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U.S. Nuclear Regulatory Commission

Transportation Certification Branch \374 S S

Division of Fuel Cycle and Material Supply

Washington, D.C. 20555

Attention: Charles E. MacDonald, Mail Stop 396 SS
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Subject: Model AP-300 Type A Package
Docket No. 71-9192

Dear Mr. MacDonald:

Attached are revisions to the SAR for our AP-300 shippiung container which
has been submitted to you with our application for a Certificate of
Compliance. The revisions have been made to satisfy some questions which
were posed by your Mr. Richard Odegarden in my telephone conversation with
him about two weeks ago.

The responses are related to the structural aspects of the report and have
been marked as revision 6 in the text for easy identification. We have
expanded the text further to show in detail that the structure of the
shipping container is adequate, with a margin of safety, to satisfy the
required simultaneous "g" loadings at the center of gravity of the cask
during transport.

We have also provided a torecidal ring at the top of the container and a
square tube ring at the base of the container. The calculations show that
these will reduce the "g" loading by absorbing the energy of a one
foot drop and assure the continued integrity of the container during a
presumed one foot drop.

We hope that these revisions clarify the design of the cask and meet with
your approval, so that we may be granted a Certificate of Compliance at your
earliest convenience.

Very truly yours, <
ANEFCO, Inc.
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2.4.4 TIE-DOWN DEVICE

in order to satisfy the
tie-down blocks were de
Federal Regulat
down structure
gravity of the cask a *g

Vertical
Forward horizental
Sideward horizontal

signed
jons 71.31 (&)
be capable of

2 g'
10 ¢'
S g'

<3

27"

70*

requirements of 173.412 (4) the cask
to meet Title 10 of the Code of
which stipulates that the tie-

sustaining at the center of

* Joading component of:

>

423

e 1

FIGURE 5.4-3 TIE-DOWN CONFIGURATION

Cask center of gravity

Cask radius
Overall Height
weicght

2.4-8

=
s
=
=

7.66 in. (See Section 2.2)
4).8125 in.
9¢ in.
66,720 1bs.

Revision 4- 4/15/85



For a loaded cask weight of 66,720 1lbs, it is considered that the
following forces will act simultaneously at the center of the cask
in the following directions:
Vertical - V
2ag will act in the upward direction and lg will act in the
downward direction for a net lg force or 66,720 lbs. upward.

Forward Horizontal - HF

10g will act in the forward horizontal direction or 667,200 lbs.

Sideward Horizontal - Hs

5g will act in the sideward horizonta ]l direction or 333,600  bs.

Load in Tie-Down Rods

Vertical
As shown in Figure 2.4-3, the vertical component of the o force in
one rod is = F,, cos 47.7°.
Where Fv = the tension force in a tie-rod due to the vertical
g force
Therefore, 4FV cos 47.7° = 66,720 lbs.
Thus, the tension in a tie-rod due to the vertical g force is:

Fy = 24,784 1bs.

2.4-9 Revision 6-8/7/85
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Ficure 2.4-3a

Forward Horizontal Tie-Down

Forward Horizontal

Only the two rear rods are effective in resisting the 10g forward
horizontal force, as shown in Fiqure 2.4-3a.

Let FFH = tension force in a tie-rod for forward horizontal g force

€Moments at Pt. 0 at bottom
(assume this is pt of rotation)

' 66,720(10) (46.67) = 66,720(41.81)
- 2FFHsin47.7 cos 35 (72)

+2FFH cos 47.7(41.81+27.42)

2.4-10 Revision 6~ 8/7/85



31,138,224 = 2,789,563.2 + 87.245?H + 93.185 FFH

180.43!‘F = 28,348,660.8

H
Thus, the tensioni'in a tie rod due to forward horizontal g force
is

Fpg = 157,117 1bs.

Sideward Horizontal

Only two rods are effective in resisting the 53 sideward force
as shown in Figure 2.4-3b.

