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R _#hE Frond firg Saddle, thos liicrally Caes1g ha

cosk S pel! n‘.:e//(' ]ercra' before ]("”‘7//7 77 kznj

1nto complekes anndlar lock. L v
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555 co0 .
0se® 7o wjad 2854251

45000
M.S. = 38542 ~! = 201

T Condidion 4 Local Lbrast of ends of saddle,
- \\smW. fhe cosk \Rﬁn\n\ " over Jost orop
o o FLT (Htope 2 .215), Area in contact mihally

- 4, X\ Soth Sorners, 2¢3°x2*%) » /12108

. — = , e o
xa /2 z D700 /bs. mox

-275 ﬁ no \ms.n .«\.th

.. Frcbion ot reor Seppord assamed o
“.WV 24000 = 7200 Ibs, horizental . .

Thrausd horzon Holly =

./

- .N\-\\n\kv.\v 2 Sront “Q\Q\G\\ /5 “\\GV.\&M.NU\ .\.}ﬂ
. Same, W&\\\N\\RQ\\ Fhees \N“M\ns.% the Mﬂ@n\:\r\
- wight fo Booo/7 7200 = 16825 lbs. and . .

le8oo ., _ , U

o \b\&k\.\b\ Ahresd Lo 255 2&l/oco /b, s> Nwmo.;,&.mf

. Crushing Steess on contact arees af Hpast of |

e J200 Vb8, 1S R
- veen . — C e - M 2 . e e . cee e e e eemaeme e - —————— e
- e om...u\MQuhbnv\n.z.

. 7515 Stress \..u_ .\bnt Q\GQW& .\o....wW sa“sxn\an.w. IO
- galling wear affer a few mibal bedehng in ”
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Lt ey be possivle 4o symply @ shght lacaf

labricent or, 1£ necessary, ‘o bard face
one of Hie cohtacting .QQ\\\&RQH ;) P \1\.. crably
the Yravler end aregs.

£7.2.3 et Streng th n\\. TEper Lngs on Clsik
. The endire * s0 g .\ow.mw.\.,.utn.\\so&\ m\wnu , exc epd |

| for fhe fretonol bestraint af e rear Sepport,

15 faben’ aft the front Sypport by erther of fhe
fevo, Faper \.SWH\MQQ\Q\QQ\ Ao 4&45%“&5» m\V. W\MQ.W\Q
V' S welds, Ay additonal Hatx Ve frllet weld

IS addled for a drstrnce of ¢85 inchEs circinm -
jerentially af e loading area :

Tt Wﬂ“\%ﬂ five weld grea oyer ‘&D.. \s&a\\\qus
\QGW\Q 757 : y | .

Nl iar

. . . . g o - - ,ﬂm Xsoﬂm e ———.
Effective tbhroat “h " = — = 1.04" Ref. Ic
77 Y £ T mmmm.\.

Total Shear widdb = b + .75 ..u. "9 -
Jotal shear area = £L79 x15= 26.85 1n%
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el area = 7.25 x 212 = 15,37 m‘:’

. Z2384doo
Shear 'g 75.37

= /522 pst

. / f
Comémed I = E55 #\[258¢%+ 522" = 558¢psi

ML =%"5%§--/ = 4.37

B. load on crrcumfperental Flange cwith cask ,r

- vertical positien - Cohditien of /oadmj czsk
onto trailer. '

8"
load }f;'om drannion block =5 X 72200« 2880 /4
Eacen-r‘ﬂcu‘v/ .o/ load fo eenter a/"we/e/on crslz o’

NMbomient on weld :
" M)z 28800 X o4t 11520 10 ]t
76 R |
h — N| Taetness of plate at cweld
. . Ny (Foss Hhan wekD = .75 "
__l '8”' N Width of weld, conservalive,
\?( .ﬂ@?ké?‘lﬂ? end re/ﬂ/Grce—
- . L et s G. 25" .. -
: 2z
52 . e 2B e .
 Bendiog $+ 2252 < 19659 g5 Zuery = EEEL - 586 107
. Sharr areace.25 %75 *4.6‘?:;, ﬂey/ecﬁéf en

é.’ -E.Uﬂ/;r-r(-r.
28&co . .
S5 “fea Glél pst :

.C'améloc'a/ .& s Lz.%—;j*‘/?fj'ézfé/dlz v _ZidZ06 psi

Soocca _ oo e .
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1.7.4

Longitudinal Bracin
The tie~-down structure supporting the cask on the trailer bed consls

of a transverse structure near each end of the cask, together with a
sloping member for each structure to provide longitudinal bracing.

There are two longitudinal rall_s which interconnect the four members

_of the support structures.

This sti'ucture, with the cask in place, can be moved and adjusted in
position reiatlve to the traller chassis so that a precise correction for
C.G. placement cah be secured. It is then welded to the top flanges
of the trailer at specific locations and with a definite weld area and
strength. By this procedure the welds between the structure and the
trailer frame are so designed that in the event of a high *"g" longitudinal
impact these welds will shear and tear away, allowing the structure

to be Intact and maintain its relationship to the cask as they both leév{
the traller.

The cask has its integral support detall members designed for 10 g
longitudinal with stresses less than material Y.Pp. The individual

front and rear support member; are designed for 5 g longitudinal on
their y.p. In both cases, there is a margin of safety on the y.p. and
the further abllity to go to an ultimate stress limit if developed under

acclident conditions.

XI-1-31 a
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It is reasénable, therefore, to dgslgn the welds to the traller on the
basiswa 6 g ultimate shear stx;ess, to insure pmgresslv;a fallure ILn
longitudinal impact. Since t!';e trailer and cask will overturn at less
than .6 g, a lateral strength of 2 g ultimate Is assigned to these welds
Welds to trailer are made at Station A,B,C,D - Fig. 4. Stations A

and D support vertical g loadings in compression and resist lateral

. 1 ginwelds. Station B trasmits the entire longitudinal load to the

frame in its welds. Station C, being the opposite end of a beam

on which the cask Is initlally lowered and tilted down, must be welded
to the frame for stability.

All welds are 60,000 psi ultimate tensile strength.

At each of the four locations for A and D on the two rails, the lateral

2 g loading required 1-1/2 inches of 3/8 fillet weld/

(48000) Ibs. x 2 = 60,000 psi

4x1.5x3/8x .7
At B, the resultant inclined load is taken In shear at each side rall

by 9" of 3/8* fillet weld, both Inboard and outboard of the rail

2xx 9 x3/8x .707 x .6 x 60000 = 171800 lbs.

g's = 171800
24000

At C, the resultant load is essentially verticall, being a weld tension

= 7.15 g shear
of 24,000 lbs. for each side rail.
This requires only 1-1/2 inches of 3/8 fillet weld minimum to

stabllize the total cask weight when vertical on the rear support.

XI-1-31 b



-p-“)'azm'auj

2 1e-1-IX

Stliel




This is increased to give & reasonable margin of safety, since It

will not interfere with allowing breakaway at B under & critical

total load of 171800 lbs. and & load at A of 14400 lbs.

The bending of the traller frame under 1 g weight, with perhaps + 1g
additional due to transport vibration, would tend to shear the welds at
B and C unless a sliding conneétlon is provided near the center of the
trailer length. This allows Independent anchorages of the two
supports to the traller, yet relieving them of beam flexure shear loads,
and insuring proper sequehce of weld releases under accident impact
at substantially 7 g. See drawing 70514F, Sheets 1 and 2.

For tension load along the 3 x 2 x 3/8 angle, these welds would be

in shear. Such a tension load would be exerted after the welds at

B had been broken loose in an accident Impact. The shear load thus
developed by the welds on one slde. rail is

@C_.6x 5/}6 x .707 x .6 x 60,000 = 47723 1bs.

@D 1ix 3/8 x .707 x .6 x 60,000 = 14317 Ibs.

| Total 62040
The angle strength is 1.73 in.2 x 60,000 = 103,800 lbs. O.K. 62040 1b
The shear strength of € bolts (S/8~11) at the midlength joint Is

2 x 33,100 = 66,200 Ibs. O.K. 62040
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1.9 Pressure Vessel Design = Inner Container

Design Conditions
The normal operating pressure under 10CFR71 Normal Conditions

of Transport requirements s determined as follows.

The normal operating pressure ls based on a maximum fuel rod
temperature, under normal conditions of transport, of 1000 F. The inner
container Is initially filled with helium at an aésumed gas temperature of
68°F and one atmosphere pressure. Assuming the gas temperature reaches
the fuel assembly metal témperature, the nbmal operating pressure would
be: | |

(1000 + 460) 14.7 =  40.65 psia = 25,95 psig
68 + 460

NORMAL OPERATING PRESSURE 26 psig

If it 1s assumed that all the fuel rods fall, which is a highly un-
likely event, the pfessure in the inner container would Increase as a re-
sult of the fuel rod gas pressures being released to the inner container
environment. Data on initial rod fill pressure is not specifically reported,
but based on avallable lnformation, an upper limit of S00 psi§ Is assumed
for PWR type fuels and 200' psig for BWR type fuels. It is realized that
these rod fill pressure‘s are extréme but the object is to establish an inner
contalner design pressure that would include the hypothetical condition of
a gas release from all rods in a fuel assembly and also accbmmodate ‘future
fuel designs which could involve increased fuel rod fill pressures.
*See Appendix C.
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o Table I shows design parameters of the four common types of fuel._/
rods. The values shown except for V} were obtained or calculated from

data in the fuel PSARs. V) was calculated from the following equation:

vlaPn'erg + 1.3GE:MRT1 " (1) Ref. 11
o'l

Itis posélble that future elements will be pressurized to a higher pressure
than that shown in Table I (R)). Therefore a nsew value of P; will be cal-
culated using equation (1) wl;‘.h jan initial fill pressure of 515 PSIA for
PWR fype fuel. This assumes that} the initial geomtry of the rods and thas
volume Vj does not change. The total amount of gas ln the rods will then
be calculated. It will then be assumed that all the rods release the gas

@ | to the lnner container. The pressure of the Inner container will be C&le\/ X

for normal conditions of transport and for the fire accident condition.

From equation (1)

P| 3 PoT1Vo + 1.38EfMRT1

TV, v

Using the B & W element data from Table I since this results in slightly
higher cask pressures, P) 13 calculated as follows:

P1 = 515 (1100) 1.534 +1.36 (42.2) (.23) 2.19 x 10-3(40.84) (1100)
530(.889) .889

P = 3305 PSIA
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Table I

FUEL ROD GAS PRESSURE DESIGN PARAMETERS

'CE

Internal Rod Pressure (Pl)' 2620
psia

Gas Temperature in 1100
Reactor (‘1'1) + R

Initial Fill Temperature 530
(To). R

Initial Fill Pressure (Pg), 15
psia

Initial Fi1l Volume (V,), 1.73
ind

Fraction Released (f) ' 0.31

Burnup, (E) GWD/MTU 37.3

B&W Westinghouse GE

2765

1100

§30
365

1.534

n.23

42.2

211S

1100

530

365

1.58

.21

42.0

1100
1010
S30
15
4.482

0.35

37.4

Uranium Loading (M) MTU " 2.25x10™3 2.19x1073 2.21x10~34.04x1078

Free Gas Volume 0.627
Reactor (Vl), in

XI-1-37-B
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~ of life condition if the initial fill pressure I3 515 PSIA. From this pressure

This is the pressure that will develope in the fuel pins at the end |
N
and the temperature and volume from Tabla I, the number of Mols of gas

in the fuel assembly can be calculated.

PV = NRT-
3305(.889) = N For 1 fuel pin
12(1545)1100 '

1.44 x 10-4(208 rods) = .0299 mols = N total

The fuel cavity will be filled with hellum before shipment If It is
assumed that the hellum fill gas temperature is 100 F and 14.7 PSIA.
The amount of helium in the fuel cavity would be -

For the PWR basket ' Y

Ny =14.7(144) 5.6
560(1545)

= 0137
The total number of mols in the fuel cavity Lf all the fuel rods
rupture equals NT

NT = .0137 + .0299

= ,0436 mols
The pressure in the inner container can now be calculated for the fire

accident and normal conditions of transport.
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- -

Fuel temperature at fire accident = 1102°F

P = .0436(1545) (1102 + 460)

5.6(144)
— . = 131 psia

Fuel temperature at normal conditions = 1000°F Avg.

. P=_.0436 (1545) (1000 + 460)
5.6 (144)

= 122 psia
- Inner container pressure based on BWR type fuel assemblies,

Assume an inital fill pressure of 200 psig. The fuel pin pressure at End of
Life Conditions would be:

ToVa v

=215(1010)4.482 + 1.36(37.4) (.35) (4.04 x !0'3 ) 40.84(1010)

$30(2.76) 2.76

Py =1740 psia

Number of mols of gas in one fuel pin is:

N=_1740(144)2.76 = 2.56 x 10~4
1545(1010)1728

One BWR fuel assembly has 49 rods and there are two fuel assemblies
in the cask.

N 2.56 x 1074 (49) 2 = 2.51 x 10~2 mols
Number of mols of hellum in inner container

Np= 14.7(144) 4.876 _ =1.193 x 10~2 mols
§60(1545)

Total number of mals In inner container.
INIt = ,01193 + .0251 = ,03703 mols

The pressure in the inner contalner can now be calculated for the
free accident and normal conditions of transport.
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Fuel temperature at fire accident = 1102 F

P = ,03703(1545) (1102 + 460) = 127.27 psla

4.876 (144)

Fuel temperature at normal conditions - 1000 F

P = ,03703(1545) (1000 + 460) = 118.96 psia
4.876(144)

Summary of internal pressure conditions

Normmal Operating Pressurs ' . - 26 psig
Nomal Operating Pressure - Fuel Fallure - 108 psig
Fire Accident Pressures -~ Fuel Fallure - 117 psig

Design Conditions

Pressure - 120 psigr

Metal temperature - 850 F

Material - 304 stainless steel
Yleld Point @850 F ~16500 psi  Ref. 4

1.9.1 Inner Container Shell
Ref. 1. 'ral_:le XIII, Case 1l
t , .25

p =Sy Sy = 16500 psi
R R= 6.44

P=.25 x 16500 = 540.5 psi 120 psi design
6.44
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1.11 One Foot Drop Requirement Normal Conditions of Transport

The extent of damage to the impact limiters, as calculated in the following
paragraphs, may in certain situations be considered ocbjectionable. In those
cases where damége exceeds that which is predicted in the following paragraphs

corrective action will be taken to replace the damaged impact limiter. .

.i1.1 _One Foot End Dro
From 2.1.1.2, the Initial and peak load 1s 1,891,541 lbs. to start crushing
the aluminum shell and the balsa.

The deformation for & 1 foot drop is

48,000 x 12.31 in. lbs.
P AN AAS SN L N3 LN I LN S . .
1,891,541 Ibs. 3in
The effect of a flat end drop of 1 foot is to indent the whole end balsa

assembly 5/16 inch.
1,891,541 . 39 4peg

48,000
The 39.4 g valve is the same as for the 30 foot end drop for which the
various elements of the cask were énalyzed in Section 2.1. The results of these
analyses showed the various cask elements did not suffer permanent deformation
or damage. There is no reduction in the effectiveness of .the packaging as a

result of the one foot end drop.
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1.11.2 One Foot Side Drop

Seas Section 2.3.1.4, 2.3.1.5, and 2.3.1.5.3

As reported in refarenced sections, the crush distancs is 1.20 inches and
the peak "g’s".ars 16.38.

In the analysis of the 30 foot side drop, it was shown that the various
cask elements did not suffer permanent deformation or damage. Therafors, cthe
lower "5* load developed by the ona foot :side drop will not reduce the

effectiveness of the package.

9 = a

From 2.2, corner impact, the full area along line d-a-s is only reached.

when the mean deformacion is the distance ac = &*gli = 2.4375"

However, the 1 foot end drop effects a compression of only S5/16 inch, :
compared to 2.4375" above.

Therefore, a 1 foot corner drop will damage less than the full area, and
will leave the balsa assembly physically capable of sustaining a further 30

foot drop.
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1.11.4 One Foot Drop - 45° Oblique Impact

Vol. a = §47in3

3591n3
Vol b =906in

- KE = (48000) (12 + 5.65) = 847,200 in. lbs.

KE_ 7,200 in. lbs, 93§ psi
Vol.®  906in.

The estimate effective 45° crushing strength is 1850 psi x7 =1,285 psi
The estimated deformation is therefore considered more than conservative
gince the energy absorbed by the covering deformation of the aluminum sheet

is not included.

Such small and localized damageis. thus expected that a further drop of
30 feet In &ny altitude could be absorfaed. '

The final impact areas are estimated as:

£ a=8x141/4 =141n2

2
b=65 x21=]36,5in
250.5in

Max force = 1295 x 250.5 = 324,398 lbs.

