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T0 _THE USER

This document and the referenced drawings have been compiled to facilitate
the U.8, Nuclear Regulatory Commission review and certification process by
presenting in a consolidated form all of the information pertinent to the :
certification of this cask, As such, this document is extensively based on .
excerpte of information and precedent in the public record associated with NRC :
certificate 71-9176, which describes casks similar in design to the one
described herein., However, this document and the referenced drawings have been
prepared to embody all of the design detail and commitments sufficient to
warrant licensure and be appropriate for reference in a cask certificate.
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The purpose of the following document is to provide the information
and engineering analysis that demonstrates the performance
capability and structural integrity of the 14-J15 Ratw ite
Shipping Cask and its compliance with the requireme, : ° 10CFR71,

Package Description

1.2.1

2.2

General Description

The 14-215 Shipping Cask 1s & top-loading, shielded
cortainer designed specifically for the safe transport
of low specific activity radicactive waste materials
between nuclear facilities and waste disposal sites.
The radicactive materials can be packaged in a variety
of different type dieposable containers.

The 14-215 Sh'pp.ng Cask is a primary containment
vessel for rad!»s-tive materiale., It consiste of a
cask body, cask 1id, and a shield plug being basically
a top-opening right circular cylinder which is on its
vertical axis. Its principal iimensions are 83-1/2
inches outside diameter by 92~1/4 inches high with

a cavity of 77-1/4 inches diameter by 80-1/4 inches
high.

Materials of Construction, Dimensions and Fabricating
Methods

The cask certification drawing for the '-215 Cask,
drawing STD-02«077, provides the overall dimensions as
well as the materials of construction.

The walls of the cask contain a lead thickness of
1-7/8 inches encased in a2 3/8 inch thick inner steel
shell ind & 7/8 inch thick outer steel shell., The top
and bottow ends of the cylindrical cask are
constructed of a pair of 2 inch thirk stacked steel
plates.

The top serves as a removable cask 1id and is secured
to the cylindrical cask body by eight high strength
ratchet binders. A 29 inch secondary cask lid is
loceted in the center of the primary 1id and is
secured to the primary 1id by eight 3/4 inch studs.
Lifting lugs and tiucown lugs are a structural part of
the package.

1-1
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Containment Vessel

The inner shell and inner end plates of each cask
serve as the containment vessel and 1te mechanical
configuration is described in the foregoing paragraph.

A 50 Durometer neoprene gasket le employed in both the
primary and secondary 1id interfaces.

Waste products will be contained in 55 gallon drume,
in heavy gauge disposasble steel liners, in high
integrity containers, in crates or other suitable
palletized forms.

1.2.4 Neutron Absorber

There are no materials veed as neutron absorbers or
moderators in the 14-215 package, |

10249 Grocs Package Weight

The respective gross weights of the cask components
and its designated maximum payload are as followe:

Cask Body 31,800
Closure l.id 5,450
Shield Plug 1,150
Total Cask (unloaded) 36,400 1bs
Maximum Payload 20,000 1bs
Gross Package Weight 58,400 1bs

1.2.6 Receptacles

There are no internal or external structures
supporting or protecting receptacles.

Svded Containment Penetrations

The cask is provided with & 3/4 inch pipe drain line
sealed with a pipe plug., Its use is for removal of
entrapped liquids, such as rain or decontamination
fluids.

A pressure tap is also included in the primary 1id
design, It consists of a 1/4 inch diameter hole
drilled at & 30° angle through the lid top plate
sealed with a pipe plug.

0024k 1-2
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Tiedown lugs are a structural part of the

package. From the cask certification drawing,
at can be seen that four reinforced tiedown
lug location are provided. Refer to Section
2.4.4 for a detailed ana.ysis of their
structural integrity.

Lifting Devices

Lifting devices are a structural part of the
package. From the cask certification drawing,
it can be seen that three reinforced lifting
locations are provided. Refer to Section
2.4.3 for a detailed analysis of their
structural integrity.

Bressure Relief System

There are no pressure relief valves.

Heat Dissipation

There are no special devices used for the
dissipation of heat. The package maximum

structural design capacity is 400 watts.
However, decay heat limits based upon the
shielding capabilities of the cask are given
on page 3-2.

Coplants

There are no coolants involved.
Protrusions

There are no outer or inner protrusions,
except for the 1lifting and tiedown lugs
described above.

shield

The contents will be limited such that the
radiological shielding provided will ensure
compliance with DOT and IAEA regviatory
regquirements. Should lead slump occur, as the
result of a flat end drop, the dseply steeped
lid will provide full shielding protection.

As an option, the cask contents may include a
removable solid steel, close fitting sleeve
which provides shoring and additional
shielding to the waste disposal container.
This open-ended sleeve or insert is not

i~3
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attached to the cask or the disposal
container. It serves to augncnt any shielding
inherent in the waste container design and the
self-shielding of the waste form. The
inserts used vary from 3/4" thick to 1 1/2"
thick. They fit the inside diameter of the
cask to within 1/2" on a side. Insert heights
vary from 1 1/4" to 2 3/4" shorter than the
cask cavity height. Each insert is capable of
withstanding all conceivable normal conditions
of transport without deflection or dislodging.
Although one would expect this insert to
remain effective in a hypothetical accident,
no credit is taken for the shielding by the
insert to satisfy the 10CFR71 post-accident
cask contact dose rate limit of 1 R/hour.

Operational Features

Refer to the cask certification drawing of the packaging.
There are no complex operational requirements connected
with the 14-215 package and none that have any transport
significance.

Contents of Packaging

This application is for transporting the following
radiocactive materials as defined in the U.S.A. and
I.A.E.A. regulations:

a. Type "A" gquantities in rormal or special form:

b. Fissile gquantities are those limited to the amounts
as generally licensed under 10CFR71.18 and 71.22;

. 18 L.S.A. materials greater than Type "A" guantities;

d. The chemical and physical form of the package
contents will be in all forms, other than liquids.
This will include ion exchange resins in a
dewatered or solidified state, typical PWR or BWR
solidified radiocactive waste and miscellaneocus
contaminated materials such as pipe, wood, metal
scrap, etc. All wastes will be contained within a
separate disposable container. These containers
will isolate the contents from the cask.

1-4
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STRUCTURAL EVALUATION

2.1

Structural Design

2.1,1

2.1.2

Discussion

The principal scructural member of the 14-215 package 1s the
containment vessel described in Section 1.2.1. The above
components are identified on the cask certification drawing,
drawing No. STD-02-077. A detailed discussion of the structural
design and performance of these components will be provided below,

Deni;n Criteria

The 14-215 cask has been designed to be a simple, strong package
that will provide maximum flexibility for usage &s well as minimum
potential exposure to operating personnel. Its size and shielding
capacity will allow a variety of payloads to be safely transported,
The shield top and bottom are constructed of two laminated steel
plates., Cylindrical side walls have an external skin of ,875
inches and an internal skin of .375 inches thick plate. These two
plates encase a 1,88 inch thickness of lead., Pertinent dimensions
of the 14-215 package are provided on the cask certification
drawing. The package has been designed to provide well defined
load paths which lend themselves to simple, highly reliable
structural analysis methods. No new state-of- the-art approaches
have been used for analytical evaluation. All analytical
techniques used throughout the SAR are proven methods that have
been used in past submittals. Details of these methods are given
where used. Regulatory Guide 7.8, "Load Combinations for the
Structural Analysis of Shipping Casks', was used in evaluating the
14-215 package. Materials properties used in the &nalysis can be
found in Sectlon 2.3.

2,2 Weights and Center of Gravity

The weight of the 14-215 cagk and payload 1s summarized in Section 1,2.5.
The center of gravity for the assembled package is located at the

o
-
I

approximate geometric center of gravity.

Mechanical Properties of Materials

The 14-215 package is fabricated of ASTM A516 CGr. 70 steel except as noted

below.,

0024k

Material properties of the A516 steel are as follows:

Ftu = 70,000 psi
Faus. @ 38,000 peil
Fau = 42,000 psi (.6 Ftu)
Fsy = 22,800 psi (.6 Fty)
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The vertical plates of the 1lifting/tiedown 1lugs are
constructed of ASTM A514 steel. Material properties used for

these steels are as follows:

F,, = 110,000 to 135,000 psi

F,, = 100,000 psi

ty

F,, = 66,000 to 81,000 psi (.6 F)

F,, = 60,000 psi (.6 F

o
The 1id standoffs are constructed of AISI 1018 cr equivalent
steel plate. Material properties used are as follows:

F, = 69,000 psi

F,, = 40,000 psi

F. = 41,400 psi (.6 F

su w)

F,, = 24,000 psi (.6 F,)
Lead shielding will possess those properties referenced in
ORNL~NSIC-68, Table 2.6, page 84. The optional removable
shie'ding inserts occasionally installed as part of the
contents are constructed of ASTM A 26 plate.

Lid studs are fabricated of ASTM A320 Grade L-7 or equivalent
steel. Properties used for analysis are as follows:

Bar Properties (Per ASTM A320-78)

F, = 125,000 psi

tu

F

y = 105,000 psi

General sStandards

This section demonstrates that the general standards for the
package are met.

2.4.1 Chemical and Galvanic Reactions

The cask is constructed from heavy structural steel
plates. All exterior surfaces are primed and
painted with high guality epoxy paint. There will
be no galvanic, chemical or other reaction in air,
nitrogen or water atmosphere.

As described in Section 1.2.1, the positive closure
system consists of a primary lid secured by eight
high strength ratchet binders and a secondary 1lid
affixed with eight 3/4 inch diameter studs. In
addition, each package will be sealed with an
approved tamper indicating seal to prevent
inadvertent and undetected opening.
2=2
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Lifting Devices

There are four lifting luge for the package, three 1ifting lugs for
the 11d assembly (primary and secondery lids) and a single lifting
lug for the secondary 1id., All lifting lugs are evaluated versus
the requirements of 10 CFR 71, Section 71.45.

2.4.3.1 Package Lifting Lugs

For conservatism, the package is assumed to be lifted
by only two of the four identical lifting lugs. The
maximum package weight is 58,400 1bs., The lug load is
calculated as:

p, = WaglN; where W Package Weight

L

a8 » jload Factor, 3 g's

n = Number of lugs

P, = (58,400) (3)/2

I 87,600 1bs,

.
‘} "4
&)
2.5
§
/3 MR
A 2
5i4/817
2'R
I
280
5
2-3
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Using the conventional 40° shear expression:

™ -i °
Pyld 2 F'y t(ed . cog 40°)
- 2(60,000) 2(2.5 =~ 22 cos 40%)
2
« 370,200 1bs.
P
HIS' L ‘—Ll‘g'-l
L2
370, 200
* Tor.e00 " ! * .2

The weld stresses are composed of pure shear and
tension/compression due to the moment.

"L

v

Pure shear on weld: F. =

Where: F6 = Shear Stress
A = Weld Area = Lw x tw

L= 2(8" 4+ 11") = 38" (Considering only
the vertical
welds attaching
the ASTM AS514
plate to the
cask.)

t = (,5")(1.00) + (.5")(,707) = ,BS4"
(Groove +
fillet weld)

A = 38" (,854") = 32,3 in.?

w
Then, ¥ - M = 2.712 psi
: 32.3

Moment force on Weld:

Maximum Moment = M = 87,600 (2.5") = 219,000 in~1bs.
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Calculate weld neutral axis assuming no .ortribution
from the horizontal lug:

d = Distance from horizontal lug center line to
neutral axis (NA)

Section A g Axd
] (.854)(8) = 6,83 5.0 34,16
2 (-854)(11) - 9:.39 - 6.5 -61.06
_ ~26.90
d= 1632 " -1.66 in.

The stress due to the moment is

~p o

Where:

M = 219,000 in-1lbs

. v 2 2
1 2(1l + Aldl + 12 + Azdz )
1 4

12

A, = (,854) (B) = 6,83 in?

= 1,66 + 1,0 + 8.0, 6.66 in
2

1. = (.854) (113 = 94.7 1n"

2 12
A, = (.854) (11) = 9,39 in?

I = 2(36,4 + (6.83)(6.66)2 +,96.7 +
{9.39)(4.84)%) = 1308 in

C = 9,04+ 1,66 = 10,66 in
1308

g o S _ = 122,77 in®
10.66

D024k 2=5
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Then,
‘FM - 2—.‘-9—-'.292- 1785 psi
122.7

Combined Stress:

& 2 2
' /(r') + (R

« (2712)% 4 (1785)% = 3247 psi

The allowable stress for E70 weld rods is 30 of the
tensile strength of 70,000 psi, or

F‘ = (,30)(70,000) = 21,000 psi
The lug weld Margin of Safety is:

F. 21,000
M.S, = 'F:"- ] = 3,247 -1 = 45,47

Therefore, it can be safely concluded that the lifting
lugs will not yield under a load equal to three times
the weight of the package. Should a lug experience a
load in excess of 370,200 1bs., it will begin to shear
out locally through the eye, and will have no adverse
effects upon the package's ability to meet other
requirements.

Primary and Secondary Lid Lifting Lugs

The primary and secondary lid 1ifting lugs are
identical in size and shepe. The following analysis
conservatively considers the maximum lug load in order
to assess both primary and secondary 1lid lugs,

The maximum lid weight is 5,450 1lbs.
Using three lugs the load per lug is:

PL = (5,450 1bs) (3 g's)/3 lugs

PL = 5,450 1bs/lug
This is greater than the secondary lug load of:

3(1150 1bs) = 3450 1bs.

,—-A.‘ﬁh

n.'i—
_;._
ey

2-6
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Using the conventional 40° shear out equation, the
vield capacity is:

e -i .
P. F'y2t (ed : cos 40°%)
Where: Foy = 22,800 psi (yileld)

t = 1.0 in,

d = 1.0 in,
Ed = 1.3 in,
Ps = (22,800)(2)(1,0)(1.3 = (1.0) cos 40°)

2
P = 41,810 1bs,
s

The yield Margin of Safety, using the maximum lug
load, 1is:

"-So - L_ - 1 » kl.alo - 1
PL 5,450
= 46,67

The yvield capacity of the lug~to-lid weld may be
estimated as:

P = A
a sy w
Where:
oy # 21,000 (E70 Weld Rod)
A it
w w w
Lv w 2(6.,0" #+ 1,0") = 14,.0"
tw = (0,5(0.707) = .354" (Fillet Weld)
A, = (14.0)(.354) = 4.95 in,?
Then:
Pa = (21,000)(4.95) = 103,929 1bs,
The lug=-to-lid weld Margin of Safety is:
M.5. = Tp -1 =3930 . 418,07
PL 5,450

27
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Therefore, it can be concluded that the primary and
secondary 14d 1ifting lugs ere more than adequate to
resist & load equal to three times their maximum
loade. As for the package lifting lugs, the 11d
1ifting lugs fail by local shearout through the eye
and therefore, have no adverse effect upon the
package's ability to meet other requirements of
JOCFR71. Since the 14d 1ifting lugs are not capable
of reacting the full package load, they will be
covered during transit,

Tiedowns

Four tiedown lugs are provided to resist transportation induced
loads. The required load factore are:

Ax = 10g (longitudinal)
Ay = 5g (lateral)

A: = 2g (vertical)
The four tiedown lugs &re Jocated at 90° intervals around the
package sidewall at an elevation above the package base., The
tiedown arrangement for the 14-215 cask 1 shown in Figure
2,4,4~1, Tiedown cables are assumed to be fastened to the trailer
at the same elevation as the base of the cask as shown ({i.e., top
of trailer deck).

From the geometry given in the sketch, the cable tension due to
horizontal accelerations can be determined by summing moments about
the opposite bottom corner of the package. For the longitudinal
acceleration case:
]
Ach ] 2(Pvd + Phh)
But,
'
Awa = ZPT(Bzd + Bxh)

Solving for P

Tt
Ac
P. X
1lon "N v )
. 3 B,d +Bh

Similarly, the cable tension due to the lateral acceleration is:

Ac
T e = W ()

2 Bd + Bh
z y

2-8
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N

&
|
-

e
o
€
L .
B, B , B are cable direction cosines. If & is the
cﬁbleylenéth:
- / ; -
Bx ®/L Ph Bx Pt or Bypt
B = y/% P =B P
y v z t
B = h/f
2

Figure 2.4.4~1

0024k 2-9
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The cable tension due to the vertical acceleration is simply:
va - Alw . GB.PT

Solving for PT:

P AW
T . 2.
vert 4B

For conservatism, these tliree loads may be assumed to coincide for
the most severely loaded cable:

Ac A

A
PT -! (—'T'L-— 4 —.1L— + il )
2 Bd + B!h Bzd + Byh ZBg

TABLE 2.4.4-1

CASK TIEDOWN CABLE FORCES

Gross Outside Outside al h Cable Cable
Cask Welight Diameter Height Length Tension
Hodel {ib.) (in.) (in.) (in.) (in.) (in.) Bx, By Bz (Ib.)
14-215 58,400 83.% 88,25 73.0 70.6 74.5 224 948 257,900

0024k 2-10
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The cable force calculated for the 14-215 cask 1s 257,900 1be
utilizing the above equations, The tiedown lug is made of three
plates welded together as shown in the sketch below., The tiedown
cable is attached to the lower hole, The cable lies in a vertical

piane which also is the lug plane of symmetry., Therefore, no
%

7

85
'y ] +

t—-u‘al—u:-
r

twisting moments are induced in the lug.
™\
R g 0

450 L vl
. p— o NA.
et y -
| ‘ a'e 1 ‘l
A AT ‘|

b.oy

l

Ll by i

85

The tiedown lug capacity is calculated using the 40° shearout
expression at the tiedown eyes.

- -d e
PL ZFsyt (ed -; cos 40°%)

0024k 2-11
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From the figure above:

£ . g%

e, " 35"

d = 2.5"
Then:

PL = 2(60,000)(2")(2.5 - ;§§ cos 40°%)

= 370,200 LBS,

Using the maximum cable tension of 257,900 1b, the yield Margin of
Safety is:

. 370,200 _
257,900

M.S. 1 = 40,44

The cable load consists of both horizontal and vertical components.
The cask produces a cable load which introduces both a bending
moment and a shear load into the outer shell through the lug to
shell weld.

The weld stresses in the lug-to-shell weld are composed of pure
shear and tension/compression due to the moments.

Pure shear on weld due to vertical component of the lug load, Pv:

-
"

>'-u

€ l<

The vertical component of force is:
Pv = (,948)(257,900) = 244,489 1lbs,
From Section 2.4.3.1, Package Lifting Lugs!
A = 32,3 in,?
w
Then,

_ 264,489
32.3

F = 7,569 psi

The moment force on the weld is the summation of the momeunts due to
the horizontal and vertical components of the force, or:

M = Fv‘v + FH‘H

2-12
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-
.

244,489 1bs,

2. 3"

-
"

(,224) (244 ,489) = 54,766 1bs.

4. 84"
Then, assuming a CCW moment is positive:

M= (244,489)(2,5) = (54,766) (4.B4) = 346,155 in-lbs
Again, from Section 2.4.3.1, Package Lifting Lugs:

z = 122,7 in®

By = 02220 . 2821 pat

122.7

Combined Stress:

¥ - J(7569)% + (2821)% = BO78 pei

The lug-to-shell weld Margin of Safety is:

13 21,000
M.§, = ;# -] @ m—] = 1,60
c 8,078

The stresses induced into the outer shell by the tiedown lugs were
determined using the finite element analysis program ANSYS,
Revision 3, Update 67L, available on the Boeing Computer Services
(BCS) National Network, MAINSTREAM - EKS., The capabilities are
outlined in Appendix 2.10.5,

The Finite Element model consisted of a 45° section of the cask
outer shell, cask wall top plate, and one-half the lug. The length
of the cask model below the tiedown lug was sufficient to eliminate
any end (boundary condition) effects from affecting the final
results., To react to the lug loads, the nodes along the bottom of
the inside and outside shells were constrained from displacing
vertically, For symmetrv, the nodes along the sectional cuts were
constrained from displacing circumferentially and rotating about
the X (radial) and Z (vertical) axes.

Springs were introduced between the inner and outer shells at

locations where the shells displaced radially towards each other
(compression only) to account for the presence of the lead. The
corresponding spring stiffness was estimated for a column of lead

2~11
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as k = AE/L. Since the purpose of the springs was to prevent
fictitious localized bending stresses, placement of the lead spring
was conservatively chosen as one every four inches.

The model, with exception of the spring elements, was defined
entirely of quadrilateral shell elements. The geometrv plots are
illustrated in Figures 2.4.4-2 to 2,4,4~5, Figures 2.4,.4-2 and -3
have omitted the side lug plate for clarity., The quadrilateral
shell element has both bending and membrane stress capabilities
with six degrees of freedom at each node: translations in the
nodal x, y, &and 2 directions and rotations about the nodal x, vy,
and z axis. Each element, either triangular or quadrilateral in
shape, was defined by four nodes that lie in a plane. The
thickness at each node in an element was defined in a real constant
table for each element type.

The element size was decreased in the area of the lug for greater
accuracy, Furthermore, to enhance to model definition, the node
directly adjacent to each of the Jug attachment nodes was linerly
constrained to move with that node (e.g., Node 2 was linearly
constrained to move with Node 1, Node 14 with Node 13, Nodes 99 and
123 to move with Node 111, etc,) to simulate the presence of the
two~inch wide lug plates.

A 281,000 1b. load was introduced as a 89,000 1b, outward radial
component combined with a 26,,000 1b, downward vertical component
at Node 622, This ie conservatively higher than the cable tension
for the 4-2]15 cask. The lug hole was omitted to decrease the
complexity of the model as any local effects of the hole would not
directly affect the reaction of the outer shell,

Other than the springs between the inner and outer shells, the
contribution of the lead strength was neglected. Also, for
conservatism, the cask wall top plate was defined as being one-half
inch thick.

The maximum combined stress occurred at Element 232, directly belou
the lug, on the outside of the outer shell, The 20,749 psi
combir:d stress was comprised of a 22,792 psi compressive
longitudinal stress, a 5004 psi compressive circumferential stress,
and a 164 psi shear stress as shown on page 2~19%a. A description
of how to interpret element stress output is provided in Appendix
2.10.5, The second highest stress area in the outer shell occurred
around the end of the horizontal lug. 1In this area, the element
with the highest stresses, Element 88, contained a combined stress
of 18,203 psi.

The largest outward radial displacement of the outer shell, 0,0417
inches, occurred at Node 1, The largest inward radial displacement
on the outer shell, 0.033] inches, occurred at Node 386,
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The Margin of Safety of the outer shell is:
38,000
20,749

“080 - - l o +0l83

In order to preclude damage to the cask under extreme loads, the
ti~down lug is designed to fail prior to the weld or cask shell.
The ultimate shearout capacity of the lug, using roughly the
highest strength A517 steel (Fu = 135,000 psi), which occurs:

Py ™ +6 (135,000) = 81,000 psi

The minimum ultimate capacity of the weld or shel) (using & minimum
value of Fnu for A516 plate):

. 281,000 (.6)(70,000)

P » 1,186,000 1bs.
weld 9922

el ® 281,000 (.6)(70,000) 567,179 1bs.
e 20,749

Thus, failure of the lug will not dama~e the cask,

i et e = B
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Elz 228 MODES= 251 252 248 239 MAT= & ARREA= 1.00 110F, 1801 Te.9 8.8 FPRESST O, GuUaD SHELL
mX Ny HXY = 257.18 25.650 . 198.54 mx . NY= -36.207 -11.373% XC,YC,ZC- &8.¢ e.s -1%.9
109 SX,SY,TXY: 2072.3 -3577 .4 2594 .4 SHX, SMN, THxX= 10829 -4%528 .9 3835.4 AT 68.7 SIGE:  668%.7
MID SX,SY.1XY= 57.139 -3718.% 1932.5 cprx, G448, TMX= 320 27 -4841.6 2189.% #= 7%.8 SIGE= A218.9%
BOT SX,SY,1XY= -1958.9 ~3979.5 -517.5% SPx, St THK: 218333 -4104.2 1135.5 A= -26.4& SIGE= 13581.1
EL= 221 MODES= 253 254 242 241 RAL= 1| AREA= 1.88@ 110P . 18071= 796 79.80 PRESS- 0. QUAD SHELL
HX, MY, PxY:  ~171.38 -571.28 12176E-9% NX HY= - . 3D45CE-0° 1677.8 XC.YC.ZC= &1.3 .50y -29.9%
TOP SX,.SY.TIXY>® -4910.95 ~16368. -8.7.%8 SMX,SMH, THX= -¢910.5 - 53458, $72%.2 £= -989._% SIGE= 14349,
MID SX,5Y,TXY= ~3567.4 -11891. ~3.71%2 SMX, SMN, THX: -3567 ¢ -11892. 41620 = -89.9 SIGE® {9349,
BOT SX,SY,IXy=: -22264.% -7416.9% -8.719% Y, SHN, ThX= ~2226.3 -7614 .5 2595.1 Az -89.% SIGE= 4590.2
El= 232 NODES= 25¢ 2%) 245 2448 MAT= 1 AREA=  j.00 TroP.1807=  70.0 7.8 FRESS: 8. QUAD SMELL
MY, MY, HXTE  -494 96 -12 5 7 7Q 949 MY, NY= 196, Zle 2 -225.19 XC.YC,Z2= A1.3 -2!.3
107 Y 1!73 ~50'§ 2192, SMX, SMN, InxX= -580 -
RID 3% 37" AL AN S A3 g TR 0% r————i.—-H‘H- :
BOT SX.SY, IlYo 926 .42 ~7964 .8 ~73%.2% SHX , SN, THX= !!5 lﬁ -8025.4 4596 .4 A= -85.3 SIGE’ 8559.%
El= 222 WNODES:= 267 2%% 2%5 2%} MAZI= 1 ARFAT 1.20 TICF,1BGY= 73.¢ 70.90 FPRESS= 9, QUAD SHELL
MX, MY MXY: -82T7 .94 -351.8% -2%4.19% HX, My -2000.% $38._ 98¢ XC,YC.2¢€= &i.3 1.950 -29.9%
IGP SX,SY.TXY= -15417. 329.5%§ -5285.95 SHX, S, THX:  228%.9 -37373. 3s:8.8 2= -18._4 SIGE= 18621
MID SX,SY,IXY= -10436. 2446.9 ~&472.% SPx, SPE, THIX=  JNGS .0 -3185%. 7848 & A= -37.4 SIGE= 16171
BOT SX,SY,TIXY= ~5482.0 4552.2 -3873.3% SiiX, SMM, THX= 5418 4 ~§542.§ 3683.5 = ~35.7 SIGE= 18201.
L= 233 HNODES= 2%¢ 238 267 25% ®hi= 1| AREA= 1.88 TI0P, 12071 708 78.8 PRESS: 0. QUAD SHELL
s X, MY HXYE -1082.9 -$6£3.19 -95.530 HX,H7< 431.93 805 63 XC,YC.ZC= 41.3 1.5 -21.%
. TOP SX,S5Y,IXY= -208%). -2999.7 -3348 .2 SHX, SHK, TRX=: ~-2394 .8 -21502. 9553.5 . A= -18.3 SIGE= 28400,
—~ 7D S$X.5Y.IXY= ~1364%, B46 .95 -25694.8 SHMX. S, I2IX=: §1329.8 -16125. 7727.¢ A= -}8.2 SIGE= 14835,
;’!Ol SX,SY,IxXY=s -438¢.8 4689 .6 -2041.9 SHX, SMM, X 5854.1 -$74%.3 5991.7 A= -19.3 SIGE= 18257.
EL” 24Y NODES= 277 278 266 268 MAT= 1 AREA= 1.08 1TOP, 1801 = 70.% 78.8 PRESS= &, QUAD SHELL
MX, MY MXY=  -397 .40 -751.08 28. 165 MY, NY= -7D.658 -453 .33 XC,YC,2C= &1.3 .59 -22.9
T0P SX,SY,I1XY= -2737.1 -21%49. 13:i8.2 SHX, SMN, THX= -7445 .8 -2153%7. 9445 4§ AT 86.9 SIGE= 28343,
MID SX,SY.TXY= 377.1% 15716, 1152.2 SMX, SHN,. Inx=  §59.07 ~-15798. 584 A= 85.9 SIGE= 14033,
801 SX,S5Y,1x¥=  3491.% ~%%86.7 994 .15 SMM, S, TMX= 3564.4 -130445. é312.9 A= BS.8 SIiGEx= 12234,
Fi> 2¢&8 MODEST 278 279 267 264 MAY= 1 ARE&:= 1.€9 fiop, TR0 = 79.90 70.9 PRESS: 6§, QUAD SHELL
M, Y. MxrYs 347,97 -$37.7% 2.322% HX NY= 294.%) ~378 .86 XC,YC,ZC= A1.3 1.5 -Z3.9
0P SX.SY.IXY: -2930.% -18467. 2629 .4 SHX, SHR, THNES 24979 ~-18%89. 8281.2 A= 80.7 SIGE= 17784,
MID 5X,SY.IX7Y= -203.8% -13478. 2572.9 SHIX, SHN, ToiX= 277 .34 -13951. 7i1601 A= 79.4 SIGE= 4992,
BOT SX.SY,Ixy= 2523.1 -8471.6 2514.7 SMX, SHMH, TMX=  3876.9 -9919.5 6045.2 A= 77.7 SIGE= 1esaS.
El= 22y MODES= 253 256 244 243 MAT= 1 AREA= 1.00 iToP, 1801 = 78.6 78.8 PRESS= 6. QUAD SHELL
MY MY, XY 36.279 -4046 B9 255.2t% MY NY= 509.9%% 597.98 XC.YC.2C= 41.2 2.5% -28.9%
10P SX,SY,IXyY= 1754 4 -13362. 5276 .2 SR, SMM, THMX=  3415.8 ~156868. 2897 A= T72.%5 SIGE= 169%971.
MID SX,S5Y,TxY= ja7€¢.3 ~10154, 327¢ .2 e, MM, IMX=  2339.10 -11816. 6671.8 A= 75.3 SIGE= 12345,
POT SX,SY.IXY= 1185.8 -$965.1 1276.2 S, SMN, THx=  1381.2 -7168.2 4210.7 A= B85.3 SIGE= 7941.4
“EL= 234 NODES= 267 268 256 253 MRT= 1 AZEA= 1.00 TiuP, 7063 = Je.8 78.8 PRESS= 0. QUAD SHMELL
M. MY, Mxy:  -82.98)3 -608.52 114 .54 B, HY= 419 .32 -36.808 XC,¥C.2C= &31.2 2.5% ~28 .9
18P SX,SY,.IXY= ~-339.27 ~15148S. 35724 .12 MK, SHN, MY 477.2) -16082. 823%.4 A= 37.1 SICGE= 18246,
*iD SX,SY,iXy= 295.3? ~10417. 2678.5 SHIX, SMN, 1hx= 927 .89 -11849. 5988 .46 = 76.7 SIGE= 1154},
BOT SX,.SY.1XY= 930.01 -5847.7 1769.9% SHX, SMM, YMIX= 1381.2 -60%9 .8 37451 = 75.8 SIGE= 6894.2
EL= 2¢% NWODES= 279 288 288 2487 MAT= 1 AREA= .08 T10P, 1801 8.0 7e.¢ PRESS: 0. QAR SHELL
X MY, XY= -123.10 -490 84 2¢ . 981 HX, NY= 373.54 -15%.48 XC.¥C.,2C= &1.2 2.58 -22.9
~10P SX,S5Y.1XYT -1489.2 -1§712. 2876 .4 SHX,.SMN, THMX- -813.7% ~15387. 7246 .7 A=  78.3 SIGE= J4917.
MID 3X,SY.TXY=: -46% 83 -1087L. 2622.2 SHX, SM, THX= 200 .49 ~11516. 5858 & Az 76.6% SIGE= 11418,

pOY SX,.SY.TXY= 520.23 -Jes1.} 2467.3 SMX, SMH, TMX=  1253.2 -7766.1 45198.7 A= 73.4 SIGE= B4s3.2
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2.5 Standards for Type "P" & Large Quantity Packaging

This section demonstrates that the standards of Section 71.13 and 71.51,
INCFR71, for Type "B" and large quantity psckagings are met,

0024k

2.5.1

Load Resistance

The requirement for load resistance is that, vhen simply supported
at its ends, the cask must be able to withstand a uniformly
distributed load equal to five times the cask weigut,
Conservatively, the outer shell alone is assumed to support this
load as a beam. Accordingly, the stress is:

M= SWL = (5)(1/8) (58,400)(88.25) = 3,221 x 10% {n-1b
8

C=D=83,5=41,75 in,
e a0

4 4
S o d i 4 4
I B | e i .L(83050 ] 81o75 )
64 b4

« 193,843 in®

and the corresponding stress is:

5o = 2 = (3,221 x 10°)(41.75) = 694 pat

1 193,843

which results in a Margin of Safety of:
F

MS = "¢ w 1| = 38,000 <« 1 = 453,75
vl | e

f

Therefore, the package can safely react the "Load Resistance"
condition,
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2.5.2 External Pressure

An external pressure of 25 peig is reacted 'y the external shell in
hoop compression. The stress can be calculated as follows:

F = Pr/t
Where:
P = 25 paig
r = (83,5 -« ,875)/2 = 41.3]1 inches
t = ,875 in. (outside shell only)
F = (25)(41.31)/.875 = 1180 psi
Margin of Safety:
M.8, = (Fty/F)—l
= (38,000/1180) ~ 1

The analysis is conservative due to the presence nf the lead and
internal shell, The lead assures buckling stability of the shell.
Pressure across the end is carried in plate bending by a minimum of
two inch thick eteel plates top and bottom, Assuming a circular
plate, uniformly loaded and with edges simply supported, the stress
can be calculated as follows:

fr = 3W(3M41)/8vMt? (Per "Formulas for Stress
and Strain" by Roark)

Where:
W o= (25) w(83.50)2%/4 = 136,900
t = 2"
M =1/.33 =3
£ = [ (3)(136,900x10)]/(8x (3)(2)?)

fr = 13,618 psi
Margin of Safety:
M.S5. = 38,000/13,618 - |

M.§5. = +1,79

0024k 2-21
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It 16 therefore safe to conclude that the containment vessel can
react & 25 peig external pressure without loss of contents,

2,6 Normal Conditions of Transport

The 14-215 cask has bLeen designed and constructed, and the contente are
1imited (as described in Section 1.2.3 asbove), such that the performance
requirements specified in 10CFR71 will be met when the package 1s subjected
to the normal conditions of transport specified in Subpart ¥ of 10CFR71,
The ability of the 14-/15 package to satisfactorily withetand the normal

conditions of transport has been essessed as described on the following
pages.

2,6.1 Heat

A detailed thermal analysie can be found in Section 3.4 wherein the
package was exposed to three combinations of solar heating,
internal decay heat and 130°F ambient air. The steady state
analysis conservatively assumed a 24~hour day as maximum solar heat
load. The maximum steady state temperature wag found to be 192°F,
These temperatures will have no detrimental effects on the package.

2,6.2 Cold

The 14-210 cask contuinment components are constructed of AS516
Grade 70 ferritic steel. This materisl provides appropriate
resistance to brittle fracture failures in accordance with the
recoumendations for Category II1I payloads as setforth in NUREC
CR-1815, Specifically, package materials selections comply with
criteria established in Section 5.3 of NUREG CR-1815,

0024k 2-22
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Preseuss

A differential pressure of 0.5 atmospheres vwill be reacted by the
11d and ite associated closures comprised of ratchet binders for
the primary 1id and stude for the seconc y lid. Loads on th
primary 114 ratchet binders are calculated as:

P, = AP/N; where: A = 1%:

P o= 14.7/2 ped
N = 8

For the worst case loading:

Pow 9(B1.B2)% x 14.7 x 1 = 4,83] 1vs,
. -—T—J— —T T ’

The rated load of the ratchet bhinder is 100,000 1be. (see Appendix
2,10,3). Thus, the Margin of Safety is:

M,8, = lOOIOOO « 1« 19,69
’

For the secondary 1id studs, the load is:

P n(33.8)% x (14,7) x 1 = 828 1bs
o e 7 ¥

The tensile strength of the 3/4~10 UNC, ASTM A220 Grade L«7 studs
(minor thread dia. = 0,309) is:

e (105,000) (,309) = 32,450 1bs,

Thus, the margin of safety is:
M.8., = 32,450/9238 « | = 37,72

Stresses induced in the cylinder portion of the cask are
conservatively estimated by assuming the pressure differential is
totally borne by 3/8 inch thick inner zhell. The hoop and
longitudinal stresses are:

£, = PR/t = (21]) (B8 o 95y pay
2 375
t, =z = (22 AR ) . ar9 pa
2 375 2

Assuming these bilaxial stresses are additive,

f.‘x . ih 4 f! = 757 4 379 « 1136 pai

2-23
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2.6.4

2.6,5

2,6.6

STD-R«02-016
MAR 2 § 1550
The margin of safety is:
M8, = 38,000/1,136 ~ 1 = 32,45
Pressure across the end is carried in plate bending by the 2 inch
(winimum) thick steel plates top and bottom, Assuming & circular
plate, uniformly loaded and with edges simply supported, the strese
can be calculated as follows:

t, * IV(IMe1) /8eMet®  (Per “"Formulas for Stress and Strain" by

Roark)
Wheretr W« (7,35) (w) (83,50)*/4 = 40,250 1bs,
t = 2"
M ow1/.33%3
£ * (3)(40250) (10) /8 (3)(D)*
f_ = 4,006 pet

r
Margin of Safety:

M.§, = 38,000/4006 ~ 1 = ¢ 8,48

It can therefore be concluded that the packaging can safely react
an atmospheris pre -ure of 0.5 times standard atwospheric pressure,

Vibration

Shock and vibration normally incident to transport are considered
to have negligible effects on the package.

Water Sgtlx

Since the package exterior is constructed of steel, this test is
not required,

Free Drog

The free drop height specified by Subpart F of 10CFR7]1 for the
14215  package 18 12 inches, since the package ie greater than
30,000 1bs. gross weight,

Three drop orientations are possible: f'.at end drop, side drop and
corner drop, For the flat end drop, the most criticwl condition
will be gsettlement of the unbonded lead shield at the end opposite
the point ¢f impact. For the side drop, local flattening and
impact onto a lifting lug will be evaluated. For the corner drop,
the most critical conditions will be impact on the 1id edge and its
effect on the closure,

2-24
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2.,6.6.1 Flat End Drop

The evaluation of flat end fmpact upon settlement of

lead shieldin; closely follows Shappert's approach for
& cylindrical lead ehield, outlined in Section 2.7.3 -
of his Cask Designer's Guide, ORNL-NSIC«68, Fehruary |
1970, The lead settlement distance is given by:

MM - —— Sl |
W(RT = %) (e o *lopb)

Whe et

LM Settlement depth (in.) |

=
.

Drop Height (in,) = 12%

R = Outer lead radius (dn,) = 40,88 (n.

=
L]

Welght of Lead (lbs.) = 16,290 1bs.

]
"

Inner lead radiue (in.) = 39,00 in,

Ead
L]

Thicknees of external steel shell (in,)
875 in

o Steel dynamic flow stress, 50,000 psi

ovb Lead dynamic flow stress, 5,000 psi
Therefore the settlement depth, AH, equale 0,068
inches,

This modest settlement "void" in the lead shield, 068
inches, cannot transmit radiation becauss of the
stepped design of the package ends. The innermost
polid steel end plates completely back (shield) lead
jettlement regions at both ends of the package., Thus,
le 4 settlement due to a flat end drop does not
compromise, nor alter, the integrity of radiation
shielding in any fashion,

0024k 2-25
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2.,6.6,2 Side Drop

The effect of a side drov on the cask shielding
capabilities is evaluate | using the methods outlined
in Section 2.7.2 of Shappert's Cask Designer's Guide,
UINL=NSIC~68, The governing equation (2.1%) is:

T s I e sradd . -
Wi = F, (e * R ( pb/o.) + 2 (R/1)( o/t.) +¥, (0)
R ‘s

Where:

W = cask veight (1bs.) = 58,400 1bs,
H =12 in,
F, (8) = 6-1/2 #in 26
3 (8) = sin 0(i-cos 0) ~ ©
o = 50,000 psi
o = 5,000 pei
6 = 6,35"
t_ = outer shell thickness = 0.875 in,
t = end plate thickness = 4,00 in,
The flattening of the cask 1s equal to:
d = R(l«cos 0)
Therefore:
d = 0.256 inches

Shielding is reduced by side impact as follows:

1 Shield Reduction ol ( 28 Y (100)
T. 360

Where! T. = Normal Shield Thickness = 0,875 inches

Therefore:
%2 Shield Reduction = 0,313
This insignificant reduction of shielding demonstrates

that side impact does not compromise the integrity of
the package's shielding in any measurable fashion.

