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Loads.from the lifting lugs are distributed to the secondary

lid where they are reacted by the eight 1 inch diameter

Grade 5 studs. The secondary lid must react these loads

by plate bending. From the sketch below it can be seen

that the bolts tend to "fix" one end of the plate while the

attachment to the two 4 inch plates provides the other

Ifixity. , ,

|~ lt - 3+.25 )
i i

!

l N I -

, .
,

| I| || | /
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x x / ,/
k / /

N -
,

I n

Bending stres3 is given as:

f = 6P (L/2)/ Dt3

(6) (57500) (3) (2. 43/2)/ (34.25)(1)2=

= t16 8 6 psi

M.S. = 3 6000/1168 6 -1

M.S. = +2.08

! 1-9a
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.

!
'

IfLfor conservatism the same analysis was repeated assuming

no' fixity'of the bolts the stress would be; f = 20934 psib

.

: _M.S. = 36000/20934 -1
| .

i

j
'

M.S. = +.71

l
i

'

Lif ting loads from the lugs are distributed into the top I

plate and the lower four inch plate by means of plug welds
i

!

j adjacent to each lug as well as a full perimeter weld. ;
; !

Conservatively assume only the plug welds as being effective. |

I
Ultimate capacity of the plug weld is given as: |

|

|

P =Ftu^u

i :

|9
(55000 psi) (M) (1) ~/4'=

= 43197 lbs./ plug weld |

!
or- !

1

=I2~9'5 71 1bs . / lug :

This load is. 42959V57500 or) 2.25 times greater than the maximum

3g load condition. At loads greater than this the 1" thick top

plate will locally shear from the lug out to the adjacent studs.

This will leave the_ primary seal' area uneffected and have no-

1-9b-
, . - ~ , _ . _ . - , - - _



. _ _ _ _ .

Revision - 1 -
September 12, 1978

detrimental effects on the packages ability to react other

requirements of the subpart.

Therefore, it can be concluded that the lifting points are more

than capable of reacting a load equal to three times the

package weight.

1

1-9c
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1.6.5 Water Spray-

.A

Since the package exterior ~is constructed of steel, this test is

not required.

1.6.6 Free Drop
.

The Model CN6-80B package with payload weighs 57,500 lbs.

Appendix A.6 of 10 CFR 71 prescribes a drop height of one (1) -

,

foot for packages in excess of 30,000 lbs. The overpack, designed

to protect the cask under a 30' hypothetical free drop, effectively

- cushions and protects the cask from all " normal" free drop effects.

:

.
None-the-less, for additional conservatism, the analysis present

|

in the Type "A" submittal for the CN6-80, as.found in Section |

1.6.6, page 1-13 through 1-19, demonstrates the adequacy of the

cask to survive a one (1) foot drop by itself (without any assistance

from the.overpack). |

9

The overpacks are attached to the cask body by means of 8-1 inch

diameter bolts. Flat end drop condition will place the over ]

pack in direction compression. The attachments will not

experience loading. For the side drop condition tolerances

around the attachment fixture allow the overpack to shift

slightly until it can react loads in direct compression.

1-21-
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From the figure below it can be seen that the corner drop

condition will produce a negative rotaticn, or compression

load, on the overpack. Again for this condition the at-
i

tachments remain essentially unloaded. Therefore, it can !
; <

be concluded that the overpack will not produce loads on its

attachments that will effect its ability to meet other
,

.

nections of 10CFR71.

,
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1.6.7 Corner Drop

This requirement is not applicable since the Model CN6-80B

packaging is fabricated of steel.

1.6.8 Penetration

From previous container tests, as well as engineering judgment

1-21a
.
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''
- WT = 2210 lba + 1812 lbs

WT = 4022 lbs

'
Bolt Loads

,

'
(4022 '1bs) (128 g)/8 bolts.P =

1

P = 64352 lbs/ bolt.

As shown in Section 1.4.3, the tensile strength of theLsecondary

lid studs is 64745 lbs.. Thus, the margin of safety is:

MS = 64745/64352 -1
1

MS = +.01 Secondary Lid. Closure Studs. !

l
*

i

Shear out capacity of the threaded hole for a 1" diameter stud

i can be found from the following equation. (Ref ASA Bl.1-1960 i

by ASME)

1

.A = if NL De s(1/2N+ .5773(D -En)) l

I

n s

!

|

WHERE:

A = Internal shear area

N = Number - of threads per inch = (8)

L = Length of thread engagemente(1 in.)
e

D = Min. major diameter of external thread =
s (.9830 in.)

E = Max. pitch diameter of internal thread =
'

n (.9276 in.)

1-28
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A = dT (8) (1) (. 983) (. 0625 + . 5773 (. 9830 . 9276))
2

A = 2.31 in per inch of lengthn
,

. .

Ultimate shear out capacity is then given as

P =F A
su n

2
(36000 psi) (2.31 in )=

= 83160 lbs. per inch of depth

A hole drilled and tapped to a depth :f one inch into the lid

will po.tsess a capacity equal to that at the Grade 5 stud.

From the drawing it can be seen that each of the secondary
>

1.id studs are located in holes 2 inches deep. Therefore,

it can be concluded that the studs will not shear out prior

to developing their full tension capability.
I

Conclusion: It is therefore safe to conclude that the package

can safely react the maximum loads for a 30 foot end drop

without detrimental effects.

1-28a
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The projected area is calculated as follows: September 12, 1978
.

I

~[' 's
s'
\

.[$l '
.

,

4{ s
'

'
/

i /
,

/ -

'
-

I
'

. . . . . ~/ _ . . . . . _ . _
i

From the print out shown on page 1-43, column 9, it can be

seen that 90% of the impact area is experiencing a compressive

stress between 4000 psi @ 70% strain and 1000 psi @ 7% strain.

The 10% is experiencing compressive stresses greater than

4000 psi. Therefore it will be conservative to assume that

the average strecs felt across the impact area will be 2000

psi or greater.

The lid Will exper:.ence a compresilife- force icro'ss~ this pro"jectid~

area. Conse_matively assume that the ncminal 1000 psi foam crush
strength will be felt over this area. The area is given by:

2A=r (g - Sin 20( ) -ry (y - Sin '2f)
2 2

.

.

Where:
. . . . -

= T_5_.3 in~
~~

r
1 .

-
-

22.'5L'in.r =
2

.-

-

/ = 76.~920'1

sf

~ ' 'g a ^1C140
.-

-2A = 956.71'i

The cverpack reaction will-be: -

1-38
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R = AF,

(986. 7 ' in ) (2000 psi)=

,

'

= 1,973,400 lbs.

I
.

This load will be applied of the centroid of the area. Distance }

to the centroid is given as:

E = ' 2 sin O(. ( R -R h/3 (R -R bg y g y
.

(Per Handbook of " Formulas for Stress & Strain"

by Ungar)

.

Where:

6. = 79.9

R = 35.3 in.g

R1 = 22.5 in.
.

3 2 2
E = 2 (Sin 7 9. 9 ) (35. 3 -22'. 5 )/3 (1. 39) (35. 3 -22. 5 )

5 =-20.66.in.

y = d/2 - 5L ,

= 70.25/2 -'_20.66~

= 14.46 in.

1-39-
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Where:

W= (Payload + Lid + Overpack)

(7500 lbs. + 7600 lbs. + 3000 lbs.)=

= 18100 lbs.

g = 80.4 g's (Max.)

