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General Information

Introduction

The model GE-500 shielded shipping cask is
designed for use as a type B package for radio-
active material shipments.

Package Description

Packaglng

The model GE-500 shipping cask basically
consists of the cask, a base, and a protective
jacket. It has a gross weight of 8100 lbs (the
cask weights 6300 Ibs). Reference drawing 106D3870
in Appendix 1.3 for a view of the complete package.

a) The Cask is 28 inches in diameter by 29-3/8
inches high. It is a lead filled stainless steel
weldment. The outer shell is constructed of % inch
stainless steel plate, with a % inch bottom plate
and a 1 inch top flange. The cavity is 7 inches

in diameter by 7 inches deeg. It is constructed

of % inch stainless steel plate. The cavity is
shielded by 10 inches of lead on the sides and
bottom, and 11 inches of lead on top.

The cavlt{ is penetrated by a % inch 0.D. x
0.065 inch wall stainless steel tube gravity drain
line, running from the center of the cavity bottom
to the side of the outer shell near the cask bottom.
It is closed with either a fusible lead cored %NPT
hex head brass pipe plug, or a solid stainless steel

plug.

NOTE: Advanced Medical Systems may, at its discretion,
permanently close and seal the drain line for this
container with no interference to its structural
properties.

There are two diametrically oEposed 1ifting
ears welded to the side of the cask.

The cask lid is a lead filled flanged, stainless
steel plug. It consists of two right cylinders of
decreaslng diameter, one 12 inches in diameter by
6-5/8 inches high, the other 9-3/8 inches in diameter
by 4-3/8 inches high. A lifting loop, % inch in
diameter, is located in the center of the lid top.
The 1id is held to the cask by six equally spaced 1
inch-8-UNC-2A steel bolts. Reference drawing 212E246
in Appendix 1.3 for a detailed view of the cask
assembly. A silicone rubber gasket bonded to an
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aluminum back up plate provides a seal between
the cask and its lid. Reference drawing 129D4690
in Appendix 1.3 for a detailed view of this seal.

b) The base is a hollow cylindrical steel weldment
with a % inch square bottom plate onan I beam frame.
Overall it is approximately 47% inches square by

7 inches high. The cylindrical collar is 29-%
inches in diameter by 3 inches high. It houses two
sets of 1-% inch steel angles separated by a 5/16
inch steel mid plate. The cask rests on these
angles.

There are two diametrically opposed tie blocks
welded to the base, designed to accept the jacket
attachment bolts. Reference drawing 106D3855 in
Appendix 1.3 for a detailed view of the base assembly.

c) The protective jacket is a steel weldment,
basically a right circular cylinder with open bottom
and with a protruding box section diametrically
across the top and vertically down the sides. It is
double 5/16 inch wall construction, with a 1 inch
air gap between walls. Overall it is 33-3/4 inches
outside diameter, 40-3/4 inches wide by 38-7/8
inches high across the box section. A steel flange
is welded to the outer wall of the open bottom.

There are four gussets welded to the flange and
outer wall. There are two rectangular lifting loops
located on the top of the box section at the corners.
These loops are of welded construction. There are two
tie down ears welded to the sides of the box section.
These are diametrically opposed, 2 inch thick, with
a 1-% inch diameter hole.

The protective jacket is bolted through its
flange to the base using six 2 inch bolts.

The jacket has slots along its bottom periphery
and in the box section under the lifting loops to
allow air circulation for cooling purposes. Reference
drawing 706E790C in Appendix 1.3 for a detailed view of
the jacket assembly.

.2.2 Operational Features

Not applicable. °

.2.3 Contents of Packaging

By product material meeting the requirements of
special form, maximum decay heat load 780 watts.
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1.3 Appendix
The following items may be found in this appendix:

Drawings

Originator
GE

GE
GE
GE
GE

Number-Revision

1C6D35870
106D3855
706E790
212E246
129D4690
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2.0
2.1
2.1.1

Structural Evaluation

Structural Design

Discussion

The principal structural members of the package
are the protective jacket, the cask, and the base.
The jacket and base are steel weldments. The cask
is a lead filled stainless steel weldment. These
components are held together by bolts. A cross
sectional view of the package may be seen in
figure 1.
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» Design Criteria

The design criteria considered for the structural
evaluation of the package are those that meet the
requirements of 10CFR71.

2.2 Weights and Centers of Cravity

For the model GE 500 cask, the following data
is applicable:

Weight of jacket, covers and bolts 1150 1lbs.

Weight of base 650 1bs.
Weight of cask and 1id 6300 1lbs.

(11id weighs 400 1bs.)
Total 8100 1bs.

The center of gravity of the complete package
is located 24 13/16 inches from the bottom of the
package, or just above dimensional center.

M W wm W W ww

46 %

{ L S T

Flgure 2
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2.3

Mechanical properties of Materials
A242 Steel

Reference

Shear Strength 67,000 psi 1

Yield Strength 46,000 psi 1
C1020 Steel

Shear Strength 75,000 psi 1

Yield Strength 48,000 psit 1
302 Stainless Steel

Shear Strength 90,000 psi 1

Yield Strength 40,000 psi 1
Carbon Steel Bolts

2"-4%" UNC Grade 5

Cross Sectional area 2.5 lnz 2

Minimum tensile 90,000 psi 2

strength

Yield strength 58,000 pst l
References

2. erials Selector 1974

eln shing Co. Inc.

raoaonor St'nd!rdog S5th Edition, 1980
stria “ Institute
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2.4
2‘“.1

2.“.2

2.4.3

General Standards for All Packa.sg

Chemical and Galvanic Reactions

There are no components of the packaging
or its contents which are subject te chemical or
galvanic reaction. The package construction is
of steel and stainless steel. The only chemical
material in use is exterior paint.

Positive Closure

The package closure system consists of a
series of bolts that must removed before the
protective jacket can be removed. A second series
of bolts must be removed in order to gain access
to the cask cavity.

Ltftlglzbovlccl

Attached to the protective fnckct is a pair
of lifting loops. These are designed to enable a
fork lift truck to pick the jacket off the base
and cask. Thcz are not intended for use to lift
the entire package or for tie down purposes, and
are rendered inaccessable during transit by re-
movable covers.

In normal practice, the package is moved with
a fork 1ift truck. In the event that an overhead
pickup was necessary, the tie down ears could be
utilized for lifting the entire package. These
ears are located on opposite sides of the jacket,
approxlmatclr 7 inches below the top surface. They
are 6"H x 3I4"W x 2" thick with a 1% inch hole.
Reference drawing 706E790 in Appendix 1.3. The
following calculation will demonstrate that these
l:rshhnvc been designed with a minimum safety factor
of three.

2-4



i

Q)]

o 3
Figure 3

I %"

where S = unit stress in psi
P = load in lbs. (total package weight)
A = net area at cross sestion con-
taining the hole (in¢)

> v

S= 8100 lbs
(305"105)(2)
Yield strength for ASTM C-1020 Carbon Steel = 48000 psi

= 2025 psi

Safety factor = yield strg¥§;h (psi)
stress (ps

SF = 48000

2050 = 23.7

The welds used to attach the ears to the jacket
will next be analyzed.

The ears are attached to the jacket with two 6
inch x % inch fillet welds. Each weld throat
diameter is 0.353 1n.2 The effective weld area
is therefore 2.118 in® (6 in. x 0.355 in) per
weld. The standard working stress for fillet
welds is 11,300 psi (Ref. American Welding
Society code for Fusion Welding). Therefore,
each weld can withstand a load of 23,933 1lbs
(11,300 psi x 2.118 inz), and each ear can
withstand a load of 47,867 lbs. The safety
factor is 5.9 for each ear.
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2.4.4 Tie down devices

There :re two tie down ears attached to the
jacket, previously described in 2.4.3. The following
analysis will demonstrate that these ears will comply
with the requirements.

The tie dowa earr have been designed so that failure
of the ear under excessive load would not impair

the ability of the package to meet the other require-
ments of 'OCFR71. This feature has been achieved by
using a less strong carbon steel (C-1020) for the
ears than that used for the jacket shell (A242).
Therefore, damages should be confined to the ears.

The following assumptions are made for the analysis:
(refer to figure 4)

1. The 10g longitudinal load is supported by
tie down lines J and 4.

The 5g transverse load is supported only by

lines 1 and 4 since lines 2 and 3 will not
support compression.

/?B

/F" (a! ‘\ (b)

Figure 4
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3. The 2g vertical load will be supported
by lines 1 and 4.

4. Each tie-down device shall be capable of
supporting the following loads:

58 = longitudinal direction
58 = transverse direction
5g¢ = vertical direction
€y
A z
(a)
-
(b) (c)
Figure 5

5. Assume weld is weaker than steel.

6. The forces are considered to act through
the center of the drilled hole (figure 5).
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The resultant force on the tie-down device
was broken down into its component parts
. and then the weld stresses were found.

(a) (b)

(¢c)

Figure 6
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Bending stress due to the longitudinal
force (Refer to fig.6b)

3TPL
1h (3T°-6Th + 4h%)

2.0

5 x 8100 1b = 40,500 1b
1.5 in

6 in

0.5 in

3(2)(40500)(1.5)
6(0.5)[3(2)% - 6(2)(0.5) + 4(0.5)2]

17,357 psi

Shear stress due to the longitudinal force
(Refer to fig. 6b)

.4
2h1

40,500
2(6)(0.5)

6750 psi

Tensile stress due to transverse force
(Refer to fig. 6¢)

P
(h

* h2)1
5 x 8100 = 40500 1b
: h2 = 0.5

6 in




"

1]

"

1]

]

40!500
(0.5 % 0.%)(6)

6750 psi

Bending stress due to vertical force
(Refer to fig. 6¢)

3PL
hi?

2 X 8100 = 16,200
1.5 in.

0.5 in.

6 in.

3(16,200) (1.5)
(0.5) (6)%

4050 psi

Shear stress due to vertical force
(Refer to Fig. 6¢)

E
2h1

16,200
2(0.5)(6)

2700 psi
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A free-body isometric diagram of the tie-down
device shows the following stresses:

17357 psi
6750 psi
6750 psi
4050 psi
2700 psi

@) Figure 7

A unit cube near point A, the location of the
highest stresses, shows the total stresses and
their direction.

Sx t\\\\\\\
B ¢

Woall

53 \\\\\\n///////J

Figure 8

The stresses from Figure 7 are:

é

6750 psi

©

2700 psi

S =@+ @4» @ - 28,157 psi
Z
The cube is loaded with normal stress (S )
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and shearing stress (S,) in one plane and a
shearing stress (S,) oxly in a plane at right
angles to the first plane.

When considering the plane of the shearing stress
it can be shown that the resultant shearing

stress (So) acting on the face of the plane is
9450 psi.

& 75'[193/ —i
"7“," ————

———

| g

| L &

' é\\s
-_—— '\
Figure 9

f; Maximum and minimum principal stresses
in the tie¢ down device

Maximum
2 Y

Sl =S_Z_ +{S_%)+(SS

2 2
S, = 28,157 psi
Sg = Sy + Sy = 9450 psi
S, = 14,080 + [(14,080)2 + (9450)?] E
S, = 14,080 + (1.98 X 102 4 8.93 x 107)%
S, = 14,080 + (2.873 x 108)%
S, = 14,080 + 16,950
S, = 31,030 psi
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Minimum

2 - §%f R (ss)zj5
2 2

= 14,080 - 16,950
-3870 psi

Factor of safety (weld) = 43,000(.85)*
31,030

F.S. = 1.18
* (.85 = weld - joint efficiency)

It may be seen from the above that the welds
attaching the ears to the jacket will withstand
the static force requirement. It was shown in
2.4.3 that the ear itself would withstand much
greater forces. Therefore the tie down devices
meet the requirements of 10CFR.

Standards for Type B and Large Quan.ity Packaging

Lnad Resistance

The following analysis will show that the package,
if regarded as a simple beam supported at its ends
along any major axis, can support a uniformly dis-
tributed load equal to five times its fully loaded
weight. For the purpose of this analysis, we will
consider the package as an open ended cylinder,
neglecting any interior supports.

To calculate the load resistance, the maximum load
per unit length is determined by dividing the
shortest side by the total package weight. For
this package, the worse case load would be the
package load distributed along the height of the
jacket outer shell.

Load = 8100 1b
35 in

= 231 1b/in

For 5 times the load we have 231 1b/inch x
5 or 1155 1b/inch. Calculating the bending stress
on the jacket for uniform loading:

Mmax = !Ez

8

where Mmax = bending moment (inch - lbs)
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W

]

load (1bs/inch)
L

il

length (inches)

Reference: Design of Weldments - James F.
Lincoln Arc Welding Foundation 1968
page 7: 1-7

Mmax = 1155 1b/in (35in)2
8

= 176,860 inch-1lbs

The stress due to bending is:

S = MC
;- where
M = bending moment (in-lbs)
I = moment of inertia of section (ina)
C = distance from neutral axis (in)

Reference: Design of Weldments - James F.
Lincoln Arc We[ging Foundation 1968

pag 2.6-1

C for a cylinder is 32D
. H (0% - a*)

' where D = 33.125

d = 32.625

C = 1060 1060
I 3.14(1203,992-1,132,927) = 3.14(71065)=.00475
S =176,860 X .00475 = 840 psi

This stress is well below the yield strength
of the steel in the shell (40,000 psi).
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- External Pressure

For this package, the containment vessel is the
shielded cask. The following analysis will show
that the cask would suffer no loss of contents if
it were subjected to an external pressure of 25psig.

For a cylindrical shell, the maximum allow-
able working pressure may be computed from the
following formula

Pa = B
Do/t

where Pa = maximum working pressure (psi)

B = a factor for the specific material
being used

Do = shell outside diameter (inches)
t = shell thickness (inches)

Reference ASME Boiler and Pressure Vessel Code
Section VIII 1965 pgs 10 & 202

For the outer shell of the cask:
B = 14,000
Do = 28 inches
t = 0.25 inches

Therefore P, = 14000 125 psig
28/0.25
Disregarding any bracing and internal support, the

cask outer shell itself will resist a pressure of
five times the requirement.
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2.6

2.6.

1

.2

3

.5

.7

Normal conditions of Transport

Heat

Package components, constructed of steel,
stainless steel and lead, are unaffected by the
heat condition (ambient air at 1009F. and insolation
loads of 800 g-cal/cm? on top, 400 g-cal/cm? on
sides). The package surface temperature will in-
crease, but the interior cask and its contents
should remain unaffected. The amount of expansion
and stress induced in the jacket as a result of
this temperature rise will be nominal.

Cold

Under the cold conditions (ambient air at -40°F.
in still air and shade), the package operation will
be unaffected. There are no liquids or gases in-
volved. The materials of construction will not be
adversely affected.

Pressure

The package will withstand an external pressure
of 0.5 standard atmospheric pressure.

Vibration

Inspection of the package after shipments over
a period of two years has shown no evidence of
damage as a result of vibration normally incident to
transport.

Water spray

The package, constructed entirely of metal,
would suffer no damage as a result of the water
spray test.

Free Drog

A drop through a distance of 1.2 meters would
have only superficial effects on the package.
There would be no loss of containment from such a
drop.

Corner Drop

Not applicable.'
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2.6.8

2.6.9

2.7
2.7.1

Penetration

There would be no significant damage to the
protective jacket from the impact of a 1% inch
diameter by 13 1b. mass dropped from a height of
1 meter.

Compression

The package is capable of withstanding a
compressive load equal to five times its weight.
This requirement is analyzed in 2.5.1.

Hypothetical Accident Conditions

Free Drog

The design and construction of the GE model
500 protective jacket was based upon extrapolation of
the proven data generated during the design and
construction of the GE model 100 cask and also upon
the results of cask drop experiments by C.B. Clifford
(1) (2) and H.G. Clarke, Jr. (3). The laws of
similitude were used in an analytical evaluation (3)(4)
to determine the protective jacket wall thickness that
would withstand the test conditions of 49CFR173
and 10CFR71 without breaching the integrity of the
model 500 cask. The increased weight and dimensions
of the model 500 container over the model 100 container
necessitated a protective jacket wall of 5/16 inch
steel compared to a 1/4 inch wall for the model 100.

(1) C.B. Clifford, The Design, Fabrication and Testing
of a Quarter Scale of the Demonstration Uranium
ruel Element Shipping Cask, KY-546, (June 10, T1968).

(2) C.B. Clifford, Demonstration Fuel element Shipping
Cask from Laminated Uranium Metal- Testing Program,
Proceedings of the Second International S?mpos%ﬁh
on Packaging and Transportation of Radioactive
Materials, Oct. 14-18, 1968, pp. 521-556.

(3) H.G. Clarke, Jr., Some Studies of Structural
Response of Casks to Impact, Proceedings of the
Second Internaticnal Symposium of Packaging and
Transportation of Radioactive Materials, Oct. 14-18,
1968, pp. 373-398.

(4) J.K. Vennard, Elementary Fluid Mechanics, Wiley
and Sons, New York, 1967 pp. 256-239.
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2.7,

2

The intent of the design for the GE model 500
is, during accident conditions, to sustain damage to
the packaging not greater than the damage sustained
by cﬁe GE model 100 during its accident condition
tests. (Reference application for model 100 cask,
Certificate of Compliance 5926). The model 100 cask
was dropped onto a 10' x 8' x 3 inch steel plate. The
orientation was onto the upper edge of the protective
jacket, where the lifting and tie down devices are
located. The results were that the protective jacket
sustained all damages. The cask lid remained secure
and there was no loss of contents from the containment
vessel.

It is expected tha. damage not exceeding that
suffered by the GE model 100 will result if the GE
model 500 is subjected to the 30 foot drop test.
Basically the containment vessel is a solid mass with
no moving parts, protected by a steel jacket which
will absorb the energy of impact.

Puncture

The protective outer jacket will sustain all
damages resulting from the puncture test. It is
expected that there will be some deformation of the
gacket, but that the cask will remain unharmed. The

ollowing caluclation will demonstrate that the
jacket will not be punctured.

The energy developed in the drop (Ey) is equal to
the weight (W) times the drop height (d).

Ep = Wd = 8100 1bs (40 in) = 324,000 in-1b

The energy necessary to shear the steel jacket may
be calculated.

Es = Shear Force (Fs) times the thickness (t).
Fs = Area of Shear (A) times shear strength (S).
Es = A (S)(t)
= MW(6"DIAM) (t) (67,000 psi)(t)
B, = 1,262,280 (t?)

The thickness of steel necessary to resist puncture
may be determined by setting the energy necessary to
shear (Es) equal to Ep-
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2.

2.

7.4

7

2.8

2.9

2.

10

.5

1,262,280 (t)2

t2 = .257

= 324,000

t= .057 inches

The minimum thickness of steel necessary to
resist puncture is 0.507 inches.

The protective jacket is designed with a double
wall of .3125 inch steel plate separated by 1
inch air space. The combined wall thickness

of .625 inches will therefore resist puncture
and damage to the cask.

Water Immersion

The model GE 500 package is a solid, rigid
package that will resist an external pressure of
water of 21 psi. The protective jacket has openings
designed for air circulation which will allow water
pressure to equalize on all sides of the jacket. In
2.5.2 an analysis was performed to show that the
cask would support an external load of 25 psi.

The materials of construction would not suffer
any significant damage from contact with water.

Summary of Damage

As a result of the hypothetical accident
test sequence, the package will have sus aiined some
damage to the outer protective jacket, but the

containment vessel and its contents will have remained

intact. The protective jacket will be crushed but
not penetrated in the areas of impact from the free
drop and the puncture test. All bolts will be in
place and secured. The containment vessel will have

suffered no loss of shielding and therefore the package

will be as safe after the tests as it was before the
tests.

Special Form

Not applicable.
Fuel Rods

Not applicable.
Appendix
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3.0
3.1

3.2

3.3

3.4
3.4.1

Thermal Evaluation

Discussion

The Model GE 500 package is basically a trans-
portation package. There are no subsystems involved.
The primary thermal design feature is in the steel
protective jacket, with a double wall to insulate
from external thermal sources, and also designed
to allow air circulation for package cooling necessary
from internal thermal sources. Analyses performed
on similar packages demonstrates that the package
will prevent structural damage, breach of containment,
and loss of shielding under the noraml and hypothetical
accident conditions.

The maximum decay heat load shall not exceed 780
watts.

Summary of Thermal Properties of Materials

Meltirg point
Carbon steel 2750°F.
Lead 670°F.

0

Stainless Steel (302) 2550°F.

Technical Specifications of Components

Not applicable.

Thermal Evaluation for Normal Conditions of Transport

Thermal Model

Equ.librium temperature recordings for the GE
Model 150C cask (Reference Certificate of Compliance
5939) were taken. The package was loaded to 3028 watts
(97% capacity), which resulted in the following data.

Cavity wall 307°F.

Maximum lead temp 307°F.

Inner shell of jacket 139°F.

Outer shell of jacket 99°F .

Ambient 80°F.

The GE Model 1500 package is larger, but of the
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3.4.6

3.5
3.5.1

same design as the Model 500 package. The

cask outer surface-to-cavity distance is
comparable, being only 1 1/8 inches greater

for the Model 1500. The Surface Area for

heat dissipation in the Model 500 is approximately
55% of the area available in the Model 1500; how-
ever, the watt loading for the Model 500 is

25% of the loading for the Model 1500. Therefore,
it is anticipated that equilibrium temperatures
for the Model 500 cask with an internal heat

load of 780 watts would be approximately the

same as those for the model 1500 cask.

Evaluation of Package performance

It is expected6 that under the Heat Conditionsz
(ambient air at 100°F,and insolation of 800 g cal/cm

on top, 400 g cal/cm © on sides), the package surface
temperature will rise, but that the cask temperatures,

and certainly the temperature of the contents will

not change significantly. Likswise, under the cold
conditions (ambient air of -40°F in still air and shade)
the package surface temperature will drop, but the
temp~rature of the contents will not change significantly.

Since the ccntents are in special form, there are
no internal pressures to consider. Thermal stress is
minimal due to the materials of construction.

Hypothetical Accident Thermal Evaluation

Thermal Model

The Thermal Model used was GE Model 1500 cask
(Reference Certificate of Compliance 5939).

That package was assessed using the General Electric
Transient Heat Transfer Computer Program Version D
(THTD), which allows the analysis of the general transient
problems involving conduction, convection, and radiation.
The program allows the thermal properties of the
materials to be entered as a function of temperature
and the boundary conditions to be entered as a function
of time.

The significant assumptions, approximations, and
boundary conditions used for the analysis are listed
below:

1. Fire Lehperature 1472°F.

2. Effective Fire Esmissivity 0.9

3. Fire shield surface

Emissivity and constant
with temperature 0.8
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4. Emissivity of other surfaces 0.8
and constant with temperature.

5. There is intimate contact between the lead
shielding and the stainless steel shell
of the cask.

6. There is negligible heat transfer by
conduction through the pipes used as
spacers between the cask and the first
shield and between the two shields of the
protective jacket.

7. There is negligible heat transfer by
convection between the two shields of the
protective jacket and between the cask and
first shield of the protective jacket.

8. There is an internal heat load of 3,120

watts with a temperature profile as outlined
in 3.4.1.

Conditions 1 through 3 above are specified in
10CFR71. Condition 4 is quite conservative
particularly for the stainless steel shell of the
cask. Condition 5 is conservative since for most
shielded casks the lead is not bonded to the

outer steel shell. The presence of a small gap
between the lead and the steel would tend to in-
sulate the lead thus reducing its temperature
rise. Conditions 6 and 7 are not conservative but
rough calculations indicate that the effect of
these assumptions may increase the temperature rise
of the shielded cask only 10% to 15%. Also, they
are more than compensated for by the conservatism
of condition 4, which may overestimate the temper-
ature rise by as much as 60% depending on the
condition of the surfaces. Condition 8 lists
thermocouple recordings from a 3028 thermal watt
internal load. The thermal properties other than
emissivity were used as functions of temperature.

With these assumptions, the problem yields to an
axi-symmetric conduction-radiation solution. For
the analysis using THTD, the packaging was divided
into nodes or regions. The two protective jacket
shields were each divided into two nodes. The
outer stainiess steel shell of the cask was divided
into two nodes. The lead was divided into several
nodes. Finally, the cask cavity wall (stainless
steel) was considered a node.
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Package Conditions and Environment

It is expected that the package will sustain
minor damage to the protective jacket during the
free drop and puncture tests, and that the containment
vessel will be virtually undemaged. Therefore, it
is reasonable to consider the resultant package,
for purposes of thermal resistance, as esSentially
undamaged.

Package Temperatures

The computer program calculations were run for
a 30 minute fire. The calcusations indicate a maximum
temperature of less than 390°F for the lead after 30
minutes and no lead melting could be expected. Al-
though a coast-up analysis was not performed on this
container, the resulting maximum lead temperature,
after equilibsating for forty minutes, is expected not
to exceed 4707F.

These results, obtained from an analysis of a GE
Model 1500 container, will hold true for the Model 500
package. Appendix 3.6 contains a writeup of the
analysis performed on a GE Model 100 package. It
contains a graph of temperature rise during the thermal
tests and also a coast up analysis of temperature
during the cool down period immediately following the
test. The Model GE 500 package is expected to perform
in a similar manner, though at higher temperature.

Maximum Internal pressures

Not applicable.

Maximum Thermal Stresses

Not applicable.

Evaluation of package performance

The package will not incur structural damage,
breach of containment or loss of shielding as a
result of the hypothetical accident thermal conditions.
The temperatures reached by the lead are not high enough
to cause the lead to melt - therefore shielding is
unaffected. The steel components of the package do not
reach temperatures high enough to cause damage.

AEEendix

Predicted Thermal Response of General Electric
Shielded Containers during the 10CFR71 Standard Fire.
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EXHIBIT A

PREDICTED THERMAL RESPONSE

OF

GENERAL ELECTRIC SHIELDED

CONTAINERS DURING THE 10CFR71

STANDARD FIRE



Introduction and Problem Definition

The following thermal analysis of the General Electric shielded shipping con-
tainers was performed in accordance with 1 JCFR7I. 36, as described in Appendix
B (3) to 10CFR71l. The conditions of I0CFR71.3 do not preclude melting of the
shielding material but rather limit the dose rate allowable after the accident.
The hypothetical accident involves a sequence of conditions involving: 1) A
free drop through a distance of 30 feet onto a flat essentially unyielding sur-
face., 2) A free drop through a distance of 40 inches onto a verticle steel
cylinder 6 inches in diameter and 8 inches or more long. 3) Exposure for

30 minutes within a source of radiant heat having a temperature of 1475°F and
an emissivity coefficient of 0.9, or equivalent. For calculational purposes,

it shall be assumed that the package has an absorption coefficient of 0. 8. The
package shall not be cooled artificially until after the 30 minute test period
has espired and the temperature at the center of the package has begun to fall.

4) Immersion in water for 24 hours to a depth of at least 3 feet.

The General Electric approach to this problem was to protect the shielded cask
for future use while meeting the requirements of Appendix B to 10CFR7l. Two
primary design criteria were established for the protective jacket. 1) Provide
maximum protection for the shielded cask during the required impact festl

with a high confidence of zero cask weld damage as an objective, and 2) provide
maximum protection for the shielded cask during the 30 minute fire with zero
melting as an objective, yet maintain compatibility with the internal heating

load which must be dissipated from the cask during normal transport.

Several methods of protecting the shielded cask during the drop and duriag
the fire have been devised by other designers., The protection generally has
been constructed of wood or combinat ions of wood and metal. Two objections
to the gencral use of these designs have been noted, Fiest, while the woodan

jacket doce an excellunt job u! protecting the shieldod cask from the (ire and
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satisfactorily protects it during the drop, unfortunately, it also insulates the

shielded cask during normal operating conditions. Thus, the cask operates a*
( unnecessarily high temperatures if the transported material generates signif-
icant amounts of decay heat, Second, wooden jackets cannot be readily decon-

taminated in the event that they should become contaminated.

Proposed Solution

The design selected for the protective jacket consists of two steel enclosures
which serve as thermal radiation shields during the fire transient as well as
nerash' shields during the drop. The internal heat load can be dissipateé to
the ambient air by providing a path for natural air circulation through the pro-
tective jacket during normal transport. The protective jacket analyzed is ..

shown in Figure 6.

Heat Analysis

‘ The analysis was performed using the General Electric transient heat transfer

( computer pr;:gram (THTD) which allows the analysis of the general transient
problems involving conduction, convection, and radiation. The THT D computer
program uses the implicit finite difference technique. It allows the thermal
properties of the materials to be entered as a function of temperature and the

boundary conditions to be general functions of time,

The significant assumptions approximations, and boundary conditions used for

the analysis are listed below.

1. Fire temperature, 1472°F = 800°C.
2. Effective fire emissvity, 0.9.
3. Fire shield surface emissivity, 0.8 and constant with temperature.
¢ 4. Emissivitics of other surfaces, 0.8 and constant with temperature,
‘ 5. Intimate contact between the lead shielding and the srainless steel

- - -

cask shell.
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Negligible heat transfer by conduction through the pipes used a<
spacers between the cask and the first shield and between the 'wo
shields.

Negligible heat transfer by convection between the two shields and
between the first shield and the cask.

Internal heat load of 400 watts with recorded temperatures as ouf -

lined in Section 5.1.2 (e).

Conditions 1 through 3 above are specified in Appendix B. Condition 4 is gqu.te
conservative particularly for the stainless steel shell of the cask. Condition

5 is conservative since for most shielded casks the lead is not bonded to the
outer steel shell. The presence of a small gap between the lead and the steel
would tend to insulate the lead thus reducing its temperature rise. Conditions
6 and 7 are not conservative but rough calculations indicate that the effect of
these assumptions may increase the temperature rise of the shielded cask only
10% to 15%. Also, they are more than compensated for by the conservatism of
condition 4, which may overestimate the temperature rise by as much as 60%
depending on the condition of the surfaces. Condition 8 lists thermocouple recorc
ings from a 400 thermal watt internal load. The thermal properties other

than emissivity were used as functions of temperature.

With these assumptions, the problem yields to an axi-symmetric conduction-
radiation solution. For the analysis using THTD, the packaging was divided

into 15 nodes or regions as shown schematically on Figure 7. The nodes

were made smaller in the region of the maximum temperature gradient becoming
progressively larger near the center. The protective jacket shields were ¢ach
divided into two nodes. The outside stainless steel shell of the shielded cask
was divided into two nodes. The first two lcad nodes at the outside surface

of the cask were made the same thickness as the cask shei:. The remaining

lcad was divxded into nx nodel of equal thickness, .
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Shielded Cask and Protective Jacket Dimensions

A typical General Electric Shielded Container-Model 100 was used

for the thermal analysis,

Shielded Cask Dimensions

Inside Diameter 7 5/8 inches
Steel Thickness 1/8 inch
Lead Thickness 5 7/8 inches
Steel Thickness 1/4 inch
Outside Diameter 20 1/4 inches

Protective Jacket Dimensions
First Shield

Steel Thickness 1/4 inch

QOutside Diameter 22 1/4 inches

Second Shield

Steel Thickness 1/4 inch

Outside Diameter 25 1/4 inches

Results and Conclusions

The results of the analysis are shown on Figure 8. The calculations iadicato
a maximum temperature rise of 220°F for the lead aftar 30 miinutes. Thus,

considering the conservatism of the analysis (due to the choice of 0.8 for a!l
emissivities), the design provides a large margin of saferv duriag the vio-

posed fire accident, Since no lead melting will occur, the smeiding wenld not

-
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. be reduced and maximum safety would be maintained.

The 220°F temperature rise was based on axi-synnetric geometry and
boundary conditions. For the two dimensional problem (represented by a
single package) a simplifying idealization applying superposition was made

to arrive at the maximum lead temperature rise of 440°F, This is a conser-
ative estimate of the package performance during the specified fire, Again,
since no lead melting will occur, the shielding will not be reduced even in

the event of sheath rupture and maximum safety will be maintained.
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Novezber 13, 1968

¥r. Blaka Brova

Irradiated Fuals Dranch
Divisica of Haterials Licemaing
U. S. Atomic Eneryy Coamissicn
Washiagton, D.C. 205458

Dear Blake:

The enclosed data, facluding 1) a material propertios table,
2) & physical model of the container with noés lccatiocns,

3) the rosults of 2 coast-up analysis, 2a3d &) a statecent
explaining the choice of the radial dirvsctiocs for the bect
annlysis, ars cebmitted {a accordancs with the telecon
batuean Masars. Dom Browm, Walt Kiog, acd yourself.

1f additicnal data or details ars rcqma. please let ce

know. ,
Suinnly, .
: Walter W. Zing - |
_ o Adniaistrator-Liccusing .
WhZ:pe . ~
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Ganeral Zlcetric Shielded Container « lMocdel 102, liucber 104 Caal: Texparaturs
Coast=Un aftar Fire Transi:nt

Using the temparaturs distribution et the end of the firs froc the THT fire
transleat run, ths 104 cask was alloved to equilibrate for forty =inulez, usicg
asain the THT computer code. The resultant tsmpersturae {n verious parts of
tbe cask versus time are showvm ia Iizures 1 end 2. The significant agrusprioas
and 2pproxications ave:

1. Aczbient (sink) tecperaturs. 13¢°y
2. Effcctive sink emissivity. 0.9
3. Pire shield surface eaissivity, 0.8

and constant with temparature.

4. Ezisaivities of othar surfaces, 0.8
and conxstant witd tecperature.

5. Iotizate coatact batween ths load shislding and
the stainless steel cask shell.

6. lMogligible heat transfer by conduction through the
pipes uscd as spacers between the cask and the first
shield and betveen the tuo shields.

7. Nesgligible beat transfar by cozvection batweman the two
shields and betwcen the first shield and the cazk.

C. Iuternal heat load of 400 watts with tecperature ¢distributica
as calculated by TIT coczputer code at the and of the 30 alputs
fire.

Conditionz 3, 4 end 5 ars not conwervative for the cosst-up, dut thesa conditioas
vere icposed and vere comsetvative for the fire transient, since the texmperatures’
attained at the end of the fire would have becc conmsidoraely lover wizh louer
enisgivities. Also, sutural comvecticn from the oculsidz fire shicvld wes not
allowed but would in fact occcur 2o scce extent, asd s couscrvative.

In créer to detcrmine the tarpersture distribution fa the 104 cask uoder asrmsl

transport ccnditions, & test was tun using a4 Colb#l eource. The cazk waa. . "

foatrumented with 5 chrarsl-alumel ctainless stecel clad tharuwcouplas which waz2
taped to aad sprusg sgainst the surfaces tos ba osssurad.

A sizch thermoccuple was vsad to ceasurs az=bicat eir touperstura. A 25,000 Ca
Co-60 source was placad in the cask cavity with 3 lead liner, €24 the srzlee’
was allowed to equilibrace !o: appw.n:cly 3 days. 3ILe tesperaturey cbtiized
vere as follows:



Stielded cask cavity 640°r

Czternal skell of zask, side ’ 173%
External ehell of cask, top 165%2
Cnternal shell of cask, bottom 156%»
Protective jacket, outside surface, top 99°2
Protactive jackat, outside surface, side 95%
Abient tezperaturs 78%

Choize of nadial Direction for Heat “nalvsis

Ia reply to the quustion az to why the TUT fire tramsicn: 8uclyais connicdersd
the racial direction rather than the top or bottom of ths c2zk: This was cone
principally to allow consideration of tha lesd liser, which would pot be
included L{f the cask vere acalyzed throuzh ths top or bottom. Also, the
distances involved are somewhat cozparzble; the zadial distance beaipg ths
chertest by about tvo imckes.
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Containment

Containment boundary

Containment Vessel

The containment vessel for this package is the
cask, which contains a cavity 7" DIAM x 7"H. The
design specifications are summarized on Drawing
2123246 in Appendix 1.3.

Containment Penetrations

The cavity is penetrated by a % inch
O D x 0.065 inch wall stainless steel tube gravity
drain line, running from the center of the cavity
bottom to the side of the outer shell near the cask
bottom. It is closed with either a fusible lead
cored 4NPT hex head brass pipe plug, or a solid
stainless steal plug.

Seals and Welds

A silicone rubber gasket bended to an aluminum
backup plate provides a seal between the cask and
its 1lid. Reference drawing 129D4690 in Appendix 1.3.

Cask welds are specified on drawing 212E246,
Appendix 1.3.

Closure

The closure devices used for the containment
vessel are 6 equally spaced 1 x 8 UNC 2A steel bolts.

Requirements for Normal Conditions of Transport

Release of Radioactive Material

There will be no release of radioactive material
from the containment vessel. The protective outer
jacket completely protects the containment vessel.

Pressurization of Containment Vessel

Pressurization within the containment vessel
cannot occur. The radioactive material being trans-
ported is in special form.



Coolant Contamination

Not applicable.

Coolant Loss

Not applicable.

| Containment Requirements for the Hypothetical
Accident Conditions

Fission Gas Products

Not applicable.

Releases of Contents

There will be no release of radioactive material
from the containment vessel.




5.0 Shleldlng,Evaluations

$:1 Discussion and Results

The Model GE 500 package is designed to
provide a nominal 10 inches of lead on all sides, top
and bottom, of the cask cavity. All of the shielding
is in the cask itself. The only removable shielding

is in the cask lid.

SUMMARY OF MAXIMUM DOSE RATES

TABLE 5.1

(mR/hr)
3 feet from
Package Surface Surtace of Package
Side Top Bottom Side Top Bottom

Normal Conditions

Gamma 60 60 60 7 7 7

Neutron - - - - - -

Total 60 60 60 7 7 7
Hypothetical Accident

Conditions

Gamma 60 60 60 7 7 7

Neutron - - - - - -

Total 60 60 60 7 7 7

10CFR Part 71 Limit

- - -- 1000 1004 1000

5-1



Source Specification

Camma Source

The maximum quantity of radioactive material to
be shipped by Advanced Medical Systems in this
package is 50,000 curies of Cobalt 60. For the
shielding analysis, this material was considered
as a point source with an output of 1.35 RHM/curies.

Neutron Source

Not applicable

Model Specification

Description of the Radial and Axial Shielding
Configuration

N
?

°0)

Figure 10
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5.3.2 Shield Regional Densities

Not applicable.
5.4 Shielding Evaluation

There are no differences between normal
conditions and accident conditions of transport, as
the outer jacket is designed to protect the contain-
ment vessel from damage and loss of shielding.

The basic method used to determine the gamma
dose rates at selected points outside the package
was by actual measurement. Incoming shipments of
Cobalt 60 in special form are routinely surveyed
before acceptance. A Victoreen 491 survey meter is
used. Readings are taken at the package surface and
at points three feet from the surface. A summary of
the highest readings reco'ded follows:

Quantity Surface Reading 3' Reading
28,300 curies 40 mR 4.8 mR
35,300 curies 45 mR 5.0 mR
45,200 curies 55 mR 6.0 mR

Plotting this data on a graph and extrapolating to
a maximum quantity of 50,000 curies results in a
maximum surface reading of 60 mR/hr. This value
is confirmed by calculations.

In practice the maximum dose rates are well
below the limits of 10CFR71.

5-3



6.

0

Criticality Evaluation

Not applicable.



7.0 Operating Procedures

7.1-7.2 Procedures for Load&g;/Unloadiqg_the Package

The following general procedure is used in

the handling of the package.

Survey the package dose rate in accordance
with internal procedures to assure the levels
do not exceed acceptable limits.

Use appropriate capacity material handl ing
equipment to transfer the package assembly to

a clean area. The total package assembly weight
is 8100 lbs.

Remove the wire security seal (item 6) located
at the base of the jacket.

Remove the six bolts (item 7) from the base of
the jacket.

Open the anti-tiedown covers (item 4). Use
care not to damage the covers or lose the bolts.

Carefully lift the jacket off the cask, either
by using the rectangular lifting eyes (item 2)
on top of the jacket, or by using the tiedown
lugs (item 3) and appropriately rated slings.

Place the jacket in a clean area.

Survey the external cask surfaces for radioactive

contamination. I[f smearable contamination 1is
detected, follow appropriate internal procedures
for contamination control.

Lift the cask from the jacket base using the
cask lifting ears (item 8). Transfer it to the
shielded facility (hot cell) designated for

dry loading/unloading operations.

Remove the cask lid bolts (item 9) and store to
g;ovent loss, contamination, or damage. The
lts are required for reassembly.

Monitor the cask dose rate and carefully remove

the 1id from the cask using the cask 1id lifting
eye (item 1).

7-1




X.

y.

Z.

Inspect the seal gasket (item 11), the lid seal
area, and the lid bolts for damage which could
affect the integrity of the closure seal.

This inspection should be conducted prior to
loading material into the empty cask cavity, or
after the cask contents have been removed and
safely stored. If any damage is observed, notify
AMS .

Transfer the radioactive materials and associated
internal hardware into or out of the cask cavity.

Check the seal gasket for proper positioning and
install the cask 1lid. Use care not to displace
the gasket.

Monitor the cask dose rate to assure that the
dose rates are within prescribed limits.

Install and tighten all lid bolts to assure a
good lid seal.

Remove all old labels from cask. Apply new
"FULL" or "EMPTY" label, as is appropriate.

Tape the interface between the cask lid and cask
body with fabric-backed adhesive tape for contami-
nation control.

Survey the external cask surfaces for removable
contamination.

Decontaminate to reduce smearable cor amination
levels to below DOT limits.

Return the cask to the protective jacket storage
area.

Inspect the protective jacket, base, and bolts
for damage. Notify AMS if any damage requiring
repair or replacement of parts is observed.
Place the cask on the jacket base.

Align the cask on the base so the fireshield
will position over the cask lifting ears and
align with the bolt holes in the base assembly.
Position protective jacket on jacket base.

Install the jacket bolts and tighten.

Fasten anti-tiedown covers to jacket lifting
eyes.

7-2



1.3,

aa. Remove all old labels. Attach appropriate
shipping labels and security seal. The
container label contains two descriptions of
contents, as follows:

Radioactive Material, Special Form n.o.s.
or
Radioacitve Material, Empty Package
Mask out the one which does not apply.
bb. Perform final radiation survey of assembled
package (including smear check of external
jacket surfaces) and complete shipping papers

as required by applicable internal procedures
and government regulations.

Preparation of an Empty Package for Transport

The following general procedure is used in pre-
paring empty package for transport.

a. Survey the external cask surfaces for removable
contamination. Decontaminate to reduce wipable
contamination levels to below DOT limits.

b. Verify that the cask lid, gasket and bolts are
all in place.

c. Apply an 'Empty' label to the cask.

d. Inspect the protective jacket, base and bolts
for damage.

e. Assemble the package.
f. Fasten anti-tiedown covers to jacket lifting eyes.

B Remove all old labels. Attach appropriate shipping
labels.

h. Mask out the words 'Radioactive Material, Special
Form n.o.s.' on the container label.

7-3
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8.0 Acceptance Tests and Maintenance program

Acceptance Tests

At present, Advanced Medical Systems Inc. has

no intention of constructing any new Model GE 500

packages. Should the need for new packages arise,

they will be constructed under approved QA Program

0354. |
\
|

8.2 Maintenance Program

Prior to each shipment, the package components
are thoroughly inspected. All defects are corrected
before releasing for shipment. Replacement and repair
of components is performed on an as-needed basis.

8.2.1 Structural and Pressure Tests

None required.
8.2.2 Leak Tests
None required.

8.2.3 Subsystems Maintenance

. Not applicable.

8.2.4 Valves, Rupture Discs, and Gaskets on Containment Vessel

The gasket used between the cask and cask 1lid is
inspected prior to each shipment. It is replaced when
inspection shows any defects or when it becomes contami-
nated.

8.2.5 Shielding

Not applicable. Routine surveys in accordance with
transportation requirements are adequate.

8.2.6 Thermal

None required. Thermal degradation does not occur.

8-1




