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1. GENERAL INFORMATION
i.1 Introduction

This report concerns the Model 10-142ZA Type A Transportation Cask. The
Model 10-142A cask is intended for the safe transportation of radioactive
materials other than in the liquid form. The intended contents of the cask
would be fissile radioactive materials quantities licensed for Type A packaging
under 10 CFR 71, Subpart E.

The cask consists of a cylindrical container comprising an inner steel
Tiner surrounded by a layer of lead shielding and an exterior steel shell. The
top and bottom of the container are fabricated from heavy steel plate and are
attached to the container walls by bolting and welding respectively. Exterior
to the cask are impact limiters fitted to and surrounding the cask top and bot-
tom. These impacts limiters offer protection to the cask from both normal con-
ditions of transport and hypothetical accident conditions.

Authorization for the Model 10-142a Cask is sought for shipments by cargo
vessel, rail and land vehicle.
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1.2 Package Description
1.2.1 Packaging
1.2.1.1 Containment Cask Construction - Figure 1.2.1-1 shows the general

arrangement of the 10-142A shipping cask. The cask consists of two concentric
cylindrical shells of ASTM A516 Gr. 70 steel with an annular gap of 3.5 in. be-
tween them. The inner shell is 66.75 in. mean diameter, 72 in. high and 0.5
in. thick. The outer shell is 75 in. mean diameter, 84 in. high and 1 in.
thick. The annular space between the shells is filled with lead for shielding.
The cask bottom cover plate consists of two 3 in. thick ASTM AS16 Gr. 70 stee)
plates joined together to form a 6 in. thick plate. The bottom plates are
welded to the cylindrical shells of the cask body by a combination of fillet
and full penetration groove welds.

The top of the cask is provided with a combination of .wo 1ids identified
as the primary 1id and the secondary 1id. The primary 1id is of a stepped con-
struction which is made of two 3 inch thi.k ASTM A516 Gr. 70 steel plates of 76
in. diameter and 66 in. diameter, joined together to form an integral 6 inch
thick 1id. The primary 1id is secured to the cask body by eight high strength
ratchet binders (breaking strength = 160,000 1b.) and fits in the cask body.
The closure ring is of ASTM AS16 Gr. 70 steel and fits in the annular space be-
tween the cask shells above the lead. The closure ring is welded to the shells
through a combination of fillet and full penetration groove welds.

The seconczry 1id which covers the 29 in. diameter hole at the center of
primary 1id is also of stepped construction consisting of two 3 in. thick
plates. The secondary 1id is secured to the primary 1id through eight (8) 1
in.-8 UNC high strength bolts of ASTM A320 Gr. L7 material. High temperature
silicone gaskets are provided at the cask-primary 1id and the primary lid-
secondary 1id interfaces. The latter is also provided with an additional
neoprene seal.

The inner surface: of the cask and the 1id are clad with 12 gauge ASTM
A240 304 stainless steel. The portion of the cask body that is not covered by
the impact limiters is covered with a 10 gauge ASTM A240 304 stainless steel
thermal shield. There is a 1/4 in. gap between the shell and the thermal
shield which is maintained using 1/4 in. spacers.
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1.2.1.2 Lifting Devices - Three reinforced lugs f ASTM A240 type 304

stainless steel, UNS #32550 are provided for 1ifting the cask. These are shown
in the general arrangement drawing in Figure 1.2.1-1.

1.2.1.3 Tiedown Lugs - The tiedown lugs of ASTM A240 type 304 stainless

steel UNS #32550 are integral parts of the cask body and are welded to the
outer steel shell of the cask body. Four tiedown lugs, two in the front and
two in the rear, are provided as shown in Figure 1.2.1-1.

1.2.1.4 Impact Limiters - The cask package system consists of two impact

limiters at the top and bottom of the cask as shown in Figure 1.2.1-1. Each
impact Timiter shell is constructed of 12 gauge ASTM A240 304 stainless steel.
The ductility of the material permits the shell to undergo large deformation
without fracturing. The cavity between the inner and outer shell of the impact
Timiter is filled with shock absorbing and thermal insulating rigid
polyurethane foam material. This material has a density of 20 1b./cu. ft. and
it bonds to the impact Timiter steel shells forming an integral construction
for packaging. The mechanical properties of this material are given in Section
3

The lower impact limiter is attached integrally to the body of the cask.
The upper impact limiter is secured to the cask through impact limiter tiedown
tabs which are secured to the cask Tugs with 1/2 in. diameter ball lock pins,
Eight such lugs are provided to hold down the impact limiter.

1.2.1.5 Ratchet Binder Lugs - Tke bottom eyelet of each ratchet binder

is secured to the cask body by a lug welded to the cask outer shell. Each Tug
is 1.5 inches thick and is made of ASTM A240 UNS #32550 stainless steel.

1.2.1.6 Primary Lid Lug - A total of eight lugs are spaced equally along

the rerimeter of the cask primary 1id. Each lug is welded to the primary lid
and extends vertically along the cask outer wall. FEach Tug is 1.5 inches thick
and is made of ASTM A240 UNS 32550. The upper eyelet of each ratch binder is
attached to the lower end of each primary lug.

1.2.1.7 Neutron Absorbers - The cask package system does not make use of

materials for neutron absorption or moderation.



1.2.1.8 Weight - The empty cask weighs 54,000 1bs. and the payload
weighs 10,000 1bs. A more detailed breakdown of the weight is given in Secton

- 5 8

rnal ruct - Other than the 1ifting lugs,
tiedown lugs, impact limiters, primary 1id lugs and ratchet binder Tugs already
described, there are no external structures attached to the cask. The cask
contains no internal structure.

1.2.1.10 Pressure Relief - There is no pressure relief system. Rather

the cask is designed to contain expected maximum pressure developing from the
normal conditions of transport.

1.2.1.1]1 Heat Dissipation - The cask is designed such that special heat

dissipation devices or coolants are not required. Analysis demonstrates that
the container and contents would not be compromised by exposure to thermal
Toading under normal conditions of transport. A structural means for thermal
shielding of the cask is provided by a covering of 10 gauge ASTM A240 304
stainless steel over areas of the cask body not covered by the impact limiters.
This stainless steel cover serves as a thermal shield and is further separated
from the cask body by a th:rmal radiation gap of 1/4 in.

1.2.1.12 Ratchet Binders - The cask primary 1id is secured by eight high

strength ratchet binders. The ratchet binder is secured to the primary lid
hold-down lugs with a 1 5/8" diameter retaining pin, and to the ratchet binder
Tug by 1 5/8" diameter bolts. Each ratchzt screw is 1 3/4" diameter with Acme
threads.

1.2.2 Qperational Features

Other than the use of tiedown lugs for securement to a semi-trailer for
transport, there are no operational features relative to the cask which have
any significance during shipping. '
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1.2.3 (Contents of Packaging

The package will contain the following radioactive material as defined “n
10 CFR 71 and 49 CFR 173: «

(a) Type A materials and greater than Type A gquantities of low specific
activity radioactive materials in secondary containers with weight
not exceeding 10,000 1bs.

(b) The package contents will be solid in physical form with no
restriction as to chemical form. This includes dewatered ion ex-
change resins and miscellaneous radiocactive solid waste materials
in secondary containers. The contents of the packaging shall be
Timited such that radiocactive decay does not result in exceeding
the external temperature limits for exclusive use shipments as
stated in 10 CFR 71.43 (G), nor the external radiation dose rate
limits specified in 10 CFR 71.47.
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1.3 Appendix

The general arrangement of the 10-1424 shipping cask has already been
shown schematically in Fig. 1.2.1-1. In addition, an engineering drawing of
the general cask arrangement, Drawing No. sTD-02.107 , Rev. 0, sheets 1 and 2
of 2 is provided as an attachment to this report. This engineering drawing
provides a further detailed description of the cask, materials of construction,

sizing of component parts and method of assembly.
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This section describes the stress analysis of principle compenents of the

2. STRUCTURAL EVALUATION

cask to verify the compliance with the performance requirements of 10 CFR 71.

2.1 Structural Design

2.1.1 QDiscussion

The principal structural members which have been subject to structural
analysis are as follows:

(a)

(b)

(c)

(d)

(e)

(f)

The cask body which consists of two concentric steel cylindrical
shells, a 1/2 in. thick inner shell, a 1 in. thick outer shell,
and a 3-1/2 in. thick annular space in between filled with lead.

The bottom of the cask which consists of two 3 in. thick steel
plates Taminated to form a 6 in. thick plate, welded to the
cylindrical cask body.

The primary 1id which also consists of two 3 in. thick steel plates
laminated to form a 6 in. thick plate, bolted to the cylindrical

task body, and containing a 29 in. diameter central hole to accept a
secondary lid.

A secondary 1id which also consists of two 3 in. thick steel plates
Taminated to form a 6 in. thick plate, bolted to the primary 1id and
covering the 29 in. diameter central hoie in the primary 1id.

Lifting Tugs consisting of 1-1/2 in. thick steel plate welded to the
top surface of the primary 1id.

Tiedown Tugs consisting of 2.5 in. thick steel plates ‘ded
directly to the 1 in. thick outer shell of the cask body.

2-1




(g) Impact Timiters consisting of an outer shell of 12 gauge 304
stainless steel which forms a cavity filled with a shock absorbing
polyurethane foam material.

(h) Primary 1id Tugs consisting of eight 1.5 inch thick plates used to
fasten the upper eyelet of the ratchet binder. Analyses will be
shown in section 2.6.7.

(1) Ratchet binder lugs, eight 1.5 inch thick plates fastened to the
cask outer shell which are used to secure the lower eyelet of each
ratchet binder. Analyses will be shown in section 2.6.7.

2.1.2 Design Criteria

Structural analysis of the cask involves (a) design against yielding
which would otherwise cause permanent deformation of individual cask components
and result in a compromise of a containment seal and (b), for the case of ex-
ternal pressure, design against buckling.

For the normal Toading conditions the ASME Section 11l Service Level A,
an allowable stress of 2/3 Fy is used. For the components, thes. allowable
stresses are Fty for the normal stress and Fsy for shear stress. For bolts,
the smaller of 0.7 Fey of Fty for axial stresses and the smaller of 0.42 Fyy or
0.6 Fty for shear stresses are used. (See ASME Section III Division 1 - Appen-
dix F, Paragraphs F-1335.1 and F-1335.2).

For all other instances of design against yielding, the maximum allowable
stress is lTimited to 20% of the yield strength. For instances of buckling, the
maximum allowable load is limited to 20% of the load to buckle.

The cask by itself provides shielding from the irradiated materials it
contains. The integrity of the cask must, therefore, be maintained, specifi-
cally at seal interfaces between the primary and secondary lids and between the
primary 1id and the cask body. The impact limiters, therefore, are designed to
provide adequate localized protection to the components of the cask assembly,
particularly to the primary and secondary lids and the cask interface.




Lifting attachments are designed to 1ift three times the package and con-
tent weight and not exceed material yield strength. The requirements on
tiedown devices are that no stress in the package material exceeds yield stress
when the following static factors are applied to the center of gravity of the
cask:

a. Two times the cask and content weight in the vertical direction.

b. Ten times the cask and content weight in the horizontal direction in
which the vehicle is traveling, and

c. Five times the cask and content weight in the direction transverse to
that in which the vehicle is traveling.



2.2 Weights and Center of Gravity

The following table gives the weights of the individual components of tne
cask and the payload.

Weight of Tead shielding 23,900 1bs.
Weight of steel shells

and accessories 10,300 1bs.
Weight of steel bottom plate

Total weight of cask body 40,800 1bs.
Weight of primary 1id 5,445 1bs.
Weight of secondary 1id 1,755 1bs.
Weight of two impact limiters

(each weighs 3,000 1bs.) 6.000 1bs.
Total weight o~ cask without payload 54,000 1bs.
Weight of the payload 10,000 1bs.
Total weight of cask and payload 64,000 1bs.

The cask is symmetric about all the three axes. It will be assumed that
the mass distribution is also symmetric and that the center of gravity of the
cask is at its geometric centroid.
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2.3 Mechanical Properties of the Materials

The cask body, primary and secondary 1ids, impact limiter tiedown tabs,
and the cask Tugs are made out of ASTM A516 Gr. 70 steel. The tiedown, primary
1id, and cask lugs are made out of ASTM A240 304 stainless steel, UNS #32550.
The bolts attaching the secondary 1id to the cask body are of ASTM A320 Gr. L7
steel. The material properties relevant to the stress analysis of the cask
components are given in the following table. The ultimate and yield stresses
in shear are taken as 0.577 times the corresponding tensile stresses.

Ultimate Yield Ultimate Yield

Stress Stress Stress Stress Bearing

Tension Tension Shear Shear Stress
Material (Fey) (Fty) (Fgy) (Fsy) (Fbr;‘
ASTM A51é 70,000 38,000 40,400 22,000 80,000
GR. 70 psi psi psi psi psi
ASTM A320 125,000 105,000 72,100 60,600 ---
GR. L7 psi psi psi psi
ASTM A240 70,000 25,000 40,400 14,400 “e-

psi psi psi psi

ASTM A240 11C,000 80,000 63,500 46,100 “ee
UNS #32550 psi psi psi psi

The impact limiters contain rigid polyurethane foam of a self-
extinguishing variety which fills the cavity between the impact limiter shells.
Figure 2.3-1 shows the stress-strain curve for this foam which has a density of
20 1bs/cu. ft. The curves provide both minimum and maximum compressive
stress-strain properties of the foam. Test properties cover the range of
stress and strains reached during the 10 CFR 71 free drop test. These stress-
stain curves are developed based on actual tests performed and are reliable up
to 70 percent of strain. Data obtained over the years shows that the form of
the curves will continue within the tolerance band shown on Figure 2.3-1
through the 80 percent range.

2-5



COMPRESSIVE STRENGTH, (PSI)

20,000

16,000 b=
14,000 —
12,000 r—
r—
10,000 b=
—
8,000 b
6,000 b=
4,000 p—
N 955 MAXIMUM CURYE
2,000 b— / i
52 MINIMUM CURVE
%
: p b g o} T N, -
10 20 30 40 50 60 70 B0
2 STRAIN

FIGURE 2.3-1 Stress-gtrain curve for
20 1b/ft3 density foan

2=-6




Testing samples from each batch during the pour of the impact limiters
has been conducted at several strain levels with at least one sample from each
impact Timiter tested to 80 percent strain to demonstrate that the foam is
within the design tolerance band. In accordance with SEc,

NRC-approved 10 CFR 71, Subpart H, QA Program, the test data from each actua)
pour has been monitored, analyzed, approved and maintained.
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2.4 ndar r All

This section demonstrates that the general standards for packages as
specified in Section 71.43 of 10 CFR 71 are met.

2.4.1 Minimum Package Size

The overall size of the 10-142A cask is such that it considerably exceeds
the minimum specified dimension of 10 cm (four inches).

2.4.2 Security Seals

The 10-142a Cask incorporates security seals on both the primary and
secondary 1id closures. If the lead seals, which are shown on Drawing No.

sTD-02-107 » Sheets 1 and 2 of 2, are broken tampering with the cask is indi-
cated.

¢.%.3 Positive Closyre

The arrangement for container closure has already been described in Sec-
tion 1.2.1.1 and is shown schematically in Figure 1.2.1-1. Closure involves
primary and secondary 1ids. The primary 1id is 6 in. thick steel comprised of
two plates 3 in. thick. This 1id is secured with eight high strength ratchet
binders, and a silicon gasket seal.

The secondary 1id covers a 29 in. diameter hole centrally located in the
primary 1id. It also is 6 in. thick, comprised of two 3 in. thick plates. The
secondary 1id is attached to the primary 1id by eight (8) 1 in. diameter bolts.

The entire assembly is of such an arrangement that it cannot be inadvertently
opened.




2.4.4 Chemica) and Galvanic Reactions

The materials of construction of the 10-142A cask and the arrangement in
which these materials are used is such that significant corrosion will not oc-
cur. The nature of the assembly and of materials of assembly does not inveiwe
the use of materials which are significantly galvanically dissimilar nor does
it involve the presence of an aggressive electrolyte. Direct corrosive attack
by the package contents is not expected and the possibility is further mini-
mized by the application of stainless steel cladding over the entire cask
interior.
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2.5 Lifting and Tiedown Devices
2.5.1 Lifting Devices

2.5.1.1 Cask Lifting Lugs - Three 1ifting Tugs are provided for the 10-142a
shipping cask (as shown in Figure 2.5.1-1). Total load carried by each lug
is:

plug = (64,000) (3g's)/3 = 64,000 1bs.

Using a 40° load direction for shear tear out, the capacity of each Tug is:

(Fgy) (2t) [eq - (d/2) (cos 40)]
(22,000) (2) (1.5) [2.5 - (2/2) (cos 40))
114,441 1bs.

Margin of safety = (114,441/64,000) - ] = 0.788
Capacity of the lug-to-primary 1id weld:
Awt = Area of weld throat

= (2) (0.5) (6) (0.707) + (0.5) (1.5) (0.707)
- 4.77 in.2

Capacity based on weld metal (E70 electrodes) |
= (0.3) (70,000) (4.77) = 100,170 1bs.
Awb = Area of the weld leg = 4.77/0.707 = 6.75 in.2

Capacity based on base metal (AS516 Gr. 70)
= (0.4) (38,000) 6.75 = 102,600 1bs.

Margin of safety = (100,170/64,000) - 1 = 0.565
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FIGURE 2.5.1-1 Sketch of cask 1ifting Tug (1-1/2 in. thick;
ASTM A240 UNS #32550; welded to top of primary 1id)
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The Toads are transferred to the cask body by the ratchet binders attach-

ing the primary 1id to the cask body. There are eight (8) 1-3/4 in. ratchet
binders. The applied force per binder is

= (3) (64,000)/8 = 24,000 1bs.
Allowable stress is the smaller of 0.7 Fy, = 112,000 psi or Fty = 145,000 psi
Capacity of each ratchet binder = (112,000) (1.851) = 207,312 lbs.
Margin of safety = (207,312/24,000) - 1 = 7.64

Therefore, it is concluded that the 1ifting lugs are adequate to carry
the 1ifting loads imposed on them.

2.5.1.2 VUpper Impact Limiter Lifting Lugs - Since the upper impact

Timiter is removable, it is provided with its own lifting Tugs (as shown in
Figure 2.5.1-2). The weight of the upper impact limiter is 3,000 1bs. There
are three lugs provided for 1ifting the upper impact limiter.
Capacity based on the shear tearout of the lug is given by:

Fsy (2t) [ed - (d/2) (cos 40)]

Fsy (A516 Gr. 70) = 22,000 psi

t = 3/8 in.

eq = 1.5 (hole edge distance)

d =1 in. (hole dia.)
Therefore, the lug capacity is

= (22,000) (2) (3/8) [1.5 - (1/2) (cos 40)]

= 18,430 Tbs.