R3 = 65.5/2 in. = 32.75 in.
R = 1,973,400 lbs.

L1 = 14.46 in.

(1,973,400) (14. 46) Cos 42. 7 +(18100) (80. 4) (32. 75)Cos .42.7 =

(2) (32. 75)Pb (1-Cos 45 +1+1+Cos 45 +. 5)

,

35,025,375 = 20,971,000 + 229.25

P3 = 61,305 lbs. per bolt

Therefore, the maximum bolt load will be 61,305 lbs. Capacity
,

of the high strength 1-1/4 in. bolt is 95,248 lbs. The Margin

cf Safety is:

M.S. = 95,248/61,305-1

M.S. = +.55 Closure System

,

f

1-39b
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This number is conservative since the average compressive stress

acting across the lid face will be substantially greater than the

nominal 2000 psi assumed here. The higher foam compressive stress ;

reduces the load that must be reacted by the primary studs. )
|

Secondly, the effective area will be considerably larger than that I

assumed. Foam does have the ability to distribute loads out over

a larger footprint. This will also increase the load carried

by the overpack. Thirdly, a major portion of the overpack

weight will be reacted directly onto the impact surface thus l

reducing the load experienced by the primary studs.

1
Each stud is threaded into the top closure ring and high j

,

strength doubler. Total thread engagement includes .75

inches for the closure ring and 1.75 inches into the doubler.

Recommended thread engagement is that equal to the thickness

of a heat treated nut of the smme tensile strength as the i

stud. Minimum thickness for a 1 1/4 NC Heavy Hex Nut is

1.250 in. (Max.), per Machinery Handbook. Since the doubler

is manufactured frem a material of greater strength than the

stud, the following conservative margin of safety can be

calculated.

M.S. = 1.75 in./1.25 in. -1

M.S. = +.40

1-40
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Tear out or shear strength at the closure ring is calculated

as follows. Conservatively assume that the closure ring

welds are effective only out 4 inches on either side of the
,

stud center line.

.

h.

1-40a ,
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,

P, = Fsu^ weld

Where:

F = 35,000 psisu
. _,

weld = | (3/4) (. 707) + (3/8 )- 8A
-

2= 7.24 in

2
(35,000 psi) (7. 24 in )P =

P,= 253,470 lbs.

Margin of Safety

M.S. = 253,470/61,305 -1

M.S. = + Large

Therefore, it can be concluded that both the stud and its

attachments are capable of reacting the loads.

The secondary lid studs are also loaded by these impact

accelerations. The problem is considerably simpler to

evaluate because the overpack does not bear upon this
:

secondary lid. The stud loads are evaluated as: ,

!

l

is" INI I"g) (Cos 0)/NP

|

|

l-41
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'YDROP(CORSESI 4 UCL EA R P A CK A G ING PR 0 P P IE T 6 9
.

_

PACKAGE WEIGHT 57500. (L35)=

,/ 104.00 (IN)/AIfdh NM e / PACMAGE ErTE8NAL LENGTW =

PACKAGE EXTEPNAL DIAMETEP= 96.00 (IN)
PACFAGE EXTERNAL HOLE DIA= 45.G0 (IN)A//Af g h g 4 T M PAYLOAD ENVELOPE LENGTH 74 00 (INI=

P AYLOAD ENVELOPE DIAME TER= 70.25 (IN)_ ,._4S "4 vs ib
OROP HEIGHT 30.00 (FT)=_ ._

ORIENTATION ANGLE .7454 (RADIAN=

_ _ . . _. _ . . NOMINAL CRUSH STRESS ._0.00 (PSI)=

|
| . ._ _ _

| STRAIN VS STRESS TABLE

. _. . . PT STRAIN STRESS
1 0.00 0.00
2 .05 650.00
3 .07 850.00
4 .10 950.00
5 .20 1000.00
6 .25 1050.00_ _ _ _ . ,

7 .30 1150.00
8 40 1260.00

_ _. 9 45 1400.00
10 .50 1600.00
11 .60 2250.00

_. __ 12 .70 3850.00
13 .75 5300.00
14 .80 7400.00

_ 15 .90 13800.C0
16 .95 18500.00
17 09 24C0C.00

!

l-42
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15.09 1^??.1 10133. loo 415R. 34.7 21562500. ICCCC017. 4*9 07.17 7.91 0.On 0.00 0.00

15.5J leos.1 1998.7 219 7 a 0 7. 3R.? 71591250. Ill3A045. .515 05.a* 4.14 0.00 0.00 0.00

16.00 1769.0 1192a. 2421tui. 42.1 21620000. I??o?769. .56) 94.99 5.01 0.00 n.0C 0.00

16.50 1941.1 17711. 7e79R59. 46.6 7164P750. 135e7735. .A77 9?.Ca 7.40 57 0.00 0.00

17.00 1917.A 13672. 79 PPA 5a. 52.0 21677500. 14984664. 691 a9.aa 7.7? ?.4? 0.00 0.00

17.50 1997.4 14%49 3336136. in.0 21706250. 165t6113. .761 98.71 7.77 4.01 0.00 0.00

21735000. 19341750. 944 ay.?q 7.nj 4,of 0.00 0.00
A*g h 5. 51R.00 70 A 7. 4 1%664. 377$h12

74.C 717h3750. 203475el. 915 "4.'T 1' ".** .la 0.00
18.50 ?14'.7 1*717 4757707.
19.00 ?>1a.' 17An?. 4912700. 83.7 21792500. 2761515%. 1.Jia a?.3* a.6' ? .N 1.H 0.00

19.50 7791.a la929 54733F'. 05.7 ? ! R 21 ? S O. ?$1 P66 4 7. 1.154 ar.1? 9.99 7." 2.59 0.00

70.00 7260.9 70101. 6??5779 Iba.3 71P50000. 2A111307 1.?a7 'a.Al 0.05 7.er s.at 1.p?

.
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CYORO*(CCPNEol N tl eL E A e o A C* A G !N G P R 0* 2 IE f A o

SACrAGE WEIGHT 57530. (L31)=

/ #ACKAGE EXTERNAL LENGTH 104.00 (IN)+

. [ M [ M A. I P ACF AGE F X T!8N AL 01 AME TE e = 96 00 (!N)
PACFAGE EXT! ANAL HOLE O!As 1 00 (INI

/A// Aft /g I/7 PAYLOAD ENVELupE LENGTH 74.00 (ts)=

# 4YLO A0 ENVEL OPE Of APE TE R= 70 25 (IN)._ _jgf ,, j g

__ . 080P HEIGHT 30 00 (FT)*

CRIENTAT!aN ANGLE .7454 (RADIAN!=

. . NOMINAL CRUSH STPE53 =. 0 00 (PSI)

~~

STRAIN VS STRESS TABLE

. PT STRAIN $TPESS
1 0.00 0.00
2 .05 650.00
3 .07 650.00
6 .10 950.00
5 .20 1000.00 4

6 .25 1050.00 '
. ,

7 .30 1150 00 |

8 40 1260.00
_ __ _

0 45 1400.00 ;

10 .50 le00.00 <

'

11 .60 2250.00
- 12 .70 3850 00

13 .75 5300.00
14 .80 7400.00 )
15 40 13800.C0 l__. __

16 .95 18500 00 j

17 40 24000.0G |
.. .

