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1.1

1.2

CHAPTER 1 - GENERAL INFORMATION

This chapter of the Best Theratronics F-431 Transport Package Safety Analysis Report (SAR) presents
a general introduction to and description of the Best Theratronics F-431 transport package. Figures
1.1a, 1.1b, and 1.2 show the main dimensions and materials of this package.

INTRODUCTION

The Best Theratronics F-431 transport package has been developed as a safe means of transporting
Best Theratronics” Gammacell-1000 and Gammacell-3000 (GC1000 and GC3000) irradiators
containing cesium-137 sealed sources. :

Each F-431 packaging has a payload of only one GC1000 or GC3000. The F-431 provides impact
and thermal protection for the radioactive contents, Containment is provided by the sealed source and
shielding by the GC1000 or GC3000 irradiator shield.

Each F-431 packaging is assigned a unique serial number. Therefore a typical model/serial number on
the identification plate is “F-431 Serial number XX” meaning F-431 is the model and XX is the
numeric serial number of the packaging. The GC1000 or GC3000 head inside the F-431 will have a
different serial number from the F-431..

This safety analysis report demonstrates that the F-431 meets the requirements of 10CFR Part 71,
Packaging and Transport of Radioactive Material, and the requirements for type B(U)-96 Package
as defined in IAEA TS-R-1, Regulations for the Safe Transport of Radioactive Material. .

PACKAGE DESCRIPTION
1.2.1 Packaging

The F-431 is a stainless steel cylinder 1,067 mm (42 in.) in outside diameter, 1,283 mm
(50.5 in.) tall and placed on a removable mild steel skid 1,118 mm x 1,003 mm x 203 mm
(44 in. x 39.5 in. x 8 in.). It has a cylindrical cavity 559 mm (22 in.) in diameter by 813 mm

(32 in.) tall. The empty overpack weighs 1,050 ke (2,300 1b.} including the skid. The maximum
weiiht of its contents is 1I225 ki i2I700 1b.).

Other features related to the thermal protection are vent holes that relieve pressure that develops
between walls during an accidental fire. These vent holes are plugged with plastic pipe plugs

that are designed to melt in the fire. Four vents are located in the main cover (inside the lifting
ockets), and four on the main body. The inner cover has four vent holes amF
a 19 mm (3/4 in.) hole located at the bottom of
the stamiess steel shell that (see Figure 1.2).
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For overhead lifting the F-431 overpack is equipped with four hoist rings on the top surface.
For tie-down, the F-431 is fitted with a collar. The tie-down collar clamps around the mid-
section of the F-431 and has four lugs to which the tie-downs are fastened.

The F-431 package provides its contents with impact and thermal protection. Containment is
provided by sealed sources and shielding by the GC1000 or GC3000 irradiator.

The gammacell irradiator is held in position inside the F-431 cavity with shipping braces. A
different brace design is used for each gammacell model, and the braces are typically made
from wood. To facilitate air transport, the shipping braces may incorporate steel plates in order
to reduce the Transport Index. Regardiess of the gammacell model and the design of the
shipping braces, the maximum weight of the F-431 payload (i.e. gammacell and its shipping
braces) shall not exceed 1,225 kg (2,700 Ib.).

The features of the GC1000 and GC3000 are summarized in Table 1.1. The GC1000 and
GC3000 consist of a lead-shielding cask, and a source cavity, which houses up to eight Cesium-
137 sealed sources inside a source holder. The source holder is a stainless steel assembly and
sometimes includes additional tungsten or other shielding metals. It serves as a cradle for the

sources, and also provides shielding for the sealed sources. The maximum total activity of
Cs-137 is 113 TBq (3,050 Ci).

The procedure for preparing the F-431 for shipment is described in Chapter 7.

The F-431 package is identified with appropriate identification plates and labelling affixed
on the fireshield.

The engineering information drawings of the F-431 transport package are provided in
Appendix 1.3.2. :

lcapac;ty,’ Ak

“Thickness |

Weight

GC1000

457 mm

113 TBq 9.5 mm 1,054 kg
{3.050 Ci) {18in.) (0.375in.) (2,324 Ib.)

GC3000 113 TBg 457 mm 9.5 mm 1,091 kg
(3,050 Ci) (18 in.) (0.375in.) (2,404 Ib.)

Page 6 of 126



IN/TR 1913 F431 (D)

F-431 Transport Package Safety Analysis Report

1.2.2 Operational Features

€ package prevents the collection and retention of water.

The outside surface of the package is smooth and can be easily decontaminated.

The GC1000 or GC3000 head 1s braced inside the cavity (see Figure 1.2).

In order to facilitate tie-down for shipment, a tie-down collar is added at the time of shipment.

There are no other special operational features, and no other features are added at the time of
transport.

1.2.3 Contents of Packaging

The primary purpose of the F-431 overpack is to transport the GC1000 and GC3000 irradiators.
These are blood irradiators with lead shielding encased in a steel shell. The radioactive sources
are Cesium-137 in the form of cesium chloride compressed powder pellets. The radioactive
material is contained inside stainless steel capsules. These are described in Chapter 4. The
maximum activity inside the package is 113 TBq (3,050 Ci), which generates about 15W

~ of decay heat. The sealed sources are double walled stainless steel with a cylindrical shape.

The radiation levels do not exceed 200 mrem/h at the surface of the package and the Transport
Index is < 10. ‘ " "

1.3 APPENDICES

This section contains the following appendices.
Appendix 1.3.1: Specification Sheet for the F-431/GC000 Package
Appendix 1.3.2: F-431 Engineering Information Drawing
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APPENDIX 1.3.1:
Specification Sheet for the F-431/GC000 Package
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CHAPTER 2 - STRUCTURAL EVALUATION

This chapter presents structural evaluation demonstrating that the Best Theratronics F-431 package
design meets all applicable structural criteria. The F-431 package is evaluated and shown to provide
adequate impact protection for the payload. Normal and hypothetical accident condition evaluations
are performed in accordance with regulatory requirements. The evaluations of the F-431 are based
on tests that were performed on the Best Theratronics F-430 transport package. The test data for the
F-430 is presented in Appendices 2.10.3a and 2.10.3b.

STRUCTURAL DESIGN
2.1.1 Description

The F-431 has been designed to transport Best Theratronics® Gammacell 1000 and Gammacell
3000 (GC1000 and GC3000). The principal structural components of the F-431 package are
illustrated in Figures 1.1a,1.1b, and 1.2 (Chapter 1). The F-431 container

The F-431 packaging consists of three basic components. They are:

1. Impact shield
2. Fire shield

3. Removable skid, which facilitates the handling of the F-431 packaging. -

Shielding is provided mainly by, the GC1000 or GC3000 shielding head, and containment is
provided by the sealed source inside the shielding head.

There are two bumpers on the circumterence to protect the segmented flange used to
attach the F-431 cover.

For tie-down, a collar is fitted around the F-431. The tie-down collar incorporates four lugs to
which the tie-down chains are fastened.

For overhead lifting, there are four hoist rings located on the top of the container, and four
forklift pockets.

The cavity of the F-431 container provides space for the gammacell head. Up to eight sealed
sources are loaded into the GC1000 or GC3000 head. The outer assembly of the sealed source
is made from stainless steel type 316L and is defined as the CONTAINMENT.
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The removable skid is formed from mild steel plate (ASTM A-36) and is designed to facilitate
handling and stacking of the F-431 container.

2.1.2 Design Criteria

2.1.2.1 Basic Design Criteria

This section describes the design criteria used to assess the package performance.
The load combinations and factors used in the assessment of the package design are
as specified in the applicable sections of the regulations.

Primary containment is provided by the sealed sources.

21.211

21.21.2

July 2019

Containment Structures

For Normal Conditions of Transport (NCOT), the assessment criteria
used ensures that the stresses in general do not exceed the lesser of 2/3
of yield stress or 1/3 ultimate tensile strength.

. For Hypothetical Accident Conditions of Transport (HACOT), the

failure of any component is not permitted to affect the ability of the
package to meet the requirements of the regulations. The failure of any
component that would potentially affect the ability of the package to -
meet these requirements is analyzed, and in general, the stresses are
shown to be less than the static ultimate strength of the material.

Structural analyses use the static models and values of static yield
strength of the materials to represent dynamically loaded components.
These results are consefvative since the dynamic strength of a material
is typically greater than the static strength [5].

Non-Containment Structures

For Normal Conditions of Transport (NCOT), the assessment criteria
used ensure that the stresses in general do not exceed the lesser of 2/3 of
yield stress or 1/3 ultimate tensile strength at the temperature. For lifting
and handling loads, the maximum allowable stresses are one third of the
material yield strength.

For Hypothetical Accident Conditions of Transport (HACOT),

the failure of any component is not permitted to affect the ability of the
package to meet the requirements of the regulations. The failure of any
component, which could potentially affect the ability of the package

to meet these requirements, is analyzed and in general, the stresses are
shown to be less than the static ultimate strength of the material at the
temperature.

The F-431 overpack and the internal fixing brace are permitted to exceed
yield stress for accident conditions. The acceptance criterion for all
impact related loads within the container is that the steel envelope
surrounding the lead shielding (the GC1000 or GC3000 irradiator) does
not breach in normal and accident conditions

Structural analyses use the static models and values of static yield
strength of the materials to represent dynamically loaded components.
The results are conservative as the dynamic strength of a material is
typically greater than the static strength [5].
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2.1.2.2 Miscellaneous Structural Failure Modes
2.1.221 Brittle Fracture
The Cs-137 source ca

G!l!lt !ucmle—to—!nttL transition in t!e temperature range 0! interest.

21.2.22 Fatigue

Fatigue concerns associated with normal vibrations over the road are
addressed in section 2.6.4.

2.2 WEIGHTS AND CENTERS OF GRAVITY

The total design weight of the Best Theratronics F-431 package, including a payload of 1,225 kg
(2,700 1b.), is 2,270 kg (5,000 1b.). The package is nearly symmetrical, therefore, the center of gravity
(cog.) is very near the geometric center of the container. The center of gravity (cog.) of the F-431
package is 570 mm (22.4 in.) from the top of the removable (shipping) skid, or 800 mm (31.4 in.)
from the ground.
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2.3 MECHANICAL PROPERTIES OF MATERIALS

The Best Theratronics F-431 package is fabricated primaril

The general arrangement drawings presented in Figure 1.3 and
Appendix 1.3.2 define the specific material used for each item of the Best Theratronics F-431 package.
Table 2.1 presents the mechanical properties of the materials used in the F-431.

chariical Propertiés of Materials |
S L Min uTs | Mini VS
| MPayt | sy | (wi

A?-'”Mart‘efi‘e_lls

St

* Properties at 23°C
**Compressive stress at 50% strain

The only other material used in the package is

this material 1s not
considered 1n this analysis.
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2 4 GENERAL STANDARDS FOR ALL PACKAGES

This section demonstrates that the F- 431 transport contamer comphes w1th the’ general standards forall |
packagmg

: a) Minimum Package Slze o

The height and dxameter of the F—431 are 129 om (50 7 in. ) and 10’? cm (42 in. ) respectwely without

'(4 ifL).
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b) Tamper-Indicating Feature

A “lock wire” or equivalent will be used between the main cover and the body of the package during a
loaded shipment as illustrated in the Engineering Information Drawings (see Appendix 1.3.2). Damage
to this device provides evidence of tampering.

¢) Positive Closure
See section 2.4.2 for discussion of the positive fastening devices for the containment system.
d) Chemiecal and Galvanic Reactions
- See section 2.4.1 for discussion on chemical and galvanic reéctions.
e) Valves
There are no valves or pressure relief devices on the F-431 package.
f) Package Performance under Normal Conditions of Transport

See section 2.6 for demonstration of the package performance under normal conditions of transport.
It is demonstrated that:

= There would be no loss or dispersal of radioactive contents.

= There would be no significant increase in external radiation levels.

= There would be no substantial reduction in the effectiveness of the packaging.
= There would be no increase in external radiation levels in excess of 20%.

<

g) Temperature of Accessible Surfaces of the Package

In Appendix 3.7.1, it is demonstrated that the temperature of the accessible surface of the package,
with the package in still air at 38°C (100°F) and in the shade, is 39°C. This is less than the 50°C
(122°F) limit, for non-exclusive use shipment, and for shipment by air.

h) Features for Continnous Venting during Transpert
There are no features on the F-431 package to allow for continuous venting during transport.

2.4.1Chemical and Galvanic Reactions
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2.4.2 Positive Closure
Closure of the package is maintained using threaded fasteners at the following locations:
=  Main cover is fixed to the main body
= Inner cover is fixed to the main body

A wire seal is incdrporated into the cocoon closure to ensure that it cannot be inadvertenﬂy
opened. The procedure for preparing the F-431 for shipment is discussed in Chapter' 7.

2.4.3 Lifting Devices

The F-431 package can be lifted using four hoist rings on its top surface. Each hoist ring can
swivel and turn to take a load of 3,200 kg (7,000 1b.) in any direction (see appendix 2.10.6).

The F-431 can also be lifted using fork lift pockets attached to the top of the package. A lifting
analysis is included in Appendix 2.10.7.

2.4.4 Tie-down Devices

The F-431 is fitted with a tie-down collar that fits around the F-431 and rests on four bosses
that protrude from the outside surface of the package.

The stress analysis of the tie-down arrangement is presented in Appendix 2.10.2. Under a tie-
down load due to 10 g, 5 g, 2 g acting concurrently on the F-431 package, the calculated
stresses in the package do not exceed yield stress.

2.4.5 Maximum Normal Operating Pressure

Under the accident conditions of transport (ACOT) the maximum pressure inside the sealed
sources would be 106 kPa. Since the temperatures and pressures will be lower under normal
conditions of transport, the maximum normal operating pressure inside the sealed source will
be less than 106 kPa. This is significantly lower than the 700 kPa permitted by the regulations

[3]. '
2.4.6 Assessment of the Tie-down Collar Bolted Connection

Stresses in the bolts that fasten together the two halves of the tie-down collar were considered
as to tension, shear and bending. Analysis is included in Appendix 2.10.8.

2,5 ADDITIONAL REQUIREMENTS FOR TYPE B PACKAGES
This section describes how the standards for type B packages are satisfied.
1) When subjected to the tests for Normal Conditions of Transport section 2.6 of this analysis shows,

» there is no loss or dispersal of any radioactive material,

= there is no significant increase in external radiation levels,

»  there is no substantial reduction in the effectiveness of the packaging, and
= there is no increase in external radiation levels in excess of 20%.

2) When subjected to the tests for Hypothetical Accident Conditions of Transport section 2.7 of this
analysis shows,

the loss or dispersal of any radioactive material is less than A, per week, and
= the external radiation dose rate is less than 1 Rem per hour (10 mSv/h) at 1 meter from the
external surface of the package.

3) The containment of the radioactive material after the tests for the Normal and Hypothetical
Accident Conditions of Transport is provided by the sealed sources.
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2.5.1 Load Resistance
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In this section, it will be shown that the F-431 package can support a distributed load equal to
the greater of five times its weight or 13 kPa times the vertical projected area of the package.

The outside diameter of the F-431, including the burmpers, is 1,065 mm (41.94 in.). Therefore
the projected area of the package is 0.89 m? (1,380 in.?). This area times a pressure of 13 kPa
yields a force of 11.6 kN (2,600 1b.). Since this is significantly less than five times the weight of
the package (111 kN or 25,000 Ib.), the latter force will be used in the analysis below.

The smallest area for normal stresses is the outer shell.
A=nDt=3.14#36.7*0.105=12.1 in.? (7,800 mmz)

Normal stresses produced by the load of 5 times 5,000 Ib. are o = 25,000/12.1 = 2,066 psi
(14.2 MPa)

The smallest area for shear stresses is the fillet weld on the ribs that attach lifting pockets to
the lifting brace band.

As=4L(0.707t) =4 * 5.62 * 0.707 * 0.19 = 3.02 in.” (1948 mm?)
The load on one lifting pocket is one quarter of the total stacking load, or 25,000/4 = 6,250 |b.
Shear stress in the fillet welds then is T = 6250/3.02 = 2069 psi (14.3 MPa)

Bending stresses are: ‘ ‘
o = 6LFy/[bh*] =6 * 5 * 6,250 / [4 * 0.707 x 0.19 x 5.62°] = 11,048 psi (76 MPa)

For combined tension and shear, the maximum normal and shear stresses are:

Oy =1/2[c +V(o® + 4t9)]

oy = 1/2 [11,048 +(11,048% + 4¥2,069%)] = 11,423 psi (79 MPa)
o, =1/2\(c* + 41%)]

o, = 1/2N(1,148% + 4*2,069%)] = 5,899 psi (41 MPa)

Therefore it is safe to stack 25,000 1b. (11,340 kg) on top of the F-431 container.
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2.5.2 External Pressure

July 2019

The outer assembly of the cesium-137 sealed sources is the containment system for the F-431
package. It will be shown that the capsules are capable of withstanding pressures far in excess
of 170 kPa (25 psi) as specified in this section.

Chapter 4 provides a description of the sealed sources. The following analysis bounds the
maximum tube and end cap stresses for a 25 psig external pressure.

Two (2) regions shall be analyzed. They are:

* The cylindrical tube with the minimum wall thickness. The worst case is the C-378 sources
(0.025 in. wall thickness and 0.63 in. outside diameter) (see table 4.1).

*  The end cap. The worst case is the C-378 sources (0.63 in. diameter with minimum
thickness of 0.025 in.) (see table 4.1).

2.5.2.1 Stress in Cylindrical Tube

The maximum hoop stress due to external pressure p is given by:

o7} =pd/2t
Where '
P = external pressure = 25 psig
d = mean diameter = 0.63 - 0.025 = 0.605 in.
t = wall thickness of tube at the end cap region = 0. 020 in.(min.)
o2 = 25 x 0.605/(2 x 0.020)
=378 psi

2.52.2 Stress in the End Cap

The maximum bending stress due to internal pressure pis given by [11]:

Gy =k pri/t?
Where
p = gxternal pressure = 25 psig
T = radius of end cap =0.63/2 = 0.315 in.
t = thickness of the end cap = 0.025 in. (min.)
k = (.75 [11], based on the plate edge fixation.
o,  =0.75x25x0.315%70.025
= 2,977 psi '

Note that this analysis is conservative because the radius of the end cap was assumed
to be the same as that of the source. In reality the radius of the end cap is smaller.
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2.5.2.3 Factor of Safety and Margin of Safety

For SS316L, the minimum tensile strength is 25,000 psi.

Factor of Safety (FS)
FS = Allowable stress/Applied stress
= Yield Stress of ss316/ stress in end cap
= 25,000 psi/2,977 psi
=8.4
Margin of Safety, MS

MS + =FS-1=84-1=74
In summary, due to external pressure of 25 psig in the sealed sources,

the maximum hoop stress in any of the sealed source tubes = 378 psi
the maximum bending stress in any of the sealed source end caps = 2,977 psi.

Based on a yield stress of 25,000 psi for $S316L, the sealed sources have a Factor of
Safety of 8.4 and a Margin of Safety of 7.4.

Therefore the containment, (i.e. the outer assembly of the C-1000, C-1001, C-3000,
C-3001, C-378, ISO-10000 and RAMCO-50 sealed sources) will maintain its
structural integrity.

2.6 NORMAL CONDITIONS OF TRANSPORT

The following sections demonstrate that the F-431 transport package meets the regulatory
requirements for the normal conditions of transport. In particular, it is shown that:

there will be no loss or dispersal of contents,

there will be no structural changes reducing the effectiveness of the shielding,

there will be no changes affecting the ability of the package to withstand the hypothetical accident
conditions of transport, and

There will be no increase in external radiation levels in excess of 20%.

2.6.1 Heat

A detailed thermal evaluation of the normal conditions of transport as they apply to the F-431
Package is reported in Chapter 3, Section 3.4,

July 2019

2.6.1.1

2.6.1.2

Summary of Pressures and Temperatures

For 3,050 Ci of Cs-137 in sealed sources inside the cavity of the F-431, the maximum
steady state source temperature was determined to be less than 326°C under the
Normal Conditions of Transport (see chapter 3, section 3.5.3).

In chapter 3, section 3.5.6, it is demonstrated that the sealed source can withstand the
pressure resulting from a temperature rise to 326°C. Therefore, the sealed source can
withstand the maximum internal temperature resulting from the Normal Conditions
of Transport.

Differential Thermal Expansion.

The F-431 and its payload will be unaffected by the thermal gradients predicted for
the Normal Conditions of Transport. Temperatures are relatively low and do not
impose significant stresses.
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2.6.1.3 Thermally Induced Stress

In chapter 3, section 3.5.6, it is demonstrated that the maximum temperature in the
sealed sources is 326°C due to ACOT. The resultant pressure inside the sources is
106 kPa (15 psi). Since the temperatures and pressures under Accident Conditions of
Transport (ACOT) are higher than under Normal Conditions of Transport (NCOT),
the maximum stress in the capsules will be less than 106 kPa (15 psi) under NCOT.

In section 2.6.3 below, this pressure will be considered in conjunction with a
decrease in ambient pressure. The resulting capsule stresses will be analyzed.

2.6.2 Cold

A steady-state ambient temperature of -40°F (-40°C) would not adversely affect the ability

of the package to contain its radioactive contents or shield the environment. There are no
liquids present within the package to freeze under these conditions nor are the materials used in
the construction of the package subject to brittle fracture as discussed in section 2.1.2.2 of this
chapter.

Because of thelow internal heat generation (15 Watts) and the high thermal conductivity of
the lead, stainless steel and carbon steel, the primary materials used in the construction of

the gammacell, no steep thermal gradients exist in the gammacell to cause thermal stresses.
Similarly, because of the low heat and the large size of the F-431, the thermal gradients across
the F-431 are very small and do not result in appreciable stresses.

2.6.3 Pressure

The containment for the package is provided by the sealed sources. As discussed in section
2.5.2, these sources are capable of withstanding an external pressure of 25 psia.

The internal pressure in the sealed sources must also be considered. The worst case would
occur when the sealed sources are at their maximum normal operating temperature, and the
F-431 experiences a dramatic drop in atmospheric pressure. Paragraph 619 of JAEA TS-R-1 {3]
requires that packages transported by air have a containment system capable of withstanding

a reduction in ambient temperature to 5 kPa. The following discussion considers thermally
induced stresses in the sealed sources in combination with a drop in ambient pressure.

In Chapter 3, section 3.5.6, it is demonstrated that the maximum temperature in the sealed
sources is 326°C due to ACOT. The resultant pressure differential is 106 kPa. Assuming a drop
in ambient pressure of 100 kPa, the total effective pressure inside the sealed sources is 206 kPa.
However, in section 2.5.2 it was shown that the sealed sources are capable of withstanding an
external pressure of 170 kPa (25 psi) with a factor of safety of 8.4. In other words, the sources
can withstand an external pressure of 1,428 kPa. Due to symmetry, the sources are capable of
withstanding this pressure internally. Therefore the sealed sources can withstand the internal
pressure caused by thermal expansion and a drop in ambient pressure.

2.6.4 Vibration

July 2019

2.6.4.1 Sealed Sources

The C-1000, C-1001, C-3000, C-3001 and C-378 sealed sources have been tested to
a minimum of Class 3 vibration test requirements of ANSI N542 [4] or ISO 2919
[12]. This test requixes the capsules to be subjected to vibrations ranging from 25 to
500 Hz at 5G peak amplitude and 90 to 500 Hz at 10G peak amplitude. This test is
significantly more severe than any vibration that the sources will encounter during
normal transport [8]. Due to the similarity in design and weight, the C-1001, C-3001,
1SO-1000 and RAMCO-50 sealed sources are also capable of withstanding any
vibration encountered during normal transport.
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2.6.4.2 Packaging

Similarly, the lead mnside the gammacell rrradiator dampens
vibration [7]. Therefore the vibration normally incident to transport will haveno

effect on the F-431 packaging. This is further supported by Best Theratronics’
operational experience with shipments of packages of comparable size and mass.

2.6.4.3 Fasteners

torque 1s +10%.

Fasteners for the inner and outer cover and on the tie-down collar may be susceptible
to the effects of vibration. Therefore, these assemblies utilize standard spring lock
washers, which prevent the bolts from loosening.

2.6.5 Water Spray

Water leakage is prevented by a neoprene gasket 3 mm (1/8 in.) thick between the main cover
and body of the package. Polyurethane foam vent holes are plugged with plastic pipe plugs,
% in. NPT. Therefore, the F-431 can withstand the water spray test during normal transport
without any loss of integrity.

2.6.6 Free Drop

10 CFR 71.51 [1] and IAEA TS-R-1 §646 [3] require that the package be designed such that if
it were subjected to the Free Drop Test, that it would prevent loss or dispersal of the radicactive
contents and a significant loss of shielding integrity. Since the F-431 has a mass less than

5,000 kg, the required height for the Free Drop test is 1.2 m (4 ft.).

In section 2.7 below, it is demonstrated that the F-431 is capable of withstanding 9 m Free
Drop tests and Puncture tests without significant damage to the sealed sources or the shielding.
Specifically, it is shown that:
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1. The sealed sources are undamaged and are still contained inside the gammacell irradiator.

2. There is no measurabie increase (less than 20%) in the surface radiation on the F-431

transport package.

Therefore, the F-431 could also survive the less severe 1.2 m drop test and meet the regulatory
requirements.

2.6.7 Corner Drop

10 CFR 71.71 (c) (8) [1] and IAEA TS-R-1 §722 [3] require that this test only be performed
on fiberboard, wood, or fissile material rectangular packages not exceeding 50 kg (110 1b.) and
fiberboard, wood or fissile material cylindrical packages not exceeding 100 kg (220 Ib.). Since
the F-431exceeds 100 kg in weight, this test is not required by the regulations.

2.6.8 Penetration

The F-430 test specimen was tested by dropping 6 kg steel round bar (3.2 cm in diameter with
hemispherical end) from 1.7 m onto the container. Two drops were performed in two different
locations (top and side). Only small dents were observed. Refer to the Test Report provided in
Appendix 2.10.3a and/or 2.10.3b. Since the F-431 is constnzcted with the same materials, it
would experience the same results.

2.6.9 Compression

The effect of package compression are discussed in section 2.5.1.

2.7 HYPOTHETICAL ACCIDENT CONDITIONS

This section demonstrates that the performarice of the F-431 Transpoft Package, meets all reguiatory
requirements when subjected to the hypothetical accident conditions of transport.

2.7.1 Free Drop
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In this section, the performance of the F-431 will be evaluated by comparison with other
packages that were subjected to the Free Drop Tests. The F-431 will be compared to the F-430,
on which the F-431 design is based, and to the GC3000 irradiator, which was subjected to a
free drop without any impact protection.

2.7.1.1 Comparison of the F-430 and F-431

The F-430 Package was designed and manufactured by Best Theratronics. A full
scale prototype was manufactured and subjected to the regulatory tests, including the
free drop test.

The F-431 design is based on that of the F-430. The F-431 is smaller, and is intended
to transport smaller and lighter payloads. The two packages are shown in Figure 2.2
and their features are summarized in Table 2.2. Other than the differences in
dimensions, the F-430 and F-431 are constructed identically.
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Package height

1,250 mm (49.25in.)

1,205 mm {47.5in.)

Has1/Hazo = 0.96

Package diameter

1,410 mm (55.44 in.)

1,065 mm (41.94in.)

D4z1/D430 = 0.76

2,270 kg (5,000 Ib.)

Wa31/Waae = 0.71

Package weight 3,175 kg (7,000 Ib.)
Cavity height 820 mm {32.25 in.) 815 mm (32.0 in.) haa1/hago = 0.99
Cavity diameter 915 mm (36.0 in.) 560 mm (22.0in.) daz1/dgag = 0.61
Max payload weight 1,820 kg (4000 Ib.) 1,225 kg (2,700 1b.} Wazi/waao = 0.70
Inner cover Fastenergz/Fastenersas = .
fasteners 1.0
Outer cover Fastenerssi/Fastenerss =
fasteners 1.0

2.71.2 Prototype Testing _
The analysis of the Free Drop test will refer to testing done with the F-430 and the
GC3000. The F430 test specimen was subjected to three free drop tests from 9 m and
four puncture tests. The results of these tests are presented in Appendix 2.10.3a
and/or 2.10.3b. The GC3000 was subjected to one 9 m test without a protective
overpack. The results of this test are presented in Appendix 2.10.4.
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2713

2714

End Drop

The F-430 was dropped inverted from 9 m onto its end. After the test, there was no
compromise in the integrity of the package. The results are presented in Appendix
2.10.3a and/or 2.10.3b. The F-431 is expected to perform equally well as a result of a
9 m Free Drop test onto its top or bottom. This is further supported by the testing
performed on a GC3000 with no protective overpack. The GC3000 was dropped
from 9 m onto an unyielding surface (refer to Appendix 2.10.4). After the drop test,
the GC3000 was subjected to a radiation survey, and no increase in the radiation -
levels was measured. Also, there was no visible damage to the simulated sealed
SOUICES. -

Side Drop

The F-430 test specimen containing a Gammacell 40 (GC40) was dropped from 9 m

onto its side. The impact caused the skid to break fiee of the package, the bumpers to

collapse locally and the foam to crush 2 in. deep on the side of the package.*
on the exterior of the package (i.e. between the F-430 an

, on the interior of the package (i.e.

between the payload and the F-430). This 1s because the contact area between the

F-430 and the drop target is much less than the contact area between the payload and

the F-430, as illustrated in Figure 2.3.

The peak decelerations measured on the F-430 payload (i.e. GC40) _
i (refer to Appendix 2.10.3 a and/or 2.10.3b) The average deceleration was
approx1mately* As a result of the drop, four bolts were broken on the main
cover. However, the cover remained securely attached and there was no breach in the
stainless steel skin. Inspection of the GC40 after the drop tests were completed and

showed that there was no significant damage to the GC40 (shielding) nor the
simulated sealed source (containment),

To determine the effect of a side drop on the F-431, the geometries of the F-430
and F-431 will be compared. A 9 m side drop would cause the bumper and

The depth of crush in the F-431 is a function of the dimensions and weight
of the package. Specifically, the crush depth, 8, is proportional to the weight of
the package, inversely proportional to the length, and approximately inversely
proportional to the cube root of the diameter.

S W,
6 ocl/H,

Socl/Dh

where

8 = crush depth

W = weight of the package
H = height of the package
D = diameter of the package
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2.71.5

2.71.6

In equation form,

4
O ras = Oran *(WMI J*(Hmo}*[DmmJ ’
- Weaso H iy Dy,

Substituting the package’s scale ratios from Table 2.2, we find that
Oraz1 = Opaz *0.81

Thus we expect that the amount of deformation for the F-431 would be almost the
same as that of the F-430. Similarly, the acceleration experienced by the payload
would be essentially the same.

Therefore, the F-431 would survive the 9 m Free Drop test with no significant
damage. Specifically, the package’s ability to provide shielding, containment and
protection against fire would not be compromised.

Contact area between
payload and F-430

Contact area between
F-430 and target

Figure 2.3: Contact Areas for 9 m Side Drop
Corner Drop

In this orientation, contact area of the package with the target is minimized, and
therefore the amount of deformation is maximized and the deceleration is minimized.

This was confirmed with the testing on the F-430, where peak accelerations were
measured in the range
- (refer to Appendix 2.10.3a and/or 2.10.3b). The F- as almost 1dentical

geometry in this orientation, and so the deformation of the container on impact would
be similar. Since the F-430 sustained only moderate damage from this test, and since
this orientation is the least damaging for the payload, the F-431 would also fare well
during this test.

Conclusions

The different orientations for the 9 m Free Drop Test have been analyzed by
comparison with the tests performed on the F-430 package and the GC3000. It

was demonstrated that the tests would not result in significant damage to the F-431.
Specifically, the F-431 would continue to provide radiation shielding, containment,
and protection from an accidental fire.
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2.7.2 Puncfure

The full-scale F-430 test specimen was subjected to four 1 m puncture tests in a variety of
different orientations (refer to Appendix 2.10.3a and/or 2.10.3b). The damage caused to the test
specimen was minor when compared to the results of the Free Drop Test. Specifically, no

additional bolts were broken and the lid remained attached securely to the package. The outer
skin of the package

The F-431 is similar to the F-430 in that the stainless steel outer skin is the same thickness and
Since the F-431 is a

ighter package, the damage from the Puncture Test will be less. Therefore, the performance
requirements for the puncture test under the hypothetical accident conditions of transport are

satisfied.

2.7.3 Thermal

The thermal protection area of the F-431 package is 4.9
.") on the inside (cavity surface).

m? (53 ft.2

on the outside and 1.9 m?

Prior to the

ire test, all the thermal protection 1s retained around the package. Assuming that

the same amount of foam is damaged as with the F-430 (a conservative assumption, since the
would be compressed

The temperature increases within the F-431 package resulting from the hypothetical accident
thermal evaluation are presented in Chapter 3, Section 3.5 and in Appendix 3.7.1. These
temperature increases have minimal effects on the performance and integrity of the package.
This is further discussed in Chapter 3.
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2.7.31

2.7.3.2

2.7.3.3

Summary of Pressures and Temperatures

There is no increase in pressure inside the F-431 cavities due to the hypothetical
accident conditions of transport thermal test, as discussed in Section 3.5.4. The
maximuom temperature inside the Gammacell is 151°C. The maximum temperature
and pressure inside the sealed source are 326°C and 106 kPa, respectively.

