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Loads from the lifting lugs are distributed to the secondary
1id where they are reacted by the eight 1 inch diameter
Grade 5 studs. The secondary lid must react these lcads

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 otier

fixity.

Bending stress .s given as:

6P (L/2)/ Dt-

n
il

(6) (57500) (3) (2.43/2)/ (34.25) (1)°

21686 psi

<
W
"

36000/11686 -1

M.S. = +2,08

1-%a
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If for conservatism the same analysis was repeated assuming

no fixity of the bolts the stress would be; £, = 20934 psi

M.S. = 36000/20934 -1

M.S. = +,71

Lifting loads from the lugs are distributed into the top
plate and the lower fcour inch plate by means of plug welds
adjacent to each lug as well as a full perimeter weld.
Conservatively assume only the plug welds as being effective.

Ultimate capacity of the plug weld is given as:

= (55000 psi) () (1)2/4

= 43197 lbs./plug weld
or

=129591 1bs./lug

This load is (Q2959VYS57500 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 tc the adjacent studs.

This will leave the primary seal area uneffected and have no

1-9b
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detrimental effects or 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.

1-9¢
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1.6.5 Water Spray

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

not required.

l1.6.6 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 CNé6-80, as found in Section

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

cask to survive a one (l) fcot drop by itself (without any assistance

from the overpack).

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 lcads in direct compression.
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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- :
tachments remain essentially unloaded. Therefore, it can

be concluded that the overpack will not produce lcads on its
attachments that will effect its ability to meet other

sections of 10CFR71.

1.6.7 Corner Drop

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

packaging is fabricated of steel.

l.6.8 Penetration

From previocus container tests, as well as engineering judgment
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WI = 2210 1bs + 1812 lbs
WT = 4022 1lbs

Bolt Loads
P = (4022 1lbs) (128 g)/8 bolts
P = 64352 lbs/bolt

As shown in Section 1.4.3, the tensile strength of the secondary

1id studs is 64745 lbs. Thus, the margin of safety is:

MS = 64745/64352 ~1

MS = 4,01 Secondary Lid Closure Studs.

Shear out capacity of the threaded hole for a 1" diameter stud
can be found from the following equation. (Ref ASA Bl.1-1960
by ASME)

An = ‘rfNLeDs(l/2N+ «.5773(D_~E ))
WHERE:

A_ = Internal shear area

N = Number of threads per inch=(8)

L_ = Length of thread engagement=(l in.)
D

= Min. major diameter of external threads=
(.9830 in.)

E_ = Max. pitch diameter of internal threads=
(.9276 in.)
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. AT(8) (1) (.983) (.0625 + .5773(.9830~.9276))

A = 2.31 in®

" per inch of length

Ultimate shear out capacity is then given as

P s P A
sun

= (36000 psi) (2.31 in?)
= 83160 lbs. per inch of depth

A hole drilled and tapped to a depth 2f one inch into the 1lid
will possess a capacity equal to that at the Grade 5 stud.
From the drawing it can be seen that each of the secondary
1id studs are located in holes 2 inches deep. Therefore,

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

to develcping their full tension capability.

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.
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= (986.7 in®) (2000psi)

= 1,973,400 lbs.

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

to the centroid is given as:

3 2

2
o "My}

- ; 3
X = 2 sznOL(Ro -Rl R R
(Per Handbock of "Formulas for Stress & Strain”

by Ungar)

Where:
& = 79.9°
Ro = 35.3 in.

R: ® 22.8 in.,

X = 2(Sin 79.9%) (35.3°-22.87)

/3(1.39) (35.3%=22.5%)
X = 20.66 in.
L. = d/2 = X

- 70.25/2 = 20.66

= 14.46 in.




£,

WgR

b

Cos 40°

RL

1

VSV e D

September 12, 1978

N Rb(l+cos45°)

0 e °
Cos 40°+P, [ 2R, (1-Cos 45°)+2R +2R, (1+Cos 45 )42, ]

1-39%a
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Where:
W = (Payload + Lid + Overpack)
= (7500 lbs. + 7600 1lbs. + 3000 1lbs.)
= 18100 lbs.
80.4 g's (Max.)

O
i

Rb = 65.5/2 in. = 32.75 in.

m
i

1,973,400 lbs.

L, = 14.46 in.

(18100) (80.4) (32.75)Cos 42.7° = (1,973,400) (14.46)Cos 42.7° +
(2) (32.75)P, (1=Cos 45°+1+1+Cos 45°+.5)

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

P, = 61,305 1bs. per bolt

b

Therefore, the maximum bolt lcad will be 61,305 lbs. Capacity
of the high strength 1-1/4 in. bolt is 95,248 lbs. The Margin

~f Safety is:

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

M.S, = 4,88 Closure Svstem

1-39b
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This number is conservative since the average compressive stress
acting across the 1lid 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
assumad. Foam does have the ability to distribute lcads out over
a larger footprint. This will also increase the load carried

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

weight will be reacted directly onto the impact surface thus

reducing the load experienced by the primary studs.