4

6-
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boca +++.+.( ! *t t VMME E m s r. v ..+++.( f *4 7 9 FDorE
11eistou rices m e t e t t $a estins ny(TMit UrEt .(Luil FI60f!C1.00 40) 514 A l'd prprtu or

11.f (th-tal ca11P rnutert acta1.50 9 (IN-tR) tt.73 GT.78 CT.FC ".7,00 GT.u9 7. a 817*. ('F/*f1
2.00 10. .1on.s 223A9 20 75 75t v. tE.P1 (f.oo tr.9520452.50 67 .4173.4 43P79 207P6250. .c03 lur.co c,cc 0.0c c.00 0.00

.R 15A7 _3.00 170.161.s 71052 20P15000. .00126253. 100.03 0.00 0.003.50 191. It 2034 1./ 20843750. .001 100 00 C.00 C.00 C.00 0.00

707.7
?46.7 13 A A 72. 20072500. 54981. 0.00 0.004.00 797 1.8

.00*cA472 100.03 t.07 0.00 0.00 0.00
4.50 304 2.4

202 1 178223. 20401250. .005158925. 100.00 0.0c C.00 0.00 0.00
5.00 9*9 3.1 2093000u. .009 130.00 0.00 0.00 0.00 0.00

341.4 270797
302.R 26653?. 20958750. 23R?uo.5.50 6*a. 3.8 .011 10v.00 0.00 0.00 0.00445.7 31563'. 209E7500, 337956.e.00 977 4.e 016 100.00 0.00 0.Or 0.0055 4597886.50 10a1.
'00.4 3fR135. 21016250. 02? 200.00 C.00 4.00 C.00 0 00

f.4 605129 0.00 0.007.00 131a.%55.a 424643. 21065000. .329 100 00 0 00 0.00 0 00 0 00
77632?.7.50 15a?. 7.4

*14.0 4P4257. 71073750. .037 100.00 0.00 0.0C 0.0C 0.00
974566e.00 197". a.4A74.s *47013. 21102500. .046 100 .(0 C.00 0.00 r.00 0.00

1201791e,50 719A. 0.5
v3%.4 Al20e9 21131250 .057

4.00 75%9 10.7 1459$00 100.00 0 00 0.00 0.00 0.00707.7 ( P22* 9 2116000u. .069
11.0 1749504 100.00 0 00 0.00 0.00 n.00

9.50 ?ott.aA1.7 755394 21166750. .0at
10 0u 1449. 13 1 2171750G. 2073411. 100.03 0.C7 6.00 0.00 0.00o?5.9 Pl?715 ?432924 100.00 0.00 0.00 0.00 0.00

.09'
10.50 370s. 14.5001.7 914721. 2124e250. 115 1C0.t0 0.00 C.0C C.00 0 00

15.9 2A29952.11.00 4774.1f5P.5 1001P83. 21275000. 131
1176.3 1094439 21303750. 32e 6 711. 100.0)11.50 4797 17.4 0.00 c.00 0.00 0.00

.1543745451 100.00 0.00 0.60 0.0G 0.00
12.so 5111 10.c1194.9 1193094 213325Co. 17A 100.00 c.Cr 0.0c 0.00 0 00

" 11 1, 20.7 4260941.12.50 17s4.1 120a41%. 213e1250. .*0)4P419?4 100.00 C.c0 n.00 c.00 0 00
13 0G 65'4 22.61914.6 143114$. 21300u00. .2?7

24.5 54e4707 100.0G 0.00 0.00 C .00 0.00
13.50 TITA. 1536179 21416750. 255 10C.00 C.00 0.00 0.00 0.00

140s.s 25.7 6142103.14.00 7 9 A 3.
1477 1 le70177 21447500. 7a729.0 6878934 100.00 0.09 0.00 0.00 0.00

14.50 asas. 1823099 2147e250. .421 100.001549.3 31.7 768052415.00 034). C.09 c nc1577 1 19pA943. 21505000. .359 10e.00 0.06 0.00 0.00 0.00
34.6 8553941. 0.00 0.00

o

15.59 19111
l'os.1 2174062. 21533750. .39a

1740 0 23o5401. 215e2500. 9506RS2. 100.00 c.00 0.0c 0.00 0.00
16.00 Ino6'. 37.R

41.7 1C547503. .44L 49.4216.50 119?9 2636834. 21591250. 116F9969 97.57 7.49 n.0e 0.0C 0.00

4po 58 0.Cr 0 00 0.001R41 117.00 17711. 29101e7 21620000.45.9 .541 96.39 3.61 c.0C 0.00 0.00
1017.6 51.0 1294802917.50 136771092.4 12655Pl. 2164P750. 5091433977A. 95.6718.00 14S49 56.P 21677500. 4.31 0.rt C.00 0.007067.4 3(415U3. 15P69465 03 21 6.37

567
18.50 156'4 63.3 2170 62 5 C . .733 44714?.7 4003016. 0.00 0.00A 71.2 17 61 e 9 9 *; . 01.47 *-$T ?.0519 00 1671'.2719.' 4615163 O ?1735000. .41? 00.09 0.00 0 00195* 06? a .19.50 1747 Pc.3 21763750. .Ano e.54 3.1 P O.00 0.007'92.4 5192t77

2172 76 eb do.7*20.00 19015 % .1 6.64 4.0T 0.00 0 007'Aa.s s p 2**9 71707shh. 099
'"131. 107.1 241795/Q. _ n7.4* 7.7a 4.*1 .15 0.00

2

**P*959 71871750. ].1[]26048??o. A* 3411#.3 7,2Q7135tObc. 1. 7 M 91 97
*
.F) ].64 0.0030000611. 7.4' 8 .e4 7.0e 0.001.377 a?.W 7.49 *.M '.11 1.49 i $
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Revision 1
September 12, 1978

'CYOR08(CCANE81 * U ( E A P P & CK A G1 N G P 2 09 9 !E i A 4

~

PACKAGF WETGHT 5750u. (L956=

PACKAGE EXTE8HAL LENGTH = 106.00 (!N)[M N PACFAGE !XTE2NAL O!AMETER= 96 00 (!N)
PACWAGE EfTEQNAL NcLE 01A= 65.00 (!N)
PAYLOAD ENVELOPE LENGTH 74.00 (!N).

ggry ppf6 PAYLOAD ENV! LOPE DI AME TE R = 70.25 (IN)

OROP HEIGHT 3C.00 (FT)=_ _ _ _ _

ORIENTAT!aN ANGLE = .7454 (RADIAN

_ - _ _ _ __ NOMINAL CRU1H STPE!$ .0.00 (8SI)=

. . . . - -

STRAIN VS STRESS TABLE

___ _ _ DT STRAIN ST0ES$
1 0.00 0.00
2 .05 85C.00

. 3 .07 1000 00
A 10 1050 00
5 .20 1200 00

. _ _ . 6 .25 1300.00
7 .30 135C.C0
8 40 1500.00

._ 9 65 1920.00
10 .50 1800.00 |
11 .60 2550.JO

__ 12 .70 6400 00
13 .75 6100.00
14 .80 8350.0C

- 15 00 15300.00
16 95 20500.00
17 00 2540C.00

_ .
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AOC4 ......V it tN(I at visst r7Cfr n r < ?ointalw c

tira'. P a r t r}i Avtrets g([{t. y[g(r[( SYpg[q cractNT mstatt
$et!c rraTail AFFA _e r. t ( 1.;- t p 3 gtt_tgi (p,y) r, y , T a r.v.<( C 7. 70 0, T .93

