess) From Sect. 3.8 .

TYZ = 15401 psi (Shear Stress)

Txy = sz = 0

Se, = \/?\/(--14-10775)2 + (10775-(-2449))2 + (-2449-(—14))2
+ 6(154012)

se4 = 30479 psi

o
Allowable stress (S35 = 0.9 Sy) a3t 29 F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 85091 psi.

MS = 85091 -1 =1.79
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Calculate effective stress Se4 in the outer surface of the outer shell at

point "F"
dx =. -14 psi (Radlal Stress) From Seét. 3.8
Jz = -9923 psi (Axial Stress) From Sect. 3.8
dy = -3114 psi (Tangential Stress) From Sect. 3.8
Typ = 17787 psi (Shear Stress)
Txy = sz = 0
| —3 ) 2
Se4 = Va‘g (~14-(-9923)) + (-9923-(-3114)) + (-3114-(-14))

+ 6(17787%)
= 32034 psi
Allowable stress (Saa = 0.9 Su) at 29°_P for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 82330 psi.

Calculate effectlve stress Se 4 in the inner surface of thé water jacket shell

at point "F"

Gx = -14 psi (Radlal Stress) From Sect. 3.8"

dz - 12558 psi (Axial Stress) From Sect. 3.8

dy = 3533 psi (Tangential Stress) From Sect. 3.8
Tyz = 17787 psi (Shear Stress

Ty = sz = 0
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Se

2
4 W-M—IZSSS)Z + (12558-3533) +"(3533-(-1~4))2

+ 6(17787%)
= 32790 psi
Allowable stress (Saa = 0.9 Su) at 20°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 85091 psi.

MS = 85091 -1 = 1,59

Calculate effective stress Se 4 in the inner surface of the inner shell at

point "G"

Jx = =16 psi (Radial Stress) From Sect. 3.8

Jz = 3249 psi (Axial Stress) From Sect. 3.8

O;( = 1563 psi (Iangen_tlal Stress) From Sect. 3.8
Tyz = 19306 ps! (Shear Stress)

TXY = sz =0

Sey = V%-\/(-16-3249)2 + (3249-1563)% + (1563-(-16))2

+ 6(19306%)

33558 psi
Allowable stress (saa = 0.9 Su) "at 52°F for 304 s.s From Sect. 1.1 under

all structures and Sect. 1.2 equals 75273 psi.

MS = 75273 -1 = 1.24
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4.6.2.1 BUCKLING OF CONTAINMENT SHELLS DURING SIDE IMPACT
This section addresses the cask shell stability under the 81g side impact.
As discussed below, this analysis also demonstrates the stability of the cask
ghells for all the 30 ft. drops and the side pin-puncture loading.
Briefly, the procedure used to evaluate the stability of the conta;nment
shells under the 81g side loading was as follows:

a. The peak stress-strain condition at the cask mid-plane for the
side drop was determined by computing the radius of curvature
of the cask center line at the cask mid-plane in order to pro-
duce in the inner shell, lead, outer shell, and water jacket
sheﬂ t.iie static 8lg eqﬁilibrium moment compgxfed for this con-
dition in Section 3.8.6. In this calculation the shells and lead
deform plastically (static properties were used for both the
stainless steel and the lead), and axial buckling of the water
shell was considered.

b. The maximum computed compressive stress in the shells was
then assumed to act uniformly (axisymmetrically) around the
shells as a constant axial load or stress. (Baker, Ref. 4, in
Figs. 10-9 and 10-13 shows this assumption to be conserva-
tive.) Using the axisymmetric buckling analysis for the cask
composite structure given in Appendix C, the axial buckling
stress was determifzed for the system with the 70 kw, 130°l;
ambient ;tress condition imposed as a pre-buckling stress
‘state. The result was then compared to the maximum com-~

| puted stre:s-s for the ‘30 ft. éide drop.
Since the method‘of analysis assumed the méximum load to act axisym-
metrically, this analyéis also applies to the 30 ft. end drops. The axisym-
fnetric axial load producéd by the end drops are much less severe than the
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resulting axial load from the 81g si@e drop. (In the 30g end drops, the maxi- "/
mum axial stresses developed in the shells \vere elastically calculated to be
approximately 8 ksi, while for the 30 ft. side drop, the Iﬁaximum elastic stress
was about 40 ksi, ) Additionally, the pin-puncture drep on the cask gide pro-

duced only 7. 07g lateral acceleration (Section 4. 8.2) and was shown to produce

no concentrated strains in the euter shell, 'I"herefore, fer the method of analysis

_ applied, the 81g side drop condition Tepresents a worst-case for shell stability
among the cask drop conditions.

Materiai Properties

Static material properties are used in this analysis. For the stainless steel,
~ stress-strain properties are needed to strain levels of approximately 3% and at
temperatures between 326°F and 413°F. The stress-strain curve selected is
_ presented in Fig. 4.6.2.1-1. The curve represents design data for 304 stain-
less steel at 400°F taken from the NERVA Program Materials Handbook Ref, 7

~/
(The selected curve has the same 0. 2% yield and ultimate stress as given in Sec-

tion 1,2 for stamless steel,) The 400°F curve was used for all three shells of
the cask. This is a conservative assumption since most of the bending resis-
tance is developed in the 350°F outer shell. Additionally shown in Fig, 4.6.2.1-1
are empirical representations of the curve required in the analysis,

The stress-strain propérties selected for the lead are shown in'Fig. 4.6.2.1-2,
The curve represents the 450°F static propernes developed from the NL Research .
Laboratory experimental lead study, Ref. 81. (The temperature 450° F repre-
sents a convenient and highly conservative average lead temperature for the
70 kw, 130°F ambient normal condition.) The required empirical representa-
tion of the lead curve is also given in Fig. 4.6.2,1-2,

Buclding'éf Water Shell Under Axial Load

To insure’ that a conservative esdmate for the bending resistance of the wate1

shell was obtamed the buckling of this shell alone under axial load was examined.
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The stress-strain representation assumed for the shell is the second empir-
ical relation given in Fig. 4.6.2.1-1. | |

“The stiffening affects of the combined internal and external cooling fins
were assumed to influence strongly the stability of th;a water shell. .Thus, one
possible mode of shell buckling is for qxial waves to form between the co.oling
fins, To examine this mode, the fins were assumed to restrict the axial half
wave length to 2.0 in. or less. The 2.0 in. is a conservative assumption since
the free length of shell between either an extei'qal or internal fin is less than
this assumed half wave length. Another mode of buélcling is for the shell to
buckle in longer wave lengths than the spacing between the fins, To determine
the buckling of the water shell for the longer wave lengths, the following expres-

sion was usedl:

R.r (supported) V 4 Ae
Rv (unsupported) ﬁt

- where
P;r is the axial buckling stress,
Ag is the fin ares,

/Sl is the axial fin spacing,
¢ is the shell thickness.

For the 10/24 cask fin configuration, the reshlting buckling stress ratio is 1.40.
To compute the buckling loads, thé shell buckling development of Appendix.C
was used. The axial stress was used."a.'s the load parameter and the water cham-
' ber was conservatively assumed to be non-pressurized. In the search for the
minimum buckling load, the axial half wave length and the number of circumfer-

ential waves were varied.

1gq. 6, Hutchinson, J. W., and Amazigo, ] C., AIAA Journal, March 1976,
p- 392,
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The buckling solution for the water shell indicates that the axial buckling
stress is in excess of 45.0 ksi for the 2.0 in. axial half wave length. For the
unsupported shell, the computed axial buckling stress was 28.0 ksi. The re-
sulting buckling load is therefore 39.2 ksi and is the smaller of the_fwo predic-
tions. This stress is above the ievels reached in the 81g side drop. loading,
Therefore, the water shell can be assumed stable in the calculations which
follow.

Shell Loading for the 81g Side Drop

In the SAR, Section 3.8.6, the equilibrium moment at the cask mid-plane is
computed for 1lg side loading. The re;sults of this calculation are m = 5, 25(10)6
in. lbs. Therefore, the required equilibrium morixent for the 81g side loading is
81.0m =M = 4,253 (10)® in Ibs.

Plastically Computed Bending Moment

To determine the state of stress and strain in the shells which correspond
to the 81g equilibrium moment, the radius of curvature at the cask center was |
mcreaéed incrémentally. At each step in this loadfng the internal resisting
moment was computed using the inelastic stress-strain curves of Figs, 4.6.2.1-1
and 2, and the assumption that plahe sections remain plane. When the internal
resisting moment in the shells and lead equaled the equilibrium moment, the
loading was stopped and the desired stresses and strains in the shells computed.

The stresses which exist in the cask before the drop are predominantly
strain-controlled and are vrelatively small, approximately 0.2%. In the 81g
side drop, the strains are on the order of 2 %:; therefore, the final stress
results- wére not significantly affected by the initial normal condition stress
state, But, to insure the conservativiém of the final result, the initial strain

from the normal condition was included.
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In the analysis presented below, the integrations in the cask shells are
performed along each shell's mid-surface, and the axial stress (the only
stress considered) is assumed not to vary through the shell thickness., The

sketches below define the basic dimgnéibns used in the analysis.

zz. - o - e X
&m n ; rcosd
ol =

rot;de

LEAD LAYER!
R=2b625,4=6,0

{_— Lt cask sHerL

o715

i Iy

From the plane-sections-remain-plane assumption, the strain at a

| d1stance y from the cask neutral surface is given by:

where R is the radius of curvature of the deformed center line at the cask
mid-plane. Substituting this strain expression into an empirical stress-strain

expression of the form (see Figs, 4.6.2. 1-1 and 2):

m

y [rwse]

o

11}
aq
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Computing the increment of moment about the x-axis for one of the shells

yields: ~
dM = yoda = (r ws_e)(¢)f1¢; de
= (ricos@)( 0o [Qg%e]”/’?tacfé .-

| . H+m
dM = Z; ,Z_Z-+mo_o,_;é__.m‘(cosé) de

Once an estimate for R was made, the moment expression was integrated
for each of the three shells and the lead. The moment contribution for each
shell was then summed to yield the internal resisting moment for the particu-
lar cask radius used. The results of these integrations vs. R are givenin -~
' Fig. 4.6.2.1-3. ) | '

As shown in Fig. 4.6.2.1-3, the predicted radius of curvature for the cask
_ center line is 2060 in. This result corresponds to 2 maximum strain in each
of the shells as listed below:
inner shell:
€; = 0.0111 in. /in.
outer shell:
€o = 0.0147 in. /in,

water shell:

€y = 0.0197 in, /in,

Refe;:ring to Fig., 4.6.2.1-1, it is evident that the predicted axial stress in.

the water shell is adequately within the computed axial instability loading for
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this shell.