Differential Thermal Expansion

The maximum differential thermal expansion occurs during the fire test when the
outside surfaces are exposed to the flame while inside the overpack temperature rises
relatively slowly. However, no significant thermal stresses are expected as the

ackage is free to expand and contract, and since the material o
the material will flow in
arcas of high thermal stresses. .

Stress Calculations

The stresses caused as a result of the hypothetical accident conditions of transport
thermal test are discussed in Section 3.5.5. Since the thermal gradients are low in
the containment system and in the Shielding Head, the thermal stresses in these key
components are negligible. The pressure inside the sealed source is calculated in
Section 3.5.6. 1t is concluded that the sources can easily withstand this pressure.

2.7.4 Water Immersion

The water immersion test, with an external gauge pressure of water of 21 psi (145 kPa), will not
have a significant effect on the performance of this package. This is justified as follows:

3. The stainless steel Cs-137 source capsules were shown in section 2.5.2 to be capable of
withstanding a pressure in excess of 170 kPa (25 psi).

2.7.5 Summary of Damage

Nine drop tests were performed on a full-scale F-430. Since the F-431 is a smaller and lighter
package, many of the F-430 test results are applicable to the F-431. The F-431 was also
assessed by comparison with the GC3000, which was subjected to a 9 m drop without
protective packaging.

By comparison, it was demonstrated that the damage to the F-431 packaging would be as

follows:

1. There would be no cracks in the body of the payload irradiator. The source capsules would
suffer no visible damage. The lead housing would have only minor dents and scratches.

2. The payload would not pierce the F-431 cavity. The inner lid would not lose any bolts and
would keep the contents shielded from fire.

3. The main cover would stay in place.

4. Radiation levels following the drop testing would not increase measurably.
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2.8

SPECIAL FORM

The sealed sources that are transported within the F-431 are discussed in Chapter 4. The applicable
Special Form Certificates are included in the appendices to Chapter 4.

All source models, with the exception of the RAMCO-50 source, have been certified to meet the
requirements of Special Form Radioactive Material. In this section, the RAMCO-50 source will be
compared to the other source models in the F-431, and it will be shown that the RAMCO-50 source
satisfies the requirements for Special Form.

The C-378, C-3001, and C-3100 source capsules were tested and shown to meet the Special Form
requirements of the IAEA Safety Series TS-R-1 [3]. The Special Form Certificates CDN/0017/S-96,
GB/373/8-96, and CDN/0035/S-96 are included in Appendices 4.4.1, 4.4.5 and 4.4.13. The C-1000,
C-1001, C-3000 and ISO-1000 source capsules were tested and shown to meet the Special Form
requirements of earlier versions of the Regulations for the Safe Transport of Radioactive Material. The
Special Form Certificates CDN/0011/S, GB/372/8-85, CDN/0012/8-85 and USA/0192/S are included
in Appendices 4.4.2,4.4.3, 4.4.4 and 4.4.6. The requirements for the qualification of Special Form
radioactive material as specified in 10 CFR 71 Section 71.75 are identical to those specified in the
TAEA Regulations [1, 3, 14, 15].

The C-3100 Source testing was done in accordance with International Standard 1SO 2919:2012 (E)
Edition [13].

" The RAMCO-50 sealed source has not been certified to meet the requirements for Special Form

Radioactive Material. However, in the following paragraphs, it is shown to meet the requirement for
Special Form Radioactive Material by comparison with the C-378, C-1000,-C-1001, C-3000, C-3001
and ISO-1000 sealed sources. Furthermore, the Sealed Source Registration for the RAMCO-50 -
Source, NR-0880-S-804-S, states that these sources would be expected to maintain their containment
integrity for normal conditions of use and the accidental conditions which might occur. The
registration certificate is included in Appendix 4.4.12

2.8.1 Description

The C-378, C-1000, C-1001, C-3000, C-3001, C-3100, ISO-1000 and RAMCO-50 Sealed
Sources are depicted in Chapter 4, Figures 4.2 through 4.9.

The C-378, C-1000, C-1001, C-3000, C-3001, C-3100, and RAMCO-50 models are made with
type 316L stainless steel. The ISO-1000 model is made with type 304L stainless steel. All
models have the following features

1. an outer stainless steel capsule with fusion welded end cap
2. an inner stainless steel capsule with fusion welded end cap
3. Cesium-137 radioactive material in the form of Cesium Chloride.

The dimensions of the seven source models are summarized in Table 2-4.,
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o Dimensioni (s 1 #(ing) (in) | ofing -2 (i (in)
Outer Tube O.D. 0.620 0687 | 0.692 | 0497 | 0500
Tube Wall Thickness | 0.025 0039 | 0039 | 0035 | 0020

Capsule Length 1009 | 106¢ | 1069 | 1069 | 1069 | 1060 | 10.68 4'552%0
End Cap Diameter | 0577 | 0444 | 0427 | 0631 | 0614 | 0.616 | 0431 0.460

End Cap Thickness 0.025 0.315 0.039 0.315 0.039 0.30 0.3156 0.100

2.8.2 Free Drop

The requirements for the Free Drop Test as specified in 10 CFR Part 71 Section 71.75(b)(1)
are identical to those of the IAEA Regulations to which the C-378, C-1000,.C-1001, C-3000,
C-3001 and ISO-1000 capsules were tested and certified. See the Special Form Radioactive
Material Certificates in the appendices to Chapter 4.

Since the RAMCO-50 source is very similar to the other source designs and shapes and has a
length and weight of approximately one half of the other models, it would suffer less damage
and therefore pass the Free Drop Test.

2.8.3 Percussion Test

The requirements for the Percussion Test as specified in 10 CFR Part 71 Section 71.75(d)(1)
are identical to those of the IAEA Regulations to which the C-378, C-1600, C-1001, C-3000,
C-3001 and ISO-1000 capsules were tested and certified. See the Special Form Radioactive
Material Certificates in the appendices.to Chapter 4. '

Since the RAMCO-50 source is very similar to the other source designs, shapes and weights,
it would also pass the Percussion Test.

2.8.4 Bending

The requirements for the Bending Test as specified in 10 CFR Part 71 Section 71.75(b)(3)
are identical to those of the IAEA. Regulations to which the C-378, C-1000, C-1001, C-3000,
C-3001 and ISO-1000 capsules were tested and certified. See the Special Form Radioactive
Material Certificates in the appendices to Chapter 4.

Since the RAMCO-50 source is very similar to the other source designs and shapes and has a
length of approximately one half of the other models, it would suffer less damage and therefore
pass the Bending Test.
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2.9

2.10

2.8.5 Heat Test

The requirements for the Heat Test as specified in 10 CFR Part 71 Section 71.75(b)(4)

are identical to those of the IAEA Regulations to which the C-378, C-1000, C-1001, C-3000,
C-3001 and ISO-1000 capsules were tested and certified. See the Special Form Radioactive

Material Certificates in the appendices to Chapter 4.

Since the RAMCO-50 source is very similar to the other source demgns shapes and weights,
it would also pass the Heat Test.

-2.8.6 Leaching Assessment

The C-378, C-1000, C-1001, C-3000, C-3001 and ISO-1000 Sealed Sources have been shown
to be leaktight (see the Special Form Radioactive Material Certificates in the appendices to
Chapter 4). By definition, since the sources are leaktight, there will be no release of radioactive
material. Therefore the sources meet the leaching assessment criteria.

Since the RAMCO-50 source is very similar to the other source de31gns, shapes and weights,
it also satisfies the leaching assessment criteria.

2.8.7 Summary

The C-378, C-1000, C-1001, C-3000, C-3001, C-3100 and ISO-1000 Sealed Sources have been
certified to meet the requirements for Special Form Radioactive Material.

The RAMCO-50 source has been demonstrated by comparison also to satisfy the requirements
for Special Form.

FUEL RODS
This requirement is not applicable since the F-431 does not transport fuel rods.

APPENDICES

This section contains information in support of the analysis, assumptions and discussions presented
in the various sections of Chapter 2, For convenience, it is divided into subsections, which are
referenced in the body of this chapter or submission.

Appendix 2.10.1: List of References for Chapter 2

Appendix 2.10.2: Tie-down Analysis of the F-431 Package

Appendix 2.10.3a: F-430 Test Report, IN/TR 1604 F430

Appendix 2.10.3b: Supplementary Safety Analysis Report for the F-430 Transport Package,
IN/TR 6088 F-430

Appendix 2.10.4: Test Report for GC3000 Removable Plug, IN/TR 1691 GC3000
Appendix 2.10.6: Hoist Rings

Appendix 2.10.7: Lifting Analysis for the F-431 Overpack

Appendix 2.10.8: Assessment of the F-430 Tie-down Collar Bolted Connection
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U.S. Nuclear Regulatory Commission. Regulatory guide 7.9, Standard Format and content of Part
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material, Revision 1. January 1980. .

IAEA Safety Standard Series No. TS-R-1, Regulations for the Safe Transport of Radioactive
Material. 1996 Edition (Revised). Vienna, 2000.

US Department of Commerce/National Bureau of Standards. NBS Handbook 126, American
National Standard N542; Sealgd Radioactive Sources, Classification, 1977.

J. H. Evans, ORNI.. Proceedings of the 4th International Symposium on Packaging and
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"Experimental Studies of the Strain-Strain Properties of Cask Materials under Specified Impact
Conditions", pp. 232-243.

ASME BPV Code, Section I1I.

RDT Standard No. F-8-11T, Fuel Shipping Container Tie-down for Truck Transport, Division of
Reactor Research and Development, US, ERDA. January 1975.

W. R. Holman & R. T. Longland. NUREG/CR-1815; UCRL-53013, “Recommendations for
Protecting Against Failure by Brittle Fracture in Ferritic Steel Shipping Packages up to Four
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C APPENDIXZ 102 I P
Tne-down Analyms of the F-431 Transport Package NN

1. EINTRODUCTION

L In this append1x ‘the F 431 package t1e-d0wn arrangement is- analysed w1th respect to the requlrements' L
..t of 10 CFR'7 L 45(b){1]. The strength of the tie-down system is’ ‘evaluated based on accelerations of .-
the transport vehicle. The accelerations are hsted in Table A2, 10 2 1 ’Ifhe ue—down arrangement is
, illustrated i in Flgure A2, 10 2-1% e

The F —431 1s used m conJunctmn w1th a txe—down collar that: glrdles the F 431 at mld-he1ght The tle- y

'bosses, welded to the cm:umference of the F- 431

" Horizontal, along dtrectlonofmotlon R RS RPN (VIR

Honzontal |n transverse d!rectton . Lo B

g s PMENT DESCRIPTlON

A standard open top tra1ler is iormally 1 used for the ‘shipment of oné F-431 package. The 1ower endof & hi
© ¢ the tie-down gha:lnsv are attached'to the:frame of the trailer while the upper end is attached to the lugs .- o
=+ on the tie-down collar. Chocks are used to prevent sliding of the package along the floor of the trailer.: = =

L &3t

S T T Figure A210.2-4: F-431 Tie:Down Arrangement.
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. 3. STRESS ANALYSIS OF THE F-431 WITH MAXIMUM TIE-DOWN FORCES

3.1

Finite Element Analysis

The tie-down system was analysed with a three dimensional model constructed using

ProMechanica Structure [2]. The F-431 was modeled as a right cylinder, made up of layers
The features of the model and their properties
are listed m Table A2.10.2-2. The payload (e.g. GC1000 or GC3000) was simulated by a

hollow cylinder made of lead. The lead thickness was selected in order to produce a total mass
of 5,000 1b. The exact geometry of the tie-down collar and the shipping skid was modeled. The
tie-down chains were modeled as beam elements. Only three chains were modeled, since the
fourth was found to have no tensile load. The chocks were simulated by constraining the
corners of the skid from translation. Similarly, the bottom of the tie-down chains were
constrained from translation. The accelerations listed in Table A2.10.2-1 were applied to the
model.

The model statistics are listed in Table A2.10.2-3. The stress results are shown in Figure
A2.10.2-2.

Layer 1 (outer most)

Layer 2

Layer 3

Layer 4 2.42 X 10° psi

() H u

3.2

. July 2018

o
£ .
L P

N

Points: 6253, Edges: 32463, Faces: 47772

Type: P-element,
Beams: 3, Shells: 1995, Solids: 21566

23564
8
Multi Pass Adaptive

Tie-Down Collar Stresses
The stresses in the tie-down collar are shown in figure A2.10.2-3.

The highest stresses in the model occur in one of the tie-down collar lugs. Figures A2.10.2-4
and A2.10.2-5 show the stresses in the lug that is loaded with the tie-down chain with the
highest load. In Figures A2.10.2-4 and A2.10.2-5, the maximum stress i . This is
safely below the yield strength o

Away from the tie-down lug, the maximum stress occurs in the top stiffener, adjacent to the lug
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Maxirmum )

Figure A2.10.2-2: Tie-Down Stresses in the F-431

The stress in the bolts that fasten together the two halves of the tie-down collar must also be
considered. This stress will be calculated. It is assumed that only one bolt per side bears the
entire load. Furthermore, the reduction in the bolt load due to the friction between the collar
and the F-431 skin will be neglected.

The maximum load in the tie-down chains is 20,000 Ib. The horizontal and vertical components
of this force are 14,140 lb. each. Since the vertical component of the tie-down force is borne by
the oblong bosses, the bolts are subjected mainly to tension.

c=F/A

where o = stress in the bolt

F = the load in the bolt = 14,140 1b.
A = stress area of the bolt, based on the root dia. = 0.431 in.” (root dia. = 0.741 in.)

Therefore ¢ = 32,790 psi

The bolts

This analysis is very conservative since only one of the bolts was considered.
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.125e-@4
. 250e+B4
.375:40

4.
3
=

4
=30

Band maximum
62,010 psi

Figure A2.10.2-3: Stresses in the F-431 Tie-Down Collar

(Maximum)

Figure A2.10.2-4: Stresses in the Tie-Down Lug

Figure A2.10.2-5: Stress Distribution in the Tie-Down Lug
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Figure A2.10.2-6: Stress Distribution in the Tie-Down Band

3.3 Stresses in the F-431 Main Body
The stresses in the bosses and the boss ring are shown in Figures A.2.10.3-7 and A.2.10.3-8.

The results show that the stresses in the F-431 are highest in the skin, just above the internal

band. The maximum stress is 20I610 isi. This is safely below the minimum yield strength of

Figure A2.10.2-7: Stresses in the F-431 Skin and Inner Ring
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{Maximum)

Container maximum-20.610 psi

4 Nodel Max o 20QBIE+04

e

Figure A2.10.2-8: Stresses in the F-431 Skin and Inner Ring
5. CONCLUSIONS
The maximum stress in the body of the F-431 package is 20,610 psi when the package and its payload

are subiected to the irescribed accelerations. This stress is safely below the minimum yield strength

The maximum stress in the tie-down collar is qbwhen the package and its payload are
s 1s safe

subl'ected to the irescribed accelerations. Thi i elow the minimum yield strength of

The maximum stress in the tie-down collar bolts is less than“ when the package and its

iaiload are subiected to the irescribed accelerations. This is sately below the minimum yield strength

Therefore, the tie-down system for the package satisfies the requirements of 10 CFR 71.45(b) [1].6.

6. REFERENCES FOR APPENDIX 2.10.2
[1] 10 CFR (Code of Federal Regulations), Chapter 1, Part 71 - Packaging and Transportation of
Radioactive Material, 1-1-99 Edition.
[2] Pro/MECHANICA STRUCTURE Version 23.3(311), Parametric Technologies Corp. Waltham
MA, 2001.
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APPENDIX 2.10.3a:
F-430 Test Report

IN/TR 1604 F430 (1b)
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F-430 Test Report

1 INTRODUCTION , :
i; The F—430 transport package has been de&gned to ship GC-40 (Upper and Lower Heads

separately) and-other units that will fit the transport cavity and do not éxceed the

. This tesf rebbﬁ ﬁrovides the results of regulatory teétsi 6ii the full scale F 430 test- -
.- specimen to meet:JAEA: Safety Series:No. 6, Regulations for: the. Safe Transport: of =
" Radioactive Matenals 1985 edition (as amended 1990) {1] and 10 CFR Part 71 [2]
_requirements. Where apphcable a descrlp‘uon of tests: and detalled test: procedures are
: mcIuded =

_container payload capacity 6f4300.1b (1950kg):: Because of its irregular shape and larger FEE
. mass the GC-40 Lower Head was tested 1n91de the new cwerpack rather than the Upper
: Head SRR ST Lo : T :

 PageNGidoist



F-430 Test Report
S 20 PRE DROP TESTS
_ 21 lnspect F-430 Test Spemmen for Flt T
- 'Report Type S .| Dateof Test ~ - -~
“fPre-Drop ¢ fo i July 20, 1999 7 5
Test Name/Descnpnon PR Test. Number Test Plan - "

.-} Inspect F-430 Test Specimen for F1t S0 IN/TP '14'93' F430 (2)

Test Details :. . .. : E: . Lo ..

1. Fitting.of main cover was checked : : ’
| 2. Fitting of internal bréce on both GC- 40 Tower head spec1mens (drop test specnnen A non— 1

" drop test specimien B) was checked. L

‘| 3. Fitting of internal brace with GC-40 lower head (both specxmens A and B) msxde transportf S R
cawtywaschecked ' SRR S IR
: Observatlons : s N ST i
1. The main cover ﬁt on the main body of the contamer w1thout mterference when aligned in
.. one position. This posmon was marked on the mating flanges with a' groove (mstead ofa
.. guide pin). If main cover was turned to align with'a dlfferent ﬂange on the mam body, :
*interference of main.cover with the body was observed.’

2. Intemal fixing brace fitted both GC-40 lower head specnnens éutSIde the contamer The R
"' brace rested on ‘the top face (cone ﬂa.nge) of the n‘radlator and had 1/ 16” to %” clearance © [ .-
|+ . with the irradiator side to side and front to back. 2 SRS :

3. Drop test specimen A with the fixing brace was: mstalled m51de the transport cavxty dunng

L manufactunng Since the radial clearance between the ﬁxmg brace and the. cavitywas “ .| . .

- small and nori-uniform, GC—40 had to be rotated by about 35° away from ‘the ﬁont—to—back: JREO

centerline (Figure 1). - - S R

4. Non-drop test specnnen B ﬁtted inside the cavzty W1th the inner brace without rotatmn
N ;.':'3 That is, the irradiator cylinder axis. was aligned with the:container front-to-back axis.

Results ~ - , L SN
MR When properly ahgncd main cover fit-on the body of the contamer w1thout mterferencc as’

-]+ required. All'bolt holes were aligned. to accommodate sixteen 5/8” bolts;:: } RO

2. Outside of the container the:internal fixing brace fitted properly on beth GC-40 madxators

3. Inside'ths F-430 container both specimens-A: and: B ﬁtted w1th the ﬁxmg brace on, but had
- V‘toberotatedasreqmredtoﬁt L Do :
: Conclusmns T
1. Main cover fitted on the contalner body Larger radlal clearance and 1ocatmg pm are :
1 ' recommended for future containers.: . -
1 2. Internal ﬁxmg brace fitted over both specnnens A and B of GC-40. : ¥

3. Internal-fixing brace with either specimen ¢ of GC-40 fitted inside- the transport cav1ty Wlth
-} . difficulties, and larger cavity ‘diameter is requn‘ed on future containers, ,

4... Internal components of GC-40 (source. drawer and: duimy. source) fit properly 3

5. One of the purposes .of drop.test #4 was to check if the sharp corner of GC-40 base plate

INITR 1604 F430 (1)

¢ould pierce through the cavity wall. Turmng GC-40 by 35° meant that this posmble

- |i . piercing would better be tested in, drop test #7.

- PageNo:&of 51 . . - "




lNITR 1604 F430 (1b)

F-430 Test Report

= Personnel

. Name

Title .. . . Signature / Date

4 Test Conducted by. JirilKIilp’ka

; Revlewed by

o Benjamm Pneur

QC Techmclan

— 3PackageEngmeef'”;;;’;;:f /)AMAA 95%95/;7: o

Approved by

Dave Whltby

MAWICQVER WTH .
8= SEGMENTED FLANCES
L /A(TWO 5/8° BALTS N
o/ EACH FLANGE)

‘f';:% m

FRONT. \f{EW
OVERPACK F- 430

RRAWATOR

BOLT © f

[ QC“C) o

BACKOF |5
. 6C—40

SOURCE ‘G 24D

MoBOLT 2

FRONT OF.
e IRRAD!ATOR
SR Gc~40
FRONT

BOLT 1 E; Gon

. .PageNo:6of 51 . . . =

" 'NOTE: BOLTS. ARE NUMBERED COUNTER CLOCKWISE - - .- =~

" Figure 1, Orientation'of GC-40 and Bolt Numbering =~ =



SN -The F-430 components were welghed in Industnal Operatlons of MDS Nordmn

I Model: Portaweigh Model 4300, Serial No: 40524/67782, MDSN Inventory No 13531
| Calibrated: 03/07/1997 (recalibrated in April 2000 Wlthcut correctlon) ~

SR ,,_DummySourceC -440= 234g "

N P 'The total welght of the F 430/GC-40 test specnnen was 6960 ]b

o Personnel Name. _ﬁ g ;Tltle ik Slgnature/ Date
o 'Test Conducted by Ji’ﬁ'K’riip'k,a SEARE ‘PackageEngmeer o S

!NITR 1604 F430 (1)

F-430 Test Report

2, 2 Welgh F-430 Test Speclmen o

= ReportType St I Date of Test

Pre-Drop - B August 9, 1999

| Test Nﬁnié)’DeScrlptlmi o | Test Nixiﬁbe’r Test Plan

i We1ghF-430TestSpec1men 512 S IN/TP 1493 F43O (2)

Test Detalls

; Equlpment

- | 2. Mettler Balance - - -~ ST S
.| Type P3, Serial No: 230493, MDSN Imfentory No 6- 745 006
Calibrated: 13. May, 1999 .
| Capacity: 3000g +/- lg
..} 3.Toledo Scale ... -~ : o : o T
I Model 2184, Serial No: 585. 5524-STL MDSN Invcntory No 5-745 85, SRR

B ‘Capamty 4001b +/— 0 1b -

1. Measurement System Internatmnal d1g1ta1 scale ( overhead load cell)

Capacﬁy 20,0001b, Accuracy +/'- 5lb.

Calibrated: 1. October, 1999

. Results

| Main Body (mcludmg Skld and plywood mserts) = 1760 1b
. .| Madin Cover =7451b. -
- InnerCover‘lGOib e ‘:- - T e
InternalBrace 4601b . BN Lo IR

) GC-4O non-drop’ test specimen B (SN 004 1, mcludmg drawer and source) 273 5 lb

Source Drawer =28.81b ... - ;‘-

’ Conclusmns

’ Revnewed by T BenjammPneur y 5 ‘QC TeChmclan T B NN

':Appmvedbyr i '| Dave Whitby . - SemorQC Techmcian




INITR1604 F430 (1)

F-430 Test Report

Report Type

Date of Test

2.3 Dlmenswnal Measurement of F-430 Test Spemmen i

| Pre-Drop”

[/ August’9, 1999-.

| Test Name/Descrlptlon

o |: Test Number

Test Plan

D1mens1ona1 Measurement of F 430 Test
| Specimen: :-

513

IN/TP 1493 F43'0 (2)

| Test Details el NS
'| The F-430 pertinent dlmensmns wete recorded Refer to Flgure 2

_{ Dimension

Results/Observatlons Com

| Nominal: Value [m]

.Measured Value [m]

. :Ef :Ar':

6188 T

| 61.75,61.50 -

‘Comments

50,22

- :50.20, 50.30

1 50.00

i INotel il
50.00,49.90 - " T

~ 15000

49.75, 50.00

300

| 31:15, 31.12

1875

1875, 18.56 . .

T [ 44.50

44.50,44.80. "

800

1800

2617

1375

-1 7.00

7.25

T700 -

11720 .

44.00 "

- 1.43.93, 44.00

13.00

| Notel
13.20, RS

1950

9.50, 940

150

[1.50"

288

3:2:.60-,152.80“, S

13375

33.75

RO | 0|2 E A = =m0 m S0 >

35:50

':5.-3550

et

Note 13, .

- Al diameters were sllghtly out of round but w1th1n acceptable 11m1ts (max 3/8”) Lo
Conclus10ns RS K T o

AR :No devratlon listed above affect the form, fit of functlon of the F 430/GC 40 and had no
e s1gn1ﬁcant effect on. contamer s performance and evaluatlon

» Person'nel L

‘Name.:

T1tle

" ET‘e‘st Conducted_ by:

JiriKrup'ka.w-.“ o

. . -] Signature / Date
Package Englneer SN 1

Rev1ewed by

Ben]amm Pneur E

QC Techn1c1an T

Approved by

o Dave Whltby

Semor QC Techmclan
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L »Te'st':Ndine'/'Des‘cﬁpﬁoh RIS “
> Dlmensmnal Measuremem of GC— TSR

mrrR1so4F430(1)

- PageNoi10of 51 - . -

F-430 Test Report

2 4 DlmenSIonaI Measurement of GC-4O Drop Test Spemmen

T Report Type

*| Date of Test

Pre-Drop ::

August 9, 1999

.| Test Number

T Test Plan

Drop Test Speelmen

14 7T |INTR 1493 F430(2)

‘i'TeStDetallS e DR

| 'The GC-40 pertment dxmenswns were recorded Refer to Flgure 3.

| The: followmg dlmensmns Were chosen as reference for before and after drop comparlson The 1 .
.-} nominal values are omitted as the measured values are relevant to the evaluatron of the

: perfonnance of the GC- 40.-
- -Results/Observatmns R

Measured Valie [in]. .

|Comments |

Dr‘menswn = IR

Nommal Value ‘{1’1’1]

- 1.24.8,249

13.75, 13 81

10.50.

1-6:88°

’--14:31*- -

431

'0.63:

- 1143

459 " .o

1.38

562

5.56 . IS

ee2zwe~”e¢v9e>

1 Conclusrons

L -0287‘

5| The above data are mtended for companson of before and after drop testmg See section 5. 3 3

Personnel

Name

s ;Tltle .

i Slgnature /Date

Package Engineer | '

_.Rey;ew.e.d:bw .

‘Beénjamin Prieur

QC Technician " . " -

;;A.p'pros{ed_by:‘

Dave Whitby . :

Senior QC Technician |~ 7.




IN/TR 1604 F430 (1)
Page No: 11 of 51

F-430 Test Report
Extra Lead Inside Cone
(Snecimen A) (Snecimen B)
H G K

Extra Lead Cs-137 Source
(Specimen A) (1737 Ci)

Figure 3, GC-40 Lower Head, Pre-Drop Dimensions



- INITR1604 F430 (1)

F-430 Test Report

. l?‘.a\;:;'c-z'N(:')é5"Ié:o:fj 5. . 0

2 5 D:mens:onal Measurement of C-440 Dummy Source e R

Pre—Drop o August9 1999

| Test Name/Descrlptlon S . ‘Tésf'Nliliiber | Test Plan B

| Dimensional Medsurement of C 440 1515 0 IN/TP 1493 F430~ (2)- 3

Dummy Source

.- { Test Details - o
o ;Dummy source was Vlsually mspected and out31de dlmenswns Were recorded

Results/()bservatmns T

- ¢V1sual mspectwn Clean smooth. dent-free surface.. .

o Dlameter' 1 568” . i E';,.ﬁz G S R DR
o :Ii‘ehgth 1696” e 5- ‘ T BRIt

o Dummy source slides freely info. the source cav:ty msuie the source drawer Internal retammg
. { ring that keeps source in place was installed and prowdes a Sllght axial movement of source
‘| inside the cav1ty (approxmlately 0. 020”) a ' v

- :P‘ersonnel

Test Conducfed by:- Jiri;KIfllpKa [ Package Engmeer B

o jRewewed by Bk Benjamin Prieuf.?f;; QC Techmman

Appmygd;by; Dave Whltby _Senmr QC Techmclan g:




lNITR 1604 F430 (1)

B e s LIRS o P898N0130f 51 S—_— REEEE

F430 Test Report

26 Hellum Leak Test of C—440 Dummy Source R

e ‘ReportType n:r::f-_ .. . “I'Date of Test -

Pre-Drojp’ :: Lo August:14, 1999

| Test Name/])escrrptlon . | Test Number ' | TestPlan

~}:Helium Leak Test: ofC-44O Dummy 516 0 IN/TP 1493 F430 (2)- o

Source .

e TestDetalls o T
- jCallbrated hehum leak tester Model Vanan Auto-test 9-47

Serlal number: DJAE 2001 S

L 'Results/Observatmns

] Hehum Leak testmg ‘was performed on C440 capsule #1271 prlor to drop tesung w1th1n
] ;overpack F 430 /GC-40: prototype : BRI Lo

‘ The capsule was Hehum pressunzed (bombed) for: 2 hours at 300 p31 |

} Conclusions -

'| Dummy source paéééa'ﬁelium';1eakte's£ﬁig;” SR

) | Personmel . ;; Name oo | Title o Signa‘tun:e/;l)’ate“
| Test Conducted ‘| John Culbertson | Met. Laboratory - A

by:

[Reviewed by: |7 Krupka | Package Engineer |

| Auprovedgbyr .John’:Svrulth T ﬁQualjtyiAssurzlnce:' C

. fhnmedrately followmg pressunzaﬁon the source eapsule was hehum leak tested and no. .} . s
leaks were detected to 1 X 10 2. Std cc/sec. : St i



INITR1604F430(1)

F-430 Test Report

"'2""7 lnspectaon of Source Drawer o

K fReportType vt .o 'Dateof Test

Pre.Drop B AugustQ 1999

| Test NamefDeséri‘p‘tion' . | Test Number ‘TestPlan

| Inspection of Source: Drawer R 7 N ]N/TP 1493 F430 (-2-)~ "

Test Detaﬂs

o Dummy source was Vlsually mspected and out;SIde dlmensmns were recorded R B

:Results/Ob'se’rvatlons -

A Vlsual msp@f&tlon Clean sroooth dent—free surfooo
| ’Dlameter 2476” | | -

. ;Longth 28 63” :Ei‘.g;.":

4 Source drawer slides ﬁ‘eely into: the cavity molde the GC-4O lower head It is held ax1a11y -; -

|- with bronze nuts (one on each end). These nuts were finger tight before and after drop
' Itestmg and prov1ded zZero ax1a1 clearance for the source drawer.’ :

L ,Conclusions

The above data are 1ntended for companson of before and aﬁer drop testmg See soc‘tlon
-~536 .

. by:

’Personn”el [ Name .. [Tfle . - Slgnature/Date I o

Test Conducted ) _Jiri Krupka L fPackage Engmeer

| Reviewed by “”Benjamm Pneur : QC T echmcmn

j AApproved by : "5,’:Dave Whltby ' Semor QC

ST T . SRS Techmman
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F-430 Test Report
L 2 8 Radlat|on Survey
ReportType SRR Date of Test
Pre-Drop: EEIRTI August 7, 1999, F- 430/GC 40 Spe01menA ST I
b o T August 9, 1999, F-430/GC-40 SpeCImenB b
- | Test Name/Description O | Test Number | Test Plan NGRS
Radiationfsurvey SRR 518.. . : IN/TP 1493 F430 (2)

. Descnptlon :

":Th1s report detalls the radlatlon survey results of the F- 430 overpack prototype as outhned in the SRR

' :5§Procedure ' f@@ : ' 5:-7:
The GC- 40 lower head spec1men A (w1th lead dummy welghts) and B (w1thout lead dummy

. weights), were loaded with-a-C-440 source by Source Product1on in Cell 06 The act1v1ty S

- i measurement results of the source are as follows

Source Type Serlal'Numher Act1v1ty Dateof . . | Radionuclidé_ : -
3 a | Content VMteilfS’l‘ll"e SR
TC4a0 A6 |17% Ci__ [1998 April21 | Cs-137.

ct1v1ty at the tlme of the survey was 1687 Ci -
N The loaded head was: than located in an’ area of low radlatron background levels (< 0 02 mR/h)
" The GC-40 head was then surveyed as per procedure CO-QC/TP-0001.(2), which meets or -
exceeds the technical requlrements of the QC survey in procedure IN/IM 0309 GC40. The : . -
N readmgs taken at the ‘one © meter d1stance from the contalner surface were taken usmg the ion

: The mstrumentatlon used for the survey is as follows

[Make | Medd :Se'rial'No.'g Qalibraﬁon:ﬁate' Probe Type ..
Victoreen = | 471 . [1432 [ 1999July23 | fon Chamber . |-
' .ﬁ: Berthold L Rato/F 2000 1999 August 07 Ge1ger Mueller

The head was then loaded mto the F 430 overpack prototype and prepared as 1f for shlpment

:§; area was recorded and detalled on the followmg ﬁgures Flgure 4, GC-40 (Specrmen A) Ins1de o
' F-430 Overpack, Pre-Drop Survey Figure 5, GC-40 (Specimen B) Inside F-430 Overpack; Pre-

Drop SutveyFigure 6, GC 40 (Spec1men A) Pre—Drop Survey, anid Fi igure 7, GC 40 (Spemmen )

B) Pre Drop Survey .....