Accel = 324,398

[ ]
48,077 =6,75 g's
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b

[+

\

; ations One Foo o‘
39.4 g's - Flat End Drop
16.38 g's ~ side D:op
6.75 g's 45° Obliqua Drop

< 39.4 g's Corner Drop

nchora ecu Y O ac a oot Dro

Ton Bottonm

Weight of End Balsa Unit © 145.586 122.71

Weight of Side Balsa Unit 299.18 308.31
d Balsa U - de

Max. wc. = 145.556

Max. Laceral g's = 16.38

Max. Lateral Shear Force = 145.66 x 16.38 = 2,385 1bs.
Max. Moment = 2,385 x 8.5" = 20.272 in. 1lbs. |

stresses of shear and bending are taken by 1/8 fillet weld around
perimeter of cylindrical shell 34" 0. D. ’

Area of Weld - #34(1/8 x 0.707) = 9.44in2

- 2383 _
Ss 9 46 252.6 psi

I of Ring Weld = »Rc = #(17)3(1/8 x 0.707) = 1.364 in® abour ¢
I Tangent to Edge = 1,364 in® + ar? = 1,364 + 9.44(17%) = 4,092 in®

Edge = %%%%a.' 120.3 in3

S - 168.5 psi

- 20,272
e 120.3
S' + Ss = 421.1 psi in weld OK < 27,000 U.T.S. modified 6051
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In the top end balsa unit lateral shear is also imposed on four (4) retaining
bolts which connect the end impact 1limiter to the rest of the impact
structure. See Figure & &. Assume both shear and bending {s taken on two

bolts.
Max. lateral shear = 2385 lbs. (1.11:6.1)

Bolts are 1/2 - 13, A 354 Gr. BD with stress &rea through threads =

0.1419 in.2
125,000 psi Y.P.

S = B404 psi

- ——l2383 _
s~ (2)(0.1419)
M = 2385 x 0.5 = 1193 in. 1bs.

- -g- - 1193 - = 48,69 psi
(2)(0.098)(0.5°)

Sp

© 0.5
S, - ﬁﬁgiﬁ + (263472 + 84042) " - s0104 pst

- 423000 -
HcSo 5010‘5 - 1 1.50

1.11.6,2 Side Balsa Unit - End Drop
Max. Wt = 308.81 1bs.
Max. axial g's = 39.4
Max. Axial Shear Force - 308.81 x 39.4 = 12,167 lbs.

The side balsa units are welded to a cylindrical aluminum shell which provides
a common anchorage for both the side and end impact limiters, See Figure & a.

Throat width = (1/8 x 0.707) Area of Welds = 30.25 (0.125 x 0.707) = 8.4 in2

s, = 22187 . 1449 psi oK 27,000 x 0.6
= 16,200 pr.
ult. shear stress
6061
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1.11.7 One Foot Drop ~ Expansion Tank

The maximum loading is developed by the flat end drop with a peak value of 3.4 ¢g's
_ 7 (a-1-46)
Load due to welght of outer shell;
Wi= 340 Ibs. x 39.4 ¢g's = 13,396 lbs,
Load due to weight of 2 end plates and solution
Wj = (246 + 547 ) 39.4 ¢'s = 31,244 Ibs,

The distribution overthe four (4) gussets is, for each,

- ° = ’ wz
wa= W1 +72 244 .
3= = 13396+ 2 = 200181
4 4 4
= 7254.5 Ibs.
w, = W2 . a905.5 Ibs.
2.x4

Very conservatively, the plates are not assumed to
support these loads by their attachments to the cask
shell, but the total load is supported by the four (4)
gussets.

Weld for each gusset to the 1/4" 216 SS shell.
2 welds, 1/4 inch fillets, 10 in. long

Bending Z= (2 x 1/4 x .707 ) 10 =5.89 In. 3
6

M) = 5.125 W,

Sp = M/Z = 6312 psi

= 37'179.3 mc lbs.
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Shear Sg= W3+w, =11;180

—— = 3157 p:
2x1/4x.707 x10 3.535
2 : . \/
Combined stress = 6312 + 31552 + 31572

2
= 3156 + 4463 = 7619 psi

M.S. weld = .6 x 30,000 -1=21.35
7619

For reverse directlon of loading, moment on 5-1/8

welds of lower gussets to 5/8 lower plate is

M; = W3 x5.125 = 37179

2 welds, 1/2 in. ﬁllets; 5-1/8 long

Bending Z=(2x} x .707) 5.1252 =3.09 in. 3
6

S =M2 212,032 pst
— .
25 |
M.S. weld ,6x30,000 .5 495
12032

Hoop stress ln outer shell

Dynamic head = 20.5" x 39.4 = 807.7 {n.

Dynamic pressure = 807.7 x 6187324853. = 32 psi

Design pressure = 250 psi
Total pressure at end of tank = 250 + 32 = 232 psi

Hoop Stress+ OR = 282 x 45,75 = 17,578 psi
t 375 2

M.S5. =230,000  -1=.70
17,578
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8 etainin ng - Lead Shielding = End

. With impact on the bottom end, the load from the lead mass assuming no bond to the
s retaining walls, is impressed on the 2 Ilnch wide annulus of the retalning ring. This,
in tum, is supported on a 4 inch wide lip of the bottom forging.

Max. impact force Is 39.4 g's
Weight of lead - 9489.71 1bs.

Total force on 2 inch annulus Is less than
developed from total weight of lead.

Height of lead column is 160 inches

Dynamic head = 160 in. x 39.4‘9'5 = 6304 In.

Dynamic pressure = 6304 x .41 lbs/in.3
- =258S psi

Area of 2 in. ammulus is

e (23.312 - 20.0532) = 110.924 1n

URANIUM SHIELD

£ \\ .
\ Dynamic load on face Is
\zermmna RING (258S) 110.924 = 286,739 Ibs.

\ Area of suppating land is

T (23.312 - 22.812) = 18.11 in.2

Bearing stress on land Is

_2_85 738 Ilbs, = 15,833 psi
18.11 in.Z

OK 30,000 psit
for 304 SS

The annulus is enclosed by rigid cask walls and Lncapable of twisting
due to offset of this land relative to  of load. )

Sheer stress on annulus

Sg = 286,739 = 2000.7 psi
(22.81) 2

;o M.S. = .6x30,000 .j.g,
- | 2000.7
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2.0.3 Specification Strength of Balsa

Balsa wood, when subjected to end grain compression testing, displays
an early maximum stress, after a slight initial *bedding in". Further
compression, to an average maximum of 85% of its initial height,shows
practically a straight line fall-off in stress thru a point repredenting 30%
reduction in stress at 75% penetration extrapolating to 40% reduction at
nominally 100% penetration.

The relation between density and peak with-the-grain compression is
well expressed by a graph showing published data from Balsa Ecuador
Lumber Company, plotted on Fig. S. Additional test data on & very
wide range of Bﬁsa test values, from samples of lumber used in
manufacture of the Impact limiters, shows excellent conformity with
this straight line specification, also plotted on Fig.5 .

Accordingly, welghted analyses of the total lot of material used in the
actual construction gave a mean density and a peak compression stress
as shown on Fig. 1 of 10.777 lbs./ft.s‘. 1850 psi. This is curve B

on Fig. 6, which converges with curve A at a point representing 250%
penetration and zero stress. Curve A quite accurately is that for
"moist" condition, while Curve B, which represents the actual lot of

lumber used, seems to correspond well to “dry” lumber conditions.
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As indicated in Fig. 6 the molstgre content has some effect.on the
mechanical properties of the balsa woecd. The indication is that with

an incarease In moisture there is a decrease in the peak compression ~
stress.

The initial condition of the balsa wood impact limiters is malntained

by treating the wood surface with Woodlife , a wood preservative
manufactured by U.S. Plywood. This particular product also meets

the Federal Standard TTW=-572B which deals with the requirements of
wood preservatives. There is no indication that balsa wood s effected

by aging. The woo_d praeservative whrch i3 applied to the surfaces of

the wood impact limiters will provide an effective barrier to aging.

- Additional protection against moisture and aging is the encapsulation of

the balsa wood in aluminum cans which are -walded closed,
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Q : Table 1. Summary of data derived fram 1,241 crush tests as o function of condition e
Mean Stondard : Sronderd Hean Mn
Condilion specifie deviatien, Mean duvialtien, thickness :::‘“ J.::;.
. energy. [ X941 N i . pad slficiency atisn st?
Meigs 20400/3,239 ,.342/337 ) 0.339/70.018 7.93
Dy . 22,90073.389 ' 13837379 0.823/0.024 773
Staritired 23097/3.574 1A438/354 0.849/0027 7.63 I
"Flg. 6 ) )

Reference - JPL Technlical Report 32-1295
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2.1 End Impact Balsa Wood and Aluminum Cylinder Analysis

2.1.1 Buckl of 1/8" Aluminum Alloy Cylinder in Compression
Material : 6061-T6 sheet, 37,000 psi yp
Roark XVI - Case M - Stability of circular tube under comprassion
“Applicable if length i3 several times as great as 1.72 ‘/:::
which is a half wave in buckling. Tests indicate an actual buckling
strengthof Sla .3Et/ =, |

t=1/8" r=16.688" E=10,500,000 psi

1.72 \/16.688 x.125 =1.72 (1.444) = 2.48" O.K. < 17."
s! = .3 (10,500,000) . 82— 223,595 pst 0.X.<37,000 psi
Area cylinder, A= 33.375 x .125 = 13.106 in. 2

Buckling force = 23,595 (13.106) = 309,236 Ibs,

Equiv. g's 3%32:_:-’ 6.44 g's for al. cyl. above

: N4
2.1.1.1 Balsa Cylinder
Balsa deformation 10.6"
KE = (360 + 10.6) 48,000 = 17,788,800 in.1lb:

Aluminum alloy shell absorbs (309,236) 10.6= 3,277,902 in.lbs

Remainder to be absorbed = 14,510,898 in.lbs

Percent of balsa crush 10.6" g49
16.625

Peak stress = 1850 psi

Final stress = 1850 - (.64) 740 - 1850 - 474 = 1375 psi

Mean stress =_1850 + 1370 = 1513 psi
2
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Area of balsa = TV/4x 332 =855.3n.2

Energy absorbed = (1613) (855.3) (10.6) =14,623,748 in. It

2.1.1.2 Peak Deceleration
Force on aluminum shell 309,236 lbs.

Balsa peak = (1850) (655.3)=1,582,305 lbs.

1,891,541 lbs.

g's = g9),54 = 39,4 ¢g's
48,000 :

Xi=2=4~-2a
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Combustion Engineering Fuel - Top Support

The Combustion Englnéerlng fuel top support is bolted to the inner closure
head and extends down to support the fuel at the top surface of the top
nozzle. The control rods when shipped with the fuel will extend up he-
tween 1 3/4 x 2 Inch bars of the top subport.. The support material is

type 304 stainless steel.

During top end impact the top support Is loaded in comprassion.

Fuel wt. = 1381 1lbs.
Basket wt. = _794 lbs,

Total = 2175 lbs,
Peaﬁ g loading 1s 39.4 g's
Max load on one bar =39.4(2175)
=2142; 1bs.
Bar area =2 x 1.75 =3.5 in.2

Compression stress =21423.75
3.5

=6120 psi

M.S. =30000 - 1239
6120

The length of the spacer plug is 17 inches when used with the lnner con-
talner. For the alternate configuration without the inner container, the

ienqth will be 22 5/8 inches.
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FIGURE WITHHELD UNDER 10 CFR 2.390

Combustion Engineering Fuel Top Support
X[-2-13d


rkook
FIGURE


2.1.4.5 B4R FUEL
5 No top support is required for shipmeht of the design basis BWR fuel -/

elements (nominal overall length of 176.16 inch) in cask. Under

normal conditions of transport there will be an axial clearance of
approximataly 1 7/8 inches between the fue1>and the cask cavity.

Under the accident condition of a top end impact the fuel could
displace axfally about 6 inches if the fuel handle should crush.
Movement of the fuel through the maximum distance 6? nearly 8 inches
will not affect safety of the package with respect to either criticality
or shieldfng. As shown in the criticality ané1ysis of Section X, two
BWR fuel elements'either dry or water moderated have a sufficiently low
multiplication factor that criticality can not occur and no posion
material s required. Hence, axfal position of the fuel is not

significant for criticality control. Under efther normal or accident

conditions the active fuel zone will remain well within the confines .
of the aluminum basket and also within the cask region containing gamma

and neutron shielding. Shielding is thus unaffacted by the maximum

possible axial fuel movement.
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FIGURE WITHHELD UNDER 10 CFR 2.390
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2.3

’
I

Side Impact
Side impacts in both the 30 foot drop and the 1 foot drop are absorbed

by the balsa wood rings encased in 1/8 inch aluminum shells which are
assumed to buckle easily and so present no significant crushing force.
Bgth balsa rings are 75 in. outside diameter.
The bottom annulus is 34.75 in. inside dlameter and 10.44 In. wide, with
14.81" crush distance for 30 foot drop. '
The top annulus is 32.5 In. inside diameter and 11.75 in. wide, with 13.4"
crush distance for 30 foot drop. |
The one foot drop s assumed, as a worst case to be absorbed only by the
bottom annulus, with a 2.25" crush distance. Analysis of the top anmulus
would be closaly simillar.
2.3.1 Balsa stress analysis o
N’
The balsa wood within each annulus is oriented to present end grain
to radial forces, modified only by the 19° angularity of alternate
layers of balsa planks. The peak (initial) end grain stress is
determined to be 1850 psi, resulting in an effective radial stress of
1850 (cos 9.59) = 1850 (.987) = 1826 psi for each layer
The effective stress expressed in relation to the percentage of de-
formation is:

S¢ = 1826 - (% deform) 740 for central radial loading only
For off center loading as the penetration progresses, a cosine

correction is made, reducing the 1826 psi value proportionately.

X1-2-16



2.3.1.1 Calculation of m‘ distance, areas and volumes

using mean strengths of balsa as determined in
2.3.1.5 , obtained by trial and error methods between the
two calculations for any single condition of side im-

A pact.

h= crush distance

2.3.1.2 JTop balsa annulus = 11.74" thick - 30 ft. drop

h=13.4" d=24.1" cos © =24, = ,6428 & =50°
37.5

Sin© =.766 &a=Rsn© =28.72"

= o . ’
Side area -%—;-‘0—052— (T37.52) - 24.1 x 28.72 = §35.03 in.

Vol. =11.75 x535.03 = 6286.6 in.3 “available®

. 80
Vol. req'd =(360 + 13.4) 'ﬂ'i = 6288 in.S req'd
1425 psi mean

Contact area A-A = 2 x 28.72x 11.75 = 674.92 in.2
Final force on A-A = (1290 psi mean) x 674.92 = 870,647 1lbs.

Final and peak ¢g's = 870,647 = 36.28 g's
24000

2.3.1.3 Bottom balsa annulus - 10.44" thick - 30 ft. drop

h=14.81" d=22.69" cos© =22.69 _ gocoe
37.5 *

e = 52° 46'
sin© = .,79618 a=Rsin® = 29,857

Side area = 2 x 52.767° (77 37.5%)- (22.69 x 29.857)
360

e 1295.10 - 677.46 = 617.64 in.2

XI-2~16-a



2.3.1.4

2.3.1.5

3

Vol. = 10.44 (617.64) = 6448.16 in.- “availabla®
48000
va + 14 - 8 2?5 hhg -
:Vol. Req’d = 1397.6 mean

1397.6
6436.345 in.3

Contact Area = 2 x 29.857 x 10.46 = 623.414 in.2
Final Force = (1235 psi mean) x 623.414 = 769,916 lbs.

Peak g's = l%%agéi - 32.08 g's

Top balsa annulus = 11.75" thick - 1 foot drop
h=1.2" d=-3630" cost =350, 0.9 8 = 14.533°
sind = 0.25095 a = Rsind = 9.4102"

side area = 2 x 1§3§13 x (x 37.5% ) - (9.4102 x 36.30)

- 356.696 - 341.59 = 15.104 in.>

Vol. 11.75 (15.104) = 177.472 in.> "available®

+ 4 3

Vol. Req’d = 1789 .64 = 177.039 in.

Contact area = 2 x 9.4102 x 11.75 = 221.14 in.2

Final force = (1777.27 psi mean) 221.14 = 393,026 1bs.
v o 461,920 '

Peak g's 24000 16.38 g’'s

Calculation of mean psi for balsa side crushing

a-x = radial 1008 thickness of balsa

a-b = radial crush dist.(actual max.)