1.u0 11.5 9 g er pe r i
1.5u 57.4 12677 tf.F7 f f . "C 1r.O?22.00 30. 21525 207575(e.Pa.6 .5 1173.
2.50 I?3.4 57601. 2u?Pt25c. .u0) 100.00 (.C" 6.00 0.00 0.00

67

170. 1.0 14'77.
3.00 161.5 a9423. 20P15000. .001 1n0.09 0 00 0.00 0.00 0 00101. 1.6 35532.
3.50 70?.7 126147 20043750. .30' 100.00 0.00 0 00 0 00 0.0C ,

7*'. 2.2 73811.
4.00 746.7 If 75 74 20072500. .00% 100.00 0.0a 0.00 0.00 0 00

127704
4.50 194 7.9 .006

711.1 213495 20901250. 2( 0^ 3 4 100.00 C.Cn o.00 0.00 0.00520 3.7 .01) 100.00 0.00 0.00 0.0L 0.00
5 00 141.' 261975. 20030000. 2054994.65.50 6Pa. 31P609 200$P 750. .014 300 00 C.co 0.0C 0.00 0 00197.9 5.5 415?ll. .0'1F.00 87?. 377943. 200e75cc. 560$at. 200.00 0.00 0.00 0.00 0 00445.' 11A1. 5.6 .027 100.00 0.0c 0.00 9.00 0.00
6.50 '00.4 441717 21016250. 7350441118 7.7 .035 100.00 0.02 0.0C 0.0c 0.00
7.00 55A.a SomlF7 21045000. 03H 32.e.9 .n457.50 15 = ?. 57Ao45. 71073750. 11771a). 10(.00 0.0" 0.0( 0.00 0.00f14.0 1975 IL.1 .0%6

*74.5 653591. 21102500. 144A155. 100.09 L.0" C.OC 0.0( 0.00
8.00

11.4 .0^1710a. 732093. 21131250. 175 7J M. 100.00 0 00 0.00 0.00 0.00
8.50 73%.4 2556 12.7 .0al 10C.CG 0 06 C .00 0.00 0.00707.7 011A98. 21160000. 2103s?q.9.00

7'31 14.1 .0419.50 a61.2 ace 17A. 211PF750. 2499514 100.00 0.00 0.60 0.0C 0.001441 IS.6 21217500. 2015524
.117 100.00 0.00 n.00 0.00 0.00

10.Uu "?%.' 977487.
? T9 %. 17.6 .11' 10t..00 t.00 ".0f 0.0C 0.00

10.50 001.7 10e5?7%. 2124e250. 3384729
4774 IR.5 150 100.00 t.Cr 0.00 n.00 0.00

11.00 1059.* 1152772. 21275000. 30935194747 20 0 21303750. .tr3 10(.00 0.00 0.00 C.00 0.00
11.50 11?'.2 1245475

5433. 71.7 4450130. 70312.00 11'4.0 13 4 74 0 ft . 21132500. 504 c A M . 10C.00 (.00 0.00 e.00 0.005'11 23.4 .?1'12.50 17%4.1 1446719 21361250. 5697911 100.?O C.C? ' "0 0.00 0.00^9?a. ?5.213.00 1114.6 15*7124. 213W 000. .767 Inc.00 r.cn 0.0c 0.90 0.00

.

7179 27 1 630f444 .70013.50 1405.5 IAF2Fao. 2341*750. 7147454 16(.G3 C.Ca C.00 C.00 0.007963. ?o.3 .11414.00 1477.1 IA222P1 21447500. 7957455 100.00 0.00 0.0c 0.00 0.00#554 31.7 .371 10(.0) ( cn 0.00 0.00 0.00
14.50 1"49.3 1974745. 2147f2fC. 883369734.2 411 130.00 0.C" C.4C O.00 0.00

0140 213 0 F2 7 21505000. 97F045615.uu 1*?).1 lellt. 2319355 37.1 21533755. 108(4140 100.00 0.0? 0.00 0.00 0.00
45%15.50 l e '2 5.1 100A7 40.3 .5u)10.u0 1761.9 75?3r74 215e2500. 11916a95. 90.14 65 0.00 t.00 0.0044.4 554119?". 2P0 7P4 7 21591250. I3135153. 97.17 7.a' n."O o.00 0 00

10.50 1043.1 17'11. 309HR79 21020000. 14475544
4P.P .^0a 95.85 4 14 0.0C C.00 0 00

17.00 1917.6 11%7?. 3440707 21640750. 19952?11
53.9 . A TO M.99 5.01 4.0f 0.00 0.00

17.50 1909.4 14441 FO.0 72'
3A40263. 21677500. 175P0/ 4 7 97.08 7.4G ."' O.00 0.00

18.00 70's7.4 156e4 66.R 217((2$G. 19411597. .All A0.44 7.70 7.47 0.0C 0.00
I s . *i o ?14'.' 4370461 M 75.11 ^ 717 .AQ410 00 771".' 4FF9e74 21735000. 21451780. AA.21 7.77 4.01 C.00 0.0017a17 R4.7 . car19.5e 77't.8 54 H 014 21763 75u. 237401%3. a7.73 7.01 4.*f C .Ct 0.00

t 95.5 1 .0 01 A4.97 0.15 ".<t .le 0.00
la04%. 87/Pa05 71702500. Pe11H54420.90 7160.5 10A.2 1. N 9Mill. 7t *. 6 9 0 5 . 71R21250. 2G? tat 41. a?.35 F .e 7 7.00 1."a 0.00127.7 71A5000v. 32597613. 1.14L ar.1? r.o' ?.20 2.%4 0.001.49' 7 " . *,1 9.04 '.** '.P'- 1.R7.
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CfD80P(C08'58i *"C L E o8 8 A C* A G I N G P 8 3 0 8 I : T i o

PtCKAGE = E I F; H T 5750s. (L95)=

PACFACE Erff9NAL LENGTW 104.00 (IN)=

(df PaCPAGE EXTERNAL DIAMETE8= 9t.00 (IN).

5 pac' AGE EXTERNAL HELE DIA= 1.00 (INI
MA/v4 /A'# MINI 74.wt (IN)PAYLOAD ENVELo8E LENGTH =

j(g, pyyj d, P a fLO AD ENVELO8E DI AFE TE R = 70.25 (!N)

. 300P HEIGHT 30.00 (Fti=

00!ENTATION ANGLE .7456 (RADIAN=

0.00 (p5Il._ NJ"INAL CPU 5H STRESS =

STGAIN V5 ST8E55 TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 950.CC
3 .C7 1CCC.00
6 .10 1080.00
5 .20 1200.00

. _. 6 .2* 1300.00
7 .30 1350.C0
8 60 1500.00
9 45 1620.C0

10 .5C 19C0.00
11 .60 2550.00
12 .70 6600.00
13 75 c100.00
14 .90 9130.00
15 .CC 15300.00
16 .45 Zs5CC.00
17 00 25tCC.CG

>
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Seet % ar 12, 197R I

C70s m trrsNre t " " ' t 5 3 ; r a r- e c 1 y e e o e e 1 i < u .. ' .4'.3; 7 e e ; ,13 = ace a

4. " C tit ti p | A *: t .4 4444 f .* f A r T ..6 446444 C.8 6 ,* 4..... 9 ) T 10 T Df t i l"* "r '' T ff % 1 ** C 4 7101; My
C D U 561 ps&($nt at (0* Tert \cr &OFFfH spr4 " M it M snurr at rt. * IM T IC " 15' A l 1 r!'I" L5.77 GT.76 Cf.8( rt.'t r, Y . 9 5
(Iq) t Y ** * t t1918 ttn5I trI t1*-t*1 (f*-tsi e*rgr, 1 F .e t".*O tr.9*

.