To include the influence of the initial state of the shells, the maximum shell
strains from the 70 kw, 130° F ambient normal condition were added directly
to the computed drop condition strains.- From the ajcisymmegric figite element
solution (with elastic-plastic stainless steel), the ﬁ:aximum computed effective
strains are 0.0009 in. /in. for the inner shell and 0. 0003 in, /in. for the outer
shell. Adding the ndrma.l condition strainsA to the drop condition strains re-
sults in 0. 012 in, /in. strain for the inner shell and 0.0150 in. /in. strain for
the outer shell. Referring to Fig. 4.6.2.1-1, the maximum estimated axial
stress in the inner shell-lead-outer shell composite was computed to be 32,0 ksi.
Buckling of the Inner Shell-Lead-Outer Shell Composite

Using the buckling development of Appendix C, the shell composite system
was examined for axial buckling, Starting from the initial stress conditions of
the 70 kw, 130° F ambient normal solution, the axial load in the inner and outer
shells was increased incrementélly. The second empirical relation of Fig.
4.6.2.1-1 was used to describe the stainless steel curves in the buckling solu-

tion. Additional loading parameters for the computation are listed below.

Inner Shell Lead Outer Shell
Hoop Stress -19000 -650 6250
Axial Stress D -650 -p
Radial Stress -325 -850 -325
Temperature 400°F 450° F 400°F
Tangent Slope empirical .curve(z) 2000 psi(s) empirical curve
Secant Slope empirical curve 10000 psi(3) empirical curve
NOTES:

1. The axial load in the shells was taken as the Vloa.ding parameter.,

2. From the stress components, an equivalent stress was computed
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which was used with the empirical representation of the stress- Y
strain curve to determine the secant and tangent moduli,

3. Conservative estimates from Fig. 4.6.2,1-2 at an average lead
strain of approximately 2,0%. In this an-ali'sis. the deformation

theory of Appendix C was used to determine the lead moduli,

The results of the buckling ca.lculatloq indicate that the inner shell buckles
in an axisymmetric mode with an axial half wave length of approximately 8.0 in,
at a stress of 42,0 ksi. This buckling stress is well above the calculated
32.0 ksi maximum 81g side drop axial stress in either of the two shells,

. XTad1?2tnn
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4.6.3

Allowable stress (S, =0.9 ) at 382°F foruranium from Sect. 1.1 under

Rev. 4 9/75

N

Loin_rer Uranium Ring

The lower uranium ring is subjected to a tenslon load through
the longitudinal weld joint whlch joins the cylindrical shield
halves together as a result of side impact loading of 81 G,

F= 0.5 WG | W= Uranium Weight

F= 0.5 x 5171 x 81 = 209425 1bs.

— e 75

St = _F A= Area of Weld

A= (.750) (14) (2) = 21 fn.2

S, = 209425 - 9973 ps;

noncontainment striicture and Sect. 1.2 equals 0.9 x 58500 =52650osi,

52650
M.S. = 9973 -1 = 4,23
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4.6.4

Rev. 2 - 9/78

Containment Vessel Valves

In the side impact the cask acceleration of 81g acts in a transverse
direction to the valve assembly, which- causes a moment tending to open

the joint between the valve assembly and the forging. Loading {s as

. 4
follows: VALYE /FORGING
'\ 2.0 /‘——
i  2F,
; 1% ‘See Sect. 4.4.8 for weight,
_ \C6 _ |/ dimensions, pressure and seal
Ve 2F 3.41 loads
5:; 2 4 - rotation axis of joint.
slw— 17 _o___ l = (.97/3.81)F; = 0.28446F,
/%//’
Taking moments about A: /I‘Bl G

(2.1) (81) (23.5) = 3.41(2Fy) + 0.97(2 Fp) = 6.82F1 + 1.94 (0.28446)F7

Fy = 3997/7.37 = 542 1b.
Adding pressure and seal loads gives F max = (1/4)(6804 + 548) + 542 = 23s8r ,
Bolt preload torque is set at 200+ 10 in-1b to provide a M bolt load ~
of 190/(.2)(.375) = 2533 1b. and thus maintain the joint seal in the side
impact, Allowable bolt stress @3250F = (2/3)(88000) = 58667 psi. (Sect. 1.2.24)
At maximum preload the tensile stress is 210/(.075)(.9775) = 356129 psi.

M.S. = (58667/36129) - 1 = 0.62
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Lk.6.5 PWR Absorber Sleeve Supports ’

This enalysis considers two cases of the supports for the sleeves
under side drop loadings of 81 g's. The first case is that of the separator
between each pair of sleeves in & doudble PWR sleeve assembly. Such an
assembly occurs in two places on the 0°-180° centerline of the basket. The
second case is that of & bullt-up support_for-a single PWR sleeve, and occurs
twice on the 90°-270° centerline. Both cases ere analyzed by similar methods.

Fuel loedings. During the side drop shock condition of 81 g's,
the fuel elements transmit individual loads from the pin sections to the-
spacer grid structures, which in turn trensmit the fﬁél loads to the under-
lying absorber sleeve structureﬂ

This enalysis does not take into account either the inherent
stiffness of the spacer grids or the fact thﬁt they impose less than & purely
uniform loed pattern on the absorber sleeves and so on their supports. The
load at each spacer grid 15? ﬁowever, assumed uniformly distributed over its
width of 1.5" and its length of 9.633", which is the width of the absorber
sleeve. This aréa constitutes the "foot" of the spacer grid, but for calculating
bending of the supports it is conservatively considered e load line 9.633" long.
The actual 1.5 in. wide foot would somewhat reduce thé sharp peak moments
developed by line loeadings.

Each fuel assembly is assumed to have 2 end nozzles and & minimum
of 6 intermediate spacer grids, andvfherefore 6 load lines. Assuming relative
load values of 1/2 at each end and 1 at each spacer grid, each grid and 1oad.11ne

will be supporting 1/7 of the total weight of the fuel assembly.
For a nominel overall length of 161", the spacing distance between load

lines is 161 = 23 in. The fuel sleeve is assumed not to contribute to the
= :

. bending resistence of the assémbly of sieeves end support spacer.
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The spacer in cas;e_ 1 and the support in case 2 are each treated
for analysis purposes as a flat plate with simply supported edges and multiple L
load lines across its short span spaced at 23 in. intervals.

The solution to this plate problem is given in reference 57
(5zilard-pp 57-61). This is an expansion of two variables .:ln a double Fourier
sine series. For strip loadings of a simply supported plate, reference is made to

No. 6 diagram and to formulae for: *

Pons Wy |1.6.%a( , M, and M ‘E:G.Eﬂ

Z l '
| B Mv > X

Y
Pan = 8B, sin(mWE) (m=1, 2, 3;
ﬁ a (n = ]’ 3.-5'¢.oo i
Po = 1bs/in along 1o0ad Tine
W = & = distance to load line
mn

P .
mn
pTH 2 . a2]2
32 b2

&, sin (m"Tf)

a
Tran (D nb) ﬁ + n2 2
I

=
0

D = Z[a 2 | 7
- T = fé + v :r:? L sinv (m:T?:) 's-in (n;lT

* See Page XI-4-123b-1 for derivation of corrected expression for Pmn'
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The eguation fov the load coefféient, £, of a tine

N load as 3ivc5\ (n Reéference £7 was fovnd to be éincoevecl.
/;’{e;\ce/ the expvession yox £, was redevived as
cllow's :

Po ¢S uniform pressvre
ovex loaded regian.

Let T“z(xzﬂ) = 4y = P/b.c. where P is total leoad.

T Frem feouation AS.34 {Reﬁf?}

\./ J'P‘/Z b .
, - %/ /(P/bc) sin(
5"‘/2 o]

MZ"/ S'z'n(’l'-;—rij Ax c{?

F+%A :
= 4P(/"’CDSM'I’T) . x
P abemTT scn(man )a/?:
¥-%

P

4P (1—cosmT) lcos "%.’—r(f— ‘/z)-' ces '%‘E(f"‘c/ ﬂ

bcmn >

P _ 8P(i—cosmTr) _: /o T ¥ | o) /fmTT <
mem = S S‘ln(_a____../.fch( za.)

7o evaluate this expression fov a line load wheve

c=0, multiply by (24/24), 7(‘.\/{:7\?

Xl--’.i-—/zsb.-l



m\"rc/za. :

P = 4P(1-cosmr) Sc'h("“'”?/ P ,m-rrc
abnwmr | S

Let e = o ; lim (s¢ =
et (m7re/f2a) < ; Zhen Lm (5'_:"_1_2‘_)-!

/ 5T (/—Cas‘mTl) S[h(._"'ﬂéﬁ/ (,Ml,ﬂ:I?.?....)