% of crush on center radius = gf&

\

\
8 ~\\<é§\‘ z V \J1>L:*?7z

8 (for point b)
C e 4 -
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Y

% of crush on 10° impact point = c~d
. a=x
etc. '] etC.
Stress at any point a,c,e,g,}, and 1 is
S= (1826 psi) cos© for that point.
Stress at any point b,d,f,h,k is derived as shown now for

point d:

Sg = (stress at ¢) - c=d
a-x

(740)
2.3.1.5.1 Top balsa annulus - 37.5R° - 16.25R1 - 30 ft. drop

g~x = 21.25 a-b = 13.4" crush
at point a, stress = 1826 psi mean
. a b=
b, ° 1826 - 13.4 x740= = ° 1583
21.25
1360
c,. - (1826) cos 10° = 1798 - mean
c d=
d, 1798 - 12,6 x 740 = 1578.
21.25%
1359
e, (1826) cos 20° = 1716 mean
e f=
£, 1716-11 x 740 = 1524.
21.25
| 1333
g, (1826) cos 30° = 1581 mean
g he=
h, 1561 -8  x 740 = 1442
21.25
' 1303
5. (1826) cos 40° = 1309 mean
j k=
k, 1399 ~-4.4 x740 = 1322.!
21.25
1246
1, (1826) cos 50° = 1174

XI-2=-16-¢c



© Mean at impactline BB i3 b + 2d + 2f + 2h + 2k + 21
11

= 1290 psi
/

Mean of whole vol. crushed is =
ab + 2d + 2ef + 2gh + 2§k + 21
11

= 1425 psi

2.3.1.5.2 Bottom of balsa annulus 37.5 R, - 17.375R;-30 ft.dr

a=x= 20.12 a=-b=14,81" crush
a 1826 psi mean
- 4 : a b=1553.
b 1826 - 14.81 x 740 = 1281
20.12
c 1798 " mean
¢ d=1540.¢
d 1798 - 14 x 740 = 1283
20.12
e 1718 , mean
e f=al4r -
4 1716 - 12.2  x 740 = 1257 -/
20.12
g 1581 mean
g h= 1408
h 1581 - 9.4 x 740 =1235
20.12
i 1399 mean
J k=1296
k 1399 - 5.6 x 740=1193
20.12
1 1174
Mean at impact = 1235 psl
Mean for whole vol. 1397.6 psi.
</

XL-2-16-d



2.3.1.5:3- Top balsa annulus 37.5 R, - 16.25 Rl -1

fc. drop

a-x = 21.25" a-b =1.20" crush
a 1826 Mean
& be
1.20 -
b 1826 - 21.25 X 740 1786.2 1805.1
c 1822.3
¢ d=
d 18223 - 5342 x 740 - 1783.2 1802.8
1811.3 _
e f=
. 0,90 -
1811.3 7125 ¥ 740 = 1780 1795.7
1793.1
g b=
h o 1793.1 - 2222 & 740 = 1774.8 1783.9
1767.6
i jm
j 1767 1767.6
Mean at impact line CC is :
4 + ° + 17 + 74 + 1767 -
9
1777.27 psi
Mean of whole volume is :
+ + 7 + + 7
9 -
1789.44 psi

X1-2-16-e
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2.3.2.] WaTse JJackesr Aracysrs — Independendt -/ 9

— 23 —
/ \

: A | WIT oF jackel™ sclulon
10 -~ " ~IG4.‘25 — 13.75 (m-;-m) . =3

NN 5-1 36"2a. '—-6 NANNNY Wihof jackeds 1438,
s I \CKBT uon
: = s PawenCED, W, = 4550,
’ E,s a5r ° ”%l’ A WI: TanK conc.af £, Wa = 313 /i

c memm’ L > Geetay  My=aes

o | ackel - ,25 L4k, starnless steel @pe 2/6 , 55 00a ms/ )/./?
ET = 135.384 x 107 . .
e Z 2255813 AQrea=284m7 @ |
e Assume smple beom between C-D,with 4550 [bs.disTrbuTed ang/
o 3/3 conc. loay/ aT &, 7hen maxs momen7 af cenier of fackel «
Mo = Lt Wa (2 4) = 455006439, 213 (8- 99812 + 4147
Me, = 7@5;7' . 16s.  Por covvenience )-&7‘%?‘%%18: 125;2 I/

. P 2
L oWt 1 (4752)164.25) .
8 at ends =33 F7 * 7 ",‘37,3.384,(,0:7 " .009037,456 . .

\/
Correction Sfor & due fo ﬁex:b://,k/ of end dncébrajes
) i - L .
— T End h 5 Deflection of the end rings on the
. 3235 z_éfymg._ \ 8, 33755 ﬁrymg: prevents the  jacked f}am
S [ 275 - . having exactly the same end slope
YA V. //P Z '/ V4 \ | | Qs #e otber cask eypnders. The
...... | \ 475 | | ehfferential angle 1s .
e ‘\—I—J:l--- "';_—i'-"P 17 & 9 .
e e ._2..15‘__ Ls  Les N BmR . -

—— J . — Analysis 15 made for an element .1” crrde 01" .
— ( Ref.5, P9 175) Fhe posibion of mox. bending stress

. p:3 _ /3 2 3 hHha 27 £=L75 %3 8/7, 4--074/
§=3¢7 [’ +e7 6’ ) “”"é‘) ] eVa_IaaZa;&I-z-?I) éwas P=1000 ps1

) ' P (25x| )0 = 250 145
250 75.3579 (T : ! .
5 ® “Gox10% / “"”é‘?;)‘-fo _-;%%_)/ - B2 3(Baxi0)(422%) < o xio

e .

. ' .o . . ” - ; © iecens ¢ e
o _53.-040038,?06 . @/—‘7375‘7‘5‘.5-’%449“3"7;‘«/‘1
e e G2 G4, 3 ,000,037,3385 ) ]

N - | | ) | * N X,-z-la. N - ..': ....... Tmres e . PP .




2.3.22 Casik Auscysts - Withewd Jacéeql or impact_Lmiters

h ,-"‘-- -
: | 198" Cos: i Design weight = 48000 gross
Adlf—d ta————8C.OC p—0r1.5 - ¢é/33 éjﬂ?ﬁiﬁe/
l|/é Top lmitders
& 7 91867 /bs,

: | o 786.8%)

_ . .- ETx0 7 /(ﬁr ngidily) Mg = ‘gl - 5”8678( =89737222
. 18.626- 17" tnner shell —

/136,209~ ZZ LTIy J/a,oe d/ 3 aé:/ a2y S/m/aze beasm
- /Z, 575- 28 (caa | > 4 r4
_ ) w2 41867 (156.06)
e _Zﬂfé.h% Stershell B34 77 “24 " 222, g
' 228.39 fotal //.;,« cask 7 e er 57 x40

=.000 1839 _ Rf[ BTl
. Caose 3

2.5.2.3 Aoorpens oF Sieqe lorp Frory Jecrer ro CRE

= 18G+06 ——— o
' Jacked ¥Tonk = 4863 2/ c);‘ o
| 25 T 7" Recofl.56) + Ayes (#68:81) .
4.5¢ fe—164.25 17.25 ’ Reacrron aT” = [l// egc-oe (&8-81) L
T= 2293, ‘
Ap—|-92 l T B=#£53 -2298 = 2570
2510 L 2293 :

M~ 2870 (4.50)~C L1719 10./65.
I . e Mip=2293 (17.25)~ D39,88Y, in. Ibs. .
i Moment midway behveen Band T, af & ...
- - Mgr2570(F2.03)- 2400(B8.47) = R6I5G mlés. ...

e Tnrease 1o sbpe from lead C | Bef L Bbl DL, Gore 1z
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Increase in slope from load D |
& W | G W2 RY63 azi7.25, b3 168.81, (= jos.c

&.'\’k
A T
—b ——a- 97-%%—-(5553-779%000,&6,9‘/2‘:#

. B —¢ 7 9> /25;, '(3/8/-75)-‘-.“’0 003977 ot ¢
Total Slope at B :
o 8 =, o000 183 fo00
+ & = o000 00! 990
+ & = 000003 977
. Ep = 000 189,867 Cask
 Total Slope o T : _ _ L |
. S & =,000 /183 900
+ &= ooco oc| 033
+ & * ooco ocs P42
8Er=.000 /9] 875 Cask

) Slepes al' B and T are close vse mean Srg=.000,190,87/ o
] 7he separale end stopes for cask and ﬂcée\ff '
have been cqlcvloted. Alow, by welding alf
Igether 4 the end forgmgs, Skpe 8 zul/
result; G beng decreased by &, , ond
PG cket Ers bemng 1ncrezsed 57 &y .
The mements o egualize 4.6 .are egeual.

B end moments ou 2L or aiu 206

, {3/86.

M= epealizing mements Measle = 4] pockad

B .. - Elcast "2 228. 3‘7x/o9)
g’jk "”cmé‘z(éfi)'l_@ - 2o ['6 :

- £7 &= (135.384 x10°,

/‘Zae,éei‘:?(ék) j‘“b » Z B(, 7 = )

2 41226 &,y
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~‘977‘ 94'3 328.39
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285 (135.38¢%10%) 2 (000108,714) _ (135.364) /o’:

M= 186. 66 =

M= 158,20% /7. /bs.

Fe:a/-/mj momends at center o f'
Mc ® 9731722
-pM = 158,208

Por cast proper

186.0¢

cast

Srom

net Me= .818551% 1n.lbs.

For _/aaéefl Me_,--

77,559.

Som

et M e RE5767 102, /BS.

2.32.22

2.32.2.]

This 1s constand ﬁom BT

_salfand mex.‘béﬂaﬂﬂy stresses of Wo;/a//en?:'l/;“'af cajé'-{/acé:

. Bor moximum skess determine ton, the lead is lected
ond 4he mn1mern SECton of #he cranmum 5 Hhe ”2?6":06/0’.
C |EIxie® | G ) M- g |60s) |g3c2s| v.2
% inner shell | 15.¢2¢ |.052873 4318. |74.8375| 576 17| 20903 | Fo cex
2%V wetd 121,955 | 412654 33t525:L|5/, 393 | €56.12. | 23897 | 350ac
YBovter shell  |157.957 |. 534472 (435649.5|916.984 |f0'0,3 | 377¢2 |55 04<
795.5%8| 1.0 |ei5e.|

Y Joctes 255767 |265.8 | 997.9 | 56276 | 6500
- £L07,28/ o

238.3 Drrieerion AT Cast CENTER

L The J‘/ape af the cosk ends of 36.28 9:: /s 32.28 6
- 8,:(36.28)[coc 19081 )= .o06F25

_ For a.anifermly loaded baam .

| - B wet L e
%1.7 =38¢ =7 arns 952'.'4" Z7

. .or 7‘35494-5‘546006725) 184.06 - ¢-F |



~ 2.3.4 Si1DE lampreT o Crosves Heaos L

2.3.4.1 Jamer Ceasvrs MHeap

e rim o /' the contamer and the mner chsore food
Coth hove @' small elearance wiitin the c2sik head
jéry;yz and are alrectly sypperted on it Sor loteral loax
A @ <onfoct grea /4'- e jnner clofvre 15 e more
I -beawly loaded, . g
L FPyscted confact grea = 175(18.125) = 31.72 1n¥
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e o Mocrn [aters/ .ée:zr/nj SHress e

2415) ~ -
%e* —3572 =_761.38 psi
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2.4 Pumicrues

241 Auacysis pag Casi .De.j.géusek Gesn D&
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190000
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2.4.2 Huagtysis or Benoweg o= Casie on 407 S Deep
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STEP ] JnDenTwee o Water JacreT
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2.4.3
2.4.3.1

2.4.3.1.1

Puncture - Top End - Center Impact

The top of the cask and the outer closure head in particular are
completely protected in both the 30-foot free fall and the 40-inch
Pin drop by a 4-inch thick plate of 7075-T6512 al. alloy plata,
having 70,000 psi U.T.S. and 60,000 psi Y.P. and 48,000 pst
shear. This plate retains its original strength properties because
it 13 bolted rather than welded into the composite impact structure
Protecting the top end.
It is assumed that the top end has already been deformed 10.§*
by flat end drop of 30 feet on the balsa, and that now the 6" pin
Plerces to 85% of balsa thickness during its initial energy absorption
travel.

Y] = (.85 x 16.375) - 10.6 = 3,32"
Balsa stress at 10.6" penetration is

1850 - 10.6_ x 740 = 1368 psi
16.375

Balsa stress at 85% penetration is mean = 1235 pst
1850 - (.85) 740 = 1221 psi

. Area end of 6" dia. bar is 28.274 in 2
KE; absorbed by penetration of 6" bar is
KE; = (28.274) 1295 psi (3.32%) ==. 121,561 in lbs.
The loads and center déflection of the plate in absorbing this KE
are calculated in three (3) stageé, from the elastic to the fully
plastic. The plate is 4 in. thick and 29 in. diameter at bolt

holes.

X1-2-30



2.4.3.1.2. Elastic phase " Roark X - Case 2 )
' 2
Max S -=St-=3W m+ (m+1)lo a - (m-1 Te
d ZTI’mtz [ ( ) log Te (m-1) 4 a2

| , ,
3w 30 ,13,..14.5_ 7 . 3
60,000 p zmu/sns[ s 3 93 3% 4xl4.$2|

W=_60,000 = 661,000 lbs.
.0907

Elastic deformation yz—-ggz (.5515)

_ 10.5x 10° x4

Energy of elastic deformation

KE,=_661,000 x .114 = 37,700 in. Ibs.
2

2.4.3.1.3 Elastic to_collapse ghaée

: 2
Collapse load = W= Mp ( —g—EEL ) where Mp = el (v.p.) Ref. 8

4
7 Yy pg. 126
w=42  (50,000) (g—:[% ) =1,745,000 lbs.
‘¢ 14.5

assume load limit at 1,745,000 lbs., and 2% dia, = ,02(28.) = .58"
mean load = 1,745,000 + 661,000 = 1,203,000 lbs.
2
Y3 =.58"- 114 » = _466"

KEzabsorbed = 1,203,000 (.466) = 560,600 in. lbs.’

X1-2-31



2.4.3.1.4 Collapse Phasa

~ Thi; continues at W = 1,745,000 lbs. load until KE is exhausted, N
| with a deformation of Y4, determined as follows :
Total kinetic energy KE = 48,000 @o'- +3.32 +.114 + .466 +1@m Ibs.
Successive depletions have been
121,561 + 37,700 + 560,600 = 719,861 in lbs.
Remaining KE4 = 1,745,000 (Y,)
Equating, 48,000 (43.3" +Yy) - 719,861 = 1,745,000 Yy
Y4 = .81752" giving
KE4 = 48,000 (44.71752%) - 719,861 = 1,426,573 in lbs.

2.4.3.1.5 Total Deformation of 4" Plate

Yo +¥3+¥4=.114 + .466 + .81752 =1.39752 in
C3 : 1.50 in. air clearance space available
before touching outer closure head.

2.4.3.2 Ductility Evaluations

The extension of the extreme fiber on the bottom of the plate and at
its center can be represented by the sum of two sepafate extensions:-
S e 1 = elongation of neutral axis as plate is bent. This can be
called a "membrane stretch” and assumed to be also applied to the
bottom extreme fiber as well as the neutral axis.

S Q 2 = elongation of the extreme bottom fiber beyond that calculated

as J,e 1 for the neutral axis, due to plastic hinga.

-2-31a



I.sg'aL'/f\L‘Lsa\e/L—i 1
ey S I
"!_-.-SQz | 1

&L, e~14.52 +1.3982 - 14.5 = .067

Ef,= 1.358 x 2" =.183
14,5

&0y + &0, = .260 on each side of the & of disk.
For these dimensions (29" dia. x 4" thickness) an 8" gauge length
is appropriate. On this basis, the % elongation is

2x .26" = 6.5 elongation
8" g.1.

The angle of bend of the plastic hinge which results is tan €/2 =
1.398 = 0964 &/2=5.5 &2

14.5 .
| —

& =11° of bend which is satisfactory for this material

XI-2-31b



2.4.3.3

Examining the ductility ratio.

The available "ductility ratio” = 11% = 55.
2%
where 11% elongation is min. for 7075-T651

The used "ductility ratio" 6 = 325
2%
M.S. =55 -1 = .69
325
Considering the ratio of final deflection 1.398' 12.26
elastic deflection 114"

This may be roughly related to the above ratio of 55. "available".

Shear in plate at 6" pin contact
Perimeter of Pin = 6T7inches

Area of plate in shear = 4(67r) = 247 in?

Collapse load = 1,745,000 |bs.

Ss =1,745,000 =23,166psi O.K. <48,000psi

FIGURE WITHHELD UNDER 10 CFR 2.390

yar2-32
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Bearing on cylinder area = 29-3/8V1 7/8 = 80.75 in.?2

Sep © 1,745,000 = 21,600 psi.
R 80.75

MS= 42,000 -] = _94
21,600

Cylinder 'Bearing at Cask End Area = 29 T3/, =68.33 in.2

Spg. = 1:745,000 _ 25,500

68.33 psi.

MS = 42,000

25.500 ~1 =+%4

2.4.4 Puncture - Top End - Side Impact

The 6" dia. pin is considered impacting

against the 4" plate at point P.