Comments
- The- radiation fields around the GC- -40 -and F- 430 were typlcally low other than a few locallzed
i areas most readmgs were barely detectable above the background levels '



7 INMTR 1604 F430 (1)

" 'F430 Test Report.. " | "

- - PageNo:16of 51 . . .~ =

"] Ton: 0.10 mRE contact

1 GM: 010 meh contact -

» 'Gﬁ:f(‘)‘.‘lzii‘nwh,contact':zi 1< | GN ' act - T e
| Ton: 0.05 mR/h conitact . RTRE

- | {GM: 0.08 mR/A contact Lo
E ?IOﬁ:>’<O.05'mehc6i1t¢a‘ct: C T

GM<005 mR/h contéc;t:;;
VAR 10n<005mR/h con_tact«"i S

o Nowam e |
S -~ .| Jon: <0.05 mR/h contact

*“:Note: All TI measuremients at 1 meter distance from the container surface were < 0,05 miR/h. |

- Figure 4, GC-40 (Specimen A) Inside F-430 Overpack; Pre-Drop Survey:. . A



7. INITR 1604 F430 (1)

GM: 0,30/ mR/h contact

| Ton:0.22 mR/ contact : | N\ =

. F-430 Test Report.. |

| :GM: 0.15 mR/hicontact

‘. PageNortrof51 . .t

Ton: 0.10 mR/h contact | © 1

~ Ne— [ oM:030 mRAhcontact |-

Idn,:ff();ZQ_mR{h.conAtaqtj o I

GM: 0.40 mR/h contact |

GM: <0.05 mR/h contact

| + | JTon: <0.05 mR/h contact .- 1

" Noté: All Ti measuréments at 1 meter distarice. from the containgr surface were < 020 mR/A.

/| lon: 020 mRhrcontact |



: GM':'O'.BOmR/hcoletaqt:

-~ INJTR 1604 F430 (1)

" F430 Test Report... . .

o oomrm@t R

'| Ton: 0.24 mR/h contact |

.| GM:35 mR/hcontact :
“Ton: 0.32 mR/h contact | .

2 : .GM:_.7,0'mR;/Ilzéoﬁtgct-~ o
- Ion: 3.8 mR/h contact ;| .

GM: 0.30:mR/h contact | . . -
-|-Ton: 0.20'mR/h contact, - |

| 030 mR/K @1 meter

~{ 020 mR/h @1 mtér

Y jjA0,34;mR‘/ii:@:‘1':met¢;rj;. SR



INITR1604F430(1)

F-430 Test Report

SR | 040mRM@L |y i

GM: 7 5 mR/h contact
Ion 3 6 mR/h contact

~GM: 160 mR/h contact
: Ton: 60 mR/h contactA i
' (1n51de conc)

N osasmbgr | e

~| GM:0.45 mR/h contact |- - - - -
Ton:0:32 mR/h contact | i @+ °

| GM: 2.2 mR/h contact |~/
| Ion:040mR/h

E::.”0'_30va. /h@l

=4[ 020 mRA @1 -

E‘Fi_gur_e 7, .GC-:ci:(')E(Specimen,B),'Pfeibfop Su_lfve'y-. N I i

~|Personnel . .- 7 |'Name . .- i 7% [Title .- 7 | Signature/Date . .| ot
Test Conducted by Dave Whitby E Industrlal Quahty g;.::: RN RTINS
§Rev1ewed by = siﬁ Tiri Krupka | Package Bngineer i N

, Approved by S _Ioﬁh Sﬁlith‘ . QualityAsvsurar.lce L T
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F-430TestReport EERE TR

29" SteadyStateThermal Test AP
ReportType R - " Date ofTest S

Pre-Drop : B July 26 — August 8, 1999
-+ | Test Namefl)es‘.cript’iou 0 | Test Number 1 Test Plan I '
*.:f Steady State Thermal. Test .' S |S: 1 .9 R IN;’TP 1493 F430 (2)
EQUIPMENT G S

- -} HP Computer, MDS NOI‘leIl Inventory No. (32007
:::| HP Monitor, MDS Nordion Inventory No.. MllSO
' FLUKEHydra Logger Software, Version 3.0 L S ‘ B
FLUKE Hydra Data Acqulsu:ron Umt Mode] 2620 SN 5577551 Cahbrated Aug 27 99 See ' TR
’ 'attachedNDR form |

AR -THERMOCOUPLE INSTALLATION ‘ A
o Twenty thermocouples were mstalled at loeatlons shown in Flgure 9, and held m posmon w1th
‘ aduettape ~ L L

| A bole was drilled (0. 50” dlameter) through the:main cover and inner: cover to reach pomts RN
| inside the container:- The hole was then:sealed with a duct tape 3

-l 'To'measure source temperature, the sourcé drawer had a-groove machined to' aocommodate
leads for two thermocouples (#0 and 5). A small hole was then dnlled towards the center: of C
.+ | the drawer where the tips of the two thermocouples were embedded. No'glue was used since . [~ - -~~~
+ ] the groove and the hole prov1ded a snug fit for the thermoeouple 1eads Cni ’

o ’SOURCE LOADING AND PACICAGE ASSEMBLY RS RN
. .| The non-drop test-specimen of GC-40 lower head (SN 004—1) was loaded with C-440 hve N
| sotirce (SN A1065, heiit generated by this source.was approx. 15W.corresponding to 1737 Ci). =
Source drawer was equipped with two thermocouples to measure source temperature. :
- | After source was loaded in the GC-40 unit, it Was instrumented with additional- thermocouples 1
* ::| inserted in the F-430 transport cavity with the stainless steel fixing brace in place. : Both covers
were closed and balance of thermocouples was installed on the outside of the container. . L
| Closure bolts were t1ghtened but torque was. not measured Gaskets oi: ifiner and main covers |
S weremplace L o o

MEASUREMENTS RN EEEE EENE E i R

-~ | Temperatures were scanned and recorded every hour untd steady state COIldItIOIlS were |

© '] reached. S

Test set.up ‘was mdoors in the Cobalt area of MDS Nordlon Mareh Road Kanata

| Results/Observations -~ : AN R co

-} Steady state conditions were reached in' about 11 days w1th amb1ent temperatures between 21 -}

| and 22°C Max1mum temperature was the | source, temperature ‘which:rose from 24. 7t0° SR N

28.9°C::. S S PR .

| See Flgure 8 for detarled temperature hrstones L ‘

| ‘Ac¢curacy of results is within +/= 0.7°C as-the. FLUKE Data Acqulsltlon Umt was found O 2°C
out oftoleraucerange (+/-05°C) N SRR ERNI
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Steady State Temperatures (Selected Locations)
GC-40 Lower Head Inside F-430 Overpack

=== Source

=== GC-40 Surface
=== Cavity Top
== |nside Cover
= Ambient Top

- < N O M © O N B O - I N O M
N D O N OO - MO ¥ O N~ o©
b

- - - v

196
209
222
235
248

Elapsed Time (hrs) - -

Steady State Temperatures (all thermocouples)
GC-40 Lower Head inside F-430 Overpack

—TC1
—TC2
TC3
w1 G4
—TC5
———TCH
—TCT
—TC8
—TC9
TC10
TC11
TC12
~TC13
——TC14
—TC15
TC16
—TCAT
——TC18

Temperature (C)

N NN O - M v N

D = o™ D =
<t © N 0O O O N M ¥ 0 © ©
T N e e e e e

Elapsed Time (hrs) ——TC19
——TC0

193
205
217
229
241
253

Figure 8, Steady State Temperatures, F-430/GC-40
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Figure 9, Thermocouple Locations

Conclusions

Temperature rise was relatively small due to small heat generated by the source.

Personnel Name Title Signature / Date
Test Conducted by: | Jiri Krupka Package Engineer
Reviewed by: Dave Whitby Industrial Quality
Control
Approved by: John Smith Quality Assurance
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2.12 Penetration Test
Report Type Date of Test
Pre-Drop September 9, 1999
Test Name/Description Test Number | Test Plan
Penetration Test 5.1.10 IN/TP 1493 F430 (2)

Test Details

A 6 kg steel bar, 3.2 cm in diameter, 96 cm long with a spherical end was dropped from a
height of 1.7m onto the surface of the container, so as to penetrate inside and damage the
radioactive source.

One flat and one curved surfaces were selected in such locations, where the support was the
weakest, and the distance to the source was closest.

Results/Observations

None of the 1.7m drops penetrated the surface of the container (stainless steel sheet 0.105”
thick). ‘
The largest dent depth was approximately 3mm (1/8”) deep. Refer to the attached figure.

Conclusions

The container passed the penetration test as per IAEA regulations for transport packages (Type
A).

Personnel Name Title Signature / Date
Test Conducted by: | Jiri Krupka Package Engineer
Reviewed by: Benjamin Prieur QC Technician

Approved by: Dave Whitby Senior QC Technician
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2.11 Modifications to GC-40 Lower Head

To demonstrate good crush properties and strength of the F-430 container, additional weight was
attached to the GC-40 drop test specimen A (Figure 10). This extra weight was in form of lead
poured in cavities of the body of the GC-40 unit. The total added weight was 1100 Ib, which
was calculated by weighing both GC-40 specimens A and B (SN 004-1).

A groove (0.230” wide, 0.150” deep) was made on the surface of the source drawer to
accommodate thermocouple leads to measure source temperature during steady state.

Small tapped holes were made on the front and back faces of the GC-40 drop test unit (specimen
A) for attachment of accelerometers. Refer to AECL Drop Test Report, Appendix 1.

DUMMY WEIGHT:

— GC-40 LOWER HEAD LEAD CAST IN PLACE
/ / ESTIM. MASS =415 Ib
|

.00

7

0.50

)

10.50

DUMMY WEIGHT: e 1300 — =]
LEAD CAST IN PLACE
ESTIM. MASS = 880 Ib

Figure 10, Dummy Weights On GC-40

2.12 Modifications to F-430 prototype

The F-430 container was built as a full-scale prototype. The only modifications made were holes
for thermocouple and accelerometer wiring. These holes (1/2” diameter) had no effect on the
container’s performance during regulatory testing.
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3. DROP TESTS

The drop tests were performed at Chalk River site on October 13 and 14, 1999. Full details of
the tests are included in Appendix 1, AECL Test Report, F-430 Testing.

All closure bolts and nuts were numbered to keep track of their location (Figure 1). Exterior
(main cover) bolts are numbered 1 to 16, interior cover bolts are numbered 17 to 36 (clockwise
when viewed from the top, starting from the front of GC-40 irradiator).

The order of drop tests deviated from the test plan in order to best demonstrate container’s
performance:

Test #1: Normal 1.2m Free Drop Test: Upright orientation.

Test #2: Normal 1.2m Free Drop Test: Top edge orientation

Test #3: 9m Free Drop Test: Upside down orientation

Test #4: 9m Free Drop Test: Top edge orientation

Test #5: Im Pin Drop Test: Impact top center of container

Test #6: Im Pin Drop Test: Impact side center of container

Test #7: 9m Free Drop Test: Horizontal (side) orientation

Test #8: 1m Oblique Pin Drop Test: Impact side center of container

Test #9: Im Pin Drop Test: Impact segmented flange (horizontal orientation)

All bolts were tightened to an 80 ft-1b torque prior to drop testing.

After test #1, the container was opened and the contents were visually inspected. GC-40 unit
with its brace dropped down by about %2 (Figure 11). No damage to the GC-40 was observed.
The container skid bent as shown in Figure 12

For the remaining eight drop tests bolts #7 and #23 were removed to prove redundancy in
number of closure bolts. All bolts were again tightened to a 80 ft-Ib torque prior to drop test #2,
but were not re-torqued after. Tightening of bolts was checked by hand only (“finger tight”
check).

For more damage assessment see section 4, Post Drop Tests.
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Figure 11, Brace position after drop test #1 (origi'nal position marked with black line)

Full picture history of all drop test is available on a CD-ROM, or black and white prints (8” x 10”). There
are 84 pictures numbered (by AECL) 9910-23698-1 through 9910-23698-84. Fast speed video during
impact was also made for all drop tests (available in VHS format, MPEG digital format, and 16 mm film).

Figure 12, Damage after 1.2m normal drop.
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4. POST-DROP TESTS

4.1 Damage Assessment of F-430

Report Type Date of Test

Post-Drop October 22, 1999

Test Name/Description Test Number | Test Plan

Damage Assessment of F-430 53.2 IN/TP 1493 F430 (2)
Test Details

Upon receiving of the container from the drop test facilities in Chalk River (October 19, 1999), the
container was brought to Nordion’s Cobalt area for inspection.

Results/Observations

The Skid:

Bent during drop tests #1 and 3. It came apart from the container body during drop test #7 when
the 2" bolts sheared off.

The Main Body:

Bottom edges were deformed by the skid during drop test #1 (Figure 12) and still a little more
following drop test #3 under the weight of the skid and the flapping motion of the skid’s feet
during impact (Figure 13).

Bumper was flattened during test #7 (Figure 13), some bumper weld cracks were observed after
this test (Figure 15). Outside skin was pierced during tests #6 (Figure 16) and #8 (Figure 14)
One flange segment was bent during test #9 and one segment during test #7 (Figure 13).

Internal damage was mostly in the area of the outer crush foam. Transport cavity was not pierced
and no weld cracks were observed.

Inner Cover:

Inner cover with all seven bolts remained in place. The cover caved out during drop tests #3, 4,
and 5, as internal brace pushed against it.

Main Cover:

After all nine drop tests the main cover stayed in place with six out of 15 bolts remaining (Figure
16). Five bolts were lost during drop test #4, and four during test #7.

Top edge was crushed in tests #2 and 4 (Figure 13). Lifting pockets were deformed during test #3
(Figure 15). One flange segment was bent during test #9, but no bolt was lost (Figure 13).

Inner Brace:

The top spacing piece (Figure 18) came apart from the band and ribs that surrounded the GC-40
unit. Impact was absorbed in the fins (six upright plates) of the top spacing piece. The band and
ribs remained in place fixing the GC-40 unit in the center of the transport cavity.

Conclusions

All components performed as expected and protected the contents against impact. See section 5
for detailed discussion.

Personnel Name Title Signature / Date
Test Conducted by: | Jiri Krupka Package Engineer
Reviewed by: Benjamin Prieur QC Technician

Approved by: Dave Whitby Senior QC Technician
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Figure 13, F-430 Post-Drop, Front View

(4” squares in background)

Damage after 9m side drop test #9 (tie down rings were removed prior to drop test)
Damage after 1.2m top edge drop

Damage after 9m upside down drop

Damage after 9m top edge drop

Bottom edges deformed by the skid after drop tests #1 and #3.

Flanges bent after tests #7 and 9.

AN i il

Overpack is put on the skid without attachment (all eight }2” bolts were sheared in drop test #7.
After drop testing the main cover was left with six closure bolts still in place.
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Figure 14, F-430 Post-Drop, Front-Right View

(4” squares in background)

1. Damage after 9m side drop.
2. Pierced skin after | m oblique pin drop.

S — et
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Figure 15, After 9m Inverted Drop Test (#3)

L Bumper weld cracks occurred in the area of internal lifting brace (yellow lines) likely
due to different structural stiffness. Weld cracks were observed in four locations 90°
apart.

2. Prior to drop test # 3 hoist rings were removed from the top surface of the overpack

for safety reasons.
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[

2§ i oa § SrImimr § CEEESYS § SRIeES § SIS
——

Figure 16, F-430 Post Drop, Left View

(4” squares in background)

Six remaining bolts that hold main cover in place.
Piercing of outer skin after 1m side pin drop (test #6).
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Figure 17, Front View without Main Cover

(4” squares in background)

Note: All seven bolts holding the inner cover remained in place after 9 drop tests. Internal
cover deformed after inverted drop test when contents pushed on it.
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Figure 19, Lower Part of Inner Brace with GC40 Inside F-430
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Figure 20, Detail of Skin Damage after Oblique Pin Drop

Figure 21, Detail of Skin Damage after Side Pin Drop
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4.2 Damage Assessment of GC-40
Report Type Date of Test
Post-Drop October 22, 1999
Test Name/Description Test Number | Test Plan
Damage Assessment of GC-40 Test 533 IN/TP 1493 F430 (2)
Specimen
Test Details

The GC-40 pertinent dimensions were recorded. Refer to Figure 3

The following dimensions were chosen as reference for before and after drop
comparison. The nominal values are omitted as the measured values are relevant to the
evaluation of the performance of the GC-40.

Results/Observations

Dimension Nominal Value [in] | Measured Value [in] | Comments

24.81

13.81

10.50

6.88

4.31

431

0.63

1.44

4.59

1.38

5.59

5.90

5.56

v|o|z|z|o R =—z|o|o|o|= >

0.78

The only visible damage that the GC-40 suffered (with additional weight of 1100 Ib)
were local dents around the circumference of the cone flange (Figure 22 and Figure 23)
caused during 9m inverted drops by the top ribs on the internal fixing brace (Figure 18).
Source caps closure bolts remained in place (finger tight) keeping source securely in its
stored position.

All components were freely disassembled and dummy C-440 source removed without
any visible damage to either the source or the source drawer (Figure 24).

Conclusions

The GC-40 irradiator (lower head) with extra 1100 Ib of weight survived three 30-ft, two

4-ft, and four pin drop (3-ft) tests without damage to the shielding or containment (see
section 5.3.5)

Personnel Name Title Signature / Date
Test Conducted by: | Jiri Krupka Package Engineer

Reviewed by: Benjamin Prieur QC Technician

Approved by: Dave Whitby Senior QC Technician
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Detail in Fig. 23

Figure 23, Detail of GC40 Flange

Arrows point to dents caused by impact against internal fixing brace.
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o ‘N@i;damage to the dummy Source was. g_i;ejté'cted.

[ Test Conducted Z-J‘ix_'i.Krupka o0 Package Engineer

8 Revnewédby --;;.;Benjéﬁaiﬁ'iir.ieu;;,-'Q(’:'*reehnician\ R

INITR1604F430(1)

F-430 Test Report

4 3 Dlmenswnal Measurement of C-440 Dummy Source o SR

' ‘Report Type LTI e Y 1Date OfTeSt

Post-Drop N QOctober 22,.1999

" | Test Name/Descrxptlon . | Test Number ' Test Plan

|- Dimensional Measurenient of C 440 4534 . IN/TP 1493 F430 (2»)» i

Dummy Som'ce

| TestDetails - - - . .- =77 . -
% ;Dummy seurce was v1sually 1nspected and outsuie dlmensmns were recorded

Results/Observatmns TS

: 3V15ua1 mspectmn Clean smooth dent-free surface

: Dlameter 1568”

- ;Length 1.696” R

, Dummy source shdes ﬁ‘eely mt0 the source cawty msuie the source drawer Intemal

a 3 »retammg ring that keeps source in place was mstalled and prowdes a shght ax1al

Conclusions -

| Personnel.:: | Name. " = _Titl.eﬁ;f::; - i Signature /T ]

by:

" :Appr()\f;t:‘d;by: - ;’f)gvf.::Wh‘itby”: a :ASemorQC Techmmanj_’i. R

o Eage’Nch:Qé:of Bl ..
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4 4 Hellum Leak Test of C-440 Dummy Source e

Post-Drop R December 16 1999

© | Test Name/Descrlptlon S Ny ‘Test Number Test Plan

i :HehumLeakTestofC 440Dummy 535 Tt 1493 F430 (2)

Source. :

' . -Test Detalls

Senalnumber DJAE2001 .

o ;Results/Observanons

o Hehum Leak testing was- performed on C440 capsule # 1271 after drop testmg w1th1n RS PR
R :overpack F-430 / GC-40 prototype '

The capsule was Hehum pressurlzed (bombed) for 2 hours at 300 ps1

i ;Immedlately followlng pressurlzatlon the source capsule was: hehum leak tested and no

leaks’ were: detected tol X 10 Std cc/sec

, Conclusions ‘:'

: :Dummy source passed hehum leak testmg after a senes of 9 drop tests. 1n51de F 430/GC- :

40 transport contamer e

g :Personnel TR Name

Test Conducted by John Culbertson g Met Laboratory

Title = .= Slgnatu're' '/ Date

. g jRev1ewed by Jln Krupka Package Engmeer

Approvedby: | TobnSmih | Qually Awurance |

- Eage'No?Béof: 51...
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lnspectlon of Source Drawer o

o rRepon'rype TDateof Test _

Post-Drop :: R October 22, 1999

| Test Name/Des(:rlptmn' T | Test Number | Test Plan

" {.Inspection ofSouree Drawer R 7 3 6 R IN/TP 1493 F430 (2)

Test Detalls

- Dummy source was vxsually mspected and outeude dlmenszons were recorded

i 'Results/Ob'se'rvatmns '

2 -szual mspectlon Clean smooth dent~free surface

Diameter 2 476”

o ;Length 28 63” i ?? :

o Source drawer slides ﬁ'eely into: the cavity mmde the GC 40 lower head At is held ax1a11y .
| with bronze nuts (one on each end).. These Tuts were ﬁnger t1ght before and after drop testmg :,
|'and provxded zZero axial clearance R : o , L

~ |.Conclusions

No démege; to the dummy. source was detected. ., ¢ -

- Personmel . |Name .. |Title . .. Signature / Date

Test Conducted by: |Jiri Krupka 2 APackage Engmeer‘ L

L Revmwed by e BenjammPneur . ‘QC Technlcmn

Appmved;byj: DeyeéWhitby A ’;S:‘emqr QC Techmei;an?;ll
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: 46 Radlatlon Survey AR I.fz-\'i B
i ReportT)'pe S ERRIRI B :Date of Test - ‘
Post-Drop :: Crn January 9, 2000 Lo
- ] Test Name/Descrlptmn . | Test Number "TestPlan .
] Radlatlon Survey 5.3, 7 . IN/TP 1493 F430 (2)

. .,Descnptlon S

. This report details thé radzatlon survey results of the F-430 overpack prototype as: outlmed in the SR
" F-430 Test.Plan IN/TP 1493 F430 (1) after the package was drop. tested at the Chalk Rlver

Nuclear Laboratory Facﬂlty O

‘ .ffiProcedure 4 RO

The drop tested GC-40, Specmlen A (wrth lead dummy welghts), and GC-40 Spemmen B

- s I Source Type Senal Number o Actlvnty : _Date of Radlonucllde

: e . Content | . Measure | .
[ A1065 1737Ci "1998April>;2;l§§» cs-137, .,::j};.:::

B Actmty at the time of the survey was 167 1 Cx

- The loaded head Was than located in an area of low. radlatlon background levels (< 0 02 mR/h)

The GC-40; Spemmen A was surveyed as pet procedure CO-QC/IT-0001(2), which meets or:

. exceeds the technical requlrements of the QC survey in procedure IN/IM 0309 GC40. The R
i‘freadmgs taken at- thie 'onie meter dlstance from the container surface were taken using the i fon .- ST

chamber instriment only, s0:as to simulate actual TIvalues recorded at tlme of shlpment

: The mstrumentatlon used for'the survey was as follows: -

“Make. . | Modelj “Sexial No. | Calibration Date ;j,chmﬁiiéi-‘rwejj;.‘;:'

Vietoreehz U L 1432 .- 1999 July 23 . | .. Jon Chamber .
BlCI‘On . Surveyor B611W 1999 Nov ll Gerger Mueller

Spec1mens A a:ud B were loaded mto the F 430 overpack prototype and prepared as if for L
. shipment. The F-430 was thén surveyed as-per CO-QC/IT-0001 (2). "The highest readmgs o
e attamed for each area‘was recorded and de’enled in Flgure 25, ¥ 1gure 26 and Figure: 27

S ”Comments ' RTINS R R
" .- The radiation fields. around the GC—40 and F-430 were typlcally low Other than a: few locahzed i
“areas, most readmgs were barely detectable above the background levels. .- "~ Sreen

There was little measurable difference in readings between the pre—drop survey and the post~drop

. survey. ‘There wasa’ small increase in readings at ‘the damaged areas, only because the meter
S could be placed closet to the source position, not necessarlly due to any loss of shxeldmg

L drop conﬁguratron Sotirce Producuon loaded the head in Cell 06, just as was done before the L
~ drop test. The actmty measurement results of the source are as follows ' : L
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"G Ol3mR/hcontact :

, .Ion OOSmR/hcontact NG

Defonnatlon after: drop not shown JETAE

~  The Des1gn Acceptance Cntena of 80% of the regulatory hmlt ( 1000 mrem/h) was easﬂy
i'r:satlsfned when corrected to the maxinium: allowable act1v1ty

ITon: OOSmR/h contact

v GM: 0.06 mR/h contact .| i
|- Ton: <0.05mR/h contact - |-

| “GM: 0.06 miR/h contact

( in denressxon)

- Ton: <0.05. mR/hcontact o

N GM: <0.05 mR/h contact .
“Jon: €0.05 mR/h contact-- . *

"~ Note: All T1 meastirements at 1 meter dlstance from the contamer surface were < 0.05 mR/h

| {GNL; 0.10 mR/h cofitact’ . | . o i
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012mR/h@ 1 meter © -

. g;- ::Ion: 0.24 mR/l:;'chtz}:ct

'GM:0:3 mR/h contact . *::

e - GM: 2.7'mR/I.1 contact

Ton: Q.;30}1ﬁ3/h contact :  S

_ 'lFiglir‘é326:,~'GC-{t_O.(Spebiiﬂeh A), Post-Drop Survey . ..

| 015 mR/ @ 1 mheter

GM: 03mR/h contact

o \ O30mR/h@l meter

/1 GM: 7.0 mR/h contact |-
/| Ion:4.0 mR/h contact i i

| Ton: 0.20 mR/h contact - - N

~| 0.14 mR/b @ 'meter.
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:'GM: EO-40mR/hcont:act;;-
C 10n 030 mR/hcontact TION

. Note:"

F-430 Test Report

GM: 0.]
~|- Jon: 0:10 mR/h contact -

15 mR/h contact

—. .AGM 0.40 mR/h contact
-] Ioni: 0.25 mR/h contact

/{7GM: 0.5 mR/h Contatt . | |
Ton: 0. 3 mR/hcontact

/.| (in-dépreéssion)..

Deformatlon after drop not shown N

“GM:-<0.05 mR/h ééﬁiact

Ion <0 05 mR/h contact

All T1 measurements at 1 meter dlstance from the contamer surface were < 0. 20 mR/h

~:| Personnel

|'Name

Title

Test. Conducted
by: o

Dave Whithy

| Industrial Quallty
‘| Control.

, Signatui‘elD,ate_ .

Revnewed by

Jiri Krupka™

“.:1 | Package Engineer

| App_roved »by:

| .JiOhn;Sj:rni;th

| Quality Assurance |
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47 Steady State Thermal Test ’ e RIS

s ZRepol‘tType Lo s Date ofTest B
I Post-Drop . .- - - - " |'November 18,1999 _
Test Name/Descrlptlon RISRE Test Number Test Plan:. -
| Steady State Thermal Test______ 538 " [IN/TP 1493 F430 (2. |
o 'TestDetalls DT o e U IR I R TR AR I Lo
'_EQUIPMENT

.. | HP Computer, MDS Nordion Inventory No C2007 .'
HP:Monitor, MDS Nordion Inventory No. M1 150
| FLUKE Hydra Logger Software, Version 3.0 i ' TR
| FLUKE Hydra Data Acquisition Unit, Model 2620 SN 5577551 Callbrated Aug 27 99

2 ‘Termlnal Box with 20 T- type thermocouples (0 0357 diarheter, 20. ft long)

‘- THERMOCOUPLE INSTALLATION

position with a duct tape. - .-
| From pre-drop results it was apparent that Just a few locations. needed 16 be measured fo

transport cav1ty temperature ¢ at the top, temperature 1ns1de maln cover and amblent
k temperature on top of the contamer

- SOURCE LOADING AND PACKAGE ASSEMBLY .
{ The drop test speclmen of GC 40 lower head was loaded wrth C- 440 hve source (SN

s 'Aﬁ:er source was' loaded in the GC—40 un1t it was mstrumented with thermocouples

1nserted in the F-430 transport cavity with the stamless steel ﬁxmg brace in place. Both

- | covers were closed but with only:two bolts in each cover so that covers would stay in place.r :

i :(After drop testlng many holes d1d not alrgn on the main cover e

. MEASUREMENTS

5 reached Tt

Test set up was 1ndoors in the Cobalt area of MDS Nordron March Road Kanata

Results/Observatlons . o
: Steady state’ condltlons were reached in about 8 days w1th ambrent temperatures around """

‘ Maxrmum temperature measured was the 11rad1ator surface temperature wh1ch rose from R

] 26.2 t0:28.0°C. :

-} See Figure 28 for. deta11ed temperature hlstorles IR : o

Dhue to preserved mtegnty of the container after drop testmg (both covers stayed in place
no direct thermal path was created) these post drop results are v1rtually identical to those

- ,obtamedprlorto drop testing. .- . L

R .| Twenty thermocouples were installed in. s1m11ar locatrons as. shown in F1g 5; and held in

: establish the steady state temperatures.:; This time the source temperature was-not measured | A::-
*| inside the source: drawer. Instead, the GC40 body top surface was monltored along with. S R
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Conclusions
The container retained all its integrity and thermal protection after series of 9 drop tests.

Post-Drop Steady State Temperatures (selected locations),
GC-40 Lower Head Inside F-430 Overpack

=== Pig Surface
=== Cavity Top
=== Inside Cover
= Ambient Top

S YR IBVLENIILLSTNLIITILES

- N ™ n © ~ O v~ N O < O © ~ ©
el . S SO
Elapsed Time (hrs)

Figure 28, Post-Drop Steady State Temperatures, F-430/GC-40

Personnel Name Title Signature / Date
Test Conducted by: | Jiri Krupka Package Engineer
Reviewed by: Dave Whitby Industrial Quality
Control
Approved by: John Smith Quality Assurance
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5.DISCUSSION OF TEST RESULTS

5.1 Inspect For Fit Test

The inner brace plays an important role during transport since its function is to keep the contents
in the same position inside the cavity. It aligns the surface of the GC-40 with the surface of the
cavity distributing the weight evenly on the inner walls of the container.

Since the fits of the brace inside the container were too tight, it is recommended that future
containers be made 0.5” larger in diameter (from 35.5 to 36.0”).

In summary, the inner brace proved itself as a suitable means to restrain the GC-40 lower head
inside the transport cavity of the F-430 container.

The above conclusions also apply to the inner brace for the upper head (see Figure 29).

5.2 Dummy Weights on GC-40

1100 Ib of additional lead was poured in the cavities of GC-40 lower head to prove the container
crush properties and capacity.

This lead provided additional shielding to the GC-40 drop test specimen A. Therefore, standard
GC-40 lower head (SN 004-1), Specimen B, was also surveyed inside the F-430 before and after
drop testing using the same C-440 source to estimate the effect of drop testing on shielding
integrity. See pages 15 and 41 for radiation survey results.

The extra lead inside the cone cavity does not contribute to the structural strength of the GC-40.
On the contrary, it impedes the strength, making drop testing more conservative. Except for
contact readings inside the cone maximum readings for both GC-40 specimens are on source
drawer end plates (see Table 1). Therefore the relative comparison of radiation survey results for
specimens A and B before and after drop testing gives sufficient indication of the overpacks
performance and effects of drop testing on the shielding of GC-40 irradiator.

Table 1 Pre-Drop Radiation fields for GC-40 Specimens
Field Point Specimen A (mR/h) Specimen B (mR/h)
Surface Field at 1m Surface Field at Im

Front Source 35 0.20 2.2 0.20
Drawer Cover

Rear Source 7.0 0.34 1.5 0.34
Drawer Cover

Top Surface 0.30 0.20 160* 0.40

Right Side 0.30 0.30 0.45 0.30

* Inside Cone as per Figure 3. For other locations refer to Figure 6.

5.3 Drop Tests

Test #1: 1.2m Upright orientation. Both covers and the removable skid remained securely
attached. The principal damage was to the skid, and to the body of the container near the feet of
the skid. The GC-40 irradiator was placed on four layers of 3/4” plywood. After this first drop
test the two covers were removed, and it was observed that the contents “sank” inside the cavity
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on average by 1/2”. No visible damage was observed on the GC-40 irradiator or inside the
container cavity. No damage was noted that could affect the subsequent 9m drops.

Test #2: 1.2m Top edge drop. Both covers and the removable skid remained securely attached.
The principal damage was to the body of the container, locally around the impact area. The
crush distance was approximately 2”. Center of gravity was directly over the point of impact
since the container remained standing on the top edge it impacted. No damage was noted that
would affect the subsequent 9m drops. No damage was noted that could affect the subsequent
9m drops. No damage was noted that could affect the subsequent 9m drops.

Since the increase in radiation levels did not rise by 20% after all drop tests it is thereby implied
that radiation levels did not increase by 20% after the first normal drop tests (#1 and #2).

Test #3: 9m Inverted drop (for maximum deceleration, the top four hoist rings were removed
prior to this test) the high-speed video shows that the container bounced once 8-10” high after a
short delay on the target surface. This gives and indication of internal deformation and a spring
back action of the contents. The lifting pockets deformed in the middle, but did not flatten
completely. External deformation vertical distance was less than 1/2” and internal about 3”.
Due to rain and wet surface of the container, the accelerometer connections loosened and the
signal was lost, hence no deceleration values were recorded for this drop test. The G values are
estimated at 360”/3.5” = 103g (drop test height divided by deformation distance). All fifteen
exterior bolts remained in place (one bolt was removed prior to all drop tests). Bolts were
checked by hand, and confirmed as finger tight. The previous two 1.2m drop tests did not
significantly damage the package that would change the outcome of drop test #3.

