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General Glossary of Terms And Acronyms

Annually
ANSI
ASME
ASNT
ASTM
AWS
Versa-Pac

CFR
Containment Boundary

CS'

Decay Heat
Enrichment

FEA
H/X Ratio
(H+C)/X Ratio

HAC

Heterogeneous

HEU
Homogenous

Hydrogenous
ID
Insolation
Internal moderator

Interspersed Moderator

Moderation Control
NCT

NIST
Nominal

Once every year
American National Standards Institute
American Society of Mechanical Engineers
American Society of Nondestructive Testing
American Society for Testing and Materials
American Welding Society
A shipping- container for the transport of Type AF
radioactive materials.
U.S. Code of Federal Regulations
The components of the packaging intended to retain the
radioactive material during transport.
The criticality safety index as define by the dimensionless
number (rounded up to the next tenth) assigned to and
placed on the label of a fissile material package, to
designate the degree of control of accumulated packages
containing fissile material during transport.
The heat resulting from radioactive decay.
The percentage (by weight) of U235 contained in the
radioactive material.
Finite Element Analysis
The water-hydrogen to fissile atom ratio
The ratio of the sum of water-hydrogen atoms and the
carbon atoms to the fissile atoms.
Hypothetical Accident Conditions as defined by 10 CFR
71.73.
The form of fissile material is such that discrete particles
exist and the moderator material is distributed around the
particles.
Highly-enriched uranium
The form of the fissile material is such that the moderator is
mixed uniformly with it.
Containing hydrogen atoms.
Inner diameter
Heat input by solar radiation as defined by 10 CFR 71.71.
The presence of hydrogenous material in the payload vessel
and mixed with the payload.
The presence of hydrogenous material between packages
and in the payload vessel, but not mixed with the payload.
Control of materials containing hydrogen. I

Normal Conditions of Transport as defined by 10 CFR
71.71.
National Institute of Standards and Technology
The design value or dimension without application of the
allowable variation or tolerance.
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Non-hydrogenous
NRC
OD
Package

Packaging

Plastic
Poly
Pre-packaging

RQ
Specific Activity
Type A Package

Type B Package

UC
UH
U-Metal
UNX

U0 2

Uranium Compound

User

UxOy

Does not contain hydrogen atoms.
The U.S. Regulatory Commission
Outer diameter
The packaging together with its radioactive contents as
presented for transport.
The assembly of components necessary to ensure
compliance with the packaging requirements of 10 CFR 71.
A thermosetting or thermoplastic polymer
Polyethylene
Materials, not supplied as part of the Versa-Pac shipping
container and not a part of the radioactive payload, that are
used to limit the movement of radioactive material within
the payload vessel.
Regulated Quantity
The radioactivity of a radionuclide per unit mass.
Package used to transport a quantity of material where the
aggregate radioactivity content does not exceed the Normal
F6rm A 2 value listed in 10 CFR 71.
Package used to transport more than Type A quantity of
material.
Uranium Carbides
Uranium Hydrites
Uranium Metal
All forms of uranyl nitrate in crystalline or solution form,
including uranyl, nitrate hexahydrate, uranyl nitrate
dihydrate, uranyl nitrate trihydrate and uranyl nitrate
solution.
Uranium Dioxide
Any compound of uranium containing any combination of
elements, referred to also as UxOy.
The person or entity shipping radioactive material in the
package.
Uranium compounds. Although the designation shows X
atoms of uranium and Y atoms of oxygen, this designation
is meant to represent any compound of uranium containing
any combination of elements.
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SAFETY ANALYSIS REPORT
FOR MODEL VERSA-PAC
SHIPPING CONTAINER
(Revision 0, April, 2009)

Submitted By:
Century Industries
P.O. Box 17084

Bristol, Virginia 24209

Designed and Written By:
Century Industries

Bristol, Virginia 24202

1 GENERAL INFORMATION
This Safety Analysis Report for the Versa-Pac Shipping Container is submitted in support

of the Century Industries request for approval of the subject shipping container and issuance of a
Type A Fissile Material Certificate of Compliance for the container in compliance with the
requirements of 10 CFR 71 and IAEA Regulations for the Safe Transport of Radioactive Material,
No. TS-R-1, 1996 Edition. This Safety Analysis Report for Packaging (SARP) has been prepared
in accordance with U.S. Regulatory Commission (NRC), Regulatory Guide 7.9 Proposed
Revision 2, March 2005.

1.1 Introduction

The Versa-Pac Shipping Containers employ an innovative design concept (Patent Pending)
in combination with the familiar drum exterior packaging to provide enhanced structural protection
to the payloads previously transported per 49 CFR 173.417(a)(6) during Hypothetical Accident
Conditions (HAC). The Versa-Pac shipping containers, model numbers VP-55 and VP-I 10, have
been designed to transport Type A Fissile Materials containing less than or equal to 350 gramns of
U-235 and has been evaluated to transport many of the products currently being transported in
older shipping containers.

The package system includes an outer set of drum closure seals and an inner secondary flat
gasket seal. The payload containment area of the 55 gallon version has an inside diameter of 15
inches and is 24-1/16 inches in length; while the 110 gallon version has an inside diameter of 21
inches and is 29-1/4 inches in length. The package has two distinct areas of insulation for thermal
and impact protection.

The Criticality Safety Index (CSI) is 0.9.
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1.2 Package Description

1.2.1 Packaging

Engineering Drawings are provided in Appenidix 1.3.1. General notes pertaining to
fabrication are provided in Appendix 1.3.2. An illustration of the packaging configuration is
provided in Figure 1-1. Packaging markings are shown on the drawings provided in Appendix
1.3.1 with General Notes shown in Appendix 1.3.2.

The exterior skin of the Versa-Pac Shipping Container consists of at a minimumn, a
UN I A2/X400/S for the 55-gallon drum version with a 16 gauge body, bottom and cover. The
drums use a 12 gauge bolted closure ring, standard carbon steel lugs, 5/8" diameter, ASTM A307
bolts and nuts, and a closed-cell EPDM gasket. The overall outer dimensions of the 55 gallon
package are 23" OD x 34-1/2" in height. The drum cover is reinforced by an eighth-inch thick 22-
3/8" OD x 18-3/8" ID plate, and four ½/2" bolts are provided to lend additional strength to the drum
closure ring.

The 110 gallon version utilizes a UN/1 A2/Y409/S with 16 gauge body, bottom and cover.
The drums use a 12 gauge bolted closure ring, standard carbon steel lugs, 5/8" diameter ASTM
A307 bolts and nuts, and a closed-cell EPDM gasket. The overall outer dimensions for the 110
gallon package are 30-7/16" OD x 42-3/4" in height. The drum cover is reinforced by an eighth-
inch thick 29-3/4" OD x 27-1/4" ID plate and eight V2" bolts are provided to lend additional
strength to the drum closure ring.

Both drums are further strengthened with vertical stiffeners fabricated from 1-1/4" carbon
steel square tubing, two inner liners of rolled16 gauge carbon steel insulated by ceramic fiber
blanket encase the vertical tubing, and a '/4" carbon steel reinforcing plate on the bottom.

The package's interior is completely insulated with the appropriate layers of ceramic fiber
blanket around the containment area with rigid polyurethane foam disk on the top and on the
bottom to complete the insulation of the package. Specifications for the insulation are provided in
Appendix 1.3.3 and 1.3.4 for the blanket and polyurethane, respectively. The primary function of
both insulations is to provide thermal protection. Although the rigid polyurethane provides some
impact protection, the fiame of the packaging performs the majority of the required impact
protection.

A '/2" thick fiberglass ring is used as a thermal break at the payload cavity flange. The
thermal break is sandwiched between the steel components, with twelve 3/8 inch bolts providing
the connection between the structural members through the fiberglass and effectively limits the
flow of heat to the payload cavity through the steel flange components. There are no moving parts
to the thermal break, and its functionality is maintained as long as it separates the steel components
FB from FK (See Drawings in Appendix 1.3.1). A specification for the fiberglass material is
provided in Appendix 1.3.5.

The Versa-Pac meets the General Requirements for all packages as specified in
IOCFR71.43.

1.2.1.1 Gross Weights

The gross weights of the Versa-Pac Shipping Container are provided in Table1 -1.
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1.2.1.2 Materials of Construction

The materials of construction of the Versa-Pac are provided in Tables 1-2 and 1-3 for the
55-gallon and II 0-gallon versions, respectively.

1.2.1.3 Outer and Inner Protrusions

There is one outer protrusion on the Versa-Pac consisting of carbon steel fitting which
contains a I" plastic plug on the side of the package. The plug is designed to melt and allow
venting of any gases that might develop in the event of a fire. The protrusion extends less than ½"
fi'om the side-wall of the outer drum and does not impede the stacking or handling of the shipping
container. There are no inner protrusions on the Versa-Pac package and no outer or inner
protrusion on the Versa-Pac Shipping Container.

1.2.1.4 Lifting and Tie-Down Devices

The Versa-Pac shipping container may be handled by normal industry standards for the
safe movement of drums; such equipment might include specifically designed devices, forklifts,
pallet jacks or other methods as determined by the User. However, the Versa-Pac package does
not utilize any specific device or attachment for lifting. Additionally, there are no specific
proisions for tie down of the package.

1.2.1.5 Shielding

Neutron and gamnmna shields are not required for the Versa-Pac payloads.

1.2.1.6 Pressure Relief Systems

There are no pressure relief systems other than the four - '/2" holes, closed with vinyl push
plugs on the inner liner between the insulation and containment used to vent gases that might be
produced in the event of a fire. No special heat transfer mechanisms are provided or required.

1.2.1.7 Containment Features

There are three individual points of closure employed by the Versa-Pac Shipping
Container. The payload V2 inch thick closure plate provides a fastening and seal using twelve '/2"

bolts and a 1/8" thick silicone rubber fiberglass coated flat gasket. A second closure is provided at
the outer drumn lid. The drum lid is secured using 1/2" bolts and is sealed with a 3/8" thick silicone
rubber flat gasket. A standard drum ring, its EPDM gasket, and a 5/8" tensioning bolt provide the
final closure. A 1/8" hole is drilled in the end of the tensioning bolt for use with a security seal.

The primary containment boundary of the Versa-Pac shipping container are defined as the
inner containment body, containment end plate, inner flange ring, silicone coated fiberglass gasket,
'/2" blind flange, '/2 bolts, washers and insert holders. Figure 1-1 further illustrates these
components by text description enclosed within a text box.

1.2.1.8 Package Markings

Package marking are shown in Appendix 1.3.1 and 1.3.2.
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1.2.1.2 Materials of Construction 

The materials of construction of the Versa-Pac are provided in Tables 1-2 and 1-3 for the 
55-gallon and 11 O-gallon versions, respectively. 

1.2.1.3 Outer and Inner Protrusions 

There is one outer protrusion on the Versa-Pac consisting of carbon steel fitting which 
contains a I" plastic plug on the side of the package. The plug is designed to melt and allow 
venting of any gases that might develop in the event of a fire. The protrusion extends less than Y2" 
from the side-wall of the outer drum and does not impede the stacking or handling of the shipping 
container. There are no inner protrusions on the Versa-Pac package and no outer or inner 
protrusion on the Versa-Pac Shipping Container. 

1.2.1.4 Lifting and Tie-Down Devices 

The Versa-Pac shipping container may be handled by nonnal industry standards for the 
safe movement of drums; such equipment might include specifically designed devices, forklifts, 
pallet jacks or other methods as detennined by the User. However, the Versa-Pac package does 
not utilize any specific device or attachment for lifting. Additionally, there are no specific 
provisions for tie down of the package. 

1.2.1.5 Shielding 

Neutron and gamma shields are not required for the Versa-Pac payloads. 

1.2.1.6 Pressure Relief Systems 

There are no pressure relief systems other than the four - 12" holes, closed with vinyl push 
plugs on the inne)" liner between the insulation and containment used to vent gases that might be 
produced in the event of a fire. No special heat transfer mechanisms are provided or required. 

1.2.1.7 Containment Features 

There are three individual points of closure employed by the Versa-Pac Shipping 
Container. The payload 1;2 inch thick closure plate provides a fastening and seal using twelve 112" 
bolts and a 1/8" thick silicone rubber fiberglass coated flat gasket. A second closure is provided at 
the outer drum lid. The drum lid is secured using 12" bolts and is sealed with a 3/8" thick silicone 
rubber flat gasket. A standard drum ring, its EPDM gasket, and a 5/8" tensioning bolt provide the 
final closure. A 1/8" hole is drilled in the end of the tensioning bolt for use with a security seal. 

The primary containment boundary of the Versa-Pac shipping container are defined as the 
inner containment body, containment end plate, inner flange ring, silicone coated fiberglass gasket, 
1;2" blind flange, 1;2 bolts, washers and insert holders.. Figure I-I further illustrates these 
components by text description enclosed within a text box. 

1.2.1.8 Package Markings 

Package marking are shown in Appendix 1.3.1 and 1.3.2. 
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1.2.2 Contents

All materials must be in solid form with no freestanding liquids; density is not limited.
These materials must contain not more than an A, or A2 quantity as appropriate, and the quantity
may not exceed 350 grams U-235 in any non-pyrophoric form, enriched up to 100 Wt%. Materials
that may be shipped in the Versa-Pac include uranium oxides (UyO,), uranium metal (U-metal),
uranyl nitrate crystals (UNX), and other uranium compounds (e.g., Uranyl Fluorides and Uranyl
Carbonates) enriched up to 100 Wt% U-235. The uranium compounds may also contain carbon or
graphite. UNX may be in the form of uranyl nitrate hexahydrate, trihydrate or dihydrate, and must
be in solid form. The payload may be in homogeneous (powder or crystalline) or non-
homogeneous form.

The package is evaluated assuming optimnum moderation using a bounding high-density
polyethylene plastic (Density = 0.98 g/cc) and supports packaging applications containing both
carbon (e.g., graphite, paraffin, and polyethylene) and hydrogen based materials (e.g., water
paraffin, and polyethylene). Non-fissile chemical impurities do not increase the reactivity of the
system; therefore; they may be present in any quantity. The payload may be enriched in U-235 to
100 Wt%. Because the payload decay is essentially zero (approximately 11.4 W, Section 3.4.2);
thus, there are no radiolytic decay products.

The payload material may be pre-packaged in hydrogenous or non-hydrogenous containers
within the payload vessel. Hydrogenous pre-packaging materials may include polyethylene,
polypropylene, and PVC. PTFE or Teflon® pre-packaging material is also allowed. Metallic pre-
packaging materials such as aluminum, stainless and carbon steel are further allowed provided
their total weight is controlled to within the payload allotment of the package.

The payload shall be further limited to materials with auto-ignition temperatures greater
than or equal to 600TF (3155C). Table 1-4 provides a listing of acceptable materials for transport
within the Versa-Pac shipping container.

No materials, excluding the minimum steel wall thickness of the package, are used as
neutron absorbers or moderators.

1.2.3 Special Requirements for Plutonium
The Versa-Pac Shipping Container is not approved for the transport of Plutonium above

minimnum detectable quantities.

1.2.4 Operational Features
The Versa-Pac Shipping Container provides for two individual closures and seals to secure

the payload within the inner containment area. Connections and closures are accomplished using
bolt and gasket seals.

There are no operationally complex features of the Versa-Pac Shipping packaging. All
operational features are readily apparent fiom an inspection of the drawings provided in Appendix
1.3.1, Packcaging Genercal Arrangement Drawings. Operation procedures and instructions for
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1.2.2 Contents 

All materials must be in solid form with no freestanding liquids; density is not limited. 
These materials must contain not more than an A I or A2 quantity as appropriate, and the quantity 
may not exceed 350 grams U-235 in any non-pyrophoric form, enriched up to 100 Wt%. Materials 
that may be shipped in the Versa-Pac include uranium oxides (UyOx), uranium metal (U-metal), 
uranyl nitrate crystals (UNX), and other uranium compounds (e.g., Uranyl Fluorides and Uranyl 
Carbonates) enriched up to 100 Wt% U-235. The uranium compounc!s may also contain carbon or 
graphite. UNX may be in the form of uranyl nitrate hexahydrate, trihydrate or dihydrate, and must 
be in solid form. The payload may be in homogeneous (powder or crystalline) or non­
homogeneous form. 

The package is evaluated assuming optimum moderation using a bounding high-density 
polyethylene plastic (Density = 0.98 g/cc) and SUpp011s packaging applications containing both 
carbon (e.g., graphite, paraffin, and polyethylene) and hydrogen based materials (e.g., water 
paraffin, and polyethylene). Non-fissile chemical impurities do not increase the reactivity of the 
system; therefore; they may be present in any quantity. The payload may be enriched in U-235 to 
100 Wt%. Because the payload decay is essentially zero (approximately 11.4 W, Section 3.4.2); 
thus, there are no radiolytic decay products. 

The payload material may be pre-packaged in hydrogenous or non-hydrogenous containers 
within the payload vessel. Hydrogenous pre-packaging materials may include polyethylene, 
polypropylene, and PVc. PTFE or Teflon® pre-packaging material is also allowed. Metallic pre­
packaging materials such as aluminum, stainless and carbon steel are fUliher allowed provided 
their total weight is controlled to within the payload allotment of the package. 

The payload shall be fUliher limited to materials with auto-ignition temperatures greater 
than or equal to 600°F (315°C). Table 1-4 provides· a listing of acceptable materials for transp01i 
within the Versa-Pac shipping container. 

No materials, excluding the mllllmum steel wall thickness of the package, are used as 
neutron absorbers or moderators. 

1.2.3 Special Requirements for Plutonium 

The Versa-Pac Shipping Container is not approved for the transp01i of Plutonium above 
minimum detectable quantities. 

1.2.4 Operational Features 

The Versa-Pac Shipping Container provides for two individual closures and seals to secure 
the payload within the inner containment area. Connections and closures are accomplished using 
bolt and gasket seals. 

There are no operationally complex features of the Versa-Pac Shipping packaging. All 
operational features are readily apparent from an inspection of the drawings provided in Appendix 
1.3.1, Packaging General Arrangement Drawings. Operation procedures and instructions for 
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loading, unloading, and preparing an empty Versa-Pac Shipping packaging for transport are
provided in Chapter 7.0, Operating Procedures.
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Figure 1-1 Versa-Pac Component Illustration
(Containment boundary components, as indicated in Section 1.2.1.7, are described in text boxes)
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loading, unloading, and preparing an empty V ersa-Pac Shipping packaging for transport are 
provided in Chapter 7.0, Operating Procedures. 
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Century Versa-Pac Rev_ 1 
October 2009 

Page 1-5 



1.3 Appendices

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

Versa-Pac Shipping Container Drawings, Century Industries
Drawing No.

VP-55-LD-I & -2, VP-IIO-LD-1 & -2

General Notes

SOP 6.11 - Polyurethane Closed Cell Foam Specification for
Century Industries Products

SOP 6.12 - Ceramic Fiber Insulation Specification for Century
Industries Products

SOP 6.13 - Structural Fiberglass Component Specification for
Century Industries Products
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1.3 Appendices 

1.3.1 Versa-Pac Shipping Container Drawings, Century Industries 
Drawing No. . 

VP-55-LD-t & -2, VP-110-LD-t & -2 

1.3.2 General Notes 

1.3.3 SOP 6.11 - Polyurethane Closed Cell Foam Specification for 
Century Industries Products 

1.3.4 SOP 6.12 - Ceramic Fiber Insulation Specification for Century 
Industries Products 

1.3.5 SOP 6.13 - Structural Fiberglass Component Specification for 
Century Industries Products 
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Table 1-1 Versa-Pac Shipping Container Gross Weights

55 Gallon Version - Model No. VP-55

Component Weight (kg) Weight (Ib)

Versa-Pac Shipping Container 178 390

Maximum Payload 114 250

Maximum Gross Weight of Loaded Package 291 640

110 Gallon Version - Model No. VP-I 10

Component Weight (kg) Weight (lb)

Versa-Pac Shipping Container 321 705

Maximuimu Payload 119 260

Maximum Gross Weight of Loaded Package 439 965
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Table 1-1 Versa-Pac Shipping Container Gross Weights 

55 Gallon Version - Model No. VP-55 

Component Weight (kg) 

Versa-Pac Shipping Container 178 

Maximum Payload 114 

Maximum Gross Weight of Loaded Package 291 

110 Gallon Version - Model No. VP-II0 

Component 

Versa-Pac Shipping Container 

Maximum Payload 

Maximum Gross Weight of Loaded Package 
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Weight (kg) 

321 

119 

439 

Weight (Ib) 

390 

250 

640 

Weight (Ib) 

705 

260 

965 
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Table 1-2 55 Gallon Versa-Pac Materials of Construction

Item Material Specification

55-Gallon Drum 16 Gauge, Carbon Steel UN I A2/X400/S Design Minimum

Closure Ring 12 Gauge, Carbon Steel UNIA2/X400/S

Drum Bolt Carbon Steel ASTM A307

Drum Gasket EPDM Closed Cell Certificate of Compliance

Inner Flat Gasket Silicone Rubber Coated ASTM-D372, MILR 46089
Fiberglass Commercial ZZR 765, Class 2

Inner Flat Pads Neoprene Sponge Rubber ASTM D I05668SCE41,
ASTM 1056002C1

Inner Pads Neoprene Rubber ASTM D-2000, SAE J200
MIL R-33065

Sheet Materials Carbon Steel ASTM A101 1

Plate Materials Carbon Steel ASTM A36

Angle Carbon Steel ASTM A36

Square Tubing Carbon Steel ASTM A500

Thread Inserts Carbon Steel Fastenal-EZ LOK Part No.60158 or
equivalent

All Other Closure Bolts Carbon Steel - Zinc Plated ASTM A449 Type I Grade 5

Lock Washers Carbon Steel - Zinc Plated Clad

Insulation Polyurethane Foam Century SOP 6.11

Insulation Ceramic Fiber Blanket/Paper Century SOP 6.12

Thermal Break Fiberglass Band/Rings Century SOP 6.13

Nameplate Stainless Steel ASTM 300 Series

Paint Industrial Primer (Inside Industrial Grade
Surfaces)

Paint Enamnel Touch Up Industrial Grade
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Table 1-2 55 Gallon Versa-Pac Materials of Construction 

Item 

55-Gallon Drum 

Closure Ring 

Drum Bolt 

Drum Gasket 

Inner Flat Gasket 
/ 

Inner Flat Pads 

Inner Pads 

Sheet Materials 

Plate Materials 

Angle 

Square Tubing 

Thread Insel1s 

.AII Other Closure Bolts 

Lock Washers 

Insulation 

Insulation 

Thermal Break 

Nameplate 

Paint 

Paint 
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Material 

16 Gauge, Carbon Steel 

12 Gauge, Carbon Steel 

Carbon Steel 

EPDM Closed Cell 

Silicone Rubber Coated 
Fiberglass 

Neoprene Sponge Rubber 

Neoprene Rubber 

Carbon Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel - Zinc Plated 

Carbon Steel - Zinc Plated 

Polyurethane Foam 

Ceramic Fiber Blanket/Paper 

Fiberglass Band/Rings 

Stainless Steel 

Industrial Primer (Inside 
Surfaces) 

Enamel Touch Up 

Specification 

UN I A2/X400/S Design Minimum 

UN I A2/X400/S 

ASTM A307 

Certificate of Compliance 

ASTM-D372 ,MILR 46089 

Commercial ZZR 765; Class 2 

ASTM D I 05668SCE41, 
ASTM 1056002Cl 

ASTM D-2000, SAE ]200 
MIL R-33065 

ASTM AIOIl 

ASTM A36 

ASTM A36 

ASTM A500 

Fasienal-EZ LOK Part No.60158 or 
equivalent 

ASTM A449 Type 1 Grade 5 

Clad 

Century SOP 6.11 

Century SOP 6.12 

Century SOP 6.13 

ASTM 300 Series 

Industrial Grade 

Industrial Grade 
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Table 1-3 110 Gallon Versa-Pac Materials of Construction

Item Material Specification

110-Gallon Drum 16 Gauge, Carbon Steel UN IA2/Y409/S Design Minimum

Closure Ring 12 Gauge, Carbon Steel UNIA2/X400/S

Drum Bolt Carbon Steel ASTM A307

Drum Gasket EPDM Closed Cell Certificate of Compliance

Inner Flat Gasket Silicone Rubber Coated ASTM D372, MILR 46089
Fiberglass Commercial ZZR 765

Inner Flat Pads Neoprene Sponge Rubber ASTM D105668SCE41,
ASTM 1056002C1

Ihner Pads Neoprene Rubber ASTM D-2000, SAE J200
MIL R-33065

Sheet Materials Carbon Steel/Stainless Steel ASTM AIO1 I

Plate Materials Carbon Steel ASTM A36

Angle Carbon Steel ASTM A36

Square Tubing Carbon Steel ASTM A500

Thread Inserts Carbon Steel Fastenal-EZ LOK Part No.60158 or
equivalent

All Other Closure Bolts Carbon Steel - Zinc ASTM A449 Type I Grade 5
Plated/S/S ASTM A193 Grade B8M CL I

Lock Washers Carbon Steel - Zinc Clad / 18-8 or 300 series
Plated/S/S

Insulation Polyurethane Foam Century SN 6.11

Insulation Ceramic Fiber Blanket/Paper Century SN 6.12

Thermal Break Fiberglass Band/Rings Century SOP 6.13

Nameplate Stainless Steel ASTM 300 Series

Paint Industrial Primer (Inside Industrial Grade
Surfaces)

Paint Enamel Touch Up Industrial Grade
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Table 1-3 11 0 Gallon Versa-Pac Materials of Construction 

Item 

I 10-Gallon Drum 

Closure Ring 

Drum Bolt 

Drum Gasket 

Inner Flat Gasket 

Inner Flat Pads 

Inner Pads 

Sheet Materials 

Plate Materials 

Angle 

Square Tubing 

Thread 1 nse11s 

All Other Closure Bolts 

Lock Washers 

Insulation 

Insulation 

Thennal Break 

Nameplate 

Paint 

Paint 
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Material 

16 Gauge, Carbon Steel 

12 Gauge, Carbon Steel 

Carbon Steel 

EPDM Closed Cell 

Silicone Rubber Coated 
Fiberglass 

Neoprene Sponge Rubber 

Neoprene Rubber 

Carbon Steel/Stainless Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel 

Carbon Steel - Zinc 
Plated/S/S 

Carbon Steel - Zinc 
Plated/S/S 

Polyurethane Foam 

Ceramic Fiber Blanket/Paper 

Fiberglass Band/Rings 

Stainless Steel 

Industrial Primer (Inside 
Surfaces) 

Enamel Touch Up 

Specification 

UN I A2/Y 409/S Design Minimum 

UN I A2/X400/S 

ASTM A307 

Certificate of Compliance 

ASTM 0372, MILR 46089 

Commercial ZZR 765 

ASTM Dl05668SCE41, 
ASTM 1 056002C I 

ASTM 0-2000, SAE J200 
MIL R-33065 

ASTM AlOll 

ASTM A36 

ASTM A36 

ASTM A500 

Fastenal-EZ LOK Part No.60158 or 
equivalent 

ASTM A449 Type I Grade 5 

ASTM A 193 Grade B8M CL 1 

Clad / 18-8 or 300 series 

Century SN 6.1 I 

Century SN 6.12 

Century SOP 6.13 

ASTM 300 Series 

Industrial Grade 

Industrial Grade 
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Table 1-4 Auto-Ignition Temperatures for Selected Materials for Packaging
within the Versa-Pac

Ignition Temperature 2
Material

(C) (F)

ABS 4160 7810

Acrylics 5600 10400

Cellulosics 4750-5400 8870-10040

Nylons 4240-5320 7950-9900

Paper 3  4500 8420

Polycarbonate 5800 10760

Polyesters 4320-4880 8100-9100

Polyethylene LD 3490 6600

Polyethylene HID 3490 6600

Polypropylene 5700 10580

Polystyrene 4880-4960 9100-9250

Polyurethanes 4160 7860

PTFE 5300 9860

PVC 435c-5570 8150-10350

Cotton 4750 8870

Note for Table 1-4

l. "Physical Constants for Investigators",
hrtpuiivww tclbrensic~conauidocsiarticle1O.html, by Tony Cafe, Reproduced from
"Firepoint" magazine - Journal of Australian Fire Investigators

2. "Fuels and Chemicals - Auto Ignition Temperatures",
h tt, www en 1 eei li-, toolbox .coli/filI S-i ",11 i ti on-temperatt res-d 171.i htnil

3. Handbook of Physical and Mechanical Testing of Paper and Paperboard Volume 2;
Edited by Richard Mark.
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Table 1-4 Auto-Ignition Temperatures for Selected Materials for Packaging 
within the Versa-Pac 

I .. T 12 

Material 
gmtIOn em perature . 

(C) (F) 

ASS 416° 781° 

Acrylics 560° . 1040° 

Cellulosics 475°-540° 887°-1004° 

Nylons 424°-532° 795°-990° 

Paper3 450° 842° 

Polycarbonate 580° 1076° 

Polyesters 432°-488° 810°-910° 

Polyethylene to 349° 660° 

Polyethylene HO 
, 

349° 660° 

Polypropylene 570° 1058° 

Polystyrene 488°-496° 910°-925° 

Polyurethanes 416° 786° 

PTFE 530° 986° 

PVC 435°-557° 815°-1035° 

Cotton 475° 887° 

Note for Table 1-4 

I. "Physical Constants for Investigators", 
I1ttp:!/www.tcforensic.com.au/docsianiclcl 0.l1t1111, by Tony Cafe, Reproduced from 
"Firepoint" magazine - Journal of Australian Fire Investigators 

2. "Fuels and Chemicals - Auto Ignition Temperatures", 
h!.!p:!iwww.en£!.ineerin£!.toolbox.com!fucls-ignirion-lcmperatures-d .. 171.hrl1ll 

3. Handbook of Physical and Mechanical Testing of Paper and Paperboard Volume 2; 
Edited by Richard Mark . 
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Appendix 1.3.1

Versa-Pac Shipping Container Licensing Drawings

(4 Sheets)
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Versa-Pac Shipping Container Licensing Drawings 

(4 Sheets) 
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DRAWING NO. VP-55-LD-1

WITHELD UNDER 10 CFR 2.390

DRAWING NO. VP-55-LD-1 

WITHELD UNDER 10 CFR 2.390 



DRAWING NO. VP-55-LD-2

WITHELD UNDER 10 CFR 2.390

DRAWING NO. VP-55-LD-2 

WITHELD UNDER 10 CFR 2.390 



DRAWING NO. VP-11O-LD-1

WITHELD UNDER 10 CFR 2.390

DRAWING NO. VP-11 O-LD-1 

WITHELD UNDER 10 CFR 2.390 



DRAWING NO. VP-11O-LD-2

WITHELD UNDER 10 CFR 2.390

DRAWING NO. VP-11 O-LD-2 

WITHELD UNDER 10 CFR 2.390 



Appendix 1.3.2 - General Notes

1. Paint all carbon steel surfaces with (2 mils.) of industrial primer in accordance with
manufacturer's specifications. The drum exterior surface is to be painted with enamnel
top coat in accordance with the drum manufacturers' specification, touchup with spray
enamel.

2. Placard as required.

3. Welding procedures and personnel shall be qualified in accordance with AWS D1.1.

4. NDT Personnel shall be qualified in accordance with ASNT-TC-I A. Visual personnel
may be certified in addition or in lieu of ASNT-TC- IA as an AWS CWI or CAW1.

5. Nameplates shall be attached after painting by spot welding and paint retouched.

6. General shop tolerances of± 1/8" apply unless noted. Material tolerances are as
required under the appropriate specification.

7. Equivalent components must be approved by engineering and submitted to the NRC for
approval.

8. This package shall be manufactured under a Quality Assurance Program that meets the
program requirements as outlined in 10 CFR 71. Quality Assurance shall perform
visual and magnetic particle inspection through the use of hold points on the
Fabrication Control Records for individual packages at pre-determined points to insure
that the package is produced according to specifications.

9. The nameplate shall be a minimum of 6" x 6" x 22 gauge stainless steel, ASTM A240,
300 Series. The letters shall be at least V2" high as follows:

MFG. By: Century Industries, USA

S/N:-------

Century Versa-Pac VP-(55 or I10)

Type A

Tare Wgt: ------ LB

------ KG

Max. Gross Wgt: ----- LB

KG

10. Gaskets and Plugs shall be installed using the appropriate material as described in
Standard Operating Procedures.

11. Ceramic fiber paper/blanket/boards and polyurethane foam products shall be in
accordance with Century SOP's.

12. Certifications, test reports and QA records shall be stored and maintained as required
'by Century Industries' Quality Assurance Program.
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1. 

Appendix 1.3.2 - General Notes 

Paint all carbon steel surfaces with (2 mils.) of industrial primer in accordance with 
manufacturer's specifications. The drum exterior surface is to be painted with enamel 
top coat in accordance with the drum manufacturers' specification, touchup with spray 
enamel. 

2. Placard as required. 

3. Welding procedures and personnel shall be qualified in accordance with AWS 01.1. 

4. NOT Personnel shall be qualified in accordance with ASNT -TC-I A. Visual personnel 
may be celiified in addition or in lieu of ASNT -TC-I A as an A WS CWI or CA WI. 

5. Nameplates shall be attached after painting by spot welding and paint retouched. 

6. General shop tolerances of ± 1/8" apply unless noted. Material tolerances are as 
required under the appropriate specification. 

7. Equivalent components must be approved by engineering and submitted to the NRC for 
approval. 

8. This package shall be manufactured under a Quality Assurance Program that meets the 
program requirements as outlined in 10 CFR 71. Quality Assurance shall perform 
visual and magnetic particle inspection through the use of hold points on the 
Fabrication Control Records for individual packages at pre-determined points to insure 
that the package is produced according to specifications. 

9. The nameplate shall be a minimum of 6" x 6" x 22 gauge stainless steel, ASTM A240, 
r 300 Series. The letters shall be at least Yz" high as follows: 

MFG. By: Century Industries, USA 

S/N: -----------

Century Versa-Pac VP-(55 or 110) 

Type A 

Tare Wgt: ------ LB 

------KG 

Max. Gross Wgt: ----- LB 

KG 

10. Gaskets and Plugs shall be installed using the appropriate material as described in 
Standard Operating Procedures. 

II. Ceramic fiber paper/blanket/boards and polyurethane foam products shall be in 
accordance with Century SOP's. 

12. Certifications, test repOlis and QA records shall be stored and maintained as required 
·by Century Industries' Quality Assurance Program. 
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13. Stenciling shall be in contrasting color and be a minimum of 1" in height unless noted
and shall include at a minimumn the following information: Additional stenciling of the
package is at the discretion of the customer.

Design ID Number: USA/ ---- /AF Type A (2" Letters)

Model Number:

Owners Name:

Owners Address:

Century Versa-Pac VP-(55 or 110)

City, State, and/or Country

RQ, Radioactive Material, Type A

Package, Fissile Non-Special Form

(Additional stenciling of the package is at the discretion of the customer. RQ may not
be required since it is dependent on the payload contents.)
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13. Stenciling shall be in contrasting color and be a minimum of I" in height unless noted 
and shall include at a minimum the following information: Additional stenciling of the 
package is at the discretion of the customer. 

Design ID Number: 

Model Number: 

Owners Name: 

Owners Address: 

USA/----/AF Type A (2" Letters) 

Century Versa-Pac VP-(55 or 110) 

City, State, and/or Country 

RQ, Radioactive Material, Type A 

Package, Fissile Non-Special Form 

(Additional stenciling of the package is at the discretion of the customer. RQ may not 
be required since it is dependent on the payload contents.) 
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Appendix 1.3.3

Century Industries

Bristol, Virginia

Procedure Type:

Procedure No:

Description:

Standard Operating Procedure

SOP 6.11

Cl-I Polyurethane Closed Cell Foam Specification for Century
Products

This page is a record of revisions to this procedure. Each time a revision is made, only the revised
pages are reissued. Remarks indicate a brief description of the revision and are not a part, of the
procedure.

REVISION

0

DATE

01/01/04

04/11/05

01/02/09

AFFECTED
PAGE (S)

All

REMARKS

Original

1

2

All Update for Panels

General UpdateAll

APPROVALS
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Procedure Type: 

Procedure No: 

Description: 

Appendix 1.3.3 

Century Industries 

Bristol, Virginia 

Standard Operating Procedure 

SOP 6.11 

CI-I Polyurethane Closed Cell Foam Specification for Century 
Products 

This page is a record of revisions to this procedure. Each time a revision is made, only the revised 
pages are reissued. Remarks indicate a brief description of the revision and are not a part of the 
procedure. 

REVISION DATE 

0 01/01/04 

04111105 

2 01/02/09 

2 

REV ·QA MANAGER 

Century Versa-Pac Rev. I 
October 2009 

AFFECTED 
PAGE (S) REMARKS 

All Original 

All Update for Panels 

All General Update 

APPROVALS 

OPERATIONS MGR PRODUCTION MGR 

Page 1-18 



1.0 PURPOSE

1.1

2.0

2.1

3.0

The purpose of this procedure is to describe the methods of installing Cl-I polyurethane
foam in Century Industries products.

SCOPE

The scope of this specification shall cover material requirements of the installation of
closed cell urethane foam with a density range of 5.0 to 11.0 pounds per cubic foot
(PCF) for all shipping containers manufactured by Century Industries.

ELEMENTAL COMPOUNDS

The closed cell urethane foam shall have the following elemental percentages, each
with a tolerance of ± 10%.

Hydrogen 6.7%

3.1

Carbon

Oxygen

Nitrogen

Other

61.7%

26.1%

5.2%

0.3%

4.0

4.1

BASIC PHYSICAL PROPERTIES

4.2

Density

Density measurements of test samples shall be performed in accordance with ASTM D-
1622. Density measurement of the urethane foam as installed will be by simple
calculation of the foam weight divided by the package cavity volume during the normal
production runs.

Compressive Strength

Compressive strength shall be tested in accordance with ASTM D- 162 1, Compressive
Properties of Rigid Cellular Plastics or ASTM D695, Compressive Properties of Rigid
Plastics. Density of the foam shall range between 5.0 and 11.0 pcf, with compressive
strength between 80 and 300 psi dependant upon the foam strength required by the
product specifications.
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1.0 PURPOSE 

1.1 The purpose of this procedure is to describe the methods of installing CI-l polyurethane 
foam in Century Industries products. 

2.0 SCOPE 

2.1 The scope of this specification shall cover material requirements of the installation of 
closed cell urethane foam with a density range of 5.0 to 11.0 pounds per cubic foot 
(PCF) for all shipping containers manufactured by Century Industries. 

3.0 ELEMENTAL COMPOUNDS 

3.1 The closed cell urethane foam shall have the following elemental percentages, each 
with a tolerance of ± 10%. 

Hydrogen 6.7% 

Carbon 61.7% 

Oxygen 26.1% 

Nitrogen 5.2% 

Other 0.3% 

4.0 BASIC PHYSICAL PROPERTIES 

4.1 Density 

Density measurements of test samples shall be performed in accordance with ASTM D-
1622. Density measurement of the urethane foam as installed will be by simple 
calculation of the foam weight divided by the package cavity volume during the normal 
production runs. 

4.2 Compressive Strength 

Compressive strength shall be tested in accordance with ASTM 0-1621, Compressive 
Properties of Rigid Cellular Plastics or ASTM 0695, Compressive Propel1ies of Rigid 
Plastics. Density of the foam shall range between 5.0 and 11.0 pcf, with compressive 
strength between 80 and 300 psi dependant upon the foam strength required by the 
product specifications. 
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4.3 Thermal Conductivity

Thermal conductivity shall meet the requirements of and be performed in accordance
with ASTM C5 18. Based upon previous test results the thermal conductivity of the
foam K Factor = 4.05 Btu-in/ (h-sq ft-°F.

4.4 Flame Retardancy

Testing was performed in accordance with ASTM E84 and meet the minimum
requirements.

4.5 Water Absorption and Moisture Content

Testing for Water Absorption shall be in accordance with ASTM D579.

4.6 Chloride Content

Leachable chloride content shall be less than 100 ppm.

5.0 Storage Requirements

Urethane foam resins and urethane foam and other raw materials and processing
chemicals should be stored at room temperature.

6.0 Operating Procedure

6.1 Raw Materials

6.1.1 The urethane foam will be two component; rigid polyurethane system that
produces a hard foam with a nominal, free rinse core density of 5 to I I pcf.
The system should be a water blown foam formula with a polymeric MDI as
the "A" component. It should be formulated to combine the following
desirable combination of processing and foam properties:

6.1.2 The flame retardant should be either a carbon intumnescent or mono-penta-

erythritol based material.

6.2 Foam In Place Procedure

6.2.1 Calculate the amount of foam required for volume and add 10%.

6.2.2 Weigh container to be foamed - Record reading.

6.2.3 Weigh raw materials for a 7% flame retardant formulation.

6.2.4 Adjust temperature of container to be foamed.

6.2.5 Pre-mix flame retardant and Part A of urethane system in container that will
hold al of the components.
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4.3 

4.4 

Thermal Conductivity 

Thennal conductivity shall meet the requirements of and be performed in accordance 
with ASTM C518. Based upon previous test results the thel111al conductivity of the 
foam K Factor = 4.05 Btu-in/ (h-sq ft_oF. 

Flame Retardancy 

Testing was perfol111ed in accordance with ASTM E84 and meet the minimum 
requirements. 

4.5 Water Absorption and Moisture Content 

Testing for Water Absorption shall be in accordance with ASTM 0579. 

4.6 Chloride Content 

Leachable chloride content shall be less than 100 ppm. 

5.0 Storage Requirements 

Urethane foam resins and urethane foam and other raw materials and processing 
chemicals should be stored at room temperature. 

6.0 Operating Procedure 

6.1 Raw Materials 

6.1.1 

6.1.2 

6.2 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

The urethane foam will be two component; rigid polyurethane system that 
produces a hard foam with a nominal, free rinse core density of 5 to II pcf. 
The system should be a water blown foam formula with a polymeric MOl as 
the "A" component. It should be formulated to combine the following 
desirable combination of processing and foam properties: 

The flame retardant should be either a carbon intumescent or mono-penta­
erythritol based material. 

Foam In Place Procedure 

Calculate the amount of foam required for volume and add 10%. 

Weigh container to be foamed - Record reading. 

Weigh raw materials for a 7% flame retardant formulation. 

Adjust temperature of container to be foamed. 

Pre-mix flame retardant and Part A of urethane system in container that will 
hold al of the components. 
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6.2.6 Add Part R and mix.

6.2.7 Pour into container cavity.

6.2.8 Watch foam rise for any abnormalities.

6.2.9 When the rise is complete, allow foam to cure before cutting.

6.2.10 Trim excess foam form container.

6.2.11 Weigh foamed container.

6.2.12 Calculate density of the foam in the container based on container void
volume and net weight of the foam installed.

6.3 Mold Fabrication Foam Procedure

6.3.1 This procedure is to used for foaming molds, blocks or buns of material to
be cut to a particular finished component part to be used in the final
container.

6.3.2 Calculate the amount of foam required for the mold.

6.3.3 Adjust the mold temperature.

6.3.4 Weigh out the raw materials.

6.3.5 Pre-mix flame retardant and Part A of the urethane system in a container
that will hold all components.

6.3.6 Add Part R and mix.

6.3.7 Pour evenly into mold.

6.3.8 Watch for abnormalities.

6.3.9 Once the rise is complete, record total rise height.

6.3.10 Once the foam has cured, cut to specified shape.

6.3.11 As required take sample and calculate pcf.

6.3.12 A specific bun number (Pour No.) is assigned to the bun and spray painted
on the top.
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6.2.6 

6.2.7 

6.2.8 

6.2.9 

6.2.10 

6.2.11 

6.2.12 

Add PaI1 R and mix. 

Pour into container cavity. 

Watch foam rise for any abnonnalities. 

When the rise is complete, allo·w foam to cure before cutting. 

Trim excess foam form container. 

Weigh foamed container. 

Calculate density of the foam in the container based on container void 
volume and net weight of the foam installed. 

6.3 Mold Fabrication Foam Procedure 

6.3.1 This procedure is to used for foaming molds, blocks or buns of material to 
be cut to a paI1icular finished component part to be used in the final 
container. 

6.3.2 

6.3.3 

6.3.4 

6.3.5 

6.3.6 

6.3.7 

6.3.8 

6.3.9 

6.3:10 

6.3.11 

6.3.12 

Calculate the amount of foam required for the mold. 

Adjust the mold temperature. 

Weigh out the raw materials. 

Pre-mix flame retardant and Part A of the urethane system in a container 
that will hold all components. 

Add Pal1 R and mix. 

Pour evenly into mold. 

Watch for abnormalities. 

Once the rise is complete, record total rise height. 

Once the foam has cured, cut to specified shape. 

As required take sample and calculate pcf. 

A specific bun number (Pour No.) is assigned to the bun and spray painted 
on the top. 
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6.4 Mold Fabrication Foam Procedure - Cutting

6.4.1 Cutting: After curing, each bun will be cut on the wire saw to the required
foam panel shape per the instructions provided by the Production
Supervisor. Each individual panel shape and orientation will have a unique
letter identification assigned to it such as TR (Top Right), TL (Top Left), ET
(End Top), EB (End Bottom) and SRB (Side Right Bottom), Etc.

6.4.2 Each shape that is cut will be marked with the Bun Number and the Shape
ID.

6.4.3 A sample of left over foam from each bun will be collected and labeled for
pcf calculation.

7.0 Quality Assurance

7.1 Production

Prior to production of each product utilizing the closed cell urethane foam, Quality
Assurance shall establish the correct weight of the foam materials required to produce
the correct density.

7.2 Records

7.2.1 Foam in Place

A foaming record must be completed for each foam installation in each individual
package and it shall become a part of the final QA record. This record shall include as a
minimum: foam components, weight of the container before and after the foaming and
trimming and have proper QA verifications.