ﬂk_‘ The cylinder between P and P, is maintained
: e in position on the cask by frictlonal. loading
?.:i VBT F‘ﬁ P . P
) =] af .
B J‘B—L '? For a coef. friction= 61 between al. alloy
P
lQ‘A- ' J' : and 8.S cask the M.S. is
M.S - .61 P (31) -1 =.79
P (10)
CELC;;E R;( The cask is now analyzed as & free body with ¢
SUSFENSION :

"center of percussion” at its extreme top end.
The corresponding "center of suspension” is
found,about which the whole body rotates

instantaneously. The inertia loads, shears

and max. moment and value of P are derived

according to the following analyses.
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2.4.4.1 Analyéis of Center of Percuslon at End of Cask Structure,
Fa For this analysis a8 uniform section cask is assumed, with overall

length = 196", and outside radius = 13",

By definition point 0" is the"point of suspension "about which the cask

would rotate Instantaneously if impacted by force P at its other extreme

end.
/ 1 where = mass of body r-radlus of cylinder
t 4
mXe L = length
j =distance from center of percussion to "polint ¢
suspension 06" *.
I = moment of inertia about axis of suspension
)(° = distance from C.G. to axis of suspension.
6.-1 I ‘ICG +m Xo 2
I""‘l‘—2 Gré+12 ) + m x52
m 2 2
8. 63rc +1L 2
/ 12 | )+ mxo ar2 4+ 12
= = + xo
m xg 12 x,
but £ =1/ + xo L _ar? +1p?
2 =

12 x4

12L xo = 6r2 4 212
Xs=6r2sa12  _ a3r2 4 12
-—EL_' general formula for
6L cylinder

XI=-2=35



L)
i

let r= 13" 1=193" + 3" = 196"

then X, =507 + 38416 =33.1 \
1176 ~—/

andj.al‘i +Xo =98 +33.1=131.1

From the mechanics of Flg. 4 it is evident that P 1s the difference between
the total shears on the left and right of center of percussion.

Then from Flg. 3

p=md _rna-b) amml - E-Z)Pm xL-f
2 2 L 2

2
| 2
= Fm .Z - (L -2) = Fm [L - L ] (general)
' [_A 2 ﬂ 27
So P = Fm|196 - 1962 = Fm (196 - 146.5) = Fm (49.5)
- 2% 131.1

To find point Q, the point of max. moment,

let F =lnertiaload at distance X from from impact P

then shear at X Is zero when N\

S=P-Px-(}'m-l")l{_=o andP=%-£Fm
2

P=Fx+FmX -FX = X
2 2 2

Substituting and clearing

(Fm + F)

Fm (49.5)3_32_(_ Fm + [—X Fra)
2

r

x2 - 2fk+ 99f = o

X2 - 2562,2 X+ 12,978.9=0

49.5 a X (&F-‘x) = x- x2
2 22
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2_4 .
xe VP 8¢ +262.2:+ \ie833.2¢
2a

o 2

X = +262.2+ 129.7 =132,5 =gg.25"
2
2

To find max. moment at point of X = 66.25

M, =PX-FX! -Fm-F)X 2X =PX -FX2_ -rmxz

2 2 3 5
=X( &‘4‘ m
6
but F = { -X Fm =131.1-66.25

64.85 -
7 . 131.1 Fm = 131.1 Fm = 4946 Fm_
Fme= .:4946P
48,5
then M, = g6.25 (P 625 (4946) B _g6.5 p
49 S 3 49.5
At =66.25P (1 - .1103 - ,4461) = 66.25 P (.4436) = 29.388
and max. allowable P = max. allowable M
29.388
From 2.3.2.2 M=1,071,281 x 36.28 = 38,866,074 tn. lbs.
P max. = 38,866,074 = 1,322,575 Ibs.
29,388 .
{E-m—:;% = 27.55 g's at one end only gives the equivalent
of 36.28 g's on the cask proper with impact at
both ends,
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2.4.4.2

y

Elastic energy of cask deflection as a beam.

It is now required to prove that this impact force of P=1,322,515 Ibs

N4

(which causes the same safe bending stress in the cask as the 30 foot
side drof:) will rasult {n the absorption of the K.E. of the 40 inch
drop by the cask in elastic deformation.

The strain energy of flexure i{s (Roark -.pg. 98 - 4th edlition)

U= L
/ Mx_ where M represents the bending moment equation

o 2E
M=Px-Fx2 _ Fm x2 F = ,4946P = .009992P
Fy=_P = ,020202 P
) 49.5
M =Px - ,009992P x - .020202?:(2
| 6 3
= Px - ,001666Px%2 - . 006734 Px2 ,
= Px ~ .0084 Px? =P (x - .0084 x2 )
2 _p2
M®=P® (x2 - .0168 x3 + ,00007056x4)
p2 L 2
Vs, . (.00007056 x4 - _0168x3 + X% ) 4 x
U = p2 s _
—_ (.oooomssr. - .0163L4 +13
2 EI 5 — _ }
- 3
2 2
w“here P = (1 ,322,515) 9 =22.663 (EI from page n-z-lg)
2El 2x 328.39 x10
5 6
L =196 L’ =289,255. x 10
1= 1475.789 x 105
13 = 7.5295 x 105
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U =2.663(70.56 x 289,255 - .0042 x 1475.789 x 10 | 75295 x 10°
- 5 ' 3

=2.663(4,081,967 - 6,196,314 + 2,509,848)
=2,663393,498) = 1,047,895 in. lbs.
The energy to be absorbed Is (42.25) 48,000 lbs. = 2,028,000 in. 1bs.

which 1s 2,028,000

5 = 1.893times the moment analyzed on pg. X1-2-21.
r i e

Extrapolation of the stresses in the cask numbers shows

Pg. )C[-Z-ZI

Bending stress

@36.28 ¢g's : Dynamic

side drop XI1.893 vb Material M.S.

1/2" inner shell 20,903 39,568 50,000 304 .26

2-3/8" U weld ' 23,877 45,199 $0,000+ U .106

7/8€'outer shell 37,742 71,466 75,000 216 .049

1/4" jacket 36,276 68,670 75,000 216 .092

The picture presented here Is that of an elastic cylinder Impacting at one
end and being instantaneously stationary, but with the full K.E, of the
40 in. drop converted Into internal P.E. of the still dynamically elastic
cylinder structure. | |
This Is conservative be.cause no account has been taken of; (1) .any
deformation of the alumlinum end structure, (2) any'deformation

of the pin itself and (3) inelastic energy absorption by the lead in the

cask.
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The force P would now be required to be 1.893 (1,322,515) = 2,505,521

corresponding to 2,503,521 =332.15 g's W
48,000

Even this force is academic since ihe pin itse with a dynamic yp =

50,000 psi. would support only a load of Py =T74 62 (50,000) =
1,413,720 lbs. = 29.45 g's |

Thus,damage would be restricted to the pin itself and the local aluminum

structure, which forms a completely enveloping cylinder about the whole

cask end.

2.4.4.3 Cylinder Supporting 4" end gl_ate - impact structure

This cylinder is machined in contour to fit over the end of tha cask and be
held to it be axial screws. It also is bolted to the 4 inch alum. protection
plate which is the supporting basa for the end cylinder of balsa wood. It

is also walded to the containing plates for the side annulus of balsa woe.__/

The cylinder material is 6061-T§ plate, 2 In. thick, rolled and welded.

with typical properties of 45,000 psi U.T.S., 40,000 psi ¥.p. and 30,000
psl shear strength.

Shear at outer end, 7/8 in. thickness
Py = 1,413,720 1bs. (dynamic strength of pin)

Sg = 1,413,720 |
e = 17,582 psl
TT 29.25 x 7/8 P
Mos. '400000 -1 31027

17,582
Shear at section below this, 1" thickness

SS 3 1,413,720 = 15,385 psi
T729.25x1

30,000 _, _ .94
15,385

X1-2-40
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max. bending moment occurs &t plane of end of cask.

M, = 1,413,720 (9") = 12,723,480 in. lbs.

Z = .049 (30.25% - 28.254) = 648.345 In.3
15.125

Sp =My, =19,594 psl

M.S. =40,000 _
19,594 ! =-1-04

Combined shear and bend!ing stress

S -lssa V57872 + 15,3852

= 9797 + 18,240 = 28,037 psi

M.S. ;_:_:%(7)_ -1= .60

The cylinder - under such lateral loading - Is not restrained at the cask
end by the four bolts which hold it in tension agalnst the 10 g loads
forward, i:ut by the frictional grip at the edge of the cask itself. The
coef. of friction between aluminum and mild steel is .61 ( Marks 3-40)

The frictional grip on the cask is therefore:

F= .61 P) =864,200 }bs.
The resisting couple across the diameter of the cask is :

M; = (864,200) 30" = 25,925,976 in. lbs.

which is 2.04 times the moment M, imposed.

At the extreme lower end of the cylinder, the circular contour In interrupted
to fit over the four trunnions, and provided with heavy walled boxing con-

tours. These regions are protected on side drop since they are beyond the

terminal plane of impact.
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The cylinder also supports in compression the maximum end'drop force
N
on the balsa cylinder of

p= 1,831,541 lbs. (39.4 g's) (2.1.1,3)

Min. area = T729.25 x 7/8 = 80.4 in.2

S, =_P
= 0927
c 30.3 23,527 pst

M.§.=45,000 ) = .91
23,527

2.4.5 Puncture - top end - oblique impact

Considerin§ anﬁr angle between 0° and 90° from the cask centerline,

the compenents of any such impact angla would each be less than the

0° and 90° cases already analyz‘ed. It 1s considered that any such

glancing blow striking the side of the support cylinder would quite obviously

be less drastic than the orthogonél cases stated.

The general conclusion to top Impact, whather from free fall of 30 fesot

or puncture from 40 inches, is that the aluminum cylinder and its 4 inch

end plate form an impenetrable shield over the cask upper end, and support th
the energy absorbing end cylinder and side annulus most effectively

and convenlently.

As a result both of the cask seals are always kapt intact becausa thair

contacting surfaces are not subjected to deformation of drop or guncture;
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2.4.6 Puncture- bsttom end - center impact

The most severe condition assumes for the bottom, as for the top, mgm,
that the balsa has already been compacted 10.6" by the 30 ft. free fall,
and only 3.32 is now.to be pierced ( see 2.4.3.1.1) The remaining
enerﬁy of the 40 In. drop is then expended in plastic deformation of the
bottom éa;sk structure {tself. This consists of (a) 1-1/4 in. thick outer
shell end plate, (b) 3-1/8 in. of uranium, an air gap of 1/4", and (c)
1-1/4 in. thick inner shell end plate. Between the inner shell and the
container bottom is a 1-1/2 inch alr gap, sufficlent to allow for cask

defo'rmauon without touching the fuel contalner.

The collapse load W,, = % v.p.) (;_QTI) eq. (1)
R Ref. 8

Pg. 72 & 126
y.p. = 50,000 psi
2a= 6" . R= lZ-22§_dl°- = §.53"

- All 3 discs have 50,000 psi y.p. and 17.06" dia. and are fixed.

Wy= t? 50,000 6T . 302,505 ¢2
3

4 3=
8.53
For (a) 1-1/4 outer shell W= " 160,305 lbs.
For (b) 3-1/8" uranium W= 1,001,903 lbs,
For (c) 1-1/4 inner shell W= 160,305 lbs,

The elastic deflection at the center of a fixed edge disc 1s from Ref. 1

Table X, Case 7
ymax. =3 Wn? =1) a2 -4r,2log B -3 )
16TEnZ t

" To=3" a=8.53"

1 r?o=9" a2=72.76
log 2. )0 £:33 )0 2.8433=1.045
—a—oy F’; To = log 3 g

XI-2-43
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w 91
y max. = g3 ﬁ(-af—t_)-- (4 % 72.76 - . 4x9x1, 045-27]

a W NI
23 (12.297) eq. (2)
E=29x106 S.S. Sy dynamic for S.S.=50,000 psi
E=24x106 U Sy dynamic for U = 50,000 psi

The load W at which the material turns partly plastic is, for max. stress

at the center,

l.2
= m+l) log 32— + (m + 1)
St 2T|’mtz [ - m

o

~w (3 ' (13::1.045 + 13 9
= X  ——
t* 2 10, \3 -3 4x 72.75)

i, [-14324 (4.5289 +.139]

’1 (.65678)
2

W =5yt2/.6678 =1.4975 Syt? eq. (3)

The procedure involves the following consecutive steps, which

prograssively increase the deflections and reduce the available K.E. N

i

from impact.

Step 1

-Step 2

The K.E. reduced by pin penetration thru the balsa.

From 2.4.3.1.1 Y] =3.32" and xﬁl = 121,561 in lbs,

Total drop XE = (48,000) (40~ + 4.8985") ='2, 155,128 in lbs.
Remaining KE = 2,155,128 - 121,561 = 2,033,567 in Ibs.
Calculate the elastlic and plastic properties of platas (a) and (b)
to the point where the deflection of (b) equals 1/4 inch and con-

tact 1s made with plate (c)
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For SS plate (a) by eq..(3)

W] = 50,000 (1.4975) (1.25)2
= 116,989 lbs.

y2 =_116,989 (12.297? = ,0254 In. (Elastic) by eq. (2)
29 x 106 (1.25)

The plastic collapse load is by eq. (1)
W, = 160,305 1bs. or,
about double the true elastic load. Assume, conservatively
that the deformation has increased pmborﬂonately. Then the

K.E. absorbed up to the point where fall plastic stress developes

s Wuys = 0.305 x .0348=2790 n. Ibs. =KE,
2

where y3 = 160,305 , 0254 = .0348
116,989

The remaining distance y; = ,250 - .0348 = .2152 Is traversed
under collapse load, with K.E. absorption equal to KE3 = |
(60,305) .2152 = 34,500 in. Ibs.

Total rematning K.E. =2,033,567 - 2790 - 34,500 = 1,996,277 fn. 1}

For the uranium plate (b) a similar analysis shows:

W) = (50,000) (3.125)2 (1.4975) = 731,201 Ibs.
y] = 731,201 (12.297; = .0122765

24 x 10% (3.125)
Wy=1,001,903 Ibs.

y2=1,001,903 x ,0122765 <« .0168 in.
731,201

Wux Y2 =8,416 in. Ibs,

2
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The remaining distance v3 = .250 - .0168 = .2332

—

N
Remaining K.E. = 1,996,277 - 8,416 - 233,644 = 1,754,217 45, 1bs.

K.E. absorbed = W, ¥, = 233,644 In. lbs. plastically

Step 3 Plate (c) is now about to be loaded, simllariy to plate (1)

For the next y, = ,0348 we have X.E. absorbed by

Plate a) 160,305 (.0348)= 5,578 in. lbs.
Plate (b) 1,001,303 (.0348) = 34,866 in. lbs.
Plate (c) 160,305/2 (.0348)= 2,789 in. lbs.

- 43,233 In. Ibs.

The remaining K.E. = 1,754,217 - 43,233 = 1,710,984 {n. lbs:
Step 4 All plates are now plastic; with total resisting force of
Plate (a) 160,305 Ibs.
Plate (b) 1,001,303 Ilbs.
Plate (c) . 160,305 Ibs. ~
maxJoad P = 1,322,513 lbs. = 27.55 g's for the cask
This now moves thru distance Y4 to absorb the remaining energy

1.710,984 _ 1 2937
1,322,513
Total deflection of the inner plate (c) s 1.293% .0348 = 1,3285"

y4=

The total deflection of plate (c) i3 accommodated by the air gap dis-
tance between plate (c) and the inner container bottom head without
making contact with the inner container head. .

This justifies initial assumption of 44.8985" drop,

=40 +3.32 +.250 + .0348 + 1.2937
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Plates (a) and (b) deform .250 + .0348 + 1.2937= 1.3785 in.
Plate (c) deforms only 1.3285

Ratio of total deflection for each plate
deflection at y.p.

Plate (a) Ratio = 1.3785 <= 56.3
0245 .

Plate (b) Ratio = 1.8785 = 82.05
0.0168

Plate (c) Ratio = 1.3285 - = 52.3°
0.0254

Plate (a) 304 SS

$R, = .1107
S8 = .101
2117
5£a - 1.3785 ‘x §/8" = .101 - on 4" gauge length 2 x . 2117
: - oy 4“

8.53
= 10.58% elor

on 2"gauge length 2 x . 2117
2-

=21.17 % elonc

X1=-2-47
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Plate (c) 304 8Sis subjectéd to even less distortion

The composite "sandwich” of plates (a) (b) and (c) constl:tute a system
in which, even with a fracture of the uranium plate (b), protection S
is provided by the effective puncture resistance and the extraordinary
ductility of the two layers of 304 SS themsalves.

Plate (b) Uranium
e 9.3 ’Q:.s-ras

— £ - 8.5407
8.53
43 1107 called"membr_ar.
stretch”of who
plate)

34, =3-1/8 x 1.3785 = ,253 (plastic stretch of tension fibers)
: 2 8.53 ' ' '
total extreme fiber elongation at plastic hinge at Q is

54, + 543 = 1107 +.253 = ,3637

* Due to dimension involved, considering the 17.05 dla. as

representative of a “test pieca”, a guage length for measuring ~

@

elongation of 8" is appropriata.