Each stud is threaded into the top closure ring and high
strength doubler. Total thread engacement 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 same tensile strength as the
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 frocm a material of greater strength than the
stud, the following conservative margin of safety can be

calculated.

MoSA = 1-75 lno/lozs in- "'l

M.,S. = +,40

1-40
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/

- /',’ -/..
oTI STEEL sl
A = /{Md S/
27T TUx &L

Tear out or shear strength at the closure ring is calculated

as follows. Conservatively assume that the closu

"

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

stud center line.

1=40a
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pw o Fsqueld
Where:
Fsu = 35,000 psi

o -
Aweld = L(3/4)(‘7°7)+(3/8)J 8

- 7.24 in®

P, = (35,000 psi) (7.24 in®)

Pw = 253,470 lbs.

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

M.S5. = + 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:

P. = (W)(ag)lCon @)/N

1-41
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PACKAGE WEIGHWT « 5750C. (L3%)
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MMM/(/A/ JRorvETIET PAYLOAD ENVELOPE LENGTH o 74,30 (IN)

PAYLOAD ENVELOPE DIAMETERw 70.29% (IN)
Ao vesd.

DROP HEIGHT . 30.00 (FT)
ORIENTATION ANGLE - +TH84 (RADIANT

NIMINAL CRUSH STRESS

Q.00 (PSI)

STRAIN VS STRESS TAALE

Y STRAIN STRESS
1 2.00 0.00
2 05 £5C.00
3 L7 85%50.CC
- 10 9%50.00
5 W20 1000.00
6 25 10%0.00
; 4 +30 11%¢.00
8 40 126C.00
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Therefore, it can be concluded that the studs static allowable

capabilities will not be lower under shock or dynamic loading.

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)7(1/2) (sin 45°)

2 2 2

A= 6.55 in® + 38.6 in® = 104.1 in

Ps = FSA

2

(35000 psi) (104.1 in®)

3,644,500 lbe capacity
Shear loads will be:
F = (64000 1bs-7600 lbs (1id)-3000 1b(0.P.)] cos 40° (30.4 g's)
F = 3,288,000 lbs (Maximum)
Margin of Safety
M.S. = 3,644,500/3,288,000 -1
N.8. » %»,11

Therefore, the stepped lid can safely react all lateral loads

resulting from corner drop impact conditions.

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

l1-43a
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locads produce lateral shear forces that are reacted in direct
compression of the lapped joint. Bolts securing the secondary
lid are not required to react this shear force since the radial
clearance with their hole is greater than that of their stepped

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

In order to determine the amount of deformation that would be
experienced by a side impact it was conservatively assumed that
only the projected length of the cask on the overpack would be
effective. Therefore, the overpacks effective length would be 44

inches.

The impact acceleration farces are determined by use cf a NUPAC
developed computer program called SYDROP (3ide Drop = Cylinders).
SYDROP was developed to consider the strain hardening in a crushable

foam overpack. The general approach, output, and assum>tions parallel

1-44
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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 resvlts

are summarized below with computer results following:

Energy
Deflection Absorption Impact .
Case (in) Maryin Acceleration
Minimum Properties 10.0 +0.513 108.6qg
Maximum Properties 9.5 +0.95 101.%7¢

*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 ¢f the over=-
pack that extends beyond the end of the cask an additicnal
SYDROP run was made. For this case the effective package

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

overpacks.
mme—ave—
o m bl
| ]
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NUCLEA® PACNAGING PROP®IETARY 21.50.48

CNe=30 SWIELDED CASK & QVERPACK, MAXIMU4 PROPESTIES

PACKAGE WEIGHT o 575QC., (L83S) il
PACKAGE EXTERNAL LENGTH . 46,00 (IN)

PACYAGF FXTEGNAL DIAMETER = 96,00 (IN)

PAYLOAD DIAMETEF B R il PR
DROP HEIGHT N 319.0C (FT)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 850,00 it
3 . ".. 07 1000.00 -
& e .10 10%50.00 i
S 220 1200.90
6 25 1300.00
7 30 130,00
8 240 1500,00
9 s 1620.00
10 «50 1800..0
43 11 . 50 2350.060
12 . 70 4400,00
13 .75 $100.00
12 +£0 £350.00
1% - .90 15300,00
8 v .95 20%5CC.00
17 .99 25600.00
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From the print ocut 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. l-4d¢ a)

Therefore, it can be concluded that the overhanging sectiocon
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 wo not react these
shear loads 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.

Load per bolt is:

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

P = 27250 lbs (shear)

Bolt capac.ty is:

w

in") (60%
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Margin of Safety
M.S. = R/P ~1
M.S. = 38847/27250 -1
M.S. = +0.43

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

is flush with the outside diameter of the cask. Lateral loads from
the 1id are reacted in direct bearing on the 4 inch thick plate while
lateral loads from the cask body are distributed along its length.
Therefore, the actual shear locads carried across the joint for side
drop conditions are very small. They become limited primarily to
acceleration loads of the inside 1id plate on its attachment welds

to the outside plate.