The foam fabricator shall also supply records from an independent laboratory verifying
the chloride content of the urethane foam taken from samples of actual pours annually.

7.2.2 Foam Panels

A foaming record must be completed for each foam panel bun produced and it shall
become a part of the final QA record. This record shall include as a minimum: foam
components, weight of raw materials charged, the dimensions of the foamed bun and
have proper QA verifications.

The density of the representative foam panel material from each bun shall be calculated
and recorded in the Panel Foam Density Record.

The foam fabricator shall also annually supply records from an independent laboratory
verifying the chloride content of the urethane foam taken from samples from each batch
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6.4 

6.4.1 

Mold Fabrication Foam Procedure - Cutting 

Cutting: After curing, each bun will be cut on the wire saw to the required 
foam panel shape per the instructions provided by the Production 
Supervisor. Each individual panel shape and orientation will have a unique 
letter identification assigned to it such as TR (Top Right), TL (Top Left), ET 
(End Top), EB (End Bottom) and SRB (Side Right Bottom), Etc. 

6.4.2 Each shape that is cut will be marked with the Bun Number and the Shape 
10. 

6.4.3 A sample of left over foam from each bun will be collected and labeled for 
pcf calculation. 

7.0 Quality Assurance 

7.1 Production 

7.2 

Prior to production of each product utilizing the closed cell urethane foam, Quality 
Assurance shall esfablish the correct weight of the foam materials required to produce 
the correct density. 

Records 

7 .2.1 Foam in Place 

A foaming record must be completed for each foam installation in each individual 
package and it shall become a part of the final QA record. This record shall include as a 
minimum: foam components, weight of the container before and after the foaming arid 
trimming and have proper QA verifications. 

The foam fabricator shall also supply records from an independent laboratory verifying 
the chloride content of the utethane foam taken from samples of actual pours annually. 

7.2.2 Foam Panels 

A foaming record must be completed for each foam panel bun produced and it shall 
become a part of the final QA record. This record shall include as a minimum: foam 
components, weight of raw materials charged, the dimensions of the foamed bun and 
have proper QA verifications. 

The density of the representative foam panel material fi'om each bun shall be calculated 
and recorded in the Panel Foam Density Record. 

The foam fabricator shall also annually supply records from an independent laboratory 
verifying the chloride content of the urethane foam taken from samples from each batch 
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8.0

of resin used. The resin manufacturer shall supply with each batch of resin a record or
certification showing that the chloride content is less than 100 ppm.

Attachments

Production Foam Record

Panel Foam Density Record

8.1

8.2
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8.0 

8.1 

8.2 

of resin used. The resin manufacturer shall supply with each batch of resin a record or 
certification showing that the chloride content is less than 100 ppm. 

Attachments 

Production Foam Record 

Panel Foam Density Record 
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Century Industries UF-I Production Foam Record

Date: Time: Pour No:

Mold Room Temperature: _ Type of Pour: In-Place Mold

Chemical LBS Grams Description

"A" System

"R" System

Flame Retardant

Total

Foam in Place Density Data

Containers Empty Weight

Trimmed Foam Container Weight

Volume of Container Cavity Foamed

Density of Container Foam

Mold Foam Density

Mold size in Inches

Height of Foam in Mold

Weight of Foam Charge

Density of Foam Component
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Century Industries UF -1 Production Foam Record 

Date: Time: Pour No: ------------------- ------------- ---------------

Mold Room Temperature: __________ Type of Pour: In-Place __ Mold __ 

Chemical LBS Grams 

"A" System 

"R" System 

Flame Retardant 

Total 

Foam in Place Density Data 

Containers Empty Weight 

Trimmed Foam Container Weight 

Volume of Container Cavity Foamed 

Density of Container Foam 

Mold size in Inches 

Height of Foam in Mold 

Weight of Foam Charge 

Density of Foam Component 
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Foaming Information

Plan Actual

Start Temp. - Resin "A"

Start Temp. - Resin "R"

Mixer RPM

Mixer Type

Chem. Mix Time in Sec.

Cream Time in Sec.

Foam Time in Sec.

Tack Free Time in Sec.

Foam Height in Mold (In.)

Person Responsible for Formulation:

Person Responsible for Production:

QA Review By: Date:
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Foaming Information 

Plan Actual 

Start Temp. - Resin "A" 

Start Temp. - Resin "R" 

Mixer RPM 

Mixer Type 

Chem. Mix Time in Sec. 

Cream Time in Sec. 

Foam Time in Sec. 

Tack Free Time in Sec. 

Foam Height in Mold (1n.) 

Person Responsible for F01111Ulation: --------------------------------------

Person Responsible for Producti on: __________________________ ~ __________ __ 

QA Review By: ____________________________________ Date: ____________ _ 
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Appendix 1.3.4

Century Industries

Bristol, Virginia

Procedure Type:

Procedure No:

Description:

Standard Operating Procedure

SOP 6.12

CI-1 Ceramic Fiber Insulation Specification for Century
Products

This page is a record of revisions to this procedure. Each time a revision is made, only the revised
pages are reissued. Remarks indicate a brief description of the revision and are not a part of the
procedure.
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Procedure Type: 

Procedure No: 

Description: 

Appendix 1.3.4 
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1.0 PURPOSE

1.1

2.0

2.1

The purpose of this procedure is to describe the ceramic fiber materials used in Century
Industries products

SCOPE

The scope of this specification shall cover material requirements for the
installation of both ceramic fiber paper and blanket insulation products
in Century Industries products.

BASIC PHYSICAL PROPERTIES3.0

3.1 Paper

Density = 8-10 lbs/ft3

3.2

Thickness = 1/8 in.

Thermal Conductivity = 0.13 Btu-in/hr-ft2 'C at 800'C

Blanket

Density = 6-8 lb/ft3

Thickness = 0.5 to 3 in.

Thermal Conductivity = 1.75 ± 0.05 Btu-in./hr./ft2/°F at 1800'F
minimum

Storage Requirements4.0

5.0

5.1

5.2

4.1 Store the Ceramic Fiber paper and blanket insulation in an area
with relatively low humidity at ambient temperature.

Quality Assurance

Production

Quality Assurance shall verify that the density and thickness of the
ceramic fiber insulation is correct when received and prior to
installation.

Records
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1.0 PURPOSE 

1.1 The purpose of this procedure is to describe'the ceramic fiber materials used in Century 
Industries products 

2.0 SCOPE 

2.1 The scope of this specification shall cover material requirements for the 
installation of both ceramic fiber paper !'1nd blanket insulation products 
in Century Industries products. 

3.0 BASIC PHYSICAL PROPERTIES 

3.1 Paper 

Density = 8-10 Ibs/ft3 

Thickness = 1/8 in. 

Thermal Conductivity = 0.13 Btu-in/hr-ft2 °C at 800°C 

3.2 Blanket 

Density = 6-8 Ib/ft3 

Thickness = 0.5 to 3 in. 

Thermal Conductivity = 1.75 ± 0.05 Btu-in./hr./ft2;oF at 1800°F 
mInImum 

4.0 Storage Requirements 

4.1 Store the Ceramic Fiber paper and blanket insulation in an area 
with relatively low humidity at ambient temperature. 

5.0 Quality Assurance 

5.1 Production 

Quality Assurance shall verify that the density and thickness of the 
ceramic fiber insulation is correct when received and prior to 
installation. 

5.2 Records 
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A ceramic fiber insulation record must be completed for each individual
package and it shall become a part of the final QA record. This record
shall include as a minimum: verification of density and thickness and
verification that each required pieces of insulation was installed.

Attachments

Ceramic Fiber Installation Record

6.0

6.1
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6.0 

6.1 

A ceramic fiber insulation record must be completed for each individual 
package and it shall become a part of the final QA record. This record 
shall include as a minimum: verification of density and thickness and 
verification that each required pieces of insulation was installed. 

Attachments 

Ceramic Fiber Installation Record 

Century Versa~Pac Rev. 1 
October 2009 

Page 1-28 



Century Industries CI-1

Ceramic Fiber Installation Record

Ceramic Fiber Paper

Serial Number Dimensions Manufacturer/Product Lot/Batch No.

-I 4

4 4 4

4 4 4

Ceramic Fiber Blanket

Serial Number Dimensions Manufacturer/Product Lot/Batch No.

Production Signature:

QA Signature:

Centuiy Versa-Pac Rev. 1
October 2009
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Date:
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Century Industries CI-l 

Ceramic Fiber Installation Record 

Ceramic Fiber Paper 

Serial Number Dimensions Manufacturer/Product Lot/Batch No. 

Ceramic Fiber Blanket 

Serial Number Dimensions Manufacturer/Product Lot/Batch No. 

Production Signature: _______________ Date: ______ _ 

QASignature: ___________________ Date: ______ _ 
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1.0 PURPOSE

1.1

2.0

2.1

3.0

3.1

The purpose of this procedure is to describe the structural fiberglass
component materials used in Century Industries products

SCOPE

The scope of this specification shall cover material requirements for the
structural fiberglass components utilized in Century Industries products.

BASIC PHYSICAL PROPERTIES

Property Value ASTM Test

Mechanical

Tensile Stress, LW
Tensile Stress, CW

Compressive Stress, LW
Compressive Stress, CW

Flexural Stress, LW
Flexural Stress, CW

Modulus of Elasticity'
Modulus of Elasticity >4"'

30,000 psi
7,000 psi

30,000 psi
15,000 psi

30,000 psi
10,000 psi

2.6 x 106 psi
2.5 x 106 psi

D638
D638

D695
D695

D790
D790

Full Section
Full Section

Physical

Barcol Hardness
24 Hour Water Absorption
Density
Thermal Conductivity

45
0.6% Maximum
.062 - .070 lbs/in 3

4-BTU-in/ft2 /hr/'F

D2583
D570
D792
C177

Electrical

Arc Resistance, LW 120 Seconds D495

Flammability

Tunnel Test
Flammability
LW - Lengthwise

25 Maximum
Self Extinguishing

CW

E84
D635

Crosswise

Note:

1. This value is to be determined from full section simple beam bending of
structural shapes.
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1.0 PURPOSE 

1.1 The purpose of this procedure is to describe the structural fiberglass 
component materials used in Century Industries products 

2.0 SCOPE 

2.1 The scope of this specification shall cover material requirements for the 
structural fiberglass components utilized in Century Industries products. v 

3.0 BASIC PHYSICAL PROPERTIES 

3.1 Property 

Mechanical 

Tensile Stress, L W 
Tensile Stress, CW 

Compressive Stress, L W 
Compressive Stress, CW 

Flexural Stress, L W 
Flexural Stress, CW 

Modulus of Elasticityl 
Modulus of Elasticity >4,,1 

Physical 

Barcol Hardness 
24 Hour Water Absorption 
Density . 
Thermal Conductivity 

Electrical 

Arc Resistance, L W . 

Flammability 

Tunnel Test 
Flammability 
L W - Lengthwise 

Note: 

Value 

30,000 psi 
7,000 psi 

30,000 psi 
15,000 psi 

30,000 psi 
10,000 psi 

2.6 x 106 psi 
2.5 x 106 psi 

45 
0.6% Maximum 
.062 - .070 IbslinJ 

4-BTU-in/ft2/hri"F 

120 Seconds 

ASTM Test 

D638 
0638 

0695 
0695 

0790 
0790 

Full Section 
Full Section 

02583 
0570 
0792 
CI77 

0495 

25 Maximum E84 
Self Extinguishing 0635 

CW - Crosswise 

I. This value is to be determined from full section simple beam bending of 
structural shapes. 
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2. All test requirements are minimumn ultimate coupon properties of
structural shapes per the referenced ASTM Specification, unless
otherwise noted.

3.2 Description of Tests

Tensile Strength (ASTM D638)

The tensile strength is determined by pulling ends of a test specimen until
failure.

Compressive Strength (ASTM D695)

The ultimate compressive strength of a material is a force required to rupture
the test specimen when a load is applied such that the specimen is crushed.

Flexural Properties (ASTM D790)

The flexural strength is determined by placing a test specimen between two
supports and applying a load to the center.

Modulus of Elasticity (Full Section)

This test is conducted by loading a prescribed length of the full shape (not a
coupon) with a support at each end and applying a center load.

Barcol Hardness (ASTM D2583)

The barcol hardness is a measurement of the resistance of the surface of a test
specimen to penetration by a needle probe which is spring driven. The barcol
hardness is generally an average of multiple measurements on the same part
and is an approximate measure of the materials completeness of cure.

Water Absorption (ASTM D570)

The specimens are immnersed in water for a period of 24 hours and the change
in weight is measured.

Density (ASTM D792)

The density is the ratio of the mass (weight) of a specimen to the volume of
the specimen.

Century Versa-Pac Rev. I Page 1-32
October 2009

• 

• 

• 

3.2 

2. All test requirements are minimum ultimate coupon propel1ies of 
structural shapes per the referenced ASTM Specification, unless 
otherwise noted. 

Description of Tests 

Tensile Strength (ASTM 0638) 

The tensile strength is determined by pulling ends of a test specimen until 
failure. 

Compressive Strength (ASTM 0695) 

The ultimate compressive strength of a material is a force required to rupture 
the test specimen when a load is applied such that the specimen is crushed. 

Flexural Properties (ASTM 0790) 

The flexural strength, is determined by placing a test specimen between two 
supp011s and applying a load to the center. 

Modulus of Elasticity (Full Section) 

This test is conducted by loading a prescribed length of the full shape (not a 
coupon) with a support at each end and applying a center load. 

Barcol Hardness (ASTM 02583) 

The barcol hardness is a measurement of the resistance of the surface of a test 
specimen to penetration by a needle probe which is spring driven. The barcol 
hardness is generally an average of multiple measurements on the same paJ1 
and is an approximate measure of the materials completeness of cure. 

Water Absorption (ASTM 0570) 

The specimens are immersed in water for a period of 24 hours and the change 
in weight is measured. 

Density (ASTM 0792) 

The density is the ratio of the mass (weight) of a specimen to the volume of 
the specimen. 
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Thermal Conductivity (C177)

This test establishes the criteria for the laboratory measurement of the steady-
state heat flux through flat, homogeneous specimens when the surface is in
contact with solid, parallel boundaries held at constant temperature using a
guarded hot plate apparatus.

Arc Resistance (ASTM D495)

This test is performed by placing two probes on a test specimen at a distance
of /". A high voltage, low current, arc is passed between the probes with a
specified on/off cycle for the arc. The time taken for the arc to completely
burn a path through the composite is measured.

Tunnel Test (ASTM E84)

In the 25 foot tunnel test, a smoke generation value and the rate of flame
spread are determined.

Flammability (ASTM D635)

The specimen is held horizontally with one end subjected to a flame for 30
seconds.

Storage Requirements

All fiberglass products.

Quality Assurance

Production

Quality Assurance shall verify that the materials are free, fiom damage and
that the certificate of compliance for the product is correct and that it mneets
the requirements of this procedure when received and prior to installation.

Records

A Certificate of Compliance from the manufacturer must be reviewed for
compliance with this procedure and it shall become a part of the final QA
record.

4.0

4.1

5.0

5.1

5.2
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4.0 

4.1 

5.0 

5.1 

Thermal Conductivity (Cl77) 

This test establ ishes the criteria for the laboratory measurement of the steady­
state heat flux through flat, .homogeneous specimens when the surface is in 
contact with solid, parallel boundaries held at constant temperature using a 
guarded hot plate apparatus. 

Arc Resistance (ASTM D495) 

This test is performed by placing two probes on a test specimen at a distance 
of W'. A high voltage, low current, arc is passed between the probes with a 
specified onloff cycle for the arc. The time taken for the arc to completely 
burn a path through the composite is measured. 

Tunnel Test (ASTM E84) 

In the 25 foot tunnel test, a smoke generation value and the rate offlame 
spread are determined. 

Flammability (ASTM D635) 

The specimen is held horizontally with one end subjected to a flame for 30 
seconds. 

Storage Requirements 

All fiberglass products. 

QualitY Assurance 

Production 

Quality Assurance shall verify that the materials are free from damage and 
that the certificate of compliance for the product is correct and that it meets 
the requirements of this procedure when received and prior to installation. 

5.2 Records 

A Certificate of Compliancefrom the manufacturer must be reviewed for 
compliance with this procedure and it shall become a part of the tinal QA 
record. 
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2 STRUCTURAL EVALUATION

2.1 Description of Structural Design

2.1.1 Discussion

The Versa-Pac is a packaging designed for the shipment of radioactive materials
containing less than or equal to 350 grams U-235, including uranium oxides (UyOx), uranium
metal (U-metal), uranyl nitrate crystals (UNX), and other uranium compounds (e.g., Uranyl
Fluorides and Uranyl Carbonates) enriched up to 100 Wt% U-235. The material may be pre-
packaged in plastic, metal or Teflon containers.

The 55-gallon Versa-Pac consists of a 15" inner diameter by 27" inner height
containment area centered within an insulated 55-gallon drum. Drawings of the 55-gallon
version Versa-Pac are provided in Appendix 1.3.1. The Versa-Pac design utilizes standard shop
dimensions, tolerances and structural materials as outlined in the drawings in Appendix 1.3.1 and
the General Note Sheet in Appendix 1.3.2. An illustration of the packaging is provided in
Figure 1-1.

The overall nominal dimensions of the 55-gallon package are 23" OD x 34-1/2" in
height. The containment area is protected with a gasketed inner containment lid that is closed
with twelve ½/2" bolts. A polyurethane insulation plug is encapsulated in 16-gauge carbon steel
welded onto the drum lid (see Appendix 1.3.3). The gasketed drum lid is closed with four ½"
bolts and a standard drum ring. A gasket at the drumlid's stiffening ring provides an additional
barrier against water in-leakage.

The 55-gallon drum is strengthened with four longitudinal stiffeners fabricated from
1-1/4" carbon steel square tubing equally spaced around the circumference of the drum. A 16-
gauge outer liner and a 16ga inner liner provide additional insulated radial stiffness to the drum.
The volume between the inner liner and the 10-gauge containment body is filled with ceramic
fiber insulation (see Appendix 1.3.4).

The 110-gallon Versa-Pac consists of a 21" ID x 32-3/4" IH containment area centered
within an insulated 110-gallon drum. Drawings of the 110-gallon version Versa-Pac are
provided in Appendix 1.3.1. The Versa-Pac design utilizes standard shop dimensions, tolerances
and structural materials as outlined in the drawings in Appendix 1.3.1 and the General Note
Sheet in Appendix 1.3.2. An illustration of the packaging is provided in Figure 1-1.

The overall nominal dimensions of the 110-gallon package are 30-7/16" OD x 42-3/4" in
height. The containment area is protected with a gasketed inner containment lid that is closed
with twelve '/2" bolts. A polyurethane insulation plug is encapsulated in 16-gauge carbon steel
welded onto the drum lid (see Appendix 1.3.3). The gasketed drum lid is closed with eight 1/2"

bolts and a standard drum ring. A gasket at the drum lid's stiffening ring provides an additional
barrier against water in-leakage.

The 1 10-gallon drum is strengthened with eight longitudinal stiffeners fabricated from
1-1/4" carbon steel square tubing equally spaced around the circumference of the drum. A 16ga
outer liner and a 16ga inner liner provide additional insulated radial stiffness to the drum. The

Century Versa-Pac Rev. 1 Page 2-1
October 2009

• 

• 

• 

2 STRUCTURAL EVALUATION 

2.1 Description of Structural Design 

2.1.1 Discussion 

The Versa-Pac is a packaging designed for the shipment of radioactive materials 
containing less than or equal to 350 grams U-235, including uranium oxides (UyOx), uranium 
metal (U-metal), ur~nyl nitrate crystals (UNX), and other uranium compounds (e.g., Uranyl 
Fluorides and Uranyl Carbonates) enriched up to 100 Wt% U-235. The material may be pre­
packaged in plastic, metal or Teflon containers. 

The 55-gallon Versa-Pac consists of a 15" inner diameter by 27" inner height 
containment area centered within an insulated 55-gallon drum. Drawings of the 55-gallon 
version Versa-Pac are provided in Appendix 1.3.1. The Versa-Pac design utilizes standard shop 
dimensions, tolerances and structural materials as outlined in the drawings in Appendix 1.3.1 and 
the General Note Sheet in Appendix 1.3.2. An illustration of the packaging is provided in 
Figure 1-1. 

The overall nominal dimensions of the 55-gallon package are 23" OD x 34-112" in 
height. The containment area is protected with a gasketed inner containment lid that is closed 
with twelve Y2" bolts. A polyurethane insulation plug is encapsulated in 16-gauge carbon steel 
welded onto the drum lid (see Appendix 1.3.3). The gasketed drum lid is closed with four Y2" 
bolts and a standard drum ring. A gasket at the drum lid's stiffening ring provides an additional 
barrier against water in-leakage. 

The 55-gallon drum is strengthened with four longitudinal stiffeners fabricated from 
1-1/4" carbon steel square tubing equally spaced around the circumference of the drum. A 16-
gauge outer liner and a 16ga inner liner provide additional insulated radial stiffness to the drum. 
The volume between the inner liner and the 10-gauge containment body is filled with ceramic 
fiber insulation (see Appendix 1.3.4). 

The 110-gallon Versa-Pac consists of a 21" ID x 32-3/4" IH containment area centered 
within an insulated 11O-gallon drum. Drawings of the 110-gallon version Versa-Pac are 
provided in Appendix 1.3.1. The Versa-Pac design utilizes standard shop dimensions, tolerances 
and structural materials as outlined in the drawings in Appendix 1.3.1 and the General Note 
Sheet in Appendix 1.3.2. An illustration of the packaging is provided in Figure 1-1. 

The overall nominal dimensions of the 11 O-gallon package are 30-7/16" OD x 42-3/4" in 
height. The containment area is protected with a gasketed inner containment lid that is closed 
with twelve Y2" bolts. A polyurethane insulation plug is encapsulated in 16-gauge carbon steel 
welded onto the drum lid (see Appendix 1.3.3). The gasketed drum lid is closed with eight Y2" 
bolts and a standard drum ring. A gasket at the drum lid's stiffening ring provides an additional 
barrier against water in-leakage. 

The 110-gallon drum is strengthened with eight longitudinal stiffeners fabricated from 
1-1/4" carbon steel square tubing equally spaced around the circumference of the drum. A 16ga 
outer liner and a 16ga inner liner provide additional insulated radial stiffness to the drum. The 
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volume between the inner liner and the 10-gauge containment body is filled with ceramic fiber
insulation (see Appendix 1.3.4).

The Versa-Pac design does not include lifting or tie down devices. Handling is
accomplished using a standard drum handling equipment and/or a forklift. Shielding and
pressure relief devices are not required for the Versa-Pac payloads. Plastic plugs, located on the
inner liner and the acetate plug located on the exterior of the package are designed to vent any
combustion products generated by the insulation under Hypothetical Accident Conditions. The
containment boundary is the containment area, the containment area blind flange and
containment flat gasket seal. The containment area is attached to the structural components of the
Versa-Pac using 12 equally spaced ½" bolts thru a ¼" connection ring, a ½" thick fiberglass
thermal break connected to the structural frame. Bolts are torqued and the bolt/nut connection
spot welded to prevent potential loss of the connection.

Performance of the package to the required regulations and design criteria is
demonstrated through the analytical evaluations and prototype testing discussed in the remainder
of this section. The package performs as required to the applicable regulations, assuring safe
transport of the payload. Table 2-1 provides a summary of the evaluations performed and their
results.

2.1.2 Design Criteria

The Versa-Pac was designed to meet all of the performance requirements of 1 OCFR71 for
fissile materials. The Versa-Pac is manufactured under a quality assurance program that meets
the requirements of 1OCFR71, Subpart H. All welding is conducted by qualified personnel in
accordance with AWS Dl .1. All inspections are conducted by personnel qualified under ASNT-
TC-1A and/or for visual inspection certified as an AWS certified welding inspector or assistant.

The containment boundary is defined as the containment area, its seal and blind flange.
The structural design criteria for the packaging under the Normal condition are:

* The packaging is maintained within the allowable temperature, pressure and stress
ranges as stated in each Section and Table 2-1;

* 55 Gallon Version - The package outer diameter and the height are essentially
maintained at their nominal as-built dimensions;

* 110 Gallon Version - The package outer diameter and the height are essentially
maintained at their nominal as-built dimensions;

0 Positive closure is maintained during transport;

• Moderators are evaluated inside the payload vessel (criticality control
requirement);

* Chemical and Galvanic reactions do not impair the function of the packaging
within its 10-year design lifetime;

0 The package is stackable and meets the applicable regulations; and

* Performance and design of the packaging meets other minimum regulatory
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volume between the inner liner and the 10-gauge containment body is filled with ceramic fiber 
insulation (see Appendix 1.3.4). 

The Versa-Pac design does not include lifting or tie down devices. Handling is 
,accomplished using a standard drum handling equipment andlor a forklift. Shielding and 
pressure relief devices are not required for the Versa-Pac payloads. Plastic plugs, located on the 
inner liner and the acetate plug located on the exterior of the package are designed to vent any 
combustion products generated by the insulation under Hypothetical Accident Conditions. The 
containment boundary is the containment area, the containment area blind flange and 
containment flat gasket seal. The containment area is attached to the structural components of the 
Versa-Pac using 12 equally spaced 12" bolts thru a v,." connection ring, a 12" thick fiberglass 
thennal break connected to the structural frame. Bolts are torqued and the bolt/nut connection 
spot welded to prevent potential loss of the connection. 

Performance of the package to the required regulations and design criteria is 
demonstrated through the analytical evaluations and prototype testing discussed in the remainder 
of this section. The package performs as required to the applicable regulations, assuring safe 
transport of the payload. Table 2-1 provides a summary of the evaluations performed and their 
results. 

2.1.2 Design Criteria 

The Versa-Pac was designed to meet all of the performance requirements of 1 OCFR7 I for 
fissile materials. The Versa-Pac is manufactured under a quality assurance program that meets 
the requirements of I OCFR 71, Subpart H. All welding is conducted by qualified personnel in 
accordance with A WS D 1.1. All inspections are conducted by personnel qualified under ASNT­
TC-IA andlor for visual inspection certified as an AWS certified welding inspector or assistant. 

The containment boundary is defined as the containment area, its seal and blind flange. 
The structural design criteria for the packaging under the Normal condition are: 

• The packaging is maintained within the allowable temperature, pressure and stress 
ranges as stated in each Section and Table 2-1 ; 

• 55 Gallon Version - The package outer diameter and the height are essentially 
maintained at their nominal as.:.built dimensions; 

• 110 Gallon Version - The package outer diameter and the height are essentially 
maintained at their nominal as-built dimensions; 

• Positive closure is maintained during transport; 

• Moderators are evaluated inside the payload vessel (criticality control 
requirement) ; 

• Chemical and Galvanic reactions do not impair the function of the packaging 
within its 10-year design lifetime; 

• The package is stackable and meets the applicable regulations; and 

• Performance and design of the packaging meets other minimum regulatory 
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requirements for licensure.

The design criteria under Hypothetical Accident Conditions are:

* The packaging is maintained within the allowable temperature, pressure and stress
ranges as stated in each Section and Table 2-1;

* 55-Gallon Version - The average OD of the packaging is maintained greater than
21.1". and the minimum height of the packaging is maintained greater than 33.6"
under all conditions (criticality control requirement);

0 110-Gallon Version - The average OD of the packaging is maintained greater than
28.5"and the minimum height of the packaging is maintained greater than 41.8"
under all conditions (criticality control requirement);

Table 2-1 provides a summary of the structural evaluation, design criteria, and results of
the evaluation.

2.1.3 Weights and Centers of Gravity

The weight of each component of the Versa-Pac is provided Table 1-2. The center of
gravity of an empty 55-gallon packaging is located 20.2" from the absolute base of the package
along a vertical axis in the geometric center of the package. The center of gravity of a loaded
package will shift downward by 1.3".

2.1.4 Identification of Codes and Standards for Package Design

The Versa-Pac is a Type A fissile package, based on the maximum U-235 payload of 350
grams enriched up to 100wt%.

The Versa-Pac Shipping Container was designed to meet the requirements of 10 CFR 71
and IAEA Safety Standards Series - Regulations for the Safe Transport of Radioactive Material,
1996 Edition (Revised) No. TS-R-1.

Fabrication and the assembly of the Versa-Pac Shipping Container will be conducted in
accordance with Century Industries Quality Assurance Program and normal shop Standard
Operating Procedures. Welding shall be conduct by qualified personnel and procedures in
accordance with AWS D .1.

Testing and inspection of the Versa-Pac Shipping Containers will be conducted in
accordance with Standard Operating Procedures in compliance with the appropriate code, such
as ASNT, ASME and AWS.

Maintenance and use of the Versa-Pac Shipping Container shall be conducted in
accordance with Section 7.0, Operating Procedures and Section 8.0, Acceptance Tests and
Maintenance Program and the Certificate of Compliance.
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requirements for licensure. 

The design criteria under Hypothetical Accident Conditions are: 

• The packaging is maintained within the allowable temperature, pressure and stress 
ranges as stated in each Section and Table 2-1; 

• 55-Gallon Version - The average OD of the packaging is maintained greater than 
21.1", and the minimum height of the packaging is maintained greater than 33.6" 
under all conditions (criticality control requirement); 

• 110-Gallon Version - The average OD of the packaging is maintained greater than 
28.5"and the minimum height of the packaging is maintained greater than 41.8" 
under all conditions (criticality control requirement); 

Table 2-1 provides a summary of the structural evaluation, design criteria, and results of 
the evaluation. 

2.1.3 Weights and Centers of Gravity 

The weight of each component of the Versa-Pac is provided Table 1-2. The center of 
gravity of an empty 55-gallon packaging is located 20.2" from the absolute base of the package . 
along a vertical axis in the geometric center of the package. The center of gravity of a loaded 
package will shift downward by 1.3". 

2.1.4 Identification of Codes and Standards for Package Design 

The Versa-Pac is a Type A fissile package, based on the maximum U-235 payload of 350 
grams enriched up to 100wt%. 

The Versa-Pac Shipping Container was designed to meet the requirements of 10 CFR 71 
and IAEA Safety Standards Series - Regulations for the Safe Transport of Radioactive Material, 
1996 Edition (Revised) No. TS-R-1. 

Fabrication and the assembly of the Versa-Pac Shipping Container will be conducted in 
accordance with Century Industries Quality Assurance Program and normal shop Standard 
Operating Procedures. Welding shall be conduct by qualified personnel and procedures III 

accordance with AWS D 1.1. ' 

Testing and inspection of the Versa-Pac Shipping Containers will be conducted in 
accordance with Standard Operating Procedures in compliance with the appropriate code, such 
as ASNT, ASME and AWS. 

Maintenance and use of the Versa-Pac Shipping Container shall be conducted in 
accordance with Section 7.0, Operating Procedures and Section 8.0, Acceptance Tests and 
Maintenance Program and the Certificate of Compliance. 
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2.2 Materials

2.2.1 Mechanical Properties of Materials

The mechanical material properties used to evaluate the Versa-Pac performance are
provided in Table 2-2. The thermal material properties used to evaluate the Versa-Pac
performance are provided in Table 3.5.1-3.

2.2.2 Chemical, Galvanic Reactions and Other Reactions

Appendix 2.12.1 contains information concerning the compatibility of the materials used
to fabricate the Versa-Pac. This information demongtrates that the combined materials of
construction do not experience significant material loss due to galvanic reactions.

There are two combinations of Versa-Pac materials of construction with a potential to
react galvanically. The first combination is steel, primer, ceramic fiber insulation, and
polyurethane foam insulation. The second combination is steel and the payload. Other packages
have successfully used this combination of materials without galvanic reactions and have done
accelerated corrosion tests to support the combined use.

All of the insulation materials used in the construction of the Versa-Pac container are low
in chloride content. The fiber insulation used has been tested for its corrosive action on steel
with acceptable results (see Appendix 2.12.1). Therefore, the first combination of materials is
acceptable for use.

The payload material is pre-packaged to limit contact with the containment area.
Therefore, a galvanic reaction with the payload is not considered credible. However, pre-
shipment and maintenance inspections would identify any corrosion due to contact with the
payload well before the structural integrity of the containment area would be compromised.

Additionally, the contents and plastic pre-packaging materials do not produce significant
amounts of hydrogen gas by radiolysis, as the available decay to support the reaction is
essentially zero (less than 10 W). The Versa-Pac is not a sealed system as the RTV coated
fibrous sleeve allows gas venting without passage of solids.

2.2.3 Effects of Radiation on Materials
The radiation produced by the authorized payloads is very low. The packaging materials

used (steel, rigid polyurethane insulation products, ceramic fiber insulation products, silicone
rubber, fluorocarbon) do not undergo significant changes in properties or performance due to
their exposure to the authorized payloads.

2.3 Fabrication and Examination

2.3.1 Fabrication

The Versa-Pac Shipping Container is fabricated using Century Industries Standard
Operating Procedures, Fabrication Control Records, which document each step of the fabrication
process (i.e., cutting of material, fitting, welding and other special processes) and becomes a part
of the permanent Quality Assurance Record for the package. All welding is conducted in
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accordance with approved procedures, which are in compliance with the applicable code such as
AWS DI.1. All insulation materials are installed in accordance with Century Industries SOP
6.11, 6.12, and 6.13 as referenced in Appendices 1.3.3, 1.3.4, and 1.3.5.

2.3.2 Examination

All non-destructive examinations methods utilized in the fabrication of the Versa-Pac
Shipping Container, are conducted in accordance with Century Industries, Standard Operating
Procedures, which are in accordance with appropriate codes, such as ASME and AWS DL.1
and/or 1.3 and applicable engineering specifications. Section 8 of this report specifies the
requirements for fabrication acceptance and maintenance examinations of this package.

2.4 General Requirements for All Packages

2.4.1 Minimum Package Size

The Versa-Pac complies with the minimum package size requirements.

2.4.2 Tamper-Indicating Feature

The Versa-Pac utilizes the outer drum ring closure bolt for installation of tamper
indicating devices, typically individually numbered seals.

2.4.3 Positive Closure

The primary containment is close by use of a gasketed ½" thick blind flange with 12
carbon steel clad ½"bolts, flat washers and lock washers. The outer opening of the Versa-Pac is
closed utilizing a reinforced insulated drum cover initially bolted through a gasketed surface with
4 carbon steel clad '/2" bolts and flat washers on the 55 gallon version and 8 bolts on the 110
gallon version. In addition the standard 12-gauge drum closure ring with a 5/8" bolt. All closure
bolts are torqued at 60 ft.-lbs.

2.5 Lifting and Tie-down Devices

2.5.1 Lifting Devices

The Versa-Pac shipping container may be handled by normal industry standards for the
safe movement of drums; such equipment might include specifically designed devices, forklifts,
pallet jacks or other methods as determined by the user. However, the Versa-Pac package does
not utilize any specific device or attachment for lifting.

2.5.2 Tie-down Devices

There are no specific provisions for tie-down of the Versa-Pac Shipping Container.
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2.6 Normal Conditions of Transport

The Versa-Pac meets the standards specified by 1OCFR71 when subjected to the
conditions and tests required. The effectiveness of the package is maintained throughout all
normal conditions of transport.

Evaluation by Test

Full-scale prototypes of both versions of the Versa-Pac Shipping Container were first
tested in accordance with the (Structural) requirements specified by 10 CFR 71.71, Normal
Conditions of Transport, and 10 CFR71.73, Hypothetical Accident Conditions, in July 2008. For
package certification, additional NCT and HAC test series were conducted during the months of
February and March of 2009 and the results are reported in Appendix 2.12.2.

The packages used for the test series were fabricated as specified by the packaging
drawings provided in Appendix 1.3.1.

Evaluation by Analysis

The drop test angles for the mechanical performance test series described in Appendix
2.12.2 were previously evaluated to determine the worst-case damage using finite element
analyses in combination with a preliminary mechanical performance test series involving the
Champion Type B package. The application of the results of these analyses suggested that the
crush tests are most limiting to the package design. Two package orientations, Free Drop CG
Over Comer on Lid Edge and Horizontal Side Crush, are evaluated and tested for potential
impact to the package design (thermal and criticality) basis.

The Free Drop CG Over Comer on Lid Edge produces significant comer damage to the
package however the lid and package closure remain intact. Subsequent puncture tests do not
challenge the package inner or outer closures. The observed damaged condition therefore does
not challenge the thermal basis of the package. The damaged condition does not lead to a
reduced overall outer package dimension and therefore does not challenge the criticality basis of
the package.

The Horizontal Side Crush produces significant damage to opposite sides of the package
however the lid and package closure remain intact. Subsequent puncture tests do not challenge
the package shell, inner or outer closures. The observed damaged condition therefore does not
challenge the thermal basis of the package. The damaged condition results in an oval shaped
package with reduced outer package dimension and therefore potentially challenges the
criticality basis of the package. Note that the modeled deformation in Section 6 applies the
maximum radius reduction uniformly to the modeled radius of the package.

The most damaging condition is observed in the subsequent testing of the Champion
package. The calculations and test orientations for the Champion package are directly applicable
to the Versa-Pac package due to the similarity of the package design. The most damaging
configuration was further demonstrated through a preliminary series of tests conducted on both
Versa-Pac package design versions during July 2008. Crush tests were conducted to impact the
package side in the vicinity of the containment closure, main body below the containment
closure and between vertical stiffeners, and the top of the package. A final series of tests with
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the 110-gallon package version produced similar results. A complete description of the latter
tests is provided in Appendix 2.12.2. Based on these tests, and the impact to the criticality basis
for the package, the Horizontal Side Crush is most limiting to the package design.

2.6.1 Heat

2.6.1.1 Summary of Pressures and Temperatures

The peak payload temperature of the packaging is 144°F (490C), under Normal
Conditions of Transport (see Section 3.4). The material properties of the packaging remain
essentially nominal at this temperature. At the steady state, the temperature of the contents
cannot be hotter than the exterior of the packaging, since there is no appreciable decay heat
associated with the contents. Therefore, the maximum average temperature of the contents is
less than 144°F (61°C). This is well below the maximum allowable temperature of 6001F
(defined in Section 3.4) for the contents. At the maximum temperature of the payload, the
bounding maximum pressure developed is 9.8 psig, well below the maximum allowable for the
containment boundary (25 psig).

2.6.1.2 Differential Thermal Expansion

The Versa-Pac is basically constructed of steel and insulation components. Due to its
relatively high thermal conductivity and the relative uniformity of the heat application, the steel
components do not independently develop significant stresses due to differential thermal
expansion.

The blanket insulation used is compressible, and therefore is not damaged by thermal
expansion effects.

The linear thermal expansion coefficient of the rigid foam insulation is approximately
four times that of the steel; therefore it is possible that the foam insulation expands more than the
steel shell. If the entire volume of the foam increases in temperature from 72°F to the peak
steady state surface temperature of 1449F, the average maximum linear differential thermal
expansion of the foam is about 1/16". However, due to the cyclic loading of the insulation, the
actual volume of foam at 144°F is limited to less than 15% of the total foam volume and a more
realistic estimate of the expansion is about 1/240". These very small expansion lengths are
absorbed by the microstructure of the foam at the steel surface and by the allowable tolerances
on the parts themselves. Therefore, no significant stresses are generated as a result of differential
thermal expansion.

2.6.1.3 Thermal Stress Calculations

Due to the decoupled design of the packaging, thermal stresses generated by the
packaging are negligible.

2.6.1.4 Comparison with Allowable Stresses

Not applicable.
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2.6.2 Cold

At an ambient temperature of -40°F with no insolation and zero decay heat generated by
the contents, the package attains a uniform temperature of -400F. At this temperature, the foam
insulation compression strength and compressive modulus are increased. The increased foam
(top and bottom of the package) strength and modulus result in a stiffer package response under
drop conditions, and therefore more of the load is transferred to the containment boundary on
impact. Also, the carbon steel components may be brittle below -200F. Performance testing of
the package was completed at low temperature, demonstrating that the packaging performs as
required under cold conditions.

No observable differences in damage were noted by comparison of prototype testing of
the package at normal ambient temperatures (see Evaluation by Test, Section 2.6) to the
performance testing conducted at low temperatures. Therefore, low temperature effects have
little impact on the Versa-Pac package performance.

2.6.3 Reduced External Pressure

Although the internal pressure of a filled package is nominally atmospheric, the internal
pressure of the containment may range from 0 to 2.0 psig (16.7 psia) for the normal condition.
In the worst case, a reduced external pressure of 3.5 psia results in a net internal pressure of 13.2
psia or a net external pressure of 3.5 psia. These pressures are within the design internal and
external pressure (25 psig) of the containment.

2.6.4 Increased External Pressure

Although the internal pressure of a filled payload canister is nominally atmospheric, the
internal pressure of the sealed canister may range from 0 to 2.0 psig (16.7 psia) for the normal
condition. In the worst case, an increased external pressure of 20 psia results in a net external
pressure of 20 psia or a net external pressure of 3.3 psia. These pressures are within the design
internal and external pressure (25 psig) of the containment.

2.6.5 Vibration

Vibration incident to transport does not produce settling, compaction or a loss of
structural cohesion for any of the materials used in the packaging. Vibrational compaction of the
payload does not impact the performance of the packaging, since the criticality evaluation (see
Section 6) applies a variable payload density up to the theoretical limit to evaluate the optimum
condition. Thus, normal vibration incident to transport does not impact the performance of the
Versa-Pac.

2.6.6 Water Spray

A one-hour water spray simulating rainfall at a rate of 2 in/hr has no effect on the Versa-
Pac, as the outer vessel is designed to withstand exterior pressure loads much higher than those
applied by the water spray.
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The Versa-Pac utilizes multiple seals to prevent the loss or dispersal of its contents.
Because it is clear that the water spray test has no effect on the package or contents, it was not
conducted during the performance test sequence.

2.6.7 Free Drop

Per regulatory requirement, the package must maintain its integrity and effectiveness
when subjected to a free drop from a height of 4 feet (1.2 meters) onto a flat, essentially
unyielding horizontal surface. Although the damage from a 4-foot free drop results in some local
deformation of the transport unit, the deformation is well within the allowable specified for
criticality safety, shielding, and structural stability. Three different drop orientations were
conducted and the results of all five normal condition performance tests of the Versa-Pac are
provided in Appendix 2.12.2.

2.6.8 Corner Drop

This test is not applicable to the Versa-Pac packaging, as its weight exceeds the specified
maximum of 220 lb.

2.6.9 Compression

The primary load bearing members of the Versa-Pac are the steel 55 or 110-gallon drum
shell, the vertical stiffeners, and the inner liner. These components, when assembled as a unit,
can be analyzed as an axial member in compression. Assuming the metal thickness is 0.036" and
0.05" for the drum and inner liner, respectively, and using 1-1/4" x 1-1/4" x 0.12" for
conservatism (the actual thicknesses are 0.06", 0.0598", and 0.135" respectively), the load-
bearing cross-sectional area is approximated as:

7r(22.5")(0.036") + 71(19.25")(0.05") + 4(l.25',2 - 1.01"2) = 7.738 in2

Five times the weight of the package is: (5) (965 lb) = 4,825 lb

The compressive stress on the steel members is:

4,825 lb / 7.738 in 2 623 psi

The margin of safety against compressive failure is:

M.S. = (36,000/623) - 1 = 56.7.

2.6.10 Penetration

Impact from a 13-pound rod as described in 1 OCFR71 does not penetrate the steel shell of
the Versa-Pac.

2.7 Hypothetical Accident Conditions (HAC)
The Versa-Pac meets the standards specified by 1OCFR71 when subjected to the

conditions and tests required. Analytical techniques were used to determine the test orientations
producing the maximum damage. Representative prototypes were constructed and tested on two
separate occasions using both package design variations (55-gallon and 110-gallon) to
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Penetration 

Impact from a 13-pound rod as described in 1 OCFR 71 does not penetrate the steel shell of 
the Versa-Pac. 

2.7 Hypothetical Accident Conditions (HAC) 

The Versa-Pac meets the standards specified by 10CFR71 when subjected to the 
conditions and tests required. Analytical techniques were used to determine the test orientations 
producing the maximum damage. Representative prototypes were constructed and tested on two 
separate occasions using both package design variations (55-gallon and llO-gallon) to 
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demonstrate that the package performs as required to transport the payload. A detailed report of
the tests performed is provided in Appendix 2.12.2.

The compliance testing demonstrated:

" The Versa-Pac provides sufficient thermal protection to prevent the internal
temperature of the payload container from exceeding the maximum design
temperature of the containment boundary (6000 F) during and following HAC;

" The average OD of the package, and the required package height is maintained
under HAC (specified in Section 6) is maintained under all conditions; and

* Containment of the payload is maintained.

Therefore, the Versa-Pac provides adequate protection to the payload during HAC as
defined by 1OCFR71.73.

2.7.1 Free Drop

The full-scale representatives of the 110 gallon Versa-Pac containing a simulated payload
were subjected to a variety of sequenced drops, punctures, accelerated drops and crush test,
specified by 1OCFR71.73 and outlined in the test plan and report in Appendix 2.12.3. The same
prototype was used for each test sequence in succession, with no repairs between the tests. The
test prototypes were fabricated to the drawings and specifications provided in Appendix 2.12.2.

All drop tests were performed on the same 70 ton pad which is 10' x 10' x 10' deep
reinforced with a grid of ¾/" re-bar spaced on 12 "center and capped with an 8' x 10' x 1" thick
steel plate which is embedded to the surface of the concrete and secured to it with fourteen 1-
1/2" diameter x 16' long bolts. A quick release mechanism was used to release the prototypes
from the drop height without imparting rotational or translational motion to the prototype. For
the puncture drop, a puncture ram was welded to the test pad. The ram is a 6" diameter by 18"
long right circular cylinder, fabricated from mild steel and welded to the pad reinforcement plate.
The solid steel plate used for the dynamic crush test weighs 500 kg and is Im by lm in cross
section. The tests were video taped and photographed, and post-drop damage measurements were
recorded after each drop.