% elongation = 2(.3637) = 9,09%
8

This is within the nominal elongation values.
Considered as a bent bar, the angle of 18° is 0O.X. as evaluated

from specimens bent in a vise. Ref. 9

\}'9’./ tan® =_1.3785 = 1616 (= ,9‘30
\

8.53
It is considered that the uranium plate will not fracture.
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2.4.7 Puncture - bottom end- off center impact

2.4.7.1 A side or corner meaét at any arigle to the bottom edge of the cask woulc
be analyzed substantially the same as that previously calculated for
the top end, with similiar and largely equal results, and therefore
acceptable. Any deformation of the edge of the cask itself, if it is
impacted directly by the 6" pin, would be of no serious interest, con-
sidering what happens to the pin, and the fact that the cask will bounce

elastically.
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SECTION XX

APPENDIX "A" »
In order to facilitate the attaéhment of a large diameter aluminum plate to
th; bottom of the cask, notches are machined into the wall of the bottom
end forging. The large diameter élumlnum plate is part of a dash pot system
which is being used by some utilities to protect the spent fuel storage pool

in the event of a cask drop_accident. The aluminum plate is attached to the

' cask by eight (8) lugs which are bolted to the plate and fit into the notches

on the cask essentially acting as a clamp. The design loads ;vhtch could
be imposed on the cask by the dash pot system design are 42000 pounds
vertical and 50000 pounds horizontal the most highly loaded lug location. Tbe

effects of this loading on the cask are analyzed as follows: |

- Borrom Eno Foréwe of Cask

-

\-CA; k. BorTom
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Vertical Load

Fy 13 uniformly applied to cask lower lip along a length of 6" and at a ~

distance of }' inch in from the O.D. of the forging. This loading

is substantially unaffected by slight tilting errors oﬁ the clamping
lug itself. The lip is 1 inch thick.
Stress thru root of lip :

M= 42,000 Ibs. x } in. =105001n, Ibs.

2= 6x12
5
Sp = m%"— = 10500 psi.

Sg = 42,000 = 7000 psi
6x1

Comblined stress 5, = @ + 52502 + 70002 = 14,000 psi

=1 1u.3 conservative,

M.S.=30,000 -3 = j.14 N
14,000

Bearing stress = 30 000 _
E‘-._‘is 11,111 psi

M.s. = 30,000 = :

Horizontal load is taken by direct compression against lip

Sg = 30,000 454, si
€ sx7/8 P

30,000
=2 eemm—ttT - == 1.7
M.S. 9524 1
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SECTION XI
APPENDIX B

The calculations of Appendix B are addressed to only those features
of the cask affected by the alternate shipping configuration of the
cask. The paragraph numbers refer to the paragraphs of the main

body of Section XI.

- B.l.0 Normal Conditions of Transport

B.1.2 ' Requirement: The containment vessel will suffer no loss of con-

tents if subjected to an external pressure of 25 psig.

With the inner conta'lner removed, the inner shell is the containment
vessel. No credit Is taken for the support of the containment shell
provided by the fuel basket. |

Containment Vessel (Inner Shell)

Formulas taken from Ref. 1, Table XIII, Case 1 Shell Material - SA=-351,

CF8M or SA-240, Type 304 or A358 Class 1,

Minimum yield point is 30000 psi for these materials.
S

"+ )

t = .513in. - inner shell thickness
R = 6.941n,

= 30000 psi
€

Y

S
E = 29 x 10 psi

X1-B1



B.1.3

B.1.3.1

"

513 '( 30000
P 7 B.94

1+4 30000 ls )
29x10° | 513

P = 1262 psi

Inner shell {s mo.re than adequate to withstand 25 psig external
pressure. ‘

The outer shell calculatlons' are unaffected by the removal of the

inner contalner.

Pressurs Vessel Dasign -~ Cask Cavity (See Fig. X1-B1, Pg. X1-B3)
Design Pressure - Section 1.9, page X1-1-37 calculates the design
pressure in the inner contalner !.f all the fuel pins fail and releasa
fission gas to the fuel cavity. The design pressure calculated is
120 psig and this pressure will be used as the ca#k cavity prassure
for the altemate configuration without the Inner container. The de-
sign temperature of the cask cavity will be 850° F.

Ref. 1, Table XIII, Case 1

a.
p = 3?1 t = ,513 in. - inner shell
thickness

dy = 16500 psi Ref. 2

R = §.,94n.

o =213 (16500) = 1220 psi > 120

5.94
External Pressure - Inner Container @ 850° F.

Delete for Alternate configuration.
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Figure XI-B1 CASK CAVITY

FIGURE WITHHELD UNDER 10 CFR 2.390
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Bottom Head - Cask Cavity

B.1.3.2
The cask cavity desigxi prassure is 120 psig. 'l:i'ne bottom head ./
&s shown in Section 1.3.2 will withstand 461 psi which s greater
than 120 psi.
B.1.3.3 Quter Closure Head
| By inspection the weakest element is the .ﬂat end plate.
1.5 _ '
T " Ref. 1, Table X, Casa 6
e e U P L I —— | : edges fixed
Max$S = 3 w
r 2 TT:2
w = .785d° p 4Tm
2
d = 18.25 Sr = 3 (.785) (18.25%) p .
y 4 T (1.5)°% ~
P = pressure 4
16500 = 27.74 p
t = 1.5"
p = 594.8 psi > 120 pst
Sr = 16500 psi ref 2
B.1.3.4 Outer Closurs Head Bolts

Bolt load due to Internal pressure w, = .785_(52 p;

whereG.= mean gasket dfa. = 20.3"; p = 120 psi
Wy = .785 (20.3%) (120) = 38813 Ibs.

Bolt load required to compress gasket Wg - M Gy;

G = mean gasket dia = 20..3": y = 100 f#/l.!neal inch.

-
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B.l.5.1

B.1.5.4

"
1]

Wg = TT(20.3) 100 = 6377 Ibs.
Closure head bolts are 1" - 8 thd.
Yield point 30000 psi

Effective stress area = ,6051 1n2

The load on each bolt is 38818 + 6377 = 5648 lbs

8
5649
d, .= 6051 = 9335 psi < 30000 pst

Axial Expansion Inner Container/Inner Shell

Delete for Alternate configuration.

Radial Expansion Alu:ﬁinum Basket/Inner Shell (See Fig. XI-B2)
Even though the inner container is removed and the basket is
now slightly cooler, the bésket temperature will be as shown

on page XI-1-13. The largest temperature gradlent occurs at

initial steady state conditions.

Aluminum Basket 661°F T =661-68 = 593°F
L =L [1+caz1sT + .003115 % 107F]
Reference: Alcoa Aluminum Handbook

I.t = dlameter at temperature

L = diameter at 68° F

¢ = alloy constant (from table)

T = §93°F

XI-BS



Figure X1-32  RADIAL EXPANSION ALUMINUM BASKET/INNER SHELL

FIGURE WITHHELD UNDER 10 CFR 2.390

X1-B6

1,


rkook
FIGURE


B.1l.5.5

B.1.7.2.3

h

L, = 13.256 [1 + .990 (12.19 x 593 + .003115 x 5932) 10-6]

= 13.365
Inner Shell 440°F AT = 440-68 = 372°F
€1 = 9.9 x 107 (372) 13.375 = .o0ae
ID of inner sheﬂ at temperature
= 13.375 + .049 = 13.424

No radial interference between basket and inner shell

Radial Expansion - Inner Container/Inner Shell

Delete for alternate configuration.

Strength of Taper Rings on Cask
The entire + 10 g longitudinal force, except for the functional
restraint at the rear support, is taken at the front support by

either of the two taper rings which are machined from the cask

body forging -

/////////K

2.25
Shear Width
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The loaded area is considered to extend for a distance of 15

inches circumferentially. ~—/
Total shear area = 2.25 x 15 = 33.75 in>
The load is 480000-7200 (rear friction) = 472800 lbs.
- 472800 _
Shear stress 33.75 14009 psi
M.S, = =6x30000 _, _
14009 1 285
B.1.8.2 Quter Closure Lifting Lugs
Outer Closure Head weight is 341 lbs.
Deasign Load = 3 x 34]5 = 1023
The outer closure head is provided with two lugs welded to
the side of the closure head.
" N
— .50 , Plate tension c-c = 41(°§: 3) = 501 PS1
r 1" Dla sERe
2" 36;' Plate
e — c M.S. = 31":2": -1 = 28.3
1/8"/
Seal ~=1/2" Flllat
Weld " Waeld
TIN50
1023
2" 1 =
1/2" fillet weld shear 305 x .35) 1461 PSI
N4
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1023 (.S)

Bénding s x .352] = 12526 PSI
r 4 22 X 39
\_/ ( 6 )
Combined stress = 12225 +\f(1_22516_ + (1461)
= 12694 PSI
M.S., = 30000 _ .36
12604 L = 1-36
This Is conservative since 1/8 seal weld is not included.
B.1.8.3 Inner Closure Head Lifting Lugs
LUt lugs have been added to the inner closure head to facilitate
handu;ig of the closure head. The closure head calculated weight
is 744 1bs.
) F = Design Load'=3 x 744 = 2232 1bs.
a - -—l_
¢ \.’I ﬁ[ .75
#| |1
24
z;£° 1
r— 2 —— i L—.s
X =83.1°
The closure head is connected to the cask 1ift rig by means of wire
rope slings attached to the lift lugs. The angle(X is the angle that
- the sling makes with the closure head. ‘
x\ * * [ - . . ..

g

—————— —_— : _XI-B9 .




F 1 =P cés 83.1 =horizontal component

o F, =F sin 83.1 = vertical component

Fy =268.1 lbs Fz =2216. lbs.

Bearing in hole:

g o —2232
BR™  5(.75)

30000
M.S. = 5952 -1=4,0

= 5952 psi

Shear In lug:

s = 2232
s (2-.75).5

M.S. = .6(30000) -1=4.0

= 3571.2vpsl

3571.2
C’ Tenslon In lug:
S 2232 =3571.2 psi
tT (2-.75).5 -4 Ps
30000
M.S. = 3571'2 - 1 = 7.4
Because of the more than adequate margins of safety and lar_ge value
of X , the effects of breaking the force Into components ls not con-
. sidered In the lug.
Tension In weld:
F2 2215
S, = = = 2216 psi
t  Area 21.5) P

- : | . XI-B10 . . . .
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Shear in v&eld:.
Fy 268.1

ss=Area 1

Bending in weld:

I=(1/12)(.5)(2%) =.333

g - MC _ 268.12.5)(2) _

B 1 <333

Maximum Comblined Stress in Weld:

S= ‘\/(4025 +2216)% + 268.12

30000
M.,S. = 6248 =~ 1 =3.8

XI-B11

= =268.1 psi

4026 psli

= 6248 psi



3.1.9

B.1l.9.1

B.1.9.2

B.1.9.3

3.1.9.4

h

Pressure Vessel Design = Inner Container
For the alternate configuration, the inner container is rémoved.
But the calculation for the fuél cavity prassure shown in Sec~-
tion 1.9, page X1-1-37 is still valid., The volume for fission
gas expansion without the inner container remains ti'ze same

since the fuel baskst diameter is larger. The design pressure
calculated in Section 1.9 is 120 ﬁsig. This s the cavity de-

sign pressure that is used for the alternate configuration.

Inner Container Shell

Delate for alternate configuration

Inner Container Bottom Head

Deleta for alternate configuration

Inner Closure Head

The inner closure head for the alternate configuration seals
against the cask cavity. The thickness of the inner head
has changed due to an increase in uranium thickness. The
inner plate of the head remalins the same. Since the lnner
plate only is considered the pressure boundary, the analysis

of Section 1.9.3 will not be repeated.

Inner Container Flange

Delate for alternate configuration

X1-B12



B.2.0

8.2.1.3’3

B.2.1.3.4

"

Hypothetical Accident Conditicns

Inner Container

Delete for alternate configuration

PWR and BWR Fuel Baskets

The fuel baskets for the altemnate configuration have been
increased In diameter and increased in weight. The bottom
supports have been redesigned and are analyzed for the 30 ft.
drop. In both cases, the baskets will not fafl and there will
be no change in the relationship between the fuel assembly

and the cask internals.

FWR Lower Support

- ~—

~
N,

\-

The support material is

basket.

. \"-\ type 304 stainless steel
2" l'ryp \. and the support is bolted
_ ) \ to the bottom of the aluminum

Peak g loading is 35.4 g's

Load = 1600% fuel
1012.9% basket

2612,.94%

XI-B13
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7 Max. load on 6" SCH 80 L/

= 2612.9 (39.4) =102948%

RSP ——

i
e
[]
[}
]
.5" & i Pipe area
3 { | = (TTDo-7.25) .432
' i
, ; P = (TTx6.625-7.25) .432
-;' : 's—z-- Typ = 5.86 In?
Threa Places
Bearing stress on end of pipe
- 102948 -
0an T 17568
- 30000
M.S. 17568 - 1 = .707
B.2.1.3.4.2 BWR Lower Support "
The load carrying members are the sama. The only difference
in the skatch shown on page X-1-2-9 {3 that 12.550 in dia. is
13.256 in . which has no affact on the structural integrity of
the compenent.
B.2.1.'4.2 Inner Closure - Studs Aand Closure Plate
Total load on studs - fuel . 1600
PWR baskat 1012.91
PWR spacer 17.66
closure head 743,27
3373.84 1bs.
) “\./;

XI-Bl4
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B.2.1.4.3

Y
]

F = 3373.84 (39.4 G) = 132929 Ibs.
This load Is taken by 12 bolts 1"-8 @ 105,000 psi Y.P,

Stress area = 12 x .6051 = 7.26 in

132929 105000
s = = ) - = - =
t T .26 2 - 18309pst  M.S 18309 ~1 =4.73

Bolts are SA-193-B7; 105000 psi Y.P, at 1100° F min.
tempering temperature, strength = 63535 Ibs.
Shear on closure plate. ‘Welght of Urantum = 472.25 lbs,
F = 472.25 (39.4) = 18606 Ibs,
Shear area .5" stn. stl. plate = A_ = IT(13.875).5 = 21.8 in?

18606

S¢ = 318 = 853 pst
18060
M_oso = 853.- 1 = 2001

Inner Closure Head Seal (page X1-2-10a)

The hollow metal "O"-ring seal on the inner closure head will
not be damaged by shock or temperature effects during the
accident damage condltlons'. Excessive deflection of the seal
is prevented by the metal to metal contact of the flange faces.
The hollow metal "O"-ring material is Inconel X which has a

tensile strength of 120,000 pslz at the fire accident temperatures.

The bolts retaining the Inner closure are torqued to a clamping

" force equivalent to 63 g's, assuring an effective seal under

impact.

XI-B1S
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Twelve bolts at 39663 psi strass (1-8ths) provide a clamping

force of 12 (.6051) 39663 = 288000 lbs. The load required ~

to compress the metal "O"-ring is 67,720 lbs. The net
clamping force = 220280, For a total welght of basket,
spacer plug, fuel and closure head of 3478.59 lbs. This

represents a restraint of 2202380/3478.59 = 63 ,g

B.2.1.4.4 Inner Closure Head Valve Assembly

Each of the two penetrations into the cask cavity

through the inner closure is provided with a

valved quick-disconnect fitting and a bolted-on

cover (see drawing 70884F). A metal O-ring 4

contained in the cover seals the cavity under both

normal and accident conditions of transport. In
order to keep the joint sealed the cover bolts

must be preloaded to maintain a seal load of

700 1b/in. as specified by the manufacturer. The

maximm loading on the joint occurs in the top

end impact accident. '

The required bolt preload is determined as follows:
Temperature - 400°F (conservative, see Sect. VIII).
Internal Pressure - 120 psig. (Cavity design value).
Seal load - 700 1b/in. |
Cover weight - 12.1 1b.

Bolts - 3 of 1/2-13 UNC, 304 S/S.
Stress area = 0.1419 in.2
Yield strength - 20700 psis@ 400°F,
Seal diameter - 2.375 in.
Impact acceleration - 39.4 g,
Seal load/bolt = 2.37577(700)/3 = 1741 1b.
Pressure load/bolt = (7/4) (2.3752) (120)/3 = 177 1b.
Inertia load/bolt = (12.1) (39.4)/3 = 159 1b.

Total load/bolt = 1741 + 177 + 159 = 2077 1b.

X1-Bl16



bolt preload of 2400 1b., the margin of safety
gzghjgtnt sezling is MS = (2400/2077)-1 = 0.156
4 Bolt preload stress = 2400/0.1419 = 16913 psi.
MS = (20700/16913) - 1 = 0.224
fire accident condition there is no inertia
{gaggsg on the joint, but the maximum temperature is

s 6009F (conservative, see Sect. VIII). Under
§§§§2 :onditicns the joint is evaluated as follows:

Bolt yield strength @ 600°F = 18300 psi.
Total load/bolt = 1741 + 177 = 1918 1b.
Joint sealing margin of safety is
MS = (2400/1918) - 1 = 0.251
Bolt stress MS = (18300/16913) - 1 = 0.082

XI-Bl6 a
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B.2,1.4.3 Outer Closure Head
Weight = 341

F = 341 .(39.4) = 13435

The closure head is clamped against Its seat by eight (8)

bolts 1" ~ 8 thds.
yield point = 30000 psi min,
effective stress area = 6051 in?

The load on each bolt is -13.?5-— = 1679 1bs.

0, = =B = 2755 psy

& o 30000
| MoSo 2775 -1 =49.,8

B.2.1.4.4 PWR Top Support (page X1-2-13)
Support ;raaterial is type 304 stainless steel. The support
ls basically four 1.25 Inch square bars arranged in a slightly .
sloping - 6.5° attitude as comer posts based on an 8.5 inch

square. Net end bearing area is 1.116 lnzlbar.