024k =26
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The potential for damage to the cask seal reculting
from a side drop onto a tiedown lug 1s also evaluated,
Because the lug is located at the upper end of the
cask, the impact force will be shared by both upper
and lower ends, 1f we conservatively assume, that the
lug carries the entire load, then an estimation of the
deceleration load can be calculated,

As: ming that the lug plate of 514/517 steel deforms
the softer 516 steel cylinder wall, & c¢rush depth can
be found using a dynamic flow stress of (o') 50,000
pei:

U = Vo
5
Where:
U = Total energy = 58,400 (12) = 700,800 i{n-1bs.
V = Crush volume

b1ag S1ug ®

(21)(2)¢ = 426

Substituting and transposing:

¢ = 700,800 = .334 in,
Z§(§6,505)

Note that this is less than half of the .B8 wall
thickness.

2-27
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Impact velocity is:
v = /Igh
« /7(386.4)12
= 96.3 in/sec.

Deceleration in g's 18 then,

] 2
a = .Z.. - 96.3 = 35.9 "‘
5t 20386.4) (.334)

Note that this is within the range of the values found
for the corner drop in Section 2.6,6,3 below,

The tiedown lug extends to the top of the cylinder
wall eo the wall is backed by the cylinder top 1ing as
well as the lead shielding below it, thus resisting
gross radial deflection of the outside cylinder wall,
The circularity ol the cylinder in this area is
insured by the stepped 14d. Thus, the sealing
surfaces in this area are expected to remain
relatively undeformed assuring the preservation of the
seal.

Corner Drog

The impact energy associated with a corner drop will
be absorbed by inelastic deformation of the corner.
Using the "dynamic flow pressure” concept, total
deformation of the corner is estimated and used to
compute package deceleration. This deceleration ie
then used to check the integrity of the lid closure,

Both steel and lead components of the cask ave
distorted upon corner impacts., The assessment of
deformation and resultant decelerations is vbased upon
a4 careful consideration of detail corner geometry for
a range of assumed deformations. It is assumed that
the steel end plates of the cask undergo plastic
flexural deformacion and do not crush. This flexural
deformation of the ends enforces a crushing of the
contiguous lead side walls and the thin cylindrical
external steel shell. The predictions of peak rigid
body impact decelerations are based upon the crush
geometry of the lead side walls and the associated
external steel shell. Resultant deformation
prediction estimates are based upon two energy balance
techniques:

o The plastic flow pressure concept

2-28
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© An integration of force « deflection relations
based upon crush stress approsches,

For the plastic flow stress approach, properties of
steel and lead are based upon recommended deformation
baeis values used by Shappert in the Cask Designer's
Guide, ORNL NSIC-68, Section 2.7.1:

Opb « 5,000 "‘
“ * 50,000 psi

For the crush stress approach, steel crush properties
are assumed to be equal to approximately 1.5 times the
yleld stress, approximately the midpoint between yield
and ultimate stress. Thie conservative approach is
intended to account for both strain rate effects and
strain hardening, This provides a crush stress
equivalent for steel of 55,000 pei. For lead, the
cruegh stress equivalent fs taken as twice yleld, or
1380 x 2 = 2760 psi, reference Table 2.6, Shappert
Cask Designer's Guide, ORNL-NSIC-68,

analytice used for this estimate are outlined in
Appendix 2,10.2, The results are summarized in Table
2,6,6,3-1; detailed computer analysis results for the
cask configuration follow the table,

The deceleration resulting from impact onto th., bottom
corner of the cask is conservatively used in
evaluating the drop onto the top corner of the cask,
The actual deceleration for the top corner drop would
be significantly less due to the bending of the 14d
top plate during impact,

TABLE 206v603-l

CORNER IMPACT DEFORMATION & DECELERATION ESTIMATES

(1)

Drop Crush Zone Geometr Load
Height  Weight Radius Volume  Area Bcptﬁ Factor

Cask (in) (1bs) (1n) (10®)  (1n®) (1n) (g's)

14-215 12 §8,400 41,788 15.4 3% TI.IT 52.6

(1) 1Intepolated for greatest crush depth prediction corresponding
to a strain energy/kinetic energy ratin of unity,
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CASKCRNICORNER)

CORNER IMPACT OF A CYLINDRICAL SHIELDED CASK

2.7% EQ SHIELDING

PACKAGE WEIGHT
DROP HEIGHT
PACKAGE RADIUS

STEEL DYMAMIC FLOM STRESS
STEEL CRUSH STRESS
LEAD DYNAMIC FLOW STRESS
LEAD CRUSH STRESS

STEEL SMELL THICKNESS
STEEL DOTION THICKNESS

SRIERTATION ANGLE

mHunn Hun

"nu

58409.90
12.900
41.785

0909 .03
55080 .80
5060 .00
2768.80

.87s
4.258

3. 2%

(wes)
Ciny
(i)

(PSI)
(PS1d
(s
(s

(18
(I8

{DEG)

11.37.%2.

83792783,

910=20-4~0LS



CASKCRN{CORNER) CORNER IMPACT OF A CYLINDRICAL SNIELDED CASK 1.37.%2. 23702708, rFageE 2
2.75 EQ SMIELDING :

o
o

o SACRUSH VOLUME++ SFLOM STRESS BASISH $4¢  CRUSH AREAR s 44 IMPACT &%  <3CRUSH STRESS BASTS
= CRUSH KINETIC SIRATN EMERGY STEAIN EMERGY
DEPTH ENERGY TOTAL STEEL LEAD ENILGY WATIO TOTAL STEEL LEaD FORCE ACCEL. ENERGY BRATI®
L1 CIN-1LB) TIN3) CIN3) tIuy CIN-LB) (SEZXKED LIN2) CIN2) CIN22 (Lesy (L) CIN-LR) (SE/RE)
. 703729, N ] N | 0.8 138, .88 3 3 0.9 18132, o .53, "
.10 TR6848 . .9 .9 0.9 1865, .09 < . 0.0 S1273. .9 2188. "
18 799560, A il 8.0 5138. .81 1.2 .7 2.0 ssi70. 1.6 S82%. "
.28 12488, I -3 2.0 18545, .0 2.8 2.6 0.3 146948 . 2.% 11882, .82
.29 715488, & & s.¢ 18517, .83 3.7 5.7 N 282%15. 3.5 2048y, .8
T 718320, & Y 0.0 29047, .04 $.8 4.8 .2 268143 “.% 3220%. N1
.35 FTi240. .9 .9 2.9 47696 . .86 6.1 6.1 8.9 335290, $.? &7283. ..
Y 7241868, 1.2 1.2 s.0 59685, .88 7.4 7.4 g0 409538 . T.® e58e2. .
.49 727089 1.6 1.6 8.0 79999 L1 £.9 8.9 g.@ SBBS54S. .. asils. a2
.59 730088. 2.1 2.1 s.0 104088 . .14 10.4 19.% 2.9 S72045. '8 116829, L1s
.55 732%28. 2.8 2.6 0. 132067, .18 12.9 12.0 0.9 655789, i1.3 145625 . .20
.68 TISRGE, 3.3 3.3 8.0 164129, 2 13.7 13.7 .8 751877, 12.9 182999, .23
.85 73874690. 4.8 4.8 .9 200451, .27 15.% 15 .4 2.0 887232, 1%.5 220879 .3
.79 761680, 4.8 “.2 9.9 241206 .33 17.2 17.2 e.c F465% . 1.2 265725. 3
.75 7644600 5.7 5.7 e.e 288559, .38 19.1 19.1 0.0 1849530, e 315628 .2
.80 147520, 6.7 6.7 8.0 336670 .45 21.0 Zi.0 °.0 1155%e7. 1%.8 370766 .58
8% 7584480 7.8 7.8 g.0 391692, .52 25.8 23.0 0.0 1265615, 21.7 31382, -39
.90 751380, 9.9 .0 0.5 451775, .60 2.1 25.1 0.0 1378549, 23.6 57406 ey
.95 756280, 9.3 19.3 6.0 517962. .68 21.2 27.2 R 1494614, 5.8 S4923S. N
1.00 7%9298. 11.8 11.8 0.9 87695, 27 2%.3 2.3 8.0 1813221, 27.% ST I .
o 3.0% 762120, 13.3 1.3 8.0 863809, .87 31.6 31.8 0.8 173579i. 2%.2 TI0681. "
w 1.10 765040, 16.9 is.9 0.9 745538 . .97 353.9 3.8 g0 1880747 51.9 828595, 1.7
1.1% 767966, 16.7 1.7 .9 s330i0. 1.88 3.2 £.2 v.9 1588528, 34.0 LTI M F.1Y
1.2¢ Tre880. 1.5 i1s.% 0.8 26356, .20 35.5 3a 0.0 2119043, 8.3 1819518, 1.32
1.2% 7718086, 268.5% 20.5 0.9 1025691 . 1.33 §1.9 &i.0 0.0 2292255. 8.6 1128798. 1.48
1.30 776720, 22.6 22.6 g.0 ITEITLL 1.4% 43.% 43.4 2.0 2387 98, 48.9 12%ane7r, 1.4%
1.35 779640 24.9 24.9 0.0 1242839 1.59 5.9 %S9 s.0 2526518, «1.3% 137672, 1.73
1.58 TAZSEE. 7.2 27.2 0.8 1360886, 1.7% 8.5 “8.5 0.0 2687482 45.7 1897%22. 1.
1.8% 785486, 2%.7 29.7 8.0 1685366 . 1.89 51.13 Si.1 8.0 I810882. «8 .1 TSI T .9
1.%¢ TAS400. 32.3% 2.3 0.8 1616637, 2.05 51.8 53.8 e.0 2956731, 50.4 1778670, 2.2
1.5% 791320, 35.1 35.1 0.0 1756194, 2.22 56.5% 56.5 o0 3106965, $3.2 1936213, 2.%4
1.80 794240, 33 .9 s.¢ 6.9 i898742, 2.3 $%.2 $9.2 8.9 3295542, $5.7 2089226 2.83
1.6% 797180. 41.9 41.9 2.0 2850187 . 2.%7 2.9 2.0 .80 3408423, 584 225582%. 2.3
1.78 200030. 4.2 %% .2 8.0 2268633, 2.7¢ 64.8 54 .8 °.0 3563567, 6i.0 2430125, 3.84
1.7% 803006, %7.5 47.5 0.8 2374182, Z.% 67.7 67.7 o0 3728940, 637 26122372, 3.2%
i.89 805920, 50.9 50.9 0.9 2546934, 3.16 9.8 78.6 2.9 Iss050S. [T ) 2802273, 3.
1.85 [TITIT 54¢.5% 54.5 0.9 2726948 3.37 73.% 73.5 2.9 S842230. .2 3000342, .n
1.%0 811760, 58.3% 58.3 8.0 2916441 . 3.59 76.5% 6.5 2.8 “2066880. 72.9 3206589, 5.9%
1.95 814680, 2.2 62.2 0.0 31993%0. 3.82 7%.5 7%.5 0. 4372027, AT 3421002, .20
2.9 817698, 6.2 6.2 0.9 3311930, 4.05 r. 8 82.5 8.0 4540939, 72.2 36e3804. LT
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Loads due to impact on top corner

Binders react the forces due to payload,
veight of the 11d and the moment due to
the impact point offset. Conservatively
ignoring the effect of the deflection of
the 11d and deformation of the impacted
corner, the impact point i located as
shown, Einders are located as shown, a
distance of 1.9" invard from the corner of
the octagon,

TB - - l!_.____ - l 19"

2co08 22.5°

L, 18 equal to the outer redius of the
cgsk body .

di i the impact moment arm,

di « 0,5 lF - H)

With these dimensions, the distance from
the pivot point to the ratchet binders can

— 20—

be calculated: -7f

s - 29 f
HBI ED rBuin 22.5

A ) 4 r 22,
gy ® Ip ¥ rgein 2

- 2 .
‘83 tD + chns 2.9

s

Binder loads are assumed to increase
linearly with distance from the pivot
point,

Therefore:
‘82 .
Fag ® = Fys, o1 -TL Faa
"853 B3

The pivot point is assumed to be at the
outer edge of the 1id/cask interface. The
axial and lateral forces imposed by the
cask body on the 1id are assumed to pass
through this point, therefore causing no
moment, Summing moments due to the other
forces:

FLa (LD) + FP(RD) + Fa (di> »

(L) # 2F

{ + 2F
B3’ b2 ! BZ) bl

L)+ F (¢
( 51 e( )
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The forces are the axial o7 lateral component of the
impact force.

Fla® Y4 (A.) (cosa)
fp - "P (A.) (cosa)
f, *%, (A') (cosa)
' * HtA‘ (eina)

Substituting the above and the expressiones for binder
forcet

Y144 (A.)coou(LD)+HP(A')eoou(ID)+ﬂt(A.)colc(di) -

2
Mgy Fug ¥ 2 17y Fia ¢t
A a3
L
2 . Bl rb! + Ht (A‘) sina(t)

B3
Collecting terms:

A' ((Hud + wP) LDcouc + wt(d‘ cosa - teing))

2F 2 2 2
22 gy * gy * tyy)
B3
Solving for ’53' the maximum binder force,

FB3 - A'lns((wud K WP)ID cosa + W_(d, copa~teina))
— “!1"1'!""""""
Uyg + Ly + L)

The interface forces between the 1id and body are
calculated as follows:

raxial - A. cosa (Ht - Hp - ulld) +2(rbl4rb2+rb3)

= Agcina (wt -

Fiateral ¥14d
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TABLE 2.6.6,3-2

LID INTERFACE FORCES

Gross Fayload Lid Body Lid Impact Impact Maximum Interface Interface
Weight  Weight Welght Dia. Die. Angle Accel. Binder Axial Force Llateral
Cashk (Ibs.)  (lbe.) {ibs,) (in.) (in.) (deg.) (¢'s) Force (1bs.) Force

(1bs.) flbs,)

14-215 56,400 20,000 6,600 B3.50 84.93 43.90C 32.6 92,800 1,121,000 1,171,000

0024k 2-34
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Thus, in this Iinstance, the maximum binder force is
92,800 1bs,

The allowable load of the binder is rated at 100,000
1bs, (see Appendix 2.10.3), Thus, the Margin of
fafety 1s:

"cSo - 100.000/92.800 od l . "0008

The capabilities stated for the binders are
established static allowables. They are manufactured
from standard carbon steels and fail in the same
manner as a bolt, Numerous studies have been
conducted on the behavior of bolts under dynamic or
impact loading, ORNL«TM«1312 Volume 12 Structural
Analysis of Shipping Casks states that carbon steel
bolts "possess Setter physics properties under
conditions of shock than indicated by static tests,
Increases in the value of stress by a factor of 1.3
and & greater amount of strain before necking occurs
vere reported”., This is substantiated by reference 5,
8, 9, 10, and 1] of the same document,

Therefere, it can be concluded that the binders static
allowable capabilities will not be lower under shock
or dynamic loading.

Thus, 1t can be concluded that the binders will react
the impact load and retain the 1id.

In the case of a top corner impact directly above a
binder lug, some bending of the ocatgonal 11d corner
may occur, This will decrease the distance between
the cask binder attachment lugs and would normally
induce a damaging compressive load in the binder,
This, in turn, could result in damage to the cask
outer shell due to the moment induced in the binder
lug., The binder design precludes this since it will
allow a significant amount of axi.)l deflection before
it will take a compressive load (see Appendix 2,.10.3),

The lugs at each end of the binder will possess the
following vield capability.
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Body Lugs

/]
/]

ufO-J |
” |
/] 2 R |

(2 %) ;

N 4'-——-*
/]

Shear out:

Using the standard 40° shear out relation:

P“ . F.th (ed -'g.cou 40°%)

Where:
ng = 22,800 psi
t = 2.0 in.
€y « 1,5 in,
d = 1,125 in,
Ps = (22,800) (2) (2.0) (1.5 - 1,125 cos 40*)
= 67,500 1bs., shear out

Weid Area:

The weld stresses are compossd of pure shear and
tension/compression due to the moment,

Pure shear on the weld:

0024k 2-36
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Where:

-
.

Weld shear stress

Weld Area = L‘ o

&

-
°

209" + 2% ) = 22

L
.

(.5) #+ (.5) (,707) = 0.854" (Groove + fillet
weld)

(22) (.B54) = 18,78 in.?

>
L ]

18.78

The stress due to the bending moment is

=
L]

2 = 1
C

2
1, + Ad? + 21

(2) (,854)% = 0,1 4n®
B

—
L]

—
]

(.854)(2) = 1.71 in?

=

(=5
L]

4«3 in,

—
"

L (.854)(9)% = 51,9 in"
12

T = .1 4 (1.71)(4.5)% 4 2(51,9) = 138.5 in“
C = 4.5 in

= .1.2.8.;3. = 30,78 in®

4.5

Then,

LG S
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Combined stress cannot exceed the weld allovable shear
stress, F. « 21,000 (E70 Weld Rods)

P,w AE)T 4 (1) [[ﬂ%l]' Y [,.!l”T‘ 21,000

Solving for P:

P = 228,840 1bs.
Plate Area:

Utilizing the same approach as above, the plate yield
shear capacity 1s:

Pure shear on plate:
7. o e
£ A
P
Where:

F- « Plate Shear Stress

A = (9)(2) = 18 in.?

P
Then,
¥ -P—-
. 18

Moment force on plate:

M= 2F.Ad= P(2.3)

Bp

Where!

Pn = Plate bending stress

A = 1B in,?

P

d = 2/3(4,5) = 3,0 in,
Then,
2?5(18)(3.0) - P(2.3)

F. =

» zz?az
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Combined stress cannot exceed the plate allovable
shear stress, F_ = 21,800 psi

a
& ] 2 - 4 L
7, ﬁ,) + (ry) (‘_%) + (a?t'o'e 21,800 ped

P = 366,405 1bs.
Outer Shellt
The body lugs introduce a bending moment inte the

outer shell similar to the tiedown lugs In Section
20‘060

Assuming bending about the body lug center, the moment
induced in the outer shell is:

MB - ?(“0 - I:?) L P(203)
Again, assuming bending about the tiedown lug center,
the moment induced in the outer shell by a 89,000 1b.
outward radial load and a 267,000 1b, downward load
(from the finite element analysis) is:

MT = 267,000(2,5) - B9,000(4,84) = 236,740 in=1bs,

The maximum outer shell combined stress from Section
2.4,4, Tiedowns, 1s 20,749 psi. The outer ghell yield
capacity at the body lugs is:

Mo« P(2.3) = 38,000

"T 236,740 20,749

or P = 188,508 lbs,

Lid Luge:

e 20 (A s1e)
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The lug yield strength capab’ .ty acrose net area

(A=A) 1s:

Pt - FtyA
Where:

rty *« 38,000 psi

A = (3.25 -« 1.1258)(2.0)

» 4,25

P, = (38,000 psi)(4,25 in?)

Pt « 161,500 1bs. (Net Area)
Lug shear out capability is identical to that of the
lower lug evaluated above (i.e., P. = 97,500 1bs.).

Lug to lid attachment:

Weld Shea

L 38

ring!

21,000 pei (E70 Weld Rods)
(2)(2)(0,5)+(2)(3,5) (,854)
7.98 in.*®

(21,000 ps1)(7,98 in.?)

167,580 1bs./lug
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The weakest link in the binder lugs 1is the shearout
fatlure.

At this location, the minimum Margin of Safety is:

97,500
M§, & == <] =« 40,05
92,800

The ratchet binders load the 14d top plate with a
series of edge moments. The two inch plate of the
casks will be evaluated for these loads. Both local
and gross effects on ¢his 14d top plate are eviluated.
For & maximum ratchet binder load of 92,800 lbs,, the
aspociated moment f4troduced into the top plate of the
11d is estimated as!

Mow (92,B00)(.375 4+ 3.5 = 1,50) = 220,400 in«1b,

The local moment capability of .n octagonal 1id cover
is estimated as follows:

Mo oL

¢
Where:
g = 38,000 vsi

¢c= 1,0 inch

1 =bh*®= (1 : 5 12,23 in."
12 . ig

b= (2)(3,8) tan 67,5° = 18,25

Local moment capability is then:

M = (38,000)(12,23) = 464,800 in-1b.
1

Thus, local moment yisld Margin of Safety of the 1id
is:

M8, = 464,600 « | = 4+ 1,11

' 330,400

Gross moment capability is assessed using both the
exterior and interior 1id plates. For a uniform edge
moment the expression relating stress to moment in a
circular plate 18 given by Roark as:

2«41
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For the 2" exterior plate:

M= 38,000(2)* = 25,330 in=1b/ir,

For the 2" interior plate:

Me 38,000 (2.0)% « 25,330 in=1b/in,
3

The total edge moment capability is: 50,660 i{n=1b/in.

For the circular 11d of 83,50" diameter, the
corresponding concentrated moment acting on 1/8th of
the edge 1is:

H' - (50,660)l(83.50) (M) = 1,661,160 in=1b,

Thus, the gross moment yield Margin of Safety of the
11d is:

MOS. - l 661 "l - 4‘605‘

, 400

The maximum bending stress in the 11d can be
approximated by applying a pressure load againsi the
lower 1id plate which is made up both the 11id weight
and the weight of the payload.

Total force 1& then
Fo ® My
= (6600 4 20,000) (32.6) cos (43.9%)

+ wp)(AB) cosn

- 624,833

Distributing this force over the face of the lower
plate the pressure, p, becomes

P=F /A
P
A= N(38.63)% = 4688 in?
p = 624,833/4688 = 133.3 psi

2=42
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The pressure on the secondary 14d is applied to the
primary 14d as a ring load, W, vwith diameter equal to
the bolt circle. Using a 32" bolt circle and a 29"
diameter secondary 14d plate, the ring load is

W= 133.3 iP (29)® = 8£76 1b/in

or 14,026 1b/radian

A finite element model of the 114 was used to
calculate the stresses resulting from this loading and
to evaluate the ability of the 11d to act as a
composite plate, (See Appendix 2,10.6). The maximum
plate stress intensity calculated for the abowve
loading was 33,830 psi and occurred at the lower
surface of the 11d at the edge of the access hole.

The resulting Margin of Safety is

M.8, = 38,000 - 1= 40,12
’

1f a "loose" payload is assumed, an equivalent
pressure load against the inside of the secondary 14d
can be calculated using the payload density, payload
depth and imvact acceleration. Payload weight reacted
by the 11d {is:

W, = 80,25" (29" %y (22:000 1b.

) 1 -rrs” 2827 1b.
4 217 fe.® 1728 in®/fe®

Secondary 1id weight:

WL = 1150 1bs,

Total force reacted by the secondary 14d lugs is then:
FT = (wp + HL) a‘ CO80

Where a‘ is the impact acceleration and o is the

impact angle (s 45°).

FT = (2827 + 1150)(33.9)(.707) = 95,320 1bs.

Maximum bending etress in the 1lid can be found
assuming a line load on the 1" plate at the outer
diameter of the 2" plate directly below (diameter =
30,75 in.). Assume the outer edge of the 1" plate is
simply supported (diameter = 35.8"), The maximum
moment in the plate is given in Roark (5th Edition),
Table 24, Case 9a, as:
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Nc - wa L,
\ . Yo\
Whorotq-:_g x5 = 4 -k-y-l- e
a| 2 r 4 a
4]
giving:
M = 95,32
¢ 3 -

« 4,362 in-1b/in,

Plate bending stress is given by:
f o M
LI
= 6(4362)/1% = 26,175 pei

Thus, even with this conservative assumption, the
Margin of Safety is positive:

M8, = ;a,%gg -1 = 4 0,45
26,

The stress in the stud consists of two parts, that due
to preload and the impact loading. The preload force
can be estimated using Equation 6~16 from Shigley,
Mechanical Engineering Design, 3rd Edition:

T= 0,20 Fbpd
Where T is the bolt torque (100 ft=1be.), F, is the

bolt preload and d is the bolt diemster (.78 1n.)

F,_ = 100 ft-1b (124n/ft) = 8,000 1b,
" 720,75 in.)

Impact force reacted by the beit ist

Fbi - 95!320 = 11,915 1bs,

These forces are added because the gasket "spring" is
much softer than the stud "spring", thus preventing
unloading of the gasket when an additional tension is
applied to the bolt,

Total force in the bolt is then:

P, = 'bp + F

bx bi

= 19,915 lbe.

2=44
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Stud capacity is (for & 3/4-10 UNC ASTM A320 Grade
L=7)1t

Pe PtA * 105,000 (,309) = 32,450 1bs.

The Margin of Safety for the cztuds is then:

Hcsa - L l = 4 063
l9.gl£

When impacts occur on the 1id end, & normal
compressive load of 1,121,000 1lbe (Table 2.6.6,3-2) 1s
then transferred from the 14¢ to the 14d closure ring.
The loaded length 16 conservatively estimuted by
considering only the length of the section which would
be deformed during the impact. Thie load is then
transferred to the cask via direct compression of the
lead shielding and the steel walls,

L = 2RO
Where:
R o 41.75 1"'

0= t:cn-l £

R See Appendix 2,.10,2

yy = R = £

sina
6= 1,15

43,28°

=
.

r = 41,75 - 1:1% = 40,07 1in.
gin 41,20

60.07)
41,75

-l

cos ( 00,2844 rad,

L
s

ge (2)(41.75)(.2844) = 23,75 4in.

The minimum yield bearing capacity of the .19 x 1,50"
bearing ring (AIS1 1018 or A«36) {is:

g * (23.75)(1,50) (36,000) = 1,282,500 1bs.

The associated Margin of Safety is:

M.8, = 1,282,500 ~ 1 = 4 0,03
PiaTse S

2=45
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The lateral load transferred between the 14d and the
cask 1y estimated as 1,171,000 1be, The load ie
initially transferred from the exterior 1id plate to
the interior 14d plate via a 1/2" circumferential
bevel weld, The interior 14d plate transfers this
load to the cask body by direct compression, This
conpressive load 1s transferred across a deeply
stepped recess of the interior 14d plete within the
cask inner cavity. The load yield capability of the
circumferential 1id weld 15!

Fw - F'Au - F‘ ™ tw

= (21,0000 (n)(77.25) (.5) = 2,548,224 1bs.

The agsociated Margin of Safety is:

NcSo - 2 '5‘08 ,9‘ -l - 4’1.13
.l’i.éﬁO

Therefore, it can be concluded that the package can
survive # normal corner drop on the top corner.

The damage to the area {mmediately adjacent to the
impact crush zone for t¢he bottom corner drop is
minimal, The base plate-~to-outer shell weld is
partinlly crushed but this does not affect the cask
integrity. The drain plug is located welil outside the
crush area and therefore, will not be dawaged.

The integrity of the cask base can be demonstrated for
the bottom corner drop using the base interface forces
given in Tavle 2.6.6,3-3,

The interface forces result from body force loads

imposed upon the cask, payload and 11d as indicated in
the following free body disgrams:

2=46



STD=R=02«016

Where!
« « tan = (4/0)

wT = total weight

aa = load factor
F. = W.a_, total
i&p‘ct force

Pan ™ FoCX §;
" 1oxgitudtnnl
impact force

Foo * F 8in =,
L 1.?.:.1
impact force

The cask body (sides and bo‘tom) internal forces are:

Where!

W = weight of

¢

> cask

¥ « W a cose

ce c &

F =W a sin=

cs c B

F., V. & are

B° 8 nknbwn 144
interface
forces and
moments

respect-
ively.

Similarly, the payload forces are:

¥ = W’a coB8 «
pe ¥ at x

F = Wa sin «
ps PR
Where!

wp = payioad weight

0024k 2=47
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Tuu 2.60‘0"‘"
CASK BASE LOADS DUE TO BOTTOM IMPACT

NG IDE OUTE IDE OUTSIUE  LOAD INTERFACE PORCES
CASKE WE1GHT DIAMETER  DIANETER  HEIGHT PACTOR  AXIAL  SHEAR  MOMBNT
MODEL (1bs) (4n.) (10.) (46.) (g's) (1by) (1b,) {(40=1b)

080 x10¢  x10

14-215 8,400 7,28 #1.5 86,75 31,6 1,237 191 82,78

0024k
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Now, based upon the payload and cask body forces, the
114 interface forces F vs and N' can be estimated:

B,
Axial: F' + 'cc + r’c « 0
Fy = --ll(wc 4 QP) cos =
Shear: Vs - Yc. - FP. = 0
vV, = ‘g("c + wp) #in =
Moment : JE LR A A §? -0
M

g -a. (uc:c + prp) gin «

Assuming that the stress due to the moment varies
iinearly with distance from the cask center, the
stress due to the moment can be calculated using
simple beam theory, Assuming that the base plate~to
~outer shell weld carries the entire load:

t(, = ‘b
Dt

F. = 1,237,000 1b,
D = B3.5 ~ 2(0.875) = B1.75 in,

t = .54 ,707(,75) = 1,03 in,

ft e l’z§7 = 4,676 psi
" (al- 5 .
£, = S

1
Where:
My * 50,750,000 in<lbs,
C = B81,75/2 = 40.88
I = n(r)% = 7(40,88)%(.88) = 188,802 in.“
f, - 50,750,000 (40,88) 10,989 pst

188,802
Summing the forces:

fT = 10,989 + 4676 = 15,655 psi
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The Margin of Safety is:

"‘80 - "‘. ‘:3‘
ig.GEg

Assume that the shear component V_ {s carried entirely
by the .5 inch fillet weld joinin‘ the two base
plates.

fve &

Y
AV

<
L

1,191,000 1bs,

>
L

v(B1.75 « 201.95)) (.707)(.5) = 87,46 in.?

ty o 20090000 o 43 418 pat
B7.46

Margin of Safety is:

MqSo L 21‘000 - 1 - +O ‘
’

The maximum bending stress in the base can be
evaluated by applying a pressure loading which
reflects the payload weight and the weight of the base
plates, Conservatively use the loadings from the 14d
analysis and consider the base to be simply supported
plate with a diameter of 83.5"., Applying the 138.6
pei load over the entire plate the moment becomes
(using Table 24 Case 10 from Roark):

Kye = +20625
M o= ga?
e 83,512
. ,20625 (138,6) |==— | = 49830 in-1b/in
2

Bending stress is then
fb - ”fr - j_(ﬁ%gm)_- 18690 psi

38,000 _
18,690

M.8, = 1 = +1,03

The ability of the platee to act as a composite can be
inferred from the resulte of the finite element
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analysis used for the 144 evaluation where a much
higher bending stress resulted in & relatively small
weld stress. (See Appendix 2.10.6).
Thus, the cask base is seen to be capable of

withstanding the corner drop impact and maintaining
the cask integrity.

2,6.7 Corner Drop

This requirement is not eppliceble since the 14-215 cask is
febricated of steel,

2,6,8 Penetration
From previous container teets, as well as engineering judguent, 1t
can be concluded that the 13 pound rod would have a negligible
effect on the heavy gauge steel shell of the cask.
2.7 HYPOTHETICAL ACCIDENT CONDITIONS
Not appliceble for Type "A" packages.
2,8 SPECIAL FORM
Since no special form is claimed, this section is not applicable,

2,9 TUEL RODS

Not applicable.
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APPENDIX 2,10,2

JOLUME AND AREA ESTIMATES
CORNER IMPACT ON A CYLINDER
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1.0 Volume Es*imates

P | Toval Volume

STD-R-02-016

The geometry and nomenclature of this model is:

2 e(x=r) tan & ——/\
PIR -—L

sineg

/

(/

+

> :\ é

I-L 2

L+ LRUSH DEPTH

Sire

(RL 1)

The volume of the shade” 41{ferential slice shown is:

dv = (Rz-x’)b dx
)5 .

« (R%-x? (x=r) sin = ax

The total volume is:

V. = 2 tam= f: (R’-x’)li (x=r) dx
Evaluation gives:
V. = 2 tan= { (R‘~r’)3/“ + 1 (R‘-r’)Lﬁ
t T 2
Or:
V, = 2¢tane { t*+ 12 - rp?*|]
t a -
3 2 2 2
Where:!
t = (R’—r’);’; relR =_¢8
gine

r

~54
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Component Volumes

The steel volume is composed of side and bottom portions:

V. y v:ido - vbot

v = RO (R-r)t' tan «

side

- e
Vbot tb [BR rR sind)

Where:

H = cos-l (I)
R

t' = gxternal eteel side thickness (in)

t, = steel end thickness (in)

b

The lead area represents the residual

(% - . ] -
Vg Vt VB' (\t V’) >0

= 0 : (Vt-Vs) <0

2.0 Area Estimates

2.1

0024k

Total Area

The differential contact area is:

2 2
: -3L)% ' odr

Cos «

dA = (

The total area is:

L
N e N R R ? ax
Cos = T

Component Areas

The steel area (of the side walls) is:

A = 2t RO " [1: sin® .,
8 8

6] cos™
The lead area is the residual:
Al = At—As; (At-Aa) >0

= { 3 (At—As) < 0

2=55
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3.0 Straip Energy Estimates

3,1 ' Flow Strees Approach

S,E, = Va o.p + Vt olp

Where:

o = gteel flow stress
&p

) = lead flow stress
Lp

Crush Stress Approach

S.E. el [(F +F, ) (6 -8 )]
2 1

Where:

d o A o
F1 ai sC 4+ li Le

osc = gteel crush streos

clc = lead crush stress
th

61 = assumed crush depth at the 1 step

0024k 2=56



APPENDIX 2,.10.3

CASK BINDER SPECTFICATION
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1.0 inder
Reference Drawing S$TD-02-077 for design details.

1.1 Bolt Strength

Bolt yield capacity is (for a 1-1/4~12UNF, ASTM A320, Grade
L=7)

Py - Fty‘ = (105,000) (1,073) = 112,665 1bs.

) W Lug Strength

(Ref. Hughes Structures Methods Manual, Section 4.4, Lugs, on
following pages)

Lug Yield Capacity is:

P = Z2KDty F
y Y Ty

Where:
K = Efficlency Factor (Use W/D Ratio in Figure
‘00401“1)
¥ o 3,00 = 32,65
D 1.13
K = 1,51
D = 1:13
£... .94

y = Yield Factor (Use K Factor in Figure 4.4.1-2)
= 1.05

Fty = 38,000 (ASTM A-516, Grade 70)

P
y

1.3 Pin Strength: (Ref. Drawing STD-N7-077, Note 13)

2(1.51) (1.13) (.94) (1.05) (38,000) = 127,993 1lbs.

Upper Pin: Double shear yield capacity = 117,000 1bs.
Lower Pin: 1" Dia, Grade 8 bolt

P = 2F A
y 8y
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Where:
r.y « (,6) (130,000) = 78,000 psi

A =3 ()% = 785 in,?
4

Py = 2(78,000) (.785) = 122,460 1bs.

Rated binder capacity is 100,000 1bs, Bolt yield capacity is the minimum
at 112,665 1bs., The resulting Margin of Safety is:

M.§. = ;Z - 1= 112,665 ~ 1 = + 0,15
’

0024k 2-59
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STRUCTURES METHODS MANUAL

Hughes Aircraft Company
Space Systems Division
El Segundo, California

February 1966

SSD 60048R

2-60

STD~R=02-016

= aave



S$TD-k=-02-016
4.4 LUGS

The following analytical procedure should be used jor the design of
Jugs and shear pins, This analysis is based on static loading and does not
consider the effects of multiple applications of near-limit loads,

The design charts encompass the following types of failure for a
lug-pin combination (see Figure 4, 4-1)

1) Tension across net section
2) Shear tearout or bearing
35) Hoop tensizn 2t tip of lug
4) Pin shear

5) Pin bending

These cnarts represent envelopes of structural failure and are not
identifible to a specific failure mode,

Lugs should be conservatively designed, as their weight is usually
small in relation to their importance, and inaccuracies in manufacturing are
difficult to control, Appiicable fitting and casting factors shall always be
used in the analysis, Margins of safety for presentation in the stress
analysis report shall be based upon the pin size and lug hole diameter shown
on the engineering drawing.

Figure 4.4-1. Failure Modes

4. 4-1
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4.4, 1 Symmetrically Loaded Lugs

0024k

2)

1)

2)

Axial Load

Allowable ultimate axial load

a)

b)

c)

Enter Figure 4, 4, 1-1 with R/D and W/D to obtain the
minimum K. Use the appropriate W/D curves indicated by
the material classification in Table 4.4, 1-1.

Compute allowable load by Pu = KDtFm.

Compute the margin of safety in the normal manner.

Allowable yield axial load

a)

b)

c)

Enter Figure 4. 4. 1.2 with the min mum K determined in
i above to obtain y.

Tompute the allowabie load by Fysy tFy/Fey) Py

(Lug yielding is based on a pernanent set of 0,02 times the
pin diameter),

Compute the margin of safety in the normal mauner.

Lateral Load

Allowable ultimate lateral icad

a)

b)

c)

d)

Compute the allowable ultimate axial load per above
mentioned procedure,

Enter Figure 4,4, 1-3 with 8, angle of load application, to
obtain (P3 /P), Use the appropriate curve indicated by the
material classification in Table 4. 4. 1-1.

Compute allowable load by Pg = (Pg /P)Py.

Compute the margin of safety in the normal manner,

Allowable yield lateral load

a)

b)

¢)

d)

Compute the allowable yield axial load as previously
mentioned in the axial load procedure.

Enter Figure 4.4, 1-3 with 8, angle of load application, to
obtain (P35 /P). Use curve 2 only.

Compute allowable load by Py = (P g /P)Py.

Compute the margin of safety in the normal manner.

4.4.1-)
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TABLE 4. 1.1-1. MATERIAL CLASSIFICATION

Material

Applicable W/D Curves
for Critical Grain 2.3
Direction- Fig. 4. 4. 1-1%

Longi-
tudinal

Long
Trans-
verse

Short
Trans-
verse

Laterally
Loaded Lug
Fig. 4. 4. ).

3t

LrCTﬂ:»cm and alloy steels «
MSUradﬂ

188 stainless steels

2014-T6
2014-T6
2014-T6

plate

die forging

hand forged billet

Area § 36 square inches
Area > 36 square inches

- ™

e | o=

W b -

Lo O O

2024-T4
2024-T4
2024-T3

2024-T4

extrusion
bar
plate

plate 523

NN e

LR U S P

MU N e

7075-T6
7075-Té
T075-Té

7C75-Té6
7075-T6

extrusion
plate t £ |1 inch

t> 1 inch
rolied bar
die jorging
hand forged billet
Area s |6 sguare inches
16 square inches < area
€ 36 square inches
Area > 36 square inches

el R

P—

0 e e

L ]

E o I R R R o AR

FS

195-T6 casting
220-T4 casting
356-T6 SCcasting
356-T6 P. )M, casting

Ti-6Al-4V forging

Mag. ‘ZK60A die forging

et g =W W W Y

e W W W W

Wiwlwwww]lwwum w U Uy U on e

Lol R I PR O

* Use the curves designated herein for Figures 4. 4. 1-l and 4. 4. 1-3

1 Use curve 2 for all yield computations

2 Curve A is to be used for all aluminum alloy, hand forged billet wher
the long transverse grain direction is the same as that critical for R/D
shown in Figure 4. 4, 11

3 Curve B is to be used for all aluminum alloy plate, bar and hand forged
billet when the short transverse grain direction ‘s the same as that
critical for R/D shown in Figure 4. 4. 1-1, and for die forgings when the
lug contains the parting plane in a normal direction

4.4.1-2
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Figure 4.4.1i-2. Yield Correction Factor for Axially
Loaded Lugs
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Figure 4.4.1-3, Allowable Laterial-Lug Loads
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APPENDIX 2,10.4

(Intentionally Blank)
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ANSYS USER'S MANUAL

ABSTRACY

The ANSYS computer program is & large-scale general purpose computer program
for the solution of veveral classes of engineering analysis problems., Analysis
copadbilities include static and dynamic; elastic, plastic, creep and swelling; buckling,
small and large deflections; steady state and transient heat transfer and fluic flow.

The matrix displacement method of analysis based upon finite element idea!iza-
tion is employed throughout the program. The library of finite elements available
numpers more than forty for static and dynamic analyses, and twenty for heat trans-
fer analyses. This variety of elements gives the ANSYS program the capability of
analyzing two- and three-dimensional frame structuresr, piping systems, two-dimen=-
sional plane and axisymmetric sulids, three-dimensional solids, flat plates, axi-
symmetric and three-dimensional shells and nonlinesr problems including interfaces
and cables,

Loading on the structure may be forces, displacements, pressures, temperatures
or response spectra, Loadings may be arbitrary time functions for linear and non-
linear dynamic analyses. Loadings for heat transfer analyses include internal heat
generation, convection and radiation boundaries, and specified temperatures or heat
flows.

The ANSYS program uses the wave front (or ''frontal'') direct solution method for
the system of simultaneous linear equations developed by the matrix displacement
method, and gives results of high accuracy in a minimum of computer time. The pro-
gram has the capability of solving large structures. There is no limit on the number
of elements used in a problem. There is no ''band width'' limitation in the problem
definition: however, there is a '‘wave front' restriction. The 'wave front'' restrice
tion depenas on the amount of core storage available for a given problem. Up to 576*
degrees of freedom on the wave front can be handled in a large core. The wave front
limitation tends to be restrictive only for analysis of arbitrary three~dimensional
stryctures .

ANSYS has the capability of generating substructures (or superelements). These
substructures may be stored in a library file for use in other analyses. Substruc~
turing portions of a mode! can result in considerable computer time savings for non-
linsar aralyses,

Geometry pintting is available for all elements in the ANSYS library, including
isometric, perspective, section views, and hidden line plots of three-dimensional
structures, Plotting routines are also available for the plotting of stresses and
qisploccmcnts from *wo- and three-dimensional solid or shell analyses mode shapes
from dynamic analyses, distorted geometries from static analyses, transient forces and
displacements vs. time curves from transient dynamic analyses, and stress-strain plots
from plastic and creep analyses.

_'ostpro;cssing routines are available for algebraic modification, differentiation,
an integration of calculated results. Root-sum-sguare operations may be performed on
seismic mocal results. Response spectra may be generated from dynamic analysis results.

Results from various loading modes may be combined for harmonically loaded axisymmetric
atructures.

-
An optional 1152 wave front is available on some very large computers.

ABSTRACT

sl
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The input data fur the ANSYS program has been designed to maks It as sasy as
possible to define the problam to the computer. Options for multiple coordinate
systems in cartesian, cylindrical, or spherica! coordinates are available, as we!ll
as myltiple region generation capabilities to minimize the input data for repeating
regions.

Sophisticated geometry generation capabllities are included for two-dimensional
plane and axisymmetric structures and for intersecting three-dimensional she!l and
solid structures. '

The ANSYS program capabilities are continually being enhanced by the addition
of new or improved elements, new analysis capabilities, and new input, output and
graphic technijues. The ANLYS USER'S MANUAL is modified periodically to reflect
the latest additions.

ABSTRALT
a.2
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.63 QUADRILATERAL SWELL

This element has both bending and membrane capabilities. Both in-plane and
norma! loads are permitted. The element has six degrees of fresdom at each node:
translations in the nodal x, y, and z directions and rotations about the nodal 2 ¥
and 7 axes. Another four-node shell element (STIFLI), restricted to a rectanguler
or paralielogram shape, has rotated material axes and In-plane pressur~ capabilities
available, ) .

The quadrilateral shell has options for variabie thicknesses, elastic foundation
supports, suppressing extra shapes, and for concentrating pressure loadings. Stress
stiffening and large rotation capabilities are included,

L.63.1 Input Date

The geometry, nodal point locations, loading, and the coordinate system for this
element are shown in Figure 4.63.1. The element is defined by four noda! points,
four thicknesses, an elastic foundation stiffrness, and the orthotropic matsrial
properties. The material X-girection corresponds to the element x~direction. The
shear modulus term is optional and if it is not included it is computed from the
other input material properties.

The thickness is assumed to vary smoothly over the area of the element, with the
thiceness input at the four nodal points. If the element has a constant thickness,
only Tx(I) need be input. |f the thickiess is not constant, all four thicknesses
must be input.

The elastic foundation stiffness (EFS) is defined as the pressure required to
produce a unit normal deflection of the foundation., The elastic foundation capabil-
ity is bypassed if EFS is less than, or equal to, zero.

The element loading can be either surface temperatures or pressure, or a combi~
nation of both., The positive direction of pressure is along the positive element 2z-
#xis. The pressure loading may be uniformly distributed over the face of the element
(KEYSUB(2)w0), or @ curved shell .oading (KEYSUB(2)=1) consisting of an equivalent
element load applied at the nadal points may be used. The latter loading produces
more accurate stress results in curved shells because certain fictitious element
bending stresses are eliminated.

The KEYSUB(1) option is used to suppress the extra displacement shapes as de-
scribed in Section 4.0.6. The KEYSUB(1A) option allows deleting the nominal in=plane
rotational stiffness as described in Section 4.0.7. A summary of the shell element
parameters is given in Table 4.63.1. A general description of element input, in-
cluding the special features, is given in Section 4.0.2.

b.63.2 Qutput Data

a) Printout = The printout associated with the shell element is summarized in
Table 4.63.2. Several items are illustrated in Figure 4.63.2. A general description
of element printout is given in Section 4.0.3. Line 2 includes the shear forces NX
and NY in the element x and y faces, respectively (positive in the positive element
z direction). The moments about the x face (MX), the moments about the y face (MY),
and the twisting moment (MXY) are a!so printed in line 2. The forces and moments are
calculated per unit length in the element coordinate system. The optional edge
printout is valid only along free edges of the element.

STIFE3
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The next three lines include the stresses for top, middle, and bottom element
surfaces, respectively, The combined stresses $X and SY and the twisting stress TXy
#re the combination of the membrane stresses and the stresses corresponding to the
caculated bending moments, respectively. The positive bending stresses occur on the
top face of the element for the positive bending moments shown in Figure &.63.3. wNoda!
stresses may be obtained from the POST2S printout, see Section 6,26,

b) Post Data = The post data associated with the shell element is sha.n e lin
The data are written on file TAPEI2, if requested, #s described ir Section & ) &
.

1. SX(MID)*TK 9=11. $x,8Y,Txy([ToP) 3335, XxC,ve,2¢
2. SY(MID)*TK 9-12°17, 911 & [miD, BOT) 3637, AREA,TTOP
3. Ty (m1D)*TK 1B-207 Smi, §mh, TMx [TOP) _38-39. TBOT,PRESS
be§. Nx,nY 2122, 51GE,A[TOP) Lol S U e
1628, M ey mxy 23-32. 18-22 ¢ [miD,807)

L.63.3 Theary

Thne me~brane stiffness is the same as for the membrane shel! element (STIFLI),
including the extra shapes. The bending stiffness is formed from the bending stiff-
ness of four triangular shell elements (STIF53). Two triangles have one diagonal
of the element as a comon side and two trisngles have the other diagonal of the
element as a common side. The stiffness is obtained from the sum of the four
stiffresses divided by two,

4.63.4 Assumptions and Restrictions

lero area elements are not allowed. This occurs most often whenever the ele-
ments are not numpered properly. Zero thickness eiements or elements tapering down
to @ 2ero thickness at any corner are not allowed. The applied transverse thermal
oracient is assumed to be linear through the thickness and uniform over the shell
surface.

An assemblage of flat shell elements can produce & good approximation to a
curved shell surface provided that sach flat element does not extend over more than
a8 15° arc. If an elastic foundation stiffness in input, one-fourth of the total is
applied at each node. Shear deflection is not included in this thin=shell element.

A triangular element may be formed by defining duplicate K and L node numbers
as described in Section &.0.95. The extra shapes are automatically deleted for tri~
angular elements so that the membrane stiffness reduces to » constant strain formu-
lation.

The four nodal points defining the element should lie in an exact flat plane;
however, @ small out-of-plane tolerance is permitted so that the element may have a
slightly warped shape. A slightly warped element will produce @ warning message in
the printout. |f the warpage is too severe, a fata! message results and a trianguler
element should be used, see Section 4.0.9. The triangular shape is recommended for
large defleztion analyses since a four=node element may warp during deflection. The
out-of<plane (normal) stress for this element is assumed to be zers.
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(Tri. Optien)

e

Note -« x and ¥ are in the plane of the element.
x is parallel to 1J.

b4
Figure 4.63.1 Quadrilateral Shell
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The 14-215 cask 1id was analyzed for a pressure load plus & ring load which l
eimulated the axial impact force imposed on the 14d due (: its own weight and

the weight of the payload. The 11d was modelled and analyzed using ANSYS (See
Appendix 2.10.5).

The 11d was considered to be two circular plates connected by two continuous
welds as shown in figures 2.10,6~142, The remaining interface between the
plates was represented with gap elemente which allowed compressive load transfer
but no tensile loads, A coefficient of friction of .5 was used to model the
contact friction between plates., A 10 psi pressure was applied to the entire
lower surface of the lower plate. A corresponding ring load was applied to the
upper surface of the upper plate at a radius of 16" to represent the secondary
11d loading. The upper plate was simply supported at its outer edge.

The stresses resulting from the analysis are given on the following pages. The
maximum stress is found in Element 1 with a stress intensity of 2450.5 psi. As
expected, the stresses decrease with increasing radius. Note also that stresses
Elements 8 & 9 and 150 & 151 are relatively low indicating the welds allow the
2" plates to act together as a 4" composite plate,
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Figure 2.10.6-1
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A thermal analysis for the 14-215 cask has been conducted for
normal transport conditions. The performance of the packaging
under normal conditions of transport is described below.

3.1 DRiscussicon

The mechanical features of the packaging have been
described in Section 1.2.1. There are no special thermal
protection sub-systems or features.

A very conservative internal heat load of 400 watts is
used in the evaluation of maximum cask temperatures.
However, a much lower heat load is used to calculate the
difference in temperature between the payload centerline
and the cask surface. This load is much more realistic
because it is based upon the shielding limits of the
cask.

The external surface of the packaging is predicted to
exhibit maximum temperatures ranging from 176'F to 190°F,
depending upon the gquantity of internal decay heat
assumed. The lower temperature prediction assumes zero
internal decay heat load, the higher predicticn assumes
an internal decay heat load of 400 watts. These maximum
temperature predictions assume conditions consistent with
the Normal Transport "Heat" requirements, specifically:

o Direct sunlight (mid summer)
o Ambient Air at 130°F
o Still air

Solar flux is calculated from insolation values given in
N.R.C. Regulatory Guide 7.8. The solar flux is assumed
constant so that conservative steady state conditions are
analyzed. Further conservatism is incorporated in the
analysis by assuming the cask base is an adiabatic
boundary (no heat loss). Finally, the analysis shows
that, at the maximum internal decay h=at load (400 watts)
inside svurface temperatures exceed the external
temperatures by less than 0,3°F.

The analysis presented bounds the case wherein an insert
is temporarily slipped into the cask to augment shielding
of the rest of the contents. This insert is described in
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Chapter 1.0, An air gap between the 0.D. of the insert
and 1.D. of the cask has an insulating effect which would
tend to reduce the 0.3°'F difference in temperature
between the internal and external cask surfaces in the
case of the maximum 400 watt internal heat load (see
Section 3.4.2). This effect is of no consequence to the
conclusione of this analysis. With no internal heat
source, the presence of this insert would not change the
predicted temperatures in the analysis.

The maximum realistic decay heat load for the 14-215 cask
is given below. It is based on a "worst~-case" payload of
Cesium 137 solidified in concrete. The other payload
isotope of interest, Cobalt 60, is shielding limited to
much lower Curie levels and thus is not considered here.
The total activity is limited by the shielding capability
of the cask assuming a 10mR/hr dose rate at 6 feet from
the cask. The Cesium 137 value for the 14-215 cask is
given in the table on the following page.
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: Decay
Specific Cask Total Total Heat
Activi;y Volume Activity  Heat+ Limit
Ccask uCi/cm cm’x10*  (Curies)  (Watts) (Watts)
14-215 152 6.15 934 4.5 9.0

*Based on a conversion of .0048 Watts/Curie for Cesium 137.

The decay heat limit assumed in the following analysis is roughly
twice the calculated decay heat above to ensure that loading of the
cask is governed by shielding vs. heat load considerations and to
give added conservatism to the centerline temperatures calculated
below.

The temperature at the center of the cask can be calculated if we
can conservatively assume that the heat flow is entirely radial.
The problem can then be treated as a long circular cylinder with
uniformly distributed heat sources (Page 53, Krieth, Principles of
Heat Transfer, 3rd Ed.)

The maximum temperature is given as:

T, =T + grg

e

4K
Where:
T, = outer surface temp. ('F)
r, = radius of outer surface (ft)

k = Thermal conductivity of cylinder material
(BTU/hr.ft.*F)
gr,?
Then: AT =
4k

0024k 3=3
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The differences between cask centerline temperature and the
temperature at the payload outer surface are calculated below
assuming the above decay heat limit:

Cask Decay Heat r AT _(*F)
Limit (&) concrete Asphalt
Watts HIHLPI (ft) (k=0.8) (k=0.1)
ft
14-215 9.0 51‘2 3022 "6 3'68

0024k 3~4
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The centerline temperature increase is very small for the
solidified concrete payload. The centerline temperature
is significantly higher for an asphalt payload, but these
temperatures are based on a Cesium 137 activity level
which could not be attained in practice because of the
lower self shielding of the asphalt.

These results show that the maximum temperatures possible
under normal conditions of transport do not have any
significant effect on the cask or its payload.

summary of Thermal Properties of Materials

Only four materials were erployed in this analysis. They
were obtained from conventional handbooks as follows:

Thermal Conductivity
Steel 25.0 BTU/hr ft=‘F
Lead 18.6 BTU/hr ft-'F
Concrete 0.8 BTU/hr ft-'F
Asphalt 0.1 BTU/hr ft-'F
Surface Emissivity/Absorbitivity
Steel 0.8

Technical Specification of Components

Not applicable - no special thermal sub-systems.

Thermal Evaluation for Normal Conditions of Transport

The thermal analysis for Normal Transport "Heat" and
"Cold" conditions is presented in Section 3.6, Appendix.

3.4.1 Thermal Model

Ags outlined in Section 3.6, the unknown
external cask temperature was determined by
solving for the temperature at which the heat
input to the cask system equaled heat output.
Input heat consisted of a solar flux
(calculated from Reg. Guide 7.8) plus the
internal decay heat. Heat output consisted of
the sum of free-convection Jlosses and
radiation losses to a prescribed ambient air
sink temperature (130°‘F-"Hot", ~40°'F "“Cold").
Heat loss was allowed only over the vertical
cylindrical sides and the top. Convective

3=5
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film coefficients were taken from McAdams
enpirical values for free convection.

The analysis to determine cask centerline
temperature conservatively assumes that only
radial conduction takes place ( i.e., as an
infinitely long cylinder). The decay heat
sources are assumed to be distributed evenly
throughout the cask interior.

Maximum Temperatures

Predicted maximum temperatures are:
External Internal
Surfaces .

No Internal Heat Source 185.6°'F 185.6°'F

400 Watts Internal
Heat Source 190.3°F 190,6*F

Mininum Temperatures
Predicted minimum temperatures are:

External Internal

Surfaces Surfaces

No Internal Heat Source ~=40°'F «40*'F
400 Watts Internal
Maximum Internal Pressure

Assume the package contains water loaded at
70°'F, At maximum temperature (190.87°F), the
pressure would increase as shown below:

The partial pressures of water and air at 70°F
are:
P, = 0,36 psiw

P, = 14,7 =~ .36 = 14.34 psi
1967 ASME Steam Tables
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The partial pressures at 191‘'Fare:
P, = 9.54 pai

P, = 14.34 (191 + 460)/(70 + 460) = 17.61
psi

The maximum internal pressure differential is
thus!

P= 9,54 ¢« 17.61 = 14.7 = 12.45 psi

Maximum Thermal Stresses

In Section 2.6,3, the critical elements of the
cask were evaluated for a pressure
differential cof 0.5 atm (7.35 psi). The
internal pressure due to the maximum
temperature therefore increases stresses
predicted in BSection 2.6.3 by the factor:
12,45/7.35 = 1.69. The loads and margins of
safety thus become:

Secondary Lid Stud

Primary Lid Binders

Shell
Lid

0024k

3.4.6

Allowable
Stress _ load/Stress  Margin
1399 lbs. 32,450 1b, Large
8165 lbs. 45,000 1b. Large
1920 psi 38,000 psi Large
6777 psi 38,000 psi + 4.61
Evaluation of Package Performance for Normal

As the result of the above assessment, it is
concluded that under the normal conditions of
transport:

, B There will be no release of radioactive
material from the containment vessel;

2. The effectiveness of the packaging will
not be substantially reduced:;

3=7
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3. There will be no mixture of gases or
vapors in the package which could,
through any credible increase in pressure
or an explosion, significantly reduce the
effectiveness of the package.

3.5 Hypothetical Thermal Accident Evaluation
Not applicable for Type "A" packages.
3.6 Appendix
Thermal Analysis - Normal Conditions of Transport

Hot and cold ambient condition cases are analyzed with
the following assumptions:

Hot ~ Direct sunlight

Ambient air @ 130°F
Internal heat load = 0 & 400 Watts

0024k 3-8
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Shade

Aubient air @ ~4LO°F
Internal heat load = 0 & 400 Watts
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Steady state solutions of the above conditions with maximum heating loads
are obtained which yield conservative temperature predictions,

Simplified cask geometry used in the analysis:

2
I N
@ 0.315" ] i
2l ) &me
' [ﬁL_‘A ) »
" .
" -
DIMENSIONS (#+)
%@L L‘@ L@ L@ L@
1-215 | OIS7 | 096 | T | 0354
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External Convective & Radiative Heat Transfers

Heat 1s lost to surroundings via convective and radiative heat transfer.
No heat transfer through the cask base 1s considered.

Convection

¢ BT - T 0 * Teut ° ¢

00 00

For free convestion McAdams (W.H. McAdaws, Heat Transmission, 3rd Ed.,
McGraw-Hill, NY, 1954.) gives:

AT, %

h= 0,29 (-~ for vert, cylindere
L
= 0.27 (33 % for horiz, plates (upheated)
L
Thus!

q = h AT+ hAST = (hA +hA) BT

AT k AT v
« [ .29 (=) A.4.27 (o) AT]AT

L
Where! ¢ 8
Lc * outside height
LB = putside diameter
A. C R | Lc LB
A= vl LB'
Rldiutipn
- & _ kvl .. M
4 GA: ’ (Toxt Too ) X (Toxt Too )
Where:
C e 2,14 E-09
¢t = .8
“E - "I*Qf
Evaluating K:
Cask Ll I'c Ato A-tdo AE K
Model (ft) (ft) (ft®) (fe?)  (ft?) BTU/HR/ °F%
14-215 6.96 7.39 40.11 161.67 201,78 2769 E-06
0024k
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Solar Heat Load

Solar loads are calculated using {nsulation values given in U.8.N.R.C,
Regulatory Guide 7.8,

Thoy aeret

2950 BTU/ft* for the too surface

1475 BTU/£t? for the vertical projected area of the cylinder
These values are total insclation for a 12 hour day.

The vertical surface irsolation velue wust be multiplied by the projected

vcrtical erea (hei ht & dismeter) and both are converted to heat flux,
BTU/ft* /hr,

solar = 2950 AT + 1%%2 LCL‘

= 245.83 AT 4 122,92 LCLB

Steady State Solutica

fietting total energy flow equal to zero:

- q - 0

q’ out

fn
Payload decay heat 12 taken as 400 Watte or 1365 BTU/hr.

Solar load is assumed constant at maximum flux found above.

Thus:

Un " qlolar " Unternal

« 245,83 L 122,92 LcLb + 1365

out radiatiou convection

. o Y Q
"(7 xt T )‘.[2< llt OO AI+ 27 AT](

Texy Volues for the packages under three load cases are gtvon in the Table
on Sheet 3-9,

The load cases are:

1, Direct sunlight, ambient air at 130°F, 400 Watt internal heat
load,

2, Direct sunlight, ambient air at 130°F, no internal heat load.

3 No sunlight, ambient air at -40°F, 400 Watt internal heat
load,

0024k 3-11
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CASK EXTERNAL TEMPERATURES
Cask Load te b ’ by Y4 3 Toxt
Hodel Case (rn rn () (r) (BTU/HR) (*r
1 17,548 179.6
14-215 2 7.9 6.9 161.7 40.1 16,180 Li769x10 € 176.6
3 l‘“’ 30,7
0024k 3-12
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P
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far

RHd Rwall
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elf p'Hd + pwall
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R $ e g k
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1
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Steel ¥ « " /kA A
in " W
t
R o= /kA A
out % w
t =
Lead Ln(ro/ri)
Ry ® = - f
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k
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Values for R‘ff

AT 48 calculated by:

A1 =~ q “.g(

YWYy

R

qull

uout pb

= 25 BTU/HR FT °F

”

= (L)? (ft?)
s P
w LD (ft)
* w(ly « 201, +.,375 4+ ,A79))L
12 12
= 375" = 0313 ft
- LB LC
B75/12 = L0729 ft
= LB/2
L3785 + 875
- (1.n - 2(LA * et ) 112

= ]

C

12

18.6 BTU/HR FT °F

and q = 400(3.41) = 1365 BTU/>r

0024k
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and AT given in the following table, where:
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TEMPERATURE DIFFERENCE ACROSS CASK WALL
Cask L LT Ferr a1
Model HE *F HE_‘F_ HR_‘F (*r)
BT BTU
14-215 89.4 435 74 101

0024k 3-14
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4.0 CONTAINMENT

This chapter ddentifies the package containment for the normal conditions
of transport,

4,1 Containment Boundary

‘.l.l

4,1.2

“l.a

Contaimment Vessel

The containment vessel claimed for the 14-215 cask ig the inner
shell of the shielded transportation cask ar described in Paragraph
1.2.3 and the cask certification drawing,

Containment Penetration

A pressure tap 1s included in the design as described in Section
1,2.7, 1t 18 sealed with a 3/4" NPT pipe plug,

A drain line 1s aleo included in the design as described in Section
1,2,7, 1t is sealed with a 1/2" NPT pipe plug.

Seals and Welds

Two neoprene seals are used to seal the cask lids. The first is
attached to the primary 11d and eeale the primary 1id cask body
interface. The second is also attached to the primary 11d and
seals the secondary primary 11d interface., They are described in
Section 1.2.3, above,

The integrity of the seals is demonstrated using a soap bubble leak
test done in accordance with operating procedures.

Closure

The closure devices for the primary lid consist of eight 1.25 inch
diameter high strength ratchet binders as described in Section 1.2,
sbove and eight 3/4-~10 UNC studs and nuts to close the secondary
114,

4.2 Requirements For Normal Conditions of Transport

0024k

4.2.’

The following is an assessment of *“e package containment under
normal conditions of transport #s ¢ resull ~f the analysis
performed in Chapters 2.0 and 3.0, cbove, In sunaary, the
containment vessel was not affected .y these tests. (Refer to
Section 2.6, above),

Re'ease of Radiocactive Material

Normal conditione of transport will have no effect on pressurizing
the containment vessel,

4-1
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4.2.3  Coolant Contamination

This section is not applicable since there are no coolants

involved.

4.2.4 Coolant Loss

4.3

0024k

Not applicalle.

Containment Requirements For The Hypothetical Accident Conditions

Not applicable for Type "A" packages.
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6.0 CRITICALITY EVALUATION

Not applicable for the 14-215 cask, l

0024k 6-1
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Cask Selection

Prior to any use of the cask, an evaluation is performed to
ensure that the cask is a suitable packaging within which to
ship the waste. This evaluation becomes a simple routine for
users generating consistent waste products. SEG works closely
with users to verify that the contained waste product is
suitable in packaged size, form, Curie concent and dose levels
to be successfully loaded, surveyed, and shipped in the 14-215
cask.

Container envelope dimensions are compared to those of the
cask cavity. Containers are typically built to and identified
by a model number that correlates with a given series of
casks, facilitating this process. The approved traste forms
for the cask (Ref. Section 1.4) bound all routine waste forms
generated and chipped to the various burial sites. Curie
content is determined by generator waste sampling and scaling
methods which confirm that the waste does not exceed L.S.A.
concentration limits.

Because waste dose levels are highly dependent upon the
mixture cf isotopes present in the waste and the waste form
(e.g., solidified waste, dewatered resins, paper filter
cartridges), they are carefully evaluated during the cask
selection process to ensure thzt the container, once placed in
and shielded by the cask, will meet the NRC/DOT dose rate
limits (200mR/hr contact and 10mR/hr @ 2 meters (sides only)).
Typically, based upon previous shipments of a generator's
waste stream, this evaluation is accomplished by experienced
judgement. If, however, a waste container appears that it
would approach these shielded dose rate limits, a more
rigorous analysis may be done to more closely predict the dose
rate once the liner is placed in the cask.

Options available to the user at this point include:

5 Load tine container into the cask and cbtain actual
readings.
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2. Hold container for aecay.

3. Use the 14-215 cask with ain insert heating cask
payload limit.

4. Use a cask that is mcre heavily shielded than the
14-215 cask with insert yet provides a sufficient
size cavity and payload to accommodate the waste
container (not available for all container sizes).

8. Ship the container and cask in a closed transport
vehicle.

Regardless cof the approach selacted, once the container is
loaded, the dose rate external to the cask is measured and
verified to be in accordance with Section 7.6 prior to
shipment.

Cask Usage

The section which follows describes the procedures to be
followed in using a 14-215 cask. Any maintenance activity,
such as inspections, lubrication, gasket replacement/repair,
etc, described in this section is described in more detail in
Section 8.2, General Maintenance Program.

7.1 Lifting
T.2:3 The cask shall always be lifted using the four
(4) provided lifting lugs only. The lifting
lugs are the vertically oriented lugs on the
sides of the cask spaced at 90° around the
cask circumference.
7.2.2 The primary lid lifting lugs shall only be

used to lift the cask lid (primary 1id with
secondary lid installed) or the primary 1lid
alone. The secondary lid lifting lug shall
only be used to lift the secondary lid.

T=3
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Removal/installation of Cask Lids

7.2.1.1

7.2.1.2

7.2.1.3

7:2.1.4

7.2.1.5

T+l 6

Ti2:2

Release each ratchet binder handle from its
storage position.

Engage the flip block to the sprocket wheel in
the direction necessary to loosen the ratchet
binder.

Loosen the ratchet binder by pulling the
handle in the appropriate direction.

Remove the retaining pin from the upper
ratchet binder pin and then remove the upper
ratchet binder pin.

Remove the three (3) primary lid lifting lug
covers.

Using the three (3) primary lid lifting lugs,
suitable rigging and exercising caution in the
handling of the primary lid due to possible
contamination of the underside of the 1lid,
remove the primary lid.

Removal of Secondary Lid

7:3:8:1 Remove the secondary 1lid holdown
stud nuts.

7.2,2.2 Remove the secondary lid lifting lug
cover.

T:3:8.3 Exercising caution due to the
nossible contamination of the
underside of the secondary 1id,
remove the secondary lid.

923
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7.2.3 1nstallation of Primary Lid

Te2+3:1 Prior to installation, inspect gasket for the
following:

a. Gasket fully secured to the cask.
b. Gasket not cut, ripped or gouged.
¢. Gasket is resilient,

d. Casket is free of debris, dirt and/or grease.

7.2:3:2 Prior to installation, verify that the date of gasket
change reflects compliance with the annual change
requirements for the cask,

7.2.3.3 Uging the three (3) 1ifting lugs on the primary 14d
and suitable rigging, lift and place 11d on cask using
alignment guides to ensure proper positioning. Take
care not to damage gasket.

7.2,3.4 Secure the primary 1id to the cask as follows:

a, Install the upper ratchet binder pin through the
upper ratchet binder connector and the 1id closure
lug.

b, Tighten the ratchet binder by engaging the flip
block to the sprocket wheel and rotate the ratchet
binder. Torque to 100 (¢ 10) ft-lbs,

¢. Disengage the flip block. Rotate and secure the
handle to its storage position.

d. 1Install the three (3) primary lid lifting covers.

7.244 Installation of Secondary Lid

7.24,1 Prior to installation, inspect gasket for the
following:

a. Gasket fully secured to the primary lid.
b. Gasket not cut, ripped or gouged.
¢, Ga