+ %10

Scnce P/b eguah‘ the line Ioad (ree e X1— 4~ /Z.?ﬁ)} and
the Zerm (/-casmﬁ) eZuals two Fovr odd M and jere

for even m , the eguation for B can alternatively

be wrillen as Shown sn prie Xi=4-72356 as

Cnn = szn(ﬂ'z::_) wheve &€= ¥
2. : P /’2/3/
MZT L350

X|-4=/25b-2



Further

Rev. 4 - §5/76

' .2 2
Mx = Eﬂz 2 Z E’é’ + Vv 2
M3 B_n 'y b sin (m'ITE‘ sin (m]!x‘ sin (mTy"
e = = / 2 ) )
2 4, np2f2
n B —_
2 2
& v (m= 1,2,3,. 3
(n= ]'3'5’0000
Similarly,
2
= "IT2DZ = n_2 + Voily sin T x\ sin (oWl
k& e b 2|t S @) s (LY

&
n (=2 + n27°
a b2

The following computer programs were used to evaluate Mx and My above.

) 83- ?I‘YZE?{V %sin(ma_mjsinhlx)sin@x)

analyses were made by hand.
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4.6.5.1 Spacer Plate between Double PUR Sleeves. (Case 1)

In the following diagram, analysis is made for spacer F, which is
assumed to bear the loads from fuel s1eeves_A, C, and E, and spacers B and D.

Aluminum ligament D is assumed to have failed in shear.

Spacer F is assumed to be supported at its edges by sleeve G.

o°
9.633
385 A 1700+365
B 307
385 c 1700+385
D 13k
385 E 1700+385
F 307
1155 7003
Edge of Sleeve : pistributed Loed
load G ;
h

—3 9.295 2————

180°
90633 -
T
: : QQ I
.10 —; é—— 3.9375
.879 -9| — 1 3/16" Dis. Holes
e} . 64T >

Sleeve Wall

nx" Section of Spacer B and F
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Spacers B and F are composed of stainless steel (type 30%) blocks
24" thick, 9.633 in. wide and about 16 in. long, welded together for a total desi\"/
length of 161 in. The welds are of sufficient size to allow the assembly to be
cénsidered as a continuous beam.

The holes are water passages which ex£ehd tﬁe entire 161" length.

The minimum section area of the pla#e is thru eachihole; The
I and S values are very conservatively takeﬁ on this section. |

Overall thickness 1.5 in.

Max. hole dia. = 1,187 + .015 = 1.202 max.

I, min. = 1.53.1.2023 = 136529 in.h/in..length.
12

The equivalent thickness of a solid plate would be

.136529 = t3 vhere t = 1.1788 in.
12

Total distributed load = 7003 1lbs. = weight of 3 fuel cells and

—~ sleeves, spacers B and F, and ligament D.

. Total impact load for each load line along spacer is
F = 7003 x (81g) = 81,035 1ps.
7 7 .
Pp_= 81,035 = 8412 1bs/in. along each load line.
o
9.633
also b = 9.633 in. These valuss are for the center point
A of the simply supported beam shown.
a = 161 in.
= variable
X = Variable
Y = a/2 = L.8165 in.
. ,
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The following table and graph are the moments calculated for the following

values of a, b and y, with € and x varied as shown.

Po = 8412 a = 16] b = 9,633 Yy = 4.8165
2 X T My
23 11.5 o =259 \ 75
23 9358 9674
34.5 -257 753
46 -17.7 30
46 23 -17.7 © 30
34.5 . =259 753
46 €358 9674
57.5 V =257 753
66 -42.2 70
€8 : -23.3 39
e . 173 | 30
69 46 ' -17.7 30
) §7.5 -258 753
66 1935 5968 -
68 6142 : 8500
69 ' 9358 9674
70 . 6142 8500
72 1935 5967
80.5 A -258 753
92 - 69 -17.7 30
70 -24.5 39
72 -42.5 69
80.5 -257.7 - 783

Suming-Mx and my at x = 69 inches gives thé maximum m. equal to 9323 in
1b/in and the maximum my equal to 9734 in 1b/in.

Variation in m, and wy in y deviction

= 69 inches

mx my y

0o 0 0
4375 4060 .879
7574 7257 2.192

9176 8859 3.504
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The pegﬁﬁﬁalues are

<

Mx = 9323 in. 1bs/in

%Y = 9734 in. lbs/in

The moments pesk and drop'offréharply near each loed line.to negligible
values so that the peak moments remain unéhanged at the point of each loed application.

For the Y cross section of the spacers (thru the T holes);

I =9.633x2.55 - 7xT1.202" = .1992 in" for total width
y 12 e

I per inch = .1992 = .2068 inh/in

y 9.633

Z per inch = .2068 = .2757 in3/in

y 15

A per inch = w, 2 . .675 in>/in

9.633

For the X cross section per inch slong the center water hole;

/f;/; \ I, per inch = 1.53-1.2023 = ,136529 19“/1n
1 12
1.302 1.5
7 2 per inch = .136529 = .1820k in3/in
A L P 36529
F-1.0-> )

xi-k-1231



Rev. 4 5/76

For point A at the middle of the load line;

Sy,x = Mx = 9323 = 33815 psi e
Zy L2757 .

s = = 9734 = 53472 psi :

by %% . 18208 A .

Ssy = 0 at midpoint of transverse beam

Sex = B, = 8412 = 6231 psi
2 x .675 1.35- '

—

5, --\/1/2 Vssms"‘ + 53722 . (54372-33816)% 4 5 (6231)

= .T071 (67986) = 48073 . psi

' Allowable stress (Saa = 0.9 Su) for 304 S.8. at 466°F from Sect. 1.1
accident conditions and Sect. 1.2 equals (0.9) (59000) = 53100 psi

M.S. = 53100 -1 = .105
48073

XI-4-123)
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For point B, thru the outermost hole.

S = 4060 = 14726 psi (see p. XI-4-123g)

bx .275' 7'

5 = _ 4375 = 24033 psi

W Y8208

Ssx = 6231 psi

ssy is now to be calculeted, again conservatively.
= Po b.

5y 2 x Area

P = 8412 1bs/in

Area = (1.5-1.202)(1) = .298 ina

8. = _8412 = 14,114 psi
sy . 506 P

w0
L}

. . . : 2 2 z
Varz V1ar262 + 240332 + 24033-14726)° + 666231)° + 604,114)°

-707T1  (48055) = 33979psi

M.S. = 253100 -1 = _§63
33979

XI-L-123k



Rev. 5 - 9/78

4.6.5.2 Support under single PWR Sleeve (Case 2)
N
This support consists of a 3/8 in. S.S. top plate 9% in. wide
and 161 in. long beneath the sleeve, combined with 5 welded 1/4 in. thick S.S.
plates on edge to form a water passage, and a bbttom S5.5. plate 1/4 thiek.
bsorber Sleeve
W=1700 /\/
770 9.705 Hole in Basket
: 2LT0# & 9.633 Sleeve
3/8-—1 :
L | 3.80 Plate
4. 0 N
) —=l % typical
;‘J = 1(*-"1.'850 plate
Load per fuel spacer gzrid (7 divisions of 23 1in length)
F = 2470 x 81g = 28,581 1lbs.
Po = F = 3090 1bs/in
9-25 )
— ,
Since the slope over each longitudinal strut is zero, the effect L

is that of fixed ends for the 2" wide section of the support plate. Such a bean
can be considered as 2 end cantilever sections with a central length which is simply

supported between the points of inflection.

S.S. Beam )

v

11554 — A

1.1554 -9
161 ,

— a2 —

Moment Diagram Y

XI-b-3231
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The method of analysis is now similar to that used in 4.6.5.1.
Only the third load line is analyzed because 4.6.5.1 has shown identical peak\ J

values for M and My at the various load line positions.
x

a 161 in.
1.1554 in.
€= 69 in.

x = 3a/7 = §9 in.

o
[/

Yy = b/2=.57T7 in. ‘ )

By computer summation of expressions for Mx and My

Mx = 270  in 1bs/in
- gy = 379  in 1bs/in
For 3/8 vplate

Z per inch =1 x.3152 = ,0234375 in3/in ,
' 6 ~—

Spx = __270 = 11520 psi : :
.0235375

S = 379 = 16171 psi

Y 5235375

Ssy = 0

Sgx = _to/2 = 3090 = 4120 psi

(1x3/8) .75

: Z 2 ) Z 2
S ‘.\/1/2 wlszo * 16171 * (16171-11520) *+ 6 x 4120
.T071 (22753) = 16089 psi

33100’ -1 = 2.30

M.S.

XI-4-123n
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Bearing on aluminum ligement of S.8. gtrut plates

While the loed from the fuel elements ié epplied to the strut plates
at intervals of 23 inches, the stiffness of these plates es deep beams is very
effective in distributing this load into the supporting aluminum ligament. This is
checked by calculeting the deflécfion of & 23 inch segment of & contin;ous beam
under uniform loading with fixed ends. In_this case the actual load lines become
reection supports in the epplication of formule from Ref. 3, Table III Case 33

Load on each strut plate over 23. in. length and 2 in. width

W = 30001bs/in x 2" = §1801bs per strut plete

1 ql? s, in this case represents & waviness of contacting edge.

y e emmwm——
36 EI

3
LB = 2° . 12167 1n3
6
E = 26.3x10 psi

I is calculated for the T sﬁape shown in the sketch.

To find Neutral Axis
Area Moment = (3/8 x 2) (3/16) + (1/4 x 3.375 (2.1325) = 1799

1

- 1.79 = 1.1045 in.
75+ .87875

L J Y

3.315
1.1045 H
I = 2x.3753+.25x 3.3753 + .75 (1‘.1045-.1875)2

) 12 T 12
-il }"‘.25
+ .87875 (2.1325-1.1045)2

1 2.3688 in%

Max. deflection of strut

y = 6180 x 12167 = .00314 'n
384 x 26.3 x 100 x 2.3688

X1-4-1230
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This small deformation supports the assumption that the load distributior
is substantially uniform on the aluminum ligament. . /

. Bearing stress on .aluminum, allowing only 1/4" load width, very
conservatively,

8, = 6180 = g2) psi | :
Sbr 26.83 x 1/ .