LID~ 4" THICK LT
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The loads are:

P = (n/4)(59)%(4) (.283 1lbs/in>) (108.6 g's)
P = 336,000 lbs

Th:e weld area is:
A= 59(n)(.50) sin 45°

A= 65.5 in®

Stress:

£ = 336,000 1bs/65.5 in’
fs = 5128 psi

Margin of Safety on plate to plate attachment is:
M.S. = 35,000 psi/5128 psi ~1

M.S5. = +Large

Cenclusion:

From the above it can be concluded that under the most conservative
cenditions the package will maintain 3 inches of fcam 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

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

side walls between overpack.

Since the overpack is backed by side wall or end type construction,

-

any impact in this region would be less severe.

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

thickness for puncture integrity can be calculated as:

£ = (W) 't

Where:
S = 58000 psi
W= 57500 1b.
t = (57500/58000)° '

t = 0.994 incaes

The Margin of Safety for side puncture is:
M.S. = 1.00/.994 -1 (Cask No. 001 Only)
MCSQ + +0' ol

1-47b
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GRNL Dwg 67-10563 A

10001 T |
600 + '
[f1e139
' /4 \ s~ 60,000
400 7 CARBON STEEL
35 Jﬁ‘ - / ASTM A28%
| ' 150 883
§ 462,900
l / CARBON STEEL
200 e 4 |ASTM A288
, i t=0.5
/$ 81,200
TYTYPE 304L STAINLESS
' STEEL , ASTM A240

MODEL DATA FOR asan.Puncnj

INCIPIENT PUNCTURE ENERGY (IN-LB)
* ULTIMATE TENSHE STRENGTH (LB/IN?)

80 /| SCALED UP TO 60 IN. PUNCH |
] 5.3’“.4; | | |
60 /// % e ‘
Pt bt '
" (111 T
40 'i
||
m -
it 4 I
| | 1
Z.OT Wiy !
| BHaLE l.
| RER |
1 SR |
‘ g ‘ Bad :
'o l L i 1 ! !
Qi 02 O3 04 08 C2 W 20 0
TEST PLATE THICKNESS | 1, (Inches)

Fig. 2.3. Puncture Test Data for Lead-Backed Plates,

For subsequent casks, Serial No. 002 and beyond, the external skin
will be increased to a thickness of 1 1/8 inches. Using the lcwer

design curve, drawn between the tweo test points, E/S = 42

for a

plate thickness of 1 1/8 inches.

1=-48a



Revision 1
September 12, 1978
Using minimum allowable mechanical properties for A-36 the incipient

puncture energy is:

E= 42 §
= 42 (58000 psi)
= 2,436,000 in/lbs
Margin of Safety

M.S. = 2,436,000/(57500) (40) =1
M.S. = +,06

Therefore, it can be concluded that the Serial No. 001 cask is
acceptable since it was manufactured from steel with actual
material properties of 66,800 psi. Future casks, Serial No. 002

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

1-48b
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End impact evaluation of the CN6~-80B package is based upon a cdetail
non-linear finite element analysis which conservatively assumed conly
one of the two lapped end plates deformed inelastically to absorb
the full kinetic energy of impact. That is, the energy absocorbed
by the smaller second plate was counservatively ignored. The
CN6-80B evaluation employed an axi-symmetric "ANSYS" finite element
solution which considered both large deflection cof 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
of four inches thickness and 68%" in diameter, as shown in Figure
1.7.2-1. The plate model was lcaded 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.
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On an effective strain basis, the worst severely strained element
possesses a rupture margin of greater than + 1.13; thus, no puncture

QCccurs.

Maximum pin penetration (deformation of plate) was determined by
plotting the load deformation characteristics of node 2 (the
puncture pin diametrical location) as shown in Figure 1.7.2=3.
Integrating this load-deformation relation, as shown in Figure
1.7.2-4, produces a description of plate strain energy versus

deformation depth.

The kinetic energy relation of the dropped cask is also plotted

on figure l1.7.2-4. The intersection of these two energy relations
defines the defomation depth at which the strain energy (or work
done on the plate) eguals the available kinetic energy. At this
deformation depth, 2.48 inches, the deformation is arrested and

can proceed no further.

From Figure 1.7.2=3 the maximum load will be:

F=2m (188,000 1lbs)

F=1.18 x 10% 1bs
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:
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£f. = Impact Force, F/Effective Area, A

b
where:

Pe1.18 x 10° 1bs (Pg. 1-51)

A= (34° - 32%%) /4

. 78.34 in®

£, = 1.18 x 10%/78. 34

fb = 15,060 psi

Margin of Safety
M.S. = 36,000 psi/15,060 psi ~1
M.S. = *104

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

react the pin impact loads.

1=-50a
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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

The results described in Section 2.5 are summarized below:

Item Value See Section
Primary Seal Temperature 227°F 2:9:3
Secondary Seal Temperature 450°F 2:9.3
Inner Lid Surface 457°F 2.5.3
Inner Upper Shield Surface 188°F 2:3:3
Inner Mid Shield Surface 300°F 2:5.1
Internal Pressure 11.59 psig 2«5.4

1.7.3.2 Differential Thermal Expansion

Not applicable
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