1.39 21.5 * 12677 .2 2c7575(L. 31 T 3. . :JJ 1)L .0 ) C.tr f.0C C.ut 0.00.

7 5 7. a 20. 115?5. .5 20 7 8 f. 2 5 0. 14''7 .Ont 100.00 0.00 0.0n 0.00 0.00
**.A 57 '7071 1.0 2 0 81 *: 00u . 3651'. 00' 100 00 0 00 0.00 0 00 0.00

>- l'i.4 1?0. F0423. 1. 8, 20A43750. 71111. .004 100.00 0.00 9.60 0.00 0.001A1.5 101. 17A147 2.7 70P77500. 177?J1 .005 100.09 C.On 6.00 0.or 0.00777.7 7R?. If 75 76 7.9 200C1250. ?00514 .( 1 ) 10(.03 L.00 9. 0f v.0C 0.0019 24A.7 394 2134as. 3.7 2093000;. 295411 .014 100.C 3 C.00 0.00 0.00 0.00e. 50 701.1 527 263475. 4.6 2005P750. 415 ' N . ."71 100.00 0.00 0.06 0.00 0.005.00 241.7 Aaa. 31n609. 5.5 20987500. 'f04"1 .n'7 fr0.00 c.00 n . '' O C.00 0.00
5.50 392.a 477 377943. * .f 7101625v. 735J44 .nis 10c.01 0.00 0.00 0.at 0.00
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17.59 1764.1 ^573. 1 *, ^ o 51 ' . 2P.1 7141P 750. 73115A4 141 100.03 0.On r'.00 0.00 0.0013.00 1334.6 717a. la04471. 31.% 2144750u. R170012. 2'1 10(.0J 0.05 ('.00 0.00 0.00
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15.50 1 *P .1 107A7 27C06Pl. 45.5 21591250. Lla0343a. .^29 '' . 3 0 3.el 0.0c n.00 0.00
16.Ju 1767." 119?9. 306SPT1. 51.3 21620000. l$2eTH?S. .705 "35 .6 7 4.?? 0.^f 0 00 0.00
16.50 1841.1 I??31. 14C95H1 59 1 21640750. 1^pr4AA). 780 "1.71 e.37 4' O.00 9.00
17.00 lo!7.A 1 M77 3794100. f5.P 21677500. InAp,909 .p*' 11.4? e,si 7.05 C.00 0.00
17.50 19 " .4 14541 4204731. 113- 73.1 21706250. 20t7al^'. 953 90.01 f.54 2.'P 0.00 0.00
In.Jo 7e A F.4 1*6'4 4711641. 81.9 ?!E500n. ? rce D D' l. N c.'n f.A4 4.or 0.06 0 00
18.30 '14'.7 18 717. 570570'). 92.1 2176375L. 254tP7FF. 1.!*' R7.46 7.74 '.81 .15 ') . 0 0 *

19.90 ??lp.' 17907 5940591. 103.3 71792500. 297!7127 1.'94 a* 16 7.2n .al 1.84 0.00*

19.50 7'91.a 1 " 15 8. 714 f 4 5. Il^.P 71R7175d, il1A1717 1.414 al.%f 7.41 * 04 ' QF J.00.

20.09 ?161.5 'ntnl. 7 e t t u ', 7 137.7 PlPSLOLc. 14 % 1167 T . AC ) '?.9) 7.40 8.?P '.12 1.40 "
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:
; Therefore, it can be' concluded that the studs static allowable
1

capabilities will not be-lower-under shock or dynamic loading.$ -

:
1

4

; Lateral or shear loads resulting from the corner drop condition

are reacted by the deep stepped lid. The two lid plates are tied
?

| together by way of two welds with'a total capacity of:

{ A= (59) (n) (1/2) (sin 45 )+(34.75)n (1/2) (sin 45 )

f A = 6.55 in2 + 38.6 in2 = 104.1 in2
.

Es " #su !
2

(35000 psi) (104.1 in ) |
=

|

; = 3'644,500 lbe capacity,

Shear loads will be: j,

j F= [64000lbs-7600lbs (lid)-3000:Wa(iO.P.)]cos40 (80.4 g's)

i 'F= 3,288,000 lbs (Maximum). i

'

Margin of Safety

M.S. = 3,644,500/3,288,000 -1

M.S. = +.11t

Therefore, the stepped lid can safely react all lateral loads

resulting from corner drop impact conditions.

1,

1.7.1.3 Free Drop Impact. Analysis, Side Drop

Detrimental effects resulting from a side drop are limited to

the closure areas. Both primary and secondary lids are deeply

stepped and manufactured from" solid steel plates. The side impact

1-43a
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. ,

'

loads produce lateral shear forces that are reacted in direct
i .

.

Bolts securing the secondary! compression of the lapped joint.
.

i
i lid are'not required to react this shear force since the radial

,

i
j clearance with their hole is greater than that of their stepped
i

lid.. i.e., lid bottoms out before bolts contact.
'

,

;

!

i
t

. In order to determine the amount of deformation that would be
!

: experienced by a. side impact it was conservatively assumed that
i
j only the projected length of the cask on the overpack would be
j

| effective. Therefore, the overpacks effective length would be 44
1

i inches.
i-
|
;
.

The impact acceleration forces are determined by use cf a NUPAC
;

| developed computer program called SYDROP (Side Drop - Cylinders) .
.

SYDROP was developed to. consider the strain hardening in a crushable,

: c

foam overpack. The general approach, output, and assumptions parallel

r
i

h

!
:

I

?-

$

6

|

;

.

E 's

t
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those discussed in Section 1.7.1.2 for the corner impact program
_

CYDROP.

Two cases are analyzed - minimum foam properties and maximum foam

properties given in Figure 1 of Section 1.3 above. Key results

are sammarized below with computer results following:

Energy
Deflection Absorption Impact *

Case (in) Margin Acceleration

Minimum Properties 10.0 +0.53 108.6g

Maximum Properties 9.5 +0.95 101.7g

* Interpolated at KE=SE.

As for the corner impact case, the impact acceleration values are

_
relatively independent of material properties but show a tendency

for slightly higher final impact accelerations with the " softer"

minimum properties cases.

In an effort to evaluate the effect of that part cf the over-

pack that extends beyond the end of the cask an additional

SYDROP run was made. For this case the effective package

length was assumed to be equal to the total length of both

overpacks.

r- - ,
I

L- _ J

Lhhd

s e
f

-- - -

b MF M MM M M M

t_4 ---

a

l
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From the print out it can be seen that the maximum deformation

will only be 7.75 in. vs. 9.25 for cask No. 1. Also the maximum

acceleration at the end of the impact stroke is 99 g's vs.

108.6 g's. (Ref. pg. 1-4 4, a)

Therefore, it can be concluded that the overhanging section

of the overpack will absorb some portion of the energy. It

is conservative to neglect this contribution and use the

maximum acceleration figures calculated and referenced above.

As noted earlier, the secondary lid bolts do not react these

shear leads due to the stepped lid design. The following

analysis is provided to demonstrate what margin it safely

would exist if they were required to react these loads.