In order to determine the worst-case initial temperature conditions for the drop tests, the
performance characteristics of the primary Versa-Pac fabrication materials were evaluated. The
primary structural and sealing materials include carbon steel, polyurethane foam, and silicone
rubber. Because carbon steel may exhibit brittle failure mechanisms at temperatures below 0°F
and the other materials are essentially unaffected over the design temperature range, the initial
condition temperature selected is -20'F. For consistency with the minimum design operating
temperature specified by international regulations, the impact testing initial ambient condition
selected is -40'F.

The payload utilized for the drop test series consisted of a 30-gallon drum that was filled
with approximately 226 lb of different size gravel with an additional 1 to 1-1/2 lbs. of loose play
sand which was placed on the top of the 30 gallon drum, combining for a test payload of 260 lbs.
The blind flange was secured by tightening the bolts to an initial torque of 40 ft-lbs. The decay
heat generated by the contents is negligible; therefore, heat generated by the contents was not
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demonstrate that the package performs as required to transport the payload. A detailed report of 
the tests performed is provided in Appendix 2.12.2. 

The compliance testing demonstrated: 

• The Versa-Pac provides sufficient thermal protection to prevent the internal 
temperature of the payload container from exceeding the maximum design 
temperature of the containment boundary (600°F) during and following HAC; 

• The average OD of the package, and the required package height is maintained 
under HAC (specified in Section 6) is maintained under all conditions; and 

• Containment of the payload is maintained. 

Therefore, the Versa-Pac provides adequate protection to the payload during HAC as 
defined by lOCFR71.73. 

2.7.1 Free Drop 

The full-scale representatives of the 110 gallon Versa-Pac containing a simulated payload 
were subjected to a variety of sequenced drops, punctures, accelerated drops and crush test, 
specified by lOCFR71.73 and outlined in the test plan and report in Appendix 2.12.3. The same 
prototype was used for each test sequence in succession, with no repairs between the tests. The 
test prototypes were fabricated to the drawings and specifications provided in Appendix 2.12.2. 

All drop tests were performed on the same 70 ton pad which is 10' x 10' x 10' deep 
reinforced with a grid of %" re-bar spaced on 12 "center and capped with an 8' x 10' xl" thick 
steel plate which is embedded to the surface of the concrete and secured to it with fourteen 1-
112" diameter x 16' long bolts. A quick release mechanism was used to release the prototypes 
from the drop height without imparting rotational or translational motion to the prototype. For 
the puncture drop, a puncture ram was welded to the test pad. The ram is a 6" diameter by 18" 
long right circular cylinder, fabricated from mild steel and welded to the pad reinforcement plate. 
The solid steel plate used for the dynamic crush test weighs 500 kg and is 1m by 1m in cross 
section. The tests were video taped and photographed, and post-drop damage measurements were 
recorded after each drop. 

In order to determine the worst-case initial temperature conditions for the drop tests, the 
performance characteristics of the primary Versa-Pac fabrication materials were evaluated. The 
primary structural and sealing materials include carbon steel, polyurethane foam, and silicone 
rubber. Because carbon steel may exhibit brittle failure mechanisms at temperatures below O°F 
and the other materials are essentially unaffected over the design temperature range, the initial 
condition temperature selected is -20°F. For consistency with the minimum design operating 
temperature specified by international regulations, the impact testing initial ambient condition 
selected is --40°F. 

The payload utilized for the drop test series consisted of a 30-gallon drum that was filled 
with approximately 226 lb of different size gravel with an additional 1 to 1-1/2 lbs. of loose play 
sand which was placed on the top of the 30 gallon drum, combining for a test payload of260 lbs. 
The blind flange was secured by tightening the bolts to an initial torque of 40 ft-Ibs. The decay 
heat generated by the contents is negligible; therefore, heat generated by the contents was not 
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simulated. The Versa-Pac was then subjected to an ambient air temperature of approximately
-40'F for 12 hours. Upon removal from the conditioning chamber, the exterior skin of the
shipping package recorded a temperature of -28°F at time of transport to the test pad.

2.7.1.1 End Drop

After cooling, test package serial number 10552 was positioned with the top end of the
package positioned over the test pad at an angle of 0 degrees so as to impact the container
directly onto the top surface of the package. This drop series is intended to test the top closure of
the package and the internal containment closure components.

Test Record Number - TS-001-1

Test Number 1A - NCT 4' Top End Drop

The initial drop was made from a height of 4' onto the target pad, and the external
damage was recorded and documented with both video and still photography. As result of the
impact no visible damage was accumulated. All welds, closures and bolts remained intact. The
package was not opened after the Normal Condition Drop, but was prepared for the 30' HAC
Drop.

Test Number 1B - HAC 30' Top End Drop

Following the Normal Conditions Drop, the package was positioned for the HAC 30'
drop onto the same surface and orientation of 0 degrees. Post drop inspection documented that
the overall height of the package was reduced by 1/4 inch and that the diameter was increased by
1/6 inch. A 2-3/8 inch long area at the bolt closure was crumpled in slightly. All welds, closures
and blots remained in tact. The package was not opened, but was set aside for use in the
puncture test listed in Test Record TS-001-1 Number IC.

2.7.1.2 Side Drop

After cooling, test package number 10551 was positioned in a level horizontal position
over the test pad. This drop series was designed to test the impact on the bolt closure of the
package on its side, along with inner containment closure when exposed to the impact.

Test Record Number - TS-001-2

Test Number 2A - NCT Horizontal Side Drop

The initial drop was made from a height of 4' onto the target pad, and the external
damage was recorded and documented with both video and still photography. The result of the
impact to the exterior surface of the package was that the closure bolt was pushed into the
package side wall approximately 5/8 inch. No reduction in height or diameter occurred. All
welds, closures and bolts remained in tact.

Test Record Number - 2B - HAC 30' Horizontal Side Drop

The same test package was positioned for the HAC 30' drop onto the same horizontal
surface as the Normal Conditions Drop in an effort to shown accumulated damage in the side
drop orientation. Resultant damage from this drop accounted for a buckling around the closure
bolt area and on the lid and a decrease in the diameter of I inch in the bolt impact direction.
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simulated. The Versa-Pac was then subjected to an ambient air temperature of approximately 
-40°F for 12 hours. Upon removal from the conditioning chamber, the exterior skin of the 
shipping package recorded a temperature of -28°F at time of transport to the test pad. 

2.7.1.1 End Drop 

After cooling, test package serial number 10552 was positioned with the top end of the 
package positioned over the test pad at an angle of 0 degrees so as to impact the container 
directly onto the top surface of the package. This drop series is intended to test the top closure of 
the package and the internal containment closure components. 

Test Record Number - TS-OOl-l 

Test Number lA - NCT 4' Top End Drop 

The initial drop was made from a height of 4' onto the target pad, and the external 
damage was recorded and documented with both video and still photography. As result of the 
impact no visible damage was accumulated. All welds, closures and bolts remained intact. The 
package was not opened after the Normal Condition Drop, but was prepared for the 30' HAC' 
Drop. 

Test Number IB - HAC 30' Top End Drop 

Following the Normal Conditions Drop, the package was positioned for the HAC 30' 
drop onto the same surface and orientation of 0 degrees. Post drop inspection documented that 
the overall height of the package was reduced by 114 inch and that the diameter was increased by 
116 inch. A 2-3/8 inch long area at the bolt closure was crumpled in slightly. All welds, closures 
and blots remained in tact. The package was not opened, but was set aside for use in the 
puncture test listed in Test Record TS-OO 1-1 Number 1 C. 

2.7.1.2 Side Drop 

After cooling, test package number 10551 was positioned in a level horizontal position 
over the test pad. This drop series was designed to test the impact on the bolt closure of the 
package on its side, along with inner containment closure when exposed to the impact. 

Test Record Number - TS-001-2 

Test Number 2A - NCT Horizontal Side Drop 

The initial drop was made from a height of 4' onto the target pad, and the external 
damage was recorded and documented with both video and still photography. The result of the 
impact to the exterior surface of the package was that the closure bolt was pushed into the 
package side wall approximately 5/8 inch. No reduction in height or diameter occurred. All 
welds, closures and bolts remained in tact. 

Test Record Number - 2B - HAC 30' Horizontal Side Drop 

The same test package was positioned for the HAC 30' drop onto the same horizontal 
surface as the Normal Conditions Drop in an effort to shown accumulated damage in the side 
drop orientation. Resultant damage from this drop accounted for a buckling around the closure 
bolt area and on the lid and a decrease in the diameter of I inch in the bolt impact direction. 
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There was no loss of bolts or closure and all welds remained in tact. The package was then
subjected to the crush plate drop described below and recorded in TS-001-2 Record Number 3C.

2.7.1.3 Corner Drop

Upon cooling, test package number 10550 was in a position with the center of gravity
impact to be through the package bolt closure over the test pad. This drop series was designed to
test the impact on the bolted closure of the package through its center of gravity, along with inner
containment closure when exposed to the impact.

Test Record Number TS-001-3

Test Number 3A - NCT Center of Gravity Drop'

The normal condition drop center of gravity drop from a height of 4' through the bolted
closure at an angle of 57 degrees was recorded and documented using both video and still
photography. The impact resulted in a deformation on the drum side at the closure bolt with
measurements of 1-1/16 inch deep by 2 inches long. All welds, bolts and closures remained in
tact.

Test Record 3B - HAC Center of Gravity Drop

The package was repositioned in the same attitude of 57 degrees so as to impact the
identical area tested in 3A above over the test pad at a height of 30' form the lowest point of the
package. The impact resulted in a depression 11/16 inches deep into the lid and additional side
deformation totaling 2-1/2" deep by 20 inches long. All welds, bolts and closure remained
intact. The package was then readied for the HAC oblique (Shallow) angle drop described
below.

2.7.1.4 Oblique Drop

Using test package number 10550 an oblique drop of 17 degrees was positioned of the
test pad so as to initially impact the top closure with the resulting acceleration impact to attack
the bottom of the package. This drop was also intended to test the inner containment area
closure system.

Test Record Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test)

The package was positioned over the test pad at 17 degrees from the horizontal position.
with the lowest point of the package 30' from the target surface. The damage to the package
exterior surface produced a tear at the exterior drum side to bottom rim connection point
measuring 3/16 inch at its widest point by 7 inches in length. Although this slit in the outer drum
occurred, no internal breach of the inner liner occurred, remaining completely sealed from the
exterior atmosphere. Additional deformation at the bolted closure affected an area measuring
2-15/16 inches deep with a 1-inch crumple in the lid. Diameter of the package was reduced in
the direction of the impact area through the bolt by approximately 3 inches. The package was
then readied for a puncture test to be described below and listed in Test Record TS-001-3
Number 3D.

2.7.1.5 Summary of Results
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There was no loss of bolts or closure and all welds remained in tact. The package was then 
subjected to the crush plate drop described below and recorded in TS-001-2 Record Number 3C. 

2.7.1.3 Corner Drop 

Upon cooling, test package number 10550 was in a position with the center of gravity 
impact to be through the package bolt closure over the test pad: This drop series was designed to 
test the impact on the bolted closure of the package through its center of gravity, along with inner 
containment closure when exposed to the impact. 

Test Record Number TS-OOl-3 

Test Number 3A - NCT Center of Gravity Drop' 

The normal condition drop center of gravity drop from a height of 4' through the bolted 
closure at an angle of 57 degrees was recorded and documented using both video and still 
photography. The impact resulted In a deformation on the drum side at the closure bolt with 
measurements of 1-1116 inch deep by 2 inches long. All welds, bolts and closures remained in 
tact. 

Test Record 3B - HAC Center of Gravity Drop 

The package was repositioned in the same attitude of 57 degrees so as to impact the 
identical area tested in 3A above over the test pad at a height of 30' form the lowest point of the 
package. The impact resulted in a depression 11116 inches deep into the lid and additional side 
deformation totaling 2-112" deep by 20 inches long. All welds, bolts and closure remained 
intact. The package was then readied for the HAC oblique (Shallow) angle drop described 
below. 

2.7.1.4 Oblique Drop 

Using test package number 10550 an oblique drop of 17 degrees was positioned of the 
test pad so as to initially impact the top closure with the resulting acceleration impact to attack 
the bottom of the package. This drop was also intended to test the inner containment area 
closure system . 

. Test Record Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test) 

The package was positioned over the test pad at 17 degrees from the horizontal position 
with the lowest point of the package 30' from the target surface. The damage to the package 
exterior surface produced a tear at the exterior drum side to bottom rim connection point 
measuring 3/16 inch at its widest point by 7 inches in length. Although this slit in the outer drum 
occurred, no internal breach of the inner liner occurred, remaining completely sealed from the 
exterior atmosphere. Additional deformation at the bolted closure affected an area measuring 
2-15116 inches deep with a I-inch crumple in the lid. Diameter of the package was reduced in 
the direction of the impact area through the bolt by approximately 3 inches. The package was 
then readied for a puncture test to be described below and listed in Test Record TS-001-3 
Number 3D. 

2.7.1.5 Summary of Results 
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The initial drops of this test series provided information showing that the package design
was capable of withstanding multiple impacts with only minor damage to the exterior surfaces of
the package this point. Complete measurements along with full photographic and written
documentation are included in Appendix 2.12.3. Drop test series complete summary of results
are noted in 2.7.3.1 below.

2.7.2 Crush

Based upon past history and an attempt to attack the top closure mechanism of the
package. system, the test package previously used in horizontal drop of Test Record TS-001-2
was positioned on the test pad in a horizontal attitude. The crush plate was placed to impact the
package directly on both the closure and top flange areas and also over the bottom edge of the
package. The purpose of this test was to test both the internal and exterior closures and surfaces
of the test package.

Test Record Number 2C - HAC 30' Crush Plate Side Drop

The crush plate was suspended at an angle of 0 degrees directly over the test package and
lifted to a height of 361 inches from the lowest point of the test plate to the top of the test
package surface. Upon impact the overall diameter of the package in the direction of the impact.
was reduced by 2-1/2 inches from its original shape at its maximum point. A gap of ¼ inch by 1-
1/4 inch long was documented at the drum lid to drum rim interface. Due to the design of the
closure lid a metal-metal interface was visible with no direct opening to the internal structure or
seals.

2.7.3 Puncture

Prototypes of both the 55 and 110-gallon versions of the Versa-Pac were subjected to the
puncture test in a variety of orientations including side, center bottom, center top and center of
gravity through the bolt closure. The most damage to the exterior surface of the package was
through the center of gravity onto the closure and by attacking the side between the vertical
stiffeners. Based upon this data both areas were punctured during this test series. The packages
were lifted to a height of 41 inches above the top of the puncture ram, which was welded to the
top surface of the drop test pad.

Test Record Number IC - HAC 1 Meter Puncture Drop - Horizontal

The suspended package was positioned level and horizontal (1 degree) so that the impact
location was between two of the vertical stiffeners and in the middle of package. The test was
recorded and documented using video and still photography. The deformation upon
measurement was a maximum of 3/8 inch deep. The package sustained no tears as a result of the
puncture drop.

Test Record Number 3D - HAC 1 Meter Puncture Drop - CG Over Bolt Closure

The package was positioned with the center of gravity through the bolted closure at an
angle of 56 degrees from a height of 41 inches from the lowest point of the package to the top of
the puncture ram. The drop test was recorded and documented using both video and still
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The initial drops of this test series provided information showing that the package design 
was capable of withstanding multiple impacts with only minor damage to the exterior surfaces of 
the package this point. Complete measurements along with full photographic and written 
documentation are inclu,ded in Appendix 2.12.3. Drop test series complete summary of results 
are noted in 2.7.3.1 below. 

2.7.2 Crush 

Based upon past history and an attempt to attack the top closure mechanism of the 
package system, the test package previously used in horizontal drop of Test Record TS-001-2 
was positioned on the test pad in a horizontal attitude. The crush plate was placed to impact the 
package directly on both the closure and top flange areas and also over the bottom edge of the 
package. The purpose of this test was to test both the internal and exterior closures and surfaces 
of the test package. 

Test Record Number 2C - HAC 30' Crush Plate Side Drop 

The crush plate was suspended at an angle of 0 degrees directly over the test package and 
lifted to a height of 361 inches from the lowest point of the test plate to the top of the test 
package surface. Upon impact the overall diameter of the package in the direction of the impact 
was reduced by 2-112 inches from its original shape at its maximum point. A gap of 'l4 inch by 1-
114 inch long was documented at the drum lid to drum rim interface. Due to the design of the 
closure lid a metal-metal interface was visible with no direct opening to the internal structure or 
seals. 

2.7.3 Puncture 

Prototypes of both the 55 and 11 O-gallon versions of the Versa-Pac were subjected to the 
puncture test in a variety of orientations including side, center bottom, center top and center of 
gravity through the bolt closure. The most damage to the exterior surface of the package was 
through the center of gravity onto the closure and by attacking the side between the vertical 
stiffeners. Based upon this data both areas were punctured during this test series. The packages 
were lifted to a height of 41 inches above the top of the puncture ram, which was welded to the 
top surface of the drop test pad. 

Test Record Number IC - HAC I Meter Puncture Drop - Horizontal 

The suspended package was positioned level and horizontal (1 degree) so that the impact 
location was between two of the vertical stiffeners and in the middle of package. The test was 
recorded and documented using video and still photography. The deformation upon 
measurement was a maximum of 3/8 inch deep. The package sustained no tears as a result of the 
puncture drop. 

Test Record Number 3D - HAC I Meter Puncture Drop - CG Over Bolt Closure 

The package was positioned with the center of gravity through the bolted closure at' an 
angle of 56 degrees from a height of 41 inches from the lowest point of the package to the top of 
the puncture ram. The drop test was recorded and documented using both video and still 
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photography. The impact resulted in additional damage on the drum side at the closure bolt with
a small separation of 1/4 inch by 3 inches long at the drum lid and drum rim interface. The
opening was sealed by metal-metal contact between the flange and the drum lid insulation sheet
metal cover and the top gasket material, which remained in tact.

2.7.3.1 Summary of Damage

Upon completion of the drop test series all test packages were inspected for damage, the
torque of the bolts recorded and internal condition and damage noted.

Test Record Number TS-001-1 - Top End Drops - Package Serial Number 10552

The series of test conducted included a 4-foot top end drop, a 30-foot top end drop and a
horizontal side puncture drop. Outer closure bolts recorded a torque of 30 ft-lbs. The outer lid
was removed exposing a bulge in the inner containment flange. The bulge in the inner flange
allowed sand, which was placed on the top of the payload 30-gallon drum to be forced under the
containment gasket. It is believed that the piston action within the inner drum payload provided
a secondary impact force upon the primary containment flange thus causing the flange to bulge.
Containment flange bolts were torqued prior to removal and recorded at 20 ft-lbs. Gaskets and
the internal condition of the package were found to be in good condition with no damage.

Test Record Number TS-001-2 - Horizontal Side & Crush Plate Drops - Package
Serial Number 10551

The test article series of drops included a 4-foot horizontal side drop, a30-foot horizontal
side drop and a 30-foot crush plate side drop. Although, the outer drum ring was dislodged
during previous testing the package remained closed and in place due to the additional top
closure bolt design of the Versa-Pac Shipping Container. The outer closure bolts of the top
cover were torqued and recorded a reading of 25 ft-lbs. Upon removal of the outer lid inspection
revealed a slight interior wall deformation in the upper plug well of the package. There was no
loss of contents. The containment flange was in good condition and the bolts recorded a torque
of 25 ft-lbs. Gaskets were in good condition. The inner payload drum lid exhibited some
buckling from the piston action of the internal payload within the drum. This payload comprised
of gravel and sand acted as an additional piston action within the body of the drum. Upon
removal of the inner containment payload visual inspection was conducted with no damage
shown within the inner containment cavity.

Test Record Number TS-001-3 - Center of Gravity, Shallow Angle & Puncture - Package
Serial Number 10550

This series consisted of a 4-foot center of gravity drop, a 30-foot center of gravity drop, a
30-foot shallow angle drop and a center of gravity puncture drop. Upon completion of these
drops the test package outer closure bolts were torqued with readings found to be less than 20 ft-
lbs, upon removal of the outer lid inspection revealed a deformation of the inner wall at the
impact area. A bulge in the inner containment flange was also noted along with some sand from
the inner containment area. This again was due to the piston action coming from the internal
payload during the impact and corresponding secondary impact from the payload. The gaskets
were found to be in good condition. Upon removal of the inner containment payload a visual
inspection was conducted with no damage found to the internal cavity.
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photography. The impact resulted in additional damage on the drum side at the closure bolt with 
a small separation of ~ inch by 3 inches long at the drum lid and drum rim interface. The 
opening was sealed by metal-metal contact between the flange and the drum lid insulation sheet 
metal cover and the top gasket material, which remained in tact. 

2.7.3.1 Summary of Damage 

Upon completion of the drop test series all test packages were inspected for damage, the 
torque of the bolts recorded and internal condition and damage noted. 

Test Record Number TS-001-1- Top End Drops - Package Serial Number 10552 

The series of test conducted included a 4-foot top end drop, a 30-foot top end drop and a 
horizontal side puncture drop. Outer closure bolts recorded a torque of 30 ft-Ibs. The outer lid 
was removed exposing a bulge in the inner containment flange. The bulge in the inner flange 
allowed sand, which was placed on the top of the payload 30-gallon drum to be forced under the 
containment gasket. It is believed that the piston action within the inner drum payload provided 
a secondary impact force upon the primary containment flange thus causing the flange to bulge. 
Containment flange bolts were torqued prior to removal and recorded at 20 ft-Ibs. Gaskets and 
the internal condition of the package were found to be in good condition with no damage. 

Test Record Number TS-001-2 - Horizontal Side & Crush Plate Drops - Package 
Serial Number 10551 

The test article series of drops included a 4-foot horizontal side drop, a30-foot horizontal 
side drop and a 30-foot crush plate side drop. Although, the outer drum ring was dislodged 
during previous testing the package remained closed and in place due to the additional top 
closure bolt design of the Versa-Pac Shipping Container. The outer closure bolts of the top 
cover were torqued and recorded a reading of 25 ft-Ibs. Upon removal of the outer lid inspection 
revealed a slight interior wall defonnation in the upper plug well of the package. There was no 
loss of contents. The containment flange was in good condition and the bolts recorded a torque 
of 25 ft-Ibs. Gaskets were in good condition. The inner payload drum lid exhibited some 
buckling from the piston action of the internal payload within the drum. This payload comprised 
of gravel and sand acte-d as an additional piston action within the body of the drum. Upon 
removal of the inner containment payload visual inspection was conducted with no damage 
shown within the inner containment cavity. 

Test Record Number TS-OOl-3 - Center of Gravity, Shallow Angle & Puncture - Package 
Serial Number 10550 

This series consisted of a 4-foot center of gravity drop, a 30-foot center of gravity drop, a 
30-foot shallow angle drop and a center of gravity puncture drop. Upon completion of these 
drops the test package outer closure bolts were torqued with readings found to be less than 20 ft­
lbs. upon removal of the outer lid inspection revealed a defonnation of the inner wall at the 
impact area. A bulge in the inner containment flange was also noted along with some sand from 
the inner containment area. This again was due to the piston action coming from the internal 
payload during the impact and corresponding secondary impact from the payload. The gaskets 
were found to be in good condition. Upon removal of the inner containment payload a visual 
inspection was conducted with no damage found to the internal cavity. 
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2.7.3.2 Conclusions

Based upon the information obtained from the series of drops conducted it was
determined that the two of the drop series results were unsatisfactory and that additional testing
would be conducted. It was determined that three primary causes were responsible for the
bugling of the internal containment flange and the resultant loss of sand from the top of the inner
payload. The first being that the flange in itself was under sized at 3/16 inch thick and secondly,
that the thickness of the silicone coated fiberglass gasket used in sealing the containment allowed
a flexing at the interface of gasket and flange. The third potential cause was the removal of the
gasket pad located between the inner flange and the payload.

In order to correct this condition the flange was increased to a thickness of 1/ inch. This
would accommodate a greater torque to be applied to the sealing of the inner containment area
and provide a much higher strength to support the internal piston action within the payload area.
Also the gasket pad would be reinstalled between the payload and the inner flange surface.

After evaluating the three test articles, two were chosen for reuse in an additional round
of testing. The packages chosen were in good condition and were able to be resealed after their
original series of testing. These package serial numbers were 10551 and 10552.

2.7.3.3 Package Preparation

Both previously drop packages were carefully inspected and measurements of height and
diameter recorded on new testing records. The payloads were identical to the original test series,
with -1-1/2-pounds of sand place on top of and around the payload as before. -The test articles
were fitted with new ½2 inch thick inner containment flanges with 3/8 inch thick neoprene sponge
rubber pads affixed to the inside of the inner flange lid prior to installation. The torque of the
inner containment bolts was also increased for a better seal on the 1.8 inch thick silicone rubber
coated fiberglass gasket to 60 ft-lbs. The outer container lid was put into place and bolts torqued
to 60 ft-lbs.

The test articles were then placed in the cooling chamber for 18 hours prior to the new
drop tests.

.2.7.3.4 Second Round End Drops

After cooling, test package serial number 10551 was positioned with the top end of the
package -positioned over the test pad at an angle--of 0 degrees so as to impact the container
directly onto the top surface of the package. This second round drop test series was intended to
test the top closure of the package and the internal containment closure components and to
validate that the changes made to the inner containment flange would prove to correct the loss of
materials previous found during the original drop testing.

Second Round Test Record Number - TS-001-4

Second Round Test Number 1A - NCT 4' Top End Drop

This drop was made from a height of 4' onto the target pad, and the external damage was
recorded and documented with both video and still photography. As result of the impact no
visible damage was accumulated. All welds, closures and bolts remained intact. The package
was not opened after the Normal Condition Drop, but was prepared for the 30' HAC Drop.
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2.7.3.2 Conclusions 

Based upon the information obtained from the series - of drops conducted it was 
determined that the two of the drop series results were unsatisfactory and that additional testing 
would be conducted. It was determined that three primary causes were responsible for the 
bugling of the internal containment flange and the resultant loss of sand from the top of the inner 
payload. The first being that the flange in itself was under sized at 3/16 inch thick and secondly, 
that the thickness of the silicone coated fiberglass gasket used in sealing the containment allowed 
a flexing at the interface of gasket and flange. The third potential cause was the removal of the 
gasket pad located between the inner flange and the payload. 

In order to correct this condition the flange was increased to a thickness of Yz inch. This 
would accommodate a greater torque to be applied to the sealing of the inner containment area 
and provide a much higher strength to support the internal piston action within the payload area. 
Also the gasket pad would be reinstalled between the payload and the inner flange surface. 

After evaluating the three test articles, two were chosen for reuse in an additional round 
of testing. The packages chosen were in good condition and were able to be resealed after their 
original series of testing. These package serial numbers were 10551 and 10552. 

2.7.3.3 Package Preparation 

Both previously drop packages were carefully inspected and measurements of height and 
diameter recorded on new testing records. The payloads were identical to the original test series, 
with -1-112 -pounds of sand place on top of and around the payload as before. -The test articles 
were fitted with new Yz inch thick inner containment flanges with 3/8 inch thick neoprene sponge 
rubber pads affixed to the inside of the inner flange lid prior to installation. The torque of the 
inner containment bolts was also increased for a better seal on the 1.8 inch thick silicone rubber 
coated fiberglass gasket to 60 ft-lbs. The outer container lid was put into place and bolts torqued 
to 60 ft-lbs. 

The test articles were then placed in the cooling chamber for 18 hours prior to the new 
drop tests. 

2.7.3.4 Second Round End Drops 

After cooling, test package serial number 10551 was positioned with the top end of the 
package positioned over the test pad at an angle--o£ 0 degrees so as to impact the container 
directly onto the top surface of the package. This second round drop test series was intended to 
test the top closure of the package and the internal containment closure components and to 
validate that the changes made to the inner containment flange would prove to correct the loss of 
materials previous found during the original drop testing. 

Second Round Test Record Number - TS-OOl-4 

Second Round Test Number lA - NeT 4' Top End Drop 

This drop was made from a height of 4' onto the target pad, and the external damage was 
recorded and documented with both video and still photography. As result of the impact no 
visible damage was accumulated. All welds, closures and bolts remained intact. The package 
was not opened after the Normal Condition Drop, but was prepared for the 30' HAC Drop. 
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Second Round Test Number 1B - HAC 30' Top End Drop

Following the Normal Conditions Drop, the package was positioned for the HAC 30'
drop onto the same surface and orientation of 0 degrees. Post drop inspection documented that
the overall height of the package was reduced by 7/16 inch and that the drop test did not affect
the diameter. All welds, closures and blots remained in tact.

Prior to opening the test article the bolt torque of the outer closure was measured and
found to be between 20 to 80 ft-lbs. with all bolts in tact. After opening the package photographs
were taken and the interior well surfaces inspected with no damage found. The new thicker
blind flange remained flat, sealed and no loss of payload contents were found outside the inner
containment area. The bolts of the interior containment were torqued and found to be at a torque
of 30 to 50 ft-lbs. The gasket and payload were in good condition.

2.7.3.5 Second Round Corner Drop

After cooling, test package number 10552 was in a position with the center of gravity
impact to be through the package bolt closure .over the test pad. This second round drop series
was designed to test the impact on the bolted closure of the package through its center of gravity,
along with inner containment closure when exposed to the impact and to verify that the changes
made to the ,test article were sufficient to correct the loss of contents in this previously tested
series of drops.

Second Round Test Record Number TS-001-5

Second Round Test Number 3A - NCT Center of Gravity Drop

The normal condition drop center of gravity drop from a height of 4' through the bolted
closure at an angle of 57 degrees was recorded and documented using both video and still
photography. The impact resulted in a deformation on the closure bolt area with measurements
of 1-3/16 inch deep by 21/4 inches long. All welds, bolts and closures remained in tact.

Second Round Test Record 3B - HAC Center of Gravity Drop

The package was repositioned in the same attitude of 57 degrees so as to impact the
identical area tested in 3A above over the test pad at a height of 30' form the lowest point of the
package. The impact resulted deformation totaling 2-9/16" deep by 20-1/2 inches long. All
welds, bolts and closure remained intact. The package was then readied for the HAC oblique

-(Shallow) -angle-drop described below- ...

2.7.3.6 Second Round Oblique Drop

Using test package number 10552 a second oblique drop of 17 degrees was positioned of
the test pad so as to impact the top closure with the resulting acceleration impact to attack the
bottom of the package. This second round drop was also intended to test the inner containment
area closure system and to provide evidence that the changes made to the test article corrected
the loss of content problem previously found in the original testing.

Second Round Test Record Number 3C - HAC Shallow Angle Accelerated
Drop (Slap Test)
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Second Round Test Number 1B - HAC 30' Top End Drop 

Following the Nonnal Conditions Drop, the package was positioned for the IiAC 30' 
drop onto the same surface and orientation of 0 degrees. Post drop inspection documented that 
the overall height of the package was reduced by 7116 inch and that the drop test did not affect 
the diameter. All welds, closures and blots remained in tact. 

Prior to opening the test article the bolt torque of the outer closure was measured and 
found to be between 20 to 80 ft-lbs. with all bolts in tact. After opening the package photographs 
were taken and the interior well surfaces inspected with no damage found. The new thicker 
blind flange remained flat; sealed and no loss of payload contents were found outside the inner 
containment area. The bolts of the interior containment were torqued and found to be at a torque 
of 30 to 50 ft-lbs. The gasket and payload were in good condition. 

2.7.3.5 Second Round Corner Drop 

After cooling, test package number 10552 was in a position with the center of gravity 
impact to be through the package bolt closure over the test pad. This second round drop series 
was designed to test the impact on the bolted closure of the package through its center of gravity, 
along with inner containment closure when exposed to the impact and to verify that the changes 
made to the, test article were sufficient to correct the loss of contents in this previously tested 
series of drops. 

Second Round Test Record Number TS-001-5 

Second Round Test Number 3A - NCT Center of Gravity Drop 

The nonnal condition drop center of gravity drop from a height of 4' through the bolted 
closure at an angle of 57 degrees was recorded and documented using both video and still 
photography. The impact resulted in a defonnation on the closure bolt area with measurements 
of 1-3/16 inch deep by 2114 inches long. All welds, bolts and closures remained in tact. 

Second Round Test Record 3B - HAC Center of Gravity Drop 

The package was repositioned in the same attitude of 57 degrees so as to impact the 
identical area tested in 3A above over the test pad at a height of 30' fonn the lowest point of the 
package. The impact resulted defonnation totaling 2-9/16" deep by 20-112 inches long. All 
welds, bolts and closure remained intact. The package was then readied for the HAC oblique 

--{Shallow)-angle-drop described below.-- - --- -

2.7.3.6 Second Round Oblique Drop 

Using test package number 10552 a second oblique drop of 17 degrees was positioned of 
the test pad so as to impact the top closure with the resulting acceleration impact to attack the 
bottom of the package. This second round drop was also intended to test the inner containment 
area closure system and to provide evidence that the changes made to the test article corrected 
the loss of content problem previously found in the original testing. 

Second Round Test Record Number 3C - HAC Shallow Angle Accelerated 
Drop (Slap Test) 
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The package was positioned over the test pad at 17 degrees from the horizontal position
with the lowest point of the package 30' from the target surface. The damage to the package
exterior surface produced deformation on the initial top closure measuring 2-15/16 inches deep
with a 1 inch crumple in the lid. Secondary impact produced damage measuring 5 inches in
length on the bottom rim of the test article. Diameter of the package was reduced in the direction
of the impact area through the bolt by approximately 1 inch.

Before opening the outer closure the torque was measured and found to be less than 20 ft-lbs.
Photographs were taken and inspection of the inner well area found only minor deformation
within the sidewalls of the well area, no other damage was found. The inner flange was flat and
sealed with no loss of contents form the internal containment area.

2.7.3.7 Secondary Test Series Conclusion

With the changes made to the inner blind flange closure, increasing the thickness of the
flange, increasing the torque of the bolts and reinstalling the containment flange pad the Versa-
Pac Shipping Container successfully completed the drop test evaluation series.

2.7.3.8 55 Gallon Shallow Angle Accelerated (Slap-Down) Drop Test Series -
Test Record Number TS-002-1

This series of testing was conducted to provide additional information and verification
that the 55 gallon version of the Versa-Pac shipping container would demonstrate the capability
to successfully meet the requirements set forth with similar results provided by previously
conducted testing of the 110 gallon version when subjected to the affects of both NCT and HAC
Shallow Angle Drops. The package contained 254-1/2 pounds of payload consisting of gravel,
steel bars (to amplify the secondary piston impact effect) and 1-1/2 pounds of loose sand for a
total weight of 644-1/2 pounds. All bolts were torqued to 60 ft/lbs. at closure of the blind flange
and top closure lid.

.2.7.3.9 Oblique Drop

Using 55 gallon test package number 10553 an oblique drop of 17 degrees was positioned
of the test pad so as to initially impact the top closure with the resulting acceleration impact to
attack the bottom of the package. This drop was also intended to test the inner containment area
closure system. The drop angle of 17 degrees was chosen based upon previous drop history of
like packages and drop information found and recorded in NUREG 6818. The puncture drop was
chosen after the initial drops to attack the most vulnerable area of the package base upon the
damage from the shallow angle NCT and HAC drops to the package.

Test Record Number 1-55-A - NCT Shallow Angle Accelerated Drop (Slap Test)

The package was positioned over the test pad at 17 degrees from the horizontal position
with the lowest point of the package 4' from the target surface. The damage to the package
exterior surface produced only minimal damage to the impact side of the test package, with an
area 7-1/4" long at the widest points on the top closure end and a impact are 5-3/4" in width at
the bottom edge. Minor indentation along the outer drum rolling hoops was also noted. Both
flattened areas were approximately '/" in depth. There was no tearing or opening of the package.
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The package was positioned over the test pad at 17 degrees from the horizontal position 
with the lowest point of the package 30' from the target surface. The damage to the package 
exterior surface produced deformation on the initial top closure measuring 2-15/16 inches deep 
with a 1 inch crumple in the lid. Secondary impact produced damage measuring 5 inches in 
length on the bottom rim of the test article. Diameter of the package was reduced in the direction 
of the impact area through the bolt by approximately 1 inch. 

Before opening the outer closure the torque was measured and found to be le~s than 20 ft-lbs. 
Photographs were taken and inspection of the inner well area found only minor deformation 
within the sidewalls of the well area, no other damage was found. The inner flange was flat and 
sealed with no loss of contents form the internal containment area. 

2.7.3.7 Secondary Test Series Conclusion 

With the changes made to the inner blind flange closure, increasing the thickness of the 
flange, increasing the torque of the bolts and reinstalling the containment flange pad the Versa­
Pac Shipping Container successfully completed the drop test evaluation series. 

·2.7.3.8 55 Gallon Shallow Angle Accelerated (Slap-Down) Drop Test Series -
Test Record Number TS-002-1 

This series of testing was conducted to provide additional information and verification 
that the 55 gallon version of the Versa-Pac shipping container would demonstrate the capability 
to successfully meet the requirements set forth with similar results provided by previously 
conducted testing of the 110 gallon version when subjected to the affects of both NCT and HAC 
Shallow Angle Drops. The package contained 254-112 pounds of payload consisting of gravel, 
steel bars (to amplifY the secondary piston impact effect) and 1-112 pounds ofloose sand for a 
total weight of 644-1/2 pounds. All bolts were torqued to 60 ftllbs. at closure of the blind flange 
and top closure lid. 

2.7.3.9 Oblique Drop 

Using 55 gallon test package number 10553 an oblique drop of 17 degrees was positioned 
of the test pad so as to initially impact the top closure with the resulting acceleration impact to 
attack the bottom of the package. This drop was also intended to test the inner containment area 
closure system. The drop angle of 17 degrees was chosen based upon previous drop history of 
like packages and drop information found and recorded in NUREG 6818. The puncture drop was 
chosen after the initial drops to attack the most vulnerable area of the package base upon the 
damage from the shallow angle NCT and HAC drops to the package. 

Test Record Number 1-55-A - NeT Shallow Angle Accelerated Drop (Slap Test) 

The package was positioned over the test pad at 17 degrees from the horizontal position 
with the lowest point of the package 4' from the target surface. The damage to the package 
exterior surface produced only minimal damage to the impact side of the test package, with an 
area 7-114" long at the widest points on the top closure end and a impact are 5-3/4" in width at 
the bottom edge. Minor indentation along the outer drum rolling hoops was also noted. Both 
flattened areas were approximately W' in depth. There was no tearing or opening of the package . 
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The package was then readied for a puncture test to be described below and listed in Test Record
TS-00 1-3 Number 3D.

Test Record Number 1-55-B - HAC Shallow Angle Accelerated Drop (Slap Test)

The test package was then positioned over the test pad at 17 degrees from the horizontal
position with the lowest point of the package 30' from the target surface. Damage to the package
consisted of a small ripple in the middle of the outer drum lid with minor flattening of the outer
drum rolling hoops. Additional damage to the top closure, initial impact area was noted
increasing the length of the area to 11-1/2" long by 3/8" deep and the bottom, secondary impact
increasing to 100. long by ¼"/ deep. The bolt closure ring of the outer drum was pushed into the
side wall of the outer drum producing a small tear in the drum sidewall material at the top rolling
hoop, but due to the design of the package there was no breach or tearing of-the Versa-Pac's
inner liner, which is adjacent to the outer drum. The drum closure ring lug was also broken with
the impact, but the top closure, remained in tact and secure due to the top closure bolts of the
package.

Test Record Number 1-55-C - LAC 1 Meter Puncture Drop - CG Over Bolt
Closure

The package was positioned with the center of gravity through the bolted closure at an
angle of 56-1/2 degrees from a height of 41 inches from the lowest point of the package to the
top of the puncture ram. The drop test was recorded and documented. The impact resulted in
additional damage to the outer drum closure ring and lid interface with an impact deformation
measuring 8-3/8" in diameter. There was no tearing or opening of the package as a result of the
puncture drop.

2.7.3.10 55 Gallon Test Series Conclusion

Based upon the results of the test series the 55 gallon version of the Versa-Pac has demonstrated
that it is capable of meeting the requirements set forth in 10 CFR 71 and Century Industries Test
Plan TP-002 Revision 0 by retention of the outer closure, no openings, tears or failure that would
lead to the loss of material, no open pathway to the insulation materials and no loss of the inner
containment payload. The results of this test series provides additional support to the reasoning
that the 55 gallon version is bound by the previously conduct testing of the 110 gallon Versa-Pac
shipping container. The overall diameter of the package thru the impact area was reduced by "',,
but remained the same in the opposite direction.

2.7.4 Thermal

A thermal test was not perfonned on the test prototype in its damaged condition
following the drop test sequence. However, the package was analytically evaluated as indicated
in Section 3. Based on testing of a similar package (Champion) as presented in Section 3.5.3, the
analytically calculated values appear to be conservative.

2.7.4.1 Summary of Pressures and Temperatures

The Versa-Pac was evaluated for HAC using the finite element models described in
Appendix 3.5.1 and under the conditions listed in Table 3-2. The maximum temperature
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Test Record Number 1-55-B - HAC Shallow Angle Accelerated Drop (Slap Test) 

The test package was then positioned over the test pad at 17 degrees from the horizontal 
position with the lowest point of the package 30' from the target surface. Damage to the package 
consisted of a small ripple in the middle of the outer drum lid with minor flattening of the outer 
drum rolling hoops. Additional damage to the top closure, initial impact area was noted 
increasing the length of the area to 11-1/2" long by 3/8" deep and the bottom, secondary impact 
increasing to 100 long by W' deep. The bolt closure ring of the outer drum was pushed into the 
side wall of the outer drum producing a small tear in the drum sidewall material at the top rolling 
hoop, but due to the design of the package there was no breach or tearing of the Versa-Pac's 
inner liner, which is adjacent to the outer drum. The drum closure ring lug was also broken with 
the impact, but the top closure, remained in tact and secure due to the top closure bolts of the 
package .. 

Test Record Number 1-55-C - HAC 1 Meter Puncture Drop - CG Over Bolt 
Closure 

The package was positioned with the center of gravity through the bolted closure at an 
angle of 56-1/2 degrees from a height of 41 inches from the lowest point of the package to the 
top of the puncture ram. The drop test was recorded and documented. The impact resulted in 
additional damage to the outer drum .closure ring and lid interface with an impact deformation 
measuring 8-3/8" in diameter. There was no tearing or opening of the package as a result of the 
puncture drop. 

2.7.3.10 55 Gallon Test Series Conclusion 

Based upon the results of the test series the 55 gallon version of the Versa-Pac has demonstrated 
that it is capable of meeting the requirements set forth in 10 CFR 71 and Century Industries Test 
Plan TP-002 Revision 0 by retention of the outer closure, no openings, tears.or failure that would 
lead to the loss of material, no open pathway to the insulation materials and no loss of the inner 
containment payload. The results of this test series provides additional support to the reasoning 
that the 55 gallon version is bound by the previously conduct testing of the 110 gallon Versa-Pac 
shipping container. The overall diameter of the package thru the impact area was reduced by Yz", 
but remained the same in the opposite direction. 

2.7.4 Thermal 

A thermal test was not performed on the test prototype in its damaged condition 
following the drop test sequence. However, the package was analytically evaluated as indicated 
in Section 3. Based on testing of a similar package (Champion) as presented in Section 3.5.3, the 
analytically calculated values appear to be conservative. 

2.7.4.1 Summary of Pressures and Temperatures 

The Versa-Pac was evaluated for HAC using the finite element models described in 
Appendix 3.5.1 and under the conditions listed in Table 3-2. The maximum temperature 
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recorded at the payload cavity during the fire event was 552°F at the top of payload cavity, just
below the polyurethane plug, as shown in Figure 3.1. This temperature is well below the
maximum HAC allowable temperature of 600T. Although the internal pressure of a filled
package is nominally atmospheric, the internal pressure of the containment may range from 0 to
9.8 psig (24.5 psia) for the HAC condition. However, since the Versa-Pac is not a sealed system,
the maximum normal operating pressure is near atmospheric pressure.

2.7.4.2 Differential Thermal Expansion

As discussed in Section 2.6.1.2, the materials used to fabricate the Versa-Pac and the
arrangement of the packaging limit the effects of differential thermal expansion. No significant
stresses are generated as a result of differential thermal expansion.

2.7.4.3 Stress Calculations

Due to the decoupled design of the packaging, thermal stresses generated by the
packaging are negligible.

2.7.5 Immersion - Fissile Material

Moderator inleakage to the most reactive credible extent is assumed for the Versa-Pac
and evaluated in Section 6.0. Thus, the fissile material immersion test is not required.

2.7.6 Immersion - All Packages

Regulations require that an undamaged package be capable of sustaining a hydraulic
pressure of 50 feet of water. As indicated in Appendix 2.12.3, a similar damaged prototype was
placed in an immersion chamber at 23 psig for 15 minutes. As expected, due to the
reinforcements within the drum, no further damage was noted.

2.7.7 Deep Water Immersion Test

This section is not applicable to the Versa-Pac Shipping Container.