Test #4: 9m Top edge (for maximum deformation) the container bounced once 12-14" high this
time without visible delay. Center of gravity was directly above the impact point since the
package remained standing on its edge. External deformation vertical distance was 4” and
internal distance was likely less than 1”. This would give a G value estimate below 90g (360/4).
However, from the accelerometer readings the maximum accelerations were 122 g’s (front of
Ge40) and 139 g’s (back of Ge40). Five bolts in a row were lost during the impact (3, 4, 5, 6,
and 8; bolt 7 was removed prior to all drop tests) which opened up a 1/2”” gap between the cover
and the body in the area where the bolts were missing. The segmented flanges also shifted about
1/2” in this area. The previous drop testing of the package did not change the outcome of this
drop test.

In Test #5: 1m Inverted Pin Drop (to penetrate top flat surface) there was no penetration
through the stainless steel skin likely because the pin hit on the internal cross brace. The dent
was only about 1/2” deep. Container rolled over on its side and suffered no other major damage.
The shipping skid stayed on with all bolts in. If the pin just missed the internal cross brace the
stainless steel skin surface might have ruptured, but likely not more than it did in the following
pin drop test.
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Figure 29, F-430/ GC-40 Main Components
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In Test #6: 1m Side Pin Drop (to penetrate side curved surface) the regulatory pin did cut
through the container’s stainless steel skin exposing about 30in” of the FR-3708 polyurethane
foam. The maximum depth of the penetration into the package was about 3”. This failure was
expected, and the magnitude of the foam exposure was one of the test objectives. Crush
protection was not lost since there are a total of 6” of FR-3708 foam all around the package.

Test #7: 9m Side Drop (to split open the package) This orientation yielded the highest measured
deceleration (157 and 164 g’s). First a corner of the skid impacted which sheared the skid’s
eight 1/2” bolts and the skid was projected about 6 feet from the point of impact. Then the two
bumpers impacted immediately followed by a vertical rebound 14" high. The deformation on
the main body was only about 2”. The theoretical magnitude of deceleration would than be
360”/2” = 180g, neglecting the crush distance of 2.5” for the bumpers and the shearing of the
skid bolts.

The lowest point from which 30-ft height was measured was the skid’s front left corner with the
package in horizontal position. This resulted in additional 9” of drop height when measured
from the target surface to the bumpers (the next item to impact target after the skid). After the
drop test 4 bolts were lost on the main cover (1, 2, 15, 16), leaving six bolts (9, 10, 11, 12, 13,
14). The main cover opened up a gap of 15/16” with the main body. The performance of the
package was significantly affected by the previous tests. This cumulative damage adds
conservatism to the drop test results.

During test #8 (1m oblique pin drop) the package’s skin was pierced exposing 35in” of
polyurethane foam. This is considered the worst possible damage that the regulatory pin drop
could cause the F-430 container. There is no other “softer” area or location on the outside of the
package that could cause more damage to the thermal protection, shielding and containment.

Test #9 (1m side pin drop) was the final attempt to remove the main cover from the container.
Three flanges in a row had both bolts in place (total of 6 bolts were remaining, see Figure 16). In
this side pin drop the pin hit the middle flange (with bolts 11 and 12) in attempt to break the bolts
and to cause the container to split open, as there were no bolts around 260° angle opposite the
side of impact (Figure 14). After the drop test, all bolts stayed in their place and the main cover
did not open.
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5.5 Integrity of Thermal Protection

Steady state testing before and after drop tests prove that the container did not lose any of its thermal
protection capabilities. Exposing 35 in” of the crush foam to the fire is a very small fraction from the total
outside surface area (11780 in’), and is actually beneficial to the heat removal during accidental fire by
venting fumes and gasses outside of the package. Additionally, the polyurethane foam when exposed to
fire will create an intumescent char that has a very low conductivity.

5.6 Integrity of Containment

Helium leak test after drop test proved that containment was not lost. The dummy sealed source remained
leak tight.

5.7 Integrity of Shielding

No weld fractures were observed on the GC-40 irradiator, therefore shielding was not damaged after nine
drop tests.

6. CONCLUSION

The F-430 transport container with GC-40 lower head (with additional 1100 1b weight) passed the testing
requirements as prescribed by IAEA Safety Standards (Series No. 6, 1990) and complies with the general
standards for all packaging as specified in 10 CFR 71 SS 71.43.
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APPENDIX 1
AECL Test Report, F-430 Testing, AECL Document No. A-17048-TN-1
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1. %fiNfTROfDucrloNf ;Eféf'f:

Ociober 13 14 1999 at the AECL drop ‘rest facﬂlty located at Cha]k vaer Ontano Canada

o ;These tests were wztnessed by representatlves frorn MDS Nordlon Menova Engmeermg, i ,

AECB and USNRC.

. Nine drop tsts e performed, i a variey oforientations, Tr-axialaccelerometer blocks
o Wcre installed on'the F -_430 ftest speci'men " in three locations, 't'o record- deceleration data. - ..~

' jjf.;.V1sual records were made usrng a.normal v1deo camera, high- speed ﬁlm caniera .-
/(500 frames per second), and still camera:: Brief qualitative field observations were recorded

by the. AECL engineer (R. Blrchall) after edch drop test, and aré part of this document

AT }ADetarled quantltatlve and: quahtanve observations 3 were recorded after each drop test by L
- i :MDS Nordion atid Menova Engmeermg personnel, as. wrtnessed by the MDS Norchon Quallty SO
o Assurance engmeer and areTot. part of thrs document R o T

: A;Thls report references the photographlc rccord prmt numbers- 9910~23698 1.to. G
' 19910-23698-84. The ]ngh speed film ‘transfer to AVI file format is referenced by ﬁlenames

shota av1 to shotx avi.

iy REFERENCES

-430TestPlan VTP 1493 F430(1)

s ;:FAC}LITIEé o
: E:‘AECL (Atomlc Energy of Canada anted) mamtams a drop test facility ¢ at Chalk Rlver ST
Laboratories (CRL), located at: Chalk River, Ontario. The drop test tower is 65 ft h1gh the
. maXImum drop helght is 50 ft:. The 1mpact target has a surface area-of 43 ft2 Do

= ;AThe unpact target consmts of a steel plate mounted on a concrete pad wrth a total mass of

:Puncture pms weresupphedbyMDSNordron s B

Page I o

: ﬁj_';essentrally mﬁmte mass. The steel—remforced concrete padis 10 ft by 10 ft by 10 ft deep w1th' R
:: ‘'a‘compressive strength of 5000 psi.  The steel plate is 8 fi:by 6 ft by 4 inches thick, IR

ASTM A203 Grade E. Tapped holes are prov1ded in the top plate for the mstallatlon of a hrgh

— strength platc and puncture pin for 1mpact testing. (Ref AECL Dwg E—45 1 1-2002)
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s TESTNG

TestNo1 e e S

Condltmns

f' Drop height = 1 2m
:+ | Orientation: Upnght drop
| Temperature: 9.6 °C- - ’
| Time of drop: 9 SSAM Oct 13 1999

Photographlc record

9910236981 - ;;;'Verlﬁcatlon of length of Steel rod
'19910-23698-2 - | 'F-430;pre-drop. .- .-
. 19910-23698-3 to F—430 post—drop
-1 9910-23698-10 to | 1Post-drop removal of F-430 upper unpact hmlter. BREENEEES |
b 119910-23698-13 . R

© . 19910-23698-15 | - Post—drop remﬁval of F-430 hd

. E.Fleld observanons . L R A o
L 1. Skid deformedperphotographlc record = e L SO I
, ff2~~~Bu1ge on bottom vertical surface asper photographlc record; SRR :
. 3. No cracked welds S S
234 Removed 1mpact hmlter [for post drop mspectzon]
L 5. Removed hd [forposz’-—drop znspectzon} ERNSIE S Co i
SR ::6 Insxde 12" 3/4“ drop w1thm contamer [refer o pkotograph 9910-23698—15] B



e é;Tiést No.2 e

Condmons

Rev

| | Drop hexght— 1 Zm

| Orientation. - Topcomerdrop.' B

Temperature:: 9.4 °C

.: | Time 0fdrc)p 11; 45 AM, Oct 13 1999
' Photographlc record ST

9910-23698-16 F-430, pre-drop

9910-23698428 g

. ;:Fleld observatmns
a 1

[F—43 O] rested. on 1mpacted face..

i 2. Dentasperphotograpmcrecord o REITRAPRE BTSN
f:3- : -[F 43 0] dld not roll after 1mpact [hne of 1mpact] through Centre of Gra\rlty

_ freét,N:o‘f.isé o ERa L EE

Condltmns

; 'Drophe1ght—9m T

Orlentatlon Inverted drop* S

| Time: ofdrop 125 PM Oct 13, 1999

S _ Photographlc record

[o91023698-29 " [ F-430, prewdmp

9910-23698-30 to F——430 post-drop

a0 | 9910-23698-41°

E:Fleld observatlons.

Dld not t1p
Symmemc deformatlon

- One bolt mlssmg (smpped) from skld
Cracked weld on back Ieft bumper. -
Crush shleld deformed per photographlc record

. Stacking P OCKGtS on head compressed as Pef Photographlc recordéi‘ L

Co §;A517048 TN- .fzf: o

Page3 S
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TestN°.4

Condltmns

Drephelght—Qm Lo SRR

¥ Orientation: . Top cornerdrop-- . - .~ =7 "

... | Temperature:: 10.0 °C Dl S
Time-of drop: 2:10 PM, Oct. 13, 1999

' Photograplnc record

.| 9910-23698-42 to - F-430, post—drop.
: 9910'—23698-51 -

) :.i Field obser\fatlons

21 Crush shleld deformed as per photographlc record
3. Five (5) bolts mlssmg [ﬁ'om cmsh shtez’d after drop]

'i{ETeStNoysf:fa?J%Q,”__‘ftfx?;wv‘nv‘

Condltlons

-{ Drop helght Impact zone ]m above top of | pm o L R |
“| Orientation: Inverted pin:drop NI TS PR &
o+ | Temperature:: 10.1°C = .. ¢ G NI

.| Time of drop: 3: ZOPM Oct. 13, 1999

5 ‘Photograplnc record

© 9910f23698-52 L F—-430 pre—drop
1 9910-23698-53 to QF.-430 pOSt-dl‘Qp.».. e Gt S SRNEIS
N 9910-‘23698 57 - AN e . VUL LT e LooLaTIl . o . NS OTENN . P

b Fietd 0bservatnons

" 1Dent, notearmg [asperphotographcrecord]. L T S S N
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Condmons
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Rev 0
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| | Drop helght Impact zone lm above top of pm -

‘Orientation: - Side pin drop . -

Temperature:: 10.0 °C

' Photographlc record

- Time of drop: 4:00 PM, Oct. 13, 1999

7 [9910-23698-58 to F—430 pre—drop

2 [Sxde wall] tom as per photographlc recordi

] 9910-23698-59 ' |

9910-23698-60 to F—430, post—drop
9910-23698-64

ngleId observatmns

1. Dent by pm [as per photographic record]

TestNo'I |

Condmons o

Drop hetght = 9m

| A Orientation: Side dt'o'p' -

“| Temperature: 9.5°C:

Time ofdrop 4:46 PM, om' 13 1999

[9910-23698-65

F-430, pre—drop

[ 9910-23698-66t0 | F-430, posi-drop. -
'19910-23698-73 | | Lol

Fleld observatlons.

4 Addltlonal su( bolts mlssmg

3 5 Bracket pushed in. [refer to photographs 9910—23698—71 -73]
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‘ | Prop helght = Impact Zone Im above top of pm T

- | Orientation: . Obliqué pin drop

Temperature:: 2.2 °C

Time of drop: 9:10 PM, Oct. 14, 1999
. Photographlc record TR

' [9910-23698-74 F—430, pre-drop

H:;TFleldohservatlollS‘ et R R

9910-23698-75 tO F'430 pOSt—dl‘.Op Lo

9910-23698-79 -

1. Torn [by pm] as per photographlc record

s 2. Spht at centre’ of tear as per photographlc record

Test No. 9

Condmons

fj ,Drop height = Impact zone lm above top of pm

Orientation: : Side pin drop

Temperature: 2.8 °C. -

| Time. of drop: 9:50 PM, Oct 14, 1999

Photographlc record

-1 9910-23698-80 : | : F-430, pre—drop

'9910-23698-81.to | F-430, post&drop
9910-23698-84 . SR

éfoeld observatmns

: 3 Cover stayed on. B



: ﬁ;The Vibration and Tﬁbology Unit was :asked to gather date dﬁring the imp‘act of this package‘ e

i %:1&5517048—TN-11 IR

Rev

Appendux 1

- DECELERATI()N MEASUREM;«:NT I)URING DROP TESTS OF A SR
TR R F-4300VERPACK . DR

John Tromp, Vlhratlon and Trlbology Unlt

R leb’i?rﬁopucnoni Giha _53

’ Impact teéts:were condtictéd on'a F-43;0 Overpack containing a GC-40 Lower Head insidé.."

surface usmg vanous onentatlons

2 msmumenmnou o

~ The package was instrumented with low impedance accelerometers, capable éfﬁiéasuringp: .

2500 g:and withstanding a'shock load of 5000 g.: The accelerometeérs weére tested priorito:.:
- - mounting them in the package to verify their operation, since the majority-of them would not

o be aecesmble for replacement once the package was closed After the package was. closed the SR

" were stored. ona muln-channel tape recorder (T EAC model XR7000, QA # 456-268) for latelj‘

= “analysis. Figure #1 shows the location of the accelerometers: and Flgure #2: shows the1r o

onentatlon on the G-40 Lower Head and F-430 Overpack

g é:3 CALIBRATION

(B&K Cahbratlon Exelter Type 4294, QA # FSI217) was used as:dn: exc1tat10n sou:ce” ThlS

- shaker vibrates at 159.0 Hz and produces an acceleration level of 1.0'g. Each aecelerometer

: "' ‘was mounted on the. shaker and connected to an amphﬁer (Klstler Dual Mode Model 5010,

QA # 456-239) The accelerometer sensmvlty settmg was adjusted and the output voltage

. measured using a voltmeter (Keithley Multimeter Model 2001, QA'# B5871). Results are:

“ {listed in Table #:1 in'the ‘as found’ colirns. The sensitivity setting was then changed till the S

o output read 1.00 Vols. The: resultmg sensmwty was then noted in the ‘as left’ column of - -

Table'#.1:. This procedire was repeated in part:and documented in Table # 1,to verlfy the.

L ;;condmon of the accelerometers after the drops were completed

Cahbratlon Cemﬁcates for the mstruments used are attached in Appendlx 2

CPage7 o
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1% Table # 1% Accelerometer Calibration | i

‘Aee.ele:rer:neter SEns:i_tivjty ADate of Callbraltson M:e_as:_ured Acee]erafion (g‘e) bate of Callbrarlon Mé_asl:_red Acéeleration (g'si;
~{Serial #) . (m\.f.lg)'" ; (beforedroptest) R {afterdroptest) R S
rasfound asleft | asfound 1 ' asleft 0 . asfound
2580 150 |- 1:45 - ‘99!09130 b o087 T 100 - p. 99/11:‘04: N T 098
1. B742. 216 | 4.94: |.  99/08/30 ;. | 090 4.00. .. -99/11/04 - | o .. 0.88
6952 - | 222 1.82 - 99/09/30 082 |- 1.00 - 99/1104. <100
5745 | 155 | 145 | " Bo/00/0 R L A0
... 1303, 170} 166. | 99/09/30 . | :- .0.98 100 - f- seM104 . 0.99
CLoA302; p 198 f 78t 990830 U 1,080 b 100t 991104 T Tl 088 U T
2503 .. |...1.69 1.61 99/09}30 095 ... J . 1.00 .. 89/11/04 - .1.00
. ..2501 - {1700 | 156 f 0 98/08/30 0 1 082t frctt00 f - e8MM04 | - 099
N N I T T T L R

4. TEST RESULTS

The srgnals stored on tape contam both the deceleratlon frequency and all natural frequencres

... ofall parts-of the package and:contents excited 'on‘impact. Natural'‘frequencies are usually
o §§h1gher frequenmes having higher amphtudes and should therefore be filtered out to reveal the: = -
* tiue deceleration frequency. It was determined, by usmg various ﬁlter settrngs, that anythmg S
above 640 Hz showed these natural ﬁequencres SO LR

o IAEA Safety Senes No. 37, Paragraph A-601 14 suggests a cut-off frequency range of
S 100-t0:200 Hz, multrphed bya factor (100/m) 3 where m= mass of package [Mg] As per
o '_jj;thlsguldelme o L
Therefore the selected 640 Hz ﬁlter settmg IS 4| 5% hrgher than the upper end of the IAEA
f,‘g;suggestedrange Lo
The recorded data was analyzed using a LabVIEW program Whrch was adapted ﬁom a oo :
- - previously developed program. This program was verified by analyzing a prewous drop test, - - - -
© . “where results‘'were:acquired using a:sirip chart recorder (the fraditional method). . -
The. graphs on pages 13-29 show the srgnals after bemg ﬁltered s0 that anythmg above
N 640Hzrsehmmated ERCIEEARE TR
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= Z'Analog data fmm the tape recerder was ﬁltered usmg a Natxonal Instrument SCXI 1141

-'A-‘-'17048-TNJ1 SRR
- "Rev. 0
Page9 -

~..card (Natlonal Instruments type AT- MIO-IGE—IO) installed in'a Dell perso'nal 'computer The A

g “digital sampling tate is 8000 samples/sécond. Data provided i in Excel ﬁlc format i is referenced SRUNE

by ﬁlenames “Drop # 1 x]s" to "Dmp #9. xls" S

| ofDrops#l to#9 o
lgs)

'Aéeel:e'rérnéter y 'Ag:celer(:):met'erf Drop | Drop: Drop. Drop “Drop: ‘Drop Drop "'Drop’: Drop

|5 Location - | qserial#) | #i |42 | #3.| sl w5 | #6 |owr | s [weil

2000 | 3 | 4 Jiios | 0 | atf 19 | 1] vos] 20|

“;,',FrontofGC«lO‘ |- 6742 | -s0- | 47 | Los | 67| 9 | 0| 99 |8} 2w |

“iees2 . | NIKC| s | Los | ez | | 237 e | 0 | 2a [T

| meckoroodo " wws [ oe |4 | vos | or | 1o

9745 | NA | 360 Los | <37 {UNAD|20 | 181 |4 42

il oNA |1 [N ]

1302 0| NA | fo.fLos | 88 |'nA[ 23 | 337 |:ifil]| a8

|0 2508 | WA Removed from fesis-—

‘Bottomofsidd | 2501 .| NA | Remoied from tests—

- osog ,--es-;. - Removed from testg:———— -

" Drop# 1 :‘I 2m upright drop ‘ .
: 1f%;l:)'r6p#2: 12mtopcomerdrop
Drop #3: 9minverteddrop . .-
_ Drop #45 9m top comer drop
g l}rqp #5: lnverted pir drop (lmpact zone 1m above top of pm)
" Drop #.6: . Side pin drop’ (impact zone 1m above fop of pm)
Drop#?*'gm&dedrop Lo o
" Drop#8: Obl|que pin drop (|mpact zone ‘Imabove top of pln) ,
o lfi'r;ep #9: Side pin .dreplimpact zone 1m. above f.f-?p. ofpin) i, s

" Note 1: - ‘NIA Acceleremeter in transverse onentatxon

1" The sensing element of an accelerometeris oriented along lts long itudinal axas Thus o
" 'when an accelerometer is oriented in the transverse dsrectlon to the dlreqtlon ofdrop,no . - . .-
valid measurement can'be made. -
. Thetraces for these accelerometer results are not shown inthe graphs

Noté 2. LOS =Loss Of. Srgnal (see Section 5. ). o Bonn
: The traces. for these accelerometer results are riot shown in the graphs.‘ L

o Note 3: Maximum’ deceleratrons in' this table do. not necessanly occur at the same mstant in trme i
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5. COMMENTS R

5.1 Lossesof signal -~

“'Droptest# -

,‘ Aﬁ;At some time Just prror to the drop cable # 6 connectmg to aecel # 1302 developed a short
e (probably because of ram) thus 10 data’ was obtamed This cable was replaced for subsequent AR

drops

’ giDrop Test#

: ._Norma,lly the leads are taped to the package pnor to a drop to. reheve stram on-the leads and

: Etconnectors dunng 1mpact Thls was:iot possrble at the trme of these drops siice the package

consequence with the exceptlon of one lead (accel. # 1302), the male connectors were pulled o

- f-jout of their matmg cormectors when nnpact occurred . and the srgnals were lost

Drop Test # 4
X ;For subsequent drops the umbrllcal Ieads were taped to the: leads on the other srde of the

connector to minimize strain‘on the connector. However, the lead from accel. # 9745 was :
- drsconnected upon lmpact durmg drop # 4 [Result appears vahd until - pomt of dlsconnect]

i ;‘Drop Test# 8

L 'g;Dunng drop #8 the lead from accel # 2500 developed a short whlch was repalred prror r to the ‘ -

o ?'next drop

SN 52 Bottom plajte néeelerometers i

. The bottom accelerometers (see Frgure # 1) were present only for Drop # 1 Whrle settmg up R

= ‘:'protectlon It was decrded by J. Krupka (Menova Engmeenng) and B Menna (MDS Nordlon) R

that these: would no longer be: requlred
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© 1 CALIBRATION CERTIFICATES | .

Description .~  |MakeandModel . ... | AECLQANumber

e ,Multi:chahnéi:tzépéﬁrepordeirgT.j TEAC:MQdeI‘XRmDO T o #456~268 T

‘Amplifier . .U L | Kistler Dual Mode Model 5010, - | #456.239 .

- [ Hand-held shaker . B&K Calibration Exciter Type 4204 | * #FS 1217
Voltreter .| Keithley Multimefer Model 2001 - |~ #BS871:: . ©




957-10896

Work Order Number

Certificate of Calibration

{ssued to:

AECL-CHALK RIVER LAB
CENTRAL WAREHOUSE
BLDG 457

CHAULK RIVER, ONT, CAN
K0J 1J0
Calibrated by:  Don Cleveland

Calibrated Date: June 24, 1999
<Recall Date: June 22, 2000

Description:
Manufacturer:
Model #
Serial #
Asset #
Procedure:
Cal. State:

DATA RECORDER
TEAC

XR~-7000

772733

€o0021

SEE DATA SHEET
A8 FOUND

This certificate attests that this instrument meets or exceeds published specifications for the parameters tested and has been calibrated with

standards traceable to one or more of the following: National Institute of Standards and Technology (NIST), the National Research Council (NRC]},

fundamental or natural physical constants with values assigned or accepted by NIST or NRC, ratio type or self calibration techniques, comparisan to

*- consensus standards. Evidence of traceability is on file at out metrology laboratory. The calibration environmental conditions are as recorded. The

* collective uncertainty of the measurement standards used do not exceed 25% of the applicable tolerance for each characteristic cafibrated unless
otherwise stated. The results documented in this certificate relate only to the item(s) calibrated or tested. Calibration interval assignmentis the
responsibility of the end user, when not spacified Canadian Instrumentation Services Group will assign an appropriate calibration interval, This
certificate may not be reproduced, except in full, without the written approval of Canadian Instrumentation Services Group.

The measurement standards used for this calibration are supported by a quality system which meets the intent of SO/IEC Guide 25 and the
requirements of ~ISQ 9002-1394~ (QMI Certificate #002612} and the CISG 0A Manual Rev.1.1.

Standards Used:

Tool # Description
ST244560 PRECISION DMM
ST299961 CALIBRATOR

fssue Date: June 24, 1999

Calibration Due
October 14, 1999
February 28, 2000

g

Approved By %ﬂ

1091 Monaghan Road * Peterborough, Ontario K9J 514 -+ Phone:. 705-748-5225

» Fax: 705-74B-4559 » 1-800-419-3419 » Website: www.cisg.net ;{1




West Caldwell Calibration Laboratories Inc.

@ [ [ J
Certificate of Calibration
' for ‘
DUAL MODE AMPLIFIER
Manufactured By: KISTLER
Model No.: 5010 Serial No.: C70224
Calibration Recall No.: C5164

Submitted by:

Customer: Mr. Brain Luloff
- Company: ATOMIC ENERGY OF CANADA LTD.

The subject Instrument was calibrated to the indicated specification using standards traceable to
the National Institute of Standards and Technology or to accepted values of natural physical constants.
This document certifies that the Instrument met the following specification upon Its return to the submiltter.

West Caldwell Callbration Laboratories Specification No. 5010 KisT (see attached)

Upon recelpt for Calibration, the Instrument was found to be:

see attached data

Within  ( X )
Outside ( )

the tolerance of the Indicated specification.

West Caldwell Calibration Laboratories’ calibration control system meets the following requirements,
MIL-STD-45662A, ANSI/NCSL Z540-1, and ISO 9002

Approved by:
Calibration Date: August 20, 1999
Certificate No: C5164 -1
Callbration Due: August 20, 2000

Stanley Christopher

Ste. 118 T
Wes_t Calf:lwell 5200 Dixie Road (;m 2519

Calibration Mississauga Ont. Fax
uncompromised calibration \» Laboratories, Inc. L4W 1E4 (905) 624 -3926




Spectris Technologies Inc.
90 Leacock Drive
Pointe-Claire, QC H9R 1H1

tioesame”  CERTIFICATE OF CALIBRATION 'gomor
| Page 1 of 2
CUSTOMER : Atomic Energy of Canada Ltd.
Calibration Exciter Type : 4294  Serial No. ; 1218159 Ref. No. : 4319
CALIBRATION CONDITIONS : |
Air Temperature  :22°C Air Pressure : 1013 hPa Relative Humidity : 57 %
PROCEDURE :

The calibration is performed by measurement of the Acceleration Level , using Bruél & Kjaer Standard
Calibration Set Type 3506 s.n. 1137339,
The Standard Calibration Set is calibrated by laser-interferometer in accordance with ISO 5347,

RESULTS :

The following documented Acceleration Level result is valid with the instrument under test placed in the
vertical position. The load mass documented below corresponds to the mass of the measuring
accelerometer from the Standard Calibration Set.

Acceleration Level : 9.99 ms>RM.S.
Frequency : 159.0 Hz
Load Mass : 40 grams

The above results are traceable to N.LS.T.

The estimated uncertainty for Acceleration Level is £0.6 % at 95% confidence Ievel. The calibration
standards used are documented below.

CALIBRATION SYSTEM
LD. Description Type No, Serial No. Cal, Date Cal. By
27 Multimeter 3458A 2823A11758 05 Nov 97 Hewlett-Packard
35 Calibration Set (B) 3506 1137339 10 Sep 97 B&K Denmark
Date of Calibration :  22-Jun-98~ Certificate issued : 22-Jun-98
Calibrated by : %ﬂzﬁ’ %’,6. VU Approved by - %

M. Tacobaccio S. Tierney

" Reproduction of the complete certificate is allowed, Parts of the certificate may only be reproduced after written permission,




ATOMIC ENERGY OF CANADA LTD.
BUILDING 409 CALIBRATION LAB
C T REPORT OF CALIBRATION
SUSTOMER WDRK ORDER NUMBER: DATE: 19-Jul-99

SERIAL NUMBER: 0545149

ASSET NUMBER: BS5871

CUSTOMER: Bldg. 456 Brian Lulloff
CUSTOMER PURCHASE ORDER NUMBER:

B 1
UNIT UNDER TEST: Keithley 2081 Verify {(FRONT}) Part 1
PROCEDURE NAME: Keithley 2001 Verify (FRONT) Part 1 “

RESULT PASS

NOTIFY USER (IF > @) @

FAILED FINAL TESTS @
CALIBRATED BY Joseph Soucy
TEMPERATURE 24.5°C
RELATIVE HUMIDITY 85.0%

STANDARDS USED

Instrument Model X fisset Number Cal Date Due Date
Fluke 5700A 409101 16-Jun—-99 13-Dec~-99
Fluke 5728A ., 409-101 16~ 3jun—99 13-Dec-929

REMARKS @ As Found/As Left Results
LA

Metro lcﬁgy'( Technici

Lab Maflayer
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IN/TR 6088 F430 (C)
Supplementary Safety Analysis Report for the F-430 Transport Package

CHAPTER 1 - GENERAL INFORMATION

~1.1  INTRODUCTION

The Best Theratronics F-430 transport package has been developed as a safe means of transporting
self-contained irradiators (SCI). The F-430 was designed principally to transport the Gammacell 40
Irradiator (GC40) (see Figure 1).

The F-430 provides impact and thermal protection for the radioactive contents. Containment is
provided by the sealed source and shielding by the SCI.

This report describes some changes to the GC40 design due to the incorporation of additional security
features and their affect on the safety analysis of the F-430.

The changes to the GC40 were implemented to delay the potential unauthorized access to the sealed
sources from the outside of the irradiator. There are two versions of the new design. The first version
is intended to be installed on existing devices at licensees’ sites (field retrofit) and the second version
will be incorporated on new devices during manufacturing (in-house}). The design is the same for both
versions (see Figure 2). This Safety Analysis Report (SAR) demonstrates that the F-430 overpack can
safely transport the new GC40 design.

1.2 PACKAGE DESCRIPTION
1.2.1 Packaging

The design of the F-430 is described in the existing SAR [1]. Except for changes to the
payload, the design of the F-430 is unchanged. -

The F-430 is a stainless steel drum 1.27 m (50 in.) in outside diameter, 1.27 m (50 in.) in
height, placed on a removable steel skid 1.27x 1.27x 0.20 m (50 in. x 50 in. x 8 in.}. Ithas a
cylindrical cavity 0.914 m (36 in.) in diameter, 0.895 m (35.25 in.) in height. The main
materials of construction are 304L stainless steel and rigid polyurethane foam.

1.2.2 Contents

The Gammacell 40 (GC40) is a self-contained irradiator used primarily for research. It consists
mainly of an upper and a lower shielding head, each containing one Cs-137 sealed source.

The proposed design changes have no affect on the operation of the GC40 when it is installed
in the laboratory. However, the new features added to the device make it harder to dismantle
and this has an impact on how the device is prepared for shipment. The different designs of the
GC40 and the process of preparing the shielding heads for shipment are discussed in the
following paragraphs.

When preparing the GCA40 for shipment, the device is partially disassembled from the

laboratory configuration. The covers, the drive systems and the mechanical interlock are
removed and the shielding heads are separated.

March 2012 ’ Page 3of 19’
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During transport, it is important to secure the source drawer from movement within the head.
Currently, this is done with two redundant means. First, the Retaining Ring is removed from
one end of each head and a Shipping Tube is installed (Refer to Figure 1). The Shipping Tube
has the same outside diameter as the Source Drawer and it fills the length of the bore not
occupied by the Source Drawer. When the retaining ring is replaced, the Shipping Tube and
Source Drawer are blocked in place. .

In order to further secure the source drawer, Shipping Plates are fastened to each end of the
shielding heads (Refer to Figure 1). The Shipping Plates block the Source Drawer Assembly
inside the bore. The Source Drawer Assembly consists of the Source Drawer and the Drawer

- Interlock Bar. The Drawer Interlock Bar is part of the GC40 mechanical interlock. This steel

bar is 1 inch square and passes through the Retaining Ring during operation of the GC40.
However, when the Shipping Plates are installed, the Source Drawer Assembly cannot move.

The proposed new design of the GC40 incorporates many additional fasteners with security
features. Because of the new features, it is not practicable to remove the mounting plates for
transport {Refer to Figure 2). Therefore the Shipping Tube cannot be installed on upgraded
units. However, the Source Drawer Assembly is secured from movement with Shipping Plates.
The new Shipping Plates are very similar to the existing Shipping Plates. They fasten to the
GC40 shielding head using the same fasteners as before (four 3/8-16 socket head cap screws.
Additionally, a 12-20 socket head cap screw fastens through one of the Shipping Plates into the
Source Drawer. This further secures the source drawer.

An important feature of the existing Shipping Plate is the fact that it is partly recessed in a
cournterbore on the GC40 shielding head. In the event of an impact, the force on the shipping
plate is borne by the interface with this counterbore, as well as the fasteners. The new Shipping
Plates maintain this feature (refer to Figure 2).

Because the Mounting Plates are left in place for transport, the weight of the GC40 shielding

heads each increases by approximately 7 kg (15 1b.). The effect of this slight increase in weight
is discussed in Chapter 2.
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1.3

1.4

March 2012

1.2.3 Special Requirements for Plutonium

The F-430 does not contain plutonium, therefore this section is not applicable.

1.2.4 Operational Features

The F-430 is a simple package from an operational perspective. There are no valves or piping.
The package consists of a main body, and inner lid and an outer lid. The procedure for
preparing the package for shipment is described in Chapter 7.

REFERENCES

[1] Menna, Blair. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion
Technical Report No. IN/TR 1608 F430, March 2010.

APPENDICES
Appendix 1.4.1 F-430 Engineering Information Drawing
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Appendix 1.4.1:
F-430 Engineering Information Drawing
F643001-001 rev P (sheets 1 & 2)
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CHAPTER 2 - STRUCTURAL EVALUATION

This chapter presents the structural evaluation that demonstrates that the Best Theratronics
F-430/GC40 package design meets all applicable structural criteria. The F-430 SAR [1] presents the
overall experimental verification and evaluation of the F-430. This supplementary SAR demonstrates
that the proposed design changes for the GC40 also satisfy the regulatory structural requirements.