Allowable stress (Sbra = 1.35 su) for 1180 aluminum at 466°F From Sections 1.1

and 1.2 equals (1.35) (2700) = 3645 psi.

M.S. = 1.35 x 2700 -1 = 2.96
921

Top Plate - stress at supports (at strut plates)
Since the slope of the top 3/8 plate is zaro as it passes over each
of the strut plates, the section between two strut plates is the equivalent of a

fixed end beam. The maximum moment is at these ends and is double the moment at the

center, which has already been calculated (My) ‘ ~—

M, = 270 in 1bs/in
2, = 2(379 ) = 758 in Ibs/in

Z = 1x.3752= .0234375 in3/in

6
= 270 = 'I'ISZOpsi

bx .0234375 —
s = 758 = 32341 s ’
by .0234375 -
Ss = 2" x Po = 3090 = 8240 psi

Y 2 x (1 x.375) .375
S P, = 3090 = 4120 psy

sSX .

2 x (1x.375) .15

XI-4-123p
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S ='\/§'\/ N520.2 + 323012 + (32341-11520)° + 6(8260)° + 6(4120)°
= .7071 (46059) = 32568 psi
M.S. = 53100 -1 = 0.63

32568

Buckling Analysis of strut plates

A series of 5 strut plates extend the full 161 in. length of the
éupport. The section of each is 3.515 in. high by .250 in. thick. Each plate
passes under the transverse foot of the fuel spacers, giving a minimum projected
loaded area of 1.5 in x..25 in = .375'in2 in the strut plate. This part of the
strut plate is very conéervatively treated &s e column standing alone under the fuel
specer load, without benefit from the adjacent materisl in the continuous plate.

The dynamic elastic limit is teken as 60% of the dynamic yield strength
(Ref. 5, Sect. III App. I Table I-2.k)

A$.566°F the ultimate tensile strength of 30k s/s = 59000 psi and the

. dynemic yield strength = 2/3 x 59000 = 39,333 psi (Sect. 1.1 end 1.2).

Thus the dynamic elastic limit = .60 x 39,333 = 23,600 psi

Load in each plete from foot = 2x P = 2x 3090 = 6180 bs
The critical load for & strut with one end fixed
(Ref. 3, Table XV-Case 1) is

P’ = 112 ElI = 77—2 (26.3) (10%) (1.5 x .'253) = 11,109 1bs

12 12
4

u.S. = 11,109 -1 = ,798 4 x 3.3752

M 6180

Compresgsive stress in column

5. = 6180 = 16480. psi

[

1.5 x .25
M.S. = 23600 -1 = .432
76480 -

XI-L-123q
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Since the applied load of 6180is less than the critical elastic

buckling load of 11,109 1bs and the compressive stress of 16480 psi is less \J'

than the elastic limit of 23,600 psi, buckling of the strut plate will not occur.

Conclusions .

The principal function of the al_wové‘ spacer and support is.to maintain
the given volume of water between the fuel sleeves or between a fuel sleeve and the
basket material. The above analyses show that the construction and stresses are
satisfactory under the 81g side impact and any deformation of the structures will

not occur to reduce the water content in the holes.

XI-k4-123r
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Reletive Flow Rates

All water flow into the water channels will be through holes of the same size and
geometry es the water passege itself. The flow into the fuel sleeves will be some-
what retarded bytthe separators of the fuel bundles. Thefefore, the water level

in the water channels will be equivalent to or higher than.tﬁe water level in the

fuel sleeves at &ll times. '

BWR Absorber Sleeves

The criticelity eanalysis has shown that the BWR fuel assemblies are undermoderated,
therefore, if an absorber sleeve is crushed it will tend to lower the cask resctivity.
For this reason the cask will remain in & subcritical condition for all postulated

accidents.
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Side Drop Effect on BWR/PWR Fuels

"’

During the side drop impact the fuel elements bea: directly against the sieeve
wﬁll at ‘the numerous spring clip grids. The grids preserve the structural
integrity of the fuel bundle and allow the direct transmission of side loads.
The sleeves fit closely in the spaces provided in the aluminum basket and the
walls of the basket provides a uniform bearing support for imposed fuel loads.
The basket will move to a position of full radial contact in the peripheral regions
with the inner shell structure. The inner shell structure then transmits the side

impact loads to the upper and lower end forgings.

The means of side impact load transmission allows the load paths in tﬁe fuel/sleeve/
basket interface regions t6 be strictly in the pure compression mode and therfore
maintaining the overall structural integrity.of the system. This method of load
transmittal allows the sleeves to maintain the relative position to the fuel-

element that is indicated in the overall design.

XT-k-123t
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4.7 Corner Inipact

4. 7. 1
Inner Closure Rotation

During the corner impact the inner closure head is subjected to an

acceleration of 30g at an angle of 15, 2° (Section 4.3.4)

7.867 W
2
AN
I
ll
- / 1LTT
¢ 7~ A Ft-

54" Dia. BC

W =W +W; W) = 7400 lbs. Closure weight

W, = 34100 lbs. Contents weight

W = 7400 + 34100 = 41500 1bs.

Fy = W(28.95) = 41500 x 28.95 1201425 1bs.

FL = W)(7.867) = 7400 x 7.867 = 58216 lbs.
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During the corner Impact the lateral load Fy; = 58218 1lbs will not be
taken by the bolts in shear. It will be taken by the forging in
bearing as shown in section 4.6.1.1 (81 G side lmpact analysis)
Bearing stresses ln this case are much lower than stresses that
will occur during the side Impact.

The axial force Pt will be taken by the }:_>olts in tension; the joint
analysis and bending stresses of the inner closure head are caléul-
ated In section 4.4.1 for the 30g top end impact, which is a more

severe loading than the corner impact.

XI-4-125



Rev. 4 - 9/78

4.7.1.1
Outer Closure Rotation.

During the corner impact the outer closure is subjected to an ac-

celeration of 30g at an angle of 15. 2° (Section 4. 3. 4)

/
bd
f &
0
Fy 3 & 2
we /2 . ©
L Q Qol
]/ l»:r’
i
3
L= 31 T
. - F PO )
: L = 62“ Dla. (BCC.) A

Weight of outer closure = 2328 1bs.

Loading from pressure between lnner and outer closures is.
18265 lbs. (Sect. 3.11)
To be highly conservative, assume that only 5 bolts resist the

conbined inertial and pressure loads

F = 28.95 (2328) + 18,265 = 85,661 lbs.

Moment on joint, Mo = 31(85661) = (2.6555)10° 1n-1bs

X1-4-126
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Joint resisting moment from only S bolts is .
Mg =317 [2+ (cos @ +1)2 + (cos 20 + 1)2]
where () = 6.428 degrees (angle between bolts).
Fg = maximm bolt force.
Equating Mg to Mg and solving for FB gives

(2.6555)108 = 31 Fy [2 + (1.9937)2 + (1.9749)2]
Fg = (2.6555)108 / (31)(9.875) = 8675 1bs.

Minimum bolt preload = 10,450 lbs. (Sect. 3.11)
M.S. = (10450/8675)-1 = 0.205

Since the outer closure can withstand the larger bending loads of the
top end impact (Sect. 4.4.1.1), its integrity and that of the bolts and
seal are maintained in the corner impact. |

XI1-4-127
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Puncture

In the hypothetical puncture accident specified’in 10 CFR Part 71
(Par. 71.36 and Appendix B) the cask must withstgn& a drop from a
ﬁelght of 49 inches onto a 6 lnch‘dlameter steel pin without '
unacceptable reduction of shieldlng or loss of contents. In this
cask design the only potentially vulnerable parts of the containment
structure are the outer closure, the bottom head, and the outer
shell, That these parts of the containment structure will maintain
their integrity in the puncture accident is demonstrated by the

analyses which follow.

Outer Closure

Integrity of outer closure must be maintained in the hypqthetical
puncture accident to protect containment vessel valves and protect
inner closure head. The maximum possible load that could be imposed
on the outer closure during the puncture impact would be the failure
load‘ of the puncture p;n itself. See Sect. 4.8.2 where Fo =
(1.-113716{106 lbs. With this force the maximum possible cask
acceleration during the puncture impact is

=(1.414)¢105 / 200,000 = 7,07 g
Pin Load, Fe ‘

. + & r‘ L
Al. 2024-T351" 2 ls

304 S.8. 1 2.5"

1

.
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The aluminum plate shown in the analytical model is part of the
end Impact limiter and rests directly on the surfact of the outer
closure head. _

Inner plate @ (Outer Closure)

Temperature (Sect. 3.1) = ﬂ;—ﬂi = 368°F

Material - 304 Stainless Steel
Radius to edge support 29.5"
Poisson's ratio - 0.3 (Sect. 1.2)

Modulus of elasticity - (26.8)x 106 -psi (Sect. 1.2)

Outer plate @

‘Temperature 250° F (Sect. 3.1)

Material - 2024-T 351 Aluminum

Radius to edge suppprt - 29.5"

Poiééon's ratio -~ 0.33 (Sect. 1.2)

Mcdulus of elasticity - 9.6 x 106 psi (Sect. 1.2)

For plate, edges supported, uniform load over entire surface

From Reference 3, Table X, Case I

0= 3 (3+v)
8 T t2 F

" 2
Center deflection, Y, = 3(-v)(5+ 3V) Ry F = KF
16 7T Et

Max. Stress at center,

The two plates are constrained to have the same elastic deflection

curves under lateral bending loads. Hence, the deflection of each

XI-4-129
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plate must be the same and the total lateral load applied to the
assembly can be divided among the individual plates in accord

with each one's proportionaté part of the total bending resistance.