2.7.8 Summary of Damage

The series of drop tests (3 initial series and 2 second round series a total of 5 in all)
completed were performed for the worst-case package orientations, worst-case initial packaging
temperature, and with a maximum payload on board. The test article was slightly too moderately
deformed at the impact sites. Due to impact from testing only minor changes in the diameter
were found with measured diameter changing primarily at the impact points only. The worst case
of oval conditions at impact points were measured major and minor diameters at 31.625" and
28.5", respectively following the center of gravity and shallow angle drops in Test Series TS-
001-3. The majority of test article diameters remained constant through out the test series. The
maximum overall height of a deformed package was 42-1/4" and the minimum height was 41-
5/8". All bolts remained in tact during all test series with the exception of the loss drum ring in
-test-number 2C Crush -Plate -Drop, although-the -closure ring -was -lost-there-was-no -opening- of -the
test article due to the design of the Versa-Pac and its top bolts. The impact of the puncture test
conducted produce only minor damage with indentations of ¼" and 3/8". One exterior drum
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recorded at the payload cavity during the fire event was 552°F at the top of payload cavity, just 
below the polyurethane plug, as shown in Figure 3.1. This temperature is well below the 
maximum HAC allowable temperature of 600OP. Although the internal pressure of a filled 
package is nominally atmospheric, the internal pressure of the containment may range from 0 to 
. 9.8 psig (24.5 psia) for the HAC condition. However, since the Versa-Pac is not a sealed system, 
the maximwn normal operating pressure is near atmospheric pressure. 

2.7.4.2 Differential Thermal Expansion 

As discussed in Section 2.6.1.2, the materials used to fabricate the Versa-Pac and the 
arrangement of the packaging limit the effects of differential thermal expansion. No significant 
stresses are generated as a result of differential thermal expansion. 

2.7.4.3 Stress Calculations 

Due to the decoupled design of the packaging, thermal stresses generated by the 
packaging are negligible. 

2.7.5 Immersion - Fissile Material 

Moderator inleakage to the most reactive credible extent is assumed for the Versa-:-Pac 
and evaluated in Section 6.0. Thus, the fissile material immersion test is not required. 

2.7.6 Immersion - All Packages 

Regulations require that an undamaged package be capable of sustaining a hydraulic 
pressure of 50 feet of water. As indicated in Appendix 2.12.3, a similar damaged prototype was 
placed in an immersion chamber at 23 psig for 15 minutes. As expected, due to the 
reinforcements within the drum, no further damage was noted. 

2.7.7 Deep Water Immersion Test 

This section is not applicable to the Versa-Pac Shipping Container. 

2.7.8 Summary of Damage 

The series of drop tests (3 initial series and 2 second round series a total of 5 in all) 
completed were performed for the worst-case package orientations, worst-case initial packaging 
temperature, and with a maximum payload on board. The test article was slightly too moderately 
deformed at the impact sites. Due to impact from testing only minor changes in the diameter 
were found with measured diameter changing primarily at the impact points only. The worst case 
of oval conditions at impact points were measured major and minor diameters at 31.625" and 
28.5", respectively following the center of gravity and shallow angle drops in Test Series TS-
001-3. The majority of test article diameters remained constant through out the test series. The 
maximum overall height of a deformed package was 42-114" and the minimum height was 41-
5/8". All bolts remained in tact during all test series with the exception of the loss drum ring in 

.. ' testnuiilber 2G Grush-Plate-Drep,altheugh-the -clesurering was -lest-thefewas-no -epening- ef-the 
test article due to the design of the Versa-Pac and its top bolts. The impact of the puncture test 
conducted produce only minor damage with indentations of W' and 3/8". One exterior drum 
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surface tear occurred at the bottom of the drum rim upon impact, during the secondary impact of
the initial shallow angle drop 3C, but due to the inner liner design of the Vera-Pac, with a sealed
steel liner directly adjacent to the drum skin no breach of the container occurred. A small gap
from the impact in test number 2C at the lid to drum rim interface was sealed with a metal to
metal contact of the lid steel insulation cover and the top side wall and gasket.

The second series of tests conducted to confirm that the changes made to the inner
containment blind flange and seal validated that the increase in thickness of the blind flange, the
increase in torque and the addition of the neoprene sponge rubber pad attached to the inside of
the flange corrected the loss of payload contents that occurred in the original test series. With the
changes no tears, no broken welds, no openings and no broken bolts were found. The inner
flange remained flat and sealed as required.

The 55 gallon drop test series produced expected damage to the impact areas with no
loose of containment and no damage that would lead to loss of materials. It provided additional
information supporting evidence based upon physical testing that the 110 gallon version binds
the smaller 55 gallon version of the Versa-Pac shipping container system.

There was no damage or shift to the inner containment area during any of the five
separate test series.

The results of the test series demonstrate that the packaging is maintained within the
allowable temperature, pressure and stress ranges. The average OD of the packaging is
maintained greater than 21.5" and the minimum height of the packaging is maintained greater
than 34" under all conditions as required for criticality control. There is no breach of the
containment area and thus no loss or dispersal of radioactive contents. Thus, the packaging is
acceptable for use.

2.8 Accident Conditions For Air Transport of Plutonium

This Section is not applicable to the Versa-Pac Shipping Container.

2.9 Accident Conditions For Fissile Material Packages For Air
Transport

This section is not applicable to the Versa-Pac Shipping Container.

2.10 Special Form

Special form material as defined in IOCFR71 is not applicable to the Versa-Pac.

2.11 Fuel Rods

This section is not applicable to the Versa-Pac.
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surface tear occurred at the bottom of the drum rim upon impact, during the secondary impact of 
the initial shallow angle drop 3C, but due to the inner liner design of the Vera-Pac, with a sealed 
steel liner directly adjacent to the drum skin no breach of the container occurred. A small gap 
from the impact in test number 2C at the lid to drum rim interface was sealed with a metal to 
metal contact of the lid steel insulation cover and the top side wall and gasket. 

The second series of tests conducted to confirm that the changes made to the inner 
containment blind flange and seal validated that the increase in thickness of the blind flange, the 
increase in torque and the addition of the neoprene sponge rubber pad attached to the inside of 
the flange corrected the loss of payload contents that occurred in the original test series. With the 
changes no tears, no broken welds, no openings and no broken bolts were found. The inner 
flange remained flat and sealed as required. 

The 55 gallon drop test series produced expected damage to the impact areas with no 
loose of containment and no damage that would lead to loss of materials. It provided additional 
information supporting evidence based upon physical testing that the 110 gallon version binds 
the smaller 55 gallon version of the Versa-Pac shipping container system. 

There was no damage or shift to the inner containment area during any of the five 
separate test series. 

The results of the test series demonstrate that the packaging is maintained within the 
allowable temperature, pressure and stress ranges. The average OD of the packaging is 
maintained greater than 21.5" and the minimum height of the packaging is maintained greater 
than 34" under all conditions as required for criticality control. There is no breach of the 
containment area and thus no loss or dispersal of radioactive contents. Thus, the packaging is 
acceptable for use. 

2.8 Accident Conditions For Air Transport of Plutonium 
This Section is not applicable to the Versa-Pac Shipping Container. 

2.9 Accident Conditions For Fissile Material Packages For Air 
Transport 

This section is not applicable to the Versa-Pac Shipping Container. 

2.10Speciai Form 
Special form material as defined in 10CFR71 is not applicable to the Versa-Pac. 

2.11 Fuel Rods 
This section is not applicable to the Versa-Pac . 

Century Versa-Pac Rev. 1 
October 2009 

Page 2-20 



2.12 List of Appendices

Table 2.1 Evaluation Results

Table 2.2 Mechanical Properties of Materials

2.12.1 MACTEC Report on Material Compatibility

2.12.2 Century Industries Performance Test Report for the Versa-Pac

2.12.3 Excerpted from Safety Analysis Report for the Century
Champion Type B Package Immersion Test

2.12.4 Century Industries Performance Test Report for the 55 Gallon
Versa-Pac (Shallow Angle Drops)

Century Versa-Pac Rev. 1 Page 2-21
October 2009

• 

• 

• 

2.12 List of Appendices 

Table 2.1 Evaluation Results 

Table 2.2 Mechanical Properties of Materials 

2.12.1 MACTEC Report on Material Compatibility 

2.12.2 Century Industries Performance Test Report for the Versa-Pac 

2.12.3 Excerpted from Safety Analysis Report for the Century 
Champion Type B Package Immersion Test 

2.12.4 Century Industries Performance Test Report for the 55 Gallon 
Versa-Pac (Shallow Angle Drops) 

Century Versa-Pac Rev. 1 
October 2009 

Page 2-21 



Table 2-1 Evaluation Results

K Minimum
Evaluation Evaluation Result Evaluation Criteria Factor of Safety (FS)' or

Design Margin (DM) 2

Minimum package Versa-Pac is 24" x 35" 10CFR71.43(a) N/Asize iCPackage is acceptable

One per package, Closure Ring 10CFR71.43(b) N/ATamperproof feature Bolt Package is acceptable

110 Gallon Versa-Pac uses 20 N/A
Positive Closure bolts to secure the packaging & 10CFR71.43(c) Package is acceptable

the 55 Gallon Versa-Pac uses 16

The materials do not react
Chemical & Galvanic chemically and galvanic 10CFR71.43(d) N/A

reactions reactions are acceptable over the Package is acceptable
packaging life

Lifting N/A lOCFR7l.45(a) N/A
Package is acceptable

N/ATie down N/A 10CFR71.45(b)(1) Package is acceptable

Foam maximum expansion
Differential thermal -0.004"

expansion Stress developed - 0 psi in both
foam and steel components

N/A Steel yield strength

Thermal Stress Package uses a de-coupled Foam compressive FSdesign that minimizes thermal strength
stresses

Cold' Packaging temperature = .40'F Minimum allowable, FS = 1.0-40OF

-- Reduced External Effective pressure differential = Containment rated to 2516.7 psia internal or 3.3 psia FS = 2.3Pressure external psig

Increased External Effective pressure differential = Containment rated.to 25
20 psia external or 3.3 psia psig FS = 1.9

Pressure " external

Transport Vibration No loss of containment, no loss 10CFR71.71(5) N/A
of packaging effectiveness Package is acceptable

Water Spray No effect on packaging 10CFR71.71(6) N/Aeffectiveness Package is acceptable
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Table 2-1 Evaluation Results 

Evaluation Evaluation Result 

Minimum package 
Versa-Pac is 24" x 35" 

size 

Tamperproof feature 
One per package, Closure Ring 

Bolt 

110 Gallon Versa-Pac uses 20 
Positive Closure bolts to secure the packaging & 

the 55 Gallon Versa-Pac uses 16 

The materials do not react 
Chemical & Galvanic chemically and galvanic 

reactions reactions are acceptable over the 
packaging life 
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Tie down N/A 
~~ - . - -

Foam maximum expansion 
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expansion Stress developed ~ 0 psi in both 
foam and steel components 
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Package uses a de-coupled 

design that minimizes thermal 
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-- ---" Effective pressure differential = 
Reduced External 
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Pressure 

external 

Increased External 
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20 psi a external or 3.3 psia 
Pressure 
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Transport Vibration 
No loss of containment, no loss 

of packaging effectiveness 

Water Spray 
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effectiveness 
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Minimum 
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Table 2-1 Evaluation Results

Minimum
Evaluation Evaluation Result Evaluation Criteria Factor of Safety (FS)l or

Design Margin (DM)2

Normal Condition No effect on packaging 10CFR71.71(7) N/A
Free Drop effectiveness Package is acceptable

Compression 623 psi IOCFR71.71(9) FS = 25.7
steel yield strength

Penetration No effect on packaging 10CFR71.71(9) N/A
effectiveness Package is acceptable

Hypothetical Accident No effect on packaging N/A
Condition Free Drop effectiveness IOCFR71.73(1) and (3) Package is acceptable
and Puncture Drop

IOCFR71.73(4)
Hypothetical Accident Maximum payload vessel Maximum allowable DM =48 0F

Condition Fire temperature 552°F payload/seal temperature FS = 1.14
= 600OF

Fissile Immersion No in-leakage 1OCFR71.73(5) N/A

Immersion No in-leakage 1OCFR71.73(6) N/A

Notes on Table 2-1:

1. The Factor of Safety is defined as the ratio of the allowable to the actual, rounded
down the nearest tenth.

2. The Design Margin is defined as the allowable minus the actual.
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Minimum 
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Free Drop effectiveness Package is acceptable 
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Table 2-2 Mechanical Properties of MaterialsN"te I

Carbon Steel Plate
Property/Material and Sheet Carbon Steel Bolts

Density (lb/ft3) 491 Note 2 N/A

Thermal Expansion [9.22 x 10-6] N/A
Coefficient (in/in/F)

Min Yield Strength [36] [81]
(psi x 1,000)

Min Tensile Strength [58] [105]
(psi x 1,000)

Elongation in 2" (%) [21*] [14]
*Elongation in 4D (%)

Property Impact Absorbing Foam
Insulation

Density (lb/ft3) 5.0-11.0 Note 3

Nominal Thermal Expansion 3.4 x 10- Note 4

Coefficient (in/in/F)

Compressive Strength (psi) 85- 300 Note 3

Notes on Table 2-2:

1. Information provided in [brackets] is an average or nominal for the material used and is
provided for comparison purposes only, as it is not used in any evaluation presented for
the packaging.

2. Ross, R. B. Metallic Materials Specification Handbook, 4 th Edition, London, Chapman
and Hall, 1992.

3. Century Industries SOP 6.11, Versa-Pac Polyurethane Closed Cell Foam Specification
for Century Products.

4. General Plastics Last-a-Foam FR-3700 for Crash & Fire Protection of Nuclear Material
Shipping Packages, General Plastics Manufacturing Company, Tacoma Washington,
2/99.
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Table 2-2 Mechanical Properties of MaterialsNote 
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Carbon Steel Plate 
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[21 *] [14] 
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Property Impact Absorbing Foam 
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Density (lb/ft3) 5.0 - 11.0 Note 3 

Nominal Thennal Expansion 3.4 x 10-5 Note 4 
Coefficient (inlin/F) 

Compressive Strength (psi) 85 - 300 Note 3 

Notes on Table 2-2: 

1. Infonnation provided in [brackets] is an average or nominal for the material used and is 
provided for comparison purposes only, as it is not used in any evaluation presented for 
the packaging. 

2. Ross, R. B. Metallic Materials Specification Handbook, 4th Edition, London, Chapman 
and Hall, 1992. 

3. Century Industries SOP 6.11, Versa-Pac Polyurethane Closed Cell Foam Specificatio'n 
for Century Products. 

4. General Plastics Last-a-Foam FR-3700 for Crash & Fire Protection of Nuclear Material 
Shipping Packages, General Plastics Manufacturing Company, Tacoma Washington, 
2/99. 
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Appendix 2.12.1

MACTEC Report on Material Compatibility
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1.0 INTRODUCTION

This Report describes the methods and guidelines Century Industries followed for the
preparation and testing of the Versa-Pac Shipping Container in accordance with the
requirements specified in Century Industries Test Plan TP-001 Revision 0 and Century
Industries Test Specification TS-001 Revision 0 (Attachment A and B). The test program
was conducted by Century Industries located in Bristol, Virginia between February 25 and
March 5, 2009. This report includes the program objective, test procedure, item description,
test, results, test records (Attachment C) and other applicable documents including
photographs of the testing.

2.0 OBJECTIVE

The objective of this test program was to conduct the physical performance evaluation tests
for Century Industries VP-55 and VP- 10 Versa-Pac Shipping Container designer and
manufacturer of the package, in accordance with the normal conditions and hypothetical
accident conditions specified in Title 10 Part 71.73 [1], Test Plan TP-001 Revision 0 and
Test Specification TS-001 Revision 0.

The test items were identified as Versa-Pac shipping container prototypes and subjected to
the following performance tests:

1. Initial visual inspection of the outer and inner container surfaces.

2. Low Temperature Conditioning

3. Drop testing in accordance with 10 CFR 71.71(c)(7), 71.73 (c)(1),(2) & (3), along
with NUREG6818, Shallow Angle Drop in a variety of orientations described in
Regulatory Guide 7.9

4. Post Test Visual Inspection of the outer and interior container surfaces.

Following each test the physical condition of the shipping container was inspected and
the results recorded.

3.0 RESPONSIBILITIES

Century Industries personnel conducted the test program and were responsible for the base
analysis of the test articles, the test plan and oversight of the test series. All test personnel
completed the Pre-test Readiness Review and associated procedures.

The test series was performed in accordance with the applicable requirements and guidance
of Century Industries QA Program QA-1 Revision 1, 10 CFR 71 and this test plan.

The program manager was William M. Arnold, President of Century Industries.
Quality Assurance Coordinator was Heather Little.
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4.0 TEST ITEM IDENTIFICATION

Century Industries was responsible for the design, fabrication, inspection, recording the
preliminary measurements and the loading of payload and payload containers with multiple
size gravels and loose sand.

5.0 TEST ITEM DESCRIPTION

The Versa-Pac Shipping Container is designed for the shipment of Type A radioactive and
fissile materials in the form U-metal, oxides, fluorides and nitrate for both product and scrap
materials. The fissile payload was design for 350 grams at 100% enrichment and a criticality
safety index of 1.5.

The Versa-Pac Shipping Container was designed in two basic versions, a UNIA2 -55 gallon
and 110 gallon outer drum with a 16 gauge body, bottom and cover, in addition to the
standard 12 gauge closure ring with a 5/8" ASTM A307 bolt, the cover is reinforced and
secured using the addition of bolts attached to the internal structure of the package as detailed
in the design drawings. The internal structure consists of vertical and horizontal stiffeners at
specific points around the package. Outer and inner 16 gauge liners, with an insulating
ceramic fiber blanket between the liners complete the primary inner structural components. A
secondary barrier of insulation consisting of ceramic fiber blanket; surround the inner
containment body. The payload gasket is a woven fiberglass yarn in a flexible substrate,
coated with high grade silicone rubber. The gasketed payload containment cavity is made of
10 gauge body and bottom with a 1/4" thick top flange to which in the initial series of testing,
a 3/16" thick top flange was secure using 12 -1/2" bolts. In the second round of testing the
3/16" thick flange was replaced by a ½/2 "thick flange and secured by the same number of
bolts. The payload cavity is attached to the internal structural components by use of a bolted
connection through a fiberglass thermal break between the payload cavity, and the structure.
Closed cell polyurethane foam is utilized to provide insulation and added impact protection,
to both the top and bottom of the Versa-Pac. The top insulation plug is encapsulated in sheet
metal welded to the outer drum closure lid. Plastic plugs enclosed within the body of the
structure provide a path for venting to the external acetate plug on the exterior of the drum.
The cavity is designed to be loaded directly or with the use of an insert to reduce the diameter
or with up to a 30 gallon standard drum.

The Versa-Pac was designed in accordance with the requirements of 10 CRF 71 [1] and
Century Industries - QA-8, Plan for Manufacture of Versa-Pac Shipping Containers [2].
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The Versa-Pac Shipping Container was designed in two basic versions, a UNIA2 -55 gallon 
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standard 12 gauge closure ring with a 5/8" ASTM A307 bolt, the cover is reinforced and 
secured using the addition of bolts attached to the internal structure of the package as detailed 
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a 3116" thick top flange was secure using 12 -112" bolts. In the second round of testing the 
3116" thick flange was replaced by a Y2 " thick flange and secured by the same number of 
bolts. The payload cavity is attached to the internal structural components by use of a bolted 
connection through a fiberglass thennal break between the payload cavity. and the structure. 
Closed cell polyurethane foam is utilized to provide insulation and added impact protection, 
to both the top and bottom of the Versa-Pac. The top insulation plug is encapsulated in sheet 
metal welded to the outer drum closure lid. Plastic plugs enclosed within the body of the 
structure provide a path for venting to the external acetate plug on the exterior of the drum. 
The cavity is designed to be loaded directly or with the use of an insert to reduce the diameter 
or with up to a 30 gallon standard drum. 

The Versa-Pac was designed in accordance with the requirements of 10 CRF 71 [1] and 
Century Industries - QA-8, Plan for Manufacture of Versa-Pac Shipping Containers [2]. 
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Pre-Test Photographs 110 and 55 Gallon Versions

110 Gallon - Side View 110 Gallon - Inside View

55 Gallon - Outer Side Top View 55 Gallon - Internal Loaded View

55 Gallon - Blind Flange Bolted 55 Gallon - Top Closure Side View
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55 Gallon Version - Side View

6.0 TEST FACILITES & EQUIPMENT

6.1 Environmental Conditioning

Low temperature conditioning of the test articles was conducted before the drop testing was
performed in a pre-existing refrigeration chamber. The chamber was cooled by multiple
refrigeration units and forced air in the top of the chamber with capability to cool below the
required temperatures. Twin door allowed for the packages to be placed into the conditioning
chamber by forklift. Temperatures were monitored by the use of calibrated surface
thermometers. The packages were transported directly to the drop site in a manner to
minimize the time between removal of the shipping container and the drop site.

6.2 Drop Test Pad Facilities

The drop test pad consists of a 70 ton concrete pad made in accordance with IAEA Safety
Series No. 37. The pad is 10 feet wide by 10 feet long by 10 feet deep, reinforced with a grid
of 3/4 inch re-bar spaced on 12 inch centers and capped with a 1 inch thick by 8 feet wide by
10 feet long carbon steel plate, which is embedded into the surface of the concrete and
secured by fourteen 1- 1/2 inch diameter bolts by 16 inches long.

6.3 Release Device

The release device utilized was capable of releasing the package in a manner that provided a
smooth clean drop without imparting any twisting or turning of the package. The device has a
safe working load limit of 18,000 pounds. The test articles were lifted into place by use of a
crane.

6.4 Orientation and Angles

The orientation if each drop was controlled by the use of nylon fixed straps and adjustable
straps used to set the angles required. The orientation of the container was verified using a
magnetic protractor attached to the test article surface.

Century Industries Versa-Pac Shipping Container Test Report
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6.5 Measurements and Weights

Drop heights were determined by use of a pre-measured plumb line set by a 100 foot steel
tape measure Serial Number 08461846, calibrated by Starett Company and traceable to
NIST. The test items tare weights were provided by B&W. Payload weights were made using
a set of floor scales calibrated by Carlton Scales, Kingsport, Tennessee and traceable to

6.6 Temperature and Wind Speed

Surface and air temperatures were obtained using calibrated surface gauge Serial Number
05548 with a range of-I00°F to +160'F and Dickson Temperature Recorder Model SM320
and traceable to NIST. Wind speed was obtained thru the local metro airport service.

6.7 Puncture Device

The puncture device consist of a 6 inch diameter by 22 inches long carbon steel round bar
welded to a ¾ inch thick plate, which was then secured to the drop test pad by means of tack
welding to the center of the pad.

6.8 Photographic Equipment

Color photographs were taken with a Sony 4.1 Mega pixel digital camera by Century
Industries. Video was taken using Sony Digital Handy Cam MiniODVD DCR-TR- 17 and
Sony' Handy Cam Mini DV DCR-HC20 equipment.

6.9 Crush Plate

The crush test plate is made of A36 carbon steel with measurements of 2-5/8 inches thick by
40-1/4 inches wide by 40-1/4 inches long. The weight of the crush test plate is 1205 pounds.
The plate is lifted by up to four 1/2 thick flat bars welded to each corner of the plate.
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welded to a % inch thick plate, which was then secured to the drop test pad by means of tack 
welding to the center of the pad. 
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Color photographs were taken with a Sony 4.1 Mega pixel digital camera by Century 
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7.0 EQUIPMENT AND INSTRUMENT CALIBRATION

All applicable test. and measurement equipment were calibrated in accordance with Century
Industries Quality Assurance Program. Test and measurement calibration certificates are
found in Attachment E. The instrumentation used during testing is listed in Table I below.

CALIBRATION
ITEM MODEL S/N DUE DATE COMENTS

Used to measure
Starett 100' N/A 08461846 November 17, length of plumb

Tape Measure 2009 bob drop heights
Used to calibrate

Dickson SM320 09057179 February 01, surface
Temperature 2009 thermometer and

Recorder record air
temperature

PTC Used to measure
Instruments 330F 05548 April 09, 2009 the temperature of

Surface the test articles
Thermometer during the

conditioning
Floor Scale 0-300 Used to measure

Pound 98530806V1812 February 15, the weight of the
2009 payload

Elizabethton Used to check
Airport N/A N/A N/A wind speed

Used to measure
Protractor N/A N/A N/A angles,

Calibration not
required

Used as straight
4 ' Level N/A N/A N/A edge for

measurements
Used during drop

Plumb Bob N/A N/A N/A series length
30', 4' & 1 determined by
Meter Drop calibrated tape

height

Table I - Test Instruments

Century Industries
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8.0 ACCEPTANCE CRITERIA

The acceptance criteria for this series of testing was retention of the outer closure, no
openings, tears or failure that would lead to loss of materials, no open pathway to the
insulation materials and no loss of the inner containment payload.

9.0 TEST PREPARATION AND RESULTS

9.1 Initial Inspection

On February 25, 2009, the visual inspection of the test item was conducted prior to
performing any of the physical evaluation tests. During the inspection no damage was found
to the exterior or interior surface of the shipping containers. Measurements were taken and
recorded on all test articles.

Test Article Serial Number 10550
Location Pre-Test Description

Measurement
A-C 20-15/16" ID Inner Container
A-C 31" 0 Outer Container

A 41-7/8" Drum Height
A 5-1/16" Wall - In/Our
A 29-11/16" Inside Height
A 7-5/16" Top Rim - Inside Flange
B 41-15/16" Drum Height
B 7-1/4" Top Rim - Inside Flange
B 5-1/8" Wall - ln/Out

B-D 20-13/16" ID Inner Container
B-D 31 "0 Outer Container

C 29-11/16" Inside Height
C 5-1/16" Wall- In/Out
C 42" Drum Height
C 7-1/4" Top Rim - Inside Flange
D 29-11/16" Inside Height
D 42" Outer Container
D 7-5/16" Top Rim - Inside Flange
D 5-1/8" Wall - In/Out

Century Industries
Bristol, Virginia
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On February 25,2009, the visual inspection of the test item was conducted prior to 
perfonning any of the physical evaluation tests. During the inspection no damage was found 
to the exterior or interior surface of the shipping containers. Measurements were taken and 
recorded on all test articles. 

Location 

A-C 
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A 
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B 
B 
B 
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C 
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C 
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0 
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0 
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Test Article Serial Number 10550 
Pre-Test Description 

Measurement 
20-15/16" ID Inner Container 

31" 0 Outer Container 
41-7/8" Drum Height 
5-1/16" Wall- In/Our 

29-11/16" Inside Height 
7-5/16" Top Rim - Inside Flange 

41-15/16" Drum Height 
7-114" Top Rim - Inside Flange 
5-1/8" Wall - In/Out 

20-13/16" 10 Inner Container 
31 "0 Outer Container 

29-11/16" Inside Height 
5-1/16" Wall- In/Out 

42" Drum Height 
7-1/4" Top Rim - Inside Flange 

29-11116" Inside Height 
42" Outer Container 
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Test Article Serial Number 10551
Location Pre-Test Description

Measurement
A-C 20-7/8" ID Inner Container
A-C 31-1/16" 0 Outer Container

A 41-7/8" Drum Height
A 5-1/8" Wall - In/Our
A 29-3/4" Inside Height
A 7-1/4" Top Rim - Inside Flange
B 41-7/8". Drum Height
B 7-3/16" Top Rim - Inside Flange
B 5-1/8" Wall - In/Out

B-D 20-7/8" ID Inner Container
B-D 31"0 Outer Container

C 29-3/4" Inside Height
C 5-1/8" Wall - In/Out
C 41-7/8" Drum Height
C 7-3/16" Top Rim - Inside Flange
D 29-3/4" Inside Height
D 42" Outer Container
D 7-3/16" Top Rim - Inside Flange
D 5-3/16" Wall - In/Out

Test Article Serial Number 10552
Location Pre-Test Description

Measurement
A-C 20-7/8" ID Inner Container
A-C 31-1/16" 0 Outer Container

A 41-7/8" Drum Height
A 5-1/8" Wall - In/Our
A 29-5/8" Inside Height
A 7-3/16" Top Rim - Inside Flange
B 41-7/8" Drum Height
B 7-1/8" Top Rim - Inside Flange
B 5-3/16" Wall - In/Out

B-D 20-15/16" ID Inner Container
B-D 31""0 Outer Container

C 29-11/16" Inside Height
C 5-1/8" Wall- In/Out
C 41-13/16". Drum Height
C 7-1/8" Top Rim- Inside Flange
D 29-5/8" Inside Height
D 4 1-15/16" Outer Container
D 7-3/16" Top Rim - Inside Flange
D 5" Wall - In/Out
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9.2 Weights and Payload

The package tare weights were recorded on the individual test records. In order to provide the
test articles with the most aggressive challenge to the inner payload containment of the
Versa-Pac it was decided to use 30 gallon drums to contain the payload contents of multiple
size gravel and sand. The materials once place into the drum partially filled the drum
container. The payload would provide a secondary piston action within the drum, with an
additional piston action occurring from the drum to containment flange impact. 1-1/2 pounds
of loose sand was place upon the top of each 30 gallon drum within the containment area in
order to provide content material capable of breaching the containment flange seal.

Item/Serial Number 10550 10551 10552
Package Tare Weight 660 662 661

Payload Drum/Gravel and Sand 259.5 260 260.5
Loose Sand Weight 1.5 1.5 1.5

Total 921 lbs. 923.5 lbs. 923 lbs.

9.3 Loading of the Test Item

The 30 gallon drums were closed and the bolt closure ring of each container was torqued to
60 ft/lbs. and lowered into the containment cavity and the loose sand placed onto the top of
the drum within the containment cavity. The 1/8" thick silicone coated fiberglass gasket and
3/16" thick containment flange were placed into position and the bolts inserted and hand
tightened. The flange bolts were then tightened using an alternating method and torqued to
40 ft/lbs. The top gasket and outer closure, which includes the attached encased polyurethane
foam insulation top plug, was installed on each of the test articles and the top outer bolts
installed and torqued using the same alternating method to a tension of 40 ft/lbs. The outer
drum closure rings were then installed and tightened to a torque of 60 ft/lbs.

30 Gallon Drum Loaded With 260 1-1/2 Pounds of Sand on Top of
Pounds of Loose Gravel Containment Payload

Century Industries
Bristol, Virginia
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3/16" thick containment flange were placed into position and the bolts inserted and hand 
tightened. The flange bolts were then tightened using an alternating method and torqued to 
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Bolted Inner Blind Flange and Top Side View - 110 Gallon Acetate Plug
Gasket

9.4 Test Article Conditioning

The test articles were placed into the conditioning chamber to achieve the targeted test
temperature of -40'F, on the exterior skin of the shipping container test articles. To measure
the temperature a calibrated surface thermometer was placed on the surface of the test articles
and the side walls of the conditioning chamber and temperatures recorded upon removal of
the packages from the chamber for transport to the drop test site. Conditioning was
conducted for a period of 16 hours, starting on February 24 at 4:00 PM. At time of transport
to the test site test article temperatures were -28°F.

Test Articles in Cooling
Chamber

Century Industries
Bristol, Virginia

110 Gallon upon Removal
from Cooling Chamber
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Side View -110 Gallon Acetate Plug 

The test articles were placed into the conditioning chamber to achieve the targeted test 
temperature of -40°F, on the exterior skin of the shipping container test articles. To measure 
the temperature a calibrated surface thermometer was placed on the surface of the test articles 
and the side walls of the conditioning chamber and temperatures recorded upon removal of 
the packages from the chamber for transport to the drop test site. Conditioning was 
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to the test site test article temperatures were -28°F. 

Test Articles in Cooling 
Chamber 

Century Industries 
Bristol, Virginia 

110 Gallon upon Removal 
from Cooling Chamber 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



14

10.0 DROP TEST SEQUENCES

The drop test sequences were chosen based upon engineering calculations, historical drop
testing and prototype testing conducted on both the 55 gallon and 110 gallon versions. The
original prototype testing results are included in Attachment D. All three test articles were
produced in accordance with the fabrication drawings and QA-8, plan for the Manufacture of
Versa-Pac Shipping Containers. The test articles were tested in accordance with Century
Industries Test Plan TP-001 Revision 0. The original series of drops describe below were
conducted on February 25, 2009 and recorded on Century Industries NCT and HAC Test
Records for each package.

11.0 TEST PACAKGE SERIAL NUMBER 10552 - TEST RECORD TS-001-1

11.1 Test Number 1A - NCT -4' Top End Drop

The drop test performance evaluation describe in the Test Plan TP-000 1 Revision 0 was
performed with the undamaged Versa-Pac Shipping Container. Test Configuration 1 A was a
4' free drop vertically onto the top end of the test article at an angle of 0 degrees. The air
temperature at the start of this series was 45°F and wind speed was 4 mph. The test article
was suspended from a crane by use of a sling connected to the clip that was welded to the
center of the bottom of the package and attached to a release mechanism. It was lifted above
the test pad in a vertical orientation so that the lowest point of the package was at 4 feet
above the top surface of the test pad. The test article was released so that it did not impart
rotational motion into the package free fall to the test pad. The container impact on to the test
pad surface and produced no noticeable damage to the top of the test article. Both height and
diameter were unaffected by the drop. Measurements and photographs were taken showing
the extent of the damage.

I

Top End Drop - 4' Height Damage from NCT 4' Drop

There were no tears or openings to the drum surface. All bolts remained in tact.

Century Industries
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above the top surface of the test pad. The test article was released so that it did not impart 
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the extent of the damage. 

Top End Drop - 4' Height Damage from NCT 4' Drop 

There were no tears or openings to the drum surface. All bolts remained in tact. 
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11.2 Test Number 1B - HAC 30' Top End Drop

Configuration 1 B was a free drop onto the top end of the previously used test article from test
number 1A from a height of 30 feet-i inch. It was positioned vertically onto the top end of
the test article at an angle of 0 degrees. The air temperature at the start of this series was 45°F
and wind speed was 4 mph. The test article was suspended from a crane by use of a sling
connected to the clip that was welded to the center of the bottom of the package and attached
to a release mechanism. It was lifted above the test pad in a vertical orientation so that the
lowest point of the package was at 30 feet-2 inch above the top surface of the test pad. The
test article was released so that it did not impart rotational motion into the package free fall to
the test pad. Measurements and photographs were taken showing the extent of damage.

;I

Top End 30' HAC Drop in
Position

Free Fall of HAC 30' Top End Drop

Upon impact to the top end of the package the overall height was reduced by 1/4" inch and
the diameter was increased by 1/16 inch. The closure ring and all bolts remained in tact and
secure.

Side View - Top End Drop Damage
Century Industries

Bristol, Virginia

Close-up - Damage to Closure End
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11.2 Test Number IB - HAC 30' Top End Drop 

Configuration 1 B was a free drop onto the top end of the previously used test article from test 
number lA from a height of 30 feet-l inch. It was positioned vertically onto the top end of 
the test article at an angle of 0 degrees. The air temperature at the start of this series was 45°F 
and wind speed was 4 mph. The test article was suspended from a crane by use of a sling 
connected to the clip that was welded to the center of the bottom of the package and attached 
to a release mechanism. It was lifted above the test pad in a vertical orientation so that the 
lowest point of the package was at 30 feet-2 inch above the top surface of the test pad. The 
test article was released so that it did not impart rotational motion into the package free fall to 
the test pad. Measurements and photographs were taken showing the extent of damage. 

Top End 30' HAC Drop in 
Position 

Free Fall of HAC 30' Top End Drop 

Upon impact to the top end of the package the overall height was reduced by 114" inch and 
the diameter was increased by 1116 inch. The closure ring and all bolts remained in tact and 
secure. 

Side View - Top End Drop Damage 
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11.3 Test Number IC - HAC 1 Meter Puncture Drop - Horizontal

Configuration 1 C was a puncture drop from a height of 41 inches form the lowest point of
the package side to the top of the puncture ram, on the side of the test article at a location
directly between two of the vertical stiffeners. The package was positioned level and
horizontal (1 degree). This location was chosen to validate that upon impact with the
puncture ram that the side wall material of the outer surfaces would not tear and create an
opening to the internal components of the package.

Horizontal Side - Puncture Drop Positioned over the Puncture Ram

Horizontal Puncture Impact onto Ram
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11.3 Test Number IC - HAC 1 Meter Puncture Drop - Horizontal 

Configuration 1 C was a puncture drop from a height of 41 inches form the lowest point of 
the package side to the top of the puncture ram, on the side of the test article at a location 
directly between two of the vertical stiffeners. The package was positioned level and 
horizontal (1 degree). This location was chosen to validate that upon impact with the 
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Upon impact a deformation in the side of the test article was measured at a depth of 3/8 inch.
There were no tears as a result of the puncture drop. The results were recorded and
photographed.

Close-up Damage from Puncture Side View - Horizontal Puncture

Between the Vertical Stiffeners Damage

11.4 Results and Conclusions

As a result of this test series the outer closure bolts recorded a post test torque of 30 ft/lbs.
The outer lid was removed exposing a bulge in the inner containment flange. The bulge
allowed sand which was placed on the top of the inner containment payload 30 gallon drum
to be forced under the containment gasket. The bulge was caused by the impact of the inner
payload and the secondary piston impact of the internal payload within the drum itself.
Containment flange bolts were torqued prior to removal and recorded at 20 ft/lbs. The
gaskets and the internal cavity of the containment were found to be in good condition with no
damage. The conclusion of this test series is that corrections were needed to the blind flange
seal and closure and that additional testing would be required.

Internal Blind Flange Bulge Post Test View - Payload

Century Industries Versa-Pac Shipping Container Test Report
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Upon impact a defonnation in the side of the test article was measured at a depth of 3/8 inch. 
There were no tears as a result of the puncture drop. The results were recorded and 
photographed. 

Close-up Damage from Puncture 
Between the Vertical Stiffeners 

11.4 Results and Conclusions 

Side View - Horizontal Puncture 
Damage 

As a result of this test series the outer closure bolts recorded a post test torque of 30 ft/lbs. 
The outer lid was removed exposing a bulge in the inner containment flange . The bulge 
allowed sand which was placed on the top of the inner containment payload 30 gallon drum 
to be forced under the containment gasket. The bulge was caused by the impact of the inner 
payload and the secondary piston impact of the internal payload within the drum itself. 
Containment flange bolts were torqued prior to removal and recorded at 20 fi/lbs . The 
gaskets and the internal cavity of the containment were found to be in good condition with no 
damage. The conclusion of this test series is that corrections were needed to the blind flange 
seal and closure and that additional testing would be required. 
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12.0 TEST PACKAGE SERIAL NUMBER 10551 - TEST RECORD TS-001-2

12.1 Test Number 2A - NCT Horizontal Side Drop

After cooling, test configuration 2A was positioned in a level and horizontal orientation of 0
degrees over the test pad at a height of 48 inches from the lowest point of the test article to
the surface of the pad. The package was positioned with the use of nylon straps and attached
to the release mechanism. The air temperature was 47.5'F with a wind speed of 4 mph. All
measurements were previously recorded. The package was released so as not to impart any
rotational motion to the test article free fall to the test pad.

Pre-Test Side View 110 Gallon Version NCT- Horizontal Side Drop - 4' Height

The resultant impact to the exterior surface allowed the bolted closure ring to push into the
side wall approximately 5/8 inch deep. There was no reduction in the diameter or height of
the package. No bolts were broken and there were no tears or broken welds. Damage was
documented and photographed.

Post-Test - End View of Damage
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12.2 Test Number 2B - HAC 30' Horizontal Side Drop

The same package was positioned for test configuration 2B for the HAC 30 foot horizontal
side drop onto the same surface as the normal conditions drop. This was done in an effort to
accumulated damage in this drop orientation. The air temperature was 48°F with a wind
speed of 4 mph. The package was lifted to a height of 30 feet-1 inch with the angle of
orientation at 0 degrees. The package was release so as not to impart any rotation motion to
the test article freefall to the test pad.

The damage from this drop produced a buckle around the closure bolt area and on the lid,
along with a decrease in the diameter of 1 inch in the direction of impact through the bolt.
There was no loss of bolts or closure and all welds remained in tact. The damage was
recorded and photographed.

Post-Test HAC 30' Drop Close-Up HAC 30' Horizontal Side Drop
End View of Damage Damage

Side View - Top End Closure Ring Bolt
30' HAC Horizontal Drop Damage
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12.2 Test Number 28 - HAC 30' Horizontal Side Drop 

The same package was positioned for test configuration 2B for the HAC 30 foot horizontal 
side drop onto the same surface as the normal conditions drop. This was done in an effort to 
accumulated damage in this drop orientation. The air temperature was 48°F with a wind 
speed of 4 mph. The package was lifted to a height of 30 feet-l inch with the angle of 
orientation at 0 degrees. The package was release so as not to impart any rotation motion to 
the test article freefall to the test pad. 

The damage from this drop produced a buckle around the closure bolt area and on the lid, 
along with a decrease in the diameter of 1 inch in the direction of impact through the bolt. 
There was no loss of bolts or closure and all welds remained in tact. The damage was 
recorded and photographed. 

Post-Test HAC 30' Drop 
End View of Damage 

Close-Up HAC 30' Horizontal Side Drop 
Damage 

Side View - Top End Closure Ring Bolt 
30' HAC Horizontal Drop Damage 
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12.3 Test Number 2C - HAC 30' Crush Plate Side Drop

Test configuration 2C was conducted using the same test article used in test number 2B
above. The air temperature was recorded at 49°F and the wind speed was 4 mph. The test
package was placed in the horizontal position on the test pad with the crush test plate
suspended at an angle of 0 degrees from horizontal directly over the package so as to impact
the test article directly on both the closure and top flange areas and also the bottom edge of
the package. The package was lifted to a height of 30 feet-1 inch from the lowest point of the
crush plate to the top of the horizontally placed test package. It was suspended and attached
to the release mechanism by nylon straps. The crush plate was released so as not to impart
any rotational motion to the crush plate free fall to the impact point with the test article.

HAC 30' Crush Plate Positioning Crush Plate at 30' Height

Crush Plate Impact
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12.3 Test Number 2C - HAC 30' Crush Plate Side Drop 

Test configuration 2C was conducted using the same test article used in test number 2B 
above. The air temperature was recorded at 49°F and the wind speed was 4 mph. The test 
package was placed in the horizontal position on the test pad with the crush test plate 
suspended at an angle of 0 degrees from horizontal directly over the package so as to impact 
the test article directly on both the closure and top flange areas and also the bottom edge of 
the package. The package was lifted to a height of30 feet-l inch from the lowest point of the 
crush plate to the top of the horizontally placed test package. It was suspended and attached 
to the release mechanism by nylon straps. The crush plate was released so as not to impart 
any rotational motion to the crush plate free fall to the impact point with the test article. 

HAC 30' Crush Plate Positioning 
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Upon impact the overall diameter of the package in the direction of the impact was reduced
by a total of 2-1/2" from the original diameter at its maximum point. A gap of '/4 inch by 1-
1/4 inch long was documented at the drum to lid interface. However due to the design of the
Versa-Pac closure lid the metal to metal interface between the top flange and the encased
insulation was visible with no direct opening to the internal structure or seals of the package.
The results were recorded and photographed.

Post Test - Top Closure Lid Intact End View - Sheared Drum Ring Top
Closure In Place and Secure

Bottom End Impact Damage Bottom End View - 30' Crush Plate
Damage
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Upon impact the overall diameter of the package in the direction of the impact was reduced 
by a total of 2-112" from the original diameter at its maximum point. A gap of 14 inch by 1-
114 inch long was documented at the drum to lid interface. However due to the design of the 
Versa-Pac closure lid the metal to metal interface between the top flange and the encased 
insulation was visible with no direct opening to the internal structure or seals of the package. 
The results were recorded and photographed. 

Post Test - Top Closure Lid Intact 

Bottom End Impact Damage 
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End View - Sheared Drum Ring Top 
Closure In Place and Secure 

Bottom End View - 30' Crush Plate 
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End View Bottom End Damage Close-up Top End Damage ¼" x 1-1/14"
Gap - Metal to Metal Seal No Opening

Top End Damage - Post Test View Post Test - Side View Damage
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End View Bottom End Damage 

Top End Damage - Post Test View 
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Close-up Top End Damage Y.." x 1-1/14" 
Gap - Metal to Metal Seal No Opening 

Post Test - Side View Damage 
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12.4 Results and Conclusions

As result of this series of testing the outer closure bolts were torqued prior to removal and
found to be at a reading of 25 ft/lbs. Upon removal of the outer closure lid a slight
deformation of the inner wall was noted. There was no loss of containment contents found
within the inner well area. The inner containment blind flange remained in good condition
and sealed. The interior bolts were torqued with readings at 25 ft/lbs. The gaskets were intact
with minimal damage. The payload drum did exhibit some crumpling at the lid but all of the
payload materials remained within the drum and payload cavity as required. The inner cavity
upon inspection showed no visible damage. The results of this series proved to be acceptable.

Post Test - No Loss of Payload Contents Top Closure Lid - Post Test

I
Side Wall Deformation View

Century Industries
Bristol, Virginia

Post Test View of Containment Cavity
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13.0 TEST PACKAGE SERIAL NUMBER 10550 - TEST RECORD TS-001-3

13.1 Test Number 3A - NCT Center of Gravity Drop

In test configuration 3A the test article was cooled and positioned with the center of gravity
impact to be through the package bolted closure ring over the test pad at angle of 57 degrees
from horizontal. The height of the drop was 4 feet from the lowest point of the package to the
test pad surface. The air temperature at the time of the drop was 53'F and the wind speed was
5 mph. The package was attached to the release device and lifted by use of nylon straps to the
proper orientation. The package was release so as not to impart any rotational motion to the
free fall to the test pad.

Center of gravity 570 - NCT 4' Drop Pre-Drop NCT 4' Height

The impact resulted in a deformation on the drum side at the closure bolt measuring 1-1/16
inch deep by 2 inches long. The diameter of the test article was decreased by 1/8 inch. All
welds, bolts and closures remained in tact with no tearing of the outer structural components.