2.1 DESCRIPTION OF STRUCTURAL DESIGN

The design criteria and the codes and standards for the F-430 package design have not changed.

" The principal strucfural mefiibers and components of the F-430 package have not changed. The inner
bracing has not changed. Only the means of securing the Source Drawer from movement has changed.

The impact of this change is discussed in Section 2.7.

The weight of the new GC40 head design increases by approximately 7 kg (15 1b.). The weights of the
various GC40 head configurations are listed in Table 2-1. The F-430 structural analysis in the F-430
SAR was based on a payload weight of 1740 kg (3835 Ib.) and a total package weight of 3175 kg
(7000 1b.)[1]. Since the weight of the GC40 remains less than that in the original analysis, the existing

analysis is still valid.

Table 2.1: GC40 Head Weights

GC40 UpperHead {Original Design)

1157 kg (2550 Ib.)

GC40 Lower Head (Original Design)

. 1241 kg (2735 Ib.)

GC40 Upper Head (New Design)

1164 kg (2565 Ib.)

GC40 Lower Head (New Design)

1248 kg (2751 Ib.)

GC40 Test Specimen

1740 kg (3835 Ib.)

2.2 MATERIALS

The mechanical properties of materials are addressed in IN/TR 1608 F430 [1]. The discussion
regarding material properties, specification, chemical and galvanic reactions and the effects of

radiation are unchanged.

2.3 FABRICATION AND EXAMINATION

The fabrication and examination processes for the F-430 are unchanged from the original SAR [1].

2.4 GENERAL STANDARDS FOR ALL PACKAGES

The proposed design changes to the F-430 contents have no affect on the package’s ability to satisfy
the general standards for all packages. Therefore the analysis in IN/TR 1608 F430 [1] remains valid.

March 2012
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2.5

2.6

2.7

2.8

2.9

2.10

2.11

212

LIFTING AND TIE-DOWN STANDARDS FOR ALL PACKAGES

Although the weights of the GC40 Upper and Lower Heads have increased slightly, the original
analysis of the F-430 contained a margin for an increase in weight. The existing analysis in IN/TR
1608 F430 [1] is based on a total package weight of 3175 kg (7000 1b.) and a GC40 test specimen
weight of 1740 kg (3835 Ib). The new maximum weight of GC40 heads is 1248 kg (2751 Ib). This is
less the weight of the test specimen and therefore the analysis remains valid.

NORMAL CONDITIONS OF TRANSPORT

The design changes to the GC40 do not affect the performance of the F-430/GC40 under the normal
conditions of transport. The original analysis in IN/TR 1608 F430 [1] remains valid and the
effectiveness of the package will not be reduced as a result of the normal conditions of transport.

HYPOTHETICAL ACCIDENT CONDITIONS

The F-430/GC40 was subjected to the hypothetical accident conditions of transport by test and )
analysis. The test specimen included an additional 500 kg of lead added to the GC40 payload. A single
test specimen was subjected to nine drop tests including three drops from 9 meters.

After the drop tests, the GC40 was inspected and found to have suffered very little damage. This is
because the F-430 overpack absorbed almost all of the energy and the GCA40 is cradled firmly inside
the Inner Brace. The Shipping Plates were completely protected during the drop tests. Since these are
the only features that have changed as a result of the design change, the new shipping configurations
will also survive the drop test without damage.

"The changes to the GC40 have no affect on the performance of the F-430/GC40 with respect to

thermal or water immersion. Therefore, the original analysis for the Hypothetical Accident Conditions
remains valid.

ACCIDENT CONDITIONS FOR AIR TRANSPORT OF PLUTONIUM

The F-430 does not contain plutonium, therefore these requirement are not applicable.

ACCCIDENT CONDITIONS FOR FISSILE MATERIAL PACKAGES FOR AIR
TRANSPORT ‘

The F-430 does not contain fissile material, therefore these requirement are not applicable.

SPECIAL FORM

The special form sources inside the F-430 are not changing and therefore the analysis in IN/TR 1608
F430 [1] remains applicable

FUEL RODS

This requirement is not applicable since the F-430 does not transport fuel rods.

REFERENCES

[1] Menna, Blair. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion
Technical Report No. IN/TR 1608 F430, March 2010.
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3.1

3.2

3.3

3.4

CHAPTER 3 - THERMAL EVALUATION

This chapter presents a thermal evaluation demonstrating that the Best Theratronics F-430/GC40
package design meets all applicable thermal criteria. The original F-430 SAR [1] presents the overall
analysis and evaluation of the F-430.

DISCUSSION

The proposed changes to the GC40 will have no impact on the thermal evaluation of the F-430.

SUMMARY OF THERMAL PROPERTIES OF MATERIALS

A summary of the thermal properties of materials is presented in IN/TR 1608 F430 [1] and remains
valid.

TECHNICAL SPECIFICATIONS OF COMPONENTS »
Technical specifications of components is addressed in IN/TR 1608 F430 [1] and are unchanged.

THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT

The thermal analysis of the F-430 under the Normal Conditions of Transport is presented in IN/TR
1608 F430 [1]. The original analysis conservatively assumed that the internal heat generation was
100W. The heat generated by the GC40 is unchanged.

Two analyses were performed for the Normal Conditions of Transport; a steady state analysis and a
12 hour transient analysis. Both analyses assumed an ambient temperature of 38°C and solar heat
fluxes as defined by the Regulations.

The steady state analysis was conservative and overstated the temperatures inside the F-430. On the -
top of the F-430, where the solar heat flux was greatest (800 W/m?), the temperature reached 126°C.
On the sides of the F-430, the temperatures were lower (typically around 89 °C), since the solar

heat flux was lower (400 W/m?). Moving from the outside toward the center of the package, the
temperatures dropped across the outer layer of low-density foam to around 125°C. Due to the heat
generated internally by the Gammacell, the temperature increases across the inner layer of high-density
foam, typically to about 133°C. The highest temperature (143°C) occurred inside the GC40 shield.
Since the Gammacell shield is made of highly conductive materials (steel and lead), it has a relatively
uniform temperature of around 142°C. The new features added to the Gammacelis (also steel) will
have no impact on the temperatures of the Gammacell shield.

The transient thermal analysis was more realistic. The solar heat fluxes were applied for a duration of
12 hours. The highest temperature (124°C) occurred on the outside top surface of the F-430. On the
sides of the F-430, the temperatures were lower (typically around (86°C). The temperature gradients
were most significant across the thickness of the top of the F-430 overpack. Across the outer layer of
polyurethane foam, the temperature drops to about 80°C. Moving closer to the center of the package,
the temperatures start to increase again due to the heat generated by the sealed source. However,
temperatures inside the F-430 overpack are relative stable, ranging from 80°C to 96°C. Because the
temperatures across the GC40 are very uniform, the new steel components will have no affect on the
transient thermal analysis.
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3.5

3.6

HYPOTHETICAL ACCIDENT THERMAL EVALUATION

The analysis of the F-430 during the hypothetical accident thermal conditions showed that the thick
outer layer of polyurethane foam was very effective in insulating the Gammacell inside. At the end of
the 30 minute fire, the outside surface of the F-430 overpack was near 800°C, but the temperature
dropped to 200°C over the first few inches of the polyurethane foam. Inside the overpack cavity and
throughout the Gammacell shield, temperatures were relatively uniform at around 100°C. Since the
temperature gradients inside the overpack were very small, the changes to the Gammacell would have
very little effect on the temperatures at the end of the 30 minute fire.

Immediately after the fire was extinguished, the outside surfaces of the F-430 began to cool. However
the heat absorbed in the outer layers of the overpack continued to flow inward toward the payload.
This heat transfer was slow and temperatures inside the Gammacell shield peaked 18 hours after the
fire. During this period, the temperature gradient from the inside of the F-430 overpack cavity wall to
the inside of the Gammacell shield was only about 10°C. Since the temperature gradient inside the
overpack cavity was very low, the small changes to the Gammacell would have no effect on the heat
transfer. -

REFERENCES

[11 Menna, Blair. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion
Technical Report No. IN/TR 1608 F430, March 2010.
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CHAPTER 4 - CONTAINMENT

The containment system for the F-430 is defined as the sealed sources which are located inside the
GCA40 shielding heads. Since the sealed sources have not changed, the containment analysis presented
in IN/TR 1608 F430 remains valid.

March 2012 Page 13 of 19



IN/TR 6088 F430 (C)
Supplementary Safety Analysis Report for the F-430 Transport Package

CHAPTER 5 — SHIELDING EVALUATION

The F-430 overpack is not intended to serve a shielding function. Shielding is provided by the GC40
shielding heads. The modifications to the GC40 design affect the exterior of the radiation shields and
have no affect on the shielding performance. Therefore the shielding analysis presented in IN/TR 1608

F430 remains valid. .
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CHAPTER 6 ~ CRITICALITY EVALUATION

The requirements of this chapter are not applicable since the F-430 package does not transport fissile
materials.
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CHAPTER 7 - PACKAGE OPERATIONS

This chapter describes the procedure for preparing the F-430/GC40 for shipment. The intention is to
ship heads without the additional security features (existing design) and with the additional security
features (modified design).

7.1 OPERATING PROCEDURE

The original F-430 SAR [1] presents the complete procedure for preparing the F-430/GC40 for
shipment. . : :

The process of preparing the GC40/F430 for shipment consists of three main steps:

1. Dismantling the GC40 device
2. Securing the GC40 shielding heads for shipment
3. Loading the GC40 inside the F-43("and preparing the F-430 for shipment.

" Only the process for securing the GC40 shielding heads for shipment has changed. The changes are
minimal and are described below. The specific changes to the work instructions are listed in Table 7.1.

Because it is not practical to remove the extra security hardware, it is not possible to install the
Shipping Tube (or “Tube Spacer”) inside the bore of the GC40 heads. On devices that have the new
security hardware, the step for installing the Shipping Tube is omitted.

The upgraded GC40 devices will use the new shipping plate. The procedure for installing the new
shipping plates is unchanged, except that one additional %-20 UNF screw is installed.

The process of loading the GC40 into the F-430 and preparing the F-430 for shipment is unchanged.
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Ope

. New Operatiot

Section 7.2.1, Step 8
Section 7.2.2, Step 9
Sectlion 7.2.3, Step 9

“Install the end Shipping Plate to the
source head using the four 3/8-16 UNC
x 45 mm long socket head screws
provided”

structions, add
“If the GCA40 has the upgraded security

hardware, install the ¥%-20 UNF socket
head screw provided. Torque to 85 fi-Ib.”

To the current in

Section 7.2.1, Step 12
Section 7.2.2, Step 13
Section 7.2.3, Step 13

“Unscrew the upper Source Drawer
retaining ring and insert the Tube

Spacer over the interlock bar into

Source Drawer bore. This tube retains
the source in the Safe position during
shipment.”

To the current instructions, add

“If the GC40 has the upgraded security
hardware installed, this step is omitted.”

Section 7.3.1, Step 2, a)

a) “Insert the drawer shipping spacer in
the source tube.”

To the current instructions, add

“If the GCA40 has the upgraded security
hardware installed, this step is omitted.”

Section 7.3.1, Step 2, b)

b) “Screw the locking rings into the
source tube at both ends of the
respective heads.”

To the current instructions, add

“If the GC40 has the upgraded security
hardware installed, this step is omitted.”

Section 7.3.1, Step 2,¢) -

c) ‘“Install the drawer shipping plate at
~both ends using four 3/8-16 UNC x
1.75 in. long ASTM A490 socket
head screws or the approved
equivalent. Torque each screw to
20 to 22 Nm (180 to 200 in-lb.)"

To the current instructions, add

“If the GCA40 has the upgraded security
hardware, install the %420 UNF socket
head screw provided. Torgue to 85 fi-b.”

7.2 REFERENCES

[11 Menna, Blair. Safety Analysis Report for the F-43 0/GC40 Transport Package, MDS Nordion
Technical Report No. IN/TR 1608 F430, March 2010.
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CHAPTER 8 - ACCEPTANCE TESTS
AND MAINTENANCE PROGRAM

The Acceptance Tests and Maintenance Program for the F-430 are described in IN/TR 1608 F430 and
are unchanged. :
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9.1

9.2

CHAPTER 9 — QUALITY ASSURANCE

On May 1, 2008, MDS Nordion sold its teletherapy and self-contained irradiator businesses to Best
Medical. The former MDS Nordion operations are now known as Best Theratronics Ltd. At the time
of the sale, MDS Nordion transfetred to Best Theratronics the F-430 Transport Packages and all of the
associated designs and procedures.

BEST THERATRONICS QUALITY ASSURANCE PROGRAM

Best Theratronics continues to operate and maintain the F-430 transport packages in accordance with
the original procedures and drawings that were transferred from MDS Nordion.

Best Theratronics’ Quality Assurance has been approved by the USNRC. The approval certificate is
attached in Appendix 9.2.1.

APPENDICES
Appendix 9.2.1 USNRC Quality Assurance Program Approval
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APPENDIX 9.2.1:
USNRC Quality Assurance Program Approval
For Radioactive Material Packages
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U.S. NUCLEAR REGULATORY CGMMISSION 1. APPROVAL NUMBER
943

QUALITY ASSURANCE PROGRAM APPROVAL REVISION NUMBER
FOR RADIOACTIVE MATERIAL PACKAGES a

Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974, as amended, and Title 10, Code of
Federal Regulations, Chapter 1, Part 71, and in reliance on statements and represen’taﬁons heretofore made in Item 5 by the
organization named in ltem 2, the Quality Assurance Programs identified in ltem 5 is hereby approved. This approval is issued to
satisfy the requirements of Section 71.101 of 10 CFR Pant 71. This approval is subject to all applicable rules, regulations, and orders
of the Nuclear Regulatory Comimission now or hereafier in effect and to any conditions specified below.

. NAME 3. EXPIRATION DATE

Best Theratronics ' Apri 30, 2019

STREET ADDRESS

4. DOCKET NUMBER

-413 March Road
ey ~ 71-0943

Ottawa, Ontario

8. QUALITY ASSURANCE PROGRAM AFPLICATION DATE(S)

February 27, 2009

6. CONDITIONS
1. Activities conducted regarding transportation packagings are to be executed under applicable criteria of 10
CFR Part 71, Subpart H. Authorized activities include: design; procurement; fabrication; assembly,
testing, modification, maintenance, repair, and use of transportation packagings.

2. .Becords shall be maintained in accordance with the provisions of 10 CFR Part 71. Specifically:

a. Records of each shipment of lxce%féi ma%hal‘s‘?%i% a;;émtamed for 3 years after that shipment
[10 CFR 71.91(a)]. L
3 “
b. Records providing ewden@of packagmg quality shali be mamtame ‘or 3 years after the life of the
packaging [10 CFR@@ otid) )

Quality Assuranc@rogram AL
G
3. Planned and periodic audj
accordance with written procedurgs
responsibility in the areas i

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

SIGNATUR / '
- Z
y A ./ WP AR, 7 i

DAVID W. PSTRAK, CHIEF

RULES, INBPECTIONS, AND OPERATIONS BRANCH

DIVISION OF SPENT FUEL STORAGE AND TRANSPORTATION
H OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS
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APPENDIX 2.10.4:
Test Report for GC3000 Removable Plug

IN/TR 1691 GC3000 (1)

Note: the following report discusses two test specimens.

Only the bare GC3000 specimen is relevant to the F-431 safety analysis.
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ERUS

INTRODUCTION ST

L fTo simplify the removal of the source holder from GC-IOOO and GC 3000 rrradlators, housmgs can be

modified to'accommodate two internal retaining rings which keep the source plug in place. This elunmates

S the need to grmd off the Vgroove weld in. order toremove the source plugs on. current 1rrad1ators

:V“:To prove: the strength of this new, plug closure design, the GC-3000 was- selected for drop testing,. -

GC-3000 §/n 119 and 120 were selected for diop testing. These units both: included a tungsten plate cast

- _:v'z,':msrde the lead shielding. The tungsten plates slightly increased the welght of the GC- 3000 shleldmg head ';3;{ ’
ST relauve to the clirrent desxgn The drop tested conﬁguratlon is. descnbed in Appendlx.F S

The ﬁrst test specimen, s/n 119 was subjected toa 9 m: inverted drop on. the bare GC«3000 sh1eldmg Do
.+ head. The second test specimen, s/n 120,:was tested m51de the current dnnn-style overpack Itwas =
. :A‘subjected to one’ ‘9m drop and two l m pih. drops DRSS

:‘:PRE DROP TESTS

‘?5;72 1 Inspect GC-3000 Test Spemmens for Flt

Aprizos . i R Gk E . pagesarts

2 1 1 Test Detalls

G 3000 (s/n 119 and 120) plug losure areas wete. mspected by vrsually observmg the A

- The outside dlameter on both plugs (s/n 119 and: 120) had to be turned down to rmmmum
clearance w1th the plug seat smce the plug seat shghtly deformed after weldmg

2.1.3§§'Results i SFREN i

.. Both spemmens are surtable for drop testlng to venfy strength of plug closure
2.1.4;§'Conclus1ons L SEEERE SRR 3
1 Provisions must be- made for thls new:plug closure desrgn to avord plug mterference wrth

o ~the housmg For productmn units welding should be doné prior: 0 machmmg Ini this’ case,
both specxmens were modlﬁcatlons of emstmg umts RN .

. 2;3;2.§§~We|gh Test Speclmens |

The GC 3000 components were Welghed in Industrxal Operatxons at MDS Nordmn 3

3 _5252--21 Equ-pment - - S fE.;fﬁ; e ﬁf

2 2 1 1 Measuremeni System Intemat;onal Drgltal Sca!e (overhead load cell)

':iPortawelgh Model 4300; Senal No: 40524/67782; MDSN Inventory ] No 13531
.- Calibrated: 03/07/1997 (recalrbrated in Apnl 2000 thhout correctlon)
S Capacny 20, 000 Ib,, Accuracy +/— Slb. - R

= «fEfzi:‘ll;"z:..Observatuons o f: ,ffz-, §%35 T vffz; e T
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222

2 2 1 2 Mettler Baiance

- Type P3, Serial No: 230493, MDSNInventoryNo 6-?45 006 B

g *-':e Calibrated: 13 May; 1999
;Cgpa;;lty 3000 g+/-.1g' e

2 2. 1 3 Toledo Scale

‘Modél 3184, Serial No: 585 5524—5TL MDSN Inventory No: 6:145 ss‘ff
...+ . Calibrated:.9 August, 1999 P s
L1 Capacity: 40016, +-0.1 1.

AResults

GC-3000 (s/n 119) (excludmg two dummy sources) 2,270 lb
' Pluo for s/n 119 = 28 1b.” :

Source holder for sm119=3, 2 lb

H’ j;‘D'ummySources (stamless steelroundbars,069m dla 1067111 Iong)vl 13 lb each AR o

- Source holder for s/n 120 3 2 lb

223

Plug for s/n 120'= 28 Ib.

GC-3000 (s/n 120) inside metal drum (s/n 43) 2, 940 0 1o,

Conclus:ons

The total welght ef the GC 3000 (sf’n 119) bare spemmen was 2 272 1b and of the

L GC-3000 (s/n 120) inside metal drim (5/n.43)-was 2,542 Ib.

The foliowmg isa summary of the. pre—drop surveys done on the GC-3000 (s/n 119 and 120)
For more details refer to Appendlx A RS

. E Max. Readmg it .

- Max: Contact
; From Surface

L sin19 5 | 1.423+1434=2857Ci )

| (pack, undé-:r plate) ‘|  (back, inder plate)

Aprif2003 ... -

N ieage4of18
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3 DROP TESTS

: :f'The drop. tests were performed at, Chalk RJVGI‘ Laboratones (CRL) on October 14 1999 See Appendlx D
for AECL Test Report, GC—3000 Testmg : : S SRS

- The order of the drop tests dev1ated ﬁom the test plan as follows

Test #1 9 m inverted drop W1th bare GC- 3000 (s/n 119) T
- - - Test#2: I'mpin drop with GC-3000 (s/n 120) iiiside metal drum (s/n 43) A
. i, Test #3: 9 m'inverted comer drop with.GC-3000 (s/n 120) inside metal drum (s/n 43)
R Test #4 1 i pm drop w1th GC—3000 (s/n 120) mmde metal drum (s/n 43)

4 POST-DROP TESTS
e a1 Damage Assessment of GC-3000 (s!n 119)

41 1 Test Detalls o

S Upon recemng the specunens from the drop test famhttes at CRL (October 19; 1999),
. they were brought to MDS Nordlon § Cobalt Operatlons arca for mspectlon T

i o 412 Resultsit)bservatlons

Maxnnum deceleratlon was measured at 180g (refer to Appendlx D)

One screw from the plug cover plate broke off (see thure 1) The two retammg rmgs kept} B

o ‘_Figure3

The upper retammg rmg bent ‘slightly and was dlfﬁcult to remove wrrh the retammg rmg
pliers. The lower retaimng ring. remamecl flat. o S

The plug Jammed mslde the cawty and could not, be removed usmg the ex1st1ng threaded : ‘5; E )
“hole (#10-24) or by tapping a larger threaded Hiole'to pull the plug olit usinig the weight of LI

. the GC—3000 The mmal attempt to remove the shleldmg plug was abandoned in October
S 999 ' -

o was fastened i m an mtra—sxte shlppmg frame and the frame was. clamped to the shop ﬂoor
A 5'ton hoist was uséd to pull out the shielding phig. A bulge approximately 2 mm hlgh

" was observed in the wall of the plug cavity; nearest-the axial centre line of the GC-3000. L

Correspondmgly, a small dent was observed in the Slde of the sh1eldmg plug

' The source holder was also: found to be Jammed Tt-was removed with the's ton h01st A

- bulge in‘ the source cavity approximately 2 mm high'was observed about 5 cm from the SRR

— ‘?} E top of the cavxty zmd nearest the axlal ceritre line of the GC—3000

apriz0os S Co e R . iPagesol18
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The source holder was found to be bent by k:ss than 0 5 mm. Except for a burr on one of

K _,the upper source opemngs (see Flgure 4) there was no other damage -

"4'.1".‘2};;

*The dummy sealed sources Were nelther bent nor damaged

'Conclusnons o

dxameter) proved to be strong enoagh to keep the plug in place durmg the 9 m accxdental

R drop of the bare GC-3000.. . The bare GC- 3000 suffared moderate damage ‘but there’ was . c

' no. damage to the dummy sources.

April 2003 ... i

 Figure1 “7:*3'“:5, Lo

' (on a Shlpplﬂg frame)

Four sockct head cap screws holdmg the ax1a1 beanng retammg pIate wefe ﬂattened‘ S .

Hoist rmgs bent and fractured (came off durmg loadmg of GC 3000 back onto the

- shipping frame)

i ,Plug cover plate remamed inplace. One bolt on the plug cover plate broke oﬁ‘

Rotor stop Was also damaged as it 1mpacted the target (steel plate)



S INMTR1691 GC3000 (1) e

. TestReport for the GC-3000 Removable Piug . .. . -~ '

T e Figure 2 o
.+ GC-3000 (s/n 119) Plug Detail
- (coverremoved)

April 2003 o ‘ ‘ ' : :Page7of18



IN/TR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug

Figure 3
GC-3000 (s/n 119) Impacted Surface
(Side View)

Figure 4
GC-3000 (s/n 119) Dummy Sources and Source Holder

April 2003 Page 8 of 18



IN/TR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug

4.2 Damage Assessment of Metal Drum (s/n 43) and GC-3000 (s/n 120)

4.2.1 Test Details

Upon receiving the specimens from the drop test facilities at CRL (October 19, 1999),
they were brought to MDS Nordion’s Cobalt Operations area for inspection.

April 2003

4.2.2

Results/Observations

The following series of pictures describes the test specimen’s condition following the three
drop tests. The first Im pin drop test following the 9 m drop missed the pin and had to be
repeated. This, however, caused no significant damage to the package that would adversely
affect the subsequent drop tests.

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
Figure 11
Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Figure 17

Telephoto View of GC-3000 (s/n 120) Inside Metal Drum (s/n 43).

Right View of GC-3000 (s/n 120) Inside Overpack (s/n 43): steel rope came off
as hoist rings fractured after 9 m drop test.

Metal Drum Closure Bolt Detail: closure ring ends were touching before
drop testing.

Metal Drum Flame Cut Opened (Front View). Deformed crush shield is seen in
top section of drum on the floor to the left.

Metal Drum Flame Cut Opened (Rear View)

GC-3000 (s/n 120) Inside Metal Drum (s/n 43)

Top Detail after Uncovering Thermal Layer.

Removing GC-3000 (s/n 120) from Metal Drum (s/n 43)

Bottom View of GC-3000 (Thermal Layer Removed): the GC-3000’s surface is
burned from the torch used to cut open the metal drum.

Lower Crush Shield inside

Top Surface of GC-3000 (s/n 120): three of five plug cover bolts were sheared
by crush shield.

GC-3000 (s/n 120), Plug Cover Removed: Both internal retaining rings still in
place after drop testing.

GC-3000 (s/n 120), Plug and Source Holder with Dummy Sources Removed:
After removal of two retaining rings, the source plug, source holder and source
dummies were removed freely with no sign of damage.

Page 9 of 18



IN/TR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug

April 2003

4.2.3 Conclusions

The metal drum and upper crush shield and thermal blanket were damaged by the drop
tests. The GC-3000 shielding head suffered superficial damage. The source holder and
dummy sources were undamaged.

Figure 5
Telephoto View of GC-3000 (s/n 120) Inside Metal Drum (s/n 43)
(Background with 4 in. squares)

1. Point of impact in drop test #2 (1 m oblique drop, the first drop with s/n120 inside
metal drum).

2. Damage after 1 m oblique pin drop (test #2) when skid impacted the drop test target.
3. Point of impact and damage after drop test #3 (9 m inverted corner drop).

Page 10 of 18



INITR 1691 GC3000 (1 )

Test Repart for the GC-3000 Removable Plug

: ' " Figure6 = .
Rxght Vlew of GC-3000 (sln 120) Inside Qverpack (sln 43)

April 2003 A S o : E’gge'ﬂof‘IB
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E Figure 7
* ‘Metal Drum Closure Bolt Detail
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INITR 1691 GC3000 (1)

. .Teéf li'eiigrt fogjt_héééi-ﬁﬁdo _Remqyablé; Plug o :

By Figire 9 .
Metal Drum Flame Cut Opened (Rear View)

April 2003 : . : ~ Page 13 of 18



INIT R 1691 GCSOOQ.(,‘I)

Test Report for the GC-3000 Removable Plug

Lok O N F!gure11 :
T T TopDetallafterUncovenngThermal Layer

April2003 . i : ..Page14of 18



IN/TR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug

Figure 12
Removing GC-3000 (s/n 120) from Metal Drum (s/n 43)

Figure 13
Bottom View of GC-3000
(Thermal Layer Removed)

April 2003 Page 15 of 18



INITR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug o L

Lower Crush Shleld ms1de

Sy Flgure15 e
Top Surface of GC-3000 (sIn 120)

Aprit2003 .. i SR S o :.-Page16of 18



INITR 1691 Gcsooo (1)

Test Report for the GC-3000 Removable Plug

"o . Figure16 i
GC—3000 (sin 120), Piug Cover Removed

Flgure17 PR PR
P L GC-3000(sln 120),PlugandSourceHo!der RN
e ST ;j e wnth DummySources Removed :

Apriz003 .. s S c Page1?of18



INITR 1691 GC3000 (1)

Test Report for the GC-3000 Removable Plug

5.

i 5:::51 Drop Tests

4 3 Radlat|on Survey

- The followmg isa Summary Ofthe radlatlon surveys done on the GC—3000 (sfn 119 and 120).. -
_For more “details refer to Appendlx A o

"The. radlatxon survey Tesults show that ‘there is no: measurable shleldmg concern thh the GC-300()
‘Jtiis found that after the drop test, the integrity ‘of the shxeldmg material: remmned mtact and -
radlanon ﬁeld levels are weII below regulatory hrmts -

DISCUSS!ON OF RESULTS

' The removable plug on the GC-3000 w1thstood 9 -m drop testmg thhout any crush protectxon

" (metal ‘drum and crush shield). The same performarice is expecbed with the plugs on the GC—IOOO ‘:7;‘1 BN

as they are hghter than that of the GC—BOOO

G| Pisintte, | Preidreptest | | 1,42341434=2867Ci || d00mRh. | . BOMRMI | DD
ool Postdroptest: | 1,415+1,419=2,834Ci |  90mR/M | . 35mRh o] G
|:sin120 | ‘Pre.droptest | 1434+1463=2897Ci | . 100mR/ 4.0 mRIN’ R

e - F'ost-droptest :_1,_407‘+”1’,40'5'-‘-;2,8v12_0i_: ‘ “'szmﬁlhu ol 28mRih R

g .fiWhen the GC~3000 was tested inside the steel drum overpack, the cmsh shleld perfomled well and o a

the GC 300(} was retamed in the drum

‘ 5.5?25§;|ntegnty of Gontamment

There was no: v1s1ble damage to the dummy sources. ;;;:

o 53 lntegrlty of Shleldmg

No weld fractures were observed on. the GC-3000 m'adlator even when 1t was dmpped bare

S spec:lmens to cauSe an mcrease in rad1at10n leVGls '

. CONCLUS!ONS

The de31gn of the removable plug using two, retammg nngs (1/8 in: thxck 5 75 in. bore. dxameter) proved

- 1o be strong enough to.keep the plug in place during the 9m: accldental drop of the bare GC 3000 The
h deSIgn change is equally sultable for the GC- 1000 ‘

_ When a: bare GC-3000 smelded head is sub_]ected to’ the regulatory drop tests there is no mgmﬁcant o

T damage and £ no decrease in shleldmg or contamment.

Apri2063 Lo R G . Page18of 18

o The steel dnnn overpack prowdes addmonal protecnon dunng the drop tests and the cru.sh shxelds absorb e o
' fﬂAmuchofthelmpact. S SRR
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APPENDIX A: ‘

. PreDrop TestRadiation Survey - .o o
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o 'The GC—-3000 was surveyed ﬁrst in accordance wrth procedure IN/IM 0209 GC3000E (6) The rcadmg andi .

Radlatron Survev Before thc Drop Tcst

i vThe GC—SOOO s/n 119 and 120 were loaded wrth two Caesun-137 sources

_Scurce Actrvxty(2) ] o

1466 CL |

GC-SOOO S/N Source SfN Source Actrvrty (l) Source SfN
119 . A1099: . 1454 Ci . A1086. )
120 B :'A1090 ':'1:466 Ci : 3A1092 -14'95'Ci

Sources were- measured as of October 16 1998 the cacsrum sources are in threc powder form cacsxum-137 .

capsulés, which are then double ericapsulated resultmg in-one capsule. C-30001 source drawing number
.- GA61600 ( refer to QC Source Documént ).. The capsules weré loaded as per GC-1000 and GC-3000 R
:: " 10ading prccedure CO-CG;‘OP-OOOQ (?) inCell 06 wrthm Industnal operatrons, MDS Nordron, Kanata on  Llhiit

1999 September 21.

s . .location of high actmty readings “Hot spots” are hsted Bcth GC’s were: surveyed on Scptember 27 1999
the decayed source curie content to survey date: o 4 . AP I

Source S/N T

S(’)‘ur'ce’Activity o

GC-3000 SXN Source S;‘N Source Actrvrty ( 1)
119 CGAL099 1423 Ci _:A1086 ©:1434.Ci
120 AI 090 1434 C1 A1092 1463 Cr

Both GC’s were surveyed w1th two cahbrated mstruments as, outhned in the Radlatron Integrity for New L :

L The GC s were consecutlvcly placed on the levclator for thc survey, cach. GC had their sh1ppmg stand Y
1‘:fastened at the t}mc of thc surveys o

- -. -Transport Packaging Procedure CO-QC/TP—OOOI (2) "Met or exceeded radlatlon requirements listed in
;. . Functional and'Findl Assembly Inspection of the. GC-3000 Elan procedu:e IN/IM 0517 GC1000/3000 ®)
*and. Radiation Survey’ Report for the GC- 3000 Elan IN/IM 0209 GC3000E (6). Based on the type of

instrumientation and the last calibration data, all rcadmgs would be within +/- 5% of the actual. Fach

Co cach location on both GC’s were recorded scc attached

thc The shlppmg stands were fastened at the time of the survcy, which made the Iocatron of the sectrons :
.easier: 1o 1dent1fy The GC chaiiiber-on both umts werd ity the open posmon during the survcy, a readmg

. . was recorded on the msxde of the chamber )

Meiér

S Victoreen 471
Bicron Surveyor 2000

Sérial Nimber

1432

. Calibration Dite .

-section top, bottom, front, back; Side A&B of the.GC was dlvrded into four areas, the hrghest rcadmg for o

" Otober 22 1999
" November 28 1999 .~




GC3000 S/N: 119
Surface: Top

BACK

B LT e e e

FRONT
Figure 1. GC3000 Radiation Survey Top.

Contact Reading 1 meter Reading

Description Location | Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.F. Quadrant A 0.0 0.10 0.26 0.50
R.F. Quadrant B 0.0 0.15 0.40 0.50
R.F. Quadrant C 0.0 0.01 0.18 0.40

Over Plate D 1.0 0.03 0.42 0.62
L.B. Quadrant E 2.0 1.00 0.52 0.60
R.B. Quadrant F 2.2 1.20 0.52 0.65
Over Chamber G 16.0 30.0 0.50 0.60

Table 1. GC3000 Radiation Survey Readings.