XI-B17
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P Load - 1500 1bs. Fual
. 1017 .4 lbs, Basket

2617.4 lbs.

Peak g loading is 39.4 ¢'s. Max. load on one bar (corner
2617.4
4

post)f P = (39.4) = 25780 Ibs. Analysts
of the stress conditions are now made by two concepts of

the system behavior.

Case A - Even though inclined, each post is stabﬂlzéd
by frictional loads developed at Its ends and

so takes a direct comprassion load.

tan 6.5 Inclination = .1139

Coefficient of friction, metal to metal, grease

free, inatr = 39

M.S. = m -1 = 9,42 for stability

X1-818
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Bearing area = 1.116 lnz/ bar

= 25780 _
S5, = Y55 = 23100

30000 _, .
M.S. = %300 ~!

.299

Case B = Neglecting the benefits of end friction, assume the
moment created by vertical end loads is resisted by
a horizontal couple present {n the upper end ring
and in the intermediate .25 Inch thick tle plate.
The latter s essentially a ring loaded at four (4)
points by radial tension loads at each Inclined post,
thus stabulzl;zg and allowing the direct stress cal- .
culated In Case A. The .25 inch plate is most

heavlly stressed.

8 1/4" Dla

3" Dia

X1-B19
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V)
Po;'rnulas taken from Ref. 1, Table VIII, Case 9
Ring section = .25 x 2.623
8= 4s5°

Ring radius R = 2.8125 mean

WR 1-Cot9),w(2-8125){ 1
*=1a 2 .

Mrnax 2 9 7854
= w(.3842 )
2
2 = .25(22.625L = .2871 ln3

‘- W (.3842)

Sg “3871 = w (1.338)

w = %0—%% = 22418 lbs. max.

Resisting moment = 3.25w = 94844
Applied moment = 1,321 (25780) = 34055

M.s., = 844 ., _ oes
34055

Babcock and Wilcox Fuel - Top Support

i

The B & W fuel top support Is also boltad to the inner closure head and

extends down to support the fuel at the top end of the top nozzle. The

support material Is type 304 stainless steel.

B & W fuel will require a top support only when shipped in the alternate

configuration cask, since with the inner container, the fuel fills the

shipping cavity.
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FIGURE WITHHELD UNDER 10 CFR 2.390

Babcock and Wilcox Fuel Top Support
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Fuel waight = 1550 lbs.
Control rod welght = 132 lbs.
Basket weight = 794 lbs.

2476 lbs.

peak g loading =39.4 g's

-Maximum load on one bar =2476 (39.4)
4

=24388.5 lbs.
Bar area =4 (.75) - .752

=2.4375 n.2

Comprassion strass = "_"‘224?2387'5'5'

=10000 psi

30000

looo0 ~ 1 =20

M.S,. =

Combustion Engl_neerlmj Fuel

For use in the alternate cask cdnflguratlon, the C-E fuel top spacer

will be 22 5/8 tnches long. See section 2.1.4.4 for calculations.

B.2.1.4.5

8.2-3 .4

B.2.3.4.1

BWR Fuel

See Page XI-2-14

Side Impact on Closure Heads
Inner Closure Head

| The rim of the inner closure head has a small clearance

X1-B20



within the cask head forging and Is directly supported on it'

for lateral loads.

FIGURE WITHHELD UNDER 10 CFR 2.390

bolt area 8 (.6051) - 4.84 in?

In order to calculate the section modulus of the bolts, they

will be replaced with a ring of the same area and an outer

,a-B21
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diametar equal to the bolt circle diameter.

- 7 N4
A = Tr(Dcs2 - th’
' 4
2
4.84(4) _ 55252 - p
m 1
22.111 = D!.
ring thickness = 22.25 - 22.111 = 22111 = .0sss
Area moment cof inertia = Ioo = ﬂ"ra° t
T = M(11.125Y) L0695
Ioo =  300.63
Area moment of inertia transferred to axis A-A
= 300.63 + 4.84 (11.1252)
- = 899,65
Moment due to waight of closure head
M = 3.12 (341) 36.28 i
= 38599 . in-lbs. .
Max. ténslon stress on bolts due to side Impact
38599 - (22.25) i
899-.65
. = 954.6 psl . )
, M.S. . = 30000 -1 = 30.3
- . ‘ , 953.6
P . S
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B.2.5. ALTERNATE CONSTRUCTION - HEAD END FORGING CASK BODY

FIGURE WITHHELD UNDER 10 CFR 2.390
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SECTION XI

APPENDIX C

Initial fuel rod fill pressure has been increased from 500 psig (XI-1-37)
to S50 psig. This increase has the following effect on the calculations

shown on pages XI-1-37A through XI-1-37E.
Internal fuel rod pressure:

Pl = _565 51101% 1.534 1.36 (42.2)(.23) 2.4 X 103 (40.84)(1100)
(' ) + .

Py = 3438 psia
Mols of gas in fuel assenbly (208 rods):

- _(3438)(.889 .
N = i hiady (208) = .1

Total nunber of mols of gas in the cask cavity will be:
NT = .0131 + .0316 = ,0447
Pressure in cask cavity at fire accident temperature

- L %5‘.12 (1522 +480) _ . 133.8 psia or 119.1 peig

There is no effect on the structural analysis previously presented since
the increase in the cask cavity pressure is less than the design pressure

of 120 psig.

X1-C1
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SECTION XI - APPENDIX D
SUPPLEMENTAL ANALYSIS FOR FISSION GAS RELEASE

1.0 Summary

The NLI-1/2 cask is designed to safely contain irradiated fuel under a variety of
normal and accident conditions. To verify the design for shipment of 2 high burn-
up fuel assembly (having a burnup of 58,600 MWD/MTU), analyses of leak rates and
total release were performed in accordance with ANSI - 14.5-1977 and 10 CFR 71.36

(a) (2).

The permitted leak rate is found to be 1.24 x 10°¢ cmﬁ/sec. and the post accident
condition leak rate is found to be 1.79 x 10°° cm"'/sec. The quantity of material
released is much less than the 1000-curie 1imit imposed by IAEA Safety Series 6.
This analysis shows that the transport of high burn-up fuel with four extra rods

is not limited by fission gas release.

The results of this analysis are a bounding condition. PWR fuel assemblies having
a burnup of 40,000 MWD/MTU without extra rods will develop less internal pressure
and have lower leak rates. The fission product inventory of 25 PWR rods with a
burnup of 60,000 MWD/MTU", or 25 BWR rods with a maximum burnup of 75,000 MWD/MTU
will be lower than a high burn-up fuel assembly with 208 rods. Metallic fuel does
not develop internal pressure as oxide fuel does, and fission product inventories
are much lower because of the lower burnup and long cool time. The total fission
gas inventory of 21 rods of metallic fuel cooled 1 year is 609 curies, which is
much less than the 4950 curies present in the intact PWR fuel. The radioactive
inventory of severely failed metallic fuel in filters is totally available for
release. The containment analysis for these contents is presented in Section 2 of
Appendix H of this Chapter.

The fission gas activity of the Mark 42 fuel assembly is much lower than that of
the design basis PWR fuel assembly as shown in Table IX-24. The percentage of
fission gas that is released from the fuel assembly is alsc much Tower for the Mark
42 fuel because it has a metal form and is not an oxide. Therefore, the activity
released during normal operations and during an accident will be bounded by the

design PWR fuel assembly analysis. Revised
Oct. 1986

Includes up to two PHR rods at 65,000 MWD/MTU. Feb. 1987
‘ Aug. 1988

Jan. 1990

Feb. 199]

X1-D1 , Oct. 1991
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2.0 Description of che Reference Fuels N

"Analysis of fission gas release is based on the quantity of gas
releassd to the cask cavity assuaing the rupture of all of the rods in
the cavity, and on the typs and quantity of the radioactive gas
relsased. The analyzed high burn-up fusl asseably is a Vastinghouse
15 x 15 FUR. The asseably, as shipped, is modified to contain 208
rods from various assenblies having different burn-up. The make-up of
the analyzed asseumbly is described further in Section 3.3. Data
provided by the vendor ORIGEN run shows that each rod contains 0.49
moles of gas at STP for vhich 0.13 mole per rod is fission gas.

_ The rupturs of rods during the hypothetical accident increased the
cask cavity pressure and makes fission gas available for release to
the cuvlrogncn:.

3.0 Hypothetical Accident Conditions

3.1 Cask Cavicy Temperature
/
The maximun csvity teaperature occurs shortly after the fire accident
and i3 estimated in Section VIII of the SAR to be 860°F. The es-
timated tezperaturs of the hottest fusl pin is given in the sene
section as 1102°F. For eonscrva:i:i. a temperaturo of 1102°F is used
as the cavity temperaturs.

3.2 Cask Cavity Temperaturs

During the loading opsration, the cavity is charged with heliua to one
atmosphers at 68°F. This heliun expands, increasing internal pressure
as the cavity teaperature increases to 1102°F. The frese voluas of the
NLI-1/2 is estinated, fron the Operating Manual, to be 115.2 liters
(9471 1n;) for a cavity containing a AR nssinbly. The cavity, there-
fore, contains 6.93 moles (115.2 1/22.4 moles per 1) of gas at STP
conditions.

Revissd X1-D2 S
August 1988 S
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Since the cask is not at STP conditicns (32°F and 14.7 psia), the
actual number of moles in the cask is found as:

#m = 6.93 (492°R/530°R) = 6.43 moles

For the modified assembly, plus four rods, the quantity of g;;
released during the complete rod rupture is:

204 + &4 rods x .049 moles per rod = 10.192 moles

This gas is added to the cavity.

XI-D2a Page Addad
August 1988
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The total pressure in the cask cavity at 1102°F is calculated, using the
ideal gas law, as:

where T 1s in Rankin and V is in in3.

- This pressure represents the driving force for disposal of fission gas
from the cavity. '

3.3 Cask Cavity Radionuclide Concentration

The cask cavity concentration or cask activity 1s found as: Total curies
released from rods divided by the cavity free volume.

The analyzed assembly has been disassembled and then reconstituted with
rods having various burn-up. The curie content of each rod group is
determined from an ORIGEN code ustng the appropriate burn-up (MWD/MTU)
and coal time. )

# _rods Average Burn-Up (MWD/MTU)
196 58,600
4 47,380
2 41,500
2 27,650
2 18,930
2 8,290
208

X1-D3
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ORIGEN Code :
Average Burn-Up Number of Cool Time ——— Curies Per Rod ________

MWD/MTY Rods {yrs.) Krypton  Tritium  xXenon
55,000 196 1.25 33.2 2.06 -*
46,930 "4 3 21.3 1.49 -
39,439 2 1.23 - 22.5 1.43 -
31,313 2 1.23 19.5 1.3 -
18,550 4 1.23 13.1 .66 -

*After 150 days, Xenon exists only in -trace amounts.

NRC Séfety Guide (Regulatory Guide 1.25) provides that calculations for
gaseous releases from 1rrad{ ated rods be based on the assumption that ten
" percent of the Tritium and Xenon and 30 parcent of the Krypton contained
1n each rod is raeleaseq (to the cavity free volume). Consequently, the

activity of the released gas for the asséntﬂy and extra rods is:

Krypton: (.3)(4 x 13.1 + 2x19.5+2x22.5+ 4 x 21.3 + 196 x 33.2) = ~

2019 curies

Tritium: (.1) (4 x .56 +2 113 +2 x1.43 + 4 X 1.49 + 196 x 2.06) =
42 curies

Xenon: There are only trace quantities of Xenon (less than 1 x 10~7 -
curias .

The cavity concentration is then:
(2019 + 42)7.1552 m3 = 13289 curies/m3 or 1.33 x 10-2 curies/cmd

3.4 Cask Leak Criteria

The NLI-1/2 cask 1{s tasted before first use and thereaftor annually to
Sfsure that 1t remains leak-tight. The closure seals for the vent, drain -~
and inner head are tested by helium leak detectors, The acceptance laeak
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rate is 1 x 10'5 atm. cm3/sec. Leak rates greater than this value are
cause for rejection of the seal.

In the performance of this test, the cask cavity is pressurized to 20
psig with helium.

Package Containment Reguirements

" The NLI-1/2 truck cask is of the type B(u). ANSI;14.5-1977 sets a

containment requirements of Ra = A2 x 1.65 x 109 curies/sec. for
accident conditions for this type cask. The values of A2 for each
radionuclide released are specified in Table VII, Regulations for Safe
Transport of Radiactive Materials, Safety Series 6, International Atomic
Energy Agency, 1973 edition.

In accordance with Safety Serdes 6, IAEA, a weigntea ratioc method is usea
to calculate the Az value of the cavity gas urixture. Specifically, for
asembly the Az value is calculated as follows: '

Az = Total curies/sum of rat'l os, therefore:

Product Curies A> Valued .  Ratio \
Kr 2019, 1000 2.02
H3 42.0 1000 042
Xe trace 100 -

and Az = 2.061 x 103/2.062 = 999 curies.

(Az values are from Table VII of Safety Guide 6.)

Therefore, Ra = §99 x 1.65 x 10-9 = 1,65 x 10-6 ei/sec.

In accordance with Section 5.32 of Safety Guide 6, the permissible
leakage rate for the gas in the cavity is given by La = Ra/Ca. The
Permitted Leak Rate (La) is then 1.65 x 10~ ¢i sec~1/1.33 x 102 ¢f cm-3

or La = 1.26 x 10~% em3/sec.
XI-D5
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5.0 Determination of Package Leak Rate

N

Gas leak rates can be shown to ba proportional to the driving pressure
(the pressure differential across the leak) and 1nvei'sely proportional to
the gas viscosfty. The correlation between a measured leak rata and
equivalent leak rata is given in ANSI - 14.5, Equation BS as:

Lx = Ly my (Pu2 < pd2)x
mx (Pué < Pd2)y

In this equation, Lx i3 the leak rate at condition *x", and mx and
(PuZ-PdZ)x are the gas viscosity and up steam and down stream pressures,
respectively, at condition *x*. Similarly, Ly, my, (PuZ-pd2) are the
leak rata, viscosity, and up stream and down stream pressuyres, in
atmsoners at condition "y*.

In this caleculatien, the condition "y“ {g taken as the cask test condi-
tion given in Section 3.4 above. (Pressure: 20 psig, leak rate: 1 x
10°8 atnm cn3/sec). The viscosi_ty-,of helium at the test condition is
1.941 cp.

- The vicosity of helium at 1100°F (the accident condition) is 4,042 cp.
Helium 1s considered to be the escaping medium for conservatism. [t has
the lowest viscosity of gasas in the Cavity and therefore has a viscosity
lower than the weighted average of the mixture.

In the discussion of pressure in the cavity, it was found that the fuel
assemdly rupture, combined with the fire accident temperature, caused a
cavity pressure of 111.8 psia (7.5 atm). During the cavity qualification
test, the cavity prassure is 20 psig + 14.7 psi = 34,7 psia (2.36 atm).
These are the up-stream prassures, In each case, the down stream
pressure is 14.7 psfa (1 atm). '

Substituting these values in the equation given above:
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-6 atm cm3 (1.941 cp)(7.62a2 - 1a2)
L=1x10 sec  (4.042 cp)(2.3622 - la)

L =5.96 x 106 atm em3/sec

The construction of the cask is such that there are three (3) possible
leakage paths in the normal configuration, the inner head seal and two
(2) valve seals (inlet and dratin). Each of these seals is tested to 1 x
106 atm cmd/sec leak rate (or less). If each of these were to Teak,

" then the total leak rate would be 3 x La or l. 79 x 10~5 atm cm3/sec.

This leak rate is less than the permissible leak rate calculated tn
Section 4.0.

This shows that leak rate is not a constraint for this fuel. For fueis
cooled longer than 150 days, the permitted leak rate 1is unchianged. The

calculated leak rate is reduced because cayity concentration is reduced
due to radioactive materials decay... :

Activity and Release Rate for Leaked Gas

The activity of the gas in the cavity has been calculated and was

* presented in Section 3.3. From this value and the calculated release

rate presented in Section §, the curie release rate can be found. From
this value, the number of curies released in a week can be determined.

The curie release rate and curies released in one week of 6.05 «x 1.05
seconds 1s found as:

1.79 x 10~5 eamI/sec x 1.33 x 102 curies/cnd =
2.4 x 107 curies/sec (Curie Release Rate)

The curies released in one week are:
2.4 x 10~7 ci/sec x 6.05 x 105 sec = .15 curies.
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This value is insignificant compared to the 1000 curies/week 1imit “—
established by IAEA Safety Guide 6.

Conservatism of Analysis

This analysis is conservative becausa: 1) the pressure calculation is
based on the temperature of the hottest fual pin and not the cavity
average temperature, 2) the viscosity of helium i3 used for the accident
condition leakage rats, resulting in a higher rate of leakage, and 3) no
credit is taken for the double containment of the NLI-1/2 inner and outer
head arrangement that would cause a very slow raleasae to the environment.

ve fNO
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Section X1
APPENDIX E - SUPPLEMENTAL ANALYSIS
OF CONSOLIDATED FUEL

1.0 INTRODUCTION

‘Consolidation_is the process of packing the rods from up to two PWR
assemblies into a single canister for shipment., MNon-fuel bearing components
of the assemblies are handled separately as waste. '

Analyses of the effects of the shipment of consolidated fuel in the
NLI-1/2 cask have been performed for criticality, shielding, structural and
thermal effects. The consolidated fuel modeled in the criticality, shielding,
and structural analyses is W15 x 15 fuel cooled for two years, with an initial
enrichment of 3.7 w/o U-235 and a burnup of 40,000 MWD/MTU. These values are
considered to be representative of consclidated PWR spent fuel shipments. The
thermal analysis has been performed for W14 x 14 fuel cooled 12 years to add
an additional margin of conservatism because the thermal behavior of consoli-
dated spent fuel is currently being investigated.

2.0 SUMMARY

The NL1-1/2 cask design weight used in the Safety Analysis Report (SAR)
is 48,000 pounds.

The weight of the NLI-1/2 cask loaded with a consolidated fuel canister
containing 408 PWR fuel rods is calculated to be 49,250 pounds (Configuration
A).

The effect of the increased weight of the cask contents on the structural
adequacy of the NLI-1/2 cask (based on SAR calculations), wit the inner con-
tainer (Configuration A of the NLI-1/2 cask) considered to be the primary
containment system, was evaluated. The evaluation shows that the increased
weight has a2 minimal effect on impact stresses. It does result in slightly
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increassed deformation of the impact limiters; however, the limitars ars
adequataly sized to accommodate the incrsased deformation. Thus, tha

.structural adaquacy of ths NL1-1/2 cask is not affected by the increased

weight of the contents coversd by this applicaction.

A summary of the results of the detailsd analysis appear in Table El.
The specific weights, material propristries and allowabls strasses used
in the detailed analysis are summarized in Tables E-2 cthrough E-4,
respectively. '

3.0 Effect of Metallic Fuel

The NLI-1/2 cask design weight used in thas Safety Analysis Raport (SAR)
is 48,000 pounds.

The weight of the NLI-1/2 with 21 sound metallic fuel rods is 47,500
pounds. The weight of cthe NLI-1/2 with 6 failed metallic fuel rods is
45,800 pounds. Thus the metallic fuel does not causs the cask to excesed
the design weight. It should be noted also that the cask neutron shield
tank may be drained if metallic fuel is shippad. This rasults in a
furcther weight reduction of 2860 pounds. The calculated weight of 47,500
pounds or 45,800 pounds, includes the weight of a filled neutron shisld
tank.

Euel and Baskec Weight Combinations

21 Rods - Metallic 2.500 pounds 2,612 pounds

Basket (Sound Fuel) 112

6 Rods - Metallic Failed Fuel 720 903 pounds

Basket (Failed Fuel) 183

Control Assembly 150 150 pounds
Maximup Wejght (Metallic Fuel Only)

Fuel and Basket 2,612

Cask Body 42.500

Outer Closure Head 340

Inner Closure Head 665

Top Impact Structure 865

Bottom Impact Structurs ___4680.

Total 47,442

XI-E2



"

TABLE El1
NLI-1/2 CASK

CONSOLIDATED FUEL TABLE El
STRUCTURAL EVALUATION

Summary of Results
Analysis

Calculation of Design Weight

" Normal Transport Conditions

Simple Beam ca——
Vibration -
Tie Down

Lifting Devices S|

One Foot Drops

Accident Conditions
- Bottom End Impact | -

Top End Impact

Corner Impact

Side Impact
Top Limiter (30' drop)
.Bottom Limiter (30' drop) -
Bottom Limiter (1° drop) e

Puncture :
Quter Shell Thicknes
Impact at Mid-Length (Cask Bending)
Top & Bottom End Impacts

XI-F3

Cmment/ﬂa_l_-_g, in of Safety

= +2,6% (increase)

No significant change, Margiris
of safety reduced 2.6%.

Impact load on cask increases a
maximum of 1.0%. Impact
liaiter depth of crush
increases a maximum of 3.0% but
remains much less than maximum
crush depth,

Impact load {s unchanged.

Depth of crush s 66%.

M.S. = #0.65 (tension at neck
section).

M.S. s +1.62 (tension in fnnner

closure bolts).

M.S. = +Harge (shear on closure
plate)

Clamping Force = 91.35 g's
> 38.4 g's for the {nner
closure head seal, Clamping
force exceeds the impact
force maintaining the seal.

Impact Load - No significant
change

'Depth of crush - 80.2%

Impact load increases 1.0% max.
Depth of crush {s 75.3% max,

tmin ® 0.729" < tact = 0.875"

Strain-Outer Shell = 14,7% <45%

No significant change. Margins
of Safety reduced 2.6%



TABLE E2

WEIGHT CALCULATIONS —
(Cask body) From NLI-1/2 Interfaca Manual ' Wen = 42,505 1bs, (1)
(Outer closure head) From MLI-1/2 Interface Manual Woech = 340 1bs, (2)
(Inner closure head) From NLI-1/2 Interface Manual Wieh = 665 1bs, (3)

(Top impact structure) From NLI-1/2 InteHaco Manual Weig = 865 1bs. (4)
(Bottom impact structure) From NLI-1/2 Interface Manual Whis = 450 1bs, (5)

(Configuration A inner container) Wic = 650 1bs, (6)
From drawing 70862F, Rav, 8, sheet 1 |
(PWR fuel basket) Wowrfd = 800 1bs. (7)

From drawing 70562F, Rev. 8, shest 1

Spacer plug - Estimated Use Wgp = 20 1bs, (8)

Consolidated fuel canister (w/408* fuel rods) Wer = 2,934 1bs, (9)
*Two W 15 x 15 PWR assembites

Fuel (408)(5.75) = 2,754 1bs.
Canister (8.78)(163)( .09)(4)(.288)
+2)(9.0)4(0.75)( .285) = 180 1bs.

N

Total We = 49,239 1bs,
, Use (Hdes)consg] ® 49,250 1bs,
SAR cask design weight Wq = 48,000 1bs,
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TABLE E3
MATERIAL PROPERTIES

\_/
(Type 304 stainless steel) . _
Su = 75 ksi Sy = 30 ksi At Tges = 659“F**, Sy = 17.8 ksi
Ref, ASME Section I11, Division 1, Appendix I,
(SA-193, Gr B7 Tow alloy boiting material)
Su = 125 ksi Sy = 105 ksi At Tdeg = 659°F**, Sy = 82,2* ks
Ref. ASME Section III, Division 1, Appendix I. '
(6061-T6 aluminum alloy) . , B
SU = 45 ksi Sy = 40 kst - At Tdes ® 659°F**, Sy = 5.0 ks{
Ref. "Metals Handbook.'ufnth Edition, Volume 2, Properties and Sélection:
Nonferrous Alloys and Pure Metals,® American Society for Metals,
Metals Park, Chio,
\_ *Extrapolated and raticed from Sa values,
“Ref. "0. 3’ SAR. Png VIII-SC
TABLE E4
ALLOWABLE STRESSES
The allowable stresses used in this evalyation are chosen to be the same as
those used in the NLI-1/2 Cask Safety Analysis Report (Ref. No. 3).
St = Tensile stress
Sc = Compressive stress
Spr = Bearing stress
Sp = Bending stress
Sg = Shear stress
= Sc @ Spp = Sp < Sy = 30,000 psi at -20°F
%t % Sc = Sor = Sp < Sy 7 20,000 psi at 659°F
S¢ = 0.6 Sy = 18,000 psi at -20°F
: « 10,680 psi at 659°F
N
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3.0 DETAILED ANALYSIS
3.1 Structural Evaluation--Cask Components

3.1.1 Ilnereased Dasign Weight '

The weight of the NLI 1/2 Cask loaded with a consolidated fuel
canister containing 408 PWR fuel rods is calculated to be:

(Weonsol)cask-cale = 49,239 1bs.

Then, the design weight of the cask for this evaluation is:
(Weonsol)cask-des = 49,250 1bs.

The design weight of the cask that is used in the SAR is:
(Wsar)cask-des = 48,000 1bs.

Thus, the percentage increase in weight of the loaded cask is:
AW = 49250 - 48000 (100) = 2.5%

3.1.2 Normal Transport Conditions

The margins of safety for the following Normal Transport Conditions
are inversely proportional to the increase in weight of the cask:

l. Simple beam with 5g load
2. Vibration
3. Tie Down
4, Lifting deviceas
The NLI 1/2 Cask remains structurally adequate for these Normal

Transport Conditions when the small increase in weight of the loaded
cask is considered in the stress avaluations. (Ref. No. 3, SAR).

(One Foot Drops)
End Orop Refer. page X1-1-43, Ref. No. 3
Initial & Peak Load F, = 1,891,541 1bs,

1' Drop Deformation d = (49250)512.0+0.322.n'0.32 in.
]

. Peak g's = 1,891,541 = 38.4 g's < 39.4 g*s (SAR Calc.)
=0z
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Structural Evaluation--Cask Components
Normal Transport Conditions (Cont'd.)

Side Drop Refer. page Xl-1-44, Ref. No. 3

1' Drop Deformation: d = 2.30 1@.
g's = 9.47 g's < 9.62 g's (SAR)

Corner Drop Refer. page Xl-1-44, Ref. No. 3

As discussed in the SAR, a corner drop produces localfzed

deformation of the impact limiter and a Tower
an end drop. The fmpact limiter remains capab

a subsequent 30 foot drop event.

geak

450 Obiigue Drop Refer. page X1-1-45, Ref. No. 3

Estimated Final Impact Areas
a = (8)(14.25) = 114 n.2
b= (6.5) (21) = 136.5 in.2
= 250.5 {n.2
Balsa's effective 459 crushing strength is 1850 psi X 0.7 = 1295 psi
Max. Impact Force Fy = (250.5)(1295) = 324,400 1bs. |
Peak g's ‘%i%g'g = 6,6 g's < 6.75 g's (SAR)

A

(One Foot Drops)

Cask
. Drop SAR
Orfientation Weight
End 48000
Side 48000
Corner 48000
459 Oblique| 48000

SAR
Peak

 g-factor

39.4
9.62

6.75

SAR Max. Cask
Impact |Consol. Fuell
Load Weight
1,891,200 49250
461,760 49250
o 49250
324,000 49250

Consol.Fuel
Peak

ﬁgfactor,

38.4
9.47

g=-force than

e of sustaining

Consol.Fuel
Impact
Load

6.6

1,891,200
466,398

325,050

Thus; the impact force on the cask: (1) rematins unchanged for the end

drop; (2) r
{ncreases by
side drop; and (4) increases by

s essentially unchanged for_the corner drop; (3)
(100) = 1.00% for_the

456 .398 - 461 '760
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Normal Transport Conditions (Cont'd)

The depth of deformation of the impact limiter increases slightly
(maximum .of 3%) over the values determined in the SAR for the one foot
drops, but does not approach the maximum crush depth of the limiter.
These avaluations lead to the concluston that the NLI 1/2 cask can
accommodate canisters of consolidated fuel without significantly
affecting safety margins.
3.1.3 Accident Conditfons:
(End Impacts) Ref. No. 3, page X1-2-4
The buckling force on the aluminum cylinder in the impact limiter is:
(Pcyl)b = 309,236 1bs.
The equivalent g's = (Pey1)p/49,250 = 6.28 g's
For the balsa cylinder, -
Balsa deformation = 10,9 in. '

Kinetic Enerqy = K.E. = (360 + 10.9)(49,250) = 18,266,325 in.=1bs.
Alusinum Cylinder absords (309,236)(10.9) s 3,370,672 in.-1bs.

Remainder to be absorded by balsa wood = 14,896,153 in.-1bs.
% of balsa crush = 10.9 (100) = 65.56%
535 .

Peak stress = 1850 psi (balsa wood)

Final stress = 1850 - (0.6556)(740) = 1365 psi

Mean stress = 1850 + 1365 = 1607.5 psi
?

Area of balsa = 855,3 in.2
Energy absorbed = (1607.5)(855.3)(10.9) = 14,986,353 in.=1bs.
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Accident Conditions, Cont'd

Peak Deceleration

Force on aluminum cylinder s 309,236 1bs.
Peak force on balsa wood = (1850)(855.3) = 1,582,305 ibs.

1,891,541 1bs.

Peak g's = 1,891§541 = 38.4 ¢g's

(Bottom End Impact) Refer to Sections 2ele3.132.1.3.252.1.3.3; and
2.1.3.4 of Ref, No. 3

Limiter Impact Force: (SAR) Fj = (39.4)(48000) = 1,891,200 1bs.

(Consol. Fuel) Fy = (38.4)(49250) =
1,891,200 1bs.

Limiter Deformation: (SAR) dg ® 10.6 1n.;(Consol.Fuel) des= 10.9 1n.
(Max. allowable) dpyy = (0.85)(16.625) = 14.13 10,

Thus, there is no significant change in the cask evaluation. The
Inner Container is evaluated in tension at the upper neck section.

Total weights are: Inner Container 650 1bs.
PWR Canister Support 800 1bs.
PWR Consolidated Fuel Canister 2934 1bs.

. Se

The fmpact force is: Fippact = (4384)(38.4) = 168,346 1bs.
X-Section area = A (77 /4)(13.1252 - 12.6252) = 10.1 in.2

= 168346 = 16,648 psi M.S. = 27,500* = 1 = +0.65
. To.r - 16648

*Dynamic strength at temperature for Type 304 Stainless Steel.
Ref. No. 3, page x1-z-7,

(Top End Impact)

Based on the above comparison of limiter impact forces and
deformations and on Section 2.1.4 of Ref. MNo. 3 (SAR), only the
Inner Closure--Studs & Closure Plate and the Inner Closure Head Seal
must be evaluated for the increased loads due to the Consolidated

Fuel,
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Accident Conditions, Cont'd
The total load on the studs is:

Inner Container 650 1bs.
PWR Canister Support 800 1bs.
PWR Consolidated Fuel Canister zgzg }gs.
Inner Closure Head 1bs.

The Impact Load 1s: (Fy)y = (5049)(38.4) = 193,382 1bs.

The impact load is carried by 8 bolts (1-8UNC at 105,000 psi Y.p.)

Bolt Stress Area = Ap = (8)(0.606) = 4.85 1n.2

The Bolt Tenstle Stress is: = 193,882 = 39,992 psi
om0

M.S. = 105,000* - 1 = +1.52
iz

*80lts are SA-193, Gr.-87; sy = 105,000 psi. At the minimum temper-
tng temperaturs of 11000 F., Se = 63,535 1bs.

Shear on Closure Plata: Weight of Uranfum = 390.67 1bs.
Fs = (390.67)(38.4) = 15,002 1bs.
Shear area of 0.5 in. St. Stl. plate = Ag = (-1r)(14.625)(0.5) =

23.0 in.2
Sg ® 150?2 = 653 pst  (0.6)(30,000) = 13,000 psi
M.S. = 18,000 = 26.5
E ]

Inner Closure Head Seal:
(Ref. No. 3, page X1-2-10a)

Preload CIamping Force of 12 bolts is:
Fp1 = (12)(0.551)(80,000) = 528,960 1bs.
The 0-ring Compression Load is: Foep ® 67,720 1bs.
Net Clamping Forca: (Fnee)el * Fpy = Foup = 461,240 1bs.
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Accident Conditions, Cont'd
For 2 total Container & Closure Weight of 5049 1bs., this
represents a net restraint on the 11d seal of (461,240)/(5049)=
91.35 g's >> 33.4 g's Impact Load. '

Therafore, the cask is_structurally adequate for end drop conditions

(Corner Impact)
Refer to pages X1-2-15 & X1<2-15a of Ref. Mo. 3 (SAR):

FIGURE WITHHELD UNDER 10 CFR 2.390
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Accident cdnd‘itians, Cont'd
Thus, thers {s no significant change in the cask loading and the
additional impact 1imiter deformation remains within acceptable
limits, J
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Accident Conditions, Cont'd
(Side Impact)
Cask Evaluation
Based on the calculations above, the cask bending stress analysis

in Section 2,32 of the SAR and the cask center deflection
calculation in Section 2.3.3 of the SAR remain essentially

unchanged. ‘

Since the Inner Container 1s'supported by the cask Inner Shell
along its entire length, the Inner Container is structurally
adequate to contain the consolidated fuel canister.

The Inner Closure Head has an extremely large margin of safety for
the side drop condition (Ref. Section 2.3.4, SAR).

(Puncture = 40 1n. drop onto 6 inch Diameter Pin)

Outer Shell Thickness--Cask Designer's Guide

Referring to page X1-2-26, Section 2.4.1 of Ref. No. 3, the Cask
Designers Guide analysis of the Quter Shell is:

tain * (1.3’“) 0.71 = 0.729 in. minimum tyce = 0.875 inches

where,
W = 49,250 1bs.
S = 100,000 psi for Type 216 Stainless Steel
1.3 = Factor for casks less than 30 inches in diameter

Analysis of Cask Bending (Ref. No. 3, Section 2.4.2, page X1-2-26)

The greatest damage to the cask from the pin puncture event will
occur for an impact at mid-length,

The total kinetic energy of the drdp is:
K.E. = (49250)(40) = 1.97 X 106 {n.~1bs.