Post Drop Damage to Top Closure Side View Center of Gravity
NCT Damage
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In test configuration 3A the test article was cooled and positioned with the center of gravity 
impact to be through the package bolted closure ring over the test pad at angle of 57 degrees 
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The impact resulted in a deformation on the drum side at the closure bolt measuring 1-1116 
inch deep by 2 inches long. The diameter of the test article was decreased by 118 inch. All 
welds, bolts and closures remained in tact with no tearing of the outer structural components. 
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13.2 Test Number 3B - HAC 30' Center of Gravity Top Closure Drop

The test article used in test configuration 3B was previously used in 3A above and was
positioned with the center of gravity through the bolted connection at an angle of 56 degrees
from horizontal. The package was raised to the drop height of 30 feet-I inch above the test
pad surface from the lowest point of the package. The air temperature was 54.5°F with a
wind speed of 5 mph.

HAC 30' Center of Gravity 570 Position HAC 30' Impact

The impact resulted in a depression 11/16 inch deep into the lid and caused additional side
deformation totaling 2-1/2 inches deep by 20 inches long. All welds, bolts and closures
rimnainpdl intnr~t

Accumulated Damage - Top Closure Close-up Post Test Photograph

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

25 

13.2 Test Number 3B - HAC 30' Center of Gravity Top Closure Drop 

The test article used in test configuration 3B was previously used in 3A above and was 
positioned with the center of gravity through the bolted connection at an angle of 56 degrees 
from horizontal. The package was raised to the drop height of 30 feet-l inch above the test 
pad surface from the lowest point ofthe package. The air temperature was 54.5°F with a 
wind speed of 5 mph. 

HAC 30' Center of Gravity 57° Position HAC 30' Impact 

The impact resulted in a depression 11116 inch deep into the lid and caused additional side 
deformation totaling 2-112 inches deep by 20 inches long. All welds, bolts and closures 
remained intact. 

Accumulated Damage - Top Closure 
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Close-up Damage from Center of Gravity Side View - Top End
Drop onto Top Closure Ring

13.3 Test Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test)

Using the same test article that was utilized in 3B an oblique (Shallow Angle) drop from a
height of 30 feet-1 inch and an angle of 17 degrees from horizontal was positioned over the
test pad using nylon strap attached to the release mechanism. The height was measured from
the lowest point of the package to the test pad surface.

Shallow Angle Accelerated Drop Set-up 170 Angle of HAC Shallow Angle Drop
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Close-up Damage from Center of Gravity 
Drop onto Top Closure Ring 

Side View - Top End 

13.3 Test Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test) 
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Using the same test article that was utilized in 3B an oblique (Shallow Angle) drop from a 
height of 30 feet-l inch and an angle of 17 degrees from horizontal was positioned over the 
test pad using nylon strap attached to the release mechanism. The height was measured from 
the lowest point of the package to the test pad surface. 
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Shallow Angle Drop Impact

The damage to the exterior package surface produced a tear at the exterior drum side to
bottom rim connection point measuring 3/16 inch at its widest point by 7 inches in length.
Although this slit to the outer drum sheet meet metal occurred, no internal breach of the inner
liner occurred and the package remained completely sealed from the exterior atmosphere due
to the design of the Vera-Pac with its inner liner directly in contact with the outer drum
surface. Additional deformation at the bolted closure ring affected an area measuring 2-15/16
inches deep with a 1 inch crumple in the lid closure. The diameter of the package was
reduced in the direction of the impact through the bolt by approximately 3 inches. The test
article bolts and seals remained in place. Measurements of the damage were recorded and
photographed.

Top End Damage from Shallow Angle
Drop

Close-up View Impact Damage
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Impact Side - Initial Impact Point View Long Side View of Damage

Bolted top Closure & Ring Post Test
Damage View

Bottom Slit at Drum Rim Showing
Inner Metal Re-enforcing Sheet

In Place with No Openings
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13.4 Test Number 3D - HAC 1 Meter Puncture Drop - Center of Gravity Over
Bolted Closure

The test article chosen for test configuration 3D was previously used in the test series above
due to the accumulated damage to the exterior surface of the package. Based upon this
damage the most detrimental orientation was chosen to be through the center of gravity at the
bolted closure ring connection. The package was suspended by use of nylon straps which
were attached to the release mechanism at a height of 41 inches measured from the lowest
point of the package to the top of the puncture ram. The angle of orientation was 56 degrees
from the horizontal position. The air temperature was 56'F and the wind speed was 5 mph.
The test package was released so as not to impart rotation motion to the test article free fall to
the impact point of the puncture ram.

560 Angle for Center of Gravity
HAC Puncture Drop

HAC 1 Meter Center of Gravity Puncture
Drop Height Position

Free Fall of Center of Gravity Puncture Drop
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The test article chosen for test configuration 3D was previously used in the test series above 
due to the accumulated damage to the exterior surface of the package. Based upon this 
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The impact upon the puncture ram produced additional damage to the side of the drum at
the closure bolt with a small opening of ¼ inch by 3 inches long at the drum closure lid and
drum rim interface. The opening was again sealed by a metal to metal contact between the
flange and the drum lid insulation sheet metal cover and the top flange gasket which
remained in tact. All welds, bolts and closures remained in place.

Impact Damage from Puncture Drop

13.5 Results and Conclusions

Close-up View of ¼" Wide x 3" Long
Gap - Sealed by Metal to Metal Contact

and Top Flange Gasket

As a result of this series of testing the outer closure bolts recorded a torque at less than 20
ft/lbs. Upon removal of the outer closure lid a bulge in the containment blind flange was
discovered with some sand from within the containment cavity found. A deformation at the
impact point to the inner wall was also recorded. The bolts of the inner containment flange
were torqued with a reading of less than 20 ft/lbs recorded. Once the flange and payload had
been removed inspection of the inner containment cavity found no visible damage. The inner
gaskets were in good condition with only minimal damage to the outer closure gasket.

Damage from Series Testing
Drop Total
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The impact upon the puncture ram produced additional damage to the side of the drum at 
the closure bolt with a small opening of 1;4 inch by 3 inches long at the drum closure lid and 
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flange and the drum lid insulation sheet metal cover and the top flange gasket which 
remained in tact. All welds, bolts and closures remained in place. 
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As a result of this series of testing the outer closure bolts recorded a torque at less than 20 
fiflbs. Upon removal of the outer closure lid a bulge in the containment blind flange was 
discovered with some sand from within the containment cavity found. A deformation at the 
impact point to the inner wall was also recorded. The bolts of the inner containment flange 
were torqued with a reading of less than 20 fiflbs recorded. Once the flange and payload had 
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Side Wall Damage and Post Test View of Top Closure Lid
Bulge of Containment Flange

Top View Containment Payload - Post-Test

The conclusion of this test series is that again corrections were needed to the blind flange
seal and closure and that additional testing would be required.
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Side Wall Damage and 
Bulge of Containment Flange 

Post Test View of Top Closure Lid 

Top View Containment Payload - Post-Test 

The conclusion of this test series is that again corrections were needed to the blind flange 
seal and closure and that additional testing would be required. 
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14.0 CORRECTIONS AND ADDITIONAL TESTING

Based upon the informnation obtained from the series of drops conducted it was determined
that-due to the unsatisfactory results upon post test inspection that corrections to the internal
blind flange closure were required prior to an additional testing. It is believed that the piston
action from within the inner payload cavity was the primary cause of the damage to the
containment closure. The damage to the flange led to the conclusion that the blind flange
thickness of 3/16 inch was insufficient for the force that occurred during the test series and
that an increase to ½ inch thick and the reinstallation of the inside flange pad would provide
an acceptable condition after the follow up testing was complete. In addition it was decided
that the bolt torque for all bolts on the Versa-Pac Shipping Container would 60 ft/lbs to
provide a better sealing of the silicone coated fiberglass inner gasket and provide a much
higher strength to support the impact of the piston action within the payload area. -

After evaluation, two of the previously utilized test articles were found to be in good
condition and were able to be resealed for use in the follow up test series. The payloads were
identical to the original test series with 1-1/2 pounds of loose sand being placed on top of and
around the inner payload as before. The test articles were fitted with new 1/2 inch thick inner
blind flanges with 3/8 inch thick neoprene sponge rubber pads affixed to the inside of the
inner flange prior to installation. The torque of inner containment blind flange was increased
to 60 ft/lbs. The outer closure lid bolts were also torqued at 60 ft/lbs.

On review of the previous testing which produced unsatisfactory. results it was determined
that the testing should duplicate those tests. The test articles were then placed into the cooling
chamber for a period of 18 hours prior to the new drop tests.

These tests were intended to validate that the corrections made to the design of the inner
containment flange would prove to correct the loss of materials and damage to the flange
previously found during the original drop testing.
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14.0 CORRECTIONS AND ADDITIONAL TESTING 

Based upon the infonnation obtained from the series of drops conducted it was detennined 
that·due to the unsatisfactory results upon post test inspection that corrections to the internal 
blind flange closure were required prior to an additional testing. It is believed that the piston 
action from within the inner payload cavity was the primary cause of the damage to the 
containment closure. The damage to the flange led to the conclusion that the blind flange 
thickness of 3/16 inch was insufficient for the force that occurred during the test series and 
that an increase to Yz inch thick and the reinstallation of the inside flange pad would provide 
an acceptable condition after the follow up testing was complete. In addition it was decided 
that the bolt torque for all bolts on the Versa-Pac Shipping Container would 60 ftllbs to 
provide a better sealing of the silicone coated fiberglass inner gasket and provide a much 
higher strength to support the impact of the piston action within the payload area .. 

After evaluation, two of the previously utilized test articles were found to be in good 
condition and were able to be resealed for use in the follow up test series. The payloads were 
identical to the original test series with 1-1/2 pounds of loose sand being placed on top of and 
around the inner payload as before. The test articles were fitted with new Yz inch thick inner 
blind flanges with 3/8 inch thick neoprene sponge rubber pads affixed to the inside of the 
inner flange prior to in~tallation. The torque of inner containment blind flange was increased 
to 60 ft/lbs. The outer closure lid bolts were also torqued at 60 ft/lbs. 

On review of the previous testing which produced unsatisfactory. results it was determined 
that the testing should duplicate those tests. The test articles were then placed into the cooling 
chamber for a period of 18 hours prior to the new drop tests. 1 

These tests were intended to validate that the corrections made to the design of the inner 
containment flange would prove to correct the loss of materials and damage to the flange 
previously found during the original drop testing. 
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15.0 RE-TEST PACKAGE SERIAL NUMBER 10551 - TEST RECORD TS-001-4

Containment Cavity with Payload Inner Containment Blind Flange
With Loose Sand on top of Payload

Pre-Test - Top Closure of Sealed Test Article

15.1 Re-Test Number 1A- NCT - 4' Top End Drop

On March 05, 2009 the package was removed from the cooling chamber and was transported
to the test area. It was positioned with the top end of the package over the test target at an
angle of 0 degrees so that the impact of the container would be directly onto the top surface
of the package. The height of the test article from the lowest point to the surface of the test
target was 4 feet. The air temperature was 58.5 degrees and wind speed of 5 mph. The
package was release so that no rotational motion was imparted during the free fall to test pad
surface. New package tare weight was increased by 43 ponds with the additional thickness of
the inner flange.
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15.0 RE-TEST PACKAGE SERIAL NUMBER 10551- TEST RECORD TS-001-4 

Containment Cavity with Payload 
With Loose Sand on top of Payload 

Inner Containment Blind Flange 

Pre-Test - Top Closure of Sealed Test Article 

15.1 Re-Test Number lA - NCT - 4' Top End Drop 
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On March OS, 2009 the package was removed from the cooling chamber and was transported 
to the test area. It was positioned with the top end of the package over the test target at an 
angle of 0 degrees so that the impact of the container would be directly onto the top surface 
of the package. The height of the test article from the lowest point to the surface of the test 
target was 4 feet. The air temperature was 58.5 degrees and wind speed of 5 mph. The 
package was release so that no rotational motion was imparted during the free fall to test pad 
surface. New package tare weight was increased by 43 ponds with the additional thickness of 
the inner flange . 
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Pre-Drop Top End Side View NCT 4' Top End Drop Position

As a result of the impact no visible damage was found on the exterior surface of the package.
All welds, closures and bolts remained intact. The results were recorded and photographed.

Post-Test Top End Drop Damage

15.2 Re-Test Number 1B - HAC 30' Top End Drop

After the NCT test above the package was positioned for test configuration lB the HAC 30'
drop onto the same surface and orientation of 0 degrees. The air temperature was 58.5°F and
the wind speed was 5 mph.
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Pre-Drop Top End Side View NeT 4' Top End Drop Position 

As a result of the impact no visible damage was found on the exterior surface of the package. 
All welds, closures and bolts remained intact. The results were recorded and photographed. 

Post-Test Top End Drop Damage 

15.2 Re-Test Number IB - HAC 30' Top End Drop 

After the NCT test above the package was positioned for test configuration IB the HAC 30' 
drop onto the same surface and orientation of 0 degrees. The air temperature was 58.5°F and 
the wind speed was 5 mph. 
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Pre-Drop HAC 30' Top End Drop 30' Height Position Top End Drop

Post test inspection of the outer surface found that the overall height had been reduced by
7/16 inch and that three of the top bolts had been impacted, but all bolts remained in place
and sealed. There was no damage to any welds and no tears were found during the
inspection.

W4,

Post Test View of Damage
Total Package Drops - 2 NCT,

3-HAC 30' Drop, 1-wCrush Plate Drop
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Pre-Drop HAC 30' Top End Drop 30' Height Position Top End Drop 

Post test inspection of the outer surface found that the overall height had been reduced by 
7/ 16 inch and that three of the top bolts had been impacted, but all bolts remained in place 
and sealed. There was no damage to any welds and no tears were found during the 
inspection. 

Post Test View of Damage 
Total Package Drops - 2 NCT, 

3-HAC 30' Drop, l-wCrush Plate Drop 

.. 
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15.3 Results and Conclusions

Prior to opening of the test package the outer bolts were torqued and readings were found to
be between 20 and 80 ft/lbs. with all bolts intact. After opening the test article photographs
were taken and the interior well surfaces inspected with no damage found. The new thicker
blind flange remained flat, sealed and no loss of the payload contents were found outside the
containment cavity. The bolts of the inner blind flange were torqued and found to have
readings of between 30 to 50 ft/lbs. The gaskets and payload cavity were in good condition.
All post test damage was recorded and photographed.

The conclusion of this series is that the design changes of increasing the flange thickness,
increasing the torque requirement and the reinstallation of the flange inside pad were found
to be successful.

'½" Thick Inner Blind Flange Post Test
Flat & No Loss of Payload Contents
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Payload and Lose Sand Remained within
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15.3 Results and Conclusions 

Prior to opening of the test package the outer bolts were torqued and readings were found to 
be between 20 and 80 ftflbs. with all bolts intact. After opening the test article photographs 
were taken and the interior well surfaces inspected with no damage found. The new thicker 
blind flange remained flat, sealed and no loss of the payload contents were found outside the 
containment cavity. The bolts of the inner blind flange were torqued and found to have 
readings of between 30 to 50 ftllbs. The gaskets and payload cavity were in good condition. 
All post test damage was recorded and photographed. 

The conclusion of this series is that the design changes of increasing the flange thickness, 
increasing the torque requirement and the reinstallation of the flange inside pad were found 
to be successful. 

Yl" Thick Inner Blind Flange Post Test 
Flat & No Loss of Payload Contents 
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16.0 RE-TEST PACKAGE SERIAL NUMBER 10551 - TEST RECORD TS-001-5

16.1 Re-Test Number 3A - NCT Center of Gravity Drop

Top View of 'A" Thick Blind Flange Pre-Test Top View of Sealed Test Article

After cooling, the test article was positioned with the orientation at 57 degrees from
horizontal over the test surface target so that the impact would be through the bolted closure
of the package and through the center of gravity. The normal conditions drop was made from
a height of 4 feet from the lowest point of the package to the test pad surface. The package
was positioned using nylon straps attached to the release mechanism. The package was
release so as not to impart any rotational motion during the free fall to the test pad. The
temperature was 67.5°F with wind speed of 5 mph.

I

570 Angle NCT Center of Gravity

Century Industries
Bristol, Virginia

Positioned NCT 4' Height Center of
Gravity Drop - Pre-Test View
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16.0 RE-TEST PACKAGE SERIAL NUMBER 10551- TEST RECORD TS-001-5 

16.1 Re-Test Number 3A - NCT Center of Gravity Drop 

Top View of Yl" Thick Blind Flange Pre-Test Top View of Sealed Test Article 

After cooling, the test article was positioned with the orientation at 57 degrees from 
horizontal over the test surface target so that the impact would be through the bolted closure 
of the package and through the center of gravity. The normal conditions drop was made from 
a height of 4 feet from the lowest point of the package to the test pad surface. The package 
was positioned using nylon straps attached to the release mechanism. The package was 
release so as not to impart any rotational motion during the free fall to the test pad. The 

• temperature was 67.5°F with wind speed of 5 mph. 

• 
57° Angle NCT Center of Gravity 
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Positioned NCT 4' Height Center of 
Gravity Drop - Pre-Test View 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



38

NCT 4' Center of Gravity Impact

The impact resulted in a deformation on the closure bolt area with measurements of
1-3/16 inch deep by 2-1/4 inches long. All welds, bolts and closures remained intact. Damage
was recorded and photographed.

NCT Post Test Damage View

16.2 Re-Test Number 3B - HAC 30' Center of Gravity Drop

Test configuration 3B was repositioned in the same attitude of 57 degrees so as to impact the
identical area previously tested in test number 3A. The test article was raised to a height of
30 feet from the lowest point of the package to the surface of the test pad using nylon straps
attached to the release mechanism.
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J 

NCT 4' Center of Gravity Impact 

The impact resulted in a deformation on the closure bolt area with measurements of 
1-3116 inch deep by 2-114 inches long. All welds, bolts and closures remained intact. Damage 
was recorded and photographed. 

NCT Post Test Damage View 

16.2 Re-Test Number 3B - HAC 30' Center of Gravity Drop 

Test configuration 3B was repositioned in the same attitude of 57 degrees so as to impact the 
identical area previously tested in test number 3A. The test article was raised to a height of 
30 feet from the lowest point of the package to the surface of the test pad using nylon straps 
attached to the release mechanism. 
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HAC Center of Gravity Drop Positioned
at 570 Angle

30' Height Drop Position

I

HAC 30' Impact Thru the Center of Gravity

As a result of the impact a deformation on the closure bolt area totaling 2-9/16 inches deep
by 20-1/2 inches long was recorded. The diameter of the package was reduced by 5/16 inch.
All welds, bolts and closures remain in place. There were no tears or openings found on the
package.
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HAC Center of Gravity Drop Positioned 
at 57° Angle 

30' Height Drop Position 
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HAC 30' Impact Thru the Center of Gravity 

As a result of the impact a deformation on the closure bolt area totaling 2-9/ 16 inches deep 
by 20-112 inches long was recorded. The diameter ofthe package was reduced by 5116 inch. 
All welds, bolts and closures remain in place. There were no tears or openings found on the 
package. 
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Side View - Impact Damage from Top View of Damage
30' Center of Gravity Drop

16.3 Re-Test Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test)

Using the same test package, an oblique (Shallow angle) drop was positioned over the test
pad at an angle of 17 degrees from horizontal with the height of the lowest point of the
package 30 feet from the top surface of the test pad target. It was positioned using nylon
straps attached to the release device. The package was released so as not to impart any
rotational motion during the free fall to the test pad target.

HAC 30' Shallow Angle 170 Drop
Position
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Side View - Impact Damage from 
30' Center of Gravity Drop 

Top View of Damage 

16.3 Re-Test Number 3C - HAC Shallow Angle Accelerated Drop (Slap Test) 

Using the same test package, an oblique (Shallow angle) drop was positioned over the test 
pad at an angle of 17 degrees from horizontal with the height of the lowest point of the 
package 30 feet from the top surface of the test pad target. It was positioned using nylon 
straps attached to the release device. The package was released so as not to impart any 
rotational motion during the free fall to the test pad target. 

HAC 30' Shallow Angle 17° Drop 
Position 

30' Shallow Angle Drop Position 
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The damage to the exterior surface produced deformation on the initial top closure,
measuring 2-5/16 inches deep with a 1 inch crumple of the outer closure lid. The secondary
impact produced damage measuring 5 inches in length on the bottom rim of the test article.
The diameter of the package in the direction of the impact was reduced by approximately 1
inch. There was no damage to any bolts, welds or closures and there were no tears found on
inspection of the package.

End View of Top Damage from Initial Close-Up of Damage to Impact Point

Impact of Shallow Angle Drop

16.4 Results and Conclusions

Before opening the outer closure the torque was measure and found to be less than 20 ft/lbs.
Photographs were taken and an inspection of the inner well area found only minor
deformation to the sidewalls no other damage was found. The inner flange was flat and
sealed with no loss of materials form within the inner containment cavity. Bolt torque of the
inner flange recorded arrange of torque from 20 to 40 ft/lbs.

The conclusion of this series is that again, the design changes of increasing the flange
thickness, increasing the torque requirement and the reinstallation of the flange inside pad
were found to provide acceptable results.
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The damage to the exterior surface produced deformation on the initial top closure, 
measuring 2-5116 inches deep with a 1 inch crumple of the outer closure lid. The secondary 
impact produced damage measuring 5 inches in length on the bottom rim of the test article. 
The diameter of the package in the direction of the impact was reduced by approximately 1 
inch. There was no damage to any bolts, welds or closures and there were no tears found on 
inspection of the package. 

End View of Top Damage from Initial 
Impact of Shallow Angle Drop 

16.4 Results and Conclusions 

Close-Up of Damage to Impact Point 

Before opening the outer closure the torque was measure and found to be less than 20 ftllbs . 
Photographs were taken and an inspection of the inner well area found only minor 
deformation to the sidewalls no other damage was found. The inner flange was flat and 
sealed with no loss of materials form within the inner containment cavity. Bolt torque of the 
inner flange recorded arrange of torque from 20 to 40 ftllbs. 

The conclusion of this series is that again, the design changes of increasing the flange 
thickness, increasing the torque requirement and the reinstallation of the flange inside pad 
were found to provide acceptable results. 
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Post Series Side View-Package Drop Total
2- NCT Drops, 3-HAC 30' Drops &

1-Puncture Drop

'½" Thick Inner Blind Flange Post Test
Flat & No Loss of Payload Contents

Payload and Lose Sand Remained within the Containment Cavity
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Post Series Side View-Package Drop Total 
2- NCT Drops, 3-HAC 30' Drops & 

1-Puncture Drop 
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Yz" Thick Inner Blind Flange Post Test 
Flat & No Loss of Payload Contents 

Payload and Lose Sand Remained within the Containment Cavity 
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17.0 POST TEST MEASEUREMENTS

On March 05, 2009, the post test inspection and measurements were taken and recorded on
all test articles.

Test Article Serial Number 10550
Location Post-Test Description

Measurement
A-C 21-1/16" ID Inner Container
A-C 3 1-1/6" 0 Outer Container

A 42" Drum Height
A 5" Wall - In/Our
A 29-11/16" Inside Height
A 7-7/16" Top Rim - Inside Flange
B 42" Drum Height
B 7-5/16" Top Rim- Inside Flange
B 5" Wall - In/Out

B-D 20-7/8" ID Inner Container
B-D 30-15/16"0 Outer Container

C 29-11/16" Inside Height
C 5-1/4" Wall - In/Out
C 42" Drum Height
C 7-3/16" Top Rim - Inside Flange
D 29-11/16" Inside Height
D 42" Outer Container
D 7-1/4" Top Rim - Inside Flange
D 5-9/16" Wall - In/Out

Final Tare Weight - 660 Pounds
Final Gross Weight - 920 Pounds
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17.0 POST TEST MEASEUREMENTS 

On March 05, 2009, the post test inspection and measurements were taken and recorded on 
all test articles. 

Location 

A-C 
A-C 

A 
A 
A 
A 
8 
B 
8 

B-D 
8-0 

C 
C 
C 
C 
0 
0 
0 
0 

Test Article Serial Number 10550 
Post-Test Description 

Measurement 
21-1/16" ID Inner Container 
31-116"0 Outer Container 

42" Drum Height 
5" Wall - In/Our 

29-11116" Inside Height 
7-7/16" Top Rim - Inside Flange 

42" Drum Height 
7-5/16" Top Rim - Inside Flange 

5" Wall- In/Out 
20-7/8" ID Inner Container 
30-15/16"0 Outer Container 
29-11116" Inside Height 

5-114" Wall- In/Out 
42" Drum Height 

7-3/16" Top Rim - Inside Flange 
29-11116" Inside Height 

42" Outer Container 
7-114" Top Rim - Inside Flange 
5-9/16" Wall - In/Out 

Final Tare Weight - 660 Pounds 
Final Gross Weight - 920 Pounds 
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Test Article Serial Number 10551

Location Post-Test Description
Measurement

A-C 20-7/8" ID Inner Container
A-C 3 1-1/16" 0 Outer Container

A 41-15/16" Drum Height
A 5-1/16" Wall - In/Our
A 29-3/4" Inside Height
A 7-3/8" Top Rim - Inside Flange
B 41-7/8" Drum Height
B 7-3/16" Top Rim - Inside Flange
B 5-1/8" Wall - In/Out

B-D 20-7/8" ID Inner Container
B-D 31-1/8"0 Outer Container

C 29-3/4" Inside Height
C 5-3/16" Wall - In/Out
C 42-3/16" Drum Height
C 7-3/16" Top Rim - Inside Flange
D 29-3/4" Inside Height
D 42-1/16" Outer Container
D 7-1/4" Top Rim - Inside Flange
D 5-1/16" Wall - In/Out

Final Tare Weight - 704 Pounds Final Gross Weight 964 Pounds

Test Article Serial Number 10552
Location Post-Test Description

Measurement
A-C 20-15/16" ID Inner Container
A-C 29-7/8" 0 Outer Container

A 41-11/16" Drum Height
A 5-1/4" Wall - In/Our
A 29-5/8" Inside Height
A 6-13/16" Top Rim - Inside Flange
B 41-5/8" Drum Height
B 6-7/8" Top Rim - Inside Flange
B 5-5/16" Wall - In/Out

B-D 20-15/16" ID Inner Container
B-D 30-1 1/16"0 Outer Container

C 29-11/16" Inside Height
C 5-1/16" Wall - In/Out
C 41-11/16" Drum Height
C 6-7/8" Top Rim - Inside Flange
D 29-5/8" Inside Height
D 41-7/8" Outer Container
D 6-3/4" Top Rim - Inside Flange
D 5" Wall - In/Out

Final Tare Weight - 705 Pounds
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Final Gross Weight - 965 Pounds
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Test Article Serial Number 10551 

Location Post-Test Description 
Measurement 

A-C 20-7/8" ID Inner Container 
A-C 31-1/16" 0 Outer Container 

A 41-15/16" Drum Height 
A 5-1/16" Wall - In/Our 
A 29-3/4" Inside Height 
A 7-3/8" Top Rim - Inside Flange 
B 41-7/8" Drum Height 
B 7-3/16" Top Rim - Inside Flange 
B 5-118" Wall- In/Out 

B-D 20-7/8" ID Inner Container 
B-D 31-1/8"0 Outer Container 

C 29-3/4" Inside Height 
C 5-3/16" Wall - In/Out 
C 42-3/16" Drum Height 
C 7-3/16" Top Rim - Inside Flange 
D 29-3/4" Inside Height 
D 42-1/16" Outer Container 
0 7-114" Top Rim - Inside Flange 
D 5-1/16" Wall - In/Out 

Final Tare Weight -704 Pounds Final Gross Weight 964 Pounds 

Test Article Serial Number 10552 
Location Post-Test Description 

Measurement 
A-C 20-15/16" 10 Inner Container 
A-C 29-7/8" 0 Outer Container 

A 41-11/16" Drum Height 
A 5-1/4" Wall - In/Our 
A 29-5/8" Inside Height 
A 6-13/16" Top Rim - Inside Flange 
B 41-5/8" Drum Height 
B 6-7/8" Top Rim - Inside Flange 
B 5-5/16" Wall- In/Out 

B-D 20-15/16" ID Inner Container 
B-D 30-11/16"0 Outer Container 

C 29-11116" Inside Height 
C 5-1/16" Wall - In/Out 
C 41-11/16" Drum Height 
C 6-7/8" Top RilTI - Inside Flange 
D 29-5/8" Inside Height 
D 41-7/8" Outer Container 
0 6-3/4" Top Rim - Inside Flange 
0 5" Wall-In/Out 

Final Tare Weight - 705 Pounds Final Gross Weight - 965 Pounds 
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18.0 FINAL CONCLUSION OF ALL TEST RESULTS

The objective of this test program was to conduct the physical evaluation test of Century
Industries Versa-Pac Shipping Container design in accordance with the Normal Conditions
of Transport (NCT) and the Hypothetical Accident Conditions (HAC) specified in 10 CFR
71 and Century Industries Test Plan TP-001 Revision 0 to verify the performance capabilities
under specified conditions. The Versa-Pac was subjected to performance test simulating
hypothetical accident condition for free drop, crush, shallow angle and puncture describedin
10 CFR 71.71 and 73. Following each test, the physical condition of the test package was
inspected and the results were recorded and photographed.

The acceptance criteria for the all test series was retention of the outer closure, no openings,
tears or failure that would lead to loss of material, no open pathways to the insulation
materials and no loss of the inner containment payload.

The test series results provided information that the internal blind flange of the containment
cavity allowed payload contents to escape into the outer well of the package during two of
the initial three test series.

To correct this condition it was determined that a increase in the thickness of the blind
flange, addition of a neoprene sponge rubber pad affixed to the inside of the flange and an
increase in the torque requirement would be needed. With completion of these changes two
previously utilized test articles were refitted with the changes and subjected to the identical
test series which caused the unacceptable results.

Following the re-test of these packages, when subjected to the original test series
requirements, the post test inspection found that the acceptance criteria had been successfully
met.

There was no shift in the payload cavity, no contents outside the containment cavity and no
unacceptable damage to the inner or outer surfaces of the Versa-Pac Shipping Container.
Additionally, the results of these physical performance evaluation tests demonstrate that the
package system is capable of meeting the requirements of 10 CFR 71 and Century Industries
*Test Plan TP-0001 Revision 0.

19.0 TEST DROP TOTALS

Three Versa-Pac Shipping Containers were subjected to a total of 5 test series during the test
program described above, along with the preliminary testing as follows in the table below:

55 Gallon - 110 Gallon 110 Gallon
Item Preliminary Preliminary Test Article

Prototype Prototype
4' NCT Drops 1 1 5

30' HAC Drops 1 1 5
30' Shallow Angle N/A N/A 2

30' Crush Plate 1 1 1
1 Meter Puncture 3 4 2
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18.0 FINAL CONCLUSION OF ALL TEST RESULTS 

The objective of this test program was to conduct the physical evaluation test of Century 
Industrie's Versa-Pac Shipping Container design in accordance with the Nonnal Conditions 
of Transport (NCT) and the Hypothetical Accident Conditions (HAC) specified in 10 CFR 
71 and Century Industries Test Plan TP-OOl Revision 0 to verify the perfonnance capabilities 
under specified conditions. The Versa-Pac was subjected to perfonnance test simulating 
hypothetical accident condition for free drop, crush, shallow angle and puncture described in 
10 CFR 71.71 and 73. Following each test, the physical condition of the test package was 
inspected and the results were recorded and photographed. 

The acceptance criteria for the all test series was retention of the outer closure, no openings, 
tears or failure that would lead to loss of material, no open pathways to the insulation 
materials and no loss of the inner containment payload. 

The test series results provided infonnation that the internal blind flange of the containment 
cavity allowed payload contents to escape into the outer well of the package during two of 
the initial three test series. 

To correct this condition it was detennined that a increase in the thickness of the blind 
flange, addition of a neoprene sponge rubber pad affixed to the inside of the flange and an 
increase in the torque requirement would be needed. With completion of these changes two 
previously utilized test articles were refitted with the changes and subjected to the identical 
test series which caused the unacceptable results. 

Following the re-test of these packages, when subjected to the original test series 
requirements, the post test inspection found that the acceptance criteria had been successfully 
met. 

There was no shift in the payload cavity, no contents outside the containment cavity and no 
unacceptable damage to the inner or outer surfaces of the Versa-Pac Shipping Container. 
Additionally, the results of these physical performance evaluation tests demonstrate that the 
package system is capable of meeting the requirements of 10 CFR 71 and Century Industries 
Test Plan TP-OOO 1 Revision O. 

19.0 TEST DROP TOTALS 

Three Versa-Pac Shipping Containers were subjected to a total of 5 test series during the test 
program described above, along with the preliminary testing as follows in the table below: 

Item 

4' NCT Drops 
30' HAC Drops 

30' Shallow An~le 
30' Crush Plate 

1 Meter Puncture 
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55 Gallon-
Preliminary 
Prototype 

1 
1 

N/A 
I 
3 

110 Gallon 110 Gallon 
Preliminary Test Article 
Prototype 

I 5 
I 5 

N/A 2 
I 1 
4 2 
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20.0 ATTACHMENTS, REFENECES & CALIBRATION RECORDS

Attachment A - Test Plan TP-001 Revision 0
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lDt; 1\ INTR ON M" ('. 1.

t tdiflý ilý I Ihit r Ia it I oititaeln t ix dcogned- the he shi o 1 1t I "pe Arai~tien tsie~~dkin ieom f Imealoids thnoride~s anid nitrates br•

h I I cidtat 1 i o V

The •iVeri Paie•+ Shipping Containet was desieted nc t+.wo basic versiots a Pi.:N I. V+:
:gallon and 1 1(1 e :}thou outer dran wi tilt 16• gam.,e, body botoman oe r nadiint

I .tihe stan!dard 1:i :ga II cIosure ring with 518i ASTMA3t)? bolt the cover.is icinforeed
•+?+ '>. " •• ". . . : :••)<:!,' and seeored astng the addition of bhitli attacehed to the internal structure cBfthe~package +as+

detailed :in the+ destyt drawlgs tTheinternat. stiJctute +fonisýts n k xt se'Ih ; Knd horzontat>
stiiets at siLteddpolins i•:lln the p lot iC@ii"i. d e t'inu itha

inner insulating ceramtcfiber:blankei. betn+en, the linets b <u eitoph +tlegh piimnarx inner"
siroerutmal::eoniponents. "A ecoindarx hariaei. ot insotiaton consi,.tin~g oit ceraietilcihe .,'>4

bvonkts•gitaflexiblte nin:.o~tment, hody: Tfhe pax toad tgasket ix a woven Ithierelass . :y a lssrate.atcd wi th1" high gradeI siIonce lrbbe. I t Ie MIsketld
- I pay Ioad Ionitain IeInt cavity is made of I It gauge body ant bIttol with a K' thick f.op

flanige to .which ia l3/ to c-i0}4+ci-{ is secured u sing 12 -->V~~oits+ -The pavlo>ad cav, iv>s

attached to theItuina sti lctt lal co I ponents bIirse ot>4~bolted co n :eetI iolt•l I
jhetg/las thernial bieak between the payt1d 1aviy'1an1d the stIt tik d (ilk, edI 'd .

Sat etlInc toani i; ottihed to, provideinsuioiiadd deild impact>..p0otectfw--iof bih.'+': +!::++ the• itip aitd bottom ofl tu)e Vet ilipac :.l+iastie~iiiZ'S•Entosd iti ,the +.++,bcidv :o:ftt thei

+ N ;I the L!+ ig g{'e l I )I k
ktirtetite piovide.a hathloi-veii~I 6 •te'i t{i"t. vent plug ote exterlio I thev I C U

d T ct di dtle u.eoninsert to redtce
wite insileeia eter o iii lp Itoa t30 a hd .............

.twkIi designed in accordance I the reelirmen ts If t) CR Part It I : and lCentur

in~dustries • QA+4 Plan foranuianture of Versa-aic Shippiti C ontIainkersk [2]

.. .. ereim tnarv resting conelucted on both 55 and II 0tgallon versto ;it p o ts d ai nei h s
piroxwded :xetsmiiai i tot rtiat ii in abont the reaction~s ofoth+6l vets t its :when sabicetted to

nut ial ItAt: dri p levi t eqirt c •tretits 1ir p tests oioth+ 0 era ott i ticl tdld 3t p drIpv kIt th
top3 cotnet thrt the center of tiavit~V .a I.- t'op.ontoith~e +b+tt+ tii ot na ti tti t e centci iIIg~raxiv *producing .ni.iiex pecexieddantase':resoltg in both xi ooos' A+<?lSO coidiictelxi •etc
xl0 crush, plate dropont•th+sttil)~es ot both packages at the :betttedu+toii..coumet9 s, t~te 5+

"" lalon+ +erstioil prodtiid .th•e- gg-shape imp .ict results' expcetedd xiitii no opening ,a~it+th.

impact ara I whIte the I I gallon pioved t1 need addItnal stileners atd'boltotnnections 'at spacing~ imilar let the •a~ettnvrio ox u p hocted•.xt the lid

closuIe interf ce T his correction hIas been i ncorpoIrated into the II ta'loi versm i 0I
e dtiiýt•• the spact up of the top :0it bitt0 nsuies to e tcate i tc <xt;ihi galonversion :A seri+es of't ~tiu re testi dicips wecie niade o bo~th tlte: 55 atd IIP <''•ionl " } veision

lBoiti "xx+et'c stibjec ted to} untuci itt 'c dit~•ips .in the+ ,ceoitet .oi•tc tile ti atId tittottil {qiii ib ot
minor, 6ii nd e:n t ationsu :i3l':! to•i 3 !5>d'p.?'8i ; on tn> i.toitor n i0 .ne lt•.5+ deep t) ::italict •:cciii et I tip it the,
e:citt~itner~s. lie c.iuiatiters wcrle: also idonp'•ped. ad. d iie si•e l c :ita Oitc 01 th v:•ettical

.stiffeners proedtetgvindentatioris ot •1'l 6 on the" ii p gallon anel :in" dtie 55,,,gallon{
" er}•suit.•. Ard addi~iiotul-puncei.ire test c ivs econdaciteel thrin th~e cetit~er :of grai~a,.:to t~sitiez+(c;~

Brist01, Viirg~i,,ia J~Lunuar :+!02009:
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com-aag in thie~saname aaca ht a. 30"d•r•oas preoioualy I S oa101ted C i IthI I nTO Zdti d Iao1
dzvw am a k no Rod , Both I ano onCnrsanaae olcd \6IIta flloss oi onnt, 1 hIs

j~d~kOeS Wfl. ldd~d t saihi. I 23 ~ .. bslo dcd (111e60vaih 5gloan26 511 h
Ibs. loadedIn ýinanIneti 0 Iull•n drump p d'aeam to tlladon i mtnt ae ofthe 110 Ifgal ]on

2.0 S( OPI ANDOBJI0rx, lVF,

2A Scope

This test plan descaihes thc methodsm, guideliiae;and Teqtuireanents thatare to:be mutilized
durne he f~tnane f te.lský describe1"d lIII Ilwý procedure

2.2 Obj ikivi

!::h oh eeltteo olthis test plan as~to piovide~tbe rtqatolunriie•.S 6r a sertos Ifphvs 'oal tst'tto
.dtmonlsrate itho porfoit'maie& 'eapabtlhttes: of tii 0i+•i'-~~RSha'ipiitn Contitianor iii

•satisfyng the requarements of (0 I'-RP -tl ]: Coni.\r ndwnstae•>s I ust Speoiiatonj..!S
0001 [3] and this •test plan for i both'.I normal" +d 'hypothetic cal a tc ecoýdltfoias of
:transport; , ,

hl pramaary oijecta•veS If this test pilianm zastbt~lows:

i )efiethe resjonsi i tiies ofC the paI f I tneIl p rP, t'ng f ICI I Inow lteIstII seesp

2, Deefane¢ IIIgen !,t-lrectirements

-3- Defiaa the.testsequenmes thatwill b perfiorhmcdt

4. Definethe reqtuired cohfiguratib(ns:ftor+eaoi tost ":-

5 Define the reqnired pre-te~s and post testileastwlartiIents

Ai )etlincitlte data acquisitionrequuamenis foreeiest

,f l)et i-hc docunienstation 'retataetnen

3.0 RIESPONSI'BILIT1,TES

:Cltuiy .n'dosti h)s aia 'the overal responbis b rv tt -ost F1rof an an 1;d is tespontisIL
!h':tt destn and anah sasof the :tesltaacles development o1ftiiC .ItSl spot.hlteatin, theý

:ttt planiand oversight o1the' Versa-Pae[test.seris. Centttrv ltitistres is also ro.spo<.ablo
l: to lit Pt loaiiciarlolnt fa-bricat iorn anld inspt. tiol "of t- t sr a' tie les 1 he tg cit 'sorbe wil b
po>rforrmed in.aooordxinee with the .appi leblo I quitoa n mcis+ of 1 CentiUt lttdcastr s igQA KT
Pi,+o.1,ani ( QA-I.1~ i Vi(]es SpecifIi~altion 'i S 001 1+i t i'd this test Plan - : wi•7:.7

Century Industries
4iBistol, Virginia
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.Jianivaar20, 2009
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C I osur~,ii iig:i n'.thc;samc '·af.;:a . f hal"'fI30 ;'dr91)f\v,i~; p re,)iOI\51 \' C,()ilduti?d \vii h'no.aCiHilionu.l,.,., 
. (lml1ag e ~;n 6ted'n(rtH;'iiiifcr:~oniaint:r~;r~il;alh ~d' : sc',ii§ii; \\,i IhS.;;ti; I ~)$S!O( e§ilieh'~>;tll~~s~;::' ):~ .. " 
• p,iC~(lge~)}Vere ·j(lildcdal .• weighls'9f:43}illi~:(loadedNi rc:cIIY'ili,tR:ihy .• 5 5gitlll:H,I;i!li&~6/)}' .. ;.'. 

~,:;~:;~~t{!~~:~~:~;;i;;~;r'3(J gaIlon.<iGt11i~#~C~'diiJilil,t,h:fc6nlf1i;{niilrit~ai'caor!ti1:~fh~(I;:g~lh:I.iI" . 

...... ." , 

2~i) ~~;(J~I~~~NI),OnJi~CTIV;.~:; 

This,test pJatl'<lt;scril}(':s the mcthods, 
miring the petf(liimUlct of tl1etask described 

;1~2 OI)j~dive, 

TJw ohiecih'~;~lr this 
'demollstratelhe 
~'!lisjyi~;i,tbi . 

; 000 I '[3] . and 
'tramHl!)\"t 

Tl.lepi:iilla!)' olijl;di;"csofthistt;Sl phman:,.as ;f()llows: 
.. '-..' 

.1'. I)dITiie'thc reS;)OllSil~; i i llt;~;o(tj},~ p¢l:~(J,i1ncJ pbrH.l1:J1{i ilgit!,l~;jirfil)t~"l:~~cfl~§;f' . 

2. Defllle.the:g~rl.:;r.al:rcq(iirements 

3, • Den ni>t hi:)estsequcnccsihat\vi II' bC'perillrl:ned, 

4 . Define the required eOllfigllrationslor:each ;tcst. . 

5, Definc the retjnired prccieslllndpos!tcstnieastlrcrilcnit 

,7. DefjiH::thc dncllmclltilti()n.r:equire'meI115, 

3.0'RESPONSlnlUrrms . ., . 
'"" , . , 

C;cntury;J;l'dustrics 'has:il1e o\,cmll.rc,sP0I1;;tbiliiy l('lr.tile.tcsi:rirogrilll1 and is r' 'insiblc 
.:IJlllhe:d('~igll and analysis of the i(;S('!'u'tiClys; dcveloplllt:r;i :(~::thel<:sl ~pccin .' [he; .' 
lest plall,Hnd oversight '()fthc V(:rsa~Pac'·tcs'lscrics:. C:cnlllly'InduSlries is als()'r\;:sllOllsibi'e 
for thcpnJCllfcHlc;;i: 1;;i'riCllli(lll <lnd.illspcctiol1of lllf.:.I.C$t ;u<l:i~.ics The h:sr'Sefies wi!l'bc,,: ..... 

;pefforl11ed ". in. .a~c;)glimce . with Ihe.;{!lplieabli:.reql'irclllcnts. (if ,CCiilUlyHtdilstri..:k"Q?\l.;,: 
]'rognun QA -1.14 ],TesiS lwei ii"ll!i onT!:lc09J. [3'. and.1 his lest plan. " .. .' . ")"" .. 
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fiidividal It I iii ioI ies ibldeI ihe floIving: '

P es I mIng alIi Miii'tT o I hi1S 1 1d~da', 1 cF)nliiid'i(l iftoth, os cirllnnemii
~tnd iniple inni iii of tin. !est prcýýilmai Thu cs 11;1, Maog )tha hsufoillýiy toý

:resolvc ainqt.:stfiotlhat may arise hbt'seeniuernbers of the tieani

2. Test hnwneei M his di 11%lduh I Ire son 1 b) e 1 oipreparato t fI the equipni LTand.
faciities re't IIred to ýcoIductthe testin g The-1 rels 1 kespoosibk lfort the bohthe
prevtest aid~'polr •niasorernnt d do':dICumIenlaton I I(

3Qnashty Assuirane h.m ns divid'ualis :i.spip•sih, for, fli QA o versight nmd
w1 itm11s o tihe et slie .e ...

fil 1151' I P QUFNowC FSmý8 ased upon preliiiimiary prototype testing ofbt•:~hd the 55 J•uid it~t0glloii yersions testin"

widlýi•c.i dthat t.H 110 :aI Io ion wil houlid Owt S 'ho Vers P.. itc x.i"iiTfprototypes art- planned t&far bricatlion foi' the! :tsl:,Serie Alb'tlest articles-wfl !•ie'i[:

using, a id m gaondrum izoitiing 2M poIunds of the tcst nI.dIa placed %k ihth h m er:

external surfast.ofthe package betsween thi inncr and olti elolictIs i it: diiAt -d 1s

anti1 c;61 o Iictc

Three separale teStc.ni.se :11t plaolicd, as 4shom Ill FaihL, ieht oll tu venih 5 ifsifctor)

cnihplfafic vith 1 0cIR. 7111 and itiis plan:

4. I Test Series No; I'ihat Top Drop Orientation

I hi sekeS will itichldLi, in Icl I t drop n':•nI A(- fitc: driopaInd one0L punctureI diop
DI; 1ing thitest sificts ;aI,1to be I a liil:nd jand.misurd and the dani'ige recorded~~~~betweeni drops.. 3 . '

4.;?: 2 TeSt Series No. 2 - 11at:Sich bop O i!0tati6nT

vio is: serwsVill includc an NCT firee diop oine .H AC free drop And oned HA 11iM h flie
(Ildrop IDiri thistist sutrfac .1s1are tobe(:exanIliId and measuied and tie: d'Iagfe,; rvorded
heie yegn drops.