Capacity of the weld:
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FIGURE 2.5.1-2 Sketch of upper impact limiter Tifting Jugs (3/8 in. thick; 304
stainless steel; welded to exterior of the upper impact limiter shell)
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Based on weld metal: (17.62) (1/8) (0.707) (0.3) (70,000) = 32,701 1bs.
Based on base metal: (17.62) (1/8) (0.4) (38,000) = 33,478

Load carried by each lug = (3,000) (3g’s)/3 = 3,000 1bs.-

Margin of safety = (18,430/3,000) - 1 = 5.14

The impact Timiter 1ifting Tugs are adequate.

2.5.2 Tiedown Devices

Four tiedown lugs are provided as shown in Figure 2.5.2-1 and 2.5.2-2.
These Tugs are used to tie down the cask during transportation. In accordance
with 10 CFR 71.45 (b)(1), the lugs must be designed for the following load fac-
tors:

10g acceleration in the longitudinal direction
5g acceleration in the transverse direction
29 acceleration in the vertical direction.

Longitudinal axis is the axis parallel to the direction of the truck
travel.

Two lugs in the front are symmetrically placed with respect to the lon-
gitudinal axis and make 45° angles with this axis. Similarly, two lugs in the
rear are provided. The cask is tied down using flexible cables. The front
lugs are inclined at 24° to the horizontal. The topmost point of the lug is
79.5 in. above the base of impact limiter.

Since the cables are flexible:

0 Either the front or the rear cables resist the forces due to 10g
longitudinal acceleration.

0 One front and one rear cable located on the same side of the cask
resist the forces due to 5g transverse acceleration.
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FIGURE 2.5.2-1 Tiedown Configuration
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exterior of cask body outer shell
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o A1l the four cables together resist the 2g vertical acceieration.

In order to determine the forces in the cables, the direction cosines for
the cables must be known. For this purpose a coordinate system is defined as

follows:

o The origin is placed at the base of the iwpact limiter where the
vertical axis of the cask intersects this plane.

o The x-axis is assumed parallel to the longitudinal axis and is
positive from the rear to front of the cask.

o The z-axis is vertical and is positive upwards.

0 The y-axis is in the transverse direction and is positive as
determined from the right-handed coordinate system.

The cables, for the sake of convenience, are identified as:

FL - front left cable
front right cable
R - rear left cable

rear right cable

-y
x
]

x
x
'

The Tocations of the cable at the cask are identified 2s points, A, Ap,
B, and Bp as shown in Figure 2.5.2-1.

The height of the point at wh. : . tiedown cables are attached to the

lugs, h, is calculated as follows (set Figure 2.5.2-1 and 2.5.2-2 for
dimensions):
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Angle subtended by the arc ab is given by sin~} (11.5/38.125) radians

Arc. length ab = (38.125) sin”} (11.5/38.125)
= 11.68 in.

Distance ac = ab tan 8 = 11.68 sin 8
= 4.75 in. for front lugs
= 7.82 in. for rear lugs
h (front lugs) = 79.5 - 4.75 - (t/2) (cos B) = 75.89

h (rear lugs) 79.5 - 7.82 - (t/2) (cos B) = 72.61 in.

The cable makes an angle of 24° (or 42°) with the horizontal plane,
therefore, it makes an angle of 114° (or 132°) with the positive x-axis.

Projected length of cable on the horizontal plane
= ny = h/tan 8

Projected length along x-axis e ny cos 30 = (h cos 3J)/tan B
along y-axis = ny sin 30 = (h sin 30)/tan 8

Length of the cable, L = [(h%/tan? B) (cos? 30 + sin? 30) + h2)1/2
= (h sec B)/tan B = h/sin B

Direction cosines are given by:
T = X/L = [(h cos 30)/tan B]/(h/sin B) = (cos B) (cos 30)
m=Y/L « (cos B) (sin 30) ; n = h/L = -sin B

The direction cosines are given in the follawing table:
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Front-Left Front-Right Rear-Left Rear-Right

1 0.7812 0.7912 -0.6436 -0.6436
m 0.4568 -0.4568 0.3716 -0.3716
n -0.4067 -0.4067 -0.6691 -0.6691

Coordinates of the lug points with respect to the chosen origin are given
in the following table:

Radial distance of the center of the hole
= 38.125 + 3.5 = 41.625 in.

X =y = 4].625 cos 45 = 29.43 in.

Front-Left Front-Right Rear-Left Rear-Right

X 29.43 29.43 29.43 29.43
y 29.43 -29.43 29.43 -29.43
z 75.89 75.89 72.61 72.61

MMWM_LMMW - This

force is reacted by either the two front or the two rear cables. On account of
symmetry, the forces in the two {front or rear) cables are the same. Let Pir
and Py¢ be the forces in the rear and front cables respectively, and P, and Py
are the longitudinal and vertical components. Taking moments about 0; (for
rear cable forces):

2[(Py) (72.61) + (P,) (50.5 + 29)] - (F) (60) = 0
2Py, [(.6436) (72.61) + (.6691) (79.9)] = (64,000) (60) (10)
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or
Pyp = 191,630 1bs.
Taking moments about 0, (for front cable forces): -
2Py¢ [(0.7912) (75.89) + (0.4067) (79.9)] = (64,000) (10) (60)
or

Py = 207,479 1bs.

2.5.2.2 lug and Cable Forces for 5g Transverse Accsle-ation - This force

is reacted by one front and one rear cable located on the same side of the
cask. Let P,. and Py¢ be the forces in the rear and front cables respectively.
Taking moments about 03 gives:

(Ppp) (.3716) (72.61) + (Pp,) (.6691) (50.5 - 29)
+ (Ppg) (.4568) (75.89) + (Pp¢) (.4067) (50.5 - 29) = 64,000 (5) (60)

or
Poy (41.37) + Ppe (43.41) = 19,200,000

Assuming no twisting of the cask, and setting the moments of all the
forces about z-axis to zero gives:

(Ppr) (.6436) (29) + (P,,.) (.3716) (29)
- (Pag) (0.7912) (39) - (Pp¢) (.4568) (29) = 0

or
Por = (1.2293) Pys

Finally: Pype = 203,679
Pyy = 250,383
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2.5.2.3 Llug and Cable Forces for 2q Vertical Acceleration - This force

is reacted by all four cables. The forces in the two front cables are the
same, P3¢, and the forces in the two rear cables, P3r' will be the same. Force
equilibrium in the vertical direction gives:

(2) (P3,) (0.6691) + (2) (P3¢) (0.4067) = (64,000) (2)
or

(1.3382) Py, + (0.8134) P3¢ = 128,000

Assuming no rotation of the cask about the transverse axis through 0; (or
0p) and setting the corresponding moment to zero gives:

(2) (P3,) (0.6436) (72.61) + (2) (P3,) (0.6691) (50.5 + 29)
- (2) (P3¢) (0.7912) (75.89) + (2) (P3¢) (0.4067) (50.5 - 29)
= (64,000) (2) (50.5)

or

Py = (0.5134) Py, + 32,344

Therefore, P3r = 61,332 1bs.
Py¢ = 56,462

2.5.2.4 Evaluation of the Lugs and Welds - Total force in the cables,

and hence on the tiedown lugs, is conservatively calculated as:
P = 207,479 + 250,383 + 61,332 = 519,194

The adequacy of the tiedown lugs is checked for this load.

The Tug material is ASTM A240 stainless steel UNS #32550 with:
Ftu = 110,000 psi Fty = 80,000 psi

The Tug will be analyzed according to the procedure given in "Structures
Methods Manual - SSD6004BR", Hughes Aircraft Company, February, 1966.

2-21



-
2

FI TRE :.‘."

S

1 My

Vi

fUEd e

L ]

[FT:

I YFivmopy i

i I T

SRS e 4,

¥

cd
D

by

o

'
o+ el N
dy
] 4 w :
L= * v
% 7
P T |
W N Sodiem kg e OO A0 s Saen)
. WS WAL Lt N R .
R R T T L] " R L I

R

Anvrsy

"

AW A enmaie @5 4

SRR B0 0 w04 8 Banny "a e
P miatng woa iy

L8

wie ¥y

BETMANAN Y,

o I

ingae g

WL Ay

Ve oh Srena e

B LT TEU RS O N

ey
—- A

S mdiowe AN

Lk b vanihey

ﬂn —

Ve afligagg ey papeoy Ayriny

t=1°s ¢ 2ands g

* ‘wOiive sInERAR

2

I o

- = = 1) - - T
gﬁggg_ﬁgg_ﬁ?s

MO wiewS YR i) M e

WOLEI I wives Ve i) ~

e

.o»cs»u =i 08 avme
LR itmay AT )
Gi%e0 w0 was "hiw e
OV mlwimnY &
$0 i h WOR doww
98 Fawm awn

LR

Aind g

Pl .o

o
o
‘s
o
e
e m
"
»
s m
i .
00 o
ar
o
107
2 LR

WIAOws WD b BN B0 whedw

& = am

2-22



For the lug: W/D = B/3 = 2.667
R/D=4.5/3 =1.5

From curves on Figure 4.4.1-1 of the manual, the efficiency factor K is
1.42 for R/D=1.5 or 1.6 for W/D=2.667. The smaller value of 1.42 will be used.
From Figure 4.4.1-2 of the manual, for K=1.42, the yield factor Y=1.075.

The allowable yield load:

Py=KYDtFy,
= (1.42) (1.075) (3) (2.5) (80,000) = 915,900 1bs.

Margin of safety = (915,900/519,194) - 1 = .764

The Tug is welded to the cask body by a combination of a 1/2 in. bevel
groove weld plus a 1/2 in. fillet weld. Total length of the weld is (2) (16 +
2.5) = 37 in. The adequacy of the weld is verified for:

1. The weld metal for stress on the throat.
2. The cask material, ASTM AS16 Gr. 70.
3. The lug material, ASTM A240 UNS #32550.

Capacity based on limiting weld metal stress:

the ultimate strength of the filler metal used for welding with the ASTM
A240 UNS #32550 material is Fy = 70,000 psi. According to AISC code, the al-
lowable stress for normal loading condition is 0.3F,. For the accident condi-
tion considered, a factor of 1.6 will be used such that the allowable stress in
the weld metal is:

Fey = (1.6) (0.3) (70,000) = 33,600 psi

Load capacity = (2) (16 + 2.5) (1.0) (0.707) (33,600) = 878,942

Capacity based on Timiting base metal stress:




The Tug is ASTM A240 UNS #32550 with a limiting shear stress of (0.577)
(110,000) = 63,470 psi. The cask material is ASTM A-516 Gr. 70 with a limiting
shear stress of (0.577) (70,000) = 40,390 psi, and this governs the load
capacity.

Load capacity = (2) (16 + 2.5) (1) (40,390) = 1.494 x 10° 1bs.

The margin of safety of the lug based on least weld capacity is
= 878,942/519,194 - ] = 0.693

The tiedown Tugs are adequate to take the 10 g longitudinal, 5 g trans-
verse and 29 vertical acceleration of the cask.

2.5.2.5 Primary Lid Hold-Down Lugs and Retainer Pins

See analyses beginning on page 2-71.

2.5.2.6 Lower Ratchet Binder Tie Down Lug and Retainer Bolts

See analyses beginning on page 2-71.
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2.6 Normal Conditions of Transport

This section demonstrates that the normal conditions of transportation
have been met.

2.6.1 Heat

The thermal evaluation of the cask under conditions of elevated tempera-
ture due to normal transport conditions is contained in Section 2.4. Con-
sideration of normal conditions of transport based on the results of the
analysis in Section 3.4 is contained in this section.

2.6.1.1 Summary of Pressures and Temperatures - For a summary of tem-

peratures experienced during normal conditions of transport, reference is to
Figure 3.4.2-1. The temperatures given are steady state. A maximum of 200°F
temperature in the container occurs at the center of the lid. The temperature
of the structural shell ranges from 158%F to 167°F. 1In all locations the tem-
perature gradients through the container wall are small. The maximum deter-
mined temperature gradient does not exceed 10°F. Referencing Section 3.4.4,
the maximum pressure differential developed in the container is 24.6 psi.

2.6.1.2 Differential Thermal [xpansion - T .rmal stresses can arise due

to temperature gradients in solid materials. In addition, stresses can be in-
duced when a structural member is heated uniformly but fabricated as a2 com-
posite with materials having different coefficients of thermal expansion. As
seen in Figure 3.4.1-1, the wall temperatures are practically uniform. Thus,
the thermal stresses are primarily due to the difference in the thermal expan-
sion coefficients of lead and steel (16.3 x 10'5/F and 6.5 x 10'5/F
respectively). The maximum thermal stress occurs in the inner and outer steel
cylindrical shells. An approximate calculation of the thermal stress is made
by assuming that the steel and lead shells have the same growth. The axial and
hoop stresses of the steel are given by:

Sg = (@) - ag) AT/(1/E+Ag/AEq)
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where @y and a; are the thermal expansion coefficients of lead and steel
respectively, T is the temperature change, E; and Eg are the moduli of elas-
ticity of lead and steel respectively, and A; and A, are the cross-section
areas. The cross-sectional area of the steel is determined by combining inner
and outer shells. A temperature change 70°F to 167°F is assumed.

Eg = 30x106 psi

£y = 2x108 psi

A = T (66.75) (0.5) + I(72) (1.00) = 331 in?
Ay = T (68.25) (3.5) = 750 in?

S¢ = (16.3 x 10°® - 6.5 x 10°8) (167 - 70)/[1/30x106
+ (331)/(750)(2x108)] = 3743 psi

Allowable stress for the shell wall = 38,000 psi

Margin of safety = (38,000/3,743) - 1 = 9.2

2.6.1.3 Stress Calculations - The maximum pressure differential

developed in the container (normal condition of transport) is 24.6 psi. Assum-
ing the inner 1/2 inch thick shell resists this pressure, the stress in the
shell is:

f =pr/t = (24.6) (33)/(0.5) = 1,625 psi
Allowable stress = Fty = 38,000 psi

Margin of safety = (38,000/1,625) - 1 = 22.4

The 1id will also be subjected to this pressure. The maximum bending
stress assuming only a 3 in. thick lid is:

f = 3ga% (3 + v)/8t2
= (3) (24.6) (38.125)2 (3 + 0.3)/(8) (3)2

= §,917 psi
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[Roark, R.J. and Young, W.C., Formulas for Stress and Strain, Sth Edi-

tion, McGraw-Hill, 1975, Table 24, Case No. 10, pages 363 and 333].
Margin of safety = (22,800/4,917) - 1 = 3.64

The primary and secondary bolts have been found adequate for much larger
loads resulting from the hypothetical accident condition load plus the pressure
of 11.2 psi in Section 2.6.7.

Therefore, the cask is adequate to withstand a differential of 24.6 psi.

Regarding lead pour, the maximum expected casting temperature of lead is
830°F. This temperature is not high enough to produce any significant metal-
lurgical change in the container structural wall. A temporary rise in tempera-
ture of the structural wall will occur during lead pour. However, as the ther-
mal analysis in Chapter 3 demonstrates, the temperature gradient through the
wall would be small and significant thermal stresses are not expected. Regard-
ing lead cool down, the lead has a much lower yield strength than the steel
container shell. The lead therefore will yield to conform to the container
shell dimension long before significant stress is developed in the container
wall.

The only expected superposition of stresses expected due to the effects
of heat in normal transport are the thermal stresses and stresses due to pres-
surization in the container shell. In both cases treated separately, the mar-
gin of safety is greater than 9.0. The combination of these stresses would
still result in a large margin of safety.

2.6.2 (Cold

The minimum expected temperature is -40%F as specified in 10 CFR 71 Sec-
tion 71(c)(2). The primary structural material used in fabricating the cask is
ASTM A516 Gr. 70 steel. This material is classified as a pressure vessel plate
material for low and moderate temperature service. This steel is manufactured
such that it has excellent resistance to low stress fracture at reduced service
temperatures. The specification for this material is such that is must meet
requirements for notch toughness and must meet stringent manufacturing require-
ments Timiting allowable surface and edge imperfections. It is the structural
steel typically specified for low temperature service.
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Mechanical tests of foam material such as that used in the impact
limiters have been conducted at temperatures as low as -20°F. The strength of
the foam at this reduced temperature increases relative to the strength at am-
bient conditions. There is no significant change in behavior which would
otherwise compromise the crush deformation characteristics of the material.
The nature of this type of material is such that, at temperatures as low as
-40°%F, the strength would be further increased and any change in deformation
characteristics would still be insignificant.

Regarding other materials of construction, materials used in this cask
package are in no way inferior and in many cases superior to materials used in
many other Type A and B packages of similar design which have been in service
for many years without incident.

2.6.3 Reduced External Pressure

According to Paragraph 71.71 (c)(3) of 10 CFR 71, the cask must withstand
@ reduced external pressure of 3.5 psi. This is equivalent to the cask being
subjected to a differential pressure of 14.7 - 3.5 = 11.2 psi. An analysis of
the cask for a much larger differential pressure of 24.6 nsi has been conducted
in Section 2.6.1.3. The container was demonstrated to be adequate.

2.6.4 Increased External Pressure

The requirement that the cask should not suffer loss of contents when
subjected to an external pressure of 20 psi will be examined.

2.6.4.1 Design of Cask Ends Against Yielding - It will be conservatively

assumed that the pressure across the ends of the cask is carried by a 3 in.
thick steel plate fabricated from ASTM A516 Gr. 70 steel. The model assumes a
circular plate of constant thickness supporting a uniformly distributed Joad
and having ius edge simply supported.

M = (qa?/16) (3 + »)
= [(20) (38.125)2/16) (3 + 0.3) = 5,996 in.-1bs.

f = 6M/t? » 6 (5,996)/(3)2 = 3,997 psi
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[Roark, R.J. and Young, W.C., Formulas for Stress and Strain, 5th Edi-

tion, McGraw-Hill, 1975, Table 24, Case No. 10a, page 363.]

Allowable stress for the cask 1id = Fty = 38,000 psi

Margin of safety « (38,000/3,997) - 1 = 8.5

The cask ends will not be compromised due to external pressure of 20 psi.

T Agai ielding - It will be conservatively
assumed that the pressure exerted on the cylindrical shell of the cask is
carried by the outer shell fabricated from ASTM A516 Gr. 70 steel, 0.5 in.
thick plate.

f =pr/t = (20) (38.125)/(0.5) = 1,525 psi
Allowable stress for the shell wall = 38,000 psi

Margin of safety = (38,000/1,525) - 1 = 23.9

2.6.4.3 Design of Cask body Against Buckling - It will be conservatively

assumed that the pressure exerted on the cylindrical shell of the cask is
carried by the outer shell. The axial stress on the shell will be ignored
recognizing that (a) the assumption is conservative in only considering the
outer shell and (b) the primary buckling load on the shell would be lateral
pressure for a relatively short, larger diameter shell.