Equating the center deflection of the two plates gives - KIF'I = KZF 2

Also, the total load imposed on the closures must equal the sum of the

individual plate loads, so that

= +
Pt Pl F2

Combining these equations In terms of outer plate load P'z . glves -
= 1 1 1
Pt = VKZF 2 (ﬁl + Ez )

These equations may be evaluated to obtain the force on each plate as

follows:
f't-= F,- F, -
Fo= W) + W) + Fy % - 17.071g
= 1948 lbs.
= 7.07 (1948 + 1340) + 23609 w; - 13ae Ib:.
=46855 lbs, » F_ = 23609 Ibs,

p

(See Sect. 4.4.1.1)
pressure loading be-
tween inner and

= ' 6
Pt = 1.414 x 10° - 46855 | - outer closure head

=1.367 x 10° 1bs.
Determine the compliance constant K for each plate

, )
K, = 3 x 0.7 x 5.3 x 29.5° ., = 4.6017 x 1077 in/Ib.
1 16 77 x 26.8 x 10° x 2.5 ,

XI-4-130
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K, =3x%0.67 x5.33 x29,52 =1.54566 x 10~7 in/Ib
2 16 T x 9.6 x IOBxSS ,

Now P‘2 can be found from the previous equations as follows:

1.367 x 10% = 1.54566 x 10~7 Fp [_2.17313 x 10% + 6.469728 x 105_,'
6 : !

F.=1.367 x 10° = 1.023 x 10° 1bs.
1.33589
-7 6 :
F)=KF, =1.54566 x 10"’ x1.023 x10° =343,614 Ibs
1 2.2 4.6017 x 10-7

K

Bending stress in each plate Is determined as follows:

——

Plate (1) O =3 (3 +v) F=3(3+.3) 343,614 = 21,656 ps!
R T 8 7 2.5
Plate (2; T, =38($_r+tv) F=3(3+.33) 2023000 = 16265 ps{

8 T 52 :
Calculate effective stress Se4 On Plate @ and Pléte @) .
Plate @ highest stress area is at the center portion of the inner sur-
| face. Prc;m Sect. 1.1
Gx = 21656 psi (radial stress)
Gy = 21656 psi (tangential stress)
’ sz = 8.35 psi (axial stress)

Ty =Bz =Tzx =0

" 8,4 =V /(21656 - 21656)2 + (21656 - (-8.35))2 + (-8.35 - 21656)2

S = .
o4 21664.35 psi

Allowable stress (saa = 0.9 Su) at 368°F for 304 S.S. From Sect. 1.1 under

noncontalnment structure and Sect. 1.2 equals 0.9 x 60500 = 54450 psi.

XI-4-131
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M.S. = Seeine - 1 =1.513

Plate @ calculate effective stress at the center portion of the outer surface.

\Jx = - 16265 psi (radial stress)
Lg, = - 16265 psi (tangential stress)

z = - 50000 psl (axial stress) compression stress under the pin.

~

T =T =T =0
Xy Yz 2X

S 4 = 32-"\_/(-16265 - (-16265))2 + (-16265 - (-5()000))2 + (-50000 - (-16265))2

ed
= 33735 psi

Allowable stress (Saa =0.95u) at 250°F for 2024-T351. From Sect. 1.1 under

noncontainment structure and Sect. 1.2 equals 0.9 x 49280 = 44352 psl.

1 =.315

M.s. =-24382

Plate @ calculate effective stress Sg4,at the center portion of the inner sur-
face:

O; = 16265 psi (radial stress)

Gy = 16265 psi (tangential stress)

C’; = -135 psi (axlal stress)

Ty = TyzTzx =0

Calculate the pressure stress of sz between Plate i_r and Plate é} .

1023000 = 1413716 - F - 9474

F = 381242 ]bs.

381232
U = =
z —T"TI 30 135 psli
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- anas . p—

So4 =\/’{\ﬁ16265 - 16265)% + (16265 - (~135))2 + (~135 - 16265)

= 16400 psi
44352 _ - S
M.S.S _16400 l -107
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The stresses calculated for the two plates are conservative because </

the edge moment provided by the bolts will reduce them further.

Closure Bolt Analysis

@ Fp f
| Vi
-/
X Fo‘L \\ @ /
1 1 j \
) > MO l"‘
B 1 /
]
‘ .
Fp FS - f
.// R
Fg = Boltload @ 62" dia.
Fo = Inward load @ 59 " dia.
Fg = Force on clamp face @ gg* dia.
Fs  =Seal Force @ 60" dla.

LF:  Fg+ Ry~ F - Fg =0

ZMB: LpFp- Ip Fg +Lg K = M,
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Calculating the edge slope of plate @ = edge slope of plate @
The appropriate formula for edge slope 9 for & simply supported

plate, uniformly loaded is taken from Ref. 3, Table X, Case 1.

g - 3(1-v)aF _3(1-.3) 29.5 x 343614 - 9,0081 Rad.
2T E 3 2 T 26.8 x 10° x 2.5

Due to the inward loading on the outer closure of 343614 lbs.,

aséume the bolts will slightly yield.

Assume a bolt stress of S, = 87800 psl which is below 90% of the
ultimate strength of 130000 psi (Sect. 1.2)
€ = -q— + .g:_dﬁ.
Where ét = Total strain
. JE = Elastic limit

Ep = Plastic Modulus
_(straight llne basis)

E - =Elastic modulus

O =Actual Stress

From Ref. 25

E = 27.3 (10%) psi

Bolt stress = 80,000 psl @ .0002 plastlc strain

.0002 = (80,000 - 0'3 )/Ep and .002 = (85,000 - Q'E )/E:’p

Solving for Bp and GE & conservative estimate can be obtained by
approximating Ep with a straight line through the .02% and .2% strain points.

0. = 79,445 psl , zp =2.78 x 10 psit
XI-4-134




ET= 87800 /(27.3) 10%+ ( 87800 - 79,445)/(2.78) 10°

6,1, =0.00622 In/in
_ - 6

eclamp clamp stress/(27.3) (10°)

=61978 /(27.3)(105)

= 0.00227 In/In

€ = 0.00622 - 0.00227.
net

0.00395 in/in

93= As

As - Bolt length x € .,

=2.625x 0,00395

=0.01037 in

€ =0.01037 = 0.00691 Rad.

B 1.5
195 = 0.0081 - 0.00691 = .00119 Rad.

For the two plates In the outer closure

Rev. 4 9/75

@ = edge slope of a simply

supported plate

9B = the angle at the maximum
bolt elongation
90 = the angle due to unlformb\

edge moment,

M= M1 + M, and £ = 9‘1 = 9'2 since edge slopés must

be equal.

3
_ E| ty 91

= (26.8 x 105)(2-5iQL

12 (1-v) R, 12(1-10.33) 29.5

M, = 1,689,870 é‘-l
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3
Et 35 .
M, = 22 Y2 _ g 5,106 (53) T2
12(1-v,)Ry 12(1 - 0.33) 29.5
M2 =5,062,906 e‘z

M, =- [1,689,870 + 5,062,906] 0.00119 = 8036 In-Ib/in .

ZF : Fp- Fy- Fg+F, =0
Z Mg : LgFp = LoFo + LgFg = M,

F. = 87800 x 0.950 x 28 = 11,990 lbs/in

g 62 1T
Z F=11,990 -F - 100 + 7,357 = 0

Fp. =.19247 lbs/In

E
Mg =1x19,247-1.5x 7,357 +1 x 100 = 8,036 in-1bs/In

8,311 in-1bs/in = 8,036 In 1bs/in

This is sufficiently close agreement, so the assumed bolt stress of

87,800 psi is correct.

Allowable stress (Saa = O.SSU) for outer closure bolts from Sect. 1.1
under Noncontainment Structure Criteria and Sect. 1.2 equals:

0.9 x 130,000 =117,000 psi

117,000
LA A-AA_~mr -
M.S. = 87,800 - 1 -.332
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4.8.1.1 Outer Closure Head - Edge Loadings
/\- Pin Load
_Fp
(» aL
| - [ .
T = ¥
. (D sss '
| A
' FB {
I Vo
Ly =31
L
Ly = 62
— - i -
Acceleration during the puncture-impact Is - 7.07 g (Sect. 4.8.1)

The load that the outer closure head bolts will have to support
is the inertial load of the S/S plate and the pressure loading be-
tween the {nner and outer closureg See sketch in section 4.4.1.1

for clarification.

Plate @ welght = 2328 Ibs.
Pressure loading = 23609 lbs (Sect. 4.4.1.1)
Fp. = 7.07(2328) + 23609

= 40068 lbs.
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Axis of Rotatlion N , . y
S B

t, p, = YF ;
Force on any bolt FB o, where Po is Force on bolt @ and

y' is distance from axis of rotation to each bolt.

F F
Applied moment, LFE = vy 170 2Y2 Y20 4+ 2y3 i&

2R - 2R 2R
F 2 2 2
(o]
=R \N1 ¥, ¢ 2Y3>_
- : F e 7]
31 (40068) =2(&31) Ezz + (61.223%) + 2(58.932)_’
1242108 = o
24 = &7 (18286)
F, = 1242108 00 ibs.

° - 295

Conservatlvely assumes only 5 bolts resist moment out of 28 bolts
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Minimum preload on the bolts from Sect 3.11 is 10,450 1bs. This
clamping force of 10,450 is higher than F, = 4210 1bs. Hence
no added stress will be applied to the bolts during the puncture

edge loading 0450
M.S. = 080 -1=1.48
4210

Theouter closure plate will teke the bending stress due to its inertiil

forces (See Sect. 4.4.1.1)
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Bottom Head |

Integrity of the bottém head must be maintained in the hypothetical
puncture acc_ldent to pfovide the xjequirgd containment of the cask
contents. The maximum possible load that could be lmposéd on the
outer closure during the puncture impact would be the failure load
of the puncture pin itself. | .