4.3 'Test Series No. 3- Center of Gravity Over'Fpyorier

Jhisw seiies ,wil intlidt in NCT ficc drop, one H.AC frec diop and on! LHAC(-' sllhw

angledi;op Din in rhII iscs t sur iccs. arc to he.e xamined aiid me d nhe dani'e1,
rei~~ordtd : hesiti ops-

Note: A Puncture Te'st .will be conducted on'one ofthe tlest packaiges based upon
:Vinitial drop damage.

S Century I)ndustries Versaa-Pac Test Plan I lP-001 Rei iisiori,0
BHrisoif 1 Rginia nanrs ,20 20109
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..liidividual rcsjJ(msibilitics include 1110 f'ollO\ving: 
,',. ';'." ' 

'1, ·:1'05[ ·]!r;;gram. Mal\;lger:Tllisilldivl~hlal~iS\I:o:m~Il~.i.blcJC!!:,t!K:OYCTi~lli!1!.al}.9f!~l'lP~iib 
'<lnd'i~)pl<:'i}ontari(:n:{)f the It'Sl pmgi~llh ... Th<;-·ir:<;~t,N1,ii5~1~cr~'liasi.ille:l;1111i:(\li,I¥;to, 

. " reso! ve· ariY.quc,sl '.on .11~Ht.J1VI y ~ri~~: bc.t\y<:e~l;l11 ¢tnber~s' ciftllo' leam~' 
. . ' . . 

Te~l Eil~in~5~;.:.r!)is"i!la\};{~~ilhi~:ff~i~q~§i~I~;!:i~r·; 
filc! J iIi es.·reqliir.efIIO}co'ii~u\:,t Jhe. testirig'Th~}i .,' 
pre"lest mld·.p()si;t~st;riie~su'~emeil't~:~I;d'd()f{j' 

, ..... ofihe:eql,ipmenrand. 
sp{)Jlsibl~forthebott; the 

. -;. .' .. ' ' ...... ":" ";<·¥':,·)·'::>:(<-:~:~~::<1:;;;·"·:>' <'<,~',!:~~,~ . 

.3 .. Qualit):' Assurante:.:i'i1'isi'ii\(Ji\:idu:~j';\i~·· 
.wittlcssofthc:iesi;scncs,· h' ," • 

\Qvcrsighl imd 

'4:0 .·H;:S':"SE9l!ITI~t~~:~ 
. . . '.' . 

. ·.~a~ed t~POIl prd i Iii ina.ry PW!~typ~lcsting. of bo!h,i~lf~5,~all~i~;1,gfi~NJi\'~:;~f&~JJ.M;j ~f'IS,~I~~ 
. <111dlCate9:~hattljf' 1·1 q . gal IC)I1/.\:prSIOn:Wlllbound 'I hc .. )?"gnllo.n; Versa.Pae;~:<;r!,!on%'17ljrec; 
:prototypesare(~lflllm:d. for Jaoric<iti~lrf()r the .lcsl;>~r:iesJf\!It,tesl.article .. , . 
)i~iilga3(f galloridnlln c0l1laining25(fp,ouilds .oLthctesfnledia, piac . 
package':cav!!y;{~,residt1ll1 amount (jrsandwill h~pJaciil)inio the i 
~dtilt<.!;iaierial\\;ill filct the i.J()ssihilit~/e9f n::!ellsefl:(Jlil;\~;mlin the Jill 
c;'\!t:rnal sllrfaceofthc' packa!lc bctwecn't!;c il1ll..:r.'ii; osurcs,'.1 
b,cinglltilil.cdl(if:;;iniill:iieil' [~ston aai(Jl;,\~;ili;iii 11 " 
articks..· .. 
'. . "'. ': .. .'":-

'Tbreescparalc testserics.an::'~lanned, .. asshq\Vi;;iil 
,cilrnpliilliiic\Vi'lh I tnEFR 7l"fi:i'aridotilis l)lali: '" 

4.1 Teit Series No: 1 . .:.:f."lafTOp UropO .. icntntion 
,.," ""-' ' ..... ,,<, , ',,"",",,"? 

Tili, scrics'\vlli include 
During tliistesl Sliff;;~cs 
OC!'Wct:nflfOpS. 

·u 'I:~st ScricsNo.2 -.Flllt%i;I~~;I)rol)(hkniilti()n, 

'Tiiis seri~s:\will:i;lelildc an' NCTlrecorop;,~)nc .1:lAC lr.::.cdrop 
. d wp:.· r)\'iiiiig this:test .Sll rfac,c~~'aretll:be>exiuii ined:and;iri6il!iun:d 
J}ci\vc.en.drops ... . 
,.: ," '.""J.! . ,. _<~"" ~ 

4,3 ,Tcst.Scrics:No: 3 - Center flf Grflvit);O"d;':T~p'Gorner 

!Jh(~:~f;ies'lVill:irH;lmk a!l· NCT'flcc.!.arop,.OilCHAC:lrcc dmJlalld;\)b~~1HAC~h~1I0w 
angle·dwp. Duril}g,this 'h:SI',surliu;psjan: 1(1 be . cxaminee.!. and Irieasured ;illld the 5,hPI,I,ilgC ' 
r,:c()ldcd behveCll't1l'91)S. . . .. .... . . . •.... . 

Note: APllnctll rC.Tcst·willl.iecondllcted on!one oUbe testpackngcsha~eduJlon· 
.. initialdropiclamagc, . . ~,. ""'" 

. Ccntu~irid"'~tri~s Versll-J'nc Test Plan TI'-ljOr;Revi~i6~tb 
Rristol;Vihfinia .JlIl]~;~p;;:~o;sl,iii!' 
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8*

I abkl I , Vhfmcd I1ff 'wiutcl

Nutt• ,r v

2 •:~~i'!
IAB

213

2C.:

NCtAI 4' •To Lud .Dr.opfL• "lest To Cp£losu.re

IJtAC 1MderI Flat:Side 1 Test \kdd atl 13twen
Piincture Drop3 Vertical Stiffeners~

NCT 4' HnrZtibMa Side . a:•<ltuatu.-Si&~

.,,t Dop t3.forro'ttiilon and7{ (: Io;uri

IIAC 30' (inch late D~'ol.
F tn~ln~p let _______

root t.1'thIl
'f~'jhe fop t. losure

1'-

To tIe
L ____________

- .... Dropj____
3 B tAC 3 0 LuCen,;6G~i~iT{'

i!]................A.. • -l) • :{ h . dlowT::'3 Ang-le -

'2'KF~duate the Darn~~T.i~
I torn a C r Glo'~ur~D~&p

K iluate the Damage..
from 'In ceterated

e~halIoc~ At~IeDrop' j
I tab 1k & Attack a

~ \utntiatdc Area

Not&•
1. AJ[NCTU Drops •lr;t'rom a heig'ht'ot,,4• faet, HAC' drops are Font a hcigh,:of '0

ted and ail puncrure drops are lf o~a• hetgla of 4 0 incites Distance rneasuied
frem the lewest pOtnl eof the packageato ihe L•st pad sotiface>, >:':¢,,<>,: 1;

2Atttearc eond'uered fronit a'test artictc clanel eunohnu chaothlef temlpe•ratlure

I5.i '['S II C1 IS -iQHItIII ' I.,f N11;

:51 (;.neiiu l Requ irenmen s

IT' I1ualt1v Assurance 1

All testtng shall he •,Witness•cd, uts~tuthe (Qnahty Assrance 'oversightla ar'{i:qulred inl ihe
test Sp'e 1 Ctt l 01o11

5:112 Rigginc

Rigr' C ethoids shal l b he tio• sLch Ithai t tiI testaruile lf td I I:he aoo'ct

, inl efere or' affect the pet'Of titC 70rid:'irc~lslpone of t he.7{W7r~a4 {i duoi i T t, the test sei- •s

IIen trv In1!ustries
Hristnl V\ frginia

;Vcrsa Ca Ies I fPlan TP4I)III Plvýisio n 0
Janumv 20, 2009.)
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" <'5;1:2 1Rigging 
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:5•3 qIeasurng and Equipment

1~~ ~ ~~ All Ilitiisb..m uement andl test, tctupti k: IdCoi hCLd iithel~ ý1et

ctoticd knownthat are referencedo thc Natlnalml nst;tutelotf Stindrdskand Techlnologv

Height nmeasurfeiotst may be. established' usuitz cei~thr paqrc -ias urd Ine and :plumb
bob attached to'. th lkoes ioint olf the(te irt. a prol erlih(rated laser-r other
rntJIIa, t 1irC v11ieabic

5ý 1A I:cst liedia

t'hl tcst incdia may co 11s st o tthe .properlcOntibmai id :ithr1 ltead, gravetand .iteel
sho andot ctea~n soil rcedced to obta :tin .hatppoprateva~vload tcst •:weiht:Thie test

et wiihi +5 (kpu ds of n thc reCqrd lvest elight of 250
pounds:

5.,i5S ::Ervirnm eu~ttIl

T'he TeqtJiiieir s Jbi' envirOnl nta clultiolskarsc dcscnicd in thew ft Spe)it.,heation
1 S Out [3J anid stitllbesrecoi'ded~as'reqiured bya¢acha ndiv id ad test'sequcitee

S1 6 Eldctrotiii Recording. DOLUiientatiOn ....

A' asplets .ot thetest seriisjshall bemreo dtis, cqui'uee iliit
aS* specified~withinthe:Test Specificati6n-IS-OFI•[.3]-

6.0 ArEST PA' AKAGE NO.

6.1: .lkest Number I A - NCT Top End Itirop

6L 'I Test IConfigu ration

Test IA is a free drop otito the top coed of' in: indaniaged kt ~aitic t i'oni :• hcight'o t.'{•l
:.meters (4 Feet) as shown in "Figitrc . Thc tcst arto. lc susp~ende~dfrom a cranetq,5sv'ratgs
'and attached to a release ioechaoismi :is to be lifted iho:!:'<•'%•'ye. the;tcst p• id" minai ven!]"4•;•ie'a
onientation so that th lowest pointof thc.packag' isa at12<meters tc cte)•albove ttic to}p
sorface. of the tesk pad: 'th•::e.te at tidels,:hou~ld hciee iXe~se{J.{ so thai t. f:d nollo iempart
rofationafinotih nou th i'e packhbe6f iie f-ill:to t!hc test tpad

Century Industries
Brisl to , Virginia

Versa-PacTest Plan TP-001I kcvisiflf 0)
,~januarv 20, 2009

A-9

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

'S:l),l\'lcllsul'ing lIhd.EtlUillnlCnt 

.' JUe'guid~li'ICSf()~ ,!lleaSUrcmcnt, lind )est~eSillillnlel;,.:li:C'4t:~lilki:Lih ltle:'~:eiii' 
'.' Specit'lcat iOl1TS~ii() i H .A'l1bi lelll S ,'thaI Tcqtf,i'e ,du ib'raiiol1.· shall·:be,condilctcclagainst .. a ' 
-:-,1 "'~"'/'.'" -.. - ,.", '." -;, -. . _ ..... ' .. "",: ;:",v", ~"; ',~ ,'" ': •• " '., '<'\>"-"'::<"-\~$''''i~'':'.~'U~' :'''''';c.-.. ';/:;;'~'1/,.(~.~ .. ·} 
C§rlifiedknq.wl} thai. arc' rtf cr~nccd.!{? 'tht~. N liliOIlaI )·Inst lIMe: ofSta'l~!fttdS;,ali:ai;re,~l1!ig!9g)': 

.'. eN I ST);'lilrsca !csJlhe:;:ap pi i cah! c· state ;slam:iardsand. bl1re,lus arc;accep In b I c'\\111cre"su'ch . 
,standards do no(exist~the basis'f'o~;iI*'caiib;'ail&~;'shallbc,doC~lhi~rii~{j . '.' •. 

. " '.'''' . .': , . .' . • ... ~ .\. ./',t 

, .. Hei ghLnJca~lJh::lllei; Is may he" c,;!ab Ii sh~(f;11Siugci fhcr;;l"prc~lnc;lslll:cd', linc<itld;:.pli#n.Q . 
boh.attllcin:dto' the. lowesl point of thctest;lrtic!c; a:propeIW;'~cinl)ratcd bis~f)(;r()t!1er 
rileiins'ihar are verillabk . . ...... ... '" ... . 

. , , ','~.' :.':' -' .,",. 

, Thetesi,in~~lia" 
shqt;anclJ\:;i""c!can 
\ye}ghtofeach lest 

',louilds, 

5;L5EilVironmetii~1 

Tlie!'~llllil:C!ri0illS !tll' en vi rol~rn~!1 lal' CQutl(~ls,ar<;.(lc~9fib~d) nthc;'r~r" . 'eil] catioll 
,'t$,.()DI:[31andihidlbeXf<;S91:d<;qasir~,qllircd~yj~i.i<ih';i!;di\ii~!f!itJ:,ie: :~S;;i\~;:~ 

. 5:1 .6EI¢~ti·6ii.ii: Ri!Cord,it.lg. Ooc~:nlcn. ta~riil' .' . . .' ~,:,::: :".k",," ,:;.,' ' . 
. ~' :;', 

.: i~ ':,. 

. . Ai iaspect S,O r Ii ICIest se ri esshall: be: reccii'dcdiiis:(cquirctFi 11;i lIe lesiJlilali:\tsiilg~cq iii inil'cij n 
·l,ls,:~hec)fied;\Vilhl;1:'theTes{Spccification;r$~6()I(f21. .....: ;'. .' .,.'.. '. ',~ .""'. " . 

. ' . :.., , -::: ~ 

6:0'TI<:S:rPA();AK;\(;'itNO:I' 

6:.1;1 Test Configuration 

Tesl IAis a fre(~dmp onlo the lOp end oflIllUndamagedl,:,si'ai\;21g"f:;'(JTn a b 
'l11et.::r, (4 Feel) as shown in 'Figure!, The 'test article S\l~P~ll~ . 
\md attached' loa release. mechaniSTl1islo be. !in~d;al .. ",. . tcslpad 
orit!ntalionso that Ibe lowest point ofthc;pacbge Isat '. . •. • ~~(4 feel' 

,Snrf!1gepC the ... lcst pad ... lhetpstaniclc,shotlld ,he r~ie;~S?m:s~J!'that;.it~' 
Totatiof)al'lllolionlnto the packageflcefall't6Ihc!estl~a'd: " 

> ..... 

.Ccnturv Industries 
'·iflistoi,Virginia 

versa.PacTcstPlan liP~OO I RevisMriio .' 
,\'anll~I1>2~;vig~~. 
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. 510

6.1.2 Pre-test Requirementts Measur&nitnts

* Mcasuri.al md Iccord thc test• article tepemp.eature upon remo al.trotnr tOiw

* Record the test article serala numlic.

SIh~sur•, thelenterlitne amd the. e nearsid l tce to the edge ot the cavi; .prior tI
closure o lhe, nner containnict eavily. Al measurement lmeatons s•hould be
marked on the package

*, I.ke .pho~t gra ph ol oth-fle tnt io rvane'dcno~i| o f •th iia,: zkacto:~)•4 provd visw{t;,•',;{lK•:.
ev.idence of thepive-test condition

SWetghanmdrecord the emptx testvarticle.

Lad 11waIe • Iprei-laded 30 gallon ner drui '• int1o tlhýe tst artmcle t nler.contel ,I•

.Spread o:nme*(.l)ip~und of residua ad/..... .., tic in n. ..o .....i.eni ..av.,',

condition n e IIIte•-nniprthednwinits

.. 1nsll Off: cot'aiinfent cavilNgse n lii 1ug'su ti lid~ 11oltS w"~ t
;ippk ngthc reqtiired torque of 40 ftý lb ;na lem io tqirtaii

* . Indtilot:- o a keýt andprei- idne di uni Id• , siu ' he .. ra bolts as

SInt dmll, i drum nit candtloi t fh g to, 60 ft. Ilbý anidj insift,0Iseiii te ii

Weigh and record the loaded tesat i ticlk-

• lpon :clOsure, meastirc the hhetoe I Lo th e :b orlm- lito the top •" t th cldsure
tti and dimeer of the ofier pa6kaW e at the1,enter rolhing hoopIll he drum,"Al

mea~em'ern{t locations should be i mairked on) .l{& pckagi

° V~enItd thatltlIe.extermal acetate ent pl)I is in phuee

'I .Tike ,phttoi.raphs )F.,lie e.X.tcror ofl he lest-article O lrovide uial e\idncf n ofthe test tarticle pie--test condition-:

* Mcasu atnd re(:oid tie ail tenmperaitre at the droppad.
Century. Industries vreirsa-Pac Test Plan TP-tvtl Rvi~isii"tiristut, Virgin~ia .Jan uiiatT0, 20?09
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6.L2 

• M.caslII'c and ;rccord;·ilic 
;¢q;;dh;d;,iil~:rii'o'ri{ .... 

.:Recordlhetes!:al'1iCleser,a!riumher 

• ,r-;,;~asUf~: tht:,s~ptefli!lt;,~nd the ncar.s;tl~;;d'I's:ij'hce t!~'lhC cdgeoL~)cca\'il~t 
closure ()flhdiilil1t:rcol1tainmenlc~';"iiY·. All measurement locaiiol1s'i\iii 

'Ilnirked 011 Ilie;IPckage. ' .... , ., ... "" 
. . 

.,' "~~i~~I;l~O~;t;~;:;I~c~~~it~;,;~W:~~,I%'al1dtcxtel'l~'f\jF.ln(h:i)~~g1Igi;ft(;:iirt)\ijd2::~;i?{I:llP" 
• 'W~igtl1andretcin:ithe empty t~stanicjc. 

.,:Ebad;ii;cpre~lbaded 30 gallon illl1croru,i!?Wlt6ihc 
<:a\'il)'.· ; 

.'. Veri fy ·thtll '~Oil\I)Onelit$ used;; for; the; :iiiii6l,,s,conttli rilllen! • 
cot1diti()nan.:J.are;th~.pror;erCOll1POnent~:p,er'illC""~ i:a1,.vi'liV;;\'l 

;Ijlstall/ifli!containllleht·c.witygaSkd·il!ld.blih~If:11!I;I~~'~; 
appblihg;thc'required torque ~f4(Jft Ibs,jnal1;:~iiernatiilgtofq\l 

", , .... , '.; .. ' ..... /:.:,. '. ,", 

..; ,lnstaHlhc:outcr gaiiket andreinfol'ccd,Ururii'01it1 IISillJFlhc approp~iaic boltsi;as 
rStluire}I~H);:II{~<d;awing, app!yilig t(J!:qll<:;::bi~f1o'n, .Jbs-toith~· d?1,'l(e':o,olt5, in:rt~;~:. 
'prop.eraltenF'tlng manner. . 

In;;I{IIhmterdrum nng;andtmquc io.60 JL ibs. ;:uliljiistalLsc:c.thifk'se;iL .. ' 
:~c .~;;.; 

'.WcigiJal1d record thdotlded test:articlc .. .. . . . . 

• :. lJpondbsure,measlire Ihe"heudit;' fromthcbottom:rj;Uto tlle;t~;i) of. thSfldsure 
ring .• aild'(liilmel.cr. of lil e ouierl~1ckagc' atthc;cei;t~r;·~mi~g'11Qop~l)C tlledru~kl\11 
measurem(~t;fI(Jc~t iOlls slH.luldbe· m arkedoll" Ije:pilck age." .) '/, . ". 

• VcrifythatU;ec)(tcITial,acetatc;\:ell(piug is 1.11 plllct; 
"., . . . " . 

..take;I~llolograph~ .qhlb9:c..~tcnor of the !cst, article lo;provi(]e(~;igllal c\;id~li£~,of 
thelesia;licl~ prc~teglc6ndition .., ,. . .. ' 

81\kasurcandn:col'cl'jilc ail':lelllpe~ature at the drop;pad; 
CenturyJ~~tls~ries "\\e;;sa~f'a~test Plan' .. 

HrisM, Virgiilia 

A-IO 
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: ,Masutc a1record the 1 pera te onll,: src of the u tpackige

'•"• ,O' ne••pended~measnre~aod reor th'a'~ at whitch tl~ :Set ait iclk s rnfted~e

to henetrstI .. tocemntTh euemntIs to hwe\ lttn I i t of th

lu 1;ý'tt: ?'mp.ý Olt:
*; .<Lift the test airtte. to the ictqured dr!op hutght. Mgeasure and record ithe,:height

fr.om the: st, lace olhe test pad to tIe iow1est po1 t oI • the tistIr Itle!The
. measured hceiht must he a east the s pciled heght required lotoh dro h rut no... more than pltts?;ii~i: : ;:> tnehes:/!!:7>,!:";• •

6;ý dill )Is-T a I~qirn hntoIIo I týýI5

0.2oi(twtg the NCT top Bt1d drop lkst Numbr A) the t( lh xwii aesities iue ieipnrcs

". * lPhoto<eraph' the e<xterior surflaces. of" the; test artclde to.providei.vtsuaI =evidence of
tayg app~atent •damage:.

•* .!Documlent an apparent C"itaee to thet packageI e.g ddbrnatton t mrb tlhluie.

,;• Meaisure the heigaht and dianmeter of the test article and rceordt [te iirntn•non:or:

o x•Reco•r'd .thd tnifortnattouono tlhi-aflpItable t orrns.and proceed to Ieeo0;ttst

6'2 Test Number lBI- flAC - 30• Top~iid Diop~ ......

6.2 1, Test (]onligzu~iurfi-i s!::•;•

flest I 13 is t iec Ihop onto .the-top end uf the damagedi test arttcle us.igPdi~~aNgt Nlttnther
IA A.fron a tec:h 01 0r meteirs (30 ifetl)"as shu;-,Win igu•i•{re I' The tiest:artcle s[,spendcd
bout t ta onme ity ,•i ts s antd attach•ed to< a r i e iea .;tuchnisi, is r s to .teh~fted abovhe test
.Pai d in a Y erti ca:l Inric , ta t i on s o thti at h e' lo w eV• s t p om in t o f•i t he : p a c ka g e t. at ! istete s / 3 t fce et
atbbvc the top st rinp Ie oft' hth~)st tad "he tear article shunt d he releised so tt~iat. it does ttot:•
to~ipar ro itattl iim to•.t on too. thte pa ckage free: tall to the: test p••d

62.2 Pre-test Requirements & Mleasurenents.
1- i Is " I ;' ,Ils

R lRli. w teasuteen ts taken 'fro n previous test Jf.the test at iel" on .the test
recoi0d

,,Talke phhtlgrahphs of ihe .es~ierio~r ot'the te.st:t artt~le to: proVide wisual~et{.denee ol•
t ..tet .ril pre-test conditon. ....

•.Measnre£attd record the air tentperatute at the drop pad

C=entuT rvindustries
Bristol, Virginia

Versa-Pac Test Plan 'Inary 20,0\i9ion 0
JAnuary 20, 2 (009
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Na s NTý e .ad reeord the tem"•pIratre on the irtce o the paekaee

I. InI. upendd mea IIture aI t rIeord II i glevat i th111t t aticle is oriented
tO theý niret. I inrciceilct Them isrmeincnlt is to he .ith•in1 i I IW I of,-(the
Spieiified drop orrieo atron . .)

0 1ift lhe tet'tý artide io thi. req ired. drop ltewlh Meisue;latfd lteord•tile heifht

ironithe, surfaee ot th: lestipld Itul he t ooeCst poin frif:the 1est lriidle T lhe
measured height'ntust~be at least he speih ed heigholrequird lfor the drop; hut no)

6".3 Port-'F vest Rcquirerrment.

oloighI. IAC" top! cld (hop (I ,s ' Numbi:1 1,'t the oi~lowmý Icnýaet: i fii cir requ~lired

r. a I:hotoraIp•I eI .terior st in'fceS ofCt Irl teat icle:top•• roto ide d ri:a \ evidence of
anW;addtional.rppreht damage . ...

., c -Doeumenl anviddrionalzdamagce tor hc-prkage.e g:.defornvt n r iiolt Iaiure

V Owasuri.the height afnddian•t•itelioft. test art ce rod i Ieo:rdthre ind rroatron

6 Reeord the in ) ormaon.on f:the 'aipptrheht e test to ins at d{ .pf.ro i. d 2 ton'test•

6ý3 "1cie sequence NumberV IC hAC I MeterIPunctore. Drop

6.3. 1 1 est Conifiuation

'I •sts C is as ft.edrop onto thi side:of the daimaged test avticlc icd InI TnesriNumhei IlB
from a: Licghwt oh! rmeel (40 mijes).as show n i lgure I I l ihert1cle suspended
from a erain b. slin!s aW"id (iJed' to ,a ,ise ,, iiichani.]iCl i It, he :ite eabove it•L ist1,
pad iii binon t d it (irientatri s~soih'ir 1 the t)Wes i iit ot tw p:a cka ge is" t "I mewteCI t4
inl, hcst abov ttp i ohti test p id fli t Iitu. 1'ý to hw PIii)itiorled C) III:iFhe
m pact I, oCated bisewiv the rtnc il stical ners sithh ,te •pac: gc•< thih te:st ]irtiek:
sh-uld:b, rele 01sedsothat i does rot imp ii olationial motion, m intothe5ack'we he tall to

6.3:2 Pre-test Requirements & Measuremnerits

• Record measuremntfs t aken horo previous tst otes the UA elt oti l: o11A12tes:
reco.rd.

* lake Iph!iniogripais [!g:1the'ekteri mi of t~hi. tet arutile. o provide vistia! ex idenec ,of
:thetesf.itjirdelepie-test.condition . •..""":.

.Cell fr ry. Inthistmies
Bristo, Virghilab

Versa-Pac Testl lan
J;11arru ry20, 209ý
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'. Oncl;,slispcncicd O:fe1n;i!re;an' • 
to' the" Qe'ai~;;j ,1* illc~e~l\¥nL 
:~pcci fied :,droi\oricn tal lon, 

< ' '~<, 
~<:> 

.:l~lft"the:J~Sb'!litidle io th~,re~n!,;.ir9P:'heigJje'Measu'f{1~i;d':record!<t~'7',h~ight; 
"{rq!llti)C ~l1:rf~u;cofthe;,1 ",.' Or!h~ Iq\\'esL 1~(Jitlt;:of?:thet:!ti:SF;api9W':'J:he\ 
'illeasuredheigl;Fflit#i~6ear;j'eaSl t Ie ~i)ecjncd!lieigJm[~(ittii'~ci\foLl!,ej;dr'()p; but' fl,(f 
more than pills 2 j'iic!les, , " \:. . '<";' , ' 
, ... " :> 

'.l'olltm:i Ill!, the ,HA.C:lop 'Ciiddl-9P(Tcst.Ntlllt he(] B), 
"" ' 

.. "i)hotograph;;lh~'e~ierlor surfaces or 
,anyadditiol1aJ;arrarent damage,; 

, . 
• 

. '. ~': t ~} , .. 

':i:csllC is a,ffee·drop'()litti':lhe side of the dati'iigcdtid{~*i;fd~iils~~:;"'" llinl:ler 113 
A" ,."... -. . .' .." . >:"". . . ,. , . "~,:. 'I/V"""f;:'> :'.' ,;,,~;, , .,:.',,' '" 
frmll a ilcight of 1. ml:ler(4Q~ihclles),as shown in FigureJ1'iI'lic'tcs,,,rllc c sil.~pehdcd 

, ¥ffOlI1 ~ crallcbvslirll's aii(fihii'iichcd'to'a rcieilsc mcciJanisn;:;(;:'h,; be 11flcd'';;bov~~tKctcsl 
, ': :'<, ,.; .::. " '" ::"'.', ,< ',' "'~ ,"," , , '. ' ~N."" ,:.f;~<"')';: ,', 

,',pad ,in a hdrizonlaloricntarion/s(i!th:lt'tHcloi.vcsl point ofthcp;lckag.:,is"al;luletci'C(.Hl 
'i;I~,hi:;;)abo\'elhc[QPSII!f;i2e;(iihetestpad:,:nl~ tesVtli'{i~:lblstoh;;i)(;s;tf;)I1~d'" "" he> , 

.. impact ,is 'located;· b{:(\ycen the., vertical" SI i ffenefS,' ,~;thle.,;t he ,nac1!lg<:~ ;!'!l '.' lIrll(tic<'" 
should be rdeascdso,tliat it docs not illlpll!1 rolalj(mall)j.Q/idt;~ldt~,J!~ip~lch\t;;".; hie fall 
Ihe lc;,:!pad':"';;~lf~%'?~'~!; 

6::t21'I'C-lcsIRequlrements'&lVlcaSurenlents<':,:,i 

., 

• 

Record .niCiisurerhi.'l1r'Slaken,from pre'\'iotls tcslbf> thc~'c~y~it1tf,~i~' oll?'11\~)'lt<;:SI 
~~, ~. 

Take,;pi10i.og.raphs9r\t!i~:e~,ICri()i ()fille' le>t ,artie! e iq providc\~isi':lI~~~;;Jlsrlc~()f" 
:the'tdt'Ilrticlc:pre-t:esi conditil)IL 

" .' ".- '".",":,"','" ,,,,,' ,:' 

Ccntul,}':lntlllsfdcs' 
, Bristo'i,Virgitli~ 

Vcrsa-Pac,Test'J'hm Tf,;'OO F Hevis!!l.!fO; 
;Jnnllli11\ 20i.zJJ09. 
,'>-," -", :":""/,.,,, '--. 
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13

e * Measure and recori ihilri tcritipilurat~theL drop+pad.

,lMtasme aid Iceord te ipr rtustthe surface f Tthew iI)wPilý t

:.iOfte Suspendedt rim.asrurc rod rtoO rcitilrrd te gie li.l the test 1,cictie iloriented
Ito te nIearest 1 :Incr ement. T Ihc i iso rern•nti• to beIwdithi;: I• t co tirc

ispecitied drop oraientaron.

* Litt tine. te~st arrlc e~toahesreqwrcd drop heuitht Measur- a~nd .i'ccord the height
fioni In.t surlaec~oir0vtlie ~resf"-t~d~to ~thelowest poon oPtireti'oest- :artilcLe fhin.

rnJslured h 11ht1ntst Ibe ýitlleaIstf ithespCtfieCd he•wghtl qurrld lor the iop buill o

6.3.3 m Post l phis4Requarcnrs: :.

Fdltkwcng )theHA- sidde pundture drop (Teit Numiber i, *to ho cIf Wint:xialtreýs ar
,required'

h, 1otog raph tlie eXleriol skrtfai s:of the~lesP~stfit lc p&(prosdit:s al, evidence. ofvi> .addit'roint appld•&i:•i•d~arna gi{:

P Document any aclddionalarimage.to tli,:pa l age, w : dceormatnoo or bolt hature,

o.Record Othe Iiftoniatoin .on" the apphica b itL t ft 4ormdwandprocccd to n1cvt [tet
se~quetnIce. ".a : :.i

X4. Mesure and record the forquc of oter: cloSure bolts

o* Operourer package and remove tie 0uter lid.

io lartographthe fderir surtace I olf the-tst rti earidxamoe: ton anvapparcnu
dndricatnons ofe cirtaunrientn boulndary ioss ezg yavlo martr its.

. Ncwsore and reizordttre torque oJfinneridr bolts arid rcnove tdne rroer•:•oni~inriin!
Cr505y blirl id rlage ,••

* xamdinre ttii conditio~n of:. ttr gaskdet'::nid payload-:rtioltnts'. iLdrcord lthi

orfonnia~tirin ontlie teirecord. .;."'•. .....

SMeasure ~and recor-d the centerlitie ankdnear side distance tothe:dvvze, of thQeiteivity

. Rieolve the innerncpayload ýif possible) arid rfecordI ais appren t dmage or
m wetncot to lhi timer co ritainrrliet cavity,,

PIhotogtraph ttre inncr.casity 1okprovide visuat evideceS oi:ýiv:apparint danýi'g&

.o.Coniplcelie .teest~sequcnce record.

CenturI:ndustries Versa-Pane TestPlan T1-4t I Revision 0
Bristol, Virginia 3anua 0, 2009
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•. .tv~i.!a~ure ami re~ii.fd:lhe;ail<f<,:rrip$r;ltllr<~.at.;th.e:<if(~rl,pad., 

~. ·tvtcasurc·and record'! h~,lc'n pCfaltljJSXlnJllcstII:filC:c elf thcpackhgc'" 

0' :'Qnce sllspsnded tlu:asun: and n:cofd5Iic' ;ingl~;:qt;yvhich lh(~ tesiii{ii~k.is;g~icn(ed 
;'(0 the nearest. 1" increment. Thclllc,lsuremcilt':ii; loh~ withiil:~~:Lj)~ofthc 
'specitlcd drop oriel~taliofl, -. " .. " ." . .' ..... .... 

Measure )q'!cI'Xc.sor4:!he· hel gh~, 

)f~;f~rN!~W~~:J~~~r~~~;~ili~~,~'·· . 
('.3,3'Posj~T~~f;Requircliit~ntf 

. F 61lowin gthc,H ;\8 ,ii,de 'Plllidli redTOp(T csr'Nlinibef;~I~)'J(;tJl'c~:I~lJowi~g¥ac~I\;iti(:i2ale,' 
.' ,., ,fe(!llircd: '. ...' '. !,:,'" ,:" .. 

. • .' Pljbt 0 gra~hlh c·' ex! c,:, di.: sufiacesi'of, h e; I ~si 'art icle't6'·pfo~i~I~~v.i slial t:vi de nceof" 
aJl)'~(iditionnl app~reilt:clllniage" .. '''.' i ,...... ..' .' < ' 

• . 'l)o~~umcnt t\I1Y'adi1iiiOI!~I'{~artl~~~t()Jhe'~l#'~~\gC' 
• Recbra 'the' i;lforin':1ti6il<OI! 

sequ~;lcc 

. o,Mcasurc<lnd n:cordth\: torque 

. oi Open outer package nnd remove the oilter lid, . 

_.. ,Ph6togmpht hei lileri til', sud'acc ,(l(Jhelc~t 'l\AiCI~'afl~J~!~iiheJ(w :anf;aPJ?tif,911t 
,in{!i~a!i()ns otcolllainmC!11 bO\\lJdary If)ss::c:g.j):!>~Fi!i&,1l1'lt':fi~lls, . 

.• :~'{i:asuri;and rec(\rci)hc torqlic of' i.llteri<:ir.·holi~,al1d·n:;move -,he 
cilviry hliiia nimge . .... 

• )~x<in;ine j!ie,;.cqnditiQll0L the, gasKcr and 
,iiI fOniiatidri.61l :tlielest. record. 

Measure. and record. thcccntcrJiiicandncar side distance ;i(hJie.ed~e:or:ilie;~,.~~;1t v.· 
• . . '. . .'.« ,~. . .' -~.",. . ,', ,-" " • . ,-:,', 'd' '." " • 

;.,; :Remove the inner'payload (if possible)aJ.li:l record, <lny,tlpj;tfrclllt!amage br 
IllHvemcn! to Iii..: imh.:r.(;olltaimneili cavilY:. 

I)holograph th~· illl~c~c(l''>il);toprovi4c visuale~'idcn~eoj:~lIly.apl'ar(:~I1/dani~g~,~ 

'. .. ~QI<llplclc:thc!esl's~{lI,enp;: rccord, 
, Ce~~l'1'lndustriesVersa-Pac TeslPlliri 

Bristol,;'. Vi rgitiia 
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I4!

t;.

:::l'&s1 No•:. iA "l1es½ No. 1B 1 ts1 Ný I :
NM lop I.'.] Drn I lop 1T\Fd:I)rop t A i I"Id'j num,- ... op:

Figureel.:ý.l'esi Package No.l - DUropTest (onfigurations

Centuinlndustries Versa-Pac.Test Plan ITP-01 Revisiun 0,
Itistol,1Virginia aianua, 20, 2009
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-7I0 "1'ST FPA(A %K(lF 0.V 2

7 %1' t:<Nur er 2A -C "loriZlioStdl Sidei p..

7 ,11 et• T"CInfugurlioi .

Ti1 st aA is a free drop onto dii :hor znfaa side of in o damagid test: arictle ltnt a heightI l i-ctirs t4 zect) as sho in Figure 2. Tlhe tcst attii e sd spendedjIfom a crane Iy

:shings and ¶athad idn: a ritease mechanism is to hi lihitd :a~ise -the test pad in a
"horizoniat side oiientato so sh It theI lowest point id the paikae"ns at h>'. mneters t4 feet)

<.:ahove thi top Surfaice ul fhe!E•tl:ii. ist pad heest artii Ii shiould hie releiasedFso thai it does not

o h'npart i w.ot inot ii intohe package feeLfallI to i11t2 lIt'pIa

I nor to pirtogrmin'fg >I"s c JNiber 2A thi. fulossine pi•!re%• tet•eixit" Vs are to hi. coml)lietc::

ifi

(.* •Mcastne and' record ithi. lest arlicli tempeiatnre upon remo•sal :florn ,thi

conditio'ing iom
!•"2Rucoid the list arfilc seia i numhc,

•Mcagsnn if•th c.ioitloii.me d thine lir. ide dl~rissaecto he •d• of thi m maxix pmri.m i
closnte of the, inerk<.rotamminniY awx itAll meaisormcnf tlocationls .should he

ma- id on tthI packate

Wii h a I d the emptI IteI aIrticle

I t

I gai~lthe pi e-loaded 3tt igatll fini ii e:dru ni:;fto1 the: fi am tick ino rune titanmi nt

* . pre!•id one I |o nntd of r'esidual satndldi it i o the i ninercoa itian ii eaxitV.

.. Vdi•if~y~that compl~onents used for. fie iiim~r.,iuoamett w avx ,t I in good
.onidiho0n.and are the proper compotines per/thei•: a~ijiigs

- n tali e~coiinaurentecaxtv gasket and hlind flaiige Simui ait~lid•'ho5ts por i n

Inst the oi~ite gaske emon aiim id ii sin -pt ptopm bi
iequfir'ed I by e dii~ i~awimJ applIiiig tor me ii f 40 ft. lth i locut hotis:in it.

l - nsall!;onter drum niii "aid tdrqpk'fdhO.'filhs. aiis.and:stall smzcirtt, seal . ... "<

CBenturs jndustris
Bristol, -Virgixfiia

\Versa-Pac TIsl Plan TP-001? Re'isinmn 0
JanuaT 20, 2009
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• Install cavftv' gasket llIidblifld nange. 
wrqucof40 rUbs',<in:lIll allctn;ltiTl~ 

/ ," '"." , .... , ., " 

.. d!lSJi\)j Ihe gasket and n:i!lj(Hn~d dnim lid 
required applying tim,lllt' of 40fL Ibs 

,,' pl'opcrallcmating mallm:r.' ,.. , 

'8 InSlaibolllel dWI11 .", .. , "<.;.,. ibs and':instllll security seal: 

" CcntmylndlJstries " 
Bristol:}:~:~rgilii~'. 
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1 h .t1 6

MWei: and record te lCaded tI! c •J i!' "r

a tpon ure r eso re h lit' It 1oa Ito r1 the 1o..i th I,~o
o 0 111 JIý" " a Venfyi that tin.exte'.ieral aetlate sentI plug i•s r place -. "" ,.. ... :,.

* Fake pimographuso thel~cext er rot the test. artuele to provide visual evidenee-off~'

the te~st anle pre:tes1. condd !nC

':: - • :' ,," Measrrre and reeorid the tmpmrature on tire surta~lce dIn'i rtuc ~ kage. ::.;i•ii ... :

:-.'. :" '>, )rsce" fsuspended nlsrc.asndre •'cord th'e anglabx@9hiesh the err article is *]o'riented: ~ i
to the nearest t'*"iuruerernt, Fhe e}asurcui@{ineor rsto be xtriii':n I i0; ofl thie

spriredI d I

,.: :Il.tt the test. antrice to til. ueqrtred dropKhergir Measure anld record the hedight -

tro3 P the suirf of. the rest padkrothq's tovsest poiot of: the testarlirie-tie -
rn.,astireu her•girt rou!•}t he ~at: least the~ipeeihed huerght n:epmro d ltr'Jeth op hd•,buit, no;

more ihan pi u i 2 nruechI 11 lo

t I'0l~ioving~ th•e NCT top end drop (1Text Nurrber-2A{:t5the t'oiiowig activities are required

A-I 6

- a Photograph the. exerior suttlaces ol tire ltes article to pros ide'. isoat es derice ot.

any" apparent damrage.

- l.)erct men airs ippirertAnfitgrale to the package e .g delourritnit it ior bo)lt tar l-i

,, Meas'e the hre ght, and drmirter of :i hen irtrs ari~h' rd recor d dhcerntormatruor

-,Record tire intorm~ation on the applicable =test lornms.Kand ,groieed td': nexl .tts

Ccntui•v indristries Versar-Prr Te~st Plan TP-001 riesb•onr 0
Bristol. Virginia Jranutrry20, 2•009
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7 2 Test Nuimher 2Bk -fA I: e vlirizonal Side Drop

7 2t I( eat I oigurafioný;
st 2•B•: s~a free drop onto) thie lir•oi'otaide Ite th d d test" artic. e usedto eh:t

suspeoded sm a.Iefmrane k slings and attahedJto a relsa'mIchantsm is to be lfted
above the test~jaidi ahonizontaf side one rati.~.........leowe'." point o1 the package
is at 9 meters t30 feet) above:ttii. top surface o/t the .test:,pad ~i~e test artice eshotuld be;
released so th at it does ::ot noipart atniion al motion into ihe paekac~e tree:.fiall to th~e testi}

7 1 2 Pret',{liest ui run.eiifs & ea~treienls :

- Record measunementit' tki~n: lor pievioos test of thle test :artile'on: the heA;
record

> ,•. Take~phOtOgraphS of"th l xeert~iuiroetest artiele'rto ide visuad esidenee oU fh fiet iftarficle p ie-test 1o1wd tIo i f:2f•tý:1.'ht 1 1{ 1;{ 1

:: .. M asure aiid iceord the ar temperature at .the dr~op paid

IMease •,d ree•Icthe emper aýaI e on the aIm tiaiof tI f tL , I....

d ~ ~~~~~ ~ ~ ~ Ifmý, 10t 't iL:`ý:1 )Il'l JM ',I ý -0'!

"t Onee tuapended measure. and rceoird the angle at sshti th ttet {•s'ttei~le is orilented
to the ilearesi I increment; T1• hefmeasuretmen~t is to tie wifluuil. IhO• ot the
specifie•d drop orieniatioin

,, -f ft.the test :articl eto~he:required' dtop h:eigh t• Measuie~ndi! ..... . reword t.he~hli'gldtv .
frlom [the .surfac of Yhbe. test ~pad:,to~ithe :low~etsp•bint#ot 1tlte test aitilete :lhi
n> {icasured hteighti~iru-ti~:b:e at ~least the specified height rcq~une~d for the drop';•but noi

7 2a3 PosNti est Requirementlis .,

vh oloin. aumc rerq1e
(odlonig tI e hAC top end dp Jest Number 21f th 1o . tiie Iid

,,Photograph the: exterior surfaees of..hei test airltcle to pro.; ide isutla es ideiteesof•i
an.addi-ionat appa'f 1t dhmage

o ;Digunieiit anya additional damlag'to~heiIpackagd<e a.-ddoi rnation Or 'bott f ailue

*, Meartii| the he~ight and ianieiei of the reis-tanrtkle.m rid cordlti thufrinamon

. Recor d ttte utfoki'titbti~tio on thle azpp lcble test Ii in a inifPtl o•rc2eds toii. tle5t>As

.eqitellee ,

HrkitoL \I, nigiia
Versa-Pac Test Plan TP-(IU I evi~iun 1)
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Test i'iumlier 28 - HA~:,.~(I' Ilorlzonllil Side Droll' 

'. 
'. ',.Record the 

scqm:nc.;. 
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7T3 Test SequueNuncbc r 2C -I IACi 30"Cr'(ush iPhteSid Drop

*7.3 I e, COnliguration

Tet isa crush plt~d pno~t•ifio• sid e of the diian gid test artil&6x~igSdhiiig

Ihe top coti~ue and !th lop 1iterina|conta1mnnltut c;vit, , Yosrt I In I r 2 Rst;•m ,
from1 a 1 l oh I L 9 me0ers•f•.0 feet) aC sho) Inm inl :gure -. I ih' prihilpate is suspended
tron.ac iran by shlngs % ad ittalhed .t a release. mwchanmsm is to 1)h lifLed aho•e the! top of
the te.st article located on)I thi. tet.S pjd In a1 holizllial woriet'llill s that ti~loet point
ofthel rush plimti i atI9 '.imetler (30 feel) ahovekCti.l op surfaIel o dhtes aoicke located
wiOn L the lest pd Ih 1CnL11,1 plate: shoulld he rlteased ",)Ila t ~idfles notkifinpait rtlational
moio ) itothe •enis:fIh pthelc! tiee fall t tIhI l imPact pmi "

7.3 .2 PrI testl equkrlirients& Meaut rrenels

* Recoid meaisirrcicntstaken from prviloustest o-1 the tIst-I aiikt:l: oiltOllets
iecord: : . : . .