The thickness ratio, X, is calculated as follows:
A= 1.2 (r/8)%-8 [(t/1) (E/Fyy)]0-3
= 1.2 (38.125)%-25 (1/80) (30,000,000/38,000)]~0-5
- 0.95

where t = wall thickness = 1 in.
r = radius of cylinder = 38.125 in.
L = height of cylinder « 80 in.
E = elastic modulus
Fty = yield strength
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Since 0.35 > A > 2.5, a mixed mode of response to external pressure is ex-
pected. An upper bound estimate for buckling pressure applicable to short
cylinders is as follows:

P. = (0.87) (E) (t/L)/(r/t)}-3
- (0.87) (30,000,000) (1/80)/(38.125/1)}+5
= 1,386 psi

Margin of safety = (1,386/20) - 1 = 68

[Blake, A., Practical Stress Analysis in Engineering Design, Marcel Dek-

ker, 1982, Chapter 36, "External Pressure”, Pages 515 to 553.]

2.6.5 Vibration

Vibration loads from ordinary transport are expected to have insig-
nificant effects on the container. Various components of the structural shell
are either welded or held together with multiple threaded fasteners, including
the attachments of the primary and secondary lids. Fastening arrangements
similar to that applied to this container have been used on Type A and B con-
tainers for many years without incident.

2.6.6 MWater Spray

Since the package exterior is con:tructed of steel, this test is not re-
quired.

2.6.7 [Eree Drop

Dropping a 64,000 pound package a distance of one foot is not a normal
condition of transport. The package is permanently affixed or tied to a spe-
cial tri-axle trailer. As such, it will not be handled like general freight at
a truck terminal.

For conservatism we have combined the one foot handling drop with the 30
foot hypothetical accident drop condition and analyzed the package for a single
3] foot drop. The subsequent analysis demonstrates the package’s ability to
withstand the combined 31 foot drop height.

2-30



To demonstrate the structural integrity of the package and its ability to
withstand the 31 foot free drop test, a detailed computerized analysis was con-
ducted. It is important to note that the technigues, analvsis methods, assump-
tions, and routines employed follow closely those u. ' for other petitions such
as:

DOT 6400 Super Tiger

DOT 6553 Paducah Tiger

DOT 6272 Poly Panther

DOT 6679 Half Super Tiger

DOT 6744 Poly Tiger

AECB - Resin Flask

Model MO-1 packaging - Docket No. 71-9069

N U B WO e

These are proven techniques that agree closely with full scale tests ac
well as other publicized standards such as ORNL-NSIC-68. In all cases the
analysis has been proven to be conservative when compared with full scale test-
ing.

It was suggested that, for conservatism the 1 foot drop condition as-
sociated with normal handling be combined with the 30 foot accident condition
to provide total drop height of 31 feet. Therefore, the following analysis
have been conducted on the package using the full gross weight and a 31 foot

drop.

The high density foam contained within the impact limiters is designed to
crush on impact thus absorbing and distributing the load.

The mechanical properties for the foam used in this package can be found
on page 2-6. These properties are applicable for loading conditions in the
direction parallel and perpendicular to the rise direction. High density
foams, greater than 18 pcf, exhibit these isotropic properties for two reasons.
First, because of their high density, the amount of rise during the formation
of the foam is small thus producing a cell structure that is very uniform and
not elongated. Second, the size of the overpack allows the foam to expand
laterally as well as vertically. Again, resulting in uniform grain structure
and its associated isotropic properties. The two curves shown on page 2-6 rep-
resent the maximum and minimum statistical compressive properties based on a
95% probability for loading in either direction. The values obtained from
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tests of the actual foam in the 10-142A impact limiters fall within these two
curves, thereby providing validity to the results of the computer analyses.

Three drop conditions for the package have been evaluated, i.e. end, cor-
ner and side. For each we have reviewed the failure mechanism that would
produce maximum load as well as maximum deformation. In these evaluations max-
imum and minimum mechanical properties were used to produce the most conserva-

tive results.

2.6.7.1 Free Drop Impact Analysis - End Impact - Emergy to te absorbed

by the impact limiter can be calculated as follows:

K.E. = Wh
Where
W = 64,000 1bs.
h = 31 ft.
K.E. = (64,000 1bs.) (31 ft.)
= 1.98 x 10% ft.-Tbs.

Assume: 1. Full area of overpack reacts load
2. Drop Height = 3] ft.

Energy absorption is calculated by:

Energy = (Foam Volume Crushed) (Crush Strength)
K.E. = VF,

Where:
V « (AREA) (Depth)

o [(D2 - D;2)] b
s [(101)2 - (55)2] »
= 5,636 h ind
Fe = 1,000 psi (Nominal) @ 10% Strain

(1.98 x 105) (12) = (5,636)h (1,000)
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h=4.22 in. (or 23% strain)

Assuming the 4.22 in deflection produces a 23% strain it is conservative
to use the stress at 23% to calculate the acceleration. Therefore, at 23%
strain the maximum compression stress is 1,300 psi. Therefore:

Acceleration = (1iaoo°p%g) (5,636 in.%)

= 114 g's
Repeating the same analysis, but with the followino assumption:

Assume: 1. Only projected area of cask reacts load
2. Drop height = 3] ft.

KE = A F. h

(64,000) (31) (12)‘- D (76.2852 - s52) (1,000) h

h = 10.86 in.

Strain =« ]0.86 in./18 in. = .60 or 60% strain

Stress @ 60% strain = 2,500 psi (Max.)

Acceleration = (2,500 psi) (2,190 in.2)/(64,000 1bs.)

= 85.5 g’'s

Therefore, the maximum acceleration experienced will be 114 g's.

Since the primary 1id will be reacting these loads in direct compression,
the binder will not be loaced. The secondary 1id attachments must react these
loads. Therefore, bolt stress can be found from the following:

The secondary 1id weight is:

W, = 1,755 1bs.
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Assume the 1id must also react the projected area portion of the payload.
Wy = (10,000 1bs.) (29)2 / (66)2
Wy = 1,931 1bs.
Total equivalent wt.
Wy = 1,755 1bs. + 1,931 1bs.
Wy = 3,686 1bs.
Bolt Loads:
P = (3,686 1bs) (114 g)/8 bolts
P = 52,526 1bs./bolt

Using the 125 ksi 1 inch diameter bolts (ASTM A320 Grade L7) their
strength is 75,750 1bs. (Area = .606 in.z)

Margin of Safety = 75,750 / 52,526 - 1

M.S. = 4+.44

Conclusion:

It is therefore safe to conclude that the package can safely react the
maximum loads for a 31 foot end drop without detrimental effects.
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2.6.7.2 Free Drop Impact Analysis - Corner Drop - For the case of corner

drop or edge impact the defcrmations experienced by the overpack are more dif-
ficult to approximate with a simple analysis. In order to account for the
strain hardening which takes place in the foam, a detailed computer program
(CYDROP) was generated.

CYDROP treats the corner impact of a cylindrical package upon an unyield-
ing surface. The package itself consists of a cylindrical payload portion sur-
rounded by a larger cylindrical volume composed of a crushable media. So long
as the deformations of the crushable media are modest - the problem may be ap-
proximately solved by assuming a uniform crush stress exists over the ellipti-
cal surface of the crush plane (contact surface). CYDROP was develcped
specifically to address problems of large deformations of this crushable media
and to treat geometries where the cylindrical overpack envelope possesses
axisymmetric cylindrical voids (e.g. does not completely cover the cylindrical
ends of the payload package).

The Targe deformation behavior of the crushable media is accommodated by
determining the actual strain of the crushable media at a point. This strain
is used to determine the corresponding stress from an implicit tabular defini-
tion of media stress-strain characteristics. The total crush force is found by
a double integration over the contact area of the crush plane.

Strain energy absorbed by the crushable media is determined by integrat-
ing the crush force and its associated deformation. The package is assumed to
be at "rest” when the computed strain energy value equals the applied kinetic
(drop) energy.

The geometric calculations for the contact surface and the associated
strains are carried out using a moving (x, y, z) coordinate system in which the
x-y plane corresponds to the crush plane, see Figure A. The crush plane itself
represents a segment of an ellipse. The contact area is this ellipse segment,
provided no cylindrical and void exists. When a cylindrical end void exists,
the contact area of the crush plane is reduced by the removal of a second el-
Tiptical region associated with the projection of this void into the contact
plane.
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Calculation of strain is somewhat more complex. In principal, the dis-
tance from point (x, y) in the crush plane to the payload is found and denoted.
5top' Similarly the distance to the undeformed external overpack envelope is
found and dencted, 5bot' The strain represents deformation divided by original

thickness, or:

At any point (x, y), the calculation of 5top may follow three branches,
according to location. The three possible branches relate to the payload sur-
face intercepted. They are:

he Cir g P
The bottom of the payload cylinder describes an ellipse in the crush plane. If
(x, y) is inside this ellipse, the point is considered "backed" by the bottom
of the payload. An exception to this general statement is noted in the discus-
sion of the "Unbacked Region", see below.

1 indrij rf f P

The cylindrical surface of the payload describes a rectangular region tangent
to the payload bottom ellipse at its major axes. If (x, y) is outside the bot-
tom ellipse yet possesses an x coordinate less than the radius of the payload
bottom, the point is considered "backed" by the payload cylinder.

Unbacked Regions

Unbacked regions are of two forms; those associated with the cylindrical end
void and those near the external surface of the overpack. The unbacked region
associated with the end void is a point in the crush plane which lies within
the ellipse defined by the void circle lying in the plane of the payload bot-
tom. The unbacked region associated with points near the overpack extremities
is defined by those points (x, y) where the x coordinate exceeds the radius of
the payload volume. Points which are "unbacked" employ a nominal crush stress
for force integration purposes. (For current analysis, this stress was set to
zero.)

The calculation of §pots the distance to the undeformed overpack envelope, may
follow two branches. Th2se branches correspond to intercepts with either the
cylindrical surface of the overpack or the circular end of the overpack.
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The analytics describing the geometry discussed above, consists of the sequen-
tial application of a series of geometric transformations of surfaces described
in the coordinates of the cylindrical package (X, Y, Z) to the coordinates of
the contact piane (x, y, z). The surfaces in package coordinates are:

Overpack Cylinder
2
X4+ y2 . Re

Overpack Bottom Circle
X2 B Y2 - Rcz
1=-1./1

Payload Cylinder
X2 + 2 . sz

Pavload Bottom Circle
X2 4 v2 . sz
1=-1p/2

Void Circle at Pavload
X 4+ v2 . sz

l= -lp/Z

Voi v
xz - Yz = sz
l= -lc/Z
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In order to determine the maximum acceleration experienced, a total of &
cases were run. Full range stress strain curves were used representing both
minimum and maximum compressive stresses. These curves can be found on Page
2-6 and represent 95% probability numbers based to twenty samples. Thess
samples included both perpendicular as well as parallel properties. 1... data
is consistent with the actual tested values of the foam used in the 10-142A.

In addition to the variation in mechanical properties, the effects of the
central hole in the overpack were evaluated. Since the program was written to
ignore any energy contribution to unbacked foam a portion of the central over-
pack area was analytically eliminated because of the 55 in. diameter hole. By
decreasing the central hole (Package External Hole Diam.) the program would as-
sume that that area was backed and able to absorb energy. Therefore, the
backed and unbacked cases were also evaluated at the minimum and maximum
material properties.

Case No. ]

Minimum mechanical properties
Full 55 inch central hole

Case No. 2

Minimum mechanical properties
Central hole filled

Case No. 3

Maximum mechanical properties
Full 55 inch central hole

Case No. ¢4

Maximum mechanical properties
Central hole filled
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From the printouts it can be seen that columns & and 7 provide the total
kinetic energy and absorbed strain energy for incremental crush depths. When
these values become identical, the package is in equilibrium. Column &
provides this ratio for rapid evaluation. It is important to note that a large
amount of additional energy absorbing capability remains in the package. From
Case No. 1 it can be seen that the package comes to rest after reaching a crush
depth of 20.50 inches.



C &
-— 8:40.08"

b-—-—/

The available foam thickness can be calculated as follows:

¢ = tan"! (101/120) = 40.08°



The actual available thickness varies slightly from the diagonal thickness by
the following amount:

@ = tan"! (101 - 76.25)/(2)/18 = 34.51°

]

+ 18
1
b /
\/ R A
a/ |

e
6

iy

—.//

(182 + 12.375211/2 < 21.84 (Diagonal Thickness)

‘7/1 6-«

/.84

21.8 ”_
X = 21.84 cos (40.08 - 34.51)

x = 21.74 in. (Actual Available Thickness)

From Case No. 1 the maximum strain energy is 32,160,741 in.-1bs. at 21.74 in
deflection.

Margin of Safety = 32,360,741/25,200,000 - 1 = + .28

2-42



If the corner drop was to occur in the flattened area of the overpack,
some additional deformation would take place. The deformation would be
directly related to the loss of available foam volume. This volume can be cal-

culated as follows:

s 48"

A r=50.5

A=1/2 r (a-sin a)
Where:

r = 50.5 in.
1/2 @ = cos™ta/2 = 48/50.5 = 18.1°, thus a = 36.2° or .632 radia.s

A= 1/2 50.52 (.632-sin 36.39)
A = 52.8 in.2

or
Vol = 52.8 in.2/in of affected length
The effected zone will extend down the package by the following:

§ = 20.5 in (Per Pg. 2.40)

1 = §/cos 40.08°
1 = 20.5/cos 40.08°
1 = 26.7 in.
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Lost Volume is:

V= (26.7 in.) (52.8 in.3/in.)
B = 1,410 in.3

The total volume of foam used during the compression is given on Page 2-50,
Column 3.

Vr = 22,684 in.3
or

Loss = 1,4]10/22.684 = .06
Loss = 6% due to flattened sides

Therefore, the absence of foam in the local flat area of the overpack
results in only a 6% reduction in the available foam as calculated. This small
reduction is more than offset by the availability of the additional crush depth
and associated additional foam as calculated above. A positive Margin of
Safety exists.

An alternate method of evaluating the effect of the overpack flats is to
conservatively assume that the complete overpack is reduced to a diameter equal
to the width across the flats. This approach analytically reduces the amount
of foam available for energy absorption and is therefore conservative.

,._...96'. dla.-—-—.-’
|
{
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In order to establish the maximum deformation for this case, the follow-
ing CYDROP corner case was run. From the attached output the maximum deforma-
tion was found to be 20.16 in. for a 31 foot drop. The available foam is:

t, = [((96-76.25)/2)% + 18211/2 cos[tan~) 96/120-tan"! (96-76.25)/2/18)
t, = 20.22 in.  (Available)
t, = 20.16 in. (Required) [from column 1, page 2-48)

After impact a small amount of foam remains.

This analysis conservatively neglects the presence of energy absorbing
foam in the region from 96 inch diameter out to 10] inch diameter. Therefore,

it can be again concluded that a positive Margin of Safety will exist for im-
pact on to the flat portion of the overpack.

Loads or accelerations experienced by the package are also plotted as a
function of crush depth. Accelerations were found to vary from a low of 72.2
g’s to a high of 76.4 for the full range of conditions. The small spread in
these accelerations is explained by the following. As the compressive strength
is reduced, the crush depth and contact area increase. Therefore, the small
stress multiplied by a Targe area produces numbers equivalent to the product of
high stresses multiplied by a smaller impact area. Thus, normal variations in
crush strength do not significantly affect package loading.
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SEG 10-142A .- SOFT FOAM --CASE NR.2

Package Wei ht = 64000, (LBS)
Package External Length = 120.00 {IN)
Package External Diameter B 96.00 (IN)
Package External Hole Diameter = 55.00 (IN)
Payload Envelope 'ength - 84.00 (IN)
Payload Envelope Diameter - 76.00 (IN)
Drop Height - 31.00 (FT)
Orientation Angle - .6747 (RADIANS)
Nominal Crush Stress = 0.00 (PSI)

STRAIN VS STRESS TABLE

17 .99 24000.00

l

|

pT STRAIN STRESS l

1 0.00 0.00 I

2 .05 650.00 |

3 .07 850.00 ,
4 .10 950.00
3 .20 1000.00
3 .25 1050.00
7 .30 1150.00

8 .40 1260.00
g .45 1400.00
10 .50 1600.00
13| .60 2250.00
12 .70 3850.00
13 .75 5300.00
14 .80 7400.00

15 .90 13800.00
16 .95 18500. 00

|

|

|
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10-142A -- SOFT FOAM -- CASE WR. 2

* * CRUSH PLANE * * NA®IWPACT & o » ® & .S ENERGY * v v e GISTRIBUTION OF STRAIN RATIOS BY
PERCENT OF CONTACT AREA

CRUSH AREA VOLUNE FORCE ACCEL . KINETIC STRAIN RATIO LE.70 61.70 GT.80 61.90 GT.95
DEPTH (in23 CiNd) (LBS) 8) (IN-1LB) (IN-LB) (SE/KE) LE.80 LE. 90 LE.95

0.50 1n.e 5. 1316, .0 23840000, 329. .000 100.00 0.00 0.00 0.00 0.00
1.00 33.6 . 7658. A 23872000. 2573, .000 100.00 0.00 0.00 0.00 e.00
1.50 61.5 38, 21158, +3 23904000 orTr. 000 100.00 0.00 0.00 0.00 0.00
2.00 9.2 . 42382, 7 23936000 . 25662, R 100.00 0.00 0.00 0.00 0.90
2.50 1311 133, 70224, 1.1 23968000, 53813, 002 100.00 0.00 0.00 2.00 0.00
3.00 TLe 209, 103557. 1.6 24000000. 97258, .00s 109.00 0.00 0.20 0.00 0.00
3.50 215.3 306. 161672, 2.2 24032000. 158566. .007 100.00 0.0 0.00 0.00 0.00
4.00 261.9 425. 183805, 2.9 24064000, 239935, .61e 100.09 .00 0.00 0.00 0.00
4.50 LARS 568. 228129, 3.6 24096000, 342919, 0% 100.00 0.00 0.00 0.00 0.00
5.00 382.7 732. ararre. 4.3 26128000, 468145, 019 100.00 0.00 0.00 0.00 0.00
$.50 416.5 932. 3rezr. 5.0 24160000, 615746, 025 100.00 0.00 0.00 0.00 0.00
46.00 (724 1154. 363875, S.7 24192000. 786122, 032 100.00 0.00 0.00 0.00 0.00
6.50 530.2 14604 407788, 6.4 24224000, 979038, .040 100.00 0.00 0.00 0.00 0.00
7.00 589.8 1684, 454530, 7. 26256000, 1194617, 049 109.00 0.00 0.00 0.00 0.00
7.50 651.0 1995, 502768, 7.9 24288000 1433941, .05¢ 100.00 0.00 6.90 0.00 0.00
8.00 3.7 2336, 554496, 8.7 24320000, 1698257, 070 100.00 0.00 0.00 0.00 0.00
8.50 m.e 2709, 603525, 9.4 24352000, 1987763. .0a2 100.00 0.00 0.00 6.00 0.00
9.00 83 .4 3. 659547, 10.3 26384000, 2303531, 094 100.00 0.00 0.00 0.00 0.00
9.50 910.2 3552. 17595, 1.2 26416000, 2647816. .108 100.00 G.00 0.00 0.00 0.00
10.00 o781 4025, 776332, 12.1 26448000, 3021298. 126 100.00 0.00 0.00 0.60 0.00
10.59 10471 4531, 832616. 13.0 24480000, 3423535, 140 190.00 0.00 0.00 0.00 0.00
11.00 WMITA so72. $00835. %1 24512000, 3856898, 157 100.00 0.00 0.00 0.00 0.00
11,50 1188.6 5648, 97329 15.2 26544000, 4325430. 176 100.90 0.00 0.00 0.00 0.00 .
12.00 1259.2 6260. 1054924 16.5 24576000, 4832485, 197 100.90 0.00 0.00 0.00 0.00
12.50 1332.3 6508. 1139482, 17.8 24608000, 5381086, 219 100.00 0.00 0.00 0.00 0.00
15.00 1405.6 7593. 1222977. 9.1 24640000, 5971701, 242 100.00 0.00 0.00 0.90 .00
13.50 Wre.s 8314, 1315391, 20.6 26672000, 6606293 . .268 100.00 0.00 0.00 0.060 0.00
14.00 1554.0 S072. waray, 22.3 24T04000. 7291921, 295 100.00 6.00 0.090 0.00 0.00
14.50 15291 9868, 1552290. 24.3 24738000, 8036774, 325 100.00 0.00 06.00 0.00 0.00
15.00 1704.6 10701, 1699129, 26.5 26763000, BALBA29. 357 100.00 0.00 0.60 0.00 0.00

15.50 1780.6 11523, 1855846 29.0 24800000, 9738373, .39 100.00 6.00 .00 0.00 0.00



L I

DEPTH

16.00
16.50
17.00
17.50
18.00
18.50
19.00
19.50
20.00
20.50
21.00
21.50
22.00
22.50
23.00
23.5¢

* % CRUSH PLANE * *

AREA
(IN2)

1856.9
1933.5
2010.4
2087.5
21647
22621
2319.5
2394.9
24742
2551.5
2628.6
2705.5
2782.2
2858.5
29346
3010.2

VOLUME
(IN3)

12482.
13430,
14416,
15440,
16503.
17605 .
18745,
19924,
FARLT N
22399,
25694,
25027,
26399,
27809,
29257,
30744,

10-142A -

I..l”‘c‘...

FORCE
({LBS)

2050383,
2270540,
2540788,
2836023
3173465,
3606530,
4105660,
L6E3926,
5385546.
6232986
7134589,
BO73221.
9126656,
10241591,
10691524,
11121935,

ACCEL.
(G)

52.0
35.5
9.7
4.3
9.6
56.4
64.2
73.2

Mmoo
126.1
142.6
160.0
167.1
173.8

SOFT FOAM -- CASE WR. 2

.'..E.E.G"OIO

KINETIC
(IN-18)

24832000
24864000 .
24896000,
24928000,
24960000,
24992000,
25024000.

25120000,
25152000.
25184000,
25216000,
25248000,

25312000,

SIRAIN
(IN-LB)

10714930,
11795161,
12997993,
14362195,
15844567,
17539566.
19667614,
21665010,
26182379,
27087012,
30428905.
34230858,
38530828,
43372889
48606148
54059533,

RATIO
(SE/XE)

R
ATE
S22

B33E3

1.078
1.210
1.359
1.528
1.718
1.923
2.136

DISTRIBUTION OF STRAIN ATIOS BY

LE.TO

97.76
93.66
91.68
ar.9%9
85.9¢
B4 16
81.27
78.08
B2
73.49
T1.45
69.81
68.33
66.40
66.43
65.95

PERCENT OF CONTACY AREA

GY.70
LE.B0

2.24
6.34
8.3
12.01
11.94
10.1%
16.73
12.12
11.61
11.52
11.86
1.37
10.40
9.39
8.80
7.98

G1.80
LE.90

0.00
0.00
0.00
0.00
2.
6.10
8.co
8.28
10.59
10.26
8.84
9.25
10.47
10.38
10.56
1.6

G1.99
LE.95

0.00
0.00
0.00
0.00
9.0
0.00
0.60
1.52
2.59
2.78
5.00
5.20
3.38
4.49
5.15
3.63

GT.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.95%
2.84
£.37
7.4%
.34
9.16
10.84



SEG 10-142A -~ SOFT FOAM --CASE NR.1

Package Weight B 64000. (LBS)
Package External Length = 120.00 (IN)

Package External Diameter = 101.00 (IN)

Package External Hole Diameter « 55.00 (IN)

Payload Envelope Length = 84.00 (IN)

Payload Envelope Diameter = 76.00 (IN)

Drop Height . 31.00 (FT)

Orientation Angle .6997 (RADIANS)

Nominal Crush Stress 0.00 (PSI)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 650.00
3 .07 850.00
- .10 950.00
5 .20 1000.00
6 .25 1050.00
7 .30 1150.00
8 .A0 1260.00
8 .45 1400.00

10 .50 1600.00

11 .60 2250.00

12 .70 3850.00

13 .75 5300.00

14 .80 7400.00

15 .90 13800.00

16 .95 18500.00

17 .99 24000.00



-

DEPTH

1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.5%0
7.00
7.50
8.00
8.50
9.00
9.50
10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
1%.00
14.50
15.06
15.50

(IN2)

33.6
1.5
94.4
131.4
172.0
215.0
262.7
n2a
364.1
418.3
k746
532.9
593.0
654.8
718.2
763.1
849.4
9171
985.9
1056.0
nara
1199.2
1272.3
1346.2
1%2%.0
1496.5
1572.8
1649.6
1727
1805.0

...l"u'.'.

FORCE
(L8s)

S11.
20788,
L1761,

102638,
140552,
182512,
227408.
275454,
325933,
377426,
429861,
484055,
535687.
593708.
640936,
705899,
767761,
B24105.
890594,
961483,
1030083 .
1104672,
1182835.
1271747,
1364653,
1468632,
1568501
1681236,
1810680,

ACCEL.
(6)

9.3
10.1
11.0
12.0
12.9
13.9
15.0
16.1
7.3
18.5
1%.9
213
22.9
26.5
26.3
28.3

10-142A -- SOFT FOAM --

CASE wm, 1

....E*"v..i.

KINETIC

(IN-18)

23872000,
23904000
23936000,
23968000
24000000,
24032000,
24064000,
24096000,
24128000,
24160000,
24192000.
24224000,

24288000 .
24320000,
24352000.
24384000.
246416000,

24480000,
26512000,
24544000,
24576000,

24640000,
26672000,
26704000,
26736000
24768000,

STRAIR

(iIN-18B)

i878.
8953.
24590,
52389.
95408.
166206,
216922,
339352,
455068,
815614,
91254,
993076,
1221555.
1476490,
1758839,

31735%90.
3602265.
4065284 .
4563175,
5096864 .
5668741
6282379,
6961471,
7659792
8409076.
9221508,
10094486

RATIO
(SE/KE)

.000
.000
.001
002
004
.006
.0%0
014
019
025
.033
D41

-081
072

A8
130
A7
. 156
188
.207
.230
.255
.28
.310

372
407

DISTRIBUTION OF STRAIN RATIOS BY

LE.70

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100,00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

PERCENT OF CONTACT AREA

Gr.70
LE.80

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
e0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

G1.80
LE.90

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
0.00
0.00
0.00
0.00
6.00
0.0
0.00
6.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.90

GY.90
LE.95

0.00
6.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
n.00
.00
0.00
0.00
0.00
.00

67.95

0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



TO-142A -- SOFT FOAM -- CASE NR. 1

* * CRUSH PLANE * * SS*IWPACT & o SE R CENERGY * 0 v e DISTRIBUTION OF STRAIN RATIOS BY
PERCENT OF CONTACT AREA
CruUSH AREA VOLUME FORCE ACCEL. KINETIC STRAIN RATIO LE.70 GT.70 Gr.80 G1.90 G1.95
DEPTM {IN2) (IN3) {L8%) (G} (iN-i8) (IN-LB) (SE/KE) LE.BO LE.90  LE.95
16.00 $883.5 12595, 1967184, 30.7 24832000, 11038952, 645 100.00 0.00 0.00 9.00 0.00
16.50 1962.4 13556. 2134168, 3.3 26864000 12064290 485 98.45 1.55 0.00 0.00 0.00
17.00 2041.7 14557, 2341443, 318.6 24896000 13183192. .530 96.13 .87 0.00 0.00 0.00
17.50 2121.3 15598. 2563596. 0.1 24928000, 14409452, 578 93.75 6.25 0.00 0.00 C.00
18.00 2201.2 16679, 2844667 . .9 24960000, 15761523, 631 91.85 815 0.00 0.00 G.00
18.50 283 17799, 3154357, 49.3 24992000, 17261284, 691 89.70 8.72 1.59 0.00 0.00
19.00 2361.6 18960. 3672857, 54.3 25024000, 18918088. 756 87.10 10.48 2.42 0.00 0.00
19.50 24421 20161, 3883307. 6.7 25056000 . 20757129, .828 85.69 9.65 4.06 2.00 0.00
20.00 2522.7 21402, 4363359. 66.2 25088000. 22B18795. e 84.34 8.97 6.68 0.99 0.00
20.50 2603.3 22684, 4891323, 76.4 25120000. 25132466, 1.000 81,42 16.13 6.77 1.68 0.00
21.00 2683.9 26005, $525357. 86.3 25152009, 27736635 1.103 76.13 1.57 7.80 2.50 0.00
21.50 2764.5 25367, 6274154, 96.0 25184000, 30686513, 1.218 75.83 11.43 9.84 1.23 1.68
22.60 2845.0 26770, 7119670, 1.2 25216000, 34034969 1.350 7444 11.2¢ 9.14 2.69 2.9
22.50 2925.4 28212, 7960613, 124.4 25248000, 37805040, 1.497 73.08 11.38 8.47 4.16 2.92
23.00 3005.6 29695. BI04, 138.0 25280000, 42003167. 1.852 71.37 1n.72 8.53 421 L.4aT

23.50 3085.7 31218, P8291862. 153.0 25312000, LH648431. 1.844 70.19 9.53 10.25 6£.18 5.75



SEG 10-142A -- SOFT FOAM --CASE NR.!

Package Weight - 64000. (LBS)
Package External Length = 120.00 (IN)
Package External Diameter - 101.00 (IN)
Package External Hole Diameter = 1.00 (IN)
Payload Envelope Length - 84.00 (IN)
Payload Envelope Diameter B 76.00 (IN)
Drop Height - 31.00 (FT)

Orientation Angle .6997 (RADIANS)

Nominal Crush Stress 0.00 (PSI)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
| 0.00 0.00
2 .05 650.00
3 .07 850.00
4 .10 250.00
5 .20 1000.00
6 .25 1050.00
7 .30 1150.00
8 .40 1260.00
9 .45 1400.00

10 .50 1600.00

11 .60 2250.00

12 .70 3850.00

13 19 5300.00

14 .80 7400.00

15 .80 13800.00

16 .95 18500.00

17 .99 24000.00

2-52



CRUSH
DEPTN

1.00
1.50
2.00
2.50
3.0
3.50
4.00
4.50
5.00
5.50
6.00
6.56
7.00
7.50
8.00
8.50
9.00
9.50
10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
14.00
14.50
15.00
15.50

* * CRUSH PLANE * *

AREA
{2y

33.8

61.5

944
1514
i72.0
215.0
262.7
ma
364.1
418.3
L7466
532.9
593.0
654.8
718.2
783.1
B49 .4
917.1
985.9
1056.0
127.1
1199.2
1272.3
1346.2
1421.0
1496.6
1572.8
1649.6
1mera
1805.0

2340,
2718,
3124,

4041Y.
&551.
5097.
5679.

6951,
7643,
as72.
9140,

10790,
11673,

10-142A --

Q.i'.“"..

FORCE
(18s)

SN,
20788.
41761,
49438,

102638,
140552,
182312,
227408,
275454,
326552,
380759,
438457,
“59808.
585055,
633725.
TO5404,
780135,
857894,
939325.
1024968,
1115365,
1210601,
1311199,
%1818y,
1530829,
1649884 .
1780597,
191767%.
2072378.
2235243,

ACCEL.
4]

SOFT FOAM --

CASE WR. 2

l!t.rnmv'.'.

KINETIC
(iN-1LB)

STRAIN
(%18

1878.
8953,
24590,
5238%.
95408,
136206.
236922,
339352.
4465068,
615414,
72397,
POTI76.
1231717,
1497944,
1797628,
2132410,
2503795,
2913302,

RATIO
(SE/KE)

.000
Jono
001

3
.351

428
AN

DISTRIBUTION OF STRAIN RATIOS BY

LE.70

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.90
106.00
100.00
100.00
100.00
100.00
100.0C
100.00
100.00
100.00

PERCENT OF CONTACT AREA

61.70
LE.80

0.00
0.00
0.00
0.c0
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Gr.80
LE.90

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00

G1.%0
LE.95

.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

67.95

0.00
0.00
0.00
g.00
0.00
0.0n
9.00
0.00
0.00
0.00
0.00
€.00
9.0¢
0.co
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



b4 Yo

10-142A -- SOFT FOAM -- CASE NR. 2

* % CRUSH PLANE * * WEEWACT » o W PRSCENFRGY v oo DISTRIBUTION OF STRAIN RATIOS 8Y
PERCENT OF COMTACT AREA
CRUSH ARER VOLUME FORCE ACCEL KIRETIC STRAIN RATIO LE.70 Gr.70 GY.80 61.90 G1.95
DEPTH (1N2) (in3) (188) (%) (-18) (IN-1B) (SE/XE) LE.80 LE.90 LE.9S
16.00 1883.5 12595. 2624983, 7. 24832000, 12837139, SV7 100.00 .00 0.00 0.00 0.00
16.50 1962.4 13556, 2626268, &1.0 24864000, 14099952 567 98.84 1.16 0.00 0.00 0.00
17.00 2061.7 14557, 2866743, .8 24896000, 15473204 622 97.12 Z.88 0.00 0.00 0.00
17.50 21213 15598. 3124205. 8.8 24928000, 16970941 . 681 95.38 .62 0.00 0.00 0.00
18.00 2201.2 16679, 3437190, 53.7 24960000, 18611290, T8 93.98 6.02 0.00 0.00 0.00
18.50 2281.3 17799, 3795930, 59.3 24992000 20419570, 817 92.44 6.40 1.16 0.00 0.00
19.00 2361.6 18960, 4184583, 65.4 25024000, 22414698, 86 90.468 7.57 1.75 0.00 0.00
19.50 26621 20161, 4655505, 7.7 25056000, 24624720, .983 B89.74 6.92 3.3 0.00 .00
206.00 2522.7 21402, $195005. 81.2 25088000, 27087348, 1.080 88.83 6.40 L.77 0.00 6.00
20.50 2603.3 22684, ST8I457. 0.3 25120000, 29031463, 1.188 86.85 .7 &.79 1.19 0.00
21.00 2683.9 24005, 6486851, 101.4 25152000, 32898540, 1.308 84 .61 8.1 5.49 1.76 .00
21.50 27645 25367, 7302667, 1141 25184000 . 36345920, 1.443 83.02 8.03 6.7 0.86 1.18
22.00 2845.0 26770, 8228953, 128.6 25216000. 40228825 . 1.59% 82.08 7.87 6.420 1.89 1.76
22.50 2925.4 28212, 9156420, 1431 25248000, LA5T6168. 1.765 81.22 7.94 5.9 2.990 2.04
23.00 3005.6 29695 . 10108771, 157.9 25280000 . 49391446, 1.854 79.10 8.96 5.9 2.98 3.10

23.50 3o085.7 3218, 11214907, 175.2 25312000, 54722385. 2.162 77.63 8.43 7.08 2.89 3.97



SEG 10-142A -- SOFT FOAM --CASE NR.3

Package Weight - 64000. (LBS)
Package External Length - 120.00 (1IN)
Package External Diameter = 101.00 (IN)
Package External Hole Diameter = 55.00 (IN)
Payload Envelope Length = 84.00 (IN)
Payload Envelope Diameter B 76.00 (IN)
Drop Height - 31.00 (FT)

Orientation Angle .6997 (RADIANS)

Nominal Crush Stress 0.00 (PSI)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 850.00
3 .07 1000.00
B .10 1050.00
5 .20 1200.00
6 .25 1300.00
7 .30 1350.00
g .40 1500.00
8 .45 1620.00

10 .50 1850.00

11 .60 2550.00

12 .70 4400.00

13 15 6100.00

4 .80 8350.00

15 .90 15300.00

16 .95 20500.00

17 .99 25600.00

2-55
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{$=7

CRUSH
DEPTH

16.00
16.50
17.00
17.50
18.00
18.50
19.00
19.50
20.00
20.50
21.00
21.50
22.00
22.59
23.00
23.50

1883.5
1962.4
2061.7
21213
220%.2
2281.3
2351.6
26421
2522.7
2603.3
2683.9
27645
2845.0
2925.4
3005.6
3085.7

10-142A -.

'.'l”‘c'...

FORCE
(Les)

2285795.
2678197,
2714529,
2969074
3289842,
3640436,
3998210.
457618,
4993450,
5582081,
6289609,
7113058,
8027222.
B94T818.
9900335,

10978198,

ACCEL.

(63

35.7
33.7
2.4
46.4
51.4
56.9
62.5

9.7

78.0
ar.2
98.3
ma
125.4
139.8
154.7
171.5

SOFT FOAM

..C'E“.c'....

KINETIC
(IR-La)

24832000,
268464000,
24896000,
24928000,
24960000
24992000,
25024000.

25120000,
25152000,
25184000,
25216000,
25248000,
25280000.
25312000.

<~ CASE MR, 3

STRAIN
(IN-18)

13043699,
14234197,
13531878,
16932778,
18517508,
20250078,
22159739,
24273606 .
266356465 .
29280351.
32248274,
35598940,
39384010,
43627720.
48830712
64559851

RATIO
(SE/KE)

.525
372

DISTRIBUTION OF STRAIN RATIDS BY

PERCENT OF CONTACT AREA
G7.90
LE.®5

LE.70

190.00

98.435
96.13
93.75
91.85
89.70
87.10
85.69
84.34
B1.42
78.13
5.83
7441
73.08
71.37
70.19

6Y.70
LE.BO

.00
1.65
3.87
6.25
8.15
8.72
10.48
9.65
8.97
10.13
1n.sr
11.43
1,24
11.38
11.42
9.63

G7.80
LE. S0

0.00
0.00
0.00
0.00
0.00
1.5¢9
2.42
4.86
6.68
6.77
7.80
.84
.15
8.47
3.53

10.25

0.00
0.00
0.00
0.00
.00
9.00
0.00
0.00
0.00
1.68
2.50
1.23
2.69
.16
&2
.18

61.95

0.00
0.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
0.00
0.00
1.68
2.51
2.92
44T
5.7%



SEG 10-142A -- SOFT FOAM --CASE NR.4

Package Weight = 64000. (LBS)
Package External Length - 120.00 (IN)
Package External Diameter = 101.00 (IN)
Package External Hole Diameter = 1.00 (IN)
Payload Envelope Length = 84.00 (IN)
Payload Envelope Diameter - 76.00 (IN)
Drop Height - 31.00 (FT)

Orientation Angle .6997 (RADIANS)

Nominal Crush Stress 0.00 (PSI)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 850.00
3 .07 1000.00
< .10 1050.00
$ .20 1200.00
6 .25 1300.00
7 .30 1350.00
8 .40 1500.00
9 .45 1620.00

10 .50 1800.00

11 .60 2550.00

12 70 4400.00

13 .75 6100.00

14 .80 8350.00

15 .90 15309.00

16 .95 20500.00

17 .99 25600.00

2-58
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DEPTH

16.00
16.50
17.00
i7.50
18.00
18,50
19.00
19.50
20.00
20.50
21.00
21.50
22.0C
22.50
23.00
23.50

1Ny

1883.5
1962 .4
2041.7
21213
2201.2
2281.3
2381.6
24421
2522.7
2603.3
2683.9
2764.5
2845.0
2925 .4
3005.6
3085.7

16679 .
17799,
18940,
20161,
21402,
22684 .
24005.
253567,
26770.
28212,
29655,
31218,

10-142A

...'mc"...

FORCE
(L8s)

2831821,
3062549,
3339847,
SA35439.
3993153,
4400049,
4837746,
5366887,
seror,
6626995 .
7416167,
8316292,
9322867,
10362815.
11388160,
12591105,

ACCEL.
(6)

46.2
47.9
52.2
58.8
62.4
68.8
75.6
8.9
93.3
103.5
1s5.9
129.9
%5.7
161.6
17r.e
196.7

SOFT FOAM - -

CASE NR. &

.0..!‘“'.'.'

KINETIC
{IN-19)

24832000,
24864000
24896000
24928000,
24960000 .

STRAIN
(IN-18)

15202192,
16575785,
18276384 .
20020206.
21927354
26025654 .
26335103,
28886261,
3172e751.
34370267,
38381058,
2314172,
46723962,
51640332,
570730,
63067813,

RATIO
{SE/KE)

612
671
T34
853
.878
961
1.052
1.153
1.264
1.388
1.526
1.680
1.853
2.045
2.258
2.492

DISTRIBUTION OF STRAIN RATIOS BY

LE.TD

100.C0
98.84
e97.12
95.38
93.98
92.44
90.68
B89.74
Ra.83
B6.85
84.61
83.02
82.08
81.22
70.10
77.63

PERCENT OF CONTACT AREA

er.7e
LE.BO

0.00
1.16
2.88
4.62
6.02
6.40
7.57
4.92
6.40
T.17
8.14
8.03
7.87
7.9
8.96
B.43

G1.80
LE.90

0.00
0.00
0.00
0.00
0.00
1.16
.75
3.34
&.77
&7y
5.49
6.9
6.40
5.9
5.9
7.08

67.90
LE.95

0.00
0.00
0.00
0.00
0.00
0.20
.00
0.00
0.00
1.19
1.76
G.88
1.89
2.90
2.92
2.89

GT.95

0.00
G.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.18
1.76
2.864
3.
.97



Impact accelerations produce internal loads on the 1id of the package
that must be reacted by the overpack and binders. The percent of respective
Toad carried by the overpack or binder is dependent on the package configura-
tion. For example, a package with an extremely thick overpack, the binders
will experience no lToads. Axial impact loads from the payload and 1id are
reacted in direct compression by the overpack to the impact surface. From the
sketch below it can be seen that, for this case, the 1id will be held in place
relative to the cask body by the overpack. i.e. ng binder loads.

(R)

The opposite extreme would be that case in which the overpack was so thin
as to provide no support to the lid.

(B)

Obviously in this case the 1id would tend to pivot at the impact point
under the effects of axial loading. The binders would be required to react
this full load. 1i.e. no support from the overpack.
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The 10-142A represents a configuration in between the two examples give
above. In order to calculate the contribution that the overpack provides to
the 1id retention, the projected area must be calculated. If we conservatively
neglect the lToad distribution ability of the overpack and assume the loads are
only transferred through the projected area of the cask, the effective area can
be calculated as follows:

L = ll + ]2 - 13

= 20.5/sin 40° + 18 tan 40° - (101 - 76.25)/2

= 34.6] in.
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The projected area is calculated as follows:

@) = 84.5° @ R = 38"

@ = 82.4° @ R = 27.5"

The 1id will experience a compressive force across this projected area.
Conservatively assume that the nominal 1,000 psi foam crush strength will be
felt over this area. The area is given by:

A= rlz (ay - 519—%—“11 ' rzz -(ap - iiﬂiz_ﬂzl

Where:
ry = 38.125 in.
rp = 27.5 in.
a; = 84.5°
a; = 82.4°
A= 1,016.5 in.2

The overpack reaction will be:
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R=AFe

= (1,016.5 in.2) (1,000 psi)

= 1,016,500 1bs.

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

centroid is given as:

x = 2 sina (R -R;3)/3 (RZ -R,?)

Distance to the

(Per Handbook of "Formulas for Stress & Strain" by Ungar)

Where:

a = 84.5°
R, = 38.125 in.

Ry = 27.5 in.

2(sin 84.5%) (38.1253-27.53)/3(1.475) (38.1252-27.5%)

22.3 in,

d/2 - x

76.25/2 - 22.3

15.83 in.
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Summing moments about point A:
WgRy, cos 407 = RLjcos 40°+Pp[2Ry(1-cos 45%)+2Ry+2Ry(1+cos 45°) + Rp)
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where:
W = (Payload + Lid + Overpack)

(10,000 1bs. + 7,200 ibs. + 3,000 1bs.)

20,200 1bs.

76.4 g's (Max.)

38.125 in.

o
o
L]

o
"

1,016,500 1bs.

15.83 in.

—
—
L]

(20,200) (76.4) (38.125)cos 40° = (1,016,500) (15.83)cos 40° +
(2) (38.125)Py(1-cos 45%+1+14cos 45%.5)
45,072,178 = 12,326,571 + 266.875 Py
Pp = 122,700 1bs. per binder

Therefore, the maximum binder load will be 122,700 1bs. Capacity of the
high strength 1-3/4 in. binder is 160,000 1bs. The Margin of Safety is:

Margin of Safety = 160,000/122,700 - 1 = + .30
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As noted on Page 2.59, the analysis was conservatively based, on the as-
sumption that a uniform nominal 1,000 psi crush force was reacted across the
projected area. This is a simplifying but conservative assumption that does
not take inte consideration the strain hardening effect of the foam. In
reality, the compression force will vary from zero of the central edge of the
contact surface to over 14,000 psi at the cask corner.

The 1,000 psi compression stress acting over the axial projected area was
found to produce a maximum force of 1,016,500 1bs. Any increase in this force
will reduce the actual binder load.

The actual maximum impact force is calculated by the CYDROP program and
is presented on Page 2.50, Column 4 (i.e., 4,891,323 1bs.) or an axial com-
ponent of F, = 4,891,323 1bs. cos 40° = 3,746,971 1bs. Therefore, the actual
value will be 3,746,971 1bs. vs. the 1,016,500 1b. force conservatively as-
sumed.

If this Toad was applied directly to the 1id as shown in the analysis, it
would show that the 1id was in full compression and, therefore, the binder

would experience no load.

It should be noted that Fy will not be applied at the centroid but will
be applied at the true center of pressure. Since the determination of the cen-
ter of pressure involves integrating discrete pressures over a unit area, the
CYDROP program was modified to calculate the true center of pressure. The fol-
lowing output represents the rerun of the most critical corner drop case. The
center of pressure location was found to be:

Cof Pe 23,155 in.
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SEG 10-142A -~ SOFT FOAM --CASE NR.1

Package Weight - 64000. (LBS)
Package External Length = 120.00 (IN)
Package External Diameter - 101.00 (IN)
Package External Hole Diameter = 55.00 (IN)
Payload Envelope Length - 84.00 (IN)
Payload Envelope Diameter - 76.00 (IN)
Drop Height - 31.00 (FT)

Orientation Angle .6997 (RADIANS)

Nominal Crush Stress 0.00 (PSI)

STRAIN VS STRESS TABLE

PT STRAIN STRESS
1 0.00 0.00
2 .05 650.00
3 .07 850.00
< .10 950.00
5 .20 1000.00
6 .25 1050.00
7 .30 1150.00
8 .40 1260.00
9 .45 1400.00

10 .50 1600.00

11 .60 2250.00

12 .70 3850.00

13 75 5300.00

14 .80 7400.00

15 .90 13800.00
16 .95 18500.00
17 .99 24000.00
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RODEL TO-142A QGVERPATK ~ S, 0An (CASE 1)

! w W08 My
A v+ CRUSH PLANE ++ sees INPACT seés verere ENERGY sevees PISTRIBUTION OF sTRa'! :g“‘, gy WY
PERCEMT oF Ccont™ ~ )
bf:lu AREA VOLUNE FORCE ACCEL.  KIMETIC STRAIN RATIO  LE.70 6T.70 oouc:e A3 93
T (1) (T3} sy (6) (IN-L0) CIN-L) (SE/NED VELE )
; .80 LEYO a0 0.00
1,00 13,4 . 7506 I 21872000 1074 000 100.00
: ! ) . ‘ : 0. ;
CRUSH FLANE ORIGIN SETBACK (IN) = 1.553,  CENTER OF PRESSURE (iM) = 927 00 090,00 0.00 %
1,50 61.5 32. 20773 1 21904000 8944 000  100.0
. . : ! ) .00 o, .
CRUSH PLANE ORIGIN SETBACK (IN) = 2.329,  CENTER OF PRESSURE (IN) = 1,392 100 000 a0 0.00 %
2.00 ?4.4 . 17210, 7 23934000 24872 001 100.00
: Y . ) : 0.0
CRUSH PLANE ORIGIN StiBACK (1N} = 3.106,  CENTER OF PRESSURE {IN) = 1,858 ° 00 L0 0.0 O
2.50 130.4 128. 9182 1.0 21968000 52150 002 1
) \ . 1 ! 00.00 0.
CRUSH PLANE ORIGIN SETBACK (IN) = 3.882,  CENTER OF PRESSURE (1N} = 2.301 00 090 .00 0.0 %
1.00 172.0 203. 162550 1.6 74000000 95131 004  100.00
L - - . - - - o.o
. CRUSH PLANE ORTGIN SETBACK (IN) = 4,658,  CENTER OF PRESSURE (IN) = 2.742 © 090 00 .00 O
1.50 215.9 100. 140413 2.2 24032000 156073 006  100.00
- . ¢ . . X 0.00 o, 00
: CRUSH FLANE ORIGIN SETBACK (IN) = $.435,  CENTER OF PRESSURE (1) = 3.127 00 w00 0.0
.00 262.7 20. 182044 2.8 24084000 2314713 016 100,00
) - . : . : 0.00 0. -
CRUSH PLANE ORIGIN SETBACK (IN) = 4.211,  CENTER OF PRESSURE (M) » ¥.804 000 ue0 0.00 %
.50 2.1 544, 227187, 3.5 24094000 139041 0.4 100.0¢
; . . .0, ; 0. a
: CKUSh PLANE ORIGIN SETHACK (IN) = §.988,  CENTER OF PRESSURE (1) = 1.026 0 000 00 0.00 %
5.00 3441 213, 25181, 0.3 24128000, 444423, 009 100.00  0.00 .00 00
: CRUSH PLANE ORIGIN SETBACK (IN) = 7.764,  CEMTER OF PRESSURE (IN) T T R e
5.50 8.1 928. 125741 . S.1 24180000, 414853, 975 100.00  0.00 0.00 o
CRUSH FLANE OKIGIN SETBACK (1N} = 8.541,  CENTER OF PKESSURE (IN) = .870 e, T
' 5.00 4.4 1152, 377208, S.9 24192000 190815 031 100.00
. a ; . v ; 0.0
, CKUSH PLANE ORIGIN SETRACK (IN) = 9.317, CENTER OF PRESSURE tIN) = $.322 © 00 Leo 0.0e %
' 8.50 $12.9 1403. 029702, 6.7 24224000. 992343, 001 100.00  0.00 000 e0
| CRUSH FLANE OKIGIN SETRACK (IN) = 19.693,  CEMTER OF PKESSURE (IN) « 5.799 PR AR e
(2.00 593.0 1685. 82641, 7.5 24258000. 1220048, 050 100.00  9.00 o 00 2
£ CRUSH FLANE ORIGIN SETRACK (IN) = 10.870,  CENTER OF PRESSURE (IN) = 5.304 2, o T
2.5 554.8 1997, S36434. B.4 24288990, 1475217, 061 100.00 o
. CKUSY FLANE CRIGIN SETBACK (IN) - i1.646,  CENIER OF PKESSURE (IN) = s.a%0 0000 e 00
4.00 718.2 2340, $90759. 9.7 24320000. 1737018, 072 100.060  0.00 0 00 00
S0 CRUSH FLANE OKIGIN SETBACK (1H) = 12.423,  CENTER OF PRESSURE (IM) < 7,372 SR e
' 8.50 781.1 3715, 447150, 10.1 243152000, 21044504 . L085 100.00 0.00 0.00 ne
: A CFUSH FLANE OKIGIM SETHALCE (IN) = 13,199, CENTER OF PRESSURE (1M = 7.94% ! i 0.6
-“ .00 Bi9 ¢ J12s. 704817, 11.0 24384000, - 2404510, .0%% 100.00 0.90 ¢
: CRUSH FLANE DRIGIH SETHALK ([w) - $1.92%, CEMTER OF FRESSURE (1M - B.15¢ ; -1 v.oe , B0 3.4 10
7.50 9121 3585. 763859, 1.9 24418000, 221434, A4 100,00 0.00  ¢.00 "0
CRUSH FLANE ORIGIN SETRACK (19) - 14,753, CENTER OF FRESSURE (1) = 9.004 ! sl

10.90 985.9 4041, 826029. 12.% 24448000, 3169058, 130 10u.00  .co 0.00 il



0l-2

W FLANE ORICIN SETBACK (IH) - 15.5928, Lent CRESSURE (IN) = 9.%54

10.5¢ 1056.0 4551, 889017, 13.% 244, 900, 1597817, 147 100,00 0.00 0.00 e.0%- 0.00
CRUSH FLANE OKIGIN SETRACK (IN) - 14.305, CENTER OF PRESSURE (IN} = 10.120

11.00 112714 5097, 954388, 14.9 24512000, 4059169, (166 100,00 0.0¢ 0.00 0.00 0.00
CRUSH FLANE OKIGIN SETBACK (I1M) - i7.081, CENTER OF PRESSURE (1M = 19,685

'1.50 1199.2 Se’9. 1030321, 16.1 24544706, 4555844, 186 100,00 0.00 0.90 0.00 0.00
CRUSH FLANE ORIGIN SETBACK (IN) - 17,857, CENICR OF PRESSURE (IN) = 11.247

12.00 1222.3 8297, 1104354, 17.3 24574800, 5089515, <207 100,00 0.0 0.90 0.00 0.00
CRUSH FLANE OKIGIN SETBACK (IN) = 18,634, CENTER OF PRUSSURE (IM) = 11.829 '

12.50 1344.2 6951, 1185292, 18.%5 24408000, S&4192s, 210 100.00 0.90 0.00 0.00 0.¢0
CRUSH FLANE OKIGIN SETWACK (IN) - 19,410, CENTER OF PRESSUKE ([N} = 12,415

13.00 1421 .9 7843, 124702%. . 19.3 244640000, 4275018, « 235 100,00 0.60 0.00 0.00 ¢.00
CRUSH FLANE ORIGIN SETHACK ([mi = 20.187, CENTER OF PRESSURE (IN) = 13.022 !

13.50 1456.5 8172, 1359802, 2%.2 24472000, 49317138, 781 100,00 0.00 0.00 0.00 0.00
CRUSH FLANE ORIGIN SETBACK (W) = 20.943, CENTEK OF PRESSURE (Im) = 13.85.

14.00 1572.8 140, 1459172, 22.8 24704500, 7635081, <309 10e.c' 0.00 C.00 0.00 0.00
CRUSH FLANE OKIGIN SETBACK (1M) = 21,739, CENTER OF PRESSURE (1) = 14.23¢

14.50 1649.8 945, 1563080, 244 24734000, A392294, L339 100t 000 0.00 0.00 0.00
CRUSH FLANE ORIGIW SETEKACK ([W) = 22.51%, CEMTER OF PRESSURE (Iwn) = 14,884

15.00 12271 10790, 1490348, 26.14 24748000, 72059064, <372 100,00 0.00 65.00 0.00 0.00
CRUSH FLANE OK GIN SETBACK (IN) = 23.292, CENTER OF PRESSURE (Im) = 15,4793

15.50 1805.0 11673, 1814405, 6.4 24800000, 10062149, 407 160,00 0.0¢ 0.00 0.00 e.00
CRUSH FLANE ORIGIN SETBACK (IN) = 24,049, CERTER OF PRESSURE (Iw) = 14,124

14.00 i881.5 12595, 1968499, JO.8 24832000, 1502792s. L] 100.00 0.00 0.00 0.00 0.00
CRUSH FLANE OKIGIN SETHACK (N} = 24,845, CENTER OF PRESSURE (1M} = i8.827

14.50 1982.4 13554, 2134841, 13,4 24854000,  12053740. L4835 §7.90  2.'0 0.00 0.00 0.00
CRUSH FLANL ORIGIN SETBACK (IN) = 25.822, CEMTER OF PKESSURE (IN) = 17.5318

17.00 204:.2 14357, 2332840, 14.5 24894000, 13170481, .52¢9 94.12 1.88 0.00 0.90 0.00
CRUSH PLANE OKIGIN SETBACK (IN) = 26.1398, CEMTER OF PRESSURE (in) = 18,199

2.5 2121.3 15598. 2547379, 19.8 24726000, 14390735, 577 404 S5.9¢ 0.00 0.00 0.9
CRUSH FLANE ORIGIN SETKACK (]1N) = 27174, CENTER OF PRESSURE (IN; = 18,943

18.00 2301.2 16479, 618199, 4.0 24940000. 15732130, L4310 92.¢3 2.97 (.00 0.00 0.00
CRUSKH FLANE ORIGIN SETRACK (IN) = 27954, CEMTER OF PRESSURE (Im) = i9.407

18.50 12883 12799, 3128902, 9.9 24992000, 17218967, .689 89.8¢ 6.88 .28 0.00 0.00
CRUSH FLANE OKIGIN SETRACE (IN) - 28:.237, CENTER OF PRESSURE tiw) = 20.220

19,60 2341.8 18560, 347052¢. 54.2 15024000, 188468743, 754 87.20 9.12 .07 0.00 0.00
CRUSH FLANE OKICIN SETBACK (%) = 29.504, CENTER OF PRESSURE (Im) - 21,0613

19.50 2442 201461, 1873584, 40.9% 25054000, 20704790, L824 85.57 9.74 4. 4% 0.00 0.0¢
CRUSH FLANE ORKIGIN SETRACE (IN) - 10.7280, CEMTER OF PRESSURE (1IN} = 21.20

20.u0 2822.7 J1a02. 4348518 7.9 25088000. 22740115, w962 83.12 10.50 .39 G.00 0.00
CRUSH FLANE ORIGIn SETRACKE (1IN 31.0%8, CENTER OF PRESSUKE (Iw) = 22.403

20.50 2403.3 213834, 4851948, 76.0 25120000, 25063438, .998 81.21 15.% 7.48 S 0.00
CRUSH FLANE OKIGIN SETRACE (IN) J1.833, CENTER OF PRESSURE (1IN} - 23,155

21.90 J4B3. 9 749005. 5502840, 85.0 235152000, 272455143, 1.100 70.84 10,40 8.3 1.9 .25
CRUSH PLANE ORTGIN STTRAOE (lu) 12609, CEXTER OF PRESSURE (Qw) - 73.801

21.50 33845 IS8, LI 97.3 251840060, 10587233, 1.219 78685 1t 20 g4y Y. 9y 2y
FEHSH FLAME OKIGEIN SETRALH (1w, 3. 3ke, CEWTER CF FRESSUKE (1N - 24 4%

~n /e 'n



\%8.62 Q R# 4,851,323
al. 83

CRUSH PLANE y 4 TS—CENTER OF FRESSURE
ORIGIN SET=EACK

If we were to assume that one of the eight binders was destroyed prier to
the 31 foot (9.45 m) drop and that the 1id was infinitely rigid so that a tri-

angular load distribution took place, the following maximum binder load can be
calculated.
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.18
&5.08

—JH.IS«-.‘—-

o 38.125 —=~

~——— 508 -

Summing moments about Point A:

2 (65.08) P+ 2 (38.125)2P/(65.08) + 2 (11.18)2p/65.08
43,746,971 (11.4) = (20,200 1bs.) (76.4) (38.125) cos 40°
178.67 P + 42,715,469 = 45,072,178

P = 13,190 1bs./binder
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Therefore, if one of the eight binders are lost prior to the 3] foot
drop, impact loads will be a maximum of 13,190 1bs. per binder.

The Margin of Safety, based on the new binder load, will be:

Margin of Safety = 160,000 1bs./13,190 1bs. - 1
Margin of Safety = +11.13

The analysis presented on Page 2.59 is conservative. Actual maximum
binder or associated bolt loads will be 13,190 1bs.

The 1-5/8 inch diameter binder retain pins are loaded in double shear and
kave the following capacity:

P = 2F SA
Where:

Fe = .6Fy,
= (.6)(105,000 psi)
= 63,000 psi

A = 1{1.625)%/4
= 2.07 in.%

P = (2)(63,000 psi)(2.07 in.%)
P = 260,820 1bs.

Margin of Safety = 260,820/122,700 - 1
M.S. = #]1.13

Tnerefore, it can be conrluded that the retaining pin has adeguate
capability of reacting the imposed loads.

Preloads are not an additive factor. Preloaded Joints are relieved by
the applied load and only cause an increase in fastener load when the applied
load exceeds the preload.



Overpack Retainer Pins

The overpack is secured to the cask by means of eight (8) 1/2" diameter ball
lock pins acting in double shear. These pins pass through the ratchet binder
Tugs on the 1id and the guid channels on the overpack. The reaction force re-
quired to retain the overpack is directly proportional to Py-

Therefore,

Po = Pp (wt of overpack/w)
= (122,700 1bs.)(3,000 1bs.)/(20,200 1bs.)
= 18,223 1bs. per pin

The pins act in double shear through two thicknesses of 3/16 inch plate. Shear
out capacity can be calculated as follows:

Py * Feu2t (E.M. - d/2 cos 40°)
= (35,000(2)(.375)(1.5 - .25 cos 40°) i

= 34,350 1bs. Shear Out

The Carr Lane Model Number CL-8-BLP ball-lock pin has a rated double shear
capacity of 32,800 1bs.

Margin of Safety = 32,800 1bs./18,223 1bs. - 1
M.S. = 4,799

Therefore, it can be concluded that the overpack retainer pins are more than
adequate for securing the overpack to the cask.

The previous analysis is conservative since the average compressive
stress acting across the 1id face will be substantially greater than the
nominal 1,000 psi assumed here. The higher foam compressive stress reduces the
load that must be reacted by the binders. Secondly, the effective area will be
considerably larger than that assumed. Foam does have the ability to dis-
tribute Toads out over a larger footprint. This will also increase the load
carried by the cverpack. Third, a major portion of the overpack weight will be

reacted directly onto the impact surface thus reducing the load experienced by
the binders.




From the above, it can be seen that the binders can react the impact
loads experienced in a 31 foot free drop.

The capacities 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 Vol. 12 "Structural Analysis of Ship-
ping Casks" states that carbon steel bolts "possess better physical properties
under a condition of shock than indicated by static tests. Increases in the
value of stress by . factor of 1.3 and a greater amount of strain before neck-
ing occurs were ported”. This is substantiated by references 5, 8, 9, 10 and
11 of the same ~ument.

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

Therefore, it can be concluded that the binders will reacy the impact
load and retain the lid.

The Tugs at each end of the binder will possess the following capacity.

Body Lugs

MNAVAAVAVAVA VAT A
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Shear out:
Lug material: ASTM A240 Type 304 UNS #32550 Fy = 80,000 psi
Using the standard 40° shear out:
Pg = Fgy2t (E.M. - d/2 cos 40°)

Where:

-
"

46,160 pst
1.50 in.
EM =~ 2.50
1.625 in.

sy

Lad
L]

(=8
L

Ps = (46,160)(2)(1.50)(z.5 - .81 cos 40°)
= 260,274 1bs. shear out

Weld ar-~:
Pu = FsAy
Where:
Fs = 46,160 psi
A, = (18 in.)(.50)(sin 45°)

= 6.36 in.2

Py = (46,160)(6.36 in.?)
Py = 293,578 1bs. weld shear
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Bearing stresses in the lugs can be calcuiated as follows:
fbrg « P/A
where:

P = 122,700 1bs. per lug
A= (1.50 in. thick) (1.625 in. dia.)

forg = 122,700/(1.50)(1.625)
forg = 50,338 psi

Allowable bearing stress per Page 2.5
fhrg = 90,000 psi

Margin of Safety = 90,000/50,338 - 1
M.S. = +.79
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The Tug capability in net area is:
Py = Fyyué
Where:
Fyy = 110,000 psi (ASTM A240 UNS #32550)
A= (3.75 - 1.625)(1.5)

= 3.19

Py = (110,000 psi)(3.19 in.2)
Py = 350,900 1bs. (Net Area)

Lug to 1id attachment

Weld Shearing (counting bevel! weld only)
Pg = F.A weld

Where:

-
w
L]

(1.6).3(70,000 psi) = 33,600 psi
(1.50 in.)(3.0 in.) = 4.5 inl

¢ = (33,600 psi)(4.5 in.2)

P¢ + 151,200 1bs.

L

~

Margin of Safety = 151,200/122,700 - ]
M.S. = 4,23
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Since the binder load is reacted eccentrically, an inward radial load
will be produced. This load is reacted by the lower circumferential skirt of
the overpack. The load produces a compressive load on this skirt or ring. Ko
additional load will be imposed on the upper lug weld due to this eccentricity
condition. :

Pe = RL :
R = Pe/L “L"e
= (160,000 1bs.)(2.5 in.)/(18 in.)
- 22,222 1bs.

Where:
P = Maximum binder capacity

If these were totaled at each binder the ring would be loaded as follows:

A

~,

2-79



Bending moment produced in a ring with two opposing loads is given by the
following equation.

M= K,P
(Ref. Btake, A.,
Where: "Practical Stress
Analysis in Engineering
Kp = sinA - 1 Design®, 1882,
2 Marcel Dekke. ;

P = 22,222 1bs.
A
S ppwr X r= ((101 - 76.25)/2 + 76.25)/2

r = 44.3] in.
By superposition
: Kn Ky
0 -.31831 x1 = -.3183]
45 +.03524 X2 = .07048
90° +.18170 x1 = 18170

-.06613

Therefore, the combined effect of the radial “oads will produce a maximum
Ky = -06613

M= (.06613) (22,222 1bs.) (44.31 in.)

M = 65,116 in.-1bs. (Max)
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The ring has the following cross-section and associated modulus.

— {}------{ wt: el

I, = 1, + Ad2
Iy = (.134) (1.2)%/12 + (2) (.138) (2) (6)2
I, = 19.31 in.%
Stress in the ring is given as:
fr = MC/I,
Where:
M = 65,116 in.-1bs.
C=6 in.
I, = 19.31
fo = (65,116) (6)/19.31

f, = 20,232 psi
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Margin of Safety = 25,000/20,232 - 1
M.S. = +.24

Therefore, it can be concluded that the lower skirt of the overpack can
safely react the eccentrically produced radial load. From the above, it can be
seen that the critical load path for the binder attachment will be shear out at
the Tugs. The following positive margin of safeiy exists at those locations.

From page 2-76:
M.5 = 260,274/122,962 - 1

M.S. = 1,12

It can be concluded that the binders and their fitting can safely react
the maximum loads produced during impact.

2.6.7.3 Free Drop Impact Analysis, Side Drop - Detrimental effects

resulting from a side drup are limited to the closure areas. Both primary and
secondary 1ids are deeply stepped and manufactured from solid stee) plates.
The side impact loads produce lateral shear forces that are reacted in direct
compression of the lapped joint. Bolts securing the secondary 1id are not re-
quired to react this shear force since the radial clearance with their hole is

greater than that of their stepped 1id. i.e. lid bottom out before bolts con-
tact.

In order to determine the amount of deformation that would be experienced
by a side impact, it was assumed that only the projected length of the cask on
the overpack would be effective. Therefore, the overpacks effective length
would be 44 inches.
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Through hand integration it was found that an average compressive stress
of 1,700 psi was felt across the area producing contact angles uf 679,

Therefore, deflection at 67° is:
é§ = (1 - cos 8/2) D/2
§ = (1 - cos 33.59)(101/2)
§ = 8.39 in. Max
Using the original thickness of 12.375 in. the maximum strain is:
Strain = 8.39 in./12.375 = 67%

This conservatively assures 4.00 in. of foam across the maximum damage
area. Again it must be noted that this is extremely conservative since the
overhanging portion of the overpack will absorb a large amcunt of energy
thereby greatly reducing the total deformation.

Using the strain calculated above a very conservative acceleration can be
calculated by assuming that the foam across the surface has all been stressed
to a 67% strain. From the sketch below it can be seen that only that material
directly beneath the cask experiences these strains and as you progress outward
they rapidly decrease. Using this conservative assumption a strain of 67% will
produce a maximum stress of 3,600 psi (Ref. page 2-6). The effective area is

calculated as:
2 \w
-/

1 L - ﬁf
| LT 7 STPAM (MAX ]

FIGURE 2.6.7.1
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A = 2RL sin (8/2)
A= (2) (50.5) (44) (sin 33.59)
A = 2,452 in.?

If we apply the maximum stress of 3,600 psi across the whole area the ac-
celeration would be:

a = {2,452 in.%) (3,600)/64,000
a=137.99g's
If the same integration analysis was repeated, using the full length of
the overpack, an average compressive stress of 1,300 psi would produce an im-

pact angle of 58°.

= (1 - cos 299) 101/2
= 6.33 in.

This would produce a maximum strain of:

Strain = 6.33 in./12.375 in.
= 51%

From page 2-6 the stress at a 51% strain is 1,900 psi.
The effective area is:

A=2RL sin 8/2

A = (2) (50.5) (80) sin 29°

A= 3,817 in.2

2-84



The acceleration would be:
a = (3,917 in.2) (1,900 psi)/64,000 1bs.
a~116g's

Therefore, maximum acceleration and deformations are experienced when
only the projected area of the cask is reacted by the overpack.

As noted earlier the secondary )id bolts do not react these shear loads
due to the stepped 1id design. The following analysis is provided to
demonstrate what margin it safely would exhibit if they were required to react
these loads.

Load per bolt is:

P= (1,755 1b. 1id) (138 g’s)/8B Bolts
= 30,274 1bs./bolt (shear)

Bolt shear capacity is:

R = {75,750 1bs.) (60%)
= 45,450 1bs.

Margin of safety = (45,450/30,274) - 1
M.S. = +.50

Conclusion:

From the above it can be concluded that under the most conservative con-
ditions the package will maintain more than 4 in. of foam in the compressed
area. Impact loads will not produce detrimental effects on the closure system
since all Toads are carried in direct compression across the deeply stepped
Joints. Therefore, the side drop of 31 feet will not produce detrimental ef-
fects to the package.
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The foam material has been tested to -40° and found to exhibit a small
increase in compressive strength (< 16%). Samples failed in the same manner at
-40°C as they did at room temperature, indicating that brittle fracture is not
apparent at this temperature range.

From the SAR it can be seen that impact accelerations decrease as com-
pressive strength increases. Therefore, cold conditions will not produce
detrimental loading and testing indicates that brittle fracture characteristics
are not present.

2.6.8 (orner Drop

The issue of corner drop is addressed in Section 2.6.6.

2.6.9 Compression

Since the container package weighs in excess of & 000 kg., this test con-
dition is not applicable.

2.6.10 Penetration

The wall and 1id thickness of the container are considerable in relation
to impact loads developed by a 13 1b. rod dropped on the container from a
height of 40 inches. Such a test would have a negligible effect on the con-
tainer integrity.

Conclusion

Analyses in previous sections of this report demonstrate that the con-
tainer meets all Type A package requirements of 10 CFR 71.
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2.7 Hypothetical Accident Conditions

This section is not applicable.
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2.8 Special Form

Since no special form is claimed, this section is not applicable.
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2.10 Appendix

2.10.1 References

1. "Structural Methods Manual -- SSD60048R," Hughes Aircraft Company,
February, 1966.

2. Formulas for Stress and Strain, 5th edition, R.J. Roark and W.C. Young,

McGraw-Hill, 1975,

3. Practical Stress Analysis in Engineering Design, A. Blake, Marcel Dekker,

1982.

4. A.E. Spaller, Structural Analysis of Shipping Casks. Vol. 2. Resistance to

Puncture, ORNL-TM-1312, September, 1966.

5. H. Nelms, lysi i f f
Physical Properties and Curvature on Puncture Resistance, ORNL-TM-1312,
June, 1968.

6. L.B. Shappert, et al., i icati ration of

shipping Casks for Nuclear Application, ORNL-NSIC-68, February, 1970.

2-90



3. 1 VALUATION

This section describes the thermal analysis of the cask to verify the
compliance with the performance requirements of 10 CFR 71.

3.1 Discussion

The thermal protection features of the cask consist of the impact
Timiters placed at the top and bottom of the cask and the thermal shield sur-
rounding the cylindrical section. The impact limiter consists of polyurethane
foam enclosed in a 10 gauge stainless steel shell. Because of the low thermal
conductivity of the polyurethane foam, the impact limiter reduces the heat
transfer into the ends of the cask during hypothetical accident conditions.

The thermal shield consists of a 10 gauge stainless steel siiell surround-
ing the cylindrical structural shell of the cask. A nominal gap of 0.25 inches
exists between the thermal shield and the cylindrical structural shell. Be-
cause of the low conductivity of air contained in the gap, the heat resistance
of the gap greatly reduces the heat transfer rate to the structural shell
during a hypothetical accident conditioen.

During normal conditions of transport, the impact limiter and thermal
shield cause the temperature to be somewhat higher than would occur without the
shield. The contents of the container generate heat. The impact limiter and
thermal shield now act as insulators offering resistance to heat flow from the
container, resulting in higher internal temperatures. However, as this
analysis has shown, the heat generation rate of 400 watts does not result in
excessive temperatures or pressure.

3-1



3.2 Summary of Thermal Properties of Materials

The thermal properties of the materials are listed in Table 3.2-1. the
metal properties were obtained from Reference [1] and pelyurethane properties
were obtained from Reference [2]. Material properties were assumed constant
over the temperature range of the conditions investigated. The thermal
properties of the silicone rubber and neoprene gasket are not included. These
parts are thin gasket materials and, therefore, do not significantly effect the
overall heat transfer rates. Only the solid properties for lead are listed in
Table 3.2-1 because the melting point of 620°F would not be reached even during
a hypothetical accident condition.

Decomposition of polyurethane begins to occur at 400°F. Therefore, the
polyurethane properties are replaced with air properties [3] at this tempera-
ture. However, air and polyurethane thermal properties are not significantly
different. Actually, the polyurethane properties are not critical because the
polyurethane is essentially an adiabatic surface during the hypothetical acci-
dent.

Radiation heat transfer occurs at the outer surfaces of the cask and also
in the cap between the thermal shield and the structural shell. The ab-
sorptivity of the surfaces are listed in Table 3.2-1 [4). A1l external sur-
faces are stainless steel except the 1id which is carbon steel with a white
coating. Both surfaces within the gap are stainless steel. The absorptivity
of weathered stainless steel was assumed for the outer surfaces and the gap
surfaces were assumed to be machined.
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TABLE 3.2-1 MATERIAL THERMOPHYSICAL AND SURFACE PROPERTIES

Material Thermophysical Properties

Density Specific Heat Thermal Cond.

Material 1b/ft BTU/16-F BTU/hr-ft-F.
Carbon Steel 490 0.12 26
Stainless Stee) 488 0.11 11
Lead 710 0.031 20
Polyurethane Foam 20 0.30 0.40

Surface Radiation Properties

Surface Absorptivity*

Carbon Steel painted white
Weathered Stainless Steel
Enclosed Stainless Steel

oo o
~ O 0O

*A1l external absorptivities were set equal to 1.0 during the hypothetical ac-
cident.
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3.3 Technical Specifications of Components

Engineering drawing STD-02-107, Rev. 0, sheets ] and 2 of 2, showing the
general arrangement of the cask is provided 2¢< an attachment to this report.
This drawing shows the cask dimensions and material specifications. A)1 struc-
tural members are fabricated from commercial grade materials. Descriptions of
structural materials are contained in Section 2.3.

The primary and secondary seal materials are silicone rubber and
neoprene. These materials are capable of withstanding a transient temperature
of 500°F. Thus, the temperature of these materials must be maintained below
500°F to ensure that loss of contents does not occur.
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3.4 T ] Ev i r it f Transpor

The thermal analysis for normal transport conditions was performed in ac-
cordance with 10 CFR 71. This condition assumes steady state conditions; (a)
solar fiux of 800 g cal/cm /12 hr and (b) ambient temperature of 100. In addi-
tion, the analysis considers a representative internal heat generation of 400
watts. An analytical model was developed to determine the temperature dis-
tribution of the cask.

3.4.1 Thermal Model

The heat transfer analysis was performed using a thermal analyzer which
accepts resistor-capacitor (R-C) network representations of thermal systems.
Convection and radiation boundary condition. can be handled in the mode) and
time/temperature property variations can be included. The accuracy of the
program has been verified by comparing with known thecretical solutions and
previously published computer solutions.

The temperature distribution of the cask was assumed symmetric about the
vertical axis and its horizontal midplane. Thus, the heat transfer model as-
sumes two-dimensional heat transfer (i.e. radial and axial). This latter as-
sumption is not exactly fulfilled when solar insolation occurs at the upper
surface. In this case, the model yields temperatures that are slightly higher
than expected. Since the higher temperatures are conservative, this procedure
is satisfactory.

The thermal analyzer program is not limited to two-dimensional problems.
If the thermal conditions were symmetric, a three-dimensional model could have
been analyzed. However, a two-dimensional model is adequate in the situation
under consideration.

The thermal model contains 55 nodes, which is sufficient to accurately

predict the steady-state and transient thermal behavior of the cask. Addi-
tional assumptions that were made will now be discussed.
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Radiation heat exchange between external surfaces of the cask were as-
sumed to be negligible. Two locations exist where radiation exchange occurs.
Radiation is exchanged between the outer surface of the lid and the impact
Timiter. In addition, the impact limiter exchanges radiation with the thermal
shield. In both cases, the view factors are small and then the heat exchange
is negligible.

Heat transfer within the contents of the cask was not analyzed. It was
assumed that the heat generated was uniformly transferred to the surrounding
cask surfaces. A total heat generation of 400 watts was assumed and, there-
fore, recognizing the symmetry of the model, 200 watts are transferred to sur-
faces contained in the model.

3.4.2 Maximum Temperatures

Figure 3.4.2-1 shows representative temperatures calculated using the
thermal analyzer computer program. Temperatures are calculated at 55 locations
by the model. The 1id temperatures are greatest because of solar insolation.

A maximum temperature of 200°F occurs at the center of the 1id. The tempera-
ture at the secondary 1id seal is 194°F and 1729F at the primary seal. The
radial temperature gradient in the 1id is due to heat conduction from the 1id
into the cylindrical section. The axial temperature gradient in the cylinder
is also due to heat conduction from the 1id to the structural shell.

Because the thermal conductivity of the cask is relatively high, the tem-
perature gradients are small. The gap between the thermal shield and the
biological shield accounts for most of the thermal resistance of the cylindri-
cal section.

3.4.3 Minimum Temperature

The minimum steady-state temperature for normal conditions of transport
is the ambient temperature. The extreme minimum temperature during normal
transport that is specified in 10 CFR 71 is -40°F. Thus, the minimum tempera-
ture which has been assumed in the analysis of the cask structure is this tem-
perature.
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FIGURE 3.4.2-1 Representative temperat. 2s -- aormal condition of transport
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3.4.4 Maximum Internal Pressure

Figure 3.4 2-]1 shows that the inside wall temperature varies from 193°F
to 158°F. As a consequence, the internal pressure is elevated above atmos-
pheric pressure. The internal pressure at steady-state can be estimated by as-
suming the atmosphere contains dry air at 14.7 psi and 70°F when the cask is
closed. Because the contents will normally container water, it is assumed that
at steady-state transport conditions the air is at a temperature of 193°F and
saturated with water vapor. The internal pressure at 193% is equal to the sum
of the dry air and the vapor pressure of water which is:

P = (14.7 psi)(657 R/530 R) + 10 psi = 28.1 psi

Assuming the minimum pressure of 3.5 psi specified in 10 CFR 71 Section
71, the pressure differential is
28.1 - 3.5 = 24.6 psi.

Consideration of the stresses due to pressurization of the cask to 24.6
psi is contained in Section 2.6.1.3 of this report.

3.4.5 Maximum Thermal Stresses

Consideration of thermal stresses due to conditions of normal transport
and due to lead pour during fabrication is contained in Section 2.6.1.2 of this
report.

3.4.6 Evaluation of Package Performance for Normal Conditions of Transport

A summary of maximum temperatures due to normal transport conditions is
given in Table 3.4.6-1. The maximum temperature of 200°F is significantly
below any of the material limits. The silicone rubber and neoprene seals are
capable of withstanding a temperature of 250°F continuously. In addition, the
maximum temperature limit for continuous operation is 250°F for polyurethane
foam. These materials are capable of withstanding a minimum temperature of
-40%F without degradation.

The results of analysis concerning structural integrity of the cask as it
is affected by temperature extremes during normal transport conditions is con-
tained in Section 2.6.1 and 2.6.2 of this report.
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TABLE 3.4.6-1 SUMMARY OF NORMAL TRANSPORT MAXIMUM EXPECTED TEMPERATURES

Transport Conditions

Comment

Lead: 200°F max

Carbon steel: 200°F
Stainless steel: 200°F
Silicon rubber seal: 193°F
Neoprene seal: 193°F

Polyurethane: 190°F

<620%F (Melting)

No significant effect
No significant effect
<250°F

<250%F

<250°F
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3.5 App’ndix

3.5.1 Description of the Thermal Analyzer Computer Program

A proprietary thermal analyzer program was written to calculate steady
ct.te and transient heat transfer in solids with radiation and convection
boundary conditions. The accuracy of the program has been verified by com-
parison witih theoretical solutions and published results obtained from other
thermal analyzers. An example of a comparison with a theoretical solution is
in the following section.

Heat conduction is represented in the program by a resistor-capacitor
(R-C) network. The user inputs the resistance and capacitance values. Thermal
conductivity variations with temperature are input in tables. Convective heat
transfer coefficients at the boundary can either be input as a constant or have
the form h - (AT)". Thus, naturai convection boundary conditions can be ap-
plied.

Radiation heat transfer at boundaries is also represented as a resis-
tance. This resistance has the fe-m:

Q-8(mt-1.4

where B is a coefficient which may include the Stefan-Boltzmann consiant, sur-
face areas, and emissivities.

Time integration is carried out using the explicit finite difference
technigue. The size of the time step is limited by the stability criteria.
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3.5.2 Verification of Computer Program

The accuracy of the thermal analyzer program was determined by comparison
with known theoretical solutions contained in the literature. An example is
the transient heat conduction in an infinite flat plate-as shown in Figure
3.5.2-1. The flat plate is initially at a uniform temperature of 100°F and is
immersed in a fluid at a temperature of 1200°F. The plate is four inches thick
and the material is lead. Because the temperature distribution is symmetric
about the centerline, only one-half of the plate is analyzed.
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FIGURE 3.5.2-1 Thermal conditions used in verification of thermal analyzer
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Figure 3.5.2-2 shows the theoretical temperature obtained from Holman [5)
and temperatures calculated using the thermal analyzer. The individual data
points are the temperatures calculated by the thermal analyzer and the solid
Tine is the theoretical temperature distribution. The temperature distribution
shown in Figure 3.5.2-2 is at a time of 0.1 hour. The number of nodes used in
the calculation was five and the time increment was 0.001 hour. The maximum
error of approximately 5°F would be decreased if the number of nodes were in-
creased. However, the results obtained are reasonably accurate.
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4. CONTAINMENT

This chapter identifies and discusses the package containment for the
normal conditions of transport.

4.1 Containment Boundary

The containment boundary claimed for the package is the 10-142A transport
cask described in Section 1.2 and Drawing sTD02-107, Rev. 0, sheets 1 and 2
of 2, attached to this report.

4.1.1 Containment Vessel

The 10-142A cask will be used to carry a heavy gauge steel liner with a
Capacity of approximately 125 cubic feet of ion exchange resin. The liner is a
cylindrical steel container with 11 gauge walls and 5/16 inch thick heads.

Each liner is pressure tested to 3 to 5§ psig.

During transport the liner will contain a maximum of 125 cubic feet of
resin from the reactor letdown purification system. The resins are typically
40 to 60 mesh and are a mixture of cation and anion ionic forms.

The 10-1424 cask is designed to contain the radiocactive material during
normal transport and hypotheticaI'accident conditions, with no containment
credit taken for the liner. The containment analysis contained in this report
considers only the cask.

4.1.2 (Containment Penetration

The only penetration of the containment vessel is a 0.40 inch diameter
vent hole in the container primary 1id. The vent hole is used as a test portal
during leak testing of the container. A detail of this vent hole is shown in
Detail C, Sheet 1 of Drawing sTD02-107, Rev. 0. A copy of this drawing is
attached to this report. ODuring transport this vent hole is sealed off by a
standard threaded piped plug and thread sealant. Inspection of this plug loca-
tion is specified in the operating procedures for the cask.
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4.1.3 Seals and Welds

The top of the cask is provided with a combination of a primary 1id and a
secondary 1id. The arrangement is shown schematically in Figure 1.2.1-1 and is
described in Section 1.2. Both the primary and secondary lids are fitted with
silicon and/or neoprene gaskets at the sealing interfaces. Specific details of
the cask 1id arrangement and the gaskets involved in sealing the 1ids are shown
in Drawing sTD.02-107, Rev. 0, sheets 1 and 2 of 2, attached to this report.

With the exception of the attachment of the primary and secondary 1lids,
the cask is an all welded construction. Details and specification regarding
welding of the cask structure are shown in Drawing sTD-02-107 , Rev. 0, sheets
1 and 2 of 2.

4.1.4 (losure

The cask primary and secondary lids are fastened to the cask body by a
system of ratchet binders and bolting, respectively, as described in Section
¢.1 and as shown in detail in Drawing STD-02-107 | Rev. 0, sheets 1 and 2 of 2.
attached to this report.
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4.2 Requirements for Normal Conditions of Transport

The following is an assessment of the packagz containment under norma)
conditions of transport based in part on the analyses performed in Chapters 2
and 3.

4.2.1 C(ontainment of Radioactive Material
4.2.1.1 Stryctural and Containment Integrity - Normal tramsport condi-

tions will not compromise the structural or containment integrity of the cask.
Transport conditions as specified in 10 CFR 71 will result in an increase in
temperature and internal pressure of the container contents. Thes unditions
of transport and their influence on the rel.ase of radioactive couteats from
the container are considered in the following section.

4.2.1.2 Containment Criteria - 10 CFR 71 Section 51 (a) specifies that

there be no loss or dispersal of radioactive contents, as demonstrated to a
sensitivity of A2x10'5 per hour. The package will be loaded with solid
radioactive material, including ion exchange resins, filters, etc., in a medium
of air occupying the voids in the package. The cask closure is designed to
contain the radicactive material within the cask during normal conditions of
transport and hypothetical accident conditions. The particle size of the
resins, 40 to 60 mesh, is sufficiently large to prevent escape through the gas-
ket seal under normal conditions of transport.

The most plausible condition for the release of radioactive material is
the release of gaseous activity generated during transit. Prior to sealing the
cask, the radioactive material will be vented to remove radioactive gases.

This is typically done at the plant site during storage in the spent resin
storage tank, which is vented to the offgas system, and during transfer to the
vented cask liner. During transport, however, gaseous activity may be genera-
ted by decay of isotopes absorbed onto the ion exchange resin. A review of the
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isotopes which may be present in resin wastes reveals that only radioiodine
(1-131) would produce significant amounts of gaseous radioactivity, in the form
of xenon isotopes. The other isotopes of icdine are either not present in suf-
ficient quantities or decay to stable isotopes. In normal power plant prac-
tice, spent resins are to be stored until the short-lived radioactivity, such
as 1-131 (8.07 days) and I-133 {20.9 hours), have decayed away. Thus the as-
sumption that significant iodine will be present at the time of shipment is
considered conservative.

An expression for permissible leak rate from the container under normal
transport conditions is written as follows:

Ly = Apx1076/¢

where Ly = permissible leak rate from container for transport
condition (atm - ma/hr)

AszO'6 = activity limit for normal conditions of transport (Ci/hr)
C = specific activity of medium in container (Ci/m3)

The 1-131 decays to Xe-131m.

Ay = 100 (from 10 CFR 71, Table A-1)
C =5.23 (from Section 4.5.1 of this report)

Therefore, Ly = 100x10°6/5.23 « 1.9x10°5 atm - m3/hr
= 19 atm - cm/hr
- 5.3x1073 atm - cm3/sec

4.2.2 Pressurization of Containment Vessel

Prior to transport, the package must be vented to eliminate any gases
wh'ct have accumulated. These gases may include radiolytically generated
drogen and very small amounts of radicactive gases resulting from isotopic
wecay. Gases are generally vented from ion exchange resins during storage in
the spent resin tank, which is vented to the station offgas system, and during
transfer to the vented cask liner prior to shipment.



The volume of gas generated due to isotopic decay, such as the decay of
iodine to zenon, will be insignificant, but the potential exists for combus-
tible quantities of hydrogen to be generated radiolytically from wet wastes
such as dewatered resins. For any package containing materials with a radioac-
tivity concentration exceeding that for low specific activity material, the
hydrogen generation rate must be determinev. If the hydrogen concentration
will exceed 5% by volume, the secondary container and cask cavity must be in-
serted with a dilutent to assure that oxygen is limited to 5% by volume.

(Refer to IE Information Notice No. 84-72, "Clarification of Condition for
Waste Shipments Subject to Hydrogen Gas Generation.")

If the internal gas pressure does increase up to the 5% limit for
hydrogen, the cask will not be adversely affected. A 5% increase in the gas
volume in the package will result in an approximate 5% or 0.74 psi increase in
the internal pressure of the cask:

Pressure increase = (0.05) (14.7 psi) = 0.74 psi

Analysis of the cask for a much larger differential pressure of 24.6 psi has
been conducted in Sections 2.6.1.3, and the container was shown to be adequate
to withstand that pressure.

4.2.3 Containment Criterion

A Teak test is specified to verify containment under conditions of normal
transport. This leak test would typically be calculated either at the facility
where the cask is domiciled or at the shipper’s plant site.

The leak test procedure which will be employed will be detection of a
leak using a soap film. The procedure is described in Chapter 8. The expected
temperature applied to the cask at the time of the test is standardized at 77%
(25°C). The specified internal pressure of the cask is 8 psig.



From Section 4.2.1.2, the permissible leak rate was:
Ly = 5.3 x 10°3 atm - cm3/sec

The required test sensitivity is:
S = Ly/2 = 2.65x10°2 atm - cn/sec

The soap bubble leak test used for the 10-142A cask is sensitive to 1073
atm - cm3/sec. therefore contzinment criteria is satisfied.

4.2.4 (Coolant Loss

Not applicable since there are no coolants involved.



4.3 (Containment Reguirement for the Hypothetical Accident Condition

This section is not applicable.
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4.4 Special Requirements

This section is not applicable.
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4.5 Appendix

4.5.1 (Calculation of Activity of Medium in Containment System

For the purpose of this analysis, it is assumed that 5000 Ci of I-131 are
present in the waste at the time of shipment. The peak quantity of the result-

ing xenon isotope is then calculated. (Ref. 4)

Radioactive generation and decay occurs in the following seguence:

where Jp and Ag are the decay constants of the respective isotopes.

of change of isotope B at any time t is given by:

where Np = number of atoms of A
where NB = number of atoms of B

But Ny = Npq e-AAt
where Np, = number of atoms of A at t = 0
Substituting (2) into (1) gives:
dNg/dt = AgNa, e At Lyong
The solution for (3) is written as follows:
Nge*Bt = [1/(ag - Ag)DagNae(PB - Mt | ¢
To solve for C, apply the boundary condition at t=0, Ng = 0:

L = -XA NAO/(J'\B - AA)
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Combining (4) and (5) gives the following expression for Ng:

Ng = AgNaole At - =3Bty (a0 . 3y) (6)
The activity of isotope B would then be as follows:

Qg = Aghg (7)

The time at which nuclide B reaches maximum activity is calculated by differen-
tiating (6) and setting the result equal to zero:

dNg/dt = AaNao(-Age At 4 age=2Bty (00 . 2 = 0 (8)
age Mt o 2Bt (9)
In(Ag/Aa) = (Ag - Ap)t (10)
tmax = t = In(Ag/a)/(Ag - Aa) (11)

The decay constant of any one isotope is calculated as follows:
Aj = 1n2/(ty/p)1
where (tl/z)i = half 1ife of isotope i
ty/2 (1-131) = B.040 days
t)/2 (Xe-131m) = 11.92 days

["Chart of Nuclides,” 12th ed., General Electric Company, GET-6504, 1983. (Ref.
3)].

AI-131 = (1n2)/8.040 = 0.0862/day
AXe-121m = (In2)/11.92 = 0.0581/day
Using equation (11), calculate the time for Xe-131m to reach maximum activity:

tmax for Xe-131m = 14.04 days
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To calculate the maximum activity for Xe-131lm, the appropriate branching ratio
must be considered:

8.04 days 11.92 days

Using equation (7) and the branching ratic, the peak activity may be calcu-
lated:

Qg(max) = 0.006 Qg = 9 Ci
The available volume of the cask is 142 ft>. The volume of the resin in the
cask is 125 ft3. Thirty-five percent of the resin volume is void. Therefore,

the free volume in the cask occupied by a gas is calculated as folliows:

V¢ = 142 - 125 + 0.35 (125) = 60.75 ft3

«1.72 m

The specific activity of medium is therefore:

C = Qg(max)/Vg = 9/1.72 = 5.23 Ci/m3
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4.5.2 References

1. IE Information Notice No. 84-72, "Clarification of
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2. ANSI N41.5, "Leakage Tests on Packages for Shipment of
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Institute, New York, 1977.

3. "Chart of the Nuclides," 13th ed., General Electric
Company, GET-6504, 1983.

4. Introduction to Health Physics, Cember, H., Pergammon
Press, 1983.
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5. SHIELDING EVALUATION
5.1 Discussion

The shielding package of the 10-142A Cask consists of a cylindrical con-
tainer which is a built-up composite structure of lead and steel. The con-
tainer consists of an inner steel shell surrounded by a layer of lead shielding
and an exterior steel shell. The primary structural component is the exterior
shell which is 1.0 inch thick. The inner steel liner is 0.5 inch thick and
lead shielding is 3.5 inches thick. The general arrangement of the cask has
been described previously in Chapter 1 and is shown sketched in Figure 1.2.1-1.
In addition, details of construction are shown in Drawing No. STD-02-107, Rev.
1, sheets 1 and 2 of 2. A copy of this drawing is attached to this report.

The analyses in Chapter 2 of this report have demonstrated that struc-
tural integrity of the cask will not be compromised in normal transport condi-
tions. Since the cask is integral with the cask structure, the analyses in
Chapter 2 likewise demonstrate that transport conditions will not compromise
shielding integrity.

The typical radiolegical product which will be placed in the cask for
shipment is spent ion exchange resin. The range of possible contents is listed
in Section 1.2.3 of this report. It is noted that, for an individual shipment
involving the 10-142A cask, the shipper has the responsibility for verifying
that radiation readings external to the cask are in compliance with 10 CFR 71
Section 47. The cask shielding, however, is more than adequate for the ex-
pected range of radiological content. The shielding performance of the cask is
demonstrated by the analysis in the following section.
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5.2 Shielding Analysis

It is the shipper’s responsibility to verify allowable radiation limits
for the cask. The external radiation is a direct function of the radiological
content of the cask. To aid the shipper in assessing permissibie radiological
content and to demonstrate the performance of cask shielding, a pair of example
radiological loads are analyzed for two common isotopes characteristic of spent
ion exchange resin. The isotopes selected for analysis are Co-60 and Cs-137.
Both of these isotopes are beta and gamma emitters, however, due to the exten-
sive lead shielding of the cask, beta transmission through the lead would not
be significant. The analysis, therefore, considers only gamma radiation.

The analysis considers allowable radiation limits and then, based on
these limits, calculates a corresponding radiological content of either an en-
tire load of Co-60 or an entire load of Cs-137. The shipper is thereby able to
use the results of this analysis as a guide in establishing loading limits on
the basis of allowable radiation limits.

The objective of this analysis is to develop a relationship between the
Curie content of the cask and the exposure dose rate at a location 2 meters
from the cask vertical surface. These expressions will then be used to deter-
mine a maximum Curie content for a limiting exposure dose rate of 10 mR/hr at 2
meters.

The model employed in this analysis represents the contents of the cask
as a cylindrical source. The cask shielding is represented as an infinite
slab. A sketch of this model is shown in Figure 5.2.1-1. The activity is as-
sumed to be uniformly distributed. The exposure dose rate considered by the
model would be that of measured at a point located at one-half height of the

container. This analysis is based on that contained in Mathematical Theory of
Radiation Dosimetry, Fitzgerald [Ref. 1].

The dose rate from a radioactive source may be calculated from the energy
flux according to the following relationship:
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R = palair) lo/Pair (MeV/g/sec) (1)

where R = dose rate (MeV/g/sec)
I, = energy flux (HeV/cmz/sec)
Ba(air) = total linear absorption coefficient (1/cm)
Pair = density of air (g/cm3)

To express the dose rate in terms of R/hr, (1) becomes:
R = 6.58x10°° p,(air) 1/p,:, (R/Hr) (1b.)

The energy flux at a field position P exterior on the side of a right
cylinder, with an infinite slab shield and uniform activity distribution,
6y = 8, = 6 (see Figure 5.2.1-1) is given by:

Io = 2.96x10° C, E (20R,?) [F(8,by)1/(a + 2) (2)

where F(6,b) = :Ie'b-seﬁ" dé’

The values for the function are given in Fitzgerald, Figure 5.14B, page 298.

b, = effective total attenuation
=b + ul
b = attenuation from the cask boundary to the point of interest, P
Be(i) = total linear scattering coefficient in material i
I = effective self absorption distance (Z is a
function of Roy @ and b. It is solved empirically
in Fitzgerald, Figures 5.26 B and C, pages 323
and 324.)
R, = radius of cylinder
a = distance between the cylinder and the point of interest, P
E = energy per disintegration
Cy = specific activity of radiation
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<\

FIGURE 5.2.1-1 Sketch showing a radiation source modeled as a cylindrical
source and shielding m~deled as an infinite slab
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The first step in the soclution i to solve for Z:

Z = 2Ry, a, b,)
b= I u(i).x (3)

where u(i) = total linear attenuation of material i (cm’l)
x; = thickness of material i (cm)

For the 10-142A cask, a combination of steel and lead is used in the side
walls. This combination of materials may be related to an equivalent lead
thickness:

1.70 in. steel + 3.50 in. lead = 4.30 in. lead equivalence
= 11 cm lead equivalence

[From A Guide for Design, ..., ORNL-NSIC-68, Figure 7.3, page 223.]

The relationship between the linear and mass attenuation coefficients for
material i is given by the following expression:

B(1) = (1) a4 (4)

where u’(air) = mass attenuation coefficient of material i (cmz/g)
p; = density of material i (g/cms)

The gamma energy of Co-60 is conservatively approximated at 1.5 MeV. Hence u’
is evaluated at this energy:

4’ (air) = 0.0518 Pajr = 1.293 x 1073 y(air) = 6.7 x 10°5

4y’ (air) = 0.0255 Balair) = 3.3 x 1073
4’ (Hy0) = 0.0575 4,0 = 1.0 B(H0) = 5.8 x 1072

By’ (Hp0) = 0.0283 Ba(Hy0) = 2.8 x 1072
B (Pb) = 0.0517 ppp = 11.35 4(Pb) = 5.9 x 107!

5-5



[From Radiological Health Handbook. Tables 5.1 and 5.4, pages 122-124, 126.)

Presin = 0.83 g/cm?

[From J.W. Bland, Consultants, "10 CFR 61 Waste Classification ...", Section
4.13.]

Therefore, (3) can be solved as follows:

b = u(Pb) Xpp + mlair) x 5,
= (5.9 x 10'1) (11) + (6.7 x 10‘5) (200)
= 6.5
Ry = 84 cm
a =200 + 13 « 213 cm (distance of 2 m + thickness of cask wall)

To find Z, the number of mean free path lengths between the cylinder cen-
ter and point P must be determined:

Be(resin) (a + Ro)
B'g(resin) has been approximated by using u's(HZO):
b'g(resin) = us’(HZO)
B 5(H0) = ' (H;0) - i, (Hy0)
= 0.0575 - 0.0283
= 0.0292 cn/g

and multiplying by the density of resin to get the total linear scattering
coefficient,

hg(resin) = (0.0292)(0.83)
-« 0.0242 cm™}
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Therefore,
bg(resin) (a + R,) = (0.0242)(213 + 84)
- 7.2

a/Ry = 2.5

From Fitzgerlad, Figure 5.26 B, m = 1.18 where m is a variable used in deter-
mining Z. From Fitzgeraid, Figure 5.26 C, for b = 6.5 and a/Ry = 2.5:

(1/m)pg(resin) (Z) = 1.15

Z=(1.15)(1.18)/(.0242)
= 56.1 cm

To evaluate the function F(#, b2), b2 and ¢ must be determined.

viously:
by = b + ug(resin) 2
= 6.5 + (.0242)(56.1)
« 7.9
From basic principles of geometry:
6 = tan" [h/(2)(a + 7))
= tan"1[183/(2)(213 + 56))
= 19°
From Fitzgerald, Figure 5.14 B:
F(19°, 7.9) = 1.0 x 1074
For Co-60, E = £y + £y (two gammas emitted per disintegration)
E=1.17 4+ 1.33 = 2.5 MeV
[From Chart of the Nuclides, page 26.]

Also, Cy = C/V, where:
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o
L]

total activity in Curies
volume of the cask

125 ft3

3.5x10% cm’

-«
L] L]

Therefore, the desired relaticnship for Ig = I15(C) is evaluated as follows:

Io = 2.96x10% (€/3.5x105) (2.5) (2.0.842) (1.0x107%)/(213 + 56)  (5)
- 34.8(C) MeV/cm?/sec

Combining (1b) and (5) and knowing tae values for Ba(air) and I, determined
previously, the following expression is developed:

R = (6.58x10°°) (3.3x1075) (34.8xC)/(1.293x10°3)
= 5.84x10°%(C) R/hr

For a Timiting exposure dose rate of 10 mR/hr at 2 meters, the maximum Curie
load of the cask for Co-60 alone would be:

C = (10x10°3)/(5.84x10°5)
« 1.7x10% Cj

Therefore, a loading of 170 Ci of Co-60 will produce a 10 mR/hr field at 2
meters from the cask.

The above analysis for Co-60 has also been conducted for Cs-137. The

results of the analysis show that for a dose rate of 10 mR/hr, the maximum
Curie load of the cask for Cs-137 alone would be 8.24x10% Curies.
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5.3 Shielding Analysis - Hypothetical Accident Conditions

This section not applicable.
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5.4 Qther Considerations

The maximum Curie contents of Co-60 and Cs-137, absorbed c¢a ion exchange
resin and placed into the 10-142A cask, are calculated in the preceding section.
The shipper, however, must consider other factors which can effect the amount
of radioactivity which may be placed into the cask, i.e., waste form, mixtures
of radionuclides, and decay heat genciation.

5.4.1 Waste Form

In general, higher density waste forms will provide greater seif shield-
ing and allow greater amounts of activity to be placed into the cask without
exceeding radiation limits on the outside of the cask. For example, cement
solidified wastes with a density of 90-150 1b./ft.3, will provide greater self
shielding than the dewatered ion exchange resins, with a density of 50-52
1b./ft.3, assumed for the calculations in Section 5.2. Radiation dose rates
would be a factor of approximately two to three less for a given amount of ac-
tivity.

5.4.2 Mixtures of Radionuclides

Waste shipments from power stations are general’v a mixture of nuclides
rather than a single specific isotope. While a single nuclide such as Co-60 or
Cs-137 may predominate, the dose from all the various nuclides contained in the
waste must be considered prior to loading the cask to ensure that cask shield-
ing and other limits are not exceeded.
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6. CRITICALITY EVALUATION
Fissile materials to be contained in the 10-1424 cask are limited to the

amounts as exempted under 10 CFR 71.53. As a result, criticality evaluation is
not applicable for the 10-142A cask.
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7. QPERATING PROCEDURES

This chapter of the report describes the operating procedures to be used
in the preparation for and performance of loading and unloading the 10-1424
cask. The procedures have been developed to ensure that occupational radiation
exposures are maintained as low as is a reasonable achievable as required by
paragraph 20.1(c) of 10 CFR Part 20, "Stand.:ds for Protection Against
Radiation.”

7.1 Procedures for Loading the Cask

Section 6.1 of STD-P-02-040 specifies the radiation surveys and
inspections to be performed on the 10-142A cask. These surveys and inspections
are specified to ensure that the package is not damaged and that surface con-
tamination levels are within the allowable 1imits of the regulations. Upon
receipt of the cask, the following inspections and survey must be performed.

(a) Radiation and external contamination surveys on both the cask and
vehicle.

(b) Inspection of tiedown lugs and shackles on cask and trailer for
cracks and wear.

(c) Inspection of cask primary 1id ratchet binders and tiedown ratchets/
turnbuckles and cables to verify proper working condition.

(d) Verification that impact limiter and secondary 1id lifting lug
covers are present.

After removal of the upper impact limiter, the following are performed:

(e) Inspection of the primary 1id test port plug for the presence of
thread sealant.
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After removal of the cask primary 1id, the following are performed:

(f)

(g)

(h)

(1)

(3)

Inspection of the primary 1id gasket for cracks of tears which would
affect proper sealing.

Inspection of the cask interior for standing water. Water must be
removed pricr to shipment.

Inspection of the cask for obstructions to loading.

Inspection of the cask interior for defects which might affect the
cask integrity.

Inspcction of the secondary 1id holddown nuts to ensure that all are
present and not damaged.

If the secondary lid is to be removed for loading or if the secondary 1id
security seal has not been broken or is not installed, the following must be

performed:

(k)

Inspection of the secondary 1id outer and inner gaskets fcr cracks,
nicks or tears which would affect proper sealing.

After removal of the secondary 1id from the primary cask 1id, the following
must be performed:

(1) Inspection of the secondary 1id holddown studs for damage.

(m)

Inspection of the two secondary 1id gaskets for cracks or tears
which would affect proper sealing.

Procedure for replacing damage¢ studs or gaskets are provided in

STD-P-02-039, 10-142A Cask Maintenance .
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7.1.1 Loading Instructions

The instructions for loading the cask are provided in Section 6.3 of

STD-P-02-040

The cask may be loaded with waste contained in either a

Tiner or ten 55-gallon drums. Pallets are used to facilitate the loading of
drums into the cask. The loading procedure is summarized below:

(a)

(b)

(c)

(d)

(e)

(f)

(9)

The raincover, if so equipped, is removed.

The upper impact limiter is removed.

The primary 1id is removed from the cask.

Ten drums (on pallets) or a liner is loaded into the cask. Five
drums may be placed on each pallet.

Shoring, if necessary, is installed to secure the liner in position.

The primary 1id is installed. Detailed instructions are provided to
ensure proper positioning, minimize the potential for damage to the
cask or sealing surface. and for securing the ratchet binders. A
wire security seal is then installed through an eyelet on the
primary 1id lug, to the impact limiter tie down tab.

If removed, the secondary 1id is installed. As with the primary
1id, detailed instructions are provided tc ensure proper
installation and a security wire is installed as the final
installation step.

Throughout the loading procedure, special precautions are noted to mini-
mize the spread of radiocactive contamination and damage to the cask equipment.
The requirements for coating threads with antiseize compound and torquing fas-
“eners are stated in the procedure.
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Users of the cask must be registered as users in accordance with 10 CFR
Part 71 and 10 CFR Part 49 and are responsible for operating the cask under &
quality assurance program provided by the USNRC. The users are responsible for
ensuring that the radioactive material shipments comply with all of the ap-
plicable requirements of the Department of Transportation, the USNRC and dis-
posal site regulations. Specifically, users of the cask are responsible for
complying with the requirements of 10 CFR Part 71.47 and paragraph 71.87(1)(1)
and (2), which specify limits for radiation and external non-fixed contamina-
tion, prior to release of the package.






7.3 Preparation of the Empty Package for Transport

The same procedures for preparing a loaded cask fer shipment apply to the
preparation of empty packages. Users of the cask are responsible for complying
with the requirements of paragraphs 71.87{i)(1) and (2), which specify limits
for external non-fixed contamination, prior to release of the package.
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7.4 Appendix

The detailed operating procedures for loading and.unloading the 10-1424
cask are contained in STD-P-02-040. Refer to this procedure, which is
provided as an attachme. * to this report.
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8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM
8.1 Acceptance Tests

The 10-142A cask is inspected and tested by qualified personnel in accor-
dance with approved procedures prior to being released for service. Inspection
and acceptance requirements for welds include visual inspection, magnetic par-
ticle, penetrant examination or radiographic examination. Al completed ship-
ping casks are inspected for correct dimensions and surface finish conditions.
The following sections describe the inspections and tests to be performad.

8.1.1 Visual Inspection

Visual inspaction according to ASME Section V is performed on all welds
which are in final finished for... Personnel conducting visual weld inspections
are qualified inspectors. A dime.sional check will be performed to verify con-
formance withSEG Drawing STD-02-107, Rev. 0, sheets 1 and 2 of 2.

€.1.2 Nondestructive Examination

As required on the engineering drawings attached to this report,
penetrant examination(PT) and magnetic particle examination{MT) of welds and
weld areas is complete on finished welds. Examination personnel are qualified
and certified in accordance with ASNT SNT-TCIA. Acceptance criteria are as
specified in Section 11l of the ASME Code.

8.1.3 Leak Test

Completed and assembled casks are leak tested using air as the test medium ‘ The leak testing
procedure is specified in STD-P-02-038, Soap Bubble Leak Test. This procedure as_mcludgd as an
attachment to this report. The leak test sensitivity analysis is provided in the Appendix, Section 8.3.
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8.1.4 Gamma Scan Test

The lead shielding is tested by a gamma scan test performed prior to the
attachment of linings and impact limiters to verify the absence of voids and
proper load thickness. The gamma scan testing procedure is performed in accor-
dance with SEG Procedure STD-P-02-037, Gamma Scanning of Lead Shielding for SEG Casks

attached to this report.
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8.2 Maintenance Progr

This section describes the maintenance program required to ensure con-
tinued performance of the10-142A cask. The maintenance program, which is
provided in STD-P-02-038, STD-P-02-039, and STD-P-02-040 includes periodic inspec-
tion, testiig and gasket replacement schedules as well as criteria for replace-
ment and repair.

8.2.1 Inspection

Inspections must be performed on cask gaskets, stud bolts and nuts,
turnbuckles, and other critical components prior to each shipment. The inspec-
tion requirements are discussed in Chapter 7 and presented in detail in

STD-P-02-040, Operating instructions for Loading and Unloading the 10-142A Cask. This procedure
i$ provided as an attachment to this report.

8.2.2 Gasket Replacement

Primary and secondary 1id gaskets must be replaced whenever a defect such
as a nick, fray or cut occurs which could adversely affect the containment in-
tegrity of the cask.

As a minimum, the primary and secondary 1id gaskets must be replaced
every year, as specified in STD-P-02-039, 10-142A Cask Maintenance. This
procedure, which is provided as an attachment to this report, provides the in-
structions for performing and documenting the gasket replacement.

8.2.3 Leak Tests

A soap bubble Teak test to insure containment integrity must be performed
whenever a primary or secondary 1id gasket is repaired or replaced. This in-
cludes performing the test following the annual replacement of primary and
secondary gaskets discussed in Section 8.2.2. The leak test procedure is
described in STD-P.02-038, Soap Bubble Leak Test, which is attached to this report.
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The sensitivity of the leak test is 1x10~3 atm-cm3/sec, well below the
maximum permissible sensitivity of 2.65x10'3 atm-cm3/sec for the 10-142a Cask.
Refer to Section B8.3.1 for the calculation of the maximum permissible sen-
sitivity of the Teak test.

8.2.4 Shielding

The steel and Tead which provide shielding for the cask are not expected
to degrade over the life of the cask, thus a routine maintenance schedule is
not required for the shielding.

8.2.5 Thermal

The stainless steel thermal shield is not expected to degrade over the
life of the cask, thus a routine maintenance schedule is not required for the
thermal shield.
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