From Ref. 66, the pin fallure load has been established to be

50000 psi. From this value the largest force that can be devel-
oped by the puncture pin is Pe = (50000) (7T) (32) = 1.413716(106) 1b.
With this force the maxir_nuin possible cask acceleration during

the puncture Impact ts () = (1.414)105/200,000 = 7.07 g. The

design load of 200,000 lbs. equals the gross welght of the cask.
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-VHH HHHU”
! Y
@ - Uranlum *2_}..
‘F
® 304s.s. 1"
: 1 ' &
1
UJLU
N Pin Load, T,
R, = 22.875
——
Term @ Inner S.S. @ Uranium @ Quter S, 8.
Temp. °OF 410 410 410
E, psi 26.6 x 106 24.8 x 108 26.6 x 10°
v 003 0.2 0'3
Welght Ibs. 1240 2900 2260
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The three plates are constrained to have the same elastic de-

flection curves under lateral bending loads. Hence, the deflection of
each plate must be the same and’ the to.tal lateral load supplied to

the assembly can be divided amohg the individual plates l;x accord
with each one's proportionate part of the total bending resistance.
The appropriate formulas for deflection and maximum stress are

taken from Reference 3, Table X Case 1 ( for plate 1,2)

. : - 2
_Center deflection, Yo = 3 ( i?v;T(s;‘?SRo F=KF

Max. stress at center, 6c = _3 (3+v) F

8 TT t¢

Ref.3 , Table X, Case 6 (For Plate 3)

3 (1-v2) an F =KF
16 TTE t3

~ Center deflection, yo =

Max. stress at edge, (5 = 7377{—{2— F

Equating the center deflection of the three plates gives
Also, the total load imposed on the ,.closures must equal the sum of

the individual plate loads, so that

F. =F + F + F
t 1 2 3
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Combining these equations in terms of outer plate loads F3, gives .

)

o+ 1 + 1
Ky K3

- -
Ft = K3 F3 (K1
These equations may be evaluated to obtain the force on each plate
as follows:

Ft = Pe"P

i
F = x F,* Fp
Worst case conditions exist with minimum internal force which occurs

with PWR fuel and only helium in the containment vessel.

Fp = AP A=TT(22.8752) = 1644 In.2

p= 16.45 psig ( hellum pressure only and
PWR fuel).

Fp = 1644 x 16.45= 27044 lbs.
Fy, = 38000 lbs. (PWR loading)
Ft=Fg - (X Pw"'Fp)

1.414 x 105 - ( 7.n7 x 38,000 + 27,044)

t 1.118x 106 lbs.
Following the same method of analysis as used in Section 3.9, the
compliance constant K for each plate is as follows:

K] = 5.44472 x 10~7 in./Ib.

K2 = 3.28146 x 10~7 in./1b. -

K3 = 1.66937 x 10~8 in./Ib.

X1-4-141




Rev. 4 9/75

Now F can be determined as follows:

F‘=KP 1 + 1 ‘ 1
t 33 |{—0— T — *
K Ky K;

- 6
1.118 x 106 = 1. 66937 x 10 8P (1.8366 x 106 + 3. 04742_;: 10
A +5.99028 x 10°)

F =1.118 x 106 =1,033,721 Ibs.

1.08153

F = KF, =1.66937x10°x1,033,721 = 31,694 Ibs.
X 5.44472 x 107/

F = KF; =1.66937x107°x1,033,721 = 52,588 Ibs
S 3.28146 x 10~/

Bending stress in each plate Is determlned as follows:

Plate (1) O’=3(3+v2 =3x3.3 31,694 = 3,121 psl
~ 71 eTee T2 Temer X

pate (2) 0,=3B+v o "3x302, 52,588 =3,234 psl
7Tt 877 2.5

Plate = 1,033,721 = 15,424psl
© =G n "

|
W

Calculating effective stresses on Plates @ . @ . @

The formula for effective stress equals

3 VE- ' @-a) " @ 9D ) ee @ et TT‘”)

Where (', C, ( arenormal stress, andT , T , T are shear
X b4 z Xy yz zx

stresses (Sect. 1.1)
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Plate \},
'The highest stress area is at the center portion of the inner surface
(j = 3121 psi (radial stress)
X
Cg, = 3121 psl (tangential stress)
Uz = -158 psi (axial stress) *

Txy =TY2 =sz=0

Se3 a/;ﬁun - 3121)2 + (3121 - (-158))% + (~158 - 3121)2
= 3279 psi
Allowable stress (.8 8,3 =0.78,) at 410°F for 304 S/S. From Sec. 1.1 under

containment vessel and Sect. 1.2 equals 0.7 x 59500 = 41650 psi

41650

M.5. = =3379

1 =11.7

Plate (2

The highest stress area is at the center portion of the inner surface
O' = 3234 psi (radfal stress)
q, = 3234 psi (tangential stress)
Uz = -177 psi (axial stress)

Calculating pressure stress J 2 between Plate @ and Plate @ :

31694 =F - 8768 - 250,456

F = 290,918 lbs.

290,918

=-/§_-\/(3234 - 3234)% + (3234 - (-177))% + (-177 - 3234)2
= 3411 psi
Allowable stress (8,5 =0.9 §) at 410°F for uranium from Sect. 1.1 under non-

containment sfructure and Sect. 1.2 equals 0.9 x 56,000 =50,400 psl
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50,400
M.S. = 3,411 -1

13.7

Plate {3)
Calculate effective stress §_, at the edge portlon of the outer surface. .

C. = 15424 psi (radial stress)

X
: 3vF
From Ref. 3, Table X, case 6 (J = a2
3x0.3x1,033,721
= = 4627 psi
d 4 TT 42 P

J = 0 (axlal stress)
z

1,033,721
ZX 45,7577 4

=1798 psi

. - 2
8,4 ='\/§_\/(15424 - 4627)2 + (4627 - 0)% + (0 - 15424)% + 6(1798)
= 14058 psi
Allowable stress (5,, =0.9 S ) at 410°F for 304 S.S. from Sect.1.1 under non-

containment structure and Sect. 1.2 equals 0.9 x 59,500 =53,550 psi

53,550
M.S.="jg,058 - 1 =2.81 -

Plate @
Calculate effective stress Se4 at the center portion of the outer surface.

From Ref. 3 Table X, case 6 - Bending stress at the center of the plat-e.

(1 +v)(3)(F)
dsz Bﬂ—t‘
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(1+.3)(3)(1,033,721)

O3=" 8T a2 = 10,026 psl

U,; = -10026 psi (radlal stress)
./;r = -10026 psi (tangential stress) =~ | '

Jz = -50,000 psi (axlal stress) compression stress under the pin.

T =T, =T, =0

Xy Yz 2zx

A fE T . - . )

Se4 \/: \/( 10026 - (-10026))“ + (~10026 - (-50000)% (-50000 (-10026))
= 39,974 psi

M.S, = 232350 _ , _ a4
39,974

XI-4-142c¢
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4.8.3 Cask Shell
The greatest damage from a drop of 40 inches upon a 6 in. diameter
vertical pin would be caused by Impact at_cask mid length, which
would possibly cause the cask to take a very slight permanent set
as a result of a plastic hinge.
The maximum possible load that could be Imposed on the cask during
the puncture impact would be the fallure load of the puncture pin
itself. See Sect. 4.8.2 where

F_ = (1.414 x 105 Ibs.

The analysls and the characteristics of the containment structure are
as follows:
Inner Shell:
| Outsldg dlameter = 46.5 in.
Thickness = 0.75 in,
Temperature = 410o F (Sect. 3.1)
Material - Stalnless Steel, Type 304

Modulus of Elasticity, E = 26.6 x 106 psi

Quter Shell:

Outside dlameter = 62.5 (n.
Thickness = 2 |in.

Temperature = 353° F (Sect. 3.1)
Material - Stainless Steel, Type 304

Modulus of Elasticity, E = 26.9 x 106 psi
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Water Jacket Shell:

Outside dlameter = 82 ln;

Thickness = 0.75 in. _

Temperature = 326° F (Sect. 3;1) . >
Material - Stainless Steel,"l‘ype 304

6 N .
Modulus of Elasticity, E = 27 x 10 psi

Calculating the bending stresses In the cask, the cask ls treated as a
cantilever with uniform load. The moments are shared by the three
shells in proportldn to their stiffness because they are all constralned

to have equal énd slopes by the very stiff end forgings.

W= 1.414 x 106 1bs.

ASSAN YN
e ]

For a cantllever beam, uniform load from Ref. 3, Table III, Case 3

Max. M = -;'WL at B
6
M = 1.4142 (101) (102) . _- 5 5114 (107) tn.-Ibs.

Inner Shell EI = 7.4906 (1011), lb.--ln2 (Sect. 4.6.2)

Inner Shell Section Modulus = ;l211.2 ln3 (Sect. 4.6.2)
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Outer Shell EI = 4,6753 (1012) lb.-ln2 (Sect. 4.6.2)
3
Outer Shell Section Modulus = 5561.7 In (Sect. 4.6.2)

Water Jacket EI = 3.1936 (1012) lb.-‘-an_ (Sect. 4.6.2)

Water Jacket Section Modulus: = 3846.5 ln3 (Sect. 4.6.2) - '

9/75

Dividing total moment among three shells in proportion to their values

of EI gives the following:
Total Effective EI = 8.61796 (10'2) 1b.-in?>
7.4906 (10}1) (7.2114 (107))
8.61796 (101%)

Inner Shell M =

=6.268 (10 in.-Ibs.

- 4.6753 (10!%) (7.2114 (107))
Outer Shell M = 12
8.61796 (101%)

= 3.912 (107)‘ in.-1bs.

3.1936 (101%) ( 7.2114 107 )
8.61796 (1012)

Water Jacket Shell M

2.672(10°) in.-lbs.

Shell bending stresses then, are as follows:

. _6.26800% _ ..
Inner Shell, G 1211.2 5 psi
Outer shet, O = 3:912 (0)) _ 7034 psi
! 5561.7 '
7
| 2.672 '
 Water Jacket Shell, U = T ém L. 946 psi

Calculate the force required for indentation of Water Jacket and the

force on the pin from hydraulic pressure.
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) 5
3
6 9 .
Pin
S
v-'c 1‘-3/4

Assume only 152 inches of 156 inches of Water Jacket Is stretched
radially. The wall is .75 inches thick with a 80.5 inch inside _
diameter. Assume the 6 inch dlameter pin pushed the Jacket wall
9 Inches to contact the outer cask s_hell. Very conservatively, a

" volume of water, equal to

0.2618h (D> + DJ + a2)

<
]

0.2618(9) (242 + 24(6) + 6°)

3

1781.3 ' in" {s displaced as shown

The volume of 1781 ln3 will distend the Jacket. -

Ar = l781.3 n®

_ .04634 tinches
7lgo.5 (152)

The strain due to hoop stress is 2 77(.04634) = .2912 Inches

.,2912 6
The hoop stress Is %— x E E = 27 x 10 (Sect. 2,1)

Hoop Stress = _T'TZGQ%. 27 x 106 = 31089 psi OK <« 41333 psi
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Hydraulic pressure developed Is

R 40,25 31089
S = Pt: 31089 = P 75 ¢ P = 53.6 = 580 psi
Bursting Pressure Is P = 25 -2=-a a = 40.25
: S u U b+a R
b = 41
41 - 40.25 -
Pu = 2 (62000) 41 + 40.25 = 1145 psi

Force on pin required to shear .75 inch

Area of 6 inch diameter pin 28.27 1n2

Area of Jacket in shear = 75776 = 14.14 In>
Shearing stress = .75 (62000) = 46500 psi
Force on the pin to shear = 14.14 In? (46500) = 657510 Ibs.
Maximum force on the pin from hydraulic pressure is:
Area of 24 inch Annulus (max.) = 424.12 inz !
F max. = (424.12).(580) = 245990 1bs.

The Jackat does not shear, but deforms.

Force on the pin required for indentation of Water Jacket.

Calculate the force on the pin required to plastically deform the Water
Jacket Shell over the 6" Dia. circle.

No credit is taken for the force to stretch the shell, or bending of the fins.
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The 1imit load to plastically deform the 6" Dia plate, from Ref. 59
for a plate edges supported uniform load over entire surface equals

P = 61NM
e o] . )
Dynamic yield strength for

e

. 2.
t
Mp = —— v, 304 S/S at 326° F equals
2
75 41333 psi
M, = =7 (41333) |
t = .75 In.
= 5813 lbs.
p_ = 6 TT(5813)

= 109572 lbs.

Adding the force from the hydraulic pressure to the force required to
deform the 6" Dia. plate equals

F 245990 + 109572

t

355562 [bs. <= 657510 lbs.

The Jacket still does not shear, but deforms.

Net force left on the pin just before it starts to puncture the Water
Jacket equals to

Pnet

1.414 10°%) - (355562)

1.0584 (10°%) 1bs.

Calculating the shear force requi;gd to penetrate the outer shell.
In order to penetrate the outer shell, the pin will have to go through

the Water Jacket Shell, three layers of fins and the Outer Shell.

XI-4-147a



Rev. 2 9/75

Water Jacket Shell UTS = 62000 pst at 326° F (Sect. 3.1, 2.1)
Shear A = 6 TT.75

= 14,14 ln?'

.75 (62000)(14.14)

Shear Force

657510 1lbs.

External Fins UTS = 62000 psi (Sect. 3.1, 2.1)

1875 7T 6

3.54 lnz

Shear A

Shear Force .75 (62000)(3.54)

164610 Ibs.

Internal Fins UTS = 69120 pst at 340°F (Sect. 3.1, 2.1)
Two layers of internal Fins

-1875 (2) (TT) (6)

2
7.08 in

Shear A

.75 (69120)(7.08)

Shear Force

367027 1bs.

Net force left on the pin just before it starts to puncture the fins -
on the outer shell

F

net 1.058¢  (10% - [ 657510 + 164610 + 183514

52766 lbs.
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The pin Is now In contact with the fins on the outer shell with a force of
52766 lbs. This force is not sqfﬂcient to shear thru the fins since the

force required to shear one fin thickness equals 183,514 1bs.,

>

This force of 52,766 lbs. creates & pressure stress on the outer shell
equal to 527(56/32 7T = 1866 psi. This pressure stress plus the bending
stress resulting from the 7.07g (Sect. 4.8.2) acceleration loading -durlng
the puncture accident is much less severe than the stresses due to the
81g side impact (Sect. 4.6.2). The analysis In Sect. 4.6.2 shows that
the integrity of the shell structure Is maintained. Therefore, during the

puncture accldent, Integrity of the cask is maintained.
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4.9 Fire Accident Condition
Following exposure to the hypothetical fire accident specified in
10 CFR Part 71 ( par. 71.36 and Appendix .B), fuel and cask temper-
atures reacﬁ their maximum values under any tran-sport conditian as
| a result of loss of .coolant and water from the neutron shield. The
pressure in the inner containment vessel likewise increases to its

RN

maximum value.

4.9.1 Determination of pressure in containment vessel

Fuel temperature (PWR fuel) 824° F Avg. (Sect. 4.1.)

p= 498 (1545) (824 + 460 (See Sect. 3.3.1)

76.8 ( 144)

P = 89.3 psia or 74.6 psig
If fuel rods do not fail, pressure is based on fuel temperature at
o.
824 F avg. The containment vessel initially filled with helium at

68°F and one atmosphere pressure.

_ (824 +460) (14.7) _
P= = = 35.7 psiaor 21 psi
(68 + 460) P psig

Determination of pressure in containment vessel for BWR type fuel

p= +467 (1545) (824 +460)  =100.5 psia or 85.8 psig
64 (144) '
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If fuel rods do not fail, pressure is based on fuel temperature at
3240 F avg. The containment vessel initially filled with helium at

68°F and one atmosphere pressure

P= ﬂ%&::ﬁﬁ% (14.7) . 35.7 psiaor 21 - psig

Summary of Internal Pressure Conditions
Normal Post Fire Pressure
@ PWR Temperatures 21 psig
@ BWR Temperatures 21 psig
Post Fire Pressures - Fuel Failure
PWR Fuel | 74.6 psig

BWR Fuel 85.8 psig

X1-4-148
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. 4.9.2 Radial Thermal Expansion of Alumlnum Ba‘s{kgt (PWR/BWR)

Sect. 3.8 descrlbes ﬁ two dlmenslénal axial calculatllon to determine
stresses and displacements in the ends of the cask body using the ANSYS
program. From this analysis it ls possible to déteml;le the radial dis-~
placement of the inner s;hell at any axial posltlor'l., At the center of the
cask, the radlal displacement of the inner shell ls calculated to be .116"

outward. This displacement is for the post fire condltlon.

In order to enmmate or reduce radial Interference that could

result from differentlal thermal expansion of the aluminum baske.t
and the inner shell of the containment vessel, a radial clearance

of 0.105 in. has been provided. An analysis of the radlal expansion

and resulting Interference stresses follows: -

 Aluminum Bask'etv
Average temperature, T, = 655°F (Post fire area wélghted average)
Coefficient of thermal expansion, ({5 = (14-.40(10'6) ln./}n./OP
Outside radlus, Ra = 22,395 In.
A Rq = R C(a A'ra =22. 395(14 40)(10‘5)(555 - 68) = 0.1893 In,

Radial clearance, I.g = 0.105 in.
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For the fire accident éondltlon, a compaflson of Raalal YThermal
Expansions can be made. |

In summary: .
Aluminum Basket = 1893 In. = ARa
Inner Shell = 116 . = A R

Radial Clearance = .105 in = LG

Since Lg + AR5=-AR3, no interference exists

Materlal Creep of Aluminum Basket

The material behavior of the aluminum baéket’ét temperatures at the

post fire environment are considered here and the éonseQuence of a
deformatlon/creep phenonemon. Before' computing the strain growth
characteristics of the b§sket it Is necessary to ascertain the semantics A
involved. |

Creep takes place when a strong, continuous membrane fof'ce exists

within the aluminum. Usually the membrane force éauslng creep and

the possible eventual stress rupture is of a nbn self limiting charac-

teristic, such as an induced mechanical load or a pressure Stress.
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When a therimal stress is present in a free-standing structural form,
such as the basket, a stress situation exists that is clearly self-
limiting. A selfflunitlng stress provides that th.e induced stress level
will be lowered as materlal strain takes place. This charaétei-lstlc

of lowered stress levels and the general subsidization of strains in
the self-limiting stress application Is known as relaxatlon.
Relaxation ta);es place with thg alqm;num basket, as there are no
strong internal membrane forces in the basket, hence there are low
resulting creep strains.

Peripheral elements of the aluminum basket have been tabulated in

Tables I and II for both the PWR and BWR case. The element numbers,

temperatures, and resultln§ final strair; (EPGEN) has been reduced
from ANSYS Computer Qutput. The 'temperatures at vwhlch strain da;a
is tﬁbulated is éilghtly less than the fire accident témperature. Since
strain is a linear function dependent upon temperature, & new strain |
at the fire-accident temperature can be determined by
€2= ——‘9—%:( (€)
c)
where,
€ , = Fire Accident Element Straln

AT(f) = Delta Temperature to fire accident temperature

AT (c) = Delta Temperature at Computer Run

€ 1 = Computer Output Strain.