'I Take photograph• sotthe exteior. otthe tes1a1iCle to pro\ id.1 1 iualcvidenc 6oo

- Measure and reord the aite•mpIeraune Lnth diop pad

S :Measure an0,d ieeod the npe"rc othe sliIAC Olf te t ackae e.

" Once :suspended imea•;uaic record~itd the an l at wittch tlie'tcta le is orie tcd
to tlhe nearest I mc1eneni, li nit.muremiienl t tovhioiirlm. t ,) ofthe
:spcecitid drop oiiientatioii

* .f itthe -est aiticle to the requiCrd diop heigtit \casue ac d record the heightll
from :the- surtfic olfih tcst pad to thI. 1owesypoioow t e test ; .a iile 1CA The•
filk:vicd height must be at east the specified heightCcreqit-d fbi the dtiop hut no
i Ole th li pius 2-inehe-

7,.33 P,.s t-Ie.st Req uirrnieiitIs

~Followviig theIAG:.. ci~uslr plate drop (i'vt .iN Nuier.':2C. the tolhowigraic Ites arcrequItired: ... • •" " " :... .

Potogr-a1)!.-fihe-cxterio. strices of-the testlarticle to•proxide visual cvide ýiieof
any additioald ýipparelnt dajihgc.

Docimienta ania daae io •iackage ei l detohni moiin or hIo'tlkiliii

i-Rccold:the inibrtnatioii oi tihe applicable test t mdris.,and proceedc.c ie tk xi1 test

Cenrturyl.lndlustries Versa.Pac 'rTst Plan "P,0l Revision 0
Rri.sOc; ,Virginia ,Ja!nuar 210, 2009
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. .. 7 );i " "J~it(;{iIlfigllr1l1i(Jn 

Tesr2C~i~W crush plale,(lt~?r.<NfJ\9\!!;,~j,~p,~~~()/!tal .. Sid~of(he dam~~g~d hiS! .arti~'l~:p?~~~Hig 
Ihe. lOp closure and Ibetop'Inlemahcontmnmcntcflvllvciosmc used I'll cst ,1')l1ll1l~fr.2El 
from,' fI·.IH::ii:ht .of.9mctefs':;J()::f661;>assfi:g~vnin'FigU~e;2 .. The crllgli~plalef~'~nspe~ded 

Ih:lllia'crai;c bv slingsaJ;J,;ita~he'ditoa;r¢I~;iise;rriJchanism is to bejif(cd;~~ove;the top'of. 
,':'~fc;,~~s~:~r!lf';i'i~Ft'rl~et't&~'I~'~fc;~~J~~a1i~i;~,t\~~~~l~f~riciltatIo •.• ' .. iff&~{~t~~~~t:~~~1~~ , 
"oIlIJie:'!csLpadQ;)1c;Cr11Sh;pla(c SI)()lil~lJIl; r~.Ic;is&r's();;t ,itfd()cS'ih'6!~im~)flrt'rtitaiion1l1" 
motlor} iiijo'il:lccnl~hplate'(jl:ee fall wille impacti,l()inL';' ... ,.:. 

7.;J:2 l're~teslllt'qllir~ml'nIS &Measun~hl~llis 

• Record lucasnfcmcnts ta~c!lfr0111.pl~CyIPlls· tcisUoi''the tcsr;\II;!LtJt:()il~'thc tCst;;. , 
'red;i:d, 

'. 

.K;ICaStlr~ .. alldrC~pld\hC'ICnlp~ralttrC.§I{itJ~}i~\l!~~l:?;:~i~~:~cE~~~t"."~.· •. . 

..once .. slIspended measu re'nnd;record' tliC)'\!iiJ"2:·at<';vii;k!l;tfie.iici;t;~i'tiClCiS. oriented,' . 
'i~l thi:iil!'arest I·i;;~rcmenl~ tht:I!l~aS~lr~I;I~I~t:ri~i1I:(:\\~li . :1.0'" otihe; . 

:,$pecifie~diop orient:lIiOIl·'~ii:illi!t!1~/ ;;;:')j'o:,:, ..... . '''' 
• .. 'iLifiWct.estal'ticle.(c)thc· fI!qtiirecLdroi1i1ei e, aildrr~,cJ1r? thc.il,~igllr .. 

j'11im.lhcsnrfacc .of 'ihe: ·leSFpad .10' the. lowes of ihe; ;test:'.,iitidc;J;He ; 
,;i~:isu;edl;~ight nHl~ll;eaLleilsttl;c'specified"h~ig tlrequircd'ri;r tl;i: drop, bu;~;(;' 
d.ltQiA~ :r.hr!1l fiJ!l"s ~~: .(ncht;~;~· . ". <:" .... 

:7,'3.3 1'0):;I-T(,:'I1 Requirements· 

J:oll(\win~lhe HAC,ci'us!r'platcdrop (Tcsti,Nuniber.fG), !IH:<ii:(\II\i\.ying'~fi¢tivlties ,ar,!Ci: 
ri:q'uircd: ~ . ". .'::'.:/'.\ ... 

\ .. ;". .. .\: ... 
. " ,~'" " 

·..PhotograpI11he 'cxterior,surfaces of-the'ti::st;1rtidetoproyide,wisuli'i;evidencc';iof 
imy a'dditwnali1pparc,ifdamilgc . 

.. Docilllierit:any addiiilllHll danlagclo the Ilacbgc; c"g'dc{i;f'nlalion.or 
. . 

..Rccord>tlie, inti)nnaiionon the applicable test t~mns;,and. 
seqneflcC: 

c;enturyJ ndustl;es. 
Bi·is'!lJI;;Virgillia. 

A-I8 
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TetN02 c'sl No.)2R l[est No. 2(2

I AC 1 1 .&Dvvr II-IA( ToI End Drop 'AC( (r sh Pit-

Slde Drop

FCigu~re 2- Test Package No. 2- T'esi Configurations

Crislts, IViduslries
Bristol,'\Virginia

VersamPac Test Plan TP-001 Revision 0
January 201) 2009
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'NeT ~'r:opcit;(IDr6p·· 

CcrIIUn';lriduslries 
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J0

t& 0 E1ST 1' PA(KG-ENO. 3

N. I I (.,t 0111flg'IinAwn

article horn a eo~~~~~~ht of 1 2 me is4 ceassonii t;~r h ts rilsspci'•~:tkd from,., r cane by strog'•:and~fitra•hed to• a release uiechrainis is to *bciltfil~

above thlc test pad mi acenter of graIvu theu the top co, sure taTtWl!I00 so that the lowestpoint ol the paekage is at I me~ters.(4•!~te0"a oethe, top suriace of the test pad. Tht tetis
arhctiri stoutd hibnel reased •o that. n .,doi(s notim•••partt/otatiooah motion• into the packageAli. flil i o tfl ttest paot°.

8.t 2 Pre-test Reqtriremenlrs & Me!asurenents ?'

P!o i !To peona Iin Tes i t Innme Ili tI follo-in pIe t Ps aervtel to hkiiile

* Meassure -and .record the :test( artrek temperature upon removal from the
c nditi onint. roomi . "g,. ..'iiiii}!!:: i i:...:. .:. - .

l 'teeord the test art•icle serial mimbi . >

... Measuroe tIre centeithne nd the nem a dedistmi. : e"dge> of the .... it pr t
i etsure ot tih nner conatainmenteaw tv• 'Allmeastiremiut locations should ht.

S ; .m arked ~on the package .:

•,I i•ke, phiotogratpIi of theinterior anfd exteriotr of the package to provide v¢isual.vlidenceioh Ito pie-testcondition

-. :Weitth and recoid the-enipis lest article_

- .ood thle predc, aded 30 gal on irdier druniiiinto ti. te:t .1tidce inner eontamitnemnt

,, Spreaid one o tihnd of i esidhuia sand/dirtl i ntii the nu ne r eo at•4innuent Las it

* Verify that component.s used lbr .The inner, containmpent eas•its "are ini good
condittonan~d a-c: the propei eonipo~iertis per the. drisiii•'bs

*, loslqatt th•<-chntaintnen cavity gasket and blind, fliane '500g ill ltd holt prior to
* ajsj{tyrig~thie' ee}iired' torqu m 4,t" 4ft ths in an al remati nitoi tni-e trotat'i:on~i

I tIstallI tlhe.: oit et gasket an'd, ic nforrzed idi urn i d usir g• :the a~ptopr ate bot t as
ietli id th drwin, applytig toritte of 4t0 ft thsto hle closure bolts in tire

proper atterniatiing ranrer.

Cen) tIrrny 1ndustries
Bristol. Virginia

\,versr-Pac.Test Plan TPANt Io Rtkilln 0)
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Cenfu:':' IlJdust~ie~ 
J1ristol, Virginia. 

'''','' 

Century Industries 
Bristol, Virginia 

~a$kc! and·!:llirid.lhinl!e 
.i40 ft. Ills. inanallerl;~t;n'g:tl)rqu(' 

. . 
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21

I lnstall.outeIr: drirn'i ig and lfit I6n t60i• r>lbs•Ind instl ltfiw Ys'eal.'

* Wei~th and re rdrt.+li$loaded tetl aitieli ;

vpo clo 11 masýiir the" heih I ro t IIIvheotom I rlIII 1 i f) Cbt top of* th clsurefý
r IIing I ( and dImer oI th oute pI cka ýgeat 1 vC the cete rollin9 Iwo p o! tlr drum. All

* me~uieentlocattions' shouldd eýniarked on! the: pack ige

, e Cify1ti t he, '1.te rn l a 11i C t %'ntpCI11 H i i p1 )i1 e L'L'

* ~ ~ ~ i faephtgiihso teetwnr ,I' tht. es article ;oi prov Ie visul ilvdicflL ,I'

* Mareand record the wir tcmperafirireat the drop, pa~d.

o Measure and fCCOrd the1ý ICmpratafC on0thesur1ace •If.II the packig .'

(n7e isuspen~dedmeitisure and record the ;angl ait•which tkh tcst! article isriolce4t.% ~~to2 thc nen ir 1 :.i mcti ceimetm{ [hrie ;incasuiement 'is :6.to ,e swithin.• 10 oi•'tl.:ie7i•:-
speciL'd drop1 t oIientationkl 1 0 (I: III,:

* Lrtt the testtcIle.-:Io therequlred drop ieiht Mes'trehd recor'd III,,,e<eiglIt
fron the sortace: :of.the tlest pad ohe lowest )e a0ticlel Tue,
measured height n ba: eiast tli' ýpecx led height re'fi' r t' br;he drop hu no
iire than plus 2 inches

• 8"1.3. PlwisorFet Requirements -.
l'tollowiiig the NC.!> top cnd drop (Tce~t Nimlber 3A), die fdill~o;,iiig. ac'tivities~ar'e reqmriedl

<Pho6toeaph h-e. e~rti+ siir sifccsesof the. test article to piuvide L isia i•csdenee of
4any atpparent daniage.•

- Dbociuaeritray apiarent-daiagetio ihe-package. e.g•. d)oiaoi, or l otI.ilnre

* Meistri ce tlhilii•gl and diameter ofithe test article and.recni d dlie iln otrmatiiOn

- Rcc;rd'; thc rnforiialiohyon1the applictile1e test"foni ýnr d procecd to netlrest
*seq.uence

Centur, Industries Versa-Pac Test Plan TP 001 Revisimn 0ristlnfr, Virginia ,Januarv;20 20;•{09
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.• . I nSlal\(JU!cr'd himd iIl?,IInd ", ()rWlclo;(;Ollhl bs",aild j nsi iiI hiecuiiiys~;.il·, . 

WCl~I\,il't(1 rcc(;r~Filcloade;j lest 

• .'0P~~'\';lbsun:;nlca:llre'Ih'CnCi~ilt~;iro;n~tllC.boti(}il1'i:im .. tO tllctolJ of thccl6siiref 
~'<:':::"""~:'.~~"". ''.', '.': '.:"~:' ... .:.~.,.,'.>'.~ .. , .. " .. '. ': .. -.:J<:....~': .... ,." "'" .'.".-__ ..... , .. ~.~ .... :--."'!. 

)j-iiigand~di'll!i~t!'iQ[lhco,ulerfi;ick;igc:ai'lhettentcr. rolling)hoQP;()f;tlic:cifuni:,.AII' 
).111casurem~[ij:lo:qati(~1~?S~9lil(),~k~,ih~arkedon"thepack~lgc,' ". . 

... :- . ".:-:::".' ; .. " 

.• \(~rify tb}\! (he·\.\xterni11hi6eI5tei~,erit'I)ll!g is il~ p!nc,'. 
-'" . " '. ":" . , 

". Taki:photogl:~iphs o(the§li!ptioi':C;j\,thclcstarlic!c 
theteslani91<rHe-h~st:c(l.ndition: ,.. . . 

• ;/ykas,urqn(\rec.ol'd;the, air lcmpcmlu'rt:iat;thedrpp';r;~cl;" 

.. .' Measureilnditcordthctcmpcratute 6nthe stlrfase't1t't'le rmckllge. 

,:., ,". ..... ' . .... ... , .. ;,:.}.::;;:j\;, 
'. :.Oriee suspendcd,measure and record thnllig1e'at{\vhiclr the . .• . '. '. ,,' ,., .. ," ,,,.c,. 10'" , 

:. t~<thc" neares('IO :'increment, :Jhc ,mcaslil·cmcrlt]is;'ld.; hc..; ~yith ill' 
'~pecifi.e<idr,op6i:ielHatil)lj . 

• Lift 'the 'lcstariiClcIOlhc;reqilircd\<iippheight 
from tlie .sud~cc ii)f:,tt)(;':i~sip'IIJ:W\filie' .. , 

'lueasurcd hdght must!)cat;'!caslttie:sp;;cin" 
III ore than pills 2 inches> ,.,., 

·;el;otogr<;r;I}:,t!l~,exierior surfaccs;.lfthe lest arti~:'lf 
. ·.:iiiiy npptit:enrdnillage, 

• :13,;cunwnl any appa renl 'damage 'to ,th epackagc, e.g,de'f\)nllalipl'().r)h;6(td'~i Inn::. 

", ,", '. .' - ... " . :" '", ;-.>~~\ ' ··~.1~S;:: > ~ '", < 
• 'Measurc·.thc,.llciglll,andcliameter oj;the.tesl arlich:·and,rCc9r~;tlrCtiiJforilliiliull';: 

• Rcc(iril'thc IflfNlllfltioil:OIi the applicablc 
sequchcc. 

Ccntuijlndustr*~<; 
Uris'tol; Virgillia 

Versa-Pac TeSt Plan 

A-21 

. '/:1 ,,'."'.::' 

TP':,j)OIRtMsiOil;O 
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8.2.1 Test N.nd 'rigu ratioo

"I"et 3B ts a °tc d'op thin thu ic4er• Of w"tv.Nt onto OtW top ,Iosu e ihc damaged test
artickuldt sud m -Lut•, Num•b'er -A frow a heighto') 9 mei n t)fl ft0cet):as sýiholln in hig'uIre -
The t1est" ar-ticic ; uspendedicc fo a crane byhsimga•nd tiw••/hied to a reI<ql•ueieihaml Sil S
tob, Jiled ýeabov thcte rs 1pad1 i ai ceCtet ot 11a1 thru op ch oiurc inientaiton sol hat
the:lowest point of the :pakag t 9.ac9aeters •s(30 eet) above theI:top surface of the ,test.
pad Ihu le;i articli sjonid b• Krle Om!d soit t doies lno impalIrri11atonIdl motion into
thu p ickagefr-clc kall to tihu test p'ad

8. 2::2 P re-t•st R eq uiremuofl s&• NMunsolremnuts

* Rucoi;d:tmuasurements taken fioni .prev;ioufstest of th~idie tut ui~cek on the ie&::i
record:

I Fake photo.grlap h'sof thuxterirofhe (T st to pfo('idv \tvilevd4ene of .thu lut~s article pre-•test condition, :, • ,••: ,i.i:'•

* cMuasure nmd re.ord thu: llrtciiperatureatthc d p4id

-* Measriie .and rCordh tche:.lepcratureointh sttrtaeefthepa O clle aa

i .)nee.sspcidud t easnru and 1 m td lc te2 anlgle at: Whlch fthu tust ai •cl I, is onintid
to the nearest I iel ie1m1ent:iziejnei stnu' nt is to be f within I i0 o; thepuiecifndih;idop oi'ieniaiionn •

. LIift : t testl article to th irequired.'drop Nheih.IMeasru and r:ecord 1tCe lheight
fromn the, surface of the testi .-,d to. theox-s. point o ll, thest artch: T) h

easured heighl nusth'e at least thle specied heiihght r0 eired for lthedJopy, butl oimo{retiha iiipl u •i2 :inehus,"

& '2.3 PosIt 1 e Rkq-ui reto onS

Followimig the[ANc top end drop (ILcsi Nnimbet IB). i m Ihd I!--i'Iacti ities are freqirud

Ph, tograpli the esut -lot sI ftoLes oft.ihe. test article to pro. ideV sisualu ivdenee of
,any additionaidl appar-entdamage

* Docunient any additfninl damage to fthepackage, e.g dutormation or built f iii tiwe

.. -Measuire the heim~h and diamaetei of the it aitmde and recoittd the: oitjona"on

* Record the inftrin utioio Ihu ap plicblelesI forn I s, anid plrocee'd t n:cxl tCst
set| tenlce

KCenturl hndustries Versa-Pac Test.Phn TP-ft1 RePaisihd,
Bristol"Virginia iaonuan 20, 2t09
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: ILl ',l'~i;~u 1l;1)¥r'3}f:.cliA'C'~jQ;jt;~,ltt:!,.,~t{;~:av,j.(t~f{j,i. ~'Ii.Sti rc'[)roII 

'8;2 .. 1. j't!st'Cunligur!ltiqn 

TcslJB is a frccdwpilji:ui,lic c~ntcr of gl,:a\i~lyiSn.tollm. !Op~:iOSllIC< ,1f\h~'shmwgWr.kst< .' 
'arllc!c:liscd .in Te:sfNllnihef<'; A froin a 1;l!ighi{!ltI2\n1eters(30Tcct)~sshO\vll'inl;'[g~:re;~1;. 
The tesLilrticlc suspende<!cfmm .. aCnlne ·h;';slifigs{an'd{aUaciied,l(hUre ··nfec.h~i\isn;;:js<; 

;:~~b~~~~~1;;~,~1~ed\:~~;~e.i~~~~i~:~~}t~~~irf~;~~igt~;,~~~~)}~~~~~{fJ*t, ... ,. . . .~!!l~;l~~;~~it.· 
pa(J, •. Thc. testarliclc, should.bc>releaseais(j,thhi it doesnot'iitip1i{1r,i6Iationa!.motion jlllo :,", .. . . ": .. -. '> ·:.~<··:~'::·"··"":~·::·'r"":".'· .:.;. ..... " :;. ., .. ~ .. """'~\;-.~··~'i'''':'>''':'' . "·,.e'" '," c,-_, 

l1re:Pflckage'frccfaHtolhc Icst)p,~q;: . . . ':. ' 

"'8,.:2:2 I're.;tbt;Rcqui"~lilell.~~!&, l\l¢u~iir~;lncnts 

• /Rcc6i·d· mcasme'nicllts taken fronij:irei.iiGi.t's' tC'st>ol'/ihe' lcsi'~lfi~lt:: qn"liJ~:,i~,st 
.r.cctird:. 

o Take phntpgraphs ofthi: cXleriorl1f..the lest tm!C"'>'I,[)i'r,rovlde~:~(,i:~I~~,I!~f~~!~,'~g(iRi6f 
ttie.!eS! arli~!epie~tcst coudition. 

.• 'MCll,ureandmreCOrd~tiieiliricmp,cra!Ureilt i!;~dnlp2~~1~: : 
' .. ': .... ;.;.:r.; 

o : Mt.;mlure;lujd/cL'ord JheJcJ1wlifillUrc'On .the st;rl~;£2:()f;:t'!1e~p~~kllg~W" •• , •.... ., 
" '.': -" ' .. " ":;" ,;';i'~;;:::' "'. ' 

.• ' 'Once:>uspendcdrileasnicandrd:bfdiiile:!mglcat \vl,iCll.:tii2"!es; alliclc i~'6rientcd 
':.to lhc.nearcst . jOinsj·C;r!Cllt.;I:he/u1c,lsuremcnt is to:b2~'\vithlll LO" of the 

... . 

~si}eCific(j(.Ir()Porientati~n.·· ."....... . ""~,>+ . 

UjX~t!le:tcstaq i~re'io~ille required !drophcight. }~1ca~lIt~ ,':n4~~~f~~ll;~g~jgjJ; •....... 
,:fr<iin>thc.·surface .ofthc tcs!·'!Jad !ci)h~.;:IO\~'e~r)il~~illl(jf thfo/"t~sC:iltljc!e:;)):hi: 
II)S}ISwcd he.i9!111!,usthe at lellsl 11.le sp~dfici:llicjghli'~squircdif~)J¥11l.eJ£lr.()ni&llt;'iiti 
lHorc.,thanphls:2:mchcs. ' ".,// : ,,,,,,,,.., . 

. ":\':;\,' 

F OIIO'VifiWtl:eUf\c-t~p:clid,dmp (Test Nl1f11ber:3 B },thC,TollciWiiig~~;tiYij~1i~~eTeq~l:\~F:q:,; < 

• .' PhoiilgraphliJe extcriorsurf~lccs Oi,111c.·(CSI articlel()pr'iiyide'·:~;~l~.ji-~C~idc6¢,c,,'ot 
'any additionalapparelitdanlage.. , . .i:' 

~;),,' 

Documcnt'<lnyaddititinaldmnagci(.l·itic'packagc:, c.g.dcfonnaliQIl (If bolt:kt:j{m:, 
.. • _,.' •••• ," "v' ". 

!\12<lsurc Ilie hcightalHL;liamcterof ihc.\dl,aJ'tic.lc and ri'r:Md'ih;;\i\1fm;;~fg;L(II' 

Rel-'ord Ihe. infonniltiZni"oiltlle ariplicablclcslforms, 
sequellce . 

,Century Industries 
'. Rrist(;i;\\fi~gillia 

Versa.}'nc Test Plim 
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.23

81&3 Test Sequence NuiiibeC -HAC 30' Shalhlw Angle Accelerated4Dfrnlp

:8:3.1 Te'st Lo n figo rt)aionl

/I estiC3 isa Shallow,: angle aeceetm ate~d drop at an angle ot: 1•7 degrees, from i'i;ih ih0>joiontat

side oflhe d ge tCd:.est .irtclehi•om h-ielhl of 9 metrs (30 fCl t).as sho\nl i-lo• 1 e1 3
-Te, test articIe• lh•s fd he oniented ,o tlhýi th top dclsutrei mkes.h e titim l impac with
test fpa& suraCe- 11C tes ýirtic1 stitpendedIr•omIaterineby/stings and ata-deio a.
release mceh•anim is to h1ýe hfthicd above the test pad[so tiat "theleowest 'ponlt ol, the
package isvat 9.nere (300 dcale) ahove lhe top surfam e of the test padId The test articte
,shouldbe released so that It does notnpat rotatoaa~t t cL all tto
the test pad:

8 12 :Pi{etest Re( uirsientlis A NMeasurements

o ~ecord measnrements take Irorni previous tes! ol the lest articte on 11the test

S T'ake photogrlal)pls of the externor oftthe test aýii1Ce to provide viSual evik ldcll&<ot I
the1te1 t artiCle pre-test condition

• MeaisuIre anld record the ar tnmperatire IaIthedrop pa0

MeiiMsi'i. and r'ecord{: th~tteiiripeantire on thi. \urliu.m of thie'ackai~
i e pe measure1 ad re1; id 1 h ag,,i $ic• I stI Iis 1,Wo 1et

to the nearest I in1reii ni 1 lie 2 0 o ttt I .' .

splexifed drop orientationl l

. Lift the tesi articlelo tihe rcqh'ired drolp h-eight 1 tasue1c ai.1d COid the<leiight•
fr0m hIIi.-siirfaie oIO the test pad to(i the lowest t oi t Owf the lt sl CIi t 1"
iiiea{ured hi~i hitniusi hie at least t111Cp ifiedwh etghl mrequired !ot tiwe dr11ptim no.
more thini pilus 2 inchles

8 Post ii) .•e~si R e q U mrwn le s

Following the' JAC s oallotw ain t aceC)rated drop (.iTest: umr' •e jlo
aetivites 'are required."

P Photograph ihe-exterior.surfaces-.ot:f the test articet1 too' ride sistal .x idee oh
aniy idditional appareitit dimage.

0 I) murein:itinyadditirdiic-ilt damnag,1gto the package-e: def airitilit<fhihrO

., Recortd the intboriataiii ott ihte aipplicahle . test forms andit idrcded to nlextl-si
* sequctilee

centulr [doustries
Bristol, Vi rginia

-Versa.Pac Test.:Plan TP1'P-lt Revision '0~
Itinuair. 20, 2009

A-23

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

. Test Seq u cncd'4 u i~ Il~f3C -1:1 . ..\ C30' .Shan~w :\I!glc A~~~I'~rnJ¢~iQI:{)lf 

'S::tI .··fl'cstGonfigul'iltielll· : :': ., .' , ".'/ ., ...... . 

<rest;.3<;;;is:a.shilIlowmigl(j,acpdcratcd.drop al ,mll1lgleof 1.7degrei:sfrpm;ihc'h9!:izQ(lh)I .. · . 
.... . ' .~. , ,'. .' ... ' '. ", :. .:_:"----_.;~.'. - '. '. -, .- -"., ,.:-.. ".," ,-,." -;V-.'<·', "",I( ~'." . '-"' 

·:,sige·.·.Of{t159'cla(11i1gcd.·t.e~l.ari.ick:!iQnl'.;f;h,~1.ght· of9.ni'cters· (30 fee!)':,ls:'slf?Wliin?l;igul(l i 3;' .. · .. 
;The:I:~LaiJif!~;'sh'1ll!d:;be oriented 'sp,!!l~t't!Mj&~Il;~!g?llr~'lria~~<,Hl,~;j!litlal,!W~~~I·.\\'itlf 
,test ·'pad'surtace,:]7he::(e.st •. artl de suspendedylrQlnl(<1t:qm ;sllngs:.and;attacl5ecVto :a: 

.•• r~leas(j. !l1eGffa!iisnlisito;~b::1~1~d:JlJ?~1. 'W.'.' . ·';pa:~.~s, .' .. ,jh~yr¢~~C§! .• ~$iniJol;)I,h'~;. 
Jlackag'c i$,at9fIlCte~·(30~rcet)· abo\le .t9psur[<lce 0r;t.llCI~~\)a ~.~~!arti~I~: 
,sholl,ldberclcascd'so that i td6c$1l()tjIill(artro~atjQrtaI1Iii(;tiohYi ihol/he e;f'f(e\f'all t6 
tlieleSI.pad: . . . 

8;U '~J~!'e:;;tc~! l~c<J uireUl ftnts'~<;;l\lcasurl!men,~s ~ , 

;I~ec()fd 'mcasnremcl1ts taken fr()ll1",pr~vi(HlS lesi. Qftl;ti,!cst artiCle Oil ::thc.tcst 
rect)id. '" 

., . fcike:.photographs:of lhe 
the'lestarticle.·ilre'~test eOl1dition 

• Otlce suspended mea;;,me>anclrccOl'd 
to the l1()arest I" increm(:nt: The 
spceilieddfQP orientation, 

.• Lirt thc;leSI'al1ic.le to ,the rcqllired drnr,'heigili' 
from thc;surfacc"oF;'lhe test pad to 'the 10'\\'CS1 
lI1e'lsuf'~dii~c;gIiU)\U~lbc at li.:l1Stlhe:spcci 

. . III Of<: th,~npllis 2 C{i16JJ'cs 

. . 

" the,:heighh 
C .( ,arI16It>. ~~ll(it:' 

~, ",.' ",~.'~" WI f:·· 
jortl~edr9nCbtll··no .. 

oPhoiograph .. ( he' eXlerior:slIrfi1ces'oriheiesl' articlclO' !J!'o,:ide. \;isuale\:idence"p!' 
ailyiidditi;)llHlapparClltdamage.· . . . "." . '.' 

'iJR"ec6rdthcinfonnaii6nontheiipplicahktest !hnlis alld.~;roceed.to next'(est 
sC\IUCrlce. 

Ccnfill,,\' lnduslrics 
Rristo'l, Virginia 

. VCl'sa~Pac Teslman 
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TI'~()(Ir Rerisibi~\Wt 
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24

* Po0tograiphtlhc interio sud~ace io'f d- atticc .nd: xanneq for fans mappare:t

•indwanons ol-contaimnniu.tboundanv tobss e g. payload~matenafs.

* MeiaurcaWd recodý: tihe torlqu of milrr bolls and removea the inner contanmlent
Ias iblind f1ange

* E xaain'e the.ondititn of.thCý'ti'kei an1d pay load ontents idand .oifd 1t1e

•InorrM-ikon on 1th1 j1estl reeord.

o Meaaoic and, recoid: thecenterline amd iteat: side distance to5 the ed~g,'of:'th•(cavtty

N • fIRemove. Cthe"inner palod id (If po-isihn i ansC appaILnt damiwig m or
.iovene:nt tolthe inner coitaime•nt eCai.. ..

a. :Photograph tfic innercavityl loproide'f.wvsuaf Cidcnce olauaaparent~naagc

,* ( ompic) te the test sequence reenird •• ..

Hris'tol, Virginia
.Versa-Pat a r'es Plan T!P-00 I Rev ision 0.

.Januiarv..20,2009
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• 

• 

24,' 

• 

, ' 

.p1i()iograljh}l~e'~int~~i~!::,Sllf,·fi;~,e<o(tijb';f\fSl'nftlsi~';,\!P9~~~a,11]fne.~f~!/il~Xi;apPll~4nt", 
;indicali(Jn's'6fc6!li;iillhlenlib'o~i)dlilyloss,e.g: pllyIOa(nmat~riids, ' • . ' 

lvieasllrC'iu,ldrccor4 ,th~[i9r:cj\fe;()t'li}tefior .hi)ll, ,lImi rem ~,\'e thei ll!lCLcpntaim;lenF,;" " 
cavil),bliildllange, ,',',',,"', , , ' , " " 

• 

'., \ ,,' . 

• Examin(:,lhcc,iii)'ditihri;fif5:'1hcigi\sker ,mld';I),~yloaH C()ntcntsii,id"JCC01ct,i,:fh¥;' 
,lnformaiion'of];rhe:lcst,recorg, ' 

.; J;,Rcnidvc,,:thc',inm:r payload Yif"pos,ib!c) 
lllovement to the inner coiHaihiriei'it"cavity:' 

" " .".,.' , ,A ", .... ,.. .' '". . ••.. ..•• .:" • 

. .. ~ 

" :0 Pbotogra~~lI'lhc irll\¢rca\;ii)(';b'pr6yid¢:viJlla'11~thj~[),~" 

.. ' 'C911IpletethetCsl;Sc'luCncc r!')cord, 

"Cen turylndlistt'ies 
B iistol,Vi rgi lli<1 

Versa-Plic Test Pilirl 

A-24 

"f;P:;OI)L~,R~\:ision 0: : 
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0

V ~

Testi:-:•: No : iA:?•!'•I:L ,.+ .

N(1C .o Drop

::esteNo: i 39.
'IAC (l'\jlirop

.Atelerat&11;!C Drop

Figure 3 £Ttsttackag~ No. 3- L~sr (>nrigiir.iti6ns

Centiur I1:ndusities versacPac Tesillan TP-0 61 Revision 04
Januar, 20, 2009
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• 

• 

te~tNo,31\ 
NCT,G:G,iTopDrop 

.CentUry Industries 
Bi;st(;I,Virgiliia 

Century Industries 
Bristol, Virginia 

Test No, 38 
HAq(~(}T()I)&)I:()P 

Ver~a4>a(' Tcs'FI?l:ln 

A-25 
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-•t. Iest Sequience Nitinlk:v4 - IA I N.l ctur' rtDrip

-9:11. 'uest Conlfigurationl

I velt1numberc 4 is :Iree: dlop onothe danvigcl tesýt article used in :I prextoils, toI he

from, a he!iht of,. , meter -(40 incihes)\ss showNn ., gtre 4.The test art cle will besuspendeddrom aerane by~shn~s•.ad aached to afrelease mechiamsm o.be• ;ftet I

abos e theltest pad Ia aný aIglekhcofndlted to impa&t thl geda tI:drea ýso iita the lowest
point of the: packape is al 1 meter(40 miches;Iabovc11th isutra c 5 ltie punmcture pin
I he !Is! a tie should be released itso ta it ol mp moltion int 1the
pakaoge hi ec till tothe impact!pont.1 ointe puncturein . .

9 1 2• t re -lest Requi-rements & Measmiuro~tsmn

* Reco)rd mneatisd;dieotts taken ifrom, previous test" of'•the test article on the test....

record

TTake pholotraphs of thci eýeie ol :dte test artile16 provide V Aia lv dcnice of
the test article pre-test condition .

C Measurn 1d LO 1ed) the. ai teinplcidatiIe : (dif (lad.)d .I

* Measuirt-id:.t'egotd the teinpriature on pth'csurf ace olthicc packiage:

* Oiiee fsusptied ý meauranld riecord Lthe)angle it 1iich thec.tn h iellet i..c is oriente.d
to the neaIrest I i'ice nti. he, meniasurem'ent. is to he. within In 1 0 1 .the -
Specified drop orientationi "

.I lit thC lttarticle tothe tequired drop heihit ?•ll eisi-e.and reeor OIL: eieeighi
lron 11to. ouf te o ifte test had [ to the loss At poiiln oft' et atic c~le m iL ihe,tneasiii eSI henh~i mtist he 4 ai lagt t ie spec¢i i ed~ht h~i requn ii,:i~.,rkt:r h dro}i.p" ba•it in
in o•re tb in pluis ) nicehe-

9.1.3 I ost--fest lkquirirnients

1-ollowingthe I LAC ptinctre drop (Test Number - . tIhe following a1tivities are requirped

- Photo0gr-aph :the-.esteriut surf iecs olti. tet [c ii aticke to.1p o0 ide visoal es idenee of
aiiy addittotol appareiii damage

- Doumin1n an iadditonal damat, di the package', e.g. defor~mationmt bo•0 lt a il iii

* Record tihe in0)rnatiýioncnte aphicablc-.s. .... a-nd -1pr9:.d to ii es a tiSt
seqtuence.

ýenturvJndusttries Versa-Pac Test Plan TP-(Ot1 Revision 0

Bristoll Virginia -Januar% 20,1,2009
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• 

• 

',V:kl ' ':i'eStCoufigurati(j1l 

":Fest .,hlliJlber;i4j;i~' ,ahfr~t""dr[JR6nlothe,(l:~jpaged;t~s,i ;(itlicle'IISe(j:"IAYiUprC\;i9\t~i;;tp!b~; 
'detcrn~ined'basedjupoiypartichiar;danlage'il!ise$sed atrcrJheinilia(;riackage:serics'testillfr,~~ ,:.c, 

~:~~lel~d~1~::~~ITI~,j~r~6f~iil~ei<~ . """ \>:'~~~~;~~~lr~iIN,Ffgl!r~H}TI{~;!;i;l,~:~liiJjb~~Vi~~~~(' ',' , 

<abovclhetest pad;afanllug e\onen 1I(~(1 i , ()'tl1;lt; theilo~t~$f<, 
poinl, of,th~!llaekage is al'le~;~c't~~;(40' inchc ,', 'ili~;fl:t'tlIi~'I)i,n:;' ' 
'i'he h,s('arllClesliOlild heJr~leascd,so lilal ii~d("" \t;(ibli"; into ',the " 
paclwgefrcc n,B 1()!h<:.irnpacLpoiiitl1n Ilie liuifitii're;pm;", " , ' 

", 9Jj<'Prc~tcst RctIUircm~nts& MClls~lrcrueri.ts, 

eReeordmeasillCh\cnts taken', from prc"iQllS test'gf'tJie tesl flft;~le' Oil the test 
'record, 

, , ,,' 

• Takephotob'Taph's Qfthcexterl()r(QC,lhc,teSt 
,~hc tesfahiCIe IlrC-lcS! COIlditiqll, 

·M ~aS\lretmd!e~(\nllhd'~ir'!~I~JI}9nl!1!f~:,ai{\!~t::' ' ' 

. ::~:::,:,::~::~:::;':;~~.::h!~:" ~~~;~t~)'l;'~::"~"~""'. 
to the nearesi:T"<iilcrcmcnL The,nicaslircment 'is';to\bc<;,\vitlii~:± ,I ,OQofthe 

,specifieddi~porientali(}i1 ' , ,', ' " , ';', ",.,' " 

o!, I ft thc'JeSlilrriclc."io'thc 'required '"elmp; he,i g!II::M,~iii;ille ;';IW' I<!;t,qfci,s,ti1e:hciglll;. '" 
from ,the,surface,df,the iesbjJaii'\ti:i,t.he Jowe,st,poilll ,6fiitlieV.lest ,article Thc',," 
111e;lsllrei1"heightlllI1SI}'e;!tJe~stthcCspc;:~Yfied;'hCigl'f:i:cq\ih,~:(Wllr;;'J\~1Irop;but,'ho ' 
inore;thal1 pius 2 mehe:;, ,<, , 

9, 1;3 Pi\st~Tcst Rcquircr/jenlS 

rollmvillli'tlJc HAC puncture drop (T.::st Nlll11bcr 4); ,the follp\\~ing ,,,'ti\,,lv< 

'.,Phologf!lph;tiHJ"exterior surfaces of the test articletb jjj'b\'idc ,\'iiml1l ,'VI(1('I1(,,, 

ijj,y aJdititJn(ifapparclll damage . 

• Hccord thc.inii:HlIlatirirjii;911 Jhc applicalJh;lcs\ I'tlllHS ;mCl,";IJHlCe,c<1 

seqlh::nce, 

Ce~tUrY"illciustri~s 
R'ristol;Virginia 

Versa.Pa~ TcstPlan 

A-26 
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1 41awure and record th.torqf eomf: outer closure bolts

p n owt : ' i " 'd, i :n'd " r II•,: o :.ie .lid

*,. ;Phuiograph .thie ieneror cartace• ohib tes••it :.artitek aid•:•gaaiin'e.~1bi•( faiy:-4i-hrei:.

i.ndicians: of.• cont nent bunhodlrý Css pialo-d tmaleals:

a .:Mcasure and r:eor1 d the orque of Interior bolts and rcmoxe the annersontaiment
ci* eav Witynd llflane

- Examie the1 conditiln.of IIIh su a;nd pix'lo• d contnaIl andi.eord the,
iinforo Wonii On:. i•Ihk kte;• necord."

P mev a'eI idn Irecord th ttn .eilin: anrd Ie I sdi. dnc nta I i1 ie edg oi the Iavirx

a Remove thiw innr payload .(i f.,;1possb )an C)Id Icor v aiyapparen 1 da1 age oI
movementto tI)hl)e inner coniainIneIit eýIviai

* Ph6tograph the nner cat to provide viual evidence of any apparent diunag,

- >Complele the test sequen, acecord

Figure.4 - i -Metef. Puncture D rop -":E•iple oinfigu ra tion

Century 4nd istries *Virsa-Pac Test Plan TP-00 1 RevisOioi'0
Bristo;..Vi rginia Jan ua b$21), 2009
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• 

• 

'. ;ryreaslire:"ndrecordihe't(irqJ6\oi';)lJJ~ri~losurebplts 
." •...•. ,.;.".,._,_,_. . .... ,_,'." ._. • _ ".'-:'. '_<',_ .,,,; '.:'~"<'" ,>. '" v U 

• ;bpC'l optt;1;pn9l\~ke;}iil~:r~(~(lV~;thcotlterll(L 

. f~*~;i~::~t~lo:~,~~~:,::t~~th'iZ~1rt~i(~i;~~\:ifO(';Y.'i¥"'iii 
'0' " :::~~TI~B~l~Jd~rj~~~'ihe\()rq ue. of.!nt~i{or"biri;sv~l{d';r2ITI()\'~rilie'in!lc·ricdlj~aiIrri,cnt·· 

• ~EXilliiihe:iheconditi;:m ,ofilie.;t!ilske('lh(.l';PflylQild'cpl~te!lt~; ~1l(f:;r9C;9~ci;,;t!le,,; .' 
.. 'i;~foiin~ii(;il;;n:;the;leSrree!)l'(i; . - ... 

• . tv1easurelihd:resonlihe ¢~IH#llne3nd ncar side distat!CC;10.tllc~t~~e>(¥'1he,;c,:.tvitx;' .. 

• 

• 
• :,C:olllpletc the test 

.Ccntury:lndilstries 
Bristol;,'vi r'gilliu 

',- ... ', 

. Versa~Pac Tc~£ Plan 

A-27 

T I'~OO HRevisimi\[), 
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I I ,,, -• (;ode or: V'de'a[ Regulations. PI M. .71 It:} k4iiig and
ransportatmulon Radioactive :MaitnaiNs.

2. t. . .c n tit- i .u .ti i..ý - 11 :m, .)1 N1; ... -u. .. ... . ... V2' (e cuint Industries - QA-8;,PlanhMfa•IIiuitdetir5.bf'.Versa•Pac Sijiliifr~tz:

3. Ttle .O• (•eodePcdera o Regulaitins Pail 'I- RFeportdgKo D f-ctsand
Noneomphinte':L

.4, Cntn indtrieVera Pac Shippingi (,ot iinr 'I T T

. cnl:,y Industni~s flnality ASHIn i 1n i m Ju , i:(:A-I

CCentirv IndustriesBrhisto,Virinn:ii, Versa-Pat Test Plan Tljanuj Woit•as2ioO
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2: 

3, 

or Fedtial' R~gijliitiQlis; 
I'i;""'~,,<,;;;[,,t,;,";\ of l{adh)a¢tive ~4alsd<llg 

~ ~" < "\'.' ' 

" . .,' _:.>,' < ,. '.;~.»:' ::::; ,.:: :"::"" ::,>.j.~ '., .. " . 

CC<lltJil):.!Il{;I:i~trie~ .• -;!q{\::~~.la1J·'f6F;Nt~n',lf1ic!ilreBfcV~rsa~p!lc:'lSJ.i<ippliig< 

28 

• ..•.• 2··~1\~il~rf.I;Reg~iatiolls,<Parl;2i{,f{el;cil'ti!;'g,i6nmfeclsc<lnd.·· 
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(Consisting of 12 Pages)

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

76 

Attachment B 

Test Specification TS-OOI Revision 0 

Century Industries 
Bristol, Virginia 

(Consisting of 12 Pages) 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



77

Century Industries
Bristol, Virgin ia 24209

Versa-Pac Shipping Container
Test Specification
TS-001 Revision 0

US NRC Docket No. 71-9342

Prepared By:
Century Industries
William M. Arno•ld

Prepared By: William N1. Amold -Signature on File Date:° November.0 1. 2009

Reviewed By: HeatherLittle ,:Signature on File Date: November-01 (-,2009

Century Industries
Bristol,•Virginia

VersaPac Test Specification TS-OoI Revision 0
November'Oi 2608

Century Industries
Bristol, Virginia

B-1

Versa-Pac Shipping Container Test Report
March 25, 2009

Century industries 
Bristol, Virgini~· 24209 

Versa-Pac Shipping Con tainer 
Test Specifi~atioil 
TS-OOI Revision 0 

LlS NRCDocketNo. 71-9342 

Prepared By: 
Centul'vlnduStries· 
WilliafuM:Ariirilil 

Prepared By: _William M. Arnold-Sil!nature on r::ik... Date:""Nov~nlberOI ,20'09 . 