XI-E17



W

Accident Conditions, Cont'd
This energy 1s absorbed in three steps:

(1) Deformation of the Water Jacket (Shield Tank) wall. :
(2) Elastic bending of the cask as a double cantilever upon the

6 1nch diameter pin. ,
(3) Plastic hinge absorption of the remafning K.E.
Uej = Elastic energy absorbed by water jacket

= 306,000 in.-1bs. (Ref. page X1-2-28).

For 1 g statie bending of the cask, (Ref. page X1-2-29):

Mcantar ® WL = 549250551932 = 1,188 X 106 1n.-1bs.

Then, at the yield point the effective weight increase is:
Ry = 45169125 = 38.0

Therefore, the alastic energy absorbed in cask bending is:

Ucp = (38.0 X 49250)2(193)3 = 127,141 n.-1bs. (Ref. No. 3,
. page X1-2-29)

g?g rg7a1n1ng kinetic energy which must be absarbed by a plastic
nge 'is: '

Uph = 1.97 X 106 - 306,000 - 127,141
» 1,536,859 in.-1bs
The maximum plastic moment 1s 57,753,688 fn.=1bs. (pg. X1-2-29).
The energy absorbed by the plastic hinge is: |
Uph = M5n ©
so, O = 1,536,859 = 0.022683 radians
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Accident Conditions, Cont'd .

Thus, the extreme fibers of the Outer Shell are stretched very
locally:

d = OR = (0.022683)(13) = 0.2949 in.
Assuming this occurs over a 2 inch gage length,
Strain = ep = 0,2949 = 0.1474 in./in. or 14.7% elongation
T

This strain value is not significantly different than the existing
SAR calculated value on page X1-2-29 and is much less than the
material’s 45% elongation at rupture.

The margins of safety for the following Puncture events are
inversely proportional to the increase in weight of the cask:

(1) Top End--Center Impact (Page X1-2-30, Ref. No. 3)

(2) Top End--Side Impact - (Page X1-2-33, Ref. No. 3)

(3) Top End--Oblique Impact (Page X1-2-42, Ref. No. 3)

(4) Bottom End--Center Ispact (Page X1-2-43, Ref. No. 3)

(5) Bottom End-=0ff<Center Impact (Page X1-2-49, Ref. No. 3)

As previously calculated in this evaluation, the {ncrease in
weight of the cask is AW = 2.6%. Therefore, the margins of
safety for the five puncture events are reduced by 2.6%. The
margins as listed in the SAR (Ref. 3) are sufficiently large to
tolerate this reduction without infringing the adequacy of the
cask.
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SECTION XI
APPENDIX F

alys onfigu on r the Fermi-]1 and EBR-]] Fue
NS ENDMENT - BR- ANKET FU

TRUCTURAL EVALUATION

ussion
The NLI 1/2 cask design weight is 48,000 pounds.

The weight of the NLI 1/2 cask loaded with its maximum possible
weight of Fermi Fuel, EBR-II Blanket Fuel or EBR-II Scrap Cladding
is calculated to be 48,625 pounds including the basket (Fuel Basket
and four EBR-II Blanket Fuel Canisters).

The effect of the increased weight of the cask and contents on the
structural adequacy of the NLI 1/2 cask is evaluated. The
evaluation shows that the increased weight has a minimal effect on
impact stresses. It does result in slightly increased deformation
of the impact limiters; however, the limiters are adequately
designed to accommodate the increased deformation. Thus, the
structural adequacy of the NLI 1/2 cask is not significantly
affected by the slight increase in design weight covered by this
application. This evaluation is based on the detailed analysis of
the NLI 1/2 Cask Consolidation Fuel License Amendment (Appendix E)
which envelopes the calculated cask weight for this amendment.

The decay heat of the Fermi-1 and EBR-II fuels are less than the design
basis decay heat load of 10.6 kW. Therefore, no additional thermal
analyses are required.

The detailed analyses, which follow, demonstrate the structural
adequacy of the fuel basket, the Fermi fuel tubes, and the waste
basket for the loads associated with the cask contents covered by
this amendment request. To assure that the Boral neutron poison
remains in position, no inelastic deformation is permitted in the
fuel basket for normal operation or hypothetical accident
conditions. For criticality safety, the Fermi Fuel Tubes must
retain the Fermi Fuel for all loading conditions; thus, inelastic
deformation of the tubes is permitted for accident conditions, but
ultimate failure is not. The analysis results are summarized on the
following page. ,

Conclusion

The NLI 1/2 Cask, the fuel basket and the waste basket evaluated in
this amendment request are structurally adequate to meet all of the
applicable regulatory requirements.

Page Added
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NL1 1/2 CASK
LICENSE AMENDMENT-FERWI FUEL, EBR-11 BLANKET FUEL
URAL EVALUATION

Summary of Results . N

Analysis Comment / Margin of Safet
Calculatton_o‘ vesign waignt +I.3X (Increase); no furtner analysis

required based on a previous amendment
for the consolidated fuel canistar.

Fuel Basket

Section A-A, Cruciform *M.S. = +0.44 (Bending
Side Arm *M.S. = +Large (Shear)
Section B-B8, Cruciform *M.S. = +Large (Compression)
Lower Arm *M.S. = +Large (Stability)
Section C-C, Drain *M.S. = +1,03 (Bending)
Structure Cover
Section D-D, Weld at End *M.S. = +Large (Shear)
Plugs of _

Cruciform Arms

Section E-E, Weld<Cruciform *M.S. = +Large (Shear & Bending)
Arm to Drain
Cover

Section F-F, Drain Structure *M.S. = +Large (Bending)

Leg

45° Basket Orientation Not Critical

Bolt-Bottom Attachment of M.S. = +1.18 (Tension for Handling (g
Basxet to Condition)

Drain Assemdly

orain Assemply

Bolt-Attachment to Cask M.S. = +Large (Shear for Handling
Conaition)
Longerons M.5. = +Large (Compression for Handling
Condition)
t J
Base Plate *™.S. = +0.23 {(3ending)
Gussets (Six, Radial) *M.S. = +0.18 (Comprassion)

Fermi Fuel Tube M.S. = «0.94 !3enging)

u;ste Basket

Cruciform *M.S. = +large (Bending-Normal Operation)
*M.S. = +lLarge (Bending-30 ft. side Drop)

*Oesign Criteria is Material Yield Strength for bdoth Normal Operation and
Accident Load Conditions.

Page Added .
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NLI-1/2 CASK
LICENSE AMENDMENT - FERMI FUEL, EBR-I1 BLANKET FUEL

STRUCTURAL EVALUATION
MATERIAL TO BE SHIPPED

EBR-11 BLANKET FUEL

60 SHIPPING CANISTERS OESCRIBED BY DRAWING 089000010

GROSS CANISTER WEIGHT - 715 LBS NOMINAL

CONTENTS - 287.9 KGS DEPLETED URANIUM (0.21% U-235)
- 3.876 KGS Pu, FUEL BURNUP, 0-2400 MWD/MTU

RADIATION LEVELS - 2-5 R/HR AT 6 IN,

HEAT GENERATION - 69 WATTS PER CAN MAXIMUM

TO BE SHIPPED TO ROCKWELL HANFORD OPERATIONS

EBR-I1 SCRAP CLADDING

145 SHIPPING CANISTERS DESCRIBED BY ORAWING 089000026

GROSS CANISTER WEIGHT - 135 LBS NOMINAL

CONTENTS - STAINLESS STEEL CLADDING AND BUNDLE HARDWARE

RADIATION LEVELS - 4.7 - 187 R/HR AT 1 FT.

HEAT GENERATION - 1.9 WATTS/CAN MAXIMUM ,

PRIMARY RADIONUCLIDES: csi37, sp90, v90 ( 05-7.5 Ci),
Cof0 (.084-132.4 Ci)

TO BE SHIPPED TO THE NEVADA TEST SITE.

FERMI FUEL

205 FUEL ASSEMBLIES, APPROXIMATELY 2.7 IN. SQUARE X 35 IN. LONG.
WEIGHT EQUALS 60.6 LBS. EACK.

8 FUEL ASSEMBLIES IN WELDED STAINLESS STEEL CANS, APPROXIMATELY 2.33
INCHES SQUARE X 26.6 IN. LONG. WEIGHT EQUALS 74.0 L3S. EACH.

FUEL FORM IS U-10% Mo 25.6% ENRICHED.

EACH ASSEMBLY CONTAINS A NOMINAL 4.8 Kg U-235

FUEL BURNUP - 410-2840 MWD/MTU

RADIATION LEVELS - 12R/HR MAXIMUM AT 3 FT,

HEAT GENERATION - 0.6-1.2 WATTS/ASSEMBLY

TO BE SHIPPED TO ROCKETDYNE

N Page Added
XI-F3 Oct. 1990



FIGURE WITHHELD UNDER 10 CFR 2.390

CONTAINER-FERMI FUEL
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NLI-1/2 CASK

LICENSE AMENDMENT - FERMI FUEL, EBR-II BLANKET FUEL

STRUCTURAL EVALUATION

Weight Calculations

(Cask body) From NLI-1/2 Interface Manual

(Outer closure head) From NLI-1/2 Interface

Manual

(Inner closure head) from NLI-1/2 Interface

Manual

(Top impact structure) From NLI-1/2 Interface

Manual

(Bottom impact structure) From NLI=-1/2 Inter-

face Manual

(Empty Cask Weight)

(Rockwell Fuel Basket and Drain Assy.)

From Drawings 460052 - D1, 02, F3, DS & D6

(Rockwell Waste Basket and Drain

From Drawings 460052 - D1, D2, D4, D5 & D6

(EBR-11 Blanket Fuel)

One Canister (From Rockwell Data)

Four Canisters
(EBR-I1 Scrap Cladding)

One Canister (From Rockwell Data)

Four Canisters

(Fermi Fuel) From Rockwell Data

One Assembly
Sixteen Assemblies

One Canned Assembly

Eight Canned Assemdlies

Maximum Loaded Cask Weight

SAR Cask Design Weight,

Wy = 48,000 1bs.

XI-F5

Wep = 42,505 1bs. (1)
Woch = 340 1bs, (2)

Wich = 745 1bs. (3)
Weis = 865 1bs. (4)

(We)¢= 44,915 1bs. (6)
Wfbg = 850 1bs. (7).

Wubd *= 330 1bs. (8)
(Wepr)1e 715 1bs. (9)
(Wepr)4= 2860 1bs.(10)

(Wsc)p = 135 1bs.(11)

(Wa)y = 61 Ibs.(13)
(Wa)16 = 976 lbs.(14)

(W)g = 592 1bs.(16)

Wnax * 8,625 Ibs.

Page Added
Oct. 1990



NLI-1/2 CASK
LICENSE AMENOMENT - FERMI FUEL, EBR-1l BLANKET FUEL

STRUCTURAL EVALUATION
Material Properties
(Type 304 stainless steel)
Su = 75 ksi Sy = 30 ksi
Ref. ASME Seczion [II, Division 1, Appendix I.
(SA-193, Gr B7 low alloy bolting material)
Su = 125 ksi Sy = 105 ksi
Ref. ASME Section [II, Division 1, Appendix I.
(6061-T§ aluminum alloy)
Su = 45 xsi Sy = 40 ksi
Ref. “Metals Handbook, Ninth Edition, Volume 2, Properties and

Selection: Nonferrous Alloys and Pure Metals," American
Society for Metals, Metals Park, Ohio.

Cesign G-Loads

1 foot end drop 39.49
1 foot side drop 9.629
1 foot 45° oblique drop 6.75¢
1 foot corner drop £39.49
30 foot end drop 39.44
30 foot side drop 36.28¢
30 foot corner drop 37.43g

Page Added
Oct. 1990 X1-Fé
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NLI-1/2 CASK
LICENSE AMENDMENT - FERMI FUEL, EBR-I11 BLANKET FUEL

STRUCTURAL EVALUATION

" Allowable Stresses

The allowable stresses used in this evaluation are chosen to be the same
as those used in the NLI-1/2 Cask Safety Analysis Report,

St = Tensile stress

S¢ = Compressive stress
Spr = Bearing stress

Sp = Bending stress

S¢ = Shear stress

St = S¢ = Spr = Sy & Sy

Ss & 0.5 sy

Page Added
XI-F7 Oct. 1980



NLI 1/2

NSE_AMENDMENT - EBR-1I BLANK
STRUCTURA UATIO
References
1. "Interface Manual, NLI 1/2 Legal Weight Truck (LWT)
Spent Nuclear Fuel Shipping Casks,™ NL Industries, Inc.,
1130 Central Avenue, Albany, New York, 12205, Rev.
11/01/79.
2. "NLI Drawing No. 70562F, Rev. 8," National Lead Company,
Nuclear Division.
3. "ASME Boiler and Pressure Vessel Code, Section III,
Division 1, Appendices,” The American Society of
Mechanical Engineers, 1983.
4. "Metals Handbook, Ninth Edition, Volume 2, Properties
and Selection: Nonferrous Alloys and Pure Metals,"
American Society for Metals, Metals Park, Ohio.
5. "Formulas for Stress and Strain," R.J. Roark, McGraw-
Hill Book Company, 4th Edition, 1965.
6. "Structural Analysis of Shells", E.H. Baker, L.
Kovalevsky and F.L. Rish, McGraw-Hill, 1972.
7. "Cask Designers Guide," ORNL-NSIC-68, L.B. Shappert, Oak
Ridge National Laboratory, February, 1970.
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4.3 echanical Properties of Materials

6061-Té Aluminum Alloy (Reference No. 1)
Ultimate Strength Yield Strength

Tenmperature su sy
(°r) {ksi) {ksi):

-112 49 42

-18 47 4

75 45 40

212 42 38

300 34 31

400 19 15

500 7.5 5

At the Design Temnperature of 260°F: su = 37.6 ksi; SY = 34.2 ksi.
Density = 0.098 lbs/in>.
Modulus of Elasticity: E = 10.0E€ psi.

Poisson's Ratio = 0.33 .

4.4 Allowmble Stresses

(Tension) S't = Sy
(Compression) S'c = Sy
(Bending) §'y = sy
(Shear) S'g = O.Ssy
(Bearing) s'br = sy
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SECTION XI
APPENDIX €

INER - 3 NSING_AN )

1.0 Structural Evaluatjon of the Liner - 3 Element (Basket)

This appendix documents the structural adequacy of the Liner - 3 Element
(Basket) for the NLI-1/2 Spent Fuel Shipping Cask. The design tenperature is
260 °F. The conservatively calculated minimm margin of safety for any
component is +0.43. The Liner - 3 Element is structurally adequate to satisfy
all regulatory requirements. .

2.0 Discussjon

The purpose of the Liner - 3 Element (basket) for the NLI-1/2 Cask is to
safely, efficiently, and effectively retain and support intact irradiated fuel
rods during normal operation handling and during transport in the cask. The
basket has no function related to contéiment because the fuel zods are
demonstrated to be intact by leak detection testing ("sipping®). Also, the
basket does not have a criticality control function, since the fuel is not
enriched and cannot sustain a nuclear chain reaction in any geometric

arrangement.

The Liner - 3 Element consists of three 5.625-inch outside diameter tubes
which are restrained and supported radially in the cask cavity by plate
segments at the top, the bottom, and three intermediate locations along the
length of the basket. Longitudinal restraint is provided by an integral
spacer on the bottom of the liner. Each of the three .tubes can contain up to
seven fuel rods which are contained in a transfer basket.
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3.0 Method of Analysis

The design of the liners provides simple, clearly defined load paths. The
detailed structural analysis utilizes classical, hand calculation methods of
stress analysis. Conservative loads and loading assumptions are used throughout
the analyses. The material properties used in these analyses are conservatively
based on ‘the minimum specified tensile strength of the material, rather than on

the actual tensile strength, which always considerably exceeds the specified:

minimum. The allowable stresses utilized in these analyses are the material
yield strengths, which are obtained from Reference 1.

4.0 Analysis Input

4.1 Load Conditions
(A) The design temperature is 260°F.

(B) The design loads are based on the weight of the liners and their
contents subjected to the appropriate g-load factor for the critical
normal operation or handling condition:

Handling 2.0g (Assumed)
1-Foot End Drop 39.4g
1-Foot Side Drop - 16.4g
4.2 MWeights
Fuel Rod 130 1bs
Liner - 3 Element (Empty) 115 1bs
Ruptured Rod Liner (Emtpy) 200 1bs
Intact Fuel Rod Basket (Empty) 30 1bs
Failed Fuel Rod Canister (Empty) 15 1bs
Liner - 3 Element (Fully Loaded with 21 Fuel Rods) 2935 1bs
Ruptured Rod Liner (Fully Loaded with 10 Fuel Rods) 1650 1bs
Intact Fuel Rod Basket (Fully Loaded with 7 Fuel Rods) 940 1bs
Failed Fuel Rod Canister (Fully Loaded with 1 Fuel Rod) 145 1bs
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