Lead per bolt is:

P= (2000 lbs Lid) (109 g' ci/8 bolts

P = 27250 lbs (she ar )

Bolt capac_ty is:

R= (115,000 psi) (. 563 in ) (60%)

R = 38847 lbs

1-45
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++ CpusH plaqE +e ...+ IMPACT ++ . ..++++ EntoGy ....** OIsta19uTIOM Of-51anin esfins_RY
PEPCEMT Of CONTACT AptA

C'U5H
DESTw teF a VOLU9F 508CF aCCit. MINETit ste alH PATIO ti.70 a.T.70 GT.80 G1.90 GT.951

- ' *

(!N) (IN2) 11M3) It95) (69 (IN-tBI (IN-tal ISE/MEl LE.so Lt.90 (E.95
<

a
- 1.00 1642.5 964 314521. 15.'8 20757500. 22e630. .011 100.00 0.00 0.00 0.00 .0.00

- 1.50- 1762.1 1769 1364750. 23.7 20786250. 790449. .039 100.00- 0.00 0.00 0.00 0.00

2.00 2029.3 2717, 1710599 29.7 20815000. 1567295. .075 100.00. 0.00 0.00- 0.00 0.00

7.50 2262.9 3791. 1985251. 34.5 20843750. 2491248. .120 100.00 0.00 0.00- 0.00 0.00

3.00 2472.1 4976. 2239320. 38.9 20872500. 3547141. .170 100.00 0.00 0.00 0.00- 0.00

3.50 2663.0 6260. 2503698. 43.5 20901250. 4732643. .226 100.00 0.00 0.00. 0.00' O.00

4.00 2939.1 7636. 2789512. 48.5 20930000. 6055943. .269 100.00- 0.00 0.00 0.00- ~ 0.00

4.50 3003.2 9097 3055554. 53.1 20958750. 7517209. .359 100.00 0.00 0.00 0.00' O.00

5.00 3156.9 10639. 3312587. 57.6 20987500. 9109244 434 100.00 0 00 0.00- 0.00 0.00

5 50 3301.9 12253. 3594228. 62.5 21016250. 10e3594n. .516 100.00~ 0.00 0.00 -0.00 0.00

6.00 3439.2 13939 3924763. 68.3 21045000. 12715696. .604 100.00 0.00 0 00 0.00 0.00

6.50 3569.7 15691. 4311945. '75.0 21073750. .14774883. . 701 100.00_- 0.00 0.00- 0.00 0.00

7.00 3694.1 17507. 4757820. 82.7 '21102500. 17042334 809 100.00 0 00 0.00 0.00 0.00

7.50 3813.0 19394 5298397. 79092.1' 21131250. 19556396. 925 100.00 0.00 0.00 0.00 0.00

~8; W ~ '3026'.9 21319. .5987654 tus.t cticocoo. 22377991. ''- ~ 1.05% 100.00 0.00' O.00 0.00' O.00

* m.50 4036.2 23310. 6992196. 119.9 21188750. 25597859. 1.206 100.00- 0.00 0.00 0.00 0.00

9.00 4141.4 25355. e104381. 14C.9 21217500. 29347003. 1.383 100.00 0.00 0.00 'O.00 0.00

9.50 4242.A 27451. 9722934 169.1 21246250. 33801907. 1.591 79.67 21.33 0.00 0.00 0.00

10.00 4340.2 29507. 11980777. 206.6 21275000. 39204710. 1.843 70.67- 29.33 0.00 0.00 0.00

< j 10.50 4434.4 31791. 14705127. 255.9 21303750. 45851385. 2.152 64.67 22 67 12.67 'O.00 0.00*

11.00 4525.5 34031. 18290556. 318.1 21332500. 54100506. 2.536- 60.00 16.67 23.33 0.00 0.00.-

- 11 50 4613.6 36316. 22789837. 396.3 21361250. 64370604. 3.013 56.67 13 33 30.00 0.00 0.00

12 00 4699.9 3R644 28317857. 492.5 21390000. 77147528. 3.607 53.33 12 00 17.33 17.33 0.00.'

12.50 4791.5 41014 35346993. 614.7 21418750. 9306373R. 4.345 50.67 10.67 14.00 11.33 13.33
4

_

)

f

a
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.
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L
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.

Margin of Safety
.

M.S. = R/P -1
.

M.S. = 38847/27250 -1
:

M.S. = +0.43;

:
'

s

; I

From the drawing and the sketch below it can be seen that the lid
_t

: ' is flush with the outside diameter of the cask. Lateral._ loads from ;

:

the lid are reacted in direct bearing on the 4 inch thick plate while |
!4

j lateral loads from the cask body are distributed along its length.

: Therefore, the actual shear loads carried across the joint for side

drop conditions are very small. They become limited primarily to

acceleration loads of the inside lid plate on its attachment welds

; to the outside plate.
' L/D ~ 4 " THE% KT
| \

// - '

I V //z/.
. -~~x , '

j'N/i -
INNNNNN /

:

1-47
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The loads are:
,

3(w/4) (59) 2 (4) (. 283 lbs/in ) (108. 6 g's)P=

P= 336,000 lbs

The weld area is:

A = 59 (n) (.50) sin 45
2

A = 65.5 in.

Stress:

2336,000 lbs/65.5 inf =
s

5128 psif =
g

Margin of Safety on plate to plate attachment is:
4

35,000 psi /5128 psi -1M.S. =

M.S. = +Large

Conclusion:

From the above it can be concluded that under the most conservative

conditions the package will maintain 3 inches of foam in the com-

pressed area. Impact loads will not produce detrimental effects

on closure system since all loads are carried in direct compression

across the deeply stepped joints. Therefore, the side drop of

30 feet will not produce detrimental effects to the package.

1-47a
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,

; 1.7.2, Puncture

.

i.
| A 40 inch drop onto a 6 inch diameter. pin can occur in three

separate regions of the package, i.e., overpack area, ends and

I side walls between overpack.
;-
,

i
L
j Since the overpack is backed by side wall or end type construction,
1

*
any impact in this region would be less severe.

i
t'

E

! Using ORNL-NSIC-68 for the side wall evaluation, the required shell
!

! thickness for puncture integrity can be calculated as:
i
s

:
i

(W/S). li

: t=
a

Where:

| 5 = 58000 psi

| W = 57500 lb.

(57500/58000).71t=.

,

t= 0.994 inches

:
!

The Margin of Safety for side puncture is:
:

{ M.S. 1.00/.994 -1 (Cask No. 001 Only)=

| M.S. + +0.01
i

$
4

i

<

!'

,

|
.

'

1-47b
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_ From Fig. 2.3 of the ORNL-NSIC-68 on the following page, it can be

seen that two test points for carbon steel fall below the established

design curve. If a line was drawn between these two points it would

produce an E/S ratio of 35 for a 1.0 inch thick plate. Using the

package energy level the required mechanical properties of the external

skin should be:

E/S = 35

S = E/35

(57500)(40)/35=

= 65714 psi

Certified mechanical properties for Cask No. 001 are recorded as:

E = 66800 psi
t

Margin of Safety

M.S. = 66800 psi /65714 psi -1

M.S. = A.017

.

1-48
-

.

. . . . _. - ---



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

.

4

Revision 1
September 12,.1978

OR.NL Dws 67.L0563 A.

4 1000 ,

800 /
I

| e

/[
t = 1.39
S 1 60,000

400 CARBON STEEL
i #35 2 ASTM A285

, g
ff f=0.883-

7g /f A S*62,900

// CARBON STEELf 5
ASTM A285 -g $ 200 , r

;
- -

t = 0.5>r
- o e S=81,200

3 TYPE 304L STAINLESS# "

! STEEL ASTM A240a
w IOD g MOOEL OATA FOR O.5 IN. PUNCH ~

/ SCALED UP TO 6.0 IN. PUNCH [j 8D -o 1 3, , . !

! $ ' !
. '

E y 60j

l$ W 10
W U [ |I I 4.0'

t

| 39 /10
|

=

wim

'

LO

1

e

1.0
al Q2 0.3 0.4 0.6 CA ID 2.0 3D

TEST PLATE THICKNESS , f , (Inches)
.

; Fig. 2.3. Puncture Test Da+a for Lead-Eacked Plates. |

.

*

I For subsequent casks, Serial No. 002 and beyond, the external skin

will be increased to a thickness of 1 1/8 inches. Using the lower

design curve, drawn between the two test points, E/S = 42 for a

plate thickness of 1 1/8 inches.

1-48a
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'

!,

Using minimum allowable' mechanical properties for A-36 the incipient;

;-
puncture' energy is:;

i
,

i
j E = 42 S ,

i |

|- = 42' (58000 psi) |
i
i =.2,436,000 in/lbs-

Margin.of Safety
;

-

1

! I

t-
i

[ M.S. = 2,436,000/ (57500) (40) -1

i
j M.S. = +.06

i

Therefore, it can be concluded that the Serial No. 001 cask is
i
i acceptable since it was manufactured from steel with actual |

!
I

J,
material properti'es of 66,800 psi. Future casks, Serial No. 002

and beyond, will be manufactured from 1 1/8 inch thick steel plate.
i

?

) |

i !

!

!-

;
,

.

,

i

<

!

4

4

r

p

.t
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,
End impact evaluation of the'CN6-80B package is based upon a detail

non-linear finite element analysis which conservatively assumed only

one of the two lapped end plates deformed inelastically to absorb

the full kinetic energy of impact. That is, the energy absorbed

by the smaller second plate was conservatively ignored. The

CN6-80B evaluation employed an axi-symmetric "ANSYS" finite element

solution which considered both large deflection of the circular

plate and bi-linear characteristics of its mild steel material.

The CN6-80B evaluation model consisted of 52 nodes and 36 iso-para-

metric quadrilaterals (STIF42) representing an axi-symmetric plate
.

i

of four inches thickness and 68k" in diameter, as shown in Figure ;

1.7.2-1. The plate model was loaded by applying a series of pre-

scribed displacements at a location corresponding to the contact

perimeter of the 6" diameter puncture pin. At the outer diameter

of the plate, the forces induced by this prescribed displacement

were reacted in an axial fashion. No radial constraints were

imposed upon the model except at the axis of symmetry. The con-

ventional bi-linear properties of mild steel used in this analysis

corresponded to a 36 ksi yield and 58 ksi rupture at a conservative

10% strain-value.

The st ..ctural behavior of the plate at maximum pin penetration is

shown in Figure 1.7.2-2. Figure 1.7.2-2 illustrates both deformed

-plate shape and effective strains for each of the 36 finite elements.

1-49
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|
orr an ef fective ' strain basis, the worst severely strained element !

|

possesses a rupture margin of greater than + 1.13; thus, no puncture

occurs.

Maximum pin penetration (deformation of plate) was determined by

plotting the load deformation characteristics of node.2 (the !

- i

puncture pin diametrical location) as shown in Figure 1.7.2-3. 1

I
Integrating this load-deformation relation, as shown in Figure ]

1.7.2-4, produces a description of plate strain energy versus i

!
'

deformation depth.
:

The kinetic energy relation of the dropped cask is also plotted

on figure 1.7.2-4. The intersection of these two energy relations

defines the defomation depth at which the strain energy (or work

done on the plate) equals the available kinetic energy. At this

deformation depth, 2.48 inches,-the deformation is arrested and

can proceed no further.

Frem Figure 1.7.2-3 the maximum load will be:

F=2n (188,000 lbs)

6F = 1.18 x 10 lbs

For puncture conditions directly on the lid, loads would be

trasmitted from the secondary lid to the primary lid by way

of the seal spacer block. Compressive stress on the block is

calculated as follows:

|
'

>
!

C 1-50
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f = Impact Force, F/ Effective Area, Ab

where:
6

F= 1.18 x 10 lbs (Pg. 1-51)

A= (34 - 32 2) 374
2

= 78.34 in

6
f = 1.18 x 10 /78.34 -

b

fb = 15,060 psi

Margin of Safety

M.S. = 36,000 psi /15,060 psi -1
i

M.S. = +1.4 I
l

Therefore, it can be concluded that the lid and support ring can

react the' pin impact loads.

1

i

i

1-50a
. . . . .



.. . - . .. - - - _ - . . _ _ _ _ _

,

Revision 1
September 12, 1978

,EE */ 5 E -'
-

~

R , , +

$
.

-

.. 4 >3~. ,,

{ , @ @ S e\
1

-

'

%'- ,
'

i @ @ @ ...

4 2-

@ @ @ #
ti e ,

@ @ @ t

4
t

: t s t w

2 f@ @ @ 4Rk (*
*

:

w, ,
__' -

{' @ @ @ i. d ! *t

s

| 21 d 8

{i.R
4 ~6k a: sw k g

@ @ @ 92 ei "t Q s
- <

.

. e v
! td j t i; @ @ @ q : N

a gas: e s

; ti l t; @ @ @ 1 1
'

.

w 4 ,! ~
>

: R 4o 4'
'

@ @ @ |
: 4 =i

e |;
'

@ @ @
9

i O

@ @ @ t 0 !

.14 g
'

,

som-

iot e a
'

w
sn-

"x $

1-51
,

. . . .



_____________ _ _ -

F/ C. /. 7. 2- 2 -

7
_

AusYr Renxts_
| sr A Pm Mr-wenm - 2. 5 " *. . .

[NN. Ad de%:a:1?ow = 2.48") #*
.Saw : i. io woire

.

J'N *YIO4'k[f4 nit.4) 5s
| *

I N
,,,,,,,, - \

_

-

, -

.822 .p34 847,
i f.- -

'

7503 Ta44'- ~o 06-- --.dacA . iole_ .0/4-
_

,.
.aag .oa g ,eeg ;

O*/ .001 - 4* 2 .e45 .9/g, .gjo

h ,

.001 ! .oo l ,<rel . cot . col .601t

i
-

.009 | _ 9/l , .0/6 ; .0/9
.opy

__u,_ .608

| .005 ' aces | .005 | .cok | .o07_-
- lh-

.004- _

-

-- ,
..

, a" J
UE 2.5L ~

M*9mr M
-

"'*'* Gwrey y
a8

%m.suai N"
'

AllowB-as,a,,,y*
/|*TGf: j L

SYC loesb f w g 2'Pru.a sgf, y , o_

'+ MM nu .r,x,g 4 7o4. - / k -f-|,13 ~
;

.

Y " '* M <re n a q '/u. fret w g /

--

--------



. . .

1

1

1
_ _ _ _ ~ . ,,

,

g ' { 6 t i ON Y b M SUd 5 ' de
l'

i i . , , , _ _ _ . _ _ _ , _ _ __ , . , , nm i
+,

. , , , .;a c y w ca. w c e. A c ,. 22ia <

ji . i

i et t I t

>; , .