= A

; i b 2F Sw 47 70 35°
l | el [v——— ZFs“w‘f >
br7zo(§‘ Ch

2 )
' ) 72“ ’CFﬁ“ ’:[lt,J"77

| Hew
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|
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1 SurfopT
vicu k‘h F

Ficure 2.4-3b - Sideward Horizontal Tie-Down
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Let F

sE = tension in a tie-rod for sideward horizontal g force

Moments at Pt. 0 at bottom

66,720(5) (46.67) = 66,720(41.81)

+2FSH sin 47.7 8in35.0(72)

+2FSH cos 47.7(41.8.1-27.42)

15,569,112 = 2,789,563.2
+ 61.1 FSH

+ 19.4 FSH

80.5 Feu = 12,779,548.8
Thus, the tension in a tie-rod due to sideward horizontal ¢ force
is

Feu = 158,752 1lbs.

Summary of Tie-Rod Forces

The maximum tensile force in a rod fiom the simultanecus application
of the 3 g forces is

F + F + F

p " Fy* Fpy * Fgy

F, = 24,784 + 157,117 + 158,752

1

F, = 340,653 = 340.7 kip

1

2.4.4.5 Tie-Down Pads for Cask Assembly

2.4.4.5.1 Loading

The tie-down pads must be capable of sustaining the total force of
the maximum force previously calculated, viz. 340.7 kip. The tie-
down pads are designed to resist this maximum force. Each pad is
designed for 340.7 kip.

2.4.4.5.2 Tie-Down Pad Design
Use steel of Fy - 381"i min. weld with low hydrogen electrode.

Steel to be noted in Group II Table 4.2 of AWS D1.1-80 Structural
Welding Code.

Check hole for bearing and shear. (assume 2" min. for Pin)

F_ = %524% = 42.6 ksi (actual bearino stressg)

P x

2.4-1la Revision 6- 8/7/85



Allowable AISC (8th Edition specification para. 1.5.1.5 Bearing)
(1.5.1.1 Tension)
rp = 1.5Fy = 1.5 x 38 = 57 ksi (1.5.1.1 Shear)

Safety Factor to allowable AISC bearing:
SF = 57/42.6 = 1.34

Check tear out cf hold down device along lines 1-2 and 3-4, Section
A-A (page 2.4-13)

Av = 2 x 3 x 4 = 24sg. in.

The shear capacity of structural steel is 2/3 of the tensile
capacity. Therefore, the tear out capacity is:

2/3 x 38 x 24 = 608 kip; SF = Sgf—=— = 1.78

At the highest loaded lug the tension force = 340.7 k .
Therefore, horizontal component = 340.7 cos 42.3° = 252.0 k

and the vertical component = 340.7 sin 42.3° = 229.3 k

Bending on plane 1-2

M= 6" x 340.7 = 2044.2 kip-in

Assume weld pattern is 22" x 4" pattern.

Area of weld material = 2(22+4)(.75 x.707) = 27.6 in?

1 =2k (30e2%+ asnan?] - 136 in?

;12

C=11"

s =1/C= 1%%2;2__ 132.15 in>
Tension stress on weld = F - 2044.2 15.47 ksi

™ 132.15 :
Shear stress on weld = F - 230.7 12.3 ksi
Bt A o ael

Combined stress fcomb 1:15.47) + (12.3) 19.76 ksi
Allowable tensile stress = 21 ksi
S.F. on tension = %%—73—- = 1.063

2.4-12 Revisiom 6~ 8/7/85
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Tie-Down Pads

As shown in the drawing, four tie-down pads are provided to attach
the shipping cask to the truck bed. A 7" square, 2" high plate is
welded to the cask body using a 3/4" fillet weld all around. A
plate, 4" thick, 22" long and 10%" high is welded at right angles
to the base plate and the cask body using a 3/4" fillet weld all
around. A 2k" diameter hole is provided in the latter plate and
used to enable tie-iown. Both plates will be fabricated from a
steel having a minimum, Fy = 38 ksi and the lug plate will be
welded using a E70 ksi low hydrogen electrode. The cask will be
installed on the truck bed so that the center line of the 110°
angle between adjacent pads is parallel with the direction of
travel. The transverse line is parallel to the center line of the
70° angle between adjacent pads.

The lifting/tie down pads and the welds that attach them to the
cask shell are therefore adeguate with a safety factor in excess
of 1.06 to resist the assumed simultaneous maximum g loading during
transportation.

2.4-14 Revision 6 - B/7/85



2.6.5 Vibration

The approximate natural frequency of the loaded cask is
based on the concentric steel shells.