Reviewed By: ___ HeatherLittlc,..:Signaturc on File. Date: _ N;)Vemb~r"()k2009--

-Century lndustrie.'i 
Bristol;Virginia 

Versa~Pac Test Specification 

B-1 

1'8:-0(;1 RevisioDO 
NoveinberOt.2008 

77 

Century Industries 
Bristol, Virginia 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



78

Record of 1Revision

111A ;v; "IV; e fl. 4
I vSI~t~ 0 ¶J 1)¶~ SIUJ C% on.Y 8~tJ

0 OriginaI Issue 1:1=01-0

Bristol, Vrii
Versa-Pac Test Specification. I S0 IJ iRex ision 0I

B-2

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

o 

Ce1lttl ryrndusfrics 
Bristol, Virginia· 

Century Industries 
Bristol, Virginia 

Record:ofn.cvisioll.· 

@rigiila"ilsslIt: . 
" ~ ~ 

\'ersa-PacTcst Specification 

B-2 

J)al(~ 

·;rSiOO\bRevisioll () 
Noveml~crOI,2~~}8 

78 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



79

Svc t ion I hs I page

2,0) IN1, It RiUC IO16N I1 , '

2A1 I re- Ie r Ieaie v eie
2.2 1Pre- Oet Ncsrnnt 2

2. I~turt t~asn d Dia Acquisition's S St i iil

2.4 2~f~rnf(fla niin
4 brop

2.5 ITes onpnt

2;S~~ I I tqs AUIL

D Irop 'eI ad 3
2. ifiinlquimet
I Drtop i6k!A eM:.thnisn

26 '1~ Plan anod Prok-edurle's.
2,7 1 vslSelllienevs 4
2.8 Q'A ketleirienents 4

'~S'auA';a'i 1 'c I lqid memiý

2.() Docurnentmtion rind Relkortng Reqoirernents
3.0) RESPONSIMITI L S6

3. Fabriuation anoydus an0rc~c

FIklu;c n ml scr prI . 6"

- Rd ,,,ihct aiw i~Ii M aicdial s7
3.2.6 Ceramic I iber 'nýudation Materia'k.
3,2 7 welding .7
33Testing andlnspi~ eet~iomReýljuirernents 7

:3.4 QUnlity Asorane 8
3.5 'Mates aal raCCAbsi~iv8
3.6 Storagepr 'hippmng ;nd Handling~ Reqmaoirvinent'ý
4.0 EFRINE

Centur~y Intlust ries, Vrs-aestpecificat1ion I'IS'-(JO Re k~ision 0)
Biristol,: VirginiaNoebr0.28

B-3

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia March 25, 2009

• 

• 

• 

~u);. 

to' 
2.1 
2.2 
23 
2.3.1 
2;4. 
vii 
.2~5 

2:~ 
2;,~ 

ui 
2Jil 
2;8,2 
2.8B. 2:9 '.' 
3:0 

3.3 
33.1· 
3.4 
3;5 
3.0 
4.0 

Ij~Tn.C)'D(Jc'fl()N . 
:n~silllRf;Q lJ I Ri;; M E~?I;$; 
I),i~'f~~t Heatliness R~~'lew 
I>'re~;i'~t Measllremeni~~ ..... ' ..•••.••.••.•.•.•.•..•••.•.. 
·1.ilsfru:IJl~\lItatioll alldlj}it~iJ\cq~i~jti~;i.s.S),stciiis 
.PhoHigraphic'EquijJlijC::l!t.: .' ...•.. 
En ,;j nin Ill.Sut}1 L Grin d iU(His 
jjrp.nTest~ , 
Test: CiiiilJlollcn ts 
TCslAitic.]cs 
I)Ullc(~rt Pi n 
Drop:ii't~I'Facilities 

, Drpp t~st Pad. 
Li ftiT1giEquipmenl 
Drol)I~'ele1ise.l\-1~di(1&isI11· 

.Test·,.ia ni,iii(p'hlce<l ure~ , 
ie.~t.Se{i \]~lilces ...... '" 
QA ne(lti'il~(~ril<:'If$ 
Tt~SII nS(1ectinn 'Person !lei 
Ql.lalitvAssuranc~ Hold Points 
Ma~~riaL~!id Test Equi prnenl 
OoclinJciitatialland R~I)!J .. 'ing '{cquirel'lIcnt!!' 
'U:SI~()NSUUUTIES .. . 

ncsignRsquircments . . . ..,"'" 
.' FalJ'riCllliunanIIMatci'ilii,:i{eijliirelliefftS!" ',' 
Mal1lm1Cjuringl~I'ln • 

···F:;bricilrioilI'(c,ccduresand·Proccsses 
l3ase Materitil~ 
\V(:,ldil1f;,l'v1:lt~riil!s 
P()lyuretharie··IJi~lllati()IlMatdials 
Cer~1Il1 ic l:'iberl nsu i<itiOl1 MllIeriills 
Welding 
TestingullcHnspecl.ioncRC<jlliremcnls 
General 
'Qualit"Assuralli.~e 
·~1aterilll·r.'ilccabiljty 
Sl!lntge. Shipping nndHalldlingR{'qlliremen~s, 

. REFERENCii;s 

Page' 

:; 

8 
9 

79 

Century Iu<llIstries . Vcr'sa-.I'lIc·Test SpeCification 
Jlristol,Virginia' 

Century Industries 
Bristol, Virginia 

8-3 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



80

-lO 1,NIOI)UCTIION

C'n irtlnt.dustii s is de.sitg!ning and ti~Ic:aiising a new transportoiion .pea~kige, calle~d thie.
Ver:a-Pao Shipping C ont on •i!}.iaccordance, w~ith the: rtequiriemen!g:•}ts ~I U Cl"RI art ii:•il71
II.R•L;1:I~l .*The <.results ot th'i.s series of tcst may also. be uiscd a, pi tts of t h!0~~ e anal tieii'C

iff:ranlx•,' (NCT:F) t •idd'iliiyP•'thtieal Accidlent Conditions: (tflAAC) tests ot1Ci-Ri@i/•• Prtt
71

This documeti speitie:thc requin..mem tol, 1the cofirimato; tes proerain A sepatrate
TIes.t Planwill bIH Kprepared de Olrbin.:•,ih peitietestofndlidins l en ogur itin imnd ohe
,sequenc•in :which they; wilt be- k jirriou Inclu:d:ed in thri docmient il h1)h,- te.
ahrieadlikispeeifiation fbr the týr paclkages ued in this series tesoi s:iit irI•-,e Vrs i Pc
Shippiwng.o nlainer.

2.0 UESIRFQUIREMENTS

2 1 PreyTest Readiness RevieW

:ritor1 p%ýitorrmin any te:St serits AI rdiLýllness re~view will1 becndtd b nt u r)
'Ind~strieso t ssurethef:ollolwi ng

1: All necessary: tist plins and/o1 proeduresh.ba,,been ppared in ;weordanec, wih.,
Century lndustries QA progrm;.revieved and approved

2. All required test aricles. andtest faclitis hiveb nreceived ýand inspectcd by
Century Industries personnel.

l. Thedoemntation pIckagos fbrlthe testarticles1 havC beel r•eVie ; .ed....da jt e'd. :

by Century 1ldstlihecs inspection pers onnel.

;4. Personieltaretrairied :ndmaviablc:to.pfrorm•..thelest series'
S lest and! inspectiom personnel have been :traied in accordaie& -sQiih tlie

appropriate test plans and/or procedures:as required.

• 6•:. :ll.testand Measuirement-equipment t6 be Used fr0'tlhe test serie :!ire •crr•ent111And'..
will remain Curient duriing the.testing periodifor whichtheN are(rccuiredj l"

77. An, subcontractors to be useCd ihave been trained&in iacoi.dd•oco iithi the test plan
and/or. proced tires;

Century Industries
Bristol,' orginia

Nersa-Ptuc Test specification
:N ove mberi•0,1. ,2(08
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, CCrifufy!ndus(rie, is. desi~lI}ingiind licelisingn newlransp()rtati()n;!3a~kag¢,:9(iHiid/tii'c.· 
. 'Vera~Pac "Shi ppi ng Container;'i n'accorda~lcewit 11.1 he rcquircrnerl1s<~)j;;!::jtf,<2FRj~l}I:ti:7'l., 
. ··,tRef;ll: • Th~'r~su Its?f)hisX~enes () fibs t· ina y .. also .'. bel;scd:tl~:11':l!;<!o,r<try~'a}i~1 yl i c 

information eyalyati ng'()ther:¥r~asor the. package. perfhrmanse:f6r;~he';NdriJl,~lt92(jI)Wti,on$ 
ofTnmspnn: (Ne;F} [iM'jjypd'thetical.Acc:idenl G()ndili\ins;(H~@'lcstsOr<I'.O;;(?r:~ Part 
71.; 

·rhis.documenISI3eciflCs:thercquin;lllentS\j()r"th~;'JihJl~i()IX';tf~t);prognlrn, A~eparate 
Test.P1an<:wili·.bc:'prepared describing;ttlc<spedH'r . < .,,'iC(ih~ili<;hS/~(;l1flguralion,s;and il~c 
~cque)1C0,'i n . which I hey will beciarrii,i&,ou! •. :1!.lC1 IJ5ji::~j:in .111 is ,!B~cunlP~t:;',\\'ii ,Ihq:;the. 

·,fabricatioil'SIN.::iJlcalion for .th.::tcsrpiickhgestlscdili :this series op ltist'fi;ir'lhe'Y~rsa4J~i\c 
,.Shipp(ng,Gl111!aincr. '.' . . .. . . .. . .. ':;" 

2.0 TESJ>REQVIREMENTS 

2.l'Pre:-'f est<Reil'diriess:R~view 

prior.,to .performing' anytcst series a rt:'ldincss:i.c.YJffi~Y,,,,~;h~I~;.;'c~n·t~ll~,te~i~;Hj)~ljt~:ry 
'lndusttiestn ,issuie;thclolh)wing: 

I. . <j~ II iiecessfiry !i:'sFr;liins andJ6r,;p~?l::~dl!t,~~'~f~fs;hge!f;I~;:cr;an::dfirl;t}(;,~,()rVfl.nc~:;\vill\ 
Century IndustncsQAprogmnkrC\,IC\vci:l"md,\~~rr2v,eg:r:·.. '.. " ... ' 

2. . A Ilreq uired tesLart ides jiild < tesC fllCi I i iiesl1fi~d]becfl'<:~~,c~iycdfa"n;d)I~~pec\cq:l?Y' 
Century Industries .pers{)n'h~J. ,;, •• ,,' . . . .... . . , 

',- .,,>'" .. < 

. ;v~:;-: 

3. 'i'iwd.}>clIll1clltationrli1(;kagcs.·!Or'iht: lC$t·articlCs.llli\M;)~~INc"vjC\vc(j;·ilnd:acteljted 
'byCcntufyinduslriCs ,lnspeclionpcrsonnci. . . , . 

'4 .• Persqnnel'arcrrairicd andavililableto·pCl.;t;)rlllIJi~.te~t sefiC!;i, 

). 'Test and'ihslNctiori INl"Sollliclhavcbccn ,tt,\ilicd .in~accbrdahc~ '\vi'th:thc 
,approprialctcsl plaljSand/or prfll::edurcsasrc;quircd., 

6, ·Alltcstano MeaSiJrCmcntcquipm~nt '10 be used Jri.l'tl1c test series:a:re:ctirreiil"iiil'd' 
\\'ill fcmaincurrcnt.durihg the testing period.for wliich.theY'arC\ft;cjuir:,e'd;· 

7 .. Anysubc(mlractors tn b(~usqdhtiVC bech traincd:inaccofql(ilC,C:.;i;"ittltilic:,test',j)!\lil 
and/or. procedures: 

Ccnturyjndustrics 
R~istol;:,\;i':ginhi . 
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2;2 PreilTestM asu ine his
'iio to10 p1t0rnfiOaa nv tes an; remeit -rcquired by the t plan must:.be.

ltakeo and dounnti d.ed
2.3 Instrumentata ion and Iata'AcisltiiionSystems

I nor. toper1orm1i6gany1 test theiWstfiientaion and data acquisitionasyssihn if an shall
be ýc-hc.A d 10 ASSUIi. 11hat it ispopryfntinn Any ntuxýtto th it is not
prompul, functiong shaill hb -eilher •lep laired ofrplaeed hi. the plouedrs. shiall
inuludrt QA, i:nspction holkd points io verio s at lihe xnumetagtijo 'and a:cuiasition
tcquipmicitlimes pre*.test requirements.

23.4' Photographic EIquipmiein

.least I o consumer grade colo video 'amieraiS shall h)eýused' t record dthe packawc&
response for each::drop test,.senes. One camrcIa eshould have el of s: v e\ufti ci•e•t to
capture. the.enire drop sequence, both free fall -and ,mpatTh' field of et• )I of the
second, camrrera should concenltrate (in 11hClower ha11 of, th: impact areaý tO pinsd~ fide more
detai~dl foot ge o the diop sequeni [Ce I.ie iccr•dIno of ea•c, drop testc series: shaif
be maiita ined for.visul evidenee

Color still phdtographs .hall be t.ikenm to dcument the 'test.set up -and t1Cst reU Ilt
Photographs, isho6uld be takenifith a minimumn ( 1Megalpixelhdigitaltcamcm or F i mm
standard cameie equipment:

2.4 Environmental C( indition"

2.41: l~'t.Dropest ii

Priolito perl,, ioig eCh ddrop iest .sees the to lowiing ensý, 'onmental conditio 11s mut ber~ecoded,

S ).r, cipitation: Amn pre;cipitation ( (io. rain snow cetd)irtel 0iinthe.test
article or test paid sui faee*Uuii-ngti drioplteS shill bed noted

2 Wind Speed iLa .%imd spiecd: at the time o.t'the drop S ý&s shat :be
recorded fwi n iri ed Is consIderedto-bed strone enough t icet the.:
drop ori entation the drop tost series shou~ld be dela,,-ed

Century Industr ieslristof.Virginit • Vers Pac .lest Specification 1iS-01f IRONe isionl 0
November 01. 200)8
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Pri(if i()i)Grforniiiiwa';1)',t~~i,UI.lyp\:r~,1~~t~~1;~a,Slll'eI11el1tSJcquired 'by the tesLp1anm.l.l!i!be" 
takc.i1 lind dbclilm::litcfj:' " ,', ""',", ",' " ' 

2.3 I osl ru mci1t~itiooll il il \iliffii\~'cq'u isitiiHl :Svstem's 
,. . .',.~.. . ~ .'. .. ",' . ~ ". ", 

"Pri9rl(),pqrl~rin,iI)g,al1yieSh,.,the'ir\~ircil)1eriiill'(b,I}'il,lld~.~la,acqtlisitii~l~~Xl;J~I!l~jr',my;,sha)1 
be' cheCk(.:d to assUfi:tli,l!, ii ,jsiii:operH:xl}l]lClioning: 'A:liYiIlSirl!il1~Il.tliii(m"lhatispot 
prO!?Crly, runpti lIIl Ing. sh,iIJ:bpei tJlc'I'<i-ipa Itqd~.qr 'JcjiluS#LTh9tcsl [)f(i~edureM~S:li~1 i ',', 
inClli(iC'QA,·:inspcCtii)n :h619poili,t,s;ro'\ierilythul,the ilt~trumenlajibn:~ri(Ltl~,<1,lli!,i!i(,tl ' 
cquipmeilJ'mCC1S;prlHcstrequii:CniCms', " " "" '" , '" 

, ' 

. .- . '." ~ 

,Ai least·:lWOC<inSliBlCrgrad.e~61{Jr vid~o,,~~~;ne~its;sh'l}r;rt?~·"Us~~t();record:t'h~".~SK~g~j " 
respbnsc!(lreuch:droptest;scrics: Onc"~ar;leri(sN)iild liavea JJeld.9C 1S11f1icif51lt'io'" 
capiuretheelilire, (!rop<ssquenee, both Jr¢eJall!\lld. ill1pac('F!l:c'Sfiel '>;'>(lfthe 
~coll(jcamcrii:shou )d,;;mncciilmlti '()fiiih<;:'H6~v9rJHilf,.ofth~jl11pl\Ciareu, to .provid\! ,ilJ~)ti;"; 
detailed',fpotAgcl)l' thc,dropseqlleil(;e:/Fllel\ridc(»rcc()rd;@,breaCt{(jr~ip;test serics·SrliiIl:' 
ben)ilinlitinedf~irvisual cvidell~c; " . . ' 

.~iilor.'still,. pho~ogra~~llsJ;h"ll bt;take~.:t{)~6c,uIl~C~S<~lfJ:,Jt~f(~~~ft~~~.nd 
, PholOgraphs :sholl Id,bc taken, WI tham mlfnu.m.~~l:Q •. I,yI~&~~P;L~~}.~~j!~I.t~,lfsal11em 
s~and.ardcall1emeqlllpmenL ',,;,},' 

2.4 Environnicntlll Conditions 

],4<1 'Drcop,Test 

Prjdrtopcrn,mning ead;dropleSl,sclies the Jbllowillg en vi nm(llellla I cO;ldhions must 
i'ccorded: 

i, l}r~Fipilati()n: AnY'precipitation(i:(; raif1,snnw, 
articlC qf \i:st plld surface during th\! drop;ll:si 

], Wind Speed: 'The\vih~l speed 
recorded, If::~vii1d.speed ,ii; Cil'llslldere(I"\(fb!e':,tf(jji~(:'en'(iILiiIJj 
drop oriemHiionlliedrop tcst 

Ccntorylntiilstries 
Uristol,Virginia 

'VcrSll~Pac Test SI)ecificlition 
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3. I avkage-4 eie.lxratuite: Record :the package ter er~rrtaue at 'reioval foron
the iujndiroibnpm clh mmer:

4 .'Airn Temperture tecordthe j r temperaturc.at lh drf.opil;sit.• pribr to
conducting the (drop series

2.5 ,lestC onens".

2:5, i ,I les.A1`iiles

All test -anrtles :shallbe abrcated m accordancc withe reqteiienitsmSecunon.'"ftOiis
test specit1cat1.on andA-8 )I Manujtarur:e of' the kVersaPbc;Shippin Container$
[7j1

1.5.'2 Puicture P in

The puncture pin must meet the'erequirements 01 i10CEi! I)U R 7t alI'1 h•ipunltu•rmCp•
.musr be. sol id.erticil cylndricalmild steel htr-mountd on an esnialls uneiidmll
'hot izolttil surItace, The -lar must he il cm i (6 rnehuý indaer %sl 01th thlop hoi7Lrntllf

axiwsl ofhe:.ha rmust be etitleal of t hepncur pkinl mu st1be atthched so gT ! a clprevent it.1
orn mhidm um or ov geourni tgdu nng the-Il meter p mnclue |trop test

215J3 Drop Test Facility

The ,droptest fcihIty must have a suitable drop. test:pld id•Li 'equip~mn:t1anId drop
rc lcase, mechanisri'i, 1he dirop test ,lcIitill muist meýAt th follwi wi1,gspcwifi cationsll

I Drop tFest Paid

1The drIoptestpad rust satisly the.reiuirerito- A I l2 recoireiidaimits 0 Jr
SiyL li lIi' ýlta Iget An 11ample of.i iu dro1 t1es;pod shld,,I%

a~ndi aigid steel p1 imounihted on a conrietep•d %with the; combined• m•a'sstth
steel. a concd e'teaList 10 imesl that of t hi e est article wiiit a I surfaj ce 1area sfieent insize• so as to allow:the" entire test article to contact th3e steel sot lace plate ., Tlhesteel and

C concrete mletfel,. shouldhe f1oated ot grout and rtrechanieallv anehore1to the:concrete
.base (eg. aichor blows).. he concrete iltlt reach desi1gn streni'h:priolrto .rnnin an,* lro p test serie~s. lhe (JI:p: test pad st:eeli p1 aite':M'•[ dhl he cle~an an'{ )he id fn i I {t omar

*sirgnifhcant surlaceimp Clrteetrons {g large IgouIes IIhat could afLect the response oI the
ipaekage

,,Century Industries Ver"s-Pac1 Test Sikeeiufeation I S-QOl RkiiS6on 0
Bristol, VirginiN N Aet:ber 01, 2O08
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I>H:;kag(~;ir<:nir)draJur<::.Record;hcpuckllgc ·!emp::r;l!iJre. mremova! hom 
the t:ijn'diiio!1iilg~dlllrnhcr~ . . . ".,' ..... ,-,"" ':""-:'-"' .. , .' 

Air Jemi:>efatufc:l{ecQ[<i it:h~arr ,l<:!~lnerat(lre ,ai\'th¢'f~rt)n:site flri(~r to. 
,Coddtictirig 'Ii~c.dr(ip s6ri~~. 

2;5 .Test:COnlJlO~ents 

f;s,i '];estArii~les 
<',.;: .. ,<.< 
.<y ..... , .. 

Ali ;tesvarti~leS~lhllll:befhl?riqjtea·.·jn,u;~ord$!r~~;itfi~~breillijrelnentS\~ef~iO!!::3Q(l~i~; . 
'testspeCitlsationarid"QA~8 -.·I.):Ial1'forMaI11Ifa,£iri':~«({f;n!eYersa;Pi:icShipi)itig';tOliiainer': (7), " . . . ., . . '.' . ....., 

The· Pllnctllrepin . m,(,st'mt;crJh~ :rBquirc'l~erlts<,o6to>(t[,1{31'(~)t~!J[ld;ZJ:m~~,p'Mc'ttfr~J~iri<,' 
must be idol id;vertical, cyl iildrical:'llli Id"st¢dbap mounrccl"ori'iin" cssgritial .. ' < , 4i ng; , 
·'horizontal.;sJltface,,~rhe,"hitr·. n}Llsl·h~~:1~Xl~111.C6'ihch~sf:iil~d!ai119t~r.c;~';jt ',' "ilili!' 
itild .. its'.~dgerl~uild~d.,i6. il .rti~li\Js/)~t:;ilO:i'nl~~.:i,;th!l!1"'('5n1l11fx9r2'?Ji.I!('~l~s \"h!l~l,().' 
cill!~crniixi itl u iililit iij ,igc 'to'! I)C:lja't,;kiigt\ ,but, rIclt;1 ~~i;' 't h;tn'7()i'Cih!~~ji!1§""~j" "".,-, ;., .he,1 ong 
ax is. () f· thl! :ba r-",111 USI!>" \Ce0j cal: 'Flle::plI f)q~i!!$~ pJ hdJ? ~.S!. 't[e ,anac!lcd ~!S\I}:l\i;~J<;iJlI:¢,Y<intjt 
from '51 ididgi'ir.(Jvc t1 urn i ng.dllt'i hgrhC 1'ln~ter;;rill!i.cJllre;~rol)" !est, 

. . ., '. . '. h.·' ... .., .. '. "';' .. ',:,> .' 

2.53 T)rOPTest~aciJiIY, '. ...... '. ..".\j""'., .... ~ •• ,:;i!i(i~:,;,:··· 
.'TllCdr<ip.test faci(ii)r:l1)ust ,have a $uitilbl~ drbp!I~~IPf1d;)i fli~g1:equip;nlti)t:'alld'dfop 
rcit:ase mechani srii,' Thearop testfaci I i ties)hii~lmC$! :th~ foil o~'(ri;lg,speflfi~ariqi1~/ .. . . " .'. ""~ . :"<.:i~>, > ••• ".' » .. :(, .:' . ::.' .•.• 

I , Drop T9si>Pl,d 

Thedrop't!(s!).;pad mus! sntis!)clhti'feCll;il'ern(:nts'op"li' '." "WI reco'mrnendaiions fbr an' 
'tJIiyicidinj:Vtalget. An· ex~mI:iI,,';(!L:jn UllyidjJirigsl!rfai:;ciS.Thc drop t,:st, pud S!1o,lJl"~i 
c<l,nsist (If:a;rigid slccl plalti}Ili~j[l!lt(jd on a COfld-Clc p,i(l with lhe~(lmbiqedil,1111~si.QFSiDJ:' 
stedand'~(~nc,:etc'atlcasl Hhirh;es'that of the test article, wl1h a spriilc . '. 
si~c:,s~)as·tt~aii~\~,:i'heeri'tirel~~t anic!e 10 contact the sleel surl~t' 
'concrelc interlilceshUuld Qeflon!cd on grout and ll1ec:hanicalty;", ,(:G,~)'licl'ele 
base (c: g.rlnclior hki!s );' .The cone rete· llitis! reac h design, stl'enlirfi"p}i'6f' 01. perforin 11\"; any " " : " , '. ",;' :,,"', ", ..... : .. ,. ' .. ' "':," ... > ....... " ...... ,',.«, .. ;/:;.").,.~/~ ... ,;. ' .. ,.? .. ':' '-. 
tlmp test.. series .. The'WbpleS! pad'stecl;;platc:'shoLild,be Cic.,',i, arid 'free fiom any 

. signi fi clIllI.511rJilC(: i m perfec1 i on~. {c, g,]argegou ges )j.hiH CfiUkra'fTeci'tll( response 0 r thc '. 
pa(,khge, 

.. Ccnturylildustri{$ 
Bristol, Virginhi 

Vc .. sa~l>lic'Test S,lcdfkation 

B-6 
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T1he drop test pid )sr:M0hi~uea provision fir alraehintg thle puntu'e~pin~d5,;iee u~sed11< the t-rneelel puutlurlle~dr0[.l:

2I I ictu ma:AjqipnieI

VTe drop tes•t I clity must be equipped v)th ;a litng devieeeg. Wr an<iinrd lifting slings
thai ire eapable IfI litting the loweA point cof thetest packages, to ,the0heighI prescribe

above th op, su f t l t1he dropl tes't pald Iom aIll '!Tops~i~h II 1l belitil
e pmn(eneieslg)shlh iv 'i I attewrltgha •aact osfl

handAle the tesýt articlewth

3 . Drop Release Mehnis " flit ,..m

lh; dropý iest ::rleasc m1e1e11i1is-must lbI eap'• (ie'Pireleaii OIhe tsrtictlcs ci ithout1-
causing.thle package t•o 'riate. diidri h re il •,i•. 111Cthaml" :or
oditinist Craive m 1eans shall be pid t present: naderten le' iseaolthe test 'Iariicle.

2.6 Test Plan:and Procedures

Detiled te,, pla ns, ad procedures, shdal he dle elp "breroop test se, ries andappisel ,d h• :(:enltrui tlndustres- ptie tot t perlorm I1any.,dmlOi•s Thetest p1; s~an::and:
* p~rteedur:es shal tnrelude ,siep-hy-steI ins'truttlotis tfo;prturrmitg h tCtsre I e~h step-*

or:.sequient esha;ll inelude a prov ision tor thlle rrepolsthle, person to imidfnd 'date to
indicote comnpletion o the step(s) Eaet sequenee shal ai how lb Q tlu PldtintS
neecesrsa- to conhrm criticaltqest items:" .";'- ,.

.2.1 lIest Seqquences

,T~est-sequences shall comply.:itlh the :reqmrements ot t t FR 71 11 A -Aseparate test
anitdmi c bhe usedfr the NC t'Ies"serics when I'sse-tsstg cNunul itive pcrckdineL-dana'Le
f6r ithe I-tAL tiest Se ls{i the iecst muis bepcei tfrneditt) tIrderIshown stihth 'Iileh"e Ow Vcisf . ac :Sltipp~ing-( ontainer Tlest Plan [9} ustimi th tint~le tditb; iftile withitm'ah;,inv m'tve test

*steri es

2.8 Quality Assu ranec lletl ijre ments

*28 i lest Ihispe uion Personnel

AlI personnel ip rlrini l meaisuIremcnts and inspectonsare d,ichi.e h < tl Iei~t p:1 sn hll he
q tuahihed ad itirned in accordfnce with the rlUircme'tlts of the ipplrcbhll test pltilt a'id
tp-oeedirres

Aaeiitury Industriies Versalpa C'est Specificatiln "FSOI.,l[ les isron 0
Bi'Stl,.VirIi nia Noveniber 01,t 2008
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The oioP1csi pad Ip u~t.n:is{)incl udc;lipmvisibl1 flif allnch i 'w. I hcptinctul'c. pi I1de\'1 ce.uscd 
Ihe l-rncler,pllnclllredrpp; , . .. 

2~ Liitihg.,EquiPll11.!nt;. 

'jhe droptc,st!ti",ilitymusl be 
thut' urc cap~t)le;;()'flinin~ thc 
anuve !nct~p$il~filce (If':lhc 
equipm.;;nl'(eg·:Sntnc, 'sli,ngs) 
handlc.theteshiriiClc \vcigI1L. 

3. Dropl).clpr)~l:Mechanistn 

The. drop icsi.rcicascJn.esii\lni srn,m u~14lccapabh:'().. . 
causing'tht:package\iorotate.:dllfirig:;,;lhe fre.e .·Ill 
aUlil i nistrtlt Ivemcaiis' shall' be· prMided(tti:pr:c\,i!ll{' ,'0:<,1\;</'11,;,; 

. . 
Detniledtest.plarlS. and 
u P:P!iWc4I:JY;Centuryl "" ,,,"',,. ~'. 
prOCed~l(esshaILjndude~leJ)-!)V';$le.P 
or.sequeni~6.iilnj lindudeil'nm",,<mn 
il1diealecmnpiclion .ofthe 
necessarytneon !inncr:iti cal!t;~si 

:rest"seq UCllces :,:-: .. 
',',1' • 

. ;Fes/.scquenccs. slirillC<Jlllp·!\'wilhiherequirementSI5f>:jO;c.:FR 71 [ll;';S~I)a'iaic'3est 
anick:·may'bc·.uscd'fi.)fthc'J~CFtCsl·~eries.When:asscssJIig~lIinulativ~ p::;ck~Igc;'(fat11'lge 
f(l1'·,he HAC.icst,scl'ici;;';thc.lcsi ti1USlbeper!ilflljedinthe.orOCr.s!1own \\'ilhfli;!lieVe~~&lC. 
'l\ac'S';ipping:Container'Tcst.Plan· [91' lIs;nlithc:salilc,t¢:St~7:ilicle withjIKar~)/gi~iii.lest 

• "", >," • ~-,;.,,/., "';.":- '"'. ", " $t,;rics. 

2.8 ()II:llityAs~urallc.c.Hc~l~lircmcrlts 

J' Test hispec.!ionPersonnei 

All PCrS()ilfle!'PCrjllrlnin'gllit:tiSurcmc:nls .and insriectidns •. require(n;Y:thcl.;si·,@~;l;~hull be 
q L1al i fied~nnd' trai lied' i n accord,incc with the fequ i fenlents of t he it l~pliUthli:'i6sri)l!in . and 
!ij'occdilrcs. . 

&:Ciilur'i"inilustrics 
BristokVj~gjnia 
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2?8.*2 Oa"t){ y Assurane tiC'oldhontld

Th et s•pac:kage "aniring~i phSii rrihgpanahd test: plan s;:halt stablislh appropriate h5l~djpimirs.

jor QA for QA lrsonnl tp1ertbrr tIre ibomvming- actvitiýds:

12 Recipt inspection of test rt icles.

2• Verificartion tha al, test• personno, h ae been trarnd rn accordarnce wsrth
theT:S [tstplan pr di!4 to est ativi t ~itel~iii:i:!!:•::!

3: Vd"i fication, tliatalllpire'req uisrte5'have •been sati sfrcd.

2.8 3 Material annd Yest.EiquIpmeo

When calibrated measuremnent and test equp n rs uired ,yathe Ict :pliail, jt.:h
equrpmznt Shall' meet the" apphcable reqluiremcnts' of~Centuu [!d~ustres.'(QA: Pro~gram

QA- 1: 1' 10.1

2.9 l)ocrrnrentation ailie rting Requrrcrnent "

The thllowing documcents must hl'. proVidedi 1fterh cst ,csir sw h im been coiptelelt:-

1 Tlest arricl edociroo n te o plt~m ickage(•! :tf .

2- MeasturemnctOl tndrVst c•quirprm.nt rccor~ds,

*3. Personnel training nd qualificasion riecords,

4. T:[.iiPlain :and procedures.

~.Prc-test artid postqrest insipctiorr data_ photoerapi~tc. records, video•
ecordimgs tnd other pqrtinen I-trords

3.0 Responsibilities

Century..lndustries is responsible for all .activities.inmchding thep ric r Ofi * FIlbrifi, tion
control ,reeoids, shobpdrawings,, material procuremen. testig. hriJWind mtia teriiitial
certificýiion. records as required, welding procedures and ii.inildocuritariorr pakg~si

wCentury: Industries. V'rsa2Pae lest;Siciictlion TS-00l Revision 0
Bristol, Virginia o No hermli 0 1"2008
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}'he lest -pilekageiriiillti rtl~fi1bn g :81arl:rfrld .1~sti)l<lfl\shaH·. est'il6i isll'uppr() pri a te h6 la/points . 
t(w QA f(lrQA personneltq'pcr!(Jrni,thc l{lIIowihgactiviti~s>' . , . 

LRccciptitispeci ion of test :ridicJys, 

2: in accordance w'ith 

2.8:3 MIllerial:ili.ld:TcstEqtiiplliCii{ 

When cal ibnncd., m~asur~l}lent,and. tC~1~~Urp'l1SI1[~j~ 
d,IUipil;Cllt sh[iH meet the-appl icableT~quircnicQls:0rt .. 
QA-IJlO].. 

i.9 n{)ClljJ1Cllta.ti.Ollaililn(~liorlillg;Req.uir,(:'l1~ii·tst 

L 

3 . 

5. 

Personncl nainirig andqualificalioll.rccords, 

Pfe·tcst.aiid.lxISt~teslil1speclioll drita; 
IcconJings imd other pCliincnt-records ... 

3.0 RC~Jlonsibilities 

video 

Century Industries is responsible forallacII villes: I ncl~ldingihe.p,~9;~;i;li~1iOt)~~n9.l\(iOll 
.CoI11rol.reclirds; shop'drai.vings,. material Ijrocurement;testiM;'~')<ltjl1sp:cctiolf,;-jhateriar 
ceriificaiion records as required, wclding procedurcs and.tj!iUn(k)cUlilelllahQrrp;~~lslge,~, 

. Cell fu ry 111(1 lIsfric!! . 
Bristol, Virginia 

84 

Century Industries 
Bristol, Virginia 

Versa-Pac Shipping Container Test Report 
March 25, 2009 



85

the Cci urvIndusnies Ver~a Pac is~desiitned in ae ndanee.with the requinrnents ot It)
C FR 71 [I] and the struciurdl design in ae~ordance with~ the Americ~in VWdmg Soci~iv
Dl I [4]. Welder and weldini~ procedine ire in accordance with thc applicable
requirements of AWS 1)1 1 [4]

3.2 Fiahrication and Matriisl Reqlirements

Century Industries Veisa~lPa
outlinied inl the appropd~atec r!

bei . • 'ntij?'iy.
be]••w,..i~e l nd.iT •:d snicls V,

3.2.• 1 Manuthe~t~i'tg Planl

Ienu Ir tndustries 1i * jpr p n
ContainerA.whici shtl adrs foilt

* . Weeeipt ofiji
e:(.ttttti~t~ and
* Fubtientioti (

* Perhi man of. ~t ne tin I te:
* Fiji I ins
* Pack'~ o 'urn in i&trtxi "

" 01110biiitidn'Ptciccdures arid Processes

Agl!l opertions. associated with the 'tiibricaiion of the Versa .Pac shall, inelhudc w)i~r~itteni
inistructions4 ;(eg, tabrication• Control .Rticords arid or Standard )0peratin(Proceddrest•
A\ddit0ionhlri~sttid~iion•s may he give 'n~iihcfsrniormidatiawinj• 4'ofk'elhes!"along, with
\5lbal Zonmmunicatios . ?,

.•a-"Base Maienials

lBase nifaterials shill conform to• the requirtmenis given in ,the purchase orders and~or
drawings as applicable.

3I2.4 \.tdinp LMt Iiats

All weld I.tilcimaer:iakl•ii sihall conlhnnto t he iequirenienis:o6ft'he~appriopna~te wvelding
procedure and he in compli mans with the requirements in A\W,-D 1),1{: 1•::-•:!,;•"• [U:",,I]? :'''''"> :

Ciencral we[tm ldanermann ceraiicaites:are aecc•ptable

Ceiitiir~ Industries
Bristol, Virginia

N vsXi-Pac T'est Specification TS-'0tfl Ie-isionl 0
N\oe\ cber (11, 2008S
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3:2';{illbriclltioll IIlldMatri';l~IRequireitlCnts 

he filbricatt~d ill accordance 'with lhc'r#(!iliremenlS}l~ 
"n'·';"',ni·;·"""-,,,,,,,,··,·,,, plilll . .... inlhe sectwris':' 

Baseniateria!$ shall c(lnfo'rm 
dm~vings Wi applicahle. 

Ceniil!'Y Inrlustrit·s 
. Bristiil, Virginia 

Century Industries 
Bristol, Virginia 
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3 .2 5 PIJiyvureihane o :im lnih~lbiioatufials

• :lhi•..Vcrsi aL C':ShippingA contiaincruhiilz.;s polyuroihaiin.fue d ccl•{-hlito ont~iii,:~oprVide

,the rmal insutl diton and mpactpt icItio in l 11both lf o top and bottom ends', olNhhc conimincr.
this mairliaf shall e inanufactored i n accordanece kwith tht rOqf renmnts of:ccntu
industrics Sltandard O Pton I roccdure. 6 l I:Revision . [5: Samplc Ioamspccnens
shall Ihtakenf and inafyzcd in accordancc; 1h wh the requirmncts of- thc :proe todureto

conir f~i tc r6uw m:ccsthe rfc uircnlmký11nts I'r dcnsiylt pcsie tent
ihennaf con•ductivity: flame rutardae::waicr• absorption.motusrec: ontenlt.and chloridv
content. I hc to on:m ,nanfamhciu shallo pvid a Ccwifl icatcý of, Compfianmcc auda vs nticn
re~port :of all testing rcqmaird by tltt. proccdure -

3.2 6 Cceranamc Fie thu Isul ition Mateticias,

The Versa Iac ShipinS g Contain•er body is. surrounded;;;b,,• two sepsrit.e insuf ation
chambers wvhich utihize a:6#. refractorseceramie mbcr: blankct (•lumniosihicate fiber) ini
accordance ssafih thc rc:quircmcnts of Cesnt~ur Industrl~ies b:tahndaird: Op~erain• P:roicedure
.6121Reisimn :1161.

3. .7 Welding

All welding shall be in accordance wiitifh a plicabl•hit: AUirW.nits.V"A•WS f)• I 1•1•
quailified jelding procedures, and w rittenJ insrutin s I o I

All-welding personicl shaill be quahifitd in'acordancc with ,AWS Il I 14 .

precaulions' should be taken. to minimize 6b ectionabfle.sveold ispatte•er id. :arc s:tice
butsideAhe. weld Joint,

AWS:Pit requiliFted Welding Procedures and/or qualifie• ding : crcs ,ha "b
used.

3.3 Resing and nspetiOn. |equirements

3.3. 1 General

1 All test.articles shall he inspected.o assure that the dihmeiislnns f !tiet
article satisfy the rýequiremets /if ihe d-i+vings

2 Inspection : lali fied In acordanee AWS .CWI or <AWl

and1or A SNT-:I:C A !N as appl icablt',

'Centu r Industries
SBristol,-Virginia

VersawiPac TeSt Specific.atJqn Ts;-O0i* Revision 0
*Novcmher M., 2008
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}.25 POlyllrcihancl:6ilmJnsliiiiiioH,J\1ateriil)S. 

· :r;hc ,Ver~iFl)ac Slji Pl\ill'g:COllltiiper"uti lizes' polyurclhilnc ~i%sea .cell~/miij;n;io, j;f(:ivi(j0 
'I he fIn,!] i nsu lationand ill; pachprotccti on iilQRtlfthy:lop •. a 119 .bot! (im' t~}id.$':I)t:'the·c()n~;irn~r';~ 
"lhisiniiteri~lshall be rnanufacjurcdin?c~()rdar\'c.s2\-::ith<the, reCluiremenis oi'Centlll)' 
•. i.ddustries ,St~ndard Operation .l'n~ced'ire::611'1'~;B:~Yisi~n:'·I.· [5],/Sanlpl~:i~iailr' specimens 
"shall'be .taken and.·analyzed··i!l.t~¢9~.,c;l'lr.cc"\\;ilh;thc,rcquirel11cllts'()fL(~epr9,c;cdllre.h). 
confirm Ihat'the product '!lleels'.·ih'C.;~t!ti(,l renlcllls .felf. density,;'compressivCsircilgth, 
thennal cO!ldpctiyity.nal1lefl~tar.danc)';\\,ater. absorption; •. ITliJi~i'llr~:(:9ritent'.an~lchl{)ride .. 
content. The 'f(;;iin' manulhcturcr·s!mllprovj:dca Ct:rtilieate:q(C::qnlplia:nccand 11 wri'ttcn 
repnn ofaJ1 re(juir~~d the procedure:, ..... , .... '. ..'. . '. 

· :1.2.6 .. Cerumic Fiber Insulation .Mater·jals· 

The. Versa· Pac . ShippihgGo~llainer bOdy:i!,;~p.~rol~n9SW!;liS~;J'i\vq. separale insulation 
char:nbers whieh ·uti lize a,. 6urefractory eertim i~flpe'(f)l'ai1~et t(11' uln i ll(?~i liea!c F i bel') in' 
accordance \vith. the'. fequircm~!1IS of Century' J i19ustr!ejFStl\ndard Op((~aFllg . Pro~edurc 
·6. I 2·Rdisil)11 116J . ." . ',' . 

3,2~7Wl~lding 
"'A\::: 

-: ::~l;:; . . 

All we I~i ngsha i I be i n acc()rda,~c<: Wil!!,~pPli~~I;.fS:,(I:~~~l;;iJm~!1\SJ}n~~,,~§.:,:01;:;1%'!:1'4]; , 
(jll<ilificdwdding procedures andWrineI1.in~tf~~tii}'11S:: ." . ',. ..•. ..,/. '.' '; " ' .• 

'A II"welding··perso~riel' ~hall· ~eqlli;l i liedi n'accor<ia~c,~.\\yi,tu~~\WS1[tr:l\I~;)y 
..... . 

Hrccalltionsshould be taken. to minimize 6bjeciiori;(5i~,?\xe!d~sptitter:jiiil{j;iltc Miii<¢s. 
· outside:thc\vcld joint 

; . 

A·WSp're-quali.fiesrWclding Procedures"and!of" qualified 'wclding.pr9c·~d~re~;\sha'n be< 
.llsed, 

3.3 TcstingandJnspcctionHequircments 

3.3,!· General 

1. All lestanic!cs 5hal1. be. in$pccted~() ,assure thlllUle dimei1;,(jnj;()dii~!Icsi 
article satisfy the requircmeillsiif ti1e':ch'i!\vings, .. ' . 

'2.· Inspection pC(scin:nd ... ·are'c!uillificd in accordance ·AWS,:C:Wi 
and/or J\::';NT·crC>.IA[8j;as appl iCllbh';, .. 

Cl~;iturylndustries 
'. Urist~'I, Virginia 

'Vcrsa';PacTestSpceific'atiun 
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WA elK d:rex-oir NI )lt s i.dtion are t r(oried in tdant IPithJ
( •:itur:yldusn es Standard Ojp•rt~w im: thoecdui N a)s ppi..~ahl.,.:-

41 Wi~nten rcps,,iiv ) I" :any ,}NPP '•sih ill be compct;ed •is aquiredal th;,;e

ppropria te IIt pcI u 1 1 1

5 Acvpsance criteria s:'.hall meetAiWSDt/ 1) :1 4] and/or th~e rfe irements o•'f

mite iný ,uni turinephin and drawinws,

0 Fitinetiona tets sa•Smll b periornid a•s yie uincd Iy tte.•abrie~atmn•Control

Reet.rds

7. All i~st aind me ssirement eqluip~menthl:•dl hepw.:e li•TelyCatibrlciated

3 4 Qnlity ss iira, k •-

3.he Ver1-Iaa S1i 1ping iontaIeIi specific)stions reqwre the appli amn of 1tf CR ParI 2N[3I 'Cenritx•: Indusn ies is responsbl.,ihk O pro~idinei~ nonlf'canihn to its{ suppiem's and

3 . I M iei Irebili ,

Materialt~tra~e'abilitv shall .1I• maintain~ed throughout the tiihnc tidi?•proccss tht'ii:tjte use
ol Route' Sheehs land Ft~arnation •Conlrnl Records as appropriatce]andS by ma(r gon
necessary compomncnt •that will mit• resuh i.n harnilblt ontaminifiSio;&rdamage affecting

the 1r- tfatc, of that conironcnt ithe end product:

3f6 Wkt1rage flandlini imd Shipillng equirem0en1 -I

All testa ireles thit mut.:t b: shi~pped to a su•beonmrae'tois Ibe=tiitshill, ;hepii~~ckaied tsine
blockiii}: straps hold~dowsn dev ices and or other materials rrequi;red to piexent dammage to,
*the ct tartis c~l dun nltg-tran'sportation., Storace and hiir~Ilhng:7traxl h condulcted us+in+g the+
apprOpriatecqw~pnmenit needed to safleh harfdle~the t~st'artrcl•S.

Centurv Inihistries
Bristol, Virginia

\ ersa-Piwc Iest Specification ]S-tX)1 Revision 0
No~rn her 01, 21)118
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T n~n?Rq ~~i\i iOf!'cii';R~i4i()a'ci i v~;;~i~,ll;ri iils. 

intcnlationalA«,)J1iic\Erl~i'g)':hgencY(IAEA) •. R~guHftions for the S,if( 
Transppftationor Radioac!I\·eMiitcriat No, TS-R~f . 

, .... ""'," . 

Title I O,C\ldc of FedpraifZcgulatlt?p'S;;,Pari'2i;Repon'ing of Dcf~cts and' 
Noncompliancc .. ,.'f:; ,.' 

t\mericat1Wclding$()c'ieiYi;'R,If:Hctur~i0«i61pjhgC(}dc D j'. 
. . 

C;C!ltljIY .. inp\is.lries,. '$,t;{!ldatd'Ch?~rll;int!" !Yl)gedllfC; P()Iy:ui~tiiu\1e'e:li\,~<id\ 
• Cd! Foani,SI)Cci Iihiti'or1 ·fh"Centurv;:!Ii\:.ducls .. 

. '. . . .:;" ".:: ';-.. : ',"," " : ..... ,: "'~::;/""" " .. < . :~(:·i·:·, 

'qcrtl~!ry . I'niJ:l~t.riSr');'!~W2~~.4~I?Crattt,lW::I'rt)9~#,ut,e.,Qer~,~iii:;fil?ef;' 
\1 nSiJ latiqn:Specificafibif'for(C:eiii llrY:Hr99licts.~~.· .. ' 

"Centurv'industries '0)\"8" ;i?'lhi1i iftr,)~\h$ §tanu't~dtite"of~¥,ers~'''Hac~ :sl1ipBirl'gCori'ta'ln6rf ,' ...... ~ . 
. . "; : ':': ... 

. '8.· ~;;;~~:~\:~%~;:T~~~;'~Pilde:<itT;Y,¢iiV~;'<tesijn!t,t~:BT!,.)1~~~P1}~~11)d,e,d' 

10. 

(~cnturyl ;ulustrlcs 
·llriStf)I.'Virgitiju~ 
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CnI llnusfries N T a:I HA:i T; st Record No..I. 0@V P gelts

Bristol, Virginia in accordahce with
Versa- Pac Test Specification, TS-01-, ROcv.0

Te sOackage Serial'No..1:0O•. 2l4PackageDescription: Versa-•Pa 0 1 FO-4alwon.Vesion)

TesiProgranrMaiigor: L§.•; XV ____"____ate -t,":,g• -c

SPhotoiralhic Equipio ent

•, "stepN O.. •_ ~ ~ .... .. ... ..... ...... . . .

_ _ __ _ ._ __ _.__Mu~!•dr~:)d.akg ie prade P n:e ~ 'lI ifBi .. .. ...

....__ _____-,____ __,__-_ _ _ -,

CPlