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1. GENERAL INFORMATION

1.1 Introduction

The SPEC-300 is a Cobalt-60 industrial radiography device that also serves as a type B transport
package. The SPEC-300 is designed for a maximum quantity of 11.1 TBq (300 Ci) of Cobalt-60
in the form of a sealed source. It is anticipated that the SPEC-300 will be transported both

domestically and internationally by authorized users in private carriage and by common carriers.

1.2 Package Description

1.2.1 Packaging
Maximum Gross Weight: 354 kg (780 Ib)
Materials of construction:
Enclosure: ~ 316/316L stainless steel
Lock box: 316/316L stainless steel
Shield: depleted Uranium, 98% pure with a Titanium or Titanium alloy or zircalloy S-tube.
Foam fill: polyurethane
Nameplates: 316/316L stainless steel
Lock module: Titanium, 316/316L stainless steel, polyacetal resin, bronze, Buna rubber
Lock cap: Titanium, Tungsten, 316/316L stainless steel
Safety plug:  316/316L stainless steel, Tungsten
Materials used as neutron absorbers or moderators: Not applicable. The SPEC-300 is not
intended for use with fissionable or neutron-producing materials.
External dimensions: 66 cm (26 in) long, 35.6 cm (14 in) wide, and 38.1 cm (15.0 in) high, 41.9
cm (16.5 in) high including lifting eye blocks.
Cavity size: 13 mm (0.50 in) 1.D. S-shaped tube running through the depleted Uranium shield
between the lock end and outlet end bulkheads.
Internal structures: Refer to appendix 1.3 for a general arrangement drawing and a shield
drawing. The major internal structure is the depleted Uranium shield. The depleted Uranium
shield is secured in the SPEC-300 by two supports welded to the lock-end and outlet-end
bulkheads. These support the “ears” cast into the shield and transmit reaction forces from the
shield to the device enclosure. Four tubular structural posts are welded between the outlet and
lock end bulkheads. Attached to these structural posts are a hot top ring support and, on the
opposite side, a dome top support. These provide additional shield support. Polyurethane foam
fills the void between the depleted Uranium shield and the device enclosure. The foam provides
some supplementary support to the depleted Uranium shield although the design of the device is
not dependent on this supplementary support. The foam is expected to enhance the thermal
performance of the package, particularly during the thermal test, where the foam would
significantly reduce radiant heat transfer to the depleted Uranium shield and prevent convective
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heat transfer to the depleted Uranium shield. The foam does not provide any significant increase
in radiation shielding.

External structures: Refer to appendix 1.3 for a general arrangement drawing.  An outlet panel
is attached to the outlet-end bulkhead to provide a means of attaching a safety plug to the
package. This plug is required for transport. A lock box is attached to the lock end bulkhead.
This lock box houses the automatic securing mechanism/lock module and the transport lock.
The automatic securing mechanism/lock module employed on the SPEC-300 is interchangeable
with the SPEC-150, an Iridium-192 industrial radiography device of which hundreds are
currently employed in various industries and environments, and has maintained an excellent
safety record.

Receptacles, valves, sampling ports, means of heat dissipation, volumes and types of coolant,
outer and inner protrusions: Not applicable. The SPEC-300 is a simple package and these
components are not needed.

Lifting and tie down devices: Refer to appendix 1.3 for a general arrangement drawing. Hinged
lifting rings are provided on top of the device. These fold down when not in use. They are rated
to carry 3 times the weight of the device. Four tie-down holes are provided at the upper corners
of the device. Since they could possibly be used to lift the device, they also are rated to carry 3
times the weight of the device.

Pressure relief system: Not applicable. The SPEC-300 enclosure is vented to the atmosphere; a
change in ambient pressure would not result in a pressure differential within the device.

Closures: Not applicable. Structural closures of openings are not employed to contain the
radioactive material within the packaging.

Means of containment: The primary containment means preventing release of radioactive
material is the sealed source capsule, which meets the requirements of special form radioactive
material in 10 CFR 71.75. Source assemblies consist of the sealed source capsule swaged onto a
flexible cable to which is also swaged two locking balls and a source cable connector. See
appendix 1.3 for a general arrangement drawing showing the source assembly.

1.2.2 Operational Features
Features for Securing the Source in the Device:
The source assembly is held in the secured position by the following features:
Automatic securing mechanism housing design:
The locking ball is larger than the hole at the lock end of the automatic securing
mechanism housing. This prevents the source assembly from being pulled out of the
device toward the lock end even when the source assembly and device locks are not
engaged.
The source assembly is automatically secured by the automatic securing mechanism
Source Production & Equipment Co., Inc. SPEC-300
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.. when it is retracted to the fully shielded position inside the device. This prevents
movement of the source assembly toward the outlet end unless the release plunger is in
the depressed and latched position.

Source Assembly Lock:
The source assembly is locked in the secured position by the manually operated source
assembly lock which prohibits movement of the source assembly in both directions when
engaged.

Safety Plug and Lock Cap:
During transportation and storage, the lock cap and safety plug provide additional means
to prohibit movement of the source assembly in either direction in the event of an
accident.

Transport Lock:
The package is fitted with a transport lock that must be engaged during transport and
storage. The transport lock provides another securing method for the source assembly
preventing movement in either direction during transport and storage. The design of the
source model and transport lock is such that even in a catastrophic accident condition that
would be severe enough to cause the lock box to be completely separated from the
device, the transport lock would still retain the source assembly in the fully shielded
position. The locking ball that engages the transport lock has a higher pull-off strength
than the connector at the end of the source assembly. If the lock box were to be separated
‘ from the package, the connector at the end of the source assembly would be pulled off,
but the source assembly would be retained in the fully shielded position.

Tamper Seal:
The SPEC-300 lock cap is designed to accept a wire tamper seal that secures the lock cap
to the lock box. This tamper seal must be removed in order to remove the lock cap.
Since the radioactive source assembly cannot be accessed without.removing the lock cap,
the tamper seal, when intact, provides evidence that the package has not been opened by
unauthorized persons.

1.2.3 Contents of Packaging

The contents of the packaging is an industrial radiography source assembly which includes a
sealed source capsule which meets the requirements of special form radioactive material stated in
10 CFR 71.75. The Special form capsule contains a maximum output activity of 11.1 tBq (300
Ci) of Cobalt-60, which is also the maximum activity the SPEC-300 is designed to hold. Output
activity is determined in accordance with American National Standard N432, issued January
1981, Paragraph 8.1.2, Note 1.
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. Appendix 1.3
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Drawings
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2.1.1

2. STRUCTURAL EVALUATION

2.1  Structural Design

Discussion

The principal structural elements of the SPEC-300 consist of the depleted Uranium shield, shield
supports, lock end and outlet end bulkheads, structural posts, and the enclosure.

The depleted Uranium shield is a single solid casting surrounding a small Titanium, Titanium
alloy, or zircalloy S-shaped tube. The spherical primary shape of the shield is extraordinarily
strong and tough. A SPEC depleted Uranium shield has never been damaged as a result of
normal conditions or hypothetical accident conditions testing. The thick “ears™ cast into the
shield transfer the reaction forces from the shield to the shield supports welded onto the lock-end
and outlet-end bulkheads. During hypothetical accident condition testing, the first drop was
made at -40° C (-40° F) since depleted Uranium exhibits a ductile-brittle transition at a
temperature of about 0° C (32° F). Shielding efficiency was unaffected after the drop.

The shield supports are solid 316/316L stainless steel, continuously welded to the lock-end and
outlet-end bulkheads. Copper eutectic barrier strips prevent the shield from contacting the shield
supports. A two-component chocking compound fills the gap between the shield supports and
the shield “ears”.

The lock end and outlet end bulkheads transmit the reaction forces from the shield supports to
the package enclosure. The bulkheads are 7.9 mm (0.31 in) thick 316/316L stainless steel, and
are continuously welded around the perimeter to the package enclosure cover and base. Welds
typically equal the thickness of the thinnest member joined.

The structural posts, made of 316/316L stainless steel pipe, connect the lock-end and outlet-end
bulkheads and are continuously welded to both. During a significant impact to the lock-end or
outlet-end of the package, the structural posts transfer a portion of the shock load from the
loaded bulkhead (the one the shield is reacting against) to the unloaded bulkhead at the other end
of the package. This effect was demonstrated during hypothetical accident condition testing.
The structural posts are also used to attach the shield hot top support ring and on the opposite
side of the shield, the dome top support. Reaction forces from these supports are transmitted
through the structural posts to the lock-end and outlet-end bulkheads.

The outer enclosure consists of the enclosure base and enclosure cover. These parts are made
from 6.4 mm (0.25 in) thick 316/316L stainless steel and are continuously welded at the two
joining seams. The joint design allows for a full penetration weld, including a backing bar in
areas where the back side of the weld is inaccessible (between the bulkheads). The lock-end and
outlet-end bulkheads are continuously welded to the enclosure base and cover. The result is a
monolithic shell that, if not for miscellaneous small penetrations, would act as a pressure vessel.
The lock-end and outlet-end bulkheads are recessed, creating a protective flange. Hypothetical
accident condition testing proved this protective flange highly effective; the lock box and
automatic securing mechanism/lock module were undamaged after four nine meter (30 foot)
drops.

Source Production & Equipment Co., Inc. SPEC-300
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2.1.2 Design Criteria
See Appendix 2.10 for the SPEC-300 design criteria matrix.

2.2 Weights and Centers of Gravity

The SPEC-300 weighs a maximum of 354 kg (780 Ib). The center of gravity is approximately the
geometric center of the package. There are no major subassemblies of any significant weight relative to
the total weight of the package.

2.3 Mechanical Properties of Materials

2.3.1 Materials List

316/316L stainless steel:

Yield stress: 206,840 kPa (30,000 psi)

Ultimate stress: 517100 kPa (75,000 psi)

Poisson’s ratio: 0.3

Coefficient of thermal expansion: 1.8*10” m/m*degree C (9.9*10° in/in*degree F)
Data taken from Mark’s Standard Handbook for Mechanical Engineers 10" edition.

Depleted Uranium:

Yield stress: 172370 kPa (25,000 psi)

Ultimate stress: 365420 kPa (53,000 psi)

Density: 18.3 g/cm3 (0.661 Ib/in*) minimum

Coefficient of thermal expansion: 1.1%10”° m/m*degree C (6*10°® in/in*degree F)
Data taken from Mark’s Standard Handbook for Mechanical Engineers 10™ edition.

Two-component chocking compound:

Compressive strength ASTM D695: 1336 kg/cm? (19,000 psi)
Temperature Resistance: 100 °C (212 °F)

Data taken from manufacturer’s data sheet

Epoxy adhesive:

Temperature Resistance: 120 °C (250 °F)

Compressive Strength ASTM D695: 592 kg/cm? (8,420 psi)
Adhesive Tensile Shear ASTM D1002: 180 kg/cm? (2600 psi)
Data taken from manufacturer’s data sheet

2.4 General Standards for All Packages

The SPEC-300 meets the general standards for all packages in accordance with the provisions of 10
CFR Sections 71.43, 71.45 and 71.47 as demonstrated below:

2.4.1 Chemical and Galvanic Reactions

Source Production & Equipment Co., Inc. SPEC-300
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242

316/316L stainless steel contacts Titanium in the automatic securing mechanism/lock module of
the SPEC-300. Galvanic reaction is not expected since these two metals are relatively close on
the electromotive scale and both are cathodic. Other packages produced by SPEC with this
material combination have not demonstrated galvanic reaction.

The depleted Uranium shield is prevented from contacting 300 series CRES by the use of Copper
pads. These pads also act as a barrier to possible eutectic alloying at elevated temperatures. The
shield is subject to corrosion when exposed to moisture. It is protected in the SPEC-300 by a
coat of paint and by the closed-cell polyurethane foam completely surrounding it. This
protection method has been used on other SPEC designs and has proven adequate, even in
offshore applications. A SPEC-150 package was accidentally dropped into the Gulf of Mexico
and was recently recovered after being submerged in seawater for several weeks. The package
was cleaned, inspected, and returned to service showing no evidence of chemical or galvanic
reaction.

Positive Closure

243

For the purpose of this discussion, “opened” will be defined as release of radioactive material
from the source assembly capsule. The primary containment system preventing the direct release
of radioactive material from the package is the special form sealed source capsule which can
only be opened destructively.

Regarding release of the radioactive source assembly from the package; when configured for
transport the SPEC-300 cannot be inadvertently opened. The transport lock is positioned in the
locked position and secured by a commercially available padlock. Even if this lock was
defeated, a specific sequence of operations must be performed before the source can be removed
from the shielded position. Since the equipment required to accomplish this is not readily
available to unauthorized persons, and since untrained persons would not know how to use it,
inadvertent release of the source assembly from the SPEC-300 is unlikely.

Lifting Devices

244

See Appendix 2.10 for design criteria and regulatory requirements of lifting devices.

See Appendix 2.10 for a general arrangement drawing of the SPEC-300 showing lifting devices.
See Appendix 2.10 for SPEC-300 design Calculations. This includes design calculations for the
strength of lifting devices.

In summary, the lifting eyes and tie-down holes (since it is conceivable that the tie-down points
could be used as lifting points) are rated to carry 3 times the weight of the package with a
significant margin of safety.

Tiedown devices

See Appendix 2.10 for design criteria and regulatory requirements of tie-down devices.

See Appendix 2.10 for a general arrangement drawing of the SPEC-300 showing tie-down
devices.

See Appendix 2.10 for SPEC-300 design Calculations. This-includes design calculations for the

Source Production & Equipment Co., Inc. SPEC-300
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2.5.1

strength of tie-down devices.

In summary, the tie-down holes and lifting eyes (since it is conceivable that the lifting eyes could
be used as tie-down points) holes are rated to carry 3 times the weight of the package with a
significant margin of safety.

2.5 Standards for Type B Packaging

Load Resistance

A load resistance test was not performed on the SPEC-300. The following analysis considers the
enclosure cover as a flexible plate with a uniformly distributed load. The regulation requires a
compressive force of 5 times the package weight or 1814 kg (4000 Ib) to be uniformly
distributed across the top of the package. The SPEC-300 consists of a 6 mm (0.25 in) thick steel
housing with 8 mm (0.31 in) thick steel bulkheads. The housing is joined to the bulkheads by
continuous (0.25 in) fillet welds. This configuration does not have the potential for failure under
the load specified, as proven below:

Cross-sectional view of the SPEC-300 enclosure

/16 LB

bbb iy byl
I I

13.3

The following formulas are taken from Roark’s Formulas for Stress and Strain 6™ ed., published
by McGraw-Hill and

copyrighted in 1989: —Bab?
pyrig e = ﬂ(gb
!
where:
q = unitload = W) =27.16

ab
[ = ratio ofa/ b, (value given in book) fora /b = 1.6) then §=.4872

a = length ofthe longside = 15.5in
b = length of the shortside = 9.5 in
t = thickness of the material = .25in

_ —4872)(27.16)(9.5)’
(25)°
o =—1910751psi(131 MPq)

Source Production & Equipment Co., Inc. SPEC-300
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. This stress will not cause the package to fail because the stress is less than 30,000 psi, the yield strength
of the steel.

The bottom plate will experience similar loads.

This loading will also cause in-plane stress in the four sides. The long side plates will be the worst case,
therefore the other two plates will not need to be analyzed.

This plate is 4" thick and 15.5" long. Since the load is uniformly distributed across the top of the plate,
then each side will only see 1000 Ib of downward force.

Therefore the stress is:

o=l o 1000 s806psi1.78MPg
A4 (155)(25)

While this stress will not cause any problems, to be complete, the consideration of buckling must also be
analyzed.

Using Euler’s formula,

. 7 El

Pcr=—

where:

Pcr = the critical load, that load where the plate will buckle

E = Modulus of Elasticity = 30x 10° psi
I = Moment ofInertia = %a3b (a= 25", b= 155"
L. = height of the plate = 10.396"

_ 2°(30000000)(021)

Pr >
(10.396)°

=57531.771bs(256kN )

With the load being applied at 1000 lbs, the device meets the corresponding CFR.

2.5.2 External Pressure

An external pressure test was not performed on the SPEC-300 containment vessel. The SPEC-
300 containment vessel is the special form capsule. This capsule consists of a cylindrical welded

Source Production & Equipment Co., Inc. SPEC-300
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316/316L stainless steel capsule with a minimum wall thickness of 0.8 mm (0.030 in). The
capsule must resist a 172 kPa (25 1b/in%) external pressure. For this exercise, the capsule is
considered to be a thick walled vessel under uniform external loading.

Maximum circumferential stress is calculated as:

MaxCircumferentialStress=- Pressurex2X Outsidediameter® +~ Outsidediameter? — Insidediameter®
MaxCircumferentialStress=-172000Pax2x 0.010*M? + 0.010*M? — 0.008*M *?
Maximum Circumferential Stress = -956 KPa (-138 Ib/inch?)
Maximum radial stress is calculated as:
Max Radial Stress = -pressure
Maximum Radial Stress = -172 KPa (25 Ib/inch®)

These stress levels are negligible.

Equations taken from Roark’s Formulas for Stress and Strain, 6" edition, page 638, table 32.

2.6 Normal Conditions of Transport

The SPEC-300, when subjected to the normal conditions of transport specified in 10 CFR part 71, meets
the standards specified in paragraph 71.35 of 10 CFR part 71, as demonstrated in the following
paragraphs.

10 CFR 71.71(¢) requires consideration of heat input due to insolation and maximum ambient
temperature. This regulation ensures that the stresses in the material that are caused by temperature
changes will not allow the package to fail any of the Normal Conditions tests.

To determine the stress caused by insolation, the temperature effects of insolation must first be
considered. These calculations were performed by a finite element analysis program. The program
utilized for this application is EMRC NISA Il Version 7.0, a product of EMRC, Troy, Michigan.
Benchmark and verification problems for these types of analysis are numerous and are provided in the
software documentation. In addition many aerospace companies such as Boeing, Primex, Rocket
Research, Pacific ElectroDynamics, GTE Astrospace, and thousands of other commercial companies use
NISA as their primary analysis code so the reliability of the software is well proven. The model was
meshed using a structured meshing technique, Display 111, a proprietary product of EMRC, Troy
Michigan. Localized adjustments were made to improve the mesh accuracy, such as the area where the
structural posts join to the bulkhead. The model uses 8 node brick elements to model the structure, and
was “skinned” with 4 node plate elements of thickness 2.5 e-5 mm (1.0 e-6 in). The model was
“skinned™ in order to simplify the application of the convection coefficients, and to facilitate surface

Source Production & Equipment Co., Inc. SPEC-300
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. radiation and view factor calculations. The types of analysis performed on the structure include non-
linear steady state thermal analysis, non-linear transient thermal analysis, and linear static and thermal
stress analysis. No corners were rounded out in the modeling and the welds were modeled as full
penetration continuous welds without including the effect of the fillet area. This results in a
conservative stress result. Several features were not included in the analysis to simplify the modeling.
These include the lock box, and several small round bolt-holes, which were considered insignificant.
The mechanical and thermal properties were obtained from matweb, an online materials database,
www.matweb.com for AISI Type 316 stainless steel. Those properties were:

CTE 16.2 um/m-°C (9 uin/in-°F)

Heat capacity 0.5 J/g-°C (.12 BTU/Ib-°F)

Thermal Conductivity16.3 W/M2°K (113 BTU-in/hr-ft’>-°F)
Young’s Modulus 193 Gpa (28 ksi)

Poisson’s Ration 3
Density 8 g/cc (.289 Ib/in’)
Yield Strength 290 MPa (42.05 ksi)

Ultimate Strength 580 MPa (84.1 ksi)
The absorptivity value, .37, was obtained from JP Holman, Heat Transfer, 5th ed., McGraw-Hill, 1981.
Another value for absorptivity of .28 was found in Marks Handbook for Mechanical Engineers, however
the high value was used in order to be conservative.

The finite element program used includes a check in the solver during the solution generation. The

check revealed no convergence errors, warnings, or anomalies. This concludes that the model was

properly prepared and represents the best possible solution to this model, and gives a high degree of
. confidence that the model is not inordinately sensitive to a small change in any input parameter.

To determine the temperature changes in the package, the time required to reach steady state conditions
must be determined. The derivation of the temperature profile is obtained through finite element
analysis. Figure 1 is a graphical representation of temperature versus time for insolation at 38 °C (100
°F). From this graph, it can be seen that steady is reached in approximately 5 hours. Figure 2 is a
graphical representation of temperature versus time for insolation at -29 °C (-20 °F) ambient. This
graph also depicts that it takes 5 hours for the package to reach steady state.

Source Production & Equipment Co., Inc. SPEC-300
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