GC3000 S/N: 119
Surface: Bottom

O
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FRONT < ;K}\ BACK
Figure 2. GC3000 Radiation Survey Bottom.
Contact Reading 1 meter Reading
Description | Location | Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.B. Quadrant A 0.0 0.05 0.0 0.03
U.B. Quadrant B 0.0 0.04 0.0 0.03
U.F. Quadrant C 0.0 0.14 0.0 0.04
U.F. Quadrant D 0.0 0.04 0.0 0.01
Under Chamber E 0.0 0.03 0.0 0.02

Table 2. GC3000 Radiation Survey Readings.




GC3000 S/N: 119

Surface: Back

©

TOP
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Figure 3. GC3000 Radiation Survey Back.

Contact Reading 1 meter Reading
Description | Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 28 30 1.0 1.3
R.T. Quadrant B 40 40 2.0 2.0
Front Plate C 70 80 2.4 3.0
Under Plate D 62 100 2.2 3.0
R.T. Quadrant E 30 30 1.4 2.0
R.B. Quadrant F 20 30 2.0 2.0

Table 3. GC3000 Radiation Survey Readings.




GC3000 S/N: 119

Surface: Front

Chamber in
Open position

O

®\\> 4——/
T
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Figure 4. GC3000 Radiation Survey Front.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.0 0.01 0.0 0.02
R.T. Quadrant B 0.0 0.01 0.0 0.02
L.B. Quadrant C 0.0 0.01 0.0 0.02
R.B. Quadrant D 0.0 0.01 0.0 0.00
Inside Chamber E 0.0 0.09 0.0 0.02

Table 4. GC3000 Radiation Survey Readings.




GC3000 S/N: 119
Surface: Side A

Radiation label

TOP

BOTTOM

Figure 5. GC3000 Radiation Survey Side A.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.B. Quadrant A 1.0 1.5 0.22 0.50
L.B. Quadrant B 0.3 0.5 0.10 0.30
R.T. Quadrant & 0.0 0.1 0.00 0.04
R.B. Quadrant D 0.0 0.1 0.00 0.03

Table 5. GC3000 Radiation Survey Readings.




GC3000 S/N: 119 TOP
Surface: Side B

o ©

BOTTOM
Figure 6. GC3000 Radiation Survey Side B.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.0 0.2 0.00 0.03
L.B. Quadrant B 0.0 0.3 0.00 0.03
R.B. Quadrant C 1.4 2.0 0.22 0.45
R.T. Quadrant D 0.9 1.0 0.22 0.40

Table 6. GC3000 Radiation Survey Readings.




GC3000 S/N: 120

Surface: Top
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Figure 7. GC3000 Radiation Survey Top.

Contact Reading 1 meter Reading

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.F. Quadrant A 0.0 0.12 0.40 0.70
R.F. Quadrant B 0.0 0.11 0.40 0.60
R.F. Quadrant C 0.0 0.03 0.10 0.45

Over Plate D 1.2 0.50 0.40 0.60
L.B. Quadrant E 1.9 2.00 0.50 0.70
Over Chamber F 18.0 30.00 0.45 1.00
R.B. Quadrant G 1.8 2.00 0.40 0.90

Table 7. GC3000 Radiation Survey Readings.




GC3000 S/N: 120
Surface: Bottom

BACK
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Figure 8. GC3000 Radiation Survey Bottom.

Contact Reading 1 meter Reading
Description Location | Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.F. Quadrant A 0.0 0.02 0.0 0.02
U.F. Quadrant B 0.0 0.04 0.0 0.30
U.F. Quadrant C 0.0 0.20 0.0 0.03
U.F. Quadrant D 0.0 0.09 0.0 0.03
Under Chamber E 0.0 0.04 0.0 0.02

Table 8. GC3000 Radiation Survey Readings.




GC3000 S/N: 120 TOP
Surface: Back
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Figure 9. GC3000 Radiation Survey Back.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 19.0 30.0 1.5 1.5
R.T. Quadrant B 18.0 30.0 1.2 2.0
L.T. Quadrant C 21.0 40.0 2.2 3.0
Front Plate D 70.0 90.0 2.5 3.0
R.B. Quadrant E 16.0 20.0 2:1 3.0
Under Plate F 70.0 100.0 2.6 4.0

Table 9. GC3000 Radiation Survey Readings.




GC3000 S/N: 120
Surface: Front

O

TOP
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Figure 10. GC3000 Radiation Survey Front.

O

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
R.T. Quadrant A 0.0 0.02 0.0 0.02
Inside Chamber B 0.0 0.30 0.0 0.03
L.B. Quadrant C 0.0 0.03 0.0 0.03
L.B. Quadrant D 0.0 0.02 0.0 0.02

Table 10. GC3000 Radiation Survey Readings.




GC3000 S/N: 120
Surface: Side A

®

TOP

BOTTOM

Figure 11. GC3000 Radiation Survey Side A.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.70 2.00 0.10 0.18
R.B. Quadrant B 0.00 0.05 0.00 0.04
L.B. Quadrant C 0.30 1.50 0.00 0.15
L.T. Quadrant D 0.05 0.30 0.00 0.05

Table 11. GC3000 Radiation Survey Readings.




GC3000 S/N: 120
Surface: Side B

®

Radiation label

N

TOP

/

7

———

BOTTOM

Figure 12. GC3000 Radiation Survey Side B.

o

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.00 0.30 0.0 0.03
L.B. Quadrant B 0.00 0.30 0.0 0.03
R.T. Quadrant C 0.70 2.00 0.0 0.40
R.B. Quadrant D 0.20 0.30 0.0 0.13
R.B. Quadrant E 0.00 0.04 0.0 0.04

Table 12. GC3000 Radiation Survey Readings.
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Report for GC-3000 Regulatorv Test
S/N: 119

Radiation Survey After Drop Test

Prepared By: @&«\N \(\(\\/‘-’—&. Date:_ 0% /Ql IO1
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B. Menna, Package Engineering

Measured By: Mm Date: 08 0 Q I?
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Approved By: Date: ’L
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Introduction:

GC3000 s/n 119 was subjected to a 9m drop test with no protective overpack. The unit was dropped inverted, and as a
result of the impact, the steel shell and lead shielding were deformed.

The initial attempt to remove the shielding plug, shortly after the drop test, was unsuccessful. The impact of the drop
test caused the lead to slump, and the shielding plug was jammed. The weight of the entire GC3000 shield (2200 Ib),
was not enough to pull the plug free.

The next attempt to remove the plug was successful. The GC3000 was loaded in an intra-site shipping frame, and the
frame was clamped to the floor. A 5-ton hoist was used to pull out the plug. The shielding plug cavity was inspected
and a bulge was identified closest to the centreline of the GC3000 shielding head. The source holder containing the
dummy sources was also jammed. It was removed in the same way. A bulge was identified closest to the centreline of
the GC3000 shielding head, about 5 cm down from the top of the source cavity. The GC3000, the source plug and the
source holder were machined in order to remove the interference in order to facilitate re-assembly. The amount of steel
removed from each part was approximately 2 mm.

The post-drop test survey is similar to the test survey conducted before the drop test, on 1999 September 27. The
measurement locations are the same as those surveyed before the drop test.

The GC-3000 s/n 119 was loaded with two Caesim-137 sources, Model C-3001, as described in Table 1.

Table 1. C-3001 Measured Activity
Source Serial Number | Source Activity Measurement Date
A1493 53.13 TBq (1,436 Ci) 2002/05/24
A1501 53.28 TBq (1,440 Ci) 2002/05/24

The sources were loaded as per GC-1000 and GC-3000 Loading Procedure CO-C6/0P-0009 (7) in Cell 06 within Ion
Technologies Operations, MDS Nordion, Kanata on 2003 January 9. The GC-3000 was fastened in its intra-site
shipping frame and was placed on the Levelator for the survey. The radiation survey was performed on 2003 January
10. The source activities as of the survey date are listed in Table 2.

Table 2. C-3001 Decayed Activity
Source Serial Number | Source Activity Reference Date
A1493 52.4 TBq (1415 Ci) 2003/01/10
A1501 52.5 TBq (1419 Ci) 2003/01/10

The GC-3000 was surveyed with two calibrated instruments as outlined in the Radiation Integrity for New Transport
Packaging Procedure CO-QC/TP-0001 (2). The measurement error for the readings is +/- 5%. Each face (top, bottom,
front, back, left and right side) of the GC3000 was divided into four quadrants. The highest reading for each quadrant
was recorded.

Note: The shipping frame defined each of the quadrants. The square top frame was bolted to the top of the GC-3000
and partially obscured points F and D on the top of the GC3000, as was the case with the pre-drop test survey. The
shipping adapter was fastened to the top of the rotor during the survey. This also limited the proximity of the meters to
the surface of the radiation shield during the survey. No chamber guard was affixed to the GC3000 at the time of the
radiation survey. The chamber was in the Load position.



Equipment:

Meter Serial Number Calibration Date Calibration Due Date
Victoreen 471 1432 2002 Sept 17 2003 Sept 17

Bicron Surveyor 2000 C311H 2002 Dec 22 2003 Jun 22

Results:

The measurements results are listed in Tables 3 through 8.

Conclusion;

The measurement data shows that there was no significant increase in the radiation fields from the GC3000. It is found
that after the drop test, the integrity of the shielding material remained intact and radiation fields levels are well below

regulatory limits.




GC3000 S/N: 119
Surface: Top
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Figure 1. GC3000 Radiation Survey Top.
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Table 3. Radiation Measurements on Top of GC3000 s/n 119

Contact Reading Reading at 1m from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
L.F. Quadrant A 0.7 0 0.5 0.8
R.F. Quadrant B 0.3 0 0.5 0.8
Front of Plate B 0.2 0 0.5 0.8
Over Plate D 2.0 0.5 0.5 0.8
L.B. Quadrant E 3.0 0.4 0.6 1.0
R.B. Quadrant F 2.0 0.4 0.6 1.0
Over Plug G 13 30 0.6 1.1




GC3000 S/N: 119

Surface: Bottom

FRONT
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Figure 2. GC3000 Radiation Survey Bottom.
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Table 4. Radiation Measurements on Bottom of GC3000 s/n 119

Contact Reading Reading at Im from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
Left Side A 0.0 0.0 0.0 0.0
Right Side B 0.0 0.0 0.0 0.0
Front c 0.0 0.0 0.0 0.0
Front Centre D 0.0 0.0 0.0 0.0
Under Chamber (Back) | E 0.0 0.0 0.0 0.0
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Figure 3. GC3000 Radiation Survey Back.
Table 5. Radiation Measurements on Back of GC3000 s/n 119
Contact Reading Reading at 1m from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
R.T. Quadrant A 27 25 2.0 2.0
Top Centre B 10 13 2.0 2.0
Face of Plate C 58 75 2.2 3.5%
Bottom of Plate D 60* 90* 2.4* 3.0
L.T. Quadrant E 6 3 2.0 2.0
Bottom Centre F 25 50 2.0 3.0

* denotes exact location of maximum reading measured over entire area.




GC3000 S/N: .119

Surface: Front

LEFT

RIGHT

Open Position

©)

TOP
oAl [ 10O
—_
RotorIn /—’—’_——‘T \
/ \
BOTTOM

Figure 4. GC3000 Radiation Survey Front.

Table 6. Radiation Measurements on Front of GC3000 s/n 119

Contact Reading Reading at 1m from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
L.T Quadrant A 0.0 0.0 0.0 0.0
R.T. Quadrant B 0.0 0.0 0.0 0.0
L.B. Quadrant C 0.0 0.0 0.0 0.0
R.B. Quadrant D 0.0 0.0 0.0 0.0
Front of Chamber E 0.0 0.0 0.0 0.0




GC3000 S/N: 119
Surface: Left Side
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Figure 5. GC3000 Radiation Survey on Left Side.

Table 7. Radiation Measurements on Left Side of GC3000 s/n 119

Contact Reading Reading at 1m from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
L.T Quadrant A 0.1 0.5 0.0 0.0
L.B. Quadrant B 0.3 0.3 0.0 0.0
R.T. Quadrant & 0.0 0.0 0.0 0.0
R.B. Quadrant D 0.0 0.0 0.0 0.0
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Figure 6. GC3000 Radiation Survey Right Side.

Table 8. Radiation Measurements on Right Side of GC3000 s/n 119

Contact Reading Reading at 1m from Surface
Description Location Victoreen (mR/h) | Bicron (mR/h) Victoreen (mR/h) | Bicron (mR/h)
L.T Quadrant A 0.0 0.0 0.0 0.0
L.B. Quadrant B 0.0 0.0 0.0 0.0
R.B. Quadrant C 0.4 0.6 0.0 0.0
R.T. Quadrant D 0.3 0.2 0.0 0.0
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Report for GC-3000 Regulatory Test
S/N: 120

Radiation Survey After Drop Test

Prepared By: Date:

B. Prieur, Industrial QC

7@[4@1

Reviewed By: g é'A Date:  2pe0 -/ 22
D. Whitby, Senior Ind «m
Approved By: /,{ ¥ Q Date: gty b(g, o|

K. O’Hara, Senior Radiation Physicist



Radiation Survey After the Drop Test

After the regulatory drop test, there was minimum to zero deformation to the shielding material. The
GC-3000 has undergone modifications since the drop test, therefore there are shielding variations between
the before and after drop tests.

This survey is similar to the before drop test survey conducted on 1999 September 27, the target points
initially surveyed on the before drop test were surveyed again on the GC-3000 after the drop test.

The GC-3000 s/n 120 was loaded with two Caesim-137 sources:

GC-3000 S/N Source S/N Source Activity (1)
120 A1185 1447 Ci
120 A1188 1445 Ci

Sources were measured 1999 September 07, each cesium source contains three powder form caesium-137
capsules, which are then double encapsulated in one C-30001 source, drawing number: GA61600 (refer to
QC Source Document). The sources were loaded as per GC-1000 and GC-3000 loading procedure CO-
C6/0P-0009 (7) in Cell 06 within Industrial operations, MDS Nordion, Kanata on 2000 November 20.

The GC-3000 was surveyed first in accordance with procedure IN/IM 0209 GC3000E (6). The reading and
location of high activity readings “ Hot spots” are listed. The GC-3000 was surveyed on 2000 November
22, the decayed source curie content to survey date:

GC-3000 S/N Source S/N Source Activity (1)
120 A1185 1407 Ci
120 A1188 1405 Ci

Total: 2812 Ci

The GC-3000 was placed on the elevator for the survey, the GC-3000 had it’s shipping stand fastened at the
time of the surveys.

The GC-3000 was surveyed with two calibrated instruments as outlined in the Radiation Integrity for New
Transport Packaging Procedure CO-QC/TP-0001 (2) which met or exceeded radiation requirements listed
in Functional and Final Assembly Inspection of the GC-3000 Elan procedure IN/IM 0517 GC1000/3000
(8) and Radiation Survey Report for the GC-3000 Elan IN/IM 0209 GC3000E (6). Based on the type of
instrumentation and the last calibration data, all readings would be within +/- 5% of the actual. Each
section top, bottom, front, back, Side A&B of the GC was divided into four areas, the highest reading for
each location on the GC-3000 was recorded, see attached.

Note: The shipping stand was fastened at the time of the survey, which made the location of the sections
easier to identify. A square steel frame was bolted down to the top of the GC-3000 at the time of the
survey which partially covered points F and D. The shipping adapter was fastened to the top of the
chamber during the survey, this will affect the result of the radiation field. A 3/8” thick plate was fastened
to the front of the GC-3000, the plate covers the opening of the chamber, couldn’t identify whether the
chamber was open or closed at time of survey.

Equipment used:

Meter Serial Number Calibration Date Cal. Due Date
Victoreen 471 1368 December 20 2000 January 20 2001
Bicron Surveyor 2000 A054Q May 2 2001 November 2 2001



Conclusion

After the review of the survey results, there are no measurable shielding concerns with the GC-3000. It is
found that after the drop test, the integrity of the shielding material remained intact and radiation fields
levels are well below regulatory limits.
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Figure 1. GC3000 Radiation Survey Top.

Contact Reading 1 meter Reading

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.F. Quadrant A 1.3 0.6 0.8 0.5
R.F. Quadrant B 1.1 0.7 0.76 1.0
R.F. Quadrant C 1.2 1.5 0.6 0.8

Over Plate D 13 20 0.7 0.5
L.B. Quadrant E 0.26 0.04 0.4 0.6
Over Chamber F 1.4 0.4 0.52 0.8
R.B. Quadrant G 0.24 0.05 0.58 0.7

Table 1. GC3000 Radiation Survey Readings.
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Figure 2. GC3000 Radiation Survey Bottom.

Contact Readin 1 meter Reading
Description Location | Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.F. Quadrant A 0.1 0.03 0.22 0.05
U.F. Quadrant B 0.18 0.05 0.2 0.04
U.F. Quadrant € 0.2 0.09 0.22 0.07
U.F. Quadrant D 0.28 0.01 0.2 0.04
Under Chamber E 0.2 0.04 0.18 0.08

Table 2. GC3000 Radiation Survey Readings.
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Figure 3. GC3000 Radiation Survey Back.

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 7.0 7.0 1.6 2.0
R.T. Quadrant B 8.0 6.5 1.8 2.0
L.T. Quadrant C 14 20 2.2 2.5
Front Plate D 64 65 2.5 2.0
R.B. Quadrant E 6.2 9.0 2.2 2.0
Under Plate F 50 90 24 2.0

Table 3. GC3000 Radiation Survey Readings.




GC3000 S/N: 120
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Figure 4. GC3000 Radiation Survey Front.

O

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
R.T. Quadrant A 0.01 0.0 0.02 0.07
Inside Chamber B 0.02 0.05 0.02 0.08
L.B. Quadrant C 0.02 0.07 0.02 0.06
L.B. Quadrant D 0.02 0.07 0.01 0.06

Table 4. GC3000 Radiation Survey Readings.
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Figure 5. GC3000 Radiation Survey Side A.

®

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.6 1.1 3.6 0.5
R.B. Quadrant B 1.0 0.4 1.2 0.0
L.B. Quadrant C 0.8 0.3 3.0 0.3
L.T. Quadrant D 1.8 0.02 1.0 0.0

Table 5. GC3000 Radiation Survey Readings.
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Figure 6. GC3000 Radiation Survey Side B.

o

Contact Reading 1 meter Reading
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h)
L.T. Quadrant A 0.24 0.12 0.2 0.3
L.B. Quadrant B 0.3 0.12 0.2 0.5
R.T. Quadrant C 0.7 1.4 0.2 0.6
R.B. Quadrant D 0.4 0.1 0.2 0.16
R.B. Quadrant E 0.3 0.03 0.2 0.15

Table 6. GC3000 Radiation Survey Readings.
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1. INTRODUCTION

Vertical drop tests were performed on two MDS Nordion test specimens, a bare GC-3000
irradiator and a second GC-3000 irradiator inside its transport container (steel drum), on
October 14, 1999, at the AECL drop test facility located at Chalk River, Ontario, Canada.

These tests were witnessed by representatives from MDS Nordion and Menova Engineering.

Five drop tests were performed, in a variety of orientations. An accelerometer was installed
on each test specimen to record deceleration data.

Visual records were made using a normal video camera, high-speed film camera

(500 frames per second), and still camera. Brief qualitative field observations were recorded
by the AECL engineer (R. Birchall) after each drop test, and are part of this document.
Detailed quantitative and qualitative observations were recorded after each drop test by

MDS Nordion and Menova Engineering personnel, as witnessed by the MDS Nordion Quality
Assurance engineer, and are not part of this document.

This report references the photographic record, print numbers 9910-23698-1 and
9910-23698-85 to 9910-23698-107. The high speed film transfer to AVI file format is
referenced by filenames shotj.avi to shotn.avi.

2. REFERENCES

MDS Nordion document:
Drop Test Plan for Removable Plug on GC-3000, IN/TP 1559 GC3000 (1)

3. FACILITIES

AECL (Atomic Energy of Canada Limited) maintains a drop test facility at Chalk River
Laboratories (CRL), located at Chalk River, Ontario. The drop test tower is 65 ft high; the
maximum drop height is 50 ft. The impact target has a surface area of 48 fi’.

The impact target consists of a steel plate mounted on a concrete pad with a total mass of
approximately 80 ton. The entire target is embedded in granite bedrock to provide an
essentially infinite mass. The steel-reinforced concrete pad is 10 ft by 10 ft by 10 ft deep with
a compressive strength of 5000 psi. The steel plate is 8 ft by 6 ft by 4 inches thick,

ASTM A203 Grade E. Tapped holes are provided in the top plate for the installation of a high
strength plate and puncture pin for impact testing. (Ref.: AECL Dwg. E-4511-2002).

The puncture pin was supplied by MDS Nordion.
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4. TESTING

Note on test numbering: These drop tests were done immediately after testing of the
MDS Nordion F-430 (nine drop tests), and the original test numbering (starting at Test No.10)
has been retained.

Test No. 10

Conditions:

Drop height = 9m
Orientation: Inverted drop of bare GC-3000
Time of drop: 10:30 AM, Oct. 14, 1999

Photographic record:

9910-23698-85 Bare GC-3000, pre-drop.

9910-23698-86 to | Bare GC-3000, post-drop.
9910-23698-87

Field observations:

1. Depressed top surface [as per photographic record].
2. [Sample chamber] plate came off.

3. Bolts flattened [as per photographic record].

4. Lifting rings bent [as per photographic record].

Deceleration record:

The trace for Accel #7228 shows a deceleration peak of 180 g.



Test No. 11

Conditions:

A-17048-TN-2

Rev. 0
Page 3

Drop height = Impact zone 1m above top of pin

Orientation: Oblique angle pin drop of GC-3000 inside the Transport Container

Temperature: 3.6 °C

Time of drop: 11:30 AM, Oct. 14, 1999

Photographic record:

9910-23698-1

Verification of length of steel rod.

9910-23698-88

GC-3000 inside the Transport Container, pre-drop.

9910-23698-89 to
9910-23698-94

GC-3000 inside the Transport Container, post-drop.

Field observations:

1. Lid did not come off.

2. Lid retaining bolt pushed in as per photographic record.

3. Skid bent.

4. Pin hits first [before the skid hit ground).

Deceleration record:

The trace for Accel #4713 shows the first deceleration peak of -14 g when the container
hits the pin, and a second deceleration peak of -38 g, occurring 0.0159 seconds later,
when the skid hits the ground. This interval can also be seen in the AVI file (shotk.avi)

in Frames 228 to 234.
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Test No. 12

Conditions:

Drop height = 9m

Orientation: Oblique angle (65°) drop of GC-3000 inside the Transport Container
Temperature: 4.5 °C

Time of drop: 1:10 PM, Oct. 14, 1999

Photographic record:

9910-23698-95 GC-3000 inside the Transport Container, pre-drop.
9910-23698-96 to | GC-3000 inside the Transport Container, post-drop.
9910-23698-102

Field observations:
1. Top section of drum [upper crush shield] depressed as per photographic record.
2. Lid did not come off.

3. No new openings in drum.

Test212 shotl.avi

Deceleration record:

The trace for Accel #4713 shows a deceleration peak of 56 g.



| A Drop hexght Impactzone lm above top- ofpm — Do JEREEN B :
I Orientation: Side pin drop of GC-3000 inside the Transpox’t Contamer AN EETTRTR UL

TestNo14 PR o S

- .| Temperature: 4:8°C-

9910-23698-104 to GC-SOOO msxde the Transport Contamer, post—drop

i EA;-511704.8,-A'IN-2~5‘:53 o

P Rev. 0

Condmons

Time of drop:: 145 PM Oct 14, 1999 o
:5Photograph1c record '

|9910-23698—103 l GC-3000 mSIde the Transport Contamer, pre-drop | L

fﬁFleld observatlons

1. Impact [target] on hd bolt

L 1. Missed pin. [Test redone as Test No 1 4]

'Deceleratmn record

N ' The trace for Accel #47 13 shows a deceleratlon peak of 41 g when the Skld hxts the

ﬁ ground

Condltmns

Drop height = Impact Zone lm above top ofpm TS
Orientation: Side pin drop of GC—3 000 inside the Transport Contamer

[ Time of drop: 200PM Oct 14, 1999 ;g;; —
Photographlc record N L p S

1 9910'—23698-—1 07

i ::Fleld 0bservat10ns

[None made de didnot come ojj’ as per photogmphtc record]

pe :.Deceleratmn record

:The trace for Accel #4713 shows the, ﬁrst deceleranon peak; of 17 g when the contamer

.. hits the pin; and a second deceleration peak of 40 g occumng 0.0813 seconds later, when o
the skid hits the ground Thls interval can also be seen in the AVI ﬁle (shotn. av1) in.o o

‘Framies: 169 to 207
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DECELERATION MEASUREMENT DURING DROP TESTS OF
TWO GC-3000 IRRADIATOR TEST SPECIMENS

i JohnTromp,}hbratlonand‘z’lf:ltl,b:ologyUmt B

1. INTRODUCTION . :wi . wfus i 0 Dhiis

 Impact tests were condiicted on two MDS Nordion test speciméiis, a bare GC-3000 fradiator

~ and a second GC-3000 irradiator inside its transport:container, Thé:Vibiation and Trlbology o D

_?;Umt was asked to gather data during the impact of these: packages to address structural
" coneerns, -All drops were petformed as requested onto an’ unyreldmg surface usmg varzous

orlentatlons

a2 5;ms;r'RuM'éNrArIQN;;: o

: ifThe packages were mstrumented w1th Iow 1mpedance accelerometers capable of measurmg

2500 g and wrthstandmg a shock load of 5000 g.: The accelerometér inside the transport

_ contaitier'was tested prior to mounting it in the: package ‘o verify its opération, since it- would _
Egnot be accessrble for replacement-once the package was closed. After the transport container -
" was closed, the accelerometer was again tested for srgnal integrity before the drop test.

Decelération signals weére stored on a multi-channel.tape recorder: (TEAC model XR7000

placement of the accelerometer

g :;CAI,IBRA%KSNE - ';: IRETEE . 'ﬁfS»':‘? ISTRAE - ﬁﬁfz»';'i ARGIRERS e BTN

= | ;All accelerometers were cahbrated before and aﬂer the drops A hand-held shaker .
U (B&K- Calibration Exciter Type 4294 QA # FS1217) was ‘used as an excrtatmn source.. ThlS

shaker vibrates at 159.0'Hz and produces an acceleration level of 1.0:g.. Each accelerometer

. was mounted on the shaker and connected to an amplrﬁer (Kistler Dual Mode Model 5010, =~ .~
QA H 456—239) ‘The accelerometer sensitivity setting was adjusted and the output voltage IBE T

measured ‘using a voltmeter (Kerthley Multimeter- Model 2001, QA # B5871) Results.arg

.. listed in Table #.1 in the ‘as found’ columns. The sénsitivity setting was then changed till'the
- Eioutput read 1 00 Volts The resultmg sensrtrwty was then noted in the as'left’ ‘column of :

condltlon of the accelerometers after the drops were: completed

s §:Cahbrat10n Certlﬁcates for the mstruments used are attached in Append1x 2

”V';.QA # 456- 268) for: later analysis.: Flgure #1 shows the GC- 3000 inside its transport contamer‘ MR
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I Table #'iiiiﬁeee:lerometerfE'Calibtr,ation, LR s

“" |Accelerometer| - Sensitivlty "[Date of Calibration | Measured Acceleration (g's)|| Date of Calibration Measured Acceleration (g's) | -~ = "~

© (Serial #) {mVig): (before drop test):| i ,
v as found ds left - - | asfound | -asleft’ " .. .. .. )" ..asfound |

|l {after drop test) .| - °

72

28 _ [.222 | 210 | | 9900930 0957 | 100 || - gwttioa: o

o L4713 202 | 192 |- 990930 .2 | 085 1.00.. 4 egMt04 b 099 -

The signals stored on tape contain both the deceleratmn frequency and all namral ﬁ'equencxes
_ of all parts.of the package and:contents excited‘on-impact. Natural: ﬁ'equenc:les areusually.©
- - “hugher frequencies having higher amplitudes and should therefore be filtered out to reveal the: .. |
" true-deceleration frequency. - It was determined, by using varrous ﬁlter settmgs that anythmg o

above 640 Hz showed these natural frequenmes

o §:IAEA Safety Senes No 37, Paragraph A—(SOI 14., suggests a cut—off frequeney range of .

“.’Ethlsguldelme“ :“';.‘;.‘

100't0:200 Hz, multlphed by a faetor (1 OOIm)] B where m= mass of package [Mg] As per

i ‘Bare GC-3000 SR (100 to 200 Hz) x (100/1 04 Mg)“3 = 458 Hz*'ro*9f16 Hz

GC:3000:in containers :{100'to 200 Hz) % (100/1.50 Mg)“3 =405, Hz to 810 Hz

o :;;‘f;'l‘l}erefore the 640 Hz ﬁlter settmg falls w1thm the LAEA suggested range.:

The recorded data was analyZed usmg a LabVIEW program Wh1ch was adapted from a;

......

i‘wlaere results were: acqulred usmg a stnp chart recorder (the tradrtxonal method)

The. graphs on pages 11— 15 show the srgnals after bemg filtered: so that anythmg above o

. 640 Hz s ehmmated

N Analog data ﬁom the tape recorder was ﬁltered using a Natlonal Instrument SCXI—I 141-.

configurable 8-channel elliptic lowpass filter.: The filter was connécted:to a data acqulsmen

. ... -.card (National Instruments type AT-MIO- 16E-10) mstalled in‘a Dell personal computer. The'.
- digital sarnphng Tate is 8000 samples/second Data provided i in Excel ﬁle format is referenced
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Table # 2 Summary of Max1mum Measured Deceleratmn
‘ of Drops #10 to #14 :

kST IR

o [ orop [ oo |

' AiAér:elerometerféu ) ' Aééélerometer 3 Drop Drop o
1. #13

1. Losation .| (Seﬂal#) A0 #M

BareGC~3000 N g::.:i
(8N119) i:' 7228 o

A i:" GC-3000 inside . . §:::0t
transport contamer 473 .
(SNA20).0 | L

180 -

. Dirop #10: A9m inverted drop of bare GG-3000::
- Drop # 1 f:iObquue angle pm drop of GC-3000 |ns:de the Transport Contamer B
K " Drop# 120 :":gm obhque ‘angle (65°) drop of GC-3000 inside the Transport Container. : AR
i ISro'p #13: _Slde pm drop of GC—3000 inside the Transport Contamer (Mlssed the pm) SREERE
Drop #14: - '

:;Srde pln drop of GC-SOOO inside the Transport Contatner

g COMMENTS

o gA:-Elf?O‘iS.-'TN-Z- RETR G

res

- g;The ﬁrst deceleratlon graph (Page 10) shows the 51gna1 for the bare GC 3000 drop The next S
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* ' CALIBRATION CERTIFICATES _ .

Description” :. .- | Makeand Model = . .- AECL QA Number

& ‘Multi-channél tape recorder - | TEAC ModelXR7000 ~ "= - | "#456-288° . .| " o :
Amplifir . %) Kistler Dual Mode Mode| 5010, - |t #486-239 | L

[Fanenoushaer | oaCatbraton s Tps 29| wesszr |
Voltmeter 01| Keithley Multimeter Model 2001 . |- #B5871: .. i




957-10896

Work Order Number

Certificate of Calibration

Issued to: Description: DATA RECORDER
M . TEAC
AECL-CHALK RIVER LAB M::::a;‘“""' e7000
CENTRAI, WAREHOUSE del m
BLDG 457 Serial # 772733
Asset # c00021
Procedure: SEE DATA SHEET
. AS FOUND
CHAULK RIVER, ONT, CAN - Cal. State:

K0J 1J0
Calibrated by:
Calibrated Date:
+Recall Date:

Don Cleveland
June, 24, 1999
June 22, 2000

This certificate attests that this instrument meets or exceeds published specifications for the parameters tested and has been calibrated with

standards traceable to one or more of the following: National Institute of Standards and Technology (NIST), the National Research Council (NRC),

fundamental or natural physical constants with values assigned or accepted by NIST or NRC, ratio type or self calibration techniques, comparison to

'\ consensus standards. Evidence oftraceability is on file at our metrology laboratory. The calibration environmental conditions are as recorded, The

' collective uncertainty of the measurement standards used do not exceed 25% of the applicable tolerance for each characteristic calibrated unless
otherwise stated. The results documented in this certificate relate only to the item(s) calibrated or tested. Calibration interval assignment is the
responsibility of the end user, when not specified Canadian Instrumentation Services Group will assign an appropriate calibration interval. This
certificate may not be reproduced, except in full, without the written approval of Canadian Instrumentation Services Group.

The measurement standards used for this calibration are supported by a quality system which meets the intent of [SO/IEC Guide 25 and the
requirements of ~IS0 9002-1994~ [{QMi Certificate #302612) and the CISG QA Manual Rev.1.1.

Standards Used:

ssue Date; June 24, 1999

Tool # Description Calibration Due
$7244560 PRECISION DMM October 14, 1999
ST299961 CALIBRATOR February 28, 2000

ny S
o\b“ wfég

»
f‘. \
Approved By: ( d’éé”%—/

1091 Monaghan Road ¢ Peterborough, Ontarioc K9J 514 * Phone:

705-748-5225 « Fax: 705-748-4559 * 1-800-419-3419 » Website: www.cisg.net 11




West Caldwell Calibration Laboratories Inc.

Certificate of Calibration

for
DUAL MODE AMPLIFIER
Manufactured By: KISTLER
Model No.: 5010 Serial No.: C70224
Calibration Recall No.: C5164
Submitted by:

Customer: Mr. Brain Luloff
Company: ATOMIC ENERGY OF CANADA LTD.

The subject Instrument was callbrated to the Indicated specification using standards traceable to

" the National Institute of Standards and Technology or to accepted values of natural physical constants.

This document certifies that the Instrument met the followlng specification upon its return to the submitter.
West Caldwell Calibration Laboratorles Specitication No. 5010 KIST {see attached)

Upon recelpt for Calibration, the Instrument was found to be:

Within  { X )
Outside ( )

see attached data

the tolerance of the Indicated specification.

West Caldwell Calibration Laboratories' calibration control system meets the following requirements,
MIL-STD-45662A, ANSI/NCSL Z540-1, and ISO 9002

Approved by:
Callbration Date: August 20, 1999
Certificate No: c5164 -1
Callbration Due:  August 20, 2000

"Stanley Christopher

Ste. 118 Te}ephone
Wes.t Calglwell 5200 Dixie Road (908 o43918
Calibration Mississauga Ort. Fax
uncompromised calibration Laboratories, inc. Law1Es {905} 624 -3328




Spectris Technologies Inc.
90 Leacock Drive
Pointe-Claire, QC H9R 1H1
Telephone: (514) 695-8225

Fax: (514) 6954808 CERTIFICATE OF CALIBRATION

£ spectris group
Page 1 of 2
CUSTOMER : Atomic Energy of Canada Ltd.
Calibration Exciter Type : 4294 Serial No. : 1218159 © Ref. No. : 4319
~ CALIBRATION CONDITIONS : ‘
Air Temperature  :22 °C Air Pressure : 1013 hPa Relative Humidity : 57 %
PROCEDURE :

The calibration is performed by measurement of the Acceleration Level , using Bruél & Kjaer Standard
Calibration Set Type 3506 s.n. 1137339.
The Standard Calibration Set is calibrated by laser-interferometer in accordance with ISO 5347.

RESULTS ;

The following documented Acceleration Level result is valid with the instrument under test placed in the
vertical position. The load mass documented below corresponds to the mass of the measuring
- accelerometer from the Standard Calibration Set.

Acceleration Level : 9.99 ms?R.M:S.
Frequency : 159.0 Hz
Load Mass : 40 grams

The above results are traceable to N.I.S.T.

The estimated uncertainty for Acceleration Level is £0.6 % at 95% confidence level. The calibration
standards used are documented below.

CALIBRATION SYSTEM
LD. Description Type No. Serial No. Cal. Date Cal. By
27 Multimeter 3458A 2823A11758 05 Nov 97 Hewlett-Packard
35 Calibration Set (B) 3506 1137339 10 Sep 97 B&K Denmark
Date of Calibration :  22-Jun-98- Certificate issued : 22-Jun-98
Calibrated by : %fd@’ %XJ(JW{O/ Approved by : %:

M. Tacobaccio S. Tierney

Reproduction of the complete certificate is allowed. Parts of the certificate may only be reproduced afier written permission.




ATOMIC ENERGY OF CANADA LTD.
BUILDING 429 CALIBRATION LAB
REPDORT OF CALIBRATION

CUSTOMER WORK ORDER NUMBER: - DATE: 19-Jul-99
UNIT UNDER TEST: Keithley 2081 Verify (FRONT) Part 1
PROCEDURE NAME: Keithley 2001 Verify (FRONT) Part 1
SERIAL NUMBER: Q54514® |
ASSET NUMBER: BS5RB71
CUSTOMER: Bldg. 45& Brian Lulloff
CUSTOMER PURCHASE ORDER NUMBER:
RESULT PASS
NOTIFY USER (IF > @) ] |
FAILED FINAL TESTS ]
CALIBRATED BY Joseph Soucy i
TEMPERATURE 24.5°C
RELATIVE HUMIDITY B85.0%
STANDARDS USED .
Instrument Model Asset Number Cal Date Due Date
Fluke 5700A . ST 4Q09-101 16=-Jun—99 13-Dec-99
Fluke 357254 409-101 16~jun—99 13~-Dec—-9%9
REMARKS: As Found/As Left Resul ts
L

Metrol&gQ(Technici

l.ab Madayer
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' » Fatigue rated to ”0 000 cycies at 1 l/" nmes the Workmg Load Lx:mt.
* Individually packaged along with proper appixc:mon mstmcnons L

Pageid&':;

" " Color coded to distinguish o
Hetween UNC (Red) and Do
Metric {Silver) | thread types BRI

US/Paient 535208 .o

Rated at 100% a 90" angle : -
Each product has a Product [dentific cation Codc r lC) for matenal

.mceabthw along wnth a Workmo Load Lmut and the name "Crosby

All componems aré Alloy Steel - Quenched and Tempered

o Available in UNC and Metric thread sizes. © | s
 [JNC threads available in sizes from 800 pounds to- 30 eeo pounds

‘Working Load Limit, with.a desxan factorof Sea’l: i

Metric threads available in sizes from 400 kg to 16, 900 kg and dual

rated in both'a4t0.l and5to | deszgn faczor

- 360° swivel and 180° pivot action. ' R
« 100% individually proof tésted.to 2-1/2 times the Workmg Load Lxmnt ,';E;: RS
-with certification and Stanstxcally Magnetic Particlé inspected. (Can

be furnished wO% Maonettc Particle: mspected when reqtrested at
time of order).. :

and warnirg information.
Bolt is secured with-patented retaining nno whtch reqwres no

_ - modification t6 threads. This method allows for easy dxsassembly ,
- and asseémbly of hoist ring for thorouah exammanon ef all camponems
Replacement kirs are available. -

Bolts are individually Proof Tested'

‘. Muiuple Bolt lengths avaxlable to meet’ specxf c apphcanon requlre- :
o ments . ! . T

470 Pagelof fr i

| ” |

"HR-125 5

.. Patented

R 93}95/2900,:%- S
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SEE AP!’LICATION AND o
" WARNING INFORMATION
See Pages 144 145

UNC THZREADS

B IHICME . T
gD FROECTOS - ¢ ¢

——

S & ERLT FTE

The size ot' the bolt szl be stated as in: the tol]owmg
example. [llustratmn ;hows meamng of. each

K dxmensmn given.

s

|

Al

i

g

TOp washer has the followm" fe:xtures. TR

' . The Working Load anztand S
Recommended Torque value are’ S

permanently stamped into each:.
.- washer. = o
» - Washer is color cnded for easy

. o identification

ey i

i

_ Lenght of Bolt _
(ftom nd-t hud)

Réd - UNC thread

o .'ch SIZE IDENTIFICATION

ot Thrends
perinek .

Boit mmaht ———J .

516" 45x1.50"

Working
s Load Lfrm:'
: (ibs) )

Ounensicns

“TERective

. Bolt:Size 1t
AL

"1016887T 800

Thread
Length
B .

Projection]

lin)_ L :::3

Radius

Ciameterf .
. F.'ff

6

i CEREERRD)

B

2.69

1.00

.38

T

T

7000

B~ 8% 150

TEGTT

.. 2.69.

60|

- 38 4 -1.68

1016908:

2600

TO169121 | .. 2500 ..

1Z-313 X 2:50

372 - 13 X240

. 4.82 -

2.00

TR T

4.82 -

- 2.00

L0551

- 3.30 |
— :3;3‘6‘_

1.09
[ 2.29
229

076520 "“Wn‘o" J

58-11x2.00"

4.82

2.00°

.75 3.30,

0169247 4000

SB-11X2.75

4.82

2.00

79 3.30

2.21 .
12.21

7076031 | 8000

SECL

N4 T0%X 295 |

4.82

200 § .

209, ]

330 |-

205 -

{10165938F ] 5000

100

:3/4 - 10Xx 275

1076942 ] 7000

100

3410275

" 6.55 |

. 4.82

200

75| 3.0

Z.05

.00

100 {403

2.98

‘| OTeeeT [ 000
©I"7016953 | 8000

100

34 -10X 350,

R

"3.00 .

100

2.703,--

2.88°

L

T8~ 9X2.75.

6.95

3.00

1.00

4,73

295 -

10169571 | 8000

TiE0.

78 - 9% 3.50

6.595

3.00

1.00

4.73 .

285 [:

555

-1-8%3.00

1§85

*3.00

.37

T8 33

.73

10000

230

18 X 4.00

- 6.5%

1 3.00

300 |- 4.73

2.73

24000

TOTEI7S | T AS000 ] A0 | TS T % 4,50

© 800 -

1-1/2 - 5 X 8,50

.8.70!

- 375

75

1.25 -

- 600

3.94

12.39

4,75

2.25 -

1.75 |

8.00- .

583 -

30000

100 -

4.7 |-

235

86'0

1.75

- 8,43

] Z-4-1/2%X6.50 |- 2.

* Ultimate !oad is 5 tlmes the Working Load Limil.

1 Long boils are designed 1o be used with soft meta! (i 2., aluminum) wom mece Wh"le the fong bolts may 3|$0 e used wi:h fer:ous meta!
.- (L.e. steel & iton) work piece, short-bolts are designed for ferrous.wark pleces only. :

1-: Qolt speaﬁ@uon isa Grade 8 Aﬂmf sucket head cap sc:ew to ASTM AS74. Al thfesds rsted are UNC - 3A.

z\’()'ff F‘m Spcaml Apphc x:wn:g ,sqe. p;;gc L-&.

.1 12,39

. ’hn::;;:./;f{v:w’gv,th,ecrosb;giauﬁ;éénll ersbylboaii_g_:lﬁfi?.:htm -
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§ cszosav SWIVEL HOIST RING.

: s R PRGN g . -
B 4 SO R R T A 15 ;
E W AL S S T : teil
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Pa e 144,
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3

o

. WARNINGS AND APPLICATION .
7 INSTRUCTIONS

B ,;WARNIN'G' R

. U S::Pétaniad
5.352.056

S nssembly

®_Use only genuine Crosby parts'as veptacements. - 11 J|

Lo.tds may slip or fall if proper unm ng a&ﬁcmhls and
lifting- pmtcduns are not used. I
: A falting foad may cause serious injury or duﬂn

Read, understand snd foltow aif mstmcu{ms dingrams o
and chart in{orm.uion before usmg swivel hoist rmg RERETIRI A

Hn-ms M.
(Qﬂver Washe:)

- HR-12§ o
(RedWasher}

Honst Ring Apphcanon
- Assembly Safety -
s Use swivel hoist ring only with a ferrous
" _metal (steel, iron) or soft metal (e,
- aluminum) loads { work piece). g
" Do .not leave threaded end of hoist ring in
ammmum 1oads for long time penods due 1o
corrosion;” -1
. After determxmng the loads on each ho;st
.- ring, select the proper size hoist ring usmg :

. the .working Load Limit ratings’in Table 1 for. ;!

UNC threads’ and Table 2 for Memc '
threads. = o
Drill and- tap the work piece to the correct
size 10 a minimum depth:of one-haif the

threaded shank diameter plus the threaded - -~

shank length. See rated load limit and boit
torque requirements imprinted on top. of the

- -swiveltrunnion. (see Table 1-and/ or table : *

with a torque wrénch making sure the

bushing ﬂange meets the load (work piece) o

- surface.
" Never use spacers between bush ing ﬂange
‘and mounting surface,
- Always select proper load rated nftmg _____
++ . device for use with Swivel Hoist Ring. -
. Attach lifting device ensuring free fitto ho:st
rifig: bail (lifting ring). (Fig.'1) -
Apply partial load and check proper rotatxon
- and alignment. There should be no -
“interference belween 1oad (work plece} and
f'hGiSt nng bail. (th 2)

installed with a retentxon nut, the nut must

o 1Hmst Ring. lnspectxon Mamtenance o

Regularly inspect hoist ring pans (th 3)
. Never use hoist ring that shows s:gns of .
corrosion, wear of damage.

) Atways check with torque wrench before
... using an a!ready installed hoist fing. :
© Always make sure there are no spacers
" (washers) used between bushing. ﬂange

Always inspect hoist ring before use.

Never use houst ring if bail is. bent or
elongated. .

!ways be sure threads on shank and
receiving holes are clean, not damaged
and fit properly.

and the mounting surface; Remove any
spacers (washers) and retorque:before use.

- Always ensure free movement of bail, The
22 Col §:basl should psvot 180” and swavel 360° (F:g,i:_:;
'install hoist ring.to recommended torque . - o

Always be sure total work piece surface is

_ in contactwith hoist ring bushing mating .-

- surface. Drilled and tapped hole must be

-'90° toload {workpiece) suface. T S

: E:dnmallna fon:. !
| Polnts’ pect

- have full thread- engagement and must meet{ &

“'one of the following standards. to develop
“the Working Load Limit (WLL), -

1 AST™M A-563 . {A)Grade D Hek Thick - - -, - .
L . .(B) Grade DH Standard Hex g: o
T A SAEGmues-—StandardHex ‘ L

'vl{ﬁpfilmfmec:qsbyém;.kpii.omerOsbv/body 144 htm

. [RIGHT S
e Pver

 Rotafion

B 93195/-”'-.,000'::5' D
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OPERATXNG SAFETY
Ty Never exceed the capac:ty of the swlvel
hoist ring, see Tabie 1 for UNC: threads and
.. Table'2 Metric threads. . . .=
» When using zftmg slings of two or more
i legs, make sure the forces in the legs are |
calculated using the angle from:the vemcal
to the leg.and select the proper size swwei T
. " hoist fing to allow for the angular forces. . T
.+ {Note: Sling angles will de-rate sling:. ... =+~ o T
. members (chain, rope, or webbing) butwill T R
not de-rate swivel hoist ring ¢apacity.) T
Atorstngshave 1 QD - Buekdi maymnl
‘been proparly O &eioa%glsmtsw
-attachod 1o the *: enough to tesist te':
ot AN,
oy
T Tablel » Table 2 S
HR-125 Swivel Hoist fings__ B HR~12§§3 MemcSwnvel HO&S! Rings™ -
o T WonfngLoad T : 1
...... : L Effectiv& (Kg} N gEﬂeCﬁVélw
‘ " i Thread ' | A3 | Aa | . L | Theead
wOrkmg Load Torqwe ; Pro;ectian 3 g1 | T4t Torque" o Ierojection
t.sgut‘ Ft.t.b ' 5"" Sszeﬁ' JLengly: 51 4 pasion| Design'| in .| . Bolt Sizett | Length
gmﬁﬁi" 701 (}183:150'.‘ ; t‘gg)‘ Faciort| Factort | _Nm. _{mm) faver) :
1000+ . - {TAG0 | 500 10 | MBX 1,25 X 40 768 | -
- 12 B-16x1.50. | 59 {380 850 [ 16 " Mi0X150%40 ] 189 |
2500 28, | M2-13x200 | 0 71 . | 7050|1300 | 38 | MIZx175%x50 | 72
T 2500+ 28 | 112+ 13x2.50 12T | a0 2R BT MISXZ00K60 | 272
4000 . .80 - | 58-11x200 | .71 - [[2750 | 2700 | 136 | M20x2.50x65 | 312 | ...
4000+ .| . 80 58 -11x 2.5 - 1.48 73000 | 3750 | 196 | M20x250x75 | 284 F. .
5000 100 34 - 10X228. | . 96 | | F00°] 5250 ] 912 | MIax3.00x80 | 330
006+ 60| W4-10%2.75 T46 -~ 7000 | 8780 | 637 | M30X3.50X 100, 451
7000 100 ] 3@-90x2.75 | 90 — | [ 11000 ] 13750:'1005 | MIEx4.00x 150:|: :60.6
7000~ | 100 F4-T0%350_ | 165 " [7Z5007] 75600 | 7008 | MAZX 450X 160 |70,
: L0 DR A -] -9 XZT8 0 13500 | 16900 | 1450 | MABX 5,00 x 160 | 70.6
8000+ ;2180 | 7/8-8x3.50 | 185 | | ~+ " IESGAEd 10 0e USed With (@rToUS WOrK piecs anly. -
10000 2§ :1-8x300 2 1155 " 1 s The lightening torgue values shawn are based upon
10000+ 230 11 -:8x4.00 L2150 N }h&e&gb@ng cl?ztm grgtang g:;%euof lub!t;ca‘t’?r:m
— YT 350, n aly proot tes 0 < mes e WOorkin
;‘s‘ggg T ggg ;-;;2 5% 6.50 §§§ .Load Uimil based on the 4:1:design factor. 9
. bR R s — 7o 1:+ Bolt spacification Is a Grade 12.9 Alloy socket head cap:
. ”mmmm' ey §°,,?,‘N 912 Allthreads are méiric (ASME/ANSI

. .-tested to 2-1/2 times the-working Load Limit.
) .,. - The tightening torque values shown are based upen threads being

“ctean, dry and

free of tubrication.

t Long bolts are designed to be used wafh solt metal (i.e.. arummum)
wark piece. While the long bolts may also Ye used with ferrous
metal (i.e., steel & iron) work preces _short bolts are des:gned for

7 ferrous work pieces only. :
I+ Bolt spedification is a Grade 8 A!loy socket head cap screw to =
. [ ASTMA 574 All !hreads ara UNC-3A. L

 hup//www thecrosbygroup.com/Crosby/body_[45htm o,/oanooa LS
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F-431 Transport Package Safety An'alysis Report

APPENDIX 2.10.7:
Lifting Analysis for the F-431 Overpack

1. INTRODUCTION

The F-431 transport package has a maximum weight of 5000 lb. The package can be lifted using four
hoist rings or two forklift pockets located on the main lid assembly. The general arrangement of the
package is shown in Figure A2.10.7-1. The internal construction of the main lid assembly is shown in
Figure A2.10.7-2.

2. LIFTING FORCES

The package can be lifted using the four hoist rings and a sling. The tension in each leg of the sling
will be equal. :

Resolve forces vertically: ZFy=0

W =4F cos o

where

w = weight of the container = 5000 pounds.
a =45°, angle of sling with the vertical
Therefore

F = W/[4 cos o]

=5000/[4 x cos 45°] = 1768 1b.

Horizontal component, Fx
Fx =Fsina
=1768 x sin 45° =1250 Ib.

Vertical component, Fy
Fy =Fcosa
= 1768 x cos 45° = 1250 1b.

The package also can be lifted using two of the forklift pockets on the main lid. In this case the load on
the forklift pocket will be vertical, and shared equally between each pocket.

Fy =W/2
=2500 Ib.

3. STRESS ANALYSIS
3.1 Stresses in Hoist Rings

The ultimate load for the hoist rings is five times the working load (refer to Appendix 2.10.6).
Each hoist ring has a working load limit of 7000 1b. When four hoist rings are used to lift the
package, the total ultimate load is 140,000 Ib. Therefore, the hoist rings have a Safety Factor
of 28 against failure. .

3.2 Stresses in Lifting Brace
The forces in the hoist rings are transferred to the lifting lug blocks. These are welded to the

liftini brace irefer 10 Fiiure A2.10.7-2 i Normal iield stress Sy
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3.21

3.2.2

Lifting Lug Block

The lifting lug block weld is under tension due to force Fy. The area under tension,
AT, is the fillet weld . The support
provided by .

Average tensile stress, ©

c = Fi/AT

The liftini lui block weld is under shear due to force Fx. The sheared areal ASI is the

Average shear stress, T
T = Fx/AS

For combined tension and shear, the maximum nermal and shear stresses are:

Gy =1/2[c + V(o + 47°

Gn

o = 1/2N(c” + 4t
o = I

Inner Brace With Inner Ring

Where the inner brace attaches to the inner ring, the loading can be approximated by
a cantilever beam simply loaded with force F and supported at the outside wall of the
overpack. The area under shear resulting from force Fy is:

Average shear stress, 1

T = Fi/AS

Tensile stress due to force Fx is assumed to be borne entirely by the weld between
the inner brace and the inner ring.
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Average bending stress, o

G = 6LFy/[bh’
.

For combined tension and shear, the maximum normal and shear stresses are:

=1/2[c + V(o® + 47%)]
kI ——
o, = 12V(c +47)]

h I —

3.3 Stresses in Flange Segment
The main lid is bolted to the main body with

On

Average shear stress, 7 (in the flange fillet weld) is

For combined tension and shear, the maximum normal and shear stresses are:

Oy =12[c+VWo?+41)]
h m—-
o = 1/2N(c" + 4t

A T

3.4 Stresses in Flange Bolts

Average tensile stress, &
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3.5 Stresses in Forklift Pocket

The forklift pocket has three highly stressed fillet welds during normal lifting. Each pocket will
carry half of the overpack weight.

3.51 Pocket With Base

‘Averaie tensile stressl G

3.5.2 Pocket Base With Skin

Averaie tensile stressl 5]

3.5.3  Gusset With Inner Ring

Where the gussets attach to the inner ring, the loading can be approximated by a
cantilever beam simply loaded with force W/2 and supported at the outside wall of
the overpack. Force W/2 is equally distributed to the pocket base plate (two forces
W/4) as shown in Figure A2.10.7-2. The weld area under shear resulting from force
Fy is:

Average shear stress, T :
T = W/2/AS

Average bending stress, ¢

o =6(L +L ) W/4/[bh?
. N

For combined tension and shear, the maximum normal and shear stresses are:

Gy =12 [o + Y(c® + 419)]

i I ——
G = 1/2v(c” + 4t

kI ——
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3.6 Failure Under Excessive Load

If excessive load were applied when the F-431 is lifted using the hoist rings, failure would
occur in the main lid. Specifically, if the F-431 were restrained and the lifting load were
increased beyond 27 tons (11 times the weight of the F-431), the package could be damaged in
one or more of the following ways

If the load continued to increase, eventually

A sxmllar result would occur if excessive load were applied to two of the forklift pockets.

This would be a very unusual occurrence during handling, and would be considered to be an
emergency. The shipment would not proceed any further. Best Theratronics would be contacted
for disposition.

Nevertheless, the damaged F-431 would continue to satisfy the requirements of the regulations.
Specifically, shielding and containment would be maintained, as these functions are
independent of the overpack. Furthermore, the damaged package would be able to survive the

accident conditions of transport. The main lid would remain attached to the main body.F
m Chapter 3
shows that the F-431 can survive the 30 minute fire test without the protection provided

Therefore, the F-431 would continue to satisfy the regulations after failure of the hoist rings or

 the forklift pockets due to excessive loading.

4. SUMMARY

The analysis has shown that the F-431 can be lifted safely. Table A2.10.7-1 summarizes the results of
the lifting analysis. All of the Safety Factors are greater than three, and therefore the F-431 satisfies the
requirements of 10 CFR 71.45 (a).

July 2019

Page 50 of 126



CANMRAMIF431(D).:

F-431 Transport Package Safety Analysis Report. . .. :% i

N _Pocketfor forkit o
B o andiindexed stacking R

July2019 Lo b T © . -Page 510f 126



IN/TR 1913 F431 (D)

F-431 Transport Package Safety Analysis Report

Figure A2.10.7-2: |
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APPENDIX 2.10.8:
Assessment of the F-430 Tie-down Collar Bolted Connection
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Your file; 71-9290, 71-9310

Mr. Shawn A. Williams

Project Manager

Licensing Section

Spent Fuel Project Office

Office of Nuclear Material Safety and Safeguards
Mail Stop: 13 D13

United States Nuclear Regulatory Commission
One White Flint North

11555 Rockville Pike

Rockville, MD

20852-2738

RE: __ Request for Additional Information Related to the Certificate of Compliance No. 9290
MDS Nordion’s Model No. F-430 and Certificate of Compliance No. 9310, MDS
Nordion’s Model F-431 » -

Dear Mr. Williams:

This letter is in response to the U.S. Nuclear Regulatory Commission’s (NRC) Request for
Additional Information (RAI) dated July 22, 2004, The additional information requested relates
to the need for.an analysis of the bolt stresses considering the gap in the tiedown collar joint.
Please find attached a report, which analyses the bolt stresses in the tiedown collar joint.

" Please note that the original design as submitted February 20, 2003 included a gap in the tie-down
collar.

I trust this information will enable the staff to complete their review.
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telephone at (613) 592-3400 extension 2421 or by email at mcharette@mds nordion.com.
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Marc-André Charette
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Manager, Regulatory Affairs

Attached: ASSESSMENT OF F-430 TIE-DOWN COLLAR BOLTED CONNECTION
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ASSESSMENT OF F-430 TIE-DOWN COLLAR
BOLTED CONNECTION

The stresses in the bolis that fasten together the two halves of the tie-down collar were
considered.

The maximum load in the tie-down chains is 27,750 1b. The horizontal and vertical
components of this force are 19,620 Ib. each. Since the vertical component of the tie-
down force is borne by the oblong bosses, there is no vertical force borne by the bolted
connection. The horizontal tie-down force, however, can potentially exert tension, shear
and bending stresses on the bolted connection. These stresses are considered as follows;

Tension
The component of the horizontal tie-down force acting in the direction of the axis of the

bolts applies tension on the bolts, As a worst-case condition, the entire horizontal tie-
down force is considered to act along the axis of the bolts (see Figure 1).

| 19,620 th.

Bolt Pair

Figure 1: Tension on Tie-Down Collar

The tensile stress in the bolts, O, is calculated from;

O = F{fA;
Where,
F, = the load on the bolts = 19,620 1b, :
A = tensile stress area of the bolts, based on the root diameter (d = 0,741 in)

=qd%/4 * 4 bolts = 1(0.741)%/4 * 4 bolts = 1.725 in®



Therefore,
Ci=F/A,=19,620/1.725=11,374 psi

The bolts (ASTM A193 Grade B8 Class2) have a yield strength, O, of 80,000 psi.
Therefore, the safety factor for the bolts in tension, SF,, is;

SF,= 0,/0,= 80,000/11,374=7

Shear

‘The component of the horizontal tie-down force acting in the direction perpendicular to
the axis of the bolts applies shear on the bolts, As a worst-case condition, the entire

horizontal tie-down force is considered to act perpendicular to the axis of the bolts (see
Figure 2). o .

Area where the
collar hears on
the contalner In the
direction of the load

’ 9,620 h.

Con et

- Bolf Pair

Figure 2: Shear on Tie-Down Collar

The shear is also borne by the oblong boss welds and by the tie-down collar bearing onto
the container itself. The total area bearing the shear force, A;, is calculated by;

A; = Apotts + Atioss T Acontainer

Where,
Abos = shear area of holts = A, = 1.725 in®
Aposs = shear area of boss welds

= (20*r*1.5 + 1.5%2.0)* (0.12)weld size*2 bosses = 2.982 in®



e |

Acontainer = area where the tie-down collar bears on the container, which is
~ conservatively assumed to be over a 45° arc in a plane perpendicular
to the load (see Figure 2), where the radius of the container is 25.14 in.
and the height of the collar is 9.0 inches.
= §in(45°)*25.14*9.0 = 159.990 in®
Therefore, the total shear area is,

A =1.725 +2.982 + 159.99 = 164.697 in®
The shear stress across the section, Ts, is calculated from;

Ts=FJAs
Where,
Fs = the shear load = 19,620 1b,

Thus, .
‘ T, =FJ/A;=19,620/164.697 = 119 psi

Note that almost all the shear load is borne by the tie-down collar bearing on the
container. If it is conservatively assumed that the yield strength of the section to be the

yield strength of the compressed foam, which has a yield strength, Oyr of 198 psi, the
safety factor for the section in compression, SF,., is calcéulated as;
SFe.= Oyl T, = 198/119= 1.7

If one considers the yield strength of the shell, the safety factor will be higher.

The bolts have a yield strength, Gy of 80,000 psi. Therefore, the safety factor for the
bolts under the shear stress, SF,, is;

SF,= 6,*0.6/T;= 80,000*0.6/119 = 403



"""

Bending

As there is a gap at the bolted connection, the shear force calculated above applies a
bending moment on the bolts.

Conséervatively assuming the entire shear stress toactona pair of bolts, the bending
force, Fy, can be calculated as;

=T*Ap

Where,

=119 psi from the previous section  *
Abr = cross-sectional area of 2 bolts ==ntd/4 * 2= 7:(0 741)4/4 * 2 = 0,863 in®

Therefore,

Fp=119%0.863 =103 Ib.

The bending stress in the bolts, Oy, can then be calculated byj,

Gy =Mc/l
Where,
M = moment at the root of the bolts (see Figure 3)
= Fp* (maximum gap between bolts -+ thickness of bolt flanges)
= 103*(1.04+2.0) = 309 Ib-in
c =radius of bolts (0.741/2) = =0.371in
I = section modulus of bolts = nd*/64*2 = 7(0.741)*/64*2 = 0.03 in*

1.0" Flange™
1.0" Max Gap_

——— 3[0“
1.0" Flange

Bolt Pair
Figure 3: Bending on Tie-Down Collar Bolts



Thus, the bending stress in the bolts is;
O = 309*0.371/0.03 = 3,821 psi

The bolts have a yield strength of, Oy of 80,000 psi. Therefore, the safety factor for the
bolts in bending, SFy, is;

SF,= Cy/Op= 80,000/3,821 =21
Summary

The safety factors on the bolts in tension, shear and bending were conservatively
calculated to be 7, 403, and 21, respectively. It should be noted that a large amount of
conservatism was used in the calculation of the load imparted to the bolts in shear and in
bending. The container would absorb most of the shear and bending forces and the bolts
would be subjected mainly to tension load. The minimum safety factor for the tie-down
collar and container-under the tie-down force is govemed by the compressive strength of
the foam resisting the load.
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CHAPTER 3 - THERMAL EVALUATION

This chapter presents thermal evaluation demonstrating that the Best Theratronics F-431 package
design meets all applicable regulatory criteria for thermal design. The F-431 package is evaluated and
shown to provide adequate thermal protection for the payload. Normal and hypothetical accident
condition evaluations are performed in accordance with regulatory requiremerits. The evaluation of the
F-431 is based on analysis and tests that were performed on the Best Theratronics F-430 transport
package. The analysis and test data for the F-430 are presented as Appendices.

3.1 DISCUSSION
3.1.1 Thermal Design Features
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3.1.2 Thermal Analysis results

The thermal analysis of the F-431 is detailed in Appendix 3.7.1. The significant results of the
thermal analysis are:

1. Temperatures of all accessible surfaces of the package will be less than 50°C in the shade
with an ambient témperature of 38°C.

2. An insolation heat load of 800 W/m?” on the top surface of the package, 400 W/m” on the
sides, and an ambient temperature of 38°C will not damage the containment and shielding
systems

3. The package is able to survive the regulatory fire test without damage to the shielding or
containment systems.
3.1.3 Decay Heat

The F-431 has as a maximum capacity of 113 TBq (3,050 Ci) of Cesium-137. This is equlvalent
to 15W of decay heat generated as follows [1]:

113e12 dis/s * 816 keV/dis * (1.602e-16) J/keV = 14.8 W

In order to make the analysis conservative, a decay heat of S0W generally was used in the
thermal analysis (see Appendix 3.7.1). The decay heat is discussed in detail in section 3.5.6.1.

- 3.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

The thermal properties of the materials used in the F-431 packaging as a function of temperature are
given in Table 3.1. This table is reproduced from Appendix 3.7.1.
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73 | 410 | 127 | 422 | 73 | 434 | 127 | 487
327 | 397 | 527 | 350 | 327 | 559 | 527 | 685
727 | 276 | 927 | 278 | 727 | 1090 | 927 | 1080

* -

6 Air W§ih > g B 2 2 it 3o G 2 T2y P et L Gt ” WaE L ey, A
gg:\‘,’;‘g{‘gg and 73 [ 175 087 | 73 | 102 | 127 | 104 | 73 | 1007 | 127 | 1014
Steady State 327 | 058 044 | 327 | 099 | 527 | 0.90 | 327 | 1051 | 527 | 1099
[App. 3.7.1] 727 | 035 029 | 727 | 075 | 927 | 075 | 727 | 1141 | 927 | 1475

6 | Air With ) ¢ C oG e
gg:s;g‘gg: and [T 731475 | 127 | 087 | 73 | 151 | 127 | 153 | 73 | 1007 | 127 | 1014
Transient 327 | 058 | 527 | 044 | 327 | 148 | 527 | 1.38 | 327 | 1051 | 527 | 1099
[App. 3.7.1] 727 | 035 | 927 | 029 | 727 | 124 | 927 | 1.24 | 727 | 1141 | 927 | 1175

T e i} d = Lol L el |V

20 | 11340 | 327 | 11005
330 | 10686 | 800 | 10686

12 | Mild Steel 8131 ; C
""C'Uldg‘g 't—ead' 73 | 053 | 127 | 099 | 73 | 434 | 127 | 487
Steel Sontact 327 | 135 | 527 | 163 | 327 | 559 | 527 | 685
2, 5] 727 | 1.86 | 927 | 211 | 727 | 1090 | 927 | 1090
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3.3 TECHNICAL SPECIFICATIONS OF COMPONENTS
3.3.1 Standard Construction Materials

3.3.2

The steel, lead, and neoprene are commercially available and meet the requirements of the
standards specified in Table 3.2.

Applic

Structural Steel ASTM A36, CSA G40.21-50W

I | $20 I
- I

Pure Lead ASTM B29

Neoprene ASTM D2000

3.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT
3.4.1 Thermal Model ‘

July 2018

3.4.1.1

3.4.1.2

Analytical Model

The Finite Element Model for the F-431 is based on the model used for the F-430
(refer to Appendix 3.7.2). The two packages share almost identical designs. The
materials of construction are identical. The main difference between the containers
is their size.

No physical testing was performed on the F-431. Rather, the analysis of the F-431 is

- performed by modifying the geometry used in the F-430 model.

The F-430 thermal analysis and results are included in Appendix 3.7.2. The first step
in this model was to validate the FEM steady state model by comparing its output to
the results obtained during the steady state temperature test on the full scale
prototype. The next step was to run the "validated" F-430 FEM under the different
regulatory conditions.

The F-431 finite element model was created by scaling the dimensions in the F-430
medel. The same assumptions, material properties and boundary conditions were
used as in the F-430 analysis.

Test Model

The thermal analysis of the F-431 was based on the analysis of the F-430. A full-
scale F-430 prototype was built and tested. The Test Report, including the steady
state thermal testing is included in Appendix 2.10.3. This testing was used to validate
the F-430 thermal model.
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- The F-431 is a cylindrical package (107 cm diameter, 128 cm tall) on a square skid.

* 3.4.2 Maximum Temperatures

The analysis of the F-431 is presented in Appendix 3.7.1. The thermal results for the Normal
Conditions of Transport are summarized here.

With an ambient temperature of 38°C, 50 W of internal heat load, and no insolation heat

loads, the maximum temperatures are 71°C inside the Gammacell cavity, 68°C inside the
transport cavity, and 39°C on the outside of the F-431. The maximum source temperature is
conservatively assumed to be the same as under the Accident Conditions of Transport (326°C).

Since the surface temperature of the overpack in the shade is not greater than 50°C, the F-431 can
be transported as a “non-exclusive use” shipment, and may be shipped by air.

3.4.3 Minimum Temperatures ,

_As there is no minimum activity specified, a minimum temperature of -40°C is defined.
3.4.4 Maximum Internal Pressure | |

There will be no pressure build up in the F-431 cavity as the covers are not pressure tight.
3.4.5 Maximum Thermal Stresses

The maximum thermal stresses during the normal conditions of transport arise from the
temperature distribution given in section 3.4.2 above. As the temperature gradients are very
low there will be no significant thermal stresses in the F-431 overpack during normal
conditions of transport.
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3.4.6 Evaluation of the Package Performance for Normal Conditions of
Transport '

July 2019

Temperature sensitive materials used in the Best Theratronics F-431 package

The sealed sources are defined as the containment system of the F-431 package. The double
encapsulated sealed sources have been demonstrated to meet Special Form requirements and, in
particular, the 800°C (1,472°F) temperature test. Since there is a large margin of safety between
the maximum source temperature and the Special Form temperature test, containment is
assured under the Normal Conditions of Transport.

The maximum temperature of the lead is 117°C. This is safely below the melting point, 327°C,
and shielding will not be compromised under the Normal Conditions of Transport.

Finally, as the accessible surface temperatures of the F-431 do not exceed 50°C, the F-431 can
be transported as a non-exclusive use shipment.

3.5 HYPOTHETICAL ACCIDENT THERMAL EVALUATION
3.5.1 Thermal Model

3.5.1.1

3.5.1.2

Analytical Model

The Finite Element Model for the F-431 was summarized in section 3.4.1.1 and is
described in detail in Appendix 3.7.1. The following additional features were added
to the model for the analysis of the Accident Conditions of Transport.

The output temperatures from the Normal Conditions of Transport (steady state solar,
Load Case 2A) became the input for the 30-minute fire transient thermal analysis.

Test Model

The thermal analysis of the F-431 was based on the analysis of the F-430. A full-
scale F-430 prototype was built and tested. The Test Report, including the steady
state thermal testing is included in Appendix 2.10.3. This testing was used to validate
the F-430 thermal model. The F-430 thermal analysis is included in Appendix 3.7.2.

The F-431 is a cylindrical package (107 cm diameter, 128 cm tall) on a square skid.
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3.5.2 Package Conditions and Environment

3.5.3 Package Temperatures

The results of the transient analyses are presented in Appendix 3.7.1. Temperature histories for
selected nodes are plotted in this Appendix. The maximum lead temperature was found to be -
151°C. The model used a series of conservative assumptions. In spite of these assumptions, a
substantial margin of safety exists relative to the 327°C melting point of lead.

The maximum source temperature is estimated to be 326°C in section 3.5.6.1. This is a very
conservative estimate. Nevertheless, the sources will continue to provide containment at this
temperature.

See Table 3.3 for temperatures at various locations of the F-431.

July 2018 Page 60 of 126



IN/TR 1913 F431 (D)

F-431 Transport Package Safety Analysis Report

L ::;i ‘:;» "4 v ‘ . »; Table 3-3: T R T A S T e R o LA WA

[ 1
-
s
-
.
.
-

* Temperatures are taken at end of 12 hour transient.
** Temperatures are maximum values during the fire transient at the given time in parentheses.

The effects of the conservative factors used in the analysis is discussed in Appendix 3.7.1.
The most significant of these are the assumptions of zero contact resistance at the start of the

ﬁrei unimieded flow of hot gases over the shielding vessel an

The results indicate a substantial margin of safety in the design. Therefore the F-431 meets the
thermal requirements of the regulations under the normal and hypothetical accident conditions
of transport.

3.5.4 Maximum Internal Pressures

In the cavity of the F-431 there will be no pressure build up during accidental fire as the covers
are not pressure-tight.

3.5.5 Maximum Thermal Stresses

The maximum thermal stresses will occur during the fire, when the exterior temperatures have
reached a maximum and the internal temperatures are still rising. However, no significant

July 2019 Page 61 of 126



IN/TR 1913 F431 (D)

F-431 Trans;:oi't Package Safety Analysis Report

3.5.6 Evaluation of Package Performance for the Hypothetlcal Accident
Thermal Conditions

July 2019

Transient analysis has shown the F-431 to complete the regulatory fire test without the
initiation of lead melt. In all cases, peak lead temperatures were found to be significantly less
than the melting point, particularly in light of the conservative assumptions used in the model.

The results of the thermal analysis show a substantial margin of safety in the design. Therefore
the F-431 meets the thermal requirements of the regulations under the normal and hypothetical
accident conditions of transport.

3.5.6.1

Sealed Source

The thermal mode! in Appendix 3.7.1 does not include the Cs-137 sources. (The
sources were simulated by applying the appropriate heat generation to the walls of
the gammacell cavity). Since no source temperatures are available, these will be
calculated below based on the wall temperature of the gammacell cavity.

The decay energy from Cs-137 consists of 566 keV gamma photons, 62 keV of
atomic electron energy and 188 keV of beta radiation [1]. The majority of the gamma
photons are shielded in the lead shielding in the gammacell. However some of this
energy is attenuated and converted to heat in the sealed source itself. For slender
sources such as the ones used in the GC1000 and GC3000, the self absorption is
about 4% and the wall absorption (in the stainless steel capsule tubes) is also about
4%. Therefore, the total absorption in the source capsule is 8% of 566 keV, or 45
keV. The baiance of the gamma photons, 521 keV, are transmitted through to the
gammacell.

Assuming that 100% of the atomic electron energy and 100% of the beta energy are
attenuated in the source capsule, the total heat generated in the capsule is 295 keV, or
36% of the total energy. The following analysis will conservatively assume that 50%
of the total energy is converted to heat inside the source capsule.

The rated capacity for the F-431 is 113 TBq (3,050 Ci) of Cs-137. This activity
generates 15 W of heat. Therefore, the heat generated inside the source will be 50%
of ISWor7.5W.

The heat flow from the sealed sources to the gammacell is via convection, conduction
and radiation. To be conservative, only convection will be considered here. Also,
since concentrating the total activity of Cs-137 inside a single source represents the
worst case, only one source will be considered.

The convective heat transfer from the source to the air inside the gammacell cavity is
given by:

0=h4,(T,-T,)
Where h = convection heat transfer coefficient
Ag= surface area of the source = 0.01 m®

T, = source temperature
T, = air temperature

Similarly, the heat transfer from the air to the gammacell cavity walls is given by
Q=h4,(T,-T,)

Where A,= surface area of the gammacell cavity = 0.06 m’
Tw= cavity wall temperature

Combining the two equations and rearranging gives
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3.5.6.2

3.5.6.3

]’;-—Tw:g _..l_+__l_
R4 4,

Typical values for h for free convection fall in the range of 5 —25 W/m’K [2]. For this
analysis, h will be taken to be 5 W/m’K .

Substituting into the equation gives

T —Tw=175°C

In appendix 3.7.1, the maximum gammacell cavity wall temperature was found to be
151°C. Therefore the maximum source temperature is 326°C,

This is a very conservative estimate of the source temperature for the following
reasons:

1. Conduction heat transfer through the source holder was neglected.

2. Radiation heat transfer from the sealed source was neglected. If the source
temperature were this high in reality, the radiation heat fransfer would be
significant.

3. 50% of the source’s energy was assumed fo be converted to heat inside the
source capsule.

The source capsules meet the requirements for Special Form Radioactive Material
and are capable of withstanding a temperature test at 800°C (1,472°F). Therefore,
the integrity of the source capsules is sound.

The maximum source temperature in the hypothetical thermal test is 326°C, which
is less than the melting point of SS316L (1,260°C). Therefore, the SS316L
encapsulation will not melt.

Internal pressure build up due to temperature increase is calculated as follows:
ap-p|L|_p - 101_3(372"137;9]_101,3

1 273+20
AP =106kPa =15 psi

This is a very low pressure, which will not cause the capsule to fail.

Based on the above arguments, the integrity of the sealed sources is maintained
during the fire test.

The Containment System

The Special Form sealed source is defined as the containment system of the F-431
package, and these were discussed in the previous section.

Shielding

For 50 W of decay heat, the thermal model calculates no lead melt. Consequently
there is no loss of lead shielding from the F-431.

Therefore, the integrity of the lead shielding of the F-431 is sound.
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3.7 APPENDICES
This section contains the following appendices.

Appendix 3.7.1: Thermal Analysis of the F-431
Appendix 3.7.2: Thermal Analysis of the F-430
Appendix 3.7.3:
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APPENDIX 3.7.1:
Thermal Analysis of F-431 Overpack

IN/TR 1922 F-431 (1)
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F-431- overpack loaded: w1th a Gammacell before durlng and aﬁer the: IAEA regulatory ﬁre teet [1}

. A thre¢-dimensional. elghth-secnon model was constructed, using the ANSYS finite clement code *

: . * Version 6.0 [2], to simulate the fire test. The solid model, finite element mesh, material properties,
* boundary conditions and load cases uséd ini the ANSYS sinitilationis are-discussed. Results of physical =

a ‘The finite element model for the F-431 is based on the model used for the F-430 {3} The two packages -
share almost identical designs: 'Ifhe matenals of constructlon are 1dent1cal The main dlfference between o Limd

testmg and finite element sxmulatlons prevxously perfo:med ona sumlar package de51gn, the F-430..

IS :‘the containers is, the1r size.

. ‘scale prototype [3]. No physical testing was perfotined on the F-431. Rathet, the analysis of the F-431 .. . = -

| is performed by. modxfymg the geometry 1 used in the F-430 model. The same approach was used in
“determining the assumptions, material propemes and boundaxy condltlons for the F-431 analys1s

These ate mscussed in the foﬂowmg sections.

) when itis subjected o the regulatory ﬁre test

‘;‘j_soun MODEL GEOMETRY.

The F-431 overpack loaded w1th a Gammacelli s shown in Flgure I A three—dunensmnal elghth—sectmn

E solid model of the-main components of the F-431 overpack and Gammacell'was constructed, as shown. . .
L in Fxgures 2 and 3. Tms model was generated from boolean SOhdS and boolean operatxons (subtracnons i

boundary conditions and 1oad1ng apphed as descnbed in the followmg secnons A one-elghth sectlon

3 ?',themodel

4 The model for the F—431 was based on the prevmusly vemﬁed model of the F~430 overpack [3] whlch IS,_ _

s smular in size and constructlon ’Ihe two: overpacks are compared in Figure 4. .

| MATERIAL PROPERT!ES

- §§_: Material propemes were required fer mﬂd steel stamless steel lead air and foam msulatxon as shown o ‘
* i Table 1.- The properties required included density, thermal conductlwty and specific heat. The specific

heat of [ead incorporated the latent heat of fusion (24,750 J/g) to simulate the phase change when the

o matenal melts (note that lead melt was not encountered in any of the load case scenanos)

- - and radiation heat transfer across the air space between the Gammacell and the: overpack, and the reqmred L

Convectlon coefﬁments and surface emxssxvmes required to deﬁne the heat- transfer by convecuon

&nd radlatlon on the outs1de of the overpack are discussed in Section.4. 3. The’ conduction, convection

E matenal propertles are dlscussed in Section 4. 2

Aprit2003 . <" S SR S © . Page3of3s

The ﬁmte element analy51s of the FJBO was vahdated agamst the thermal testmg performed on a full S

.. was modelled to take advantage of the symmetry of the package and reduce thesizg and complemty of i o



INITR 1922 F431 (1)

Thermal Analy3|s ofthe F-431 Overpack

The lead—to steel contact resxstauee at the Gammaeell outer shell was: modelled by modxfymg
.- . the conductron coefficient of the steel outer shellto include an equrvalent airgap £ 0,02 in. e
‘ EZ\::[4 and Appendix A]. The contact resistanice was removed for the fire sunulanon to: allow the TR
B maxnnum amotirit of heat to penetrate info the centre of the package R

"'EjiAbove 465°C‘ [10] L
. . To account for this; the foam was assumed to take on the conductron propertres of:air'at temperatures RIS
above' 465°C ; :

fi“;ggzgfLanE ELEMENT MESH BOUNDARY AND LOAD CONDIT!ONS

B 41 Three-DlmenSIonal Elghth-Sectlon Model Mesh o o

. The sohd model <Wvas meshed usmg ‘thermal three- dunensronal tetragonal elements [2 and S
.~ “Appendix B], as shown in Figure 5. The optimal mesh density shown in the figures was achieved by o
* :irefining the mesh to the point where the temperature results were not dependent on the thesh densrty
The mésh used for the simulationis presented in this report contained 25,388 elements and 4,689 ...
-+ nodes. The integrity of the elements (conneotmty, aspect ratros and 1nternal angles) is automauoally o
5 ,,checked by ANSYS pnor to the run. SRR

o 42 Heat Transfer Across the lnternal Air Space

: ;;;The heat transfer across the air space between the Gammacell and the overpack inner frame 1s
’ ‘compnsed of conductlon convectlon and radlatxon :

~ “Heat transfer by conduction occurs through the air and through the: support structure of the .
"/ Gammacell. Convection heat transfer throuighthe air is accounted:for by an effective thermal
conductivity 5], as calculated in Appendxx C. The air inside the package will tend to c1rculate R
* due to the'temperature gradients across the air space transferring additional heat by free convectlon Dot
.. The effective thermal condnctivity is the therrnal conductmty that ' stationary fluid should have
o transfer the same-amount of heat as the moving fluid. A total thermal conductivity for the-dir o
D space is calculated (Appendrx C) to combme the oontnbutton of the conducnon and convection ;-
R .«acrossthearrspace . R

- Radlanon across the air space is: modelled by a rad1at10n enelosure [2 and -Appendix B], as shown
e in Figiire 6. The Gammacell surface, painted grey, Was given an emissivity of 0 8 while the
" -stainless steel surfaces of the inner frame-and floor of the overpack were assrgned an emissivity of
" ©05.[5]. The symmetry surfaces of the radiatiori enclosure are given 4 very low emissivity of 0. 01
such that they behave as mnrored surfaces reflectmg heat back into the enclosure

= The actual radmnon heat trausfer across the air ‘space will be less than: that modelled since the R
*blocking effects of the: Gammacell support structure are neglected The: radratlon heat transfer is, T
therefore, conservatlvely modelled. . Lo X L

_ 4.343?;Convectlon and Radlatlon Boundary Condltrons H

Convecnon and radlanon boundary condmons used in the model are shown a0 Flgure 7.

iConvectron was apphed on the outer surface of the overpack by selectrng the external nodes . -
" and applymgaoonvectlon coefﬁcrent (calculatedlnAppendlx D) and amblent temperature as
Apri2003 . g PR R S 5; . ‘Page4or3s
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Thermal Analysus of the F-431 Overpack

3 To model the radlatron on the outer surface of the overpack surface elements [2 and Appendrx B]
- were used to definea radlauen matrix with view factors conservatively set to. 1.0. A space node

external to® the model was used to define the ambient temperature for the radiating surface
- elements. For the steady state condition; an- emlssmty of 0.5 was-used for the stainless steel .

' Isurface elements [8]: For the ﬁre condmon an emlssmty of 1 0 was conservatwely used.for ..

44 -Init

" the surface elements

.based on 566 keV of photon energy, 62 ke\f ef atormc electron energy and 188keV of contmuous

8 radlatron [6], as calculated below

1000 C1/kCl * 3 Te+10 dlS/S/Cl * 816 keV/dls *1 602e—16 J/keV *1 WJ’J/S = 4 84 W/kCi

S The max1mum allewable actmty in the F -43113 3 05 kCi of Cs—-137 [7] for a total heat: output

" of 148°W- (4.84*3.05). Ovér three times this heat load;.or 50 W, was applied for all 10ad « cases,

mcludmg the srmulatron of the regulatory ﬁre, as a worst-case mternal heat: foad.

: 5] The mtemal heat generated in the Gammacell Wwas apphed asa umfonn heat generatlon on the

inside of the Gammacell source cavity. The heated ¢lements and the applied heat generation rates - -

_are shown in Figure 8. Self-attenuation of the capsules generally results in lowér radiation fields ini -,

- the axial dimension and: htgher radial fields, ThIS effect was 1gnered in the model due to the small
~size-of the eavxty and the low heat generatron of the source. . :

45

SolarHeatLoad - R RN S
‘Flgure 8 shows the elements ‘that-were: subjected to the solar heat ﬂux requn‘ed by ¢ the regulatlous :

[1]. A heat flux.of 400 W/m*'was apphed to the side of the overpack and a heat flux of 800 W/m i
* “'was dpplied to the top of the overpack as per the regulations. This heat flux was applied bothas

: a steady state load, andasa transrent load over. 12 hours as spe01ﬁed in:the regulatrous for the

46 Fi

Normal Condltlons of Transport to detemune the response of the overpaek to both condrtlons

- Flre Test Trans:ent Load

The IAEA ﬁre test [1] was apphed by deﬁmng a transrent temperature cuive for the ambtent

temperaturé as shown. in Figure9: This curve-was applied to the convection boundary conditions

: - and the node représenting the ambient temperature for the external radratlon matrix (Sectlon 43).

" "The 30-minute, 800°C firé was followed by 2 one minute. ramp-down to pre-fire ambient

temperatures foIlowed by a 215 hour(1,288 rmnute) cool- down perlod This 1;288 n‘unutes

‘ The solar heat flux dlscussed in Sectlon 4. 5 was apphed fer 12 of the 21 5 hour cool down pemod ';:'; -

as requtred by the regulatlons [1}. 0

‘ :: To smmlate the effects of mcreased convectlou tothe envuonnlerlt the’convectlon heat ti'ahsfer

coefﬁment on the outside of the overpack was set to 19 W/m °C, as ealeulated in Appendrx D.

. To maximise the rad1at10n heat transfer durmg the ﬁre, a censervatlve emlssmty of 1 0 was
* used f@r the out51de stamless steel surface of the ovetpack ' S

April2003 ... T

The decay of the Cs—137 camed inside the F —431 overpack generates 4 84 W.of heat per kCr G R
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Thermal Analysns of the F-431 Overpack

Also to sunulate a: werst—case ﬁre condmon the lead—to-steel contact resnstance at the I
Gammacell outer shell'was removed DR

5 LOAD CASES ‘ e s
L ;The ANSYS, mput ﬁles for all ef the followmg Iead case scenarios. con51dered are ksted in Appendlx E

5-*1 “Load Case 1:“Ste.afd.YQState, 50'%@?5.-’137, No Solar;;l-;bad, 38°C Amb_ie_r?!_t;
B This leed: :eas;e' u%as used to detennme ﬁxe steady state behavmur of the medelmth uo insolation; .. ¢
... . Steady state conditions were used with 50 W (Section 4.4 of cesium-137 loaded into.the . .
© . Gammacell. The amblent temperature 0utsrde of the ovexpaek was’ assumed to be 38°C as
- pertheregulatlons [11. - SIS e o

52 Load Case 2: Steady Stateﬂ'ransnent 50 W Cs-137, Solar Load, 38°C Ambient
© " "This load case is 1dentxcal to’ Load Case 1, except f that the solar heat load dlscussed in Section 45 :

was apphed

i ThlS load case shows I:he effect of the solar 1oad Wlth a3g°C ambxent temperatm‘e under steady
state condltlons and apphed asa. 12 hour transient as requlred by the regulatlons [1}

o 53 Load Case 3: Flre Transnent 50 W Cs-1 37 Solar Load 38°C Amblent
L This load case shows the response of the F-431 overpack and Gammacell to: the IAEA regulatory

. Trans1ent eondmons were used with mmal temperatures from the steady state analys;s in Load
s Case 2, with'the: amb1ent temperature outs1de of the overpaek assumed to ‘be 38°C; as per the
o _;regulatlons[l] S , - 4 .

 The transmnt Ieadmg con51sted of the IAEA regulatory fire Ioadmg [1] as dlscussed in Sectmn 4.6.
. The model wasTloaded with 50 W of éesium-137 (Section 4: 4) and had the solarload (Sectlou 4.5
S apphed after the ﬁre, durmg the cool—down of the overpack, as requzred by the reguIauons

54 Load Case4: —

* - This.load case is identical to Load Case 3,.except that the thermal conductivity of the outer foam
* ‘Wwas increased to a valué of 35 W/m°C, sitnilar to lead. This change simulates a very conserv&twe .
Worst-case scenario where all of the outer foa.m is crushed so as to prowde 1o, thermal msulatlon R :f‘ -

April 2003 et LR Lo : .:*‘593966°f35
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Thermal Analysrs of the F-431 Overpack

6 RESULTS AND DISCUSSION

o The calculated steady state temperature drstnbutron in the ovexpaek for ‘this load. case i shown in .
Flgure 11 Temperature results at vanous pomts wrthm the model are hsted in Table 2.

.: L Load Case 2: Steady StatelTransnent 50 W. Cs-1 37 Solar Load 38°C An’rblent . N

The calculated steady state temperature drstnbutron in: the overpack for thrs load case is shown i in‘:

- Figure 12. Temperature results at various points in the model ‘are compared to those of Load Case

s ‘which is the same thodel without the solar load, in Table 2. The résults show an apprexrmately

46°C increase in the internal temperatures, a 79°C increase on the top and a44°C increase on the .-

S state load has a srgmﬁcant effect on the mternal temperatures of the overpack Note; however that .
~“éven for this worst-case’ condition, the: maximum temperature in the Tead shleidmg, 117°C; is stlll I

well below the melhng pomt of lead 327°C {9]

: i The regulatrons only requrre the solar load to be apphed overa 12 hour perrod or durmg dayhght L b
hours. So the solar heat flux was also- applied as a transient load (Section 4.5) to determme how the .. -

_maximum temperature reached in 12 hours compares ‘to the steady state temperatures calculated I

; .:éF igure . 13 shows the temperature dlsmbutlon n the ‘overpack at the end of the 12 hour trausrent

The maximum temperature reached in the lead shleldmg is 76°C much lower than for the steady I

E - that fer the steady state ease (118°C), however

Therefore, the steady state model of the solar heat flux overestxmates the mtemal overpack

- temperatures that would be reached in a 12 hour insolation penod The temperatures for the

as compared to 327°C for lead melt), and therefore, show unequwocally that the OVerpaek meets o

: ~,~.~6-3‘::

the reqmrements of the regulatrons under solar load

Load Case 3 Flre Transmnt 50 W Cs-137 Solar Load 38°C Amblent

The calculated temperature. drstnbuhon in the overpack 30 minutes into the transient (as the fue -3552 S

. .o rs tumed off) is shown in Frgure 14. The ealeulated temperature drstrlbuuon in the overpack at

temperature drstubutron in the lead elemerrts only, at the trme of maximum lead temperamre
{39,600 s, 11 hrs), is shown in Figare 16 Maxrmum temperature results at various pomts

. Aff» Wlthln the model are hsted in Table 2

The transrent temperature results at the key lecahons shewn in Figure 10 are shown in Frgures

" "17 through 23. All of the temperature transients. show temperatures below the melting temperarme
. “oflead, 327°C. The maximum temperature reached in the lead, 123°C: at 39,600 s (11 ‘Thrs); was

Aprit2003 . .

at the Gammacell cavity.
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3 ';l"he‘rrr"lavl Analysiééf the E|=;4-431. :(_)yer.pa:c'lt:*:f

6 4 Load Case 4 Slmulatlon of Damaged Outer Foam Under F|re Tran5|ent

" The calculated temperature dlstnbutlon in the overpack at the time of 1 maxrmum Tead temperature

(10,800 ;'3 hrs) is shown in Figure 24. The calculated: temperature distribution ini:the lead elements S

- only, at the time of maximum lead temperature (10,800's, 3 hrs) is shown in Frgure 25. Maxunum
- temperature results at'various pomts w1th1n the model are hsted in Table 2 :

R As expected the maximum lead temperature was. hrgher and peaked earlrer than in Load Case 3

© .:since. the outer foam provided no resistance to;the heat of the fire: The' maximum temperature.
~ reached i in the lead was 151°C, whrch is 28°C hrgher than in: Load Casé 3 but stlll well below

N :lower than thrs consrdenng the extremely conservatlve assumptrons used in the model

The F—43l overpack and Gammacell analysed in tlns report passed the IAEA regulatory ﬁre test
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Thermal Analys:s of the F-431 Overpack

Table1 Thermal Propemes of F-431 Materia ;

D Material |0 T Densityp ' ‘Thermal Conductivity k - Specific Heat.c
: Descrlptlon ST {kglm) SR [Wim"C) I (JIkg°C)
1 M“d Steel [5] [ I AN -1 1 °C K °c kT e °C
SO EONTRY IO L C[Fa [ a10 | 127 | 422 | 73 | 434 27 | 487 |
327 |: 397 | 527 | 35.0 | 827 | 560 | 527 ] 685 |-

G TR LT Ty a7l | 927 1| 276 | 727 | 1090|927 | 1080 ks

AT With
Condugction:and
<. | Gonvection -
" :| Steady State * |
[App. C]. -

6 | Alrwith:: .. Cc)
. | Conductioniand [ 53 [
1] Convection _

| Transient. . - ' 9<F
[App. C]“ i
. 7 L,ead [9] ,,,,, -G

330 | 10686.| 800 | 10686 | 123| 34 | 227 |33 | 127 | 132|227 { 136 | -
RS - ez 31 | s27:| 1o | 327 | 142|328 | 6188 | . i
N o o] 727 |: 22927 | 24 | 331 [6188 | 332 159 |

{12 [MidSteet - f 831 T L e ok e ke e e e e e
Including |.ead- C 73| 053 | 127 099 | 73 | 4347127 | 487 | i
Steel Contact | . .hii L L - - = B R
|'Resistance - ] o SRR 327 |.135:..} 5627 163 327.).559 627 | 685 |.
| 14,5and App. F.:| = I 727 | 1.86 927 | 2.11 | 727 .):11000 | 927 | 1090:|:
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Thermal Analys:s of the F-431 Overpack

|38 Ambiont |3

38°C Ambient

3§5¢~:ém'§i‘9nt

Fire Transient

Amblent

- Loa 'ca'sefs“_

1 Transiént*

- Ins:de Gammaceu
|oavity. o

" | 3330033367 |

3323

“dscoee

mec i

117°C 11-1 ?°C
1n1eCc

76°CI75°C 1.
.. 15°C

: ::;123"0{123"0

1122°C
(39 600 s)

;;;; 151°C/150°C

“Hsee .
(10.8005)

R Outsrde Gammacell':{ I
= .| ontop surface :

68

| e

e

121°C

Cas2C

Out5|de Gammacell RIS
onsidesurface . &

69°C i1 1

PR IEI B

. (860005) " -

121 °C

o (360008) e

(10,800 s)

147eg. |
(3400‘?5‘)5';.:

2" | Inside

mner shell - top

6500 A

REEC RN

120°C

Cesas) |

168°C
i@, 400).

lns;de

| inner sheil ~sidg .|

. 68°C

11400 . .

" 42096

" (36,0008) 1

174G+

(3,000 8)

| Inside. mtermedlate i

shell

e |

s5c |

osc

.. 126°C .
(18 000)

78900 L

_(160%) -

2506

HU8C:

i Outswleoverpack—‘:g R U I PR

- 5;3'900 1reg |

794°C

(1.8608) = i

e

£ {1,860's)

Outsidé ﬁerpack -
side !

Tmw

) 27057

39°CI39°C

§§»1:§§3°C/as°c g

81°C /81°C

794°C/794°C

(1,860s)

745°CIT45°C ©

 (1,860'8) "

Lo Temperatures are taken at end of 12 hour trans:ent

S Temperatures are maxlmum va!ues dunng the fire trans:ent at the gwen time ih parentheses
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‘ Flgure 1: F-431lGahmacélf Transport Package

~Th
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Thermal Analysis of the F-431 Overpack

AIR
(Conduction,
Convection and
Radiation)

8 LB. FOAM

40 LB. FOAM
STAINLESS
STEEL

INNER SHELL

AIR GAMMACELL
(Conduction INNER CAVITY
only)

GAMMACELL
OUTER MILD
STEEL SHELL

FRONT VIEW
STAINLESS

STEEL
OUTER SHELL

BACK VIEW

Figure 2: F-431 Overpack Solid Model
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Thermal Analysis of the F-431 Overpack

OUTER ! INNER

40 LB. 8 LB.
SHELL SHELL FOAM FOAM
STAINLESS STEEL SHELL FOAM

‘ AIR (Condll(létion only)

AIR (Conduction, Convection
and Radiation Enclosure)

]

Figure 3: F-431 Overpack Solid Model Components

LEAD

MILD
STEEL
OUTER
SHELL

GAMMACELL

April 2003
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Thermal Analysis of the F-431 Overpack

Figure 4: Comparison of F-430 and F-431 Overpacks

April 2003 Page 14 of 35
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Thermal Analysis of the F-431 Overpack

40 LB. GAMMACELL

FOAM MILD STEEL SHELL
8 LB.
FOAM STAINLESS
STEEL
OUTER
SHELL

AIR
(Conduction,
Convection and
Radiation)

AIR
(Conduction
only)

GAMMACELL
INNER CAVITY

LEAD STAINLESS

FRONT VIEW STEEL
OUTER

SHELL

BACK VIEW

Figure 5: F-431 Overpack Finite Element Mesh
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Thermal Analysis of the F-431 Overpack

EMISSIVITY =0.01
(Mirrored Surfaces at
Symmetry Planes)

EMISSIVITY = 0.8
(External Surfaces of
Gammacell)

FRONT VIEW OF ENCLOSURE

EMISSIVITY = 0.5
(Inner Surfaces
of Overpack)

BACK VIEW OF ENCLOSURE

Figure 6: Radiation Enclosure for Internal Air Space

April 2003
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Thermal Analysis of the F-431 Overpack

NODE 999999 >e
External to Model

for Radiation

Set to Same Ambient
Temperature as for
Convection Boundary
Conditions

RADIATION

BOUNDARY

CONVECTION BOUNDARY
CONDITIONS OUTSIDE VIEW CONDITIONS
Entire External OF OVERPACK Regulatory Steady State
Surface Radiates h=5 W/m*°C and
to Node 999999. Ambient Temperature =38°C

Form Factor=1.0 During Regulatory Fire

h= 19 W/m*C and

Steady State Ambient Temperature =800°C
Emmisivity = 0.5

Regulatory Fire
Emissivity = 1.0

Figure 7: Radiation and Convection Boundary Conditions
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Thermal Analysis of the F-431 Overpack

ENERGY EMITTED BY SOURCE
Worst-Case Energy Emitted by Source =50 W

HEAT LOAD OUT OF CAVITY
Energy out the cavity is divided
by eight since only 1/8th of the
cavity is modelled.

Then,

Qcavity = (50/8)/Area in m’
=6.25/0.0017 = 3677 W/m’

Qcavity

SOLAR HEAT LOAD
A heat load of 800 W/m’
is applied to the top of
the overpack

A heat load of 400 W/m’
is applied to the sides of
the overpack

Figure 8: Internal Heat Generation and Solar Heat Load
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Thermal Analysis of the F-431 Overpack

900

800 L -

700 ‘

600

500 | |

400 | ‘ — ]

Temperature (°C)

300 - . : @

200 |

100 - - | |

1 1
0 ! .‘ .‘
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Time (s)

Figure 9: IAEA Regulatory Fire Curve
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Thermal Analysis of the F-431 Overpack

2506

Figure 10: Key Nodal Temperature Locations
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Thermal Analysis of the F-431 Overpack
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Figure 11: Steady State Temperature Distribution for F-431 Model
With 50 W Cs-137, No Solar Load and 38°C Ambient: Load Case 1
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Thermal Analysis of the F-431 Overpack
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Figure 12: Steady State Temperature Distribution for F-431 Model
With 50 W Cs-137, Solar Load and 38°C Ambient: Load Case 2
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Figure 13: Temperature Distribution for F-431 Model With 50 W Cs-137,
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