Using Roark * page 576, Case 1b, considerina the cask a
uniform beam with both ends simply supported, and a
uniform load w per unit length including the cask weicht.

£ = (9.87/2) (E1g/w1%) 05

Where:

E= Modulus of Elasticity

1= Area of Moment of Inertia

L= Cask height = %6 in.

1= Distance betweesn supports = 83.5 in.

w= 65,710.80 (1
96 (1

£ = 29 x 10%1b/in?

) .
oy = 684.49 1b/in

R= Outside Radius of Cask Shell = iléglii = 41.8125 in.

R;= Inside Radius of Cask Shell = R = 1.25 = 40.5625 in.
£1 = & ¥ (x'-rh) = 29 x 10° x 274 x 103 = 7.946 x10'?

fn = (9.87/2wr) (7.946x 1017 x 32.2 x 12/684.49 x g3.5%)"
fn = 477 HZ

This natural freguency is satisfactory for truck transport,
since it is well above the low freguency range of truck
suspension systems (1-20 HZ)

# R.J. Roark & W.C. Young, "Formulas for Stress & Strain”
| Fifth edition, McGraw Hill, 1975
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2.6.6 WATLR SPRAY

A heavy water spray on the package will not harm the package because it
is constructed of ASTM A516, Crade 70 steel. Inaddition, no water will
leak into the primary containment because of the bolted closure and
seals. Therefore, the only possible effect of the water spray would be
to lower the cask temperature.

r3
-~
~

FREE DROP

In designing a cask for transport of radioactive material, the regulations
require that a free drop of the cask through a predetermined distance (in
feet) onto a flat, essentially unvielding surface must be investipated.
A segmented toroidal ring will be attached to the ANEFCO AP-300 cask to
absord the energy which is generated by a 1 foot drop of the cesk, as
shown in Figure 2.6-1. As shown in ORNL-NSIC-68 in Section 2.8.2, this
ring will protect the cask closure not only in an end drop, but will
operate properly repardless of the angle at which the cask impacts on a
horizontal surface. The damage evaluated here is that due to deformation at
the impact plane and indirect damage due to deceleration.

The toroidal ring will be a 3" 0.D. x %" thick steel tube made from
© ' 1020 steel hot rolled and electric resistance welded. Using
equation 2.17 on page 67 in ORNL-NSIC-68, the energy absorbing character-
istics in a crushing impact are correlated by:

2 2
E_S;tL[A+0.:éJ

Where: E = Energy absorbed (in-lb)
Sy = Yield strength of steel (psi)
t = Tube thickness (in)
g L = Tube length (in)
R = Mean radius (in)
A = Deformation of tube (in)

and as shown in Figure 2.6-2.

The energy which must be absorbed by the tube fer a 1 foot drop

E= 66,720 1b x 12 in = 800,640 in-1b

For the 2" tube described above
: Sy = 38,000 psi t = 0.25 in
L= 83,625 = 262.7 in E
} 13 --3—7.__2;5 = 1.375

Substituting in the above equation:
2
[ . J€,000(0.25) (262.7) 0.4 2
800,640 T 355 L+ T37% FaN

5 1.3
A« 1.28

Since the 1.D, of the tube is 2.9 inchesghe tube can accommodate the
deformastion caused by a 1 foot drep of the cask.

2.6-13
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~ RING WELF

FIGURE 2.6-1 TOROIDAL RINC ENERGCY ABSORBER

FICURE 2.6-2 DEFINITIONS OF TERMS USED 1IN EO. IN SEC. 2.6.7

2.6=13a Revision 5 - 6/10/85




The tube will be welded to the cask outside shell with two &" fillet
welds using E70 ksi low hydrogen electrode, which has an allowable
tensile stress of 21 ksi, as shown in Figure 2.6-1.

The force due to the deceleration of the cask can be determined using
equation 2.4 on page 36 of ORNL-NSIC-68 (Cask Designer's Guide)

F oo Zhg(w)

Where: W = weight of the leaded cask
Ng = the mean no. of g's the cask subject upon impact

Ng = o5 = 9.375 N

Ng can be calcuiated by dividing the drop height by the stopping distance
in accordance with the statement in section 2.7 of the Cask Designer's
Guide.

Therefors, Fe zé—g-;g (66,720)1bs = 1.251 x 10° kip
This force must be resisted by the welds with which the tube is attached
to the cask shell. The total area of the 3/4" weld that will resist the
force can be calculated as:

A= 2W([D)(b)

Where: D= 0.D. of cask
b = effective throat of weld

A = 27V(83.625)(0.354) = 186 in°

The tensile stress on the weld area is:

3
R 1.262 x 107 kip =
f Y 6.73 ksi

1

Safety Factor = 3f7§ = 3,12

§ince allowable stress for the weld is 2] ksi, the tube welds will resist
the force of the drop impact with a safety factor of 3.12.

A square tube ring, fabricated from ASTM AS00-CRE steel, 2 inches on &
side and 0.154" thick, will be installed on the bottom of the cask to absorb
the energy during a bottom drop of the AP-300 cask through a height

of 12". This arrangement is shown in Fig. 2.6-2a.

2.6-13b Revision 6 - B/7/85
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Figure 2.6-2a AP-300 Cask -
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The energy of the end drop 1s:
E= Wh = 66,720 1bs x 12 in. = 800,640 in-1b

The volume of ASTM A-560 CrB steel to absorb this energy is:

“ 46,000 1b/in

:he surface of the wall of the tube ring which will be impacted by a bottor end
ron i8:

V=

Aw JODt = TB2.375 (0.154) = 39.9 in°

The depth of the ting wall deformed to absorb the drop enerpgy is:

P R 1 B Co AP ro
A 36.6 in . 0

The g loading on the cask 1i¢ under the impact conditions can be calculated
by dividing the drop height by the stopping distance, as shown in Sectior 2.7
of the Cask Designer's Guide (ORNL-NSIC-68).

g - it . . 27.5
The g loading on the 1id will therefore be

Fg = 28g = (2) 9.46 kip x 27.5 = 520.3 kip

The force will be distributed on the 2.5" lip (Part No. F-5) where the 1id is
bolted to the cask, whose area is:

a= Miorazs? - 762) = 632.5 in°

Subtracting the area of the 36 bolts, the net area is:

by = 96 x B 076567 = 16,6 107

632.5 = 16.6 = 615.9 in’

2.6~14 Revision 6 ~ 8/7/85



The stress on the plate will be:

{l - :}%‘3’% 0.84 kei

The SA-240 plate, with a yield strength of 30 ksi, will not bend out of
shape under a stress of 5.11 ksi with a safety factor of 35.7.

30
§F = .84 35.7

At impact during the bottom drop the force on the impact ring can be
expressed as

_ 2N (2)66,7208
N % —‘%—-ﬁ;—ﬁ 515.63g 1b/in

Where g = 27.5 as shown above Ng = 14.18 kip/in

The stress in :he wall of the ring will be

f o —F . 14.18 kip/in
.15 in

The stress at which the wall of the tube will buckle or crush can be
calculated *

= 92,1 ksi

G 2 Et
cr 0.6 ‘T where §° = knockdown factor which is

a function of R/t

for R/t = <1388 « 26745 ; ¥ = 0.4

6
Therefore @ cr = 0.6 (0.4) 2:85110 « 25,665 psi

T

( . Spunre toke t"“
pre RSV M-St
L_ L h / G5B STELL
borom Pern W .

LIS TS

u‘ 70‘/”:00" 6 e 4.
* Buckling of Bars, Plates and Shells, Brush & Almroth, McCraw Hill, 1975
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For bottom, flat impact (g=27.5), the loading on outside bottom plate
is due to the weight of the contents, and the weight of the bottom plates
and lead.

Weight of lead 7r(81;123) (2'06251(%}2%3 - 4380 1be.

2
Weight of steel = L4 31;125 .70 (a8 2560 1bs,

contents = 20,000 lbs
53,5&5 1bs

26,940 (4)
(81.125)

at impact q; = 27.5 (5.21) = 143.28 1b/in’

« 5,21 1bs/in?

For uniformily loaded circular plate, with fixed edges reference to
Roark & Young, page 363. The edge bending moment {is

Meg = S%E

2.6-16 Revision 6 -~ B/7/85



(81.125) 2

Therefore _Ll63.28)g L 29,468 in 1bs/in

Calculate effective bending moment of bottom
plate
L E | Assume the inside and outside act together

_ 0.5(1.0)(3.563) + 1.25(1.0)(.625)
. 0.5(1.0) + 1.25(1.0)

2.563
1.75

I~ .5(2.099)% + 1.25(.835)° = 3.074 1n%/in

= Q/xz(?? = 3,33"

o Mc _ 29,468 (2.3525)
Stress top fiber i (3.074) 22,551.55 psi

Assume that the weld yield strength for dynamic impact is 257 greater
than for static loading

21(1.25)
22.55

and the bottom plate welds are adequate with a factor of safety of 1.16.

Thus FS = = 1.16

The plate bending stress at plane A-A

for 1" strip M = 840 (2.5!2 =2,625 in 1bs/in

2
M %6
fely = ‘2?53 . 3,938 psi

Edge rotation =

3
a . 220,300 2
¢ = %621—# ) q (38) 114.7 1b/in

114.7(39)° -
ﬁ - TR A 0.031 radians

(1.8%)

There will be no releases because of compression maintained on the seal.

2.6.8 CORNER DROP

As indicated in Section 2.6.7, the segmented toroidal ring, whose design
is evaluated above, will protect the cask closure regardless of the angle
at which the cask impacts on a horizontal surface (Cask Designer's Gulde,
ORN1 NSIC-68, page 66).

Revision 6 - 8/7/85




From a physical standpoint, the maximum direct damage in a corner drop
would occur with the cask so oriented thet the line passing between the
center of gravity and the point of impact coincides with the direction of
the fall. The geometrical representation of the corner drop is shown in
Figure 2.6-3. The idealization of deformation, the externaz] damape after

impact, is indicated ss Z.

e

%

<
—

FICURE 2.6-3 CORNER DROP DEFORMATION GEOMETRY

Using Figure 2.6-3, the angle A (angle of impact) can be seen to be:
Tan A = R/H

Where: R = Cask Radius 41.8125"
H = Center of Cravity with relation to the top (lid) end = 49.33"

Therefcre, the angle of impact (a) is:
Ten A = 41.8125/49.33" = 8476
A = 40.28°

Impact on the top corner causes an axial force component and a lateral
force component. The axial force acts on the cask lid in the same way
as analyzed previously. The lateral force component on the contente
bears apainst the sides of the cask before any shear load ie tranesmitted
to the bolts connecting the lid to the cask.

The behavior response for a corner drop should result in a greater
deformation of either the toroidal ring for a top drop or the square
ring for the bottom drop. It ies speculuted that the crushing under the
point of impact will be extensive with lese deformation occurring away
from the point of impact.

This greater deformation would result in "g" factore less than those
for a flat drop.

2.6-17a
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TOP CORNER DROP
Drop angle A = 40.28° from vertical

Bolt Tension

Assume g = 9.375 (same as for flat drop. This is believed
to be conservative)

F, = 2Ng(W; + W) cos 40.28°
Fuo = 2(9.375)(29,462) cos 40.28° = 421,432 1bs.

Fp (from internal pressure) = 52,500
423,500 + 52,500

Therefore P - 36 = 13,167 lbs/bolt
13,167
Py ——%Ez— = 38,726 psi

Belt Shear

Even though the design is such that bolt shear should not occur, we will
assume that the bolts do take the shear induced by the in-plane component
of"g" forces on the 1lid. This is very conservative.

Therefore Fg = 2(9.375)9,462 sin 40.28 = 114,701 1bs

& 114,701
Sp 36

- 3929
s L4418

F 3186 1bs/bolt

f = 7211 psi

For bolts in combined tension and shear

Reference: Cuide to Design Criteria for Bolted and Riveted Joints,
Fisher and Struik, John Wiley and Sons, 1974.

Xz 2

(.62 * ¥

= 1.0

Where x = ratio of the shear stress on the shear plane to the tensile
strength,

y = ratio of the tensile stress to the tensile strength

7211
Therefore X = Tig:aao = (0,058
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2
Therefore §°2§§ + (.310)2 &1.0

0.008 + 0.09¢ = 1.0
0.105 &=. 1.0 Therefore, Bolt is O.K.
1f 507 of the tensile strength is used (62,500 psi)
0.034 + 0.384 =1.0

0.418 < 1.0 Bolt is still O.K.

Therefore, the 1id remains in place.

Boltin, Degigr

The bolts screwed into the helicoil inserts are desipned to withstand
the expecied decelerating forces resulting fror the impect resultine
froc & one foot drop at the impact velocity.

The heliceil is inserted intc the bolt ring which,ie fabricated of
S4-240 Type 304 with s minimuz yield of 30 kip/in®. The root diasmeter
of the 1.5 inch long heliceil is 0.79 inches. Therefore, at yield,
the tencile strength of the helicoil in the metal ring is:

F e 30,000 16/4n° 3 T(1.5)(.79) = 112 kip

Tre tencile strength of thg heliceil assembly based on the penufacturer's
date, showr in figure 2.6.%, i¢ 125 kip.

The bolt which will be used is a 3/4 igch SA-320 Crade L74 belt with &
pinimur tensile strength of 125 kip/in". Therefore, it will be capatle
of resisting a force

F e 125,000 1b/4n° x 2T (.75)° = 55.2 kip
Therefore the bolt will vield before either the helicoil, or the ring

pateriz] when an excessive force is applied to the assembly.
Thie ic the basis of selection of the bolt specification.
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2.€.8.).2 BOLTSE IK TEKRSION

golving for the force in tension on the bolt due to
the *¢® component wsing ORNL-NSIC-EE F.37
Forrule (2.7) the pinirur bolt aree for tensile je:

3 = Fwv 4 FC 4 ¥
dond £

)

Where:

F¥ = Tension on the bolts due }o the decelerating
drop force

FG = Tenegiorn on the bolts due to the gasket
using Fsg or Foc, whichever is greater

where:

Fsg = Tension due to gasket seating

Foc = Tension due to maintenance of a tight seal
on the gasket

Fp = Tension due to interna) pressure at reduced
atmospheric pressure

Ea = Ultimate strength of the bolts

Using ORNL-NSI1C-68 P.36 Formula (2.4), the tension
on the bolts due to the drop (FW) is found to be:

(' FWV = W (28g)
where:
W = cask lid and contents weight = 20 4¢2 lbe,
6' Ng = "g" loading due to the drop = 9,375
Therefore: FwWV = 29.462 12(9.375)]
c[ FWV = 552,413 1bs.

Using OR:NL-NEIC-6E P.3€ Forirula (2.5), the tension
load due to gasket seating (Fsg) is found to be:

Feg = bNaédy

Where:

é = Mean diameter of the gasket, in = 77.25

y = Minimum yield design gecating strength (ASMI
Section VIII, Table VA-45.1 (1974) for self
gealing type gaskete (Neoprene), 1b/inZ=0

b = Effective gasket seating width, in = ]1.E75

gince the y value ie "0" the Fsg value is
negligible and can be considered "0".
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Using ORNL-NSIC-68 P.36 Forrmulas (2.6) to dete mine
the teneile load on the bolt: reated to maintain
@ tight seal on & flat gasket (Foc) is found to be:

Fo: = barg .

where:

r = gashket factor (ASME Bection V111 Tadle ViA-4%.1)=(

b = effective seating vidth in = ). 875

é = pean dianeter of the cashet in = 77.25

p = differential pressure, pei = 1).2 (See Eection J.5.2)

€ince the r value is 0", the Foc velue ie negligible
and can be considered "0°.

Veing ORNL-NSIC-€E §.35 (Forrula 2.3) the force due to

the internal pressure ac 2 result of the case given
in Section 1.5.2 yields:

Fp = Tp (8)?

wWIETE:

p = differential pressure across the gasket pei = 11.2
d = mean diameter of the gasket, in = 77,25

Fp * wi11.2) (27.25)2
[

Fp *= 52,500 1be.

gubstituting the derived values into the Formule (2.7)
for the minimur bolt ares it is found to be:

AV = FWV 4 Fp
£

where Sa = Ultirate tensile strength of the bolts
(r320-17& fror Talle 3.3.1) = 125 K pel.
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Thereiore:

o =(3522300 4 52,500) 1bs
125. b/in

AM = 5.76 sq. in.

Evaluations for the 3/4" bolts yields

Where:

ll‘ = number of bolts required
Apin = winimum bolt area due to tension
Ay = root Area of the bolts = .34

Therefore:
" B -2-:—;-2—- = 16.9

Ng = 17 bolts

$ince the cask uses 36 - 3/4" bolts, the 1id will remain in place during
the drop. '

Check load/bolt:

'b - - 16..06 lb.
Tensile stress = l%‘-gg—ﬁ- = 49,429 psi

52,500 + 552,500
36

From ORNL-NS1C-68, Stress should not exceed the yield strength or 502
of the ultimate strength —

F e 62,000 pei

TV/2

S = %%&%%% .« 1,26

Thus, 36 bolts is adequate with a 1.26 safety factor.

Check local bending of 2" thick flange of 11id near a bolt.
bending stress in £ = f = —:-?— - 2120,900 = 25,209 psi

(F.5.) yleld = %%fggg . 1.19
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Check elongation of bolt due to temsile load
PL 16,806 (2.75
b e - AR T = 0008 10

Rotation at edge of plate (Roark & Young, Table 24, case 10)

+
CoES 28 x 10027 | 7
D= 121-9° "Ii(T:Tifé'l' Mz 0

133.4(29)°
*, 09 x 10 (1.
e, 0.0364 radians

NOTE: This rotation assumes no restraint from bearing of 1id
flange on the outer shell extension. This effect would

reduce the plate edge rotation.

2.8.8.1.3 Bolts in Shea:

Twe plug portion of the 1id has a radial clearance less than that of the
1id bolts clearance holes, preventing contact of the 1id with the closure
bolts during the hypothetical drop conditions which would put a shear load
on the closure bolts.
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2.6.8.1.3 Conclusions

Since all the damage will occur in the toroidal segrented
ring and the bolts are sufficient te retain the 1id,

no release of radicactive contents will occur due to direct
or indirect damage in the (1) one foot cormer drop.

2.6.9 Compression

The AP-300 cask weighs in excess of 5000 Kg. Therefore,
no compression load was considered.

2.6.10 Penetration

The regulations in 49 CFk 173.465 (c) stipulate that the
cask must be able to withstand the impact of a 1.25% inch
diameter bar with hemispherical end weighinag 13.2 lbs.

being dropped from a height of 3.3 feet on the most
vulnerable region of the cask. The most vulnerable region
of the cask is the 1.25 inch thick outer steel shell.
1f the ASTM-AS516 Grade 70 steel plate is assumed perfectly
rigid, the kinetic energy of the falling bar must be
absorbed by the shear deformation of the plate. This is
conservative because any bending deformation of the plate
will also absorb energy and reduce the tendency for shear
failure. The enercy reguired to cause shear can be
expressed as:
Eg = K™D tz Sg
Where: K = ductility factor = .60

Sg* Ultimate strength in shear 27,000 psi

D = Bar diameter = 1.25 in.

t = Plate thickness = 1.25 in,.
Thus the energy the outer shell can absorb is:

Eg = 99,400 in-1bs.
The kinetic energy of the falling bar is found to be:

Eb'"h

Ep = 13.2 (3.3 x 12)

Ep = 523 in-1lbs.

Thus, the most vulnerable part of the cask will not be
penetrated by the falling bar.

N L Revision .
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4.2.2 Pressurization of Containment Vessel

The contents of the containment vessel will be only sclids, with
no possibility of gas release. The only conditions for pressure
formation above . ambient atomspheric pressure would be exposure of
the cask to 100°F temperatures in the shade. Assuming a maximum
internal temperature of 180°F the maximum absclute pressure within
the containment vessel, assuming that it is loaded at 70°F - 530°R,
is:

14.71b/in? % %%% . 17.7 psia

The structural analysis of the cask in Section 2 demonstrates the
capacity of the AP-300 cask to withstand an internal pressure of
3 psi gauce.

4.2.3 Coolant Contamination

There will be no coclant used in the AP-300 cask.

4.2.4 Coolant Loss

There will be no cooclant used in the AP-300 cask.

4.3 Containment Requirements for Hypothetical Accident
Conditions

The hvpothetical accident conditions need not be considered for
the AP-300 cask, when it is used to transport greater than A
quantity LSA waste packages.
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