XI-4-152
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Average Peripheral Strain in the BWR Basket = .000579

since Ay (6 = 655 - 68 = 587°F

A1 = 550 - 68= 482°F

587
= .000579) = 00071
€, 182 )

As can be seen from the curve on "Stress Relaxation on Aluminum
Basket, " the .00017 strain encountersd in the outer peripheral regions
of the basket are low. A lower limit on relaxation stresses is desirable
In order to compute élemental strain in which the transient creep is
treated as an instantaneous strain. To predict relaxat_lon an
instantaneous drop in stress from ° d o to O' ] is given by

(do -0Y =x0,)° Ref: 54, page 123

E
Dealing with strain relaxation

d, - d,

E =

By knowing the strain growth, € 2. the material constant K for the
aluminum basket can be computed. Say relaxation takes place aé to
allow the full thermally induced strain to be removed, such that

€2 = €R = ,00071

Some material constants for aluminum at 100°C and 2,000 hours are

as follows:
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m= .10

b = 5.2x10°5 = .000052 Table 2-1, Page 12
Ref. 54

n = ,385

for €= .00071
See chart on Stress Relaxation on Aluminum Basket
“O’= 170

_ .00071

.00071

Determine the equivalent relaxation stress that will be present over
the 1000 hour recovery time to induce a complete peripheral creep
flow in the basket.

From 4.9.2 the remaining gap Is = (.11776 + .105 - .1893) = .033

Retumlng to creep strain equation that indicates the stress level for

a full creep flow into the gap region during the 1000 hour recovery

time.
€, = kd" " Ref._54 pg. 117
dn = .€C
Kt™
(.00071) (1000) - 1© -0014.
L
n
[23.3] " = 3,561ps1

The previous strain - relaxation computations indicates that a stress

of 3,561 Is necessary to creep the basket structure into the .033
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remaining gap that exists after thermal growth. This required
high stress is greatly in excess of a peripheral stress existing on either

BWR or PWR basket.
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10
16
20
25
32
38
42
.121
129
147
152
173
202
211
224

229

W

570
5§70
572
573
576
579
583
582
577
577
5§77
577
576
575

575

hEq

PERIPHERAL PWR BASKET FLEMENTS

TABLE T
EPGEN El No Jemp
.000214 278 575
.000223 284 575
.000248 293 575
.000277 303 573
.000308 308 573
.000401 316 575
0004968 336 '577
.0006248 343 577
.0006566 366 574
.000299 371 573
.000162 376 572
.0001501
.000179
.000158
.000186
.000484
.000734

XI-4-152f
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EPGEN
.00031

.0002395
.000291
.000271
.000278
.0003405
.00043878
.000573
.000233
.000203

.0001855



62
71
76
85
- 94
105
167
205
218
230
257
294
312
329

338

360 .

547

- 546

545

546

550

553

553

553

552

552

§51

550

549

548

TABLE II

EPGEN El No
.00107 373
.000778 395
.00061 422
.00060 433
.00073 444
.oon 449
.0014 454
.00044
.000325
.00027
.000196
.0001786
.0001240

| .0000993
.0000746
.0000597

XI-4-1524
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PERIPHERAL BWR BASKET ELEMENTS

548
547
544
545
547
550

5§52

Ave EPGEN

EPGEN

.000072
00029
.00131

00094
.000664
.00079

.00121
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4.9.3 Axial Thermal Expansion - PWR Basket /
The Table on page XI-4-154 compares various relative expansion
values of the cask components. From this table the dimensions of
each component and the assoclated gap between components ére.deter-
mined for both conditions of the .fuel containing either Zircaloy~4 or

stainless steel guide tubes.

It can be seen from the figure on page XI-4-155 that under post-

accident conditions minimal gaps exists between the spacer plug and

the underside of the closure head and the top of the fuel basket and

the spacer plug. This ah-angement provides adequate fuel support yet

does not impose thermal expansion forces on the internal structure

or the containment vessel. </
Relative Elongations:

Gap between aluminum basket and steel retention sleeve - Cold gap = 0.75

DNg=05- A 5 = 0.9947 - 1.318 = -.3233 In.

Zircaloy-4 Rods -
Gap between aluminum spacer Plug and under side of closure head -
Cold gap = .875

AG= (A4+A7)-(AI+AS+A6)
Ag=(.710 + .0602) - (.41 + .0228 + .1067) = +.2297

Stainless Steel Rods -

AG=(A4+A7)‘(A15+AS+A5) N

- XI-4-153



PST-v-IX

C . (

PWR CONFIGURATION - POST FIRF CONTITION W

Item Length Temp. °F |A T °F olcn/rl':\e/%rll? Material Flongation

A.s Fuel Flement (1) (4) (S) 160.515 938 870 10:2 x 1070 S§.5. - 304 15|fl.424

/A1 Fuel Element (1)(4)(s) | 160.515 928 870 |™2.95x 106 | zr, -4 Ay= .41

A2 Absorber Sleeve 162.00 637 619 | 9.92x10°% | 5.5, Type 304 | A,=.9947

A3 Aluminum Basket 155.9375 %55 587 14.4 % 10"6. Al. (Gr. 1180) A3= 1.318

4 Contalnment Shell(3) 156,000 535 467 | 9,75 x10"6 | 5.5, Type 304 Aa= 70

As Lower Support Structure | 4.125 628 . 560 9,86 x107% | g3, Type 304 As= .0228

A Upper Spacer Plug (2)  |13.895 628 560 | 14.25 x1076 | AL.(5052-H32) |- A= 1067

A7 Top Forging 1 11.500 60»1 533 . 9.82x 1_0'6 S.S. Type 304 A7= .0602

Notes:

(1) F‘uel element length is to tﬁé point where spacer compression less pick up hard point of the fuel element.

(2) leference in spacer plug length shown here at 12,375 ln. and SAR calculations at 12 000 In. is
considered lnslgnlﬂcant.

(3) Calculations for containment shell are based on axlal expansion of 2 in. outer shell, A length = 156 in.
is used here. : .

(4) The-gulde thimbles control fuel growth due to temperature. -

(5) " Irradlated length

Generally accepted data by most manufacturers . Ref. 30 indicates (X values vs, temperature
of a slightly lower value. The above figure of alpha represents a more conservative approach.

SL/TE/T -~ T *ARY
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Ag=(.710 + .0602) - (1.424 + .0228 + .1067) = -. 7833

The worst case is with stainless steel guide tubes. However, a

gap still exists in the post fire condition (.875' - .7833 = ,0917 gap)

Thermal Expansion of PWR Basket

Gap summary for fuels containing either zircaloy - 4 or stainless

steel guide tubes

Acz = +,2297
Ags= -.7833

.

*13.985

i

rAG = -.3233

2]
| i '

4
A
Do ‘c !
.'_\ ¥

1.

’ s

A

' sorber Sleeve

LAluminum Basket

* Cold dimensions .

b \:-;—/7
x XXX
X\ ’ _{J

XI-4-155
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4.9.3.1 Axial Thermal Expansion - BWR quket

The Table on Page XI-4-158 compares various relative expansion
values of the cask components. From thl's table, the dimensl’ons of
each 'com_ponent and the associated gap between components are
determined for both conditions of fuel contalr;lng elther Zircaloy-4

or stainless steel fuel tubes.

It éan be seen from the flgure on Page XI-4-157 that under post
accident conditions minimal gaps exist befween the spacer plug
and the underside of the closure head and the fuel and the spacer
plug. This arrangement provides adequate fuel support yet does
not impose thermal expansion forces oﬁ the internal structure or the

containment vessel.

XI-4-156



BWR - Axial Expansion

AL = (A3+ A4) - (A2+ AS+ As) = -,3429

Rev, 3- 6/75

H
i ) l
ALS = A 2 (As - A 1§ = - 2115
1 1 N
= - + =
12 Az (A 6+A1 A,) =+.6183
f !
1 )
1 I 3 ]\
L _
w 9 o
o] B *12.515
R o -
-~ * H
; T
i AL=A2-A7=-.24‘I?'5
] A ' o
r LS =Stainless =:e.
fuel-tubes\._/l
| A 1z= Zircaloy fuel
tubes.
; w ' |
3 5
o ~ o *
= ® © Cold dimension
* ¥ x
‘;
1
i
Lo
z /| =
: j N ! ) 3
™ 1 '
AR U
* i ] l ;
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N

: 3
Length Temp.| & T (mean) ©X
in. °r. [ °F. | in/in °F. Materlal Elongation
Fuel Element (4) 162.925 | 805 | 737 | 10.06 x 107" | 5.5.Type304 | O =1.208
Fuel Element (1)(3) 157.890 | 805 737 *2.95 X 10-6 2r.-4 Al = 0,343
Fuel Element (2) - 5.035 | 805 737 | 10.06x 10“6 S.5. Type 304 A: =0,0373
Absorber Sleeve 167 687 619 9,92 xlO“6 S.S. Type 304 Az = 1.025%5
Containment Shell 156 535 | 467 9.75 x 10-6 S.S. Type 304 A3 =0.710
Top Forglng 11.5 601 | 533 | 9.82x10°° S.S. Type 304 B, =o.0602
Lower Support Structure 3 628 | 560 . 9.86 x 10-6 S.S. Type 304 As = 0.0166
Spacer Plug 8.9 | 628 | 560 | 14.25 x10°% | A1.5052-H32 Ae = 0.071
Eﬂ‘f‘“{gggt"h‘“ Spacer 3.615 | 628 | 560 | 14.25 x 10°° | Al.5052-H32 Aé*‘ = 0.0269
Aluminum Basket . 150 655 | 587 | 14.4x 10'5_ M. Gr. 1180 A, = 1.268
(7 Netos PortTonoF Fual R R SR I
(2) Inactive Fuel Portion
(3) Fuel Element Length Reflects a 3/4 In. growth due to Irradiation,

(4) : Stainless Steel Fuel Tubes

*

See Ref, 30, A maximum value Is used here in order to obtain a conservative elongation value.

SL/9 -¢ A9y
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Thermal Expansion of Lead Shield
Appendix B derives the equations and outlines the method of
calculation to determine the lnterferehce stress between the ]
inner and outer sheli and thé lead shield. The results of the Ap-
pendix B calculations are then used in the ANSYS program to com-

pute the combined stresses In the cask shells which is presen-

ted in section 4.9.6

XI-4-159