. .

i _i
- Cl1 i t .. . 2.

Jl

> a-. . p , 1

T 'g ii

; In & . M
- mU '441 .

/
" Me

ii
, a

i ..
-

i -a v i, .,

. i
' . I

"d . | ^) lI. i
' ' '

, . ,,

; ,;, i 4 . . . , y- |

ny .-. . i 1 4 i !

! jwp us. . .

' i(1 %. - 1 5.-
N ~~ g ,a e, - iV t ' +

~}Q
N -

J ,i i , . i , .w=
I i . jg a 'Z g. i i .

f
~#. n J. ! I L / '

Q X 4 a t .

. . - v- u x.
M k [ ! !

'

,

d LJ i z I --. 1 :

3 i .1 ' a t~1!'

." -D_1 T., ! t

W II i i . .

N. fY .1 I r- . -1 L I'

e!.- 114
N __a CN. > U

i . , ,

U !!.1 > ' i > i i

!el_s N N- . . . ,

n g i i , ,. i

~g g to: i i e e i i i f~%J
O m) ]
[ }' E,

_ g . 6 . . 4 . g-
6 Ass i i

us.- v -

4o , .

'b
_ %T ,, .

,. iJ _i - , .

~~1a -~ g .c t I) e i 6 ,,)

s.1
~ " T. .. 1 i i

,,
. I #X J J LX. i i ' .

*
! .e L1 ._-.t d' '

* M! T s

d. A ,1 bea 6 .=J .

. I A
__MN

. 11..
1* JJ ,_T | '\ ! t ''

^#gg g, LL i i'A! a \ ' i

-- .- 1 i

\ . h a

a qf y'' i ! i:

s
[3

i i

z i b ! i

:$ ! 1 ! !

" *I .
i \ ! i ,

.

03 i .y i i ng !

;g \ s ''

. t. . 4

M3 \! ! l

og - i >

1
__

N . v' . ,

I'
.

i

' hall 8
-ess ! l I 8

\. . i

N ! I I

t \: ! !

i \ ! ! t i
i ! \ ! ! I |

N.i ! ! t4

, i N .1

I i N i ii

\- I it '
w_i

i
,

- lNiM1
-

G T31 Al i

I I

V* V V U' O. U
IIl Q< if)- Il Lt)

l'd4, I -
=a=. ,

j

f. - r a % ?

@ # ,/ Mi f% i Q G l. M. . I N. . . .'N, N- N'44 Il T7 O l
- - y-- , - - - - -

1-53



_ _ _ _ _ _ _ _ _ - - _ _ _ - _ _ - _ _ . _ - _ _ - _ _ - _ _ _ - _ _

Revision 1
e > > .

Meur fsmha r ! I. M ._ Il y 7 R
, , i . I i 4

-

!
i ,. . i

- .b l F(. T If1 N.5. f%. Igg (=vV 1/X : IJF
. .

l i '+
,. ,, ,

O f"' i fi Tl n ht l' c r'*/*\ n o A r /" _ o n /* n c t/
i w L,r i asv TV v s vsw ssvv vu v c i ts a 3,

i ..:.,. . < _..

lal HLLJi_ M W b- f\ll )
_ . , . . . . __ ._

I NihfMt. i (J N*

. .

L.) f LI f J.'

, .

h| t

s i <>,=,s> s- a n-s n . 2

L / f_ . ! / / / L.L
l- . I L./ e ; i e n o. Q ls i >

, , , ; i

|I f 1 4 6 i I

.i, , . . 4 > !
!

. , , ,

, i e i i e I i

. i 1 i ! , , i , , , , .

,i4 , i i i , , i . . i . i. ,

i, , , I i . ! . 6 1 . . . .

! i , , , i i , .i , i i i, , . t .

I i i e i i 6 i i i } s i r

: i i . . 6 < . ,

i. , . . ,

i. p. . . . .

N i# , , *

C) . i ; , , ,

N
IO

, , ~. n n aa,. n, .,,.w nn - , - . . . - .

Os I MM FIMi I" f \l knl3 Y.. L}f*'l lM(fil?M kf ' >'

!n <

.4LM = Jf '- !ML K
1 I i i N

A i ! i i N
N7 i

%t i ,w .

\(1 a a

.), ,, . , , 4 . , , , ,
,

s-- , , i , , .

-N; , , . . , , i , , ,

e . . i . . . i t \_u
- ,- u i g.

- - - . , , ' i \!

" . ' .
' . ..m-.,

.

+ i e ' f.\1 I Y f" | IL i I" J M d~ . ' r\ . i S
.

s 1 .
* i i Ysi i I .

4. T ,I f ~ % T1F)) ' t /
L

< + <.~ fd/T
- u- w vs % i f

NJ V<
% g -

>q 1 ! N i /
X !! / r's -

l'# iA, -
- - - -

, ,

.
/ i

. l, .

! ! i ! / Ie f i

i i / .m<6 +} q
/ 79 ! ! ia, .

6: i . ># V ,2* LT
I' 1 A ! ..g .i.. !

/ ! N GI !W l i

~JIn 7 ./ N I' '

! / R .'s *y . . . .

p W ! / % 3
a

. / 3t '

d I # % NJ |

|d i f i A N

0 , , f ! q %", s'''' i d [%I e e

II
' # ! i c !7 ,

i# , i % LT. -
43 '

' i k i'' |#-gt > ' '

' i & N i#
i i t Q W i#1W '

! & E3 |f *

.&
A

#- ! .'
# ! ! i !

# s , i

i
i !

y# ,.n . 1 .

U J
.

O
1

'

i
_ _ _ _

I /* '

?e t t

! ! I

t > i

I f !
'' *

* 6 i i i i !

! '

1 i ! 6

i e + 1

6 8 |

, . 3
i i

f i. I i !

I '

I

i

I

l-53a



_ . _ . _ . _ - - .. _ _. _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i

,

Revision 1
September 12, 1978i-

1.7.3 Thermal
.

The hypothetical thermal accident analysis of the CN6-80B package-

is fully described in Section 2.5.

!

1.7.3.1 Summary of Pressures and Temperatures
,

<

:
4

| The results described in Section 2.5 are summarized below:

;

i

Item Value See Section
j

; Primary Seal Temperature 227 F 2.5.3

! -Secondary Seal Temperature 450 F 2.5.3

| Inner Lid Surface 457 F 2.5.3

0
| Inner Upper Shield Surface 188 F 2.5.3

Inner Mid Shield Surface 300 F 2.5.1

Internal Pressure 11.59 psig 2.5.4

,
'

l . 7. '3. 2 Differential Thermal Expansion
i

Not applicable

.

1-54
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E " #1.7.3.3 Stress Calculations

| See Section 2.5.5

|

|

1.7.3.4 Comparison with Allowable Stresses

See Section 2.5.5

1.7.4 Water Immersion

Not Applicable

1.7.5 Summary of Damage

As a result of the above assessment, it is concluded that should

the Model CN6-80B package be subjected to the hypothetical accident

( conditions, no radioactive material would be released from the
|

package.

1.8 Special Form

|
1 Since no special form is claimed, this section is not applicable.

1.9 Fuel Rods

Not applicable.
i

I.

1.10 Appendix
i

|

1.10.1 General Arrangement drawing of Model CN6-80B packaging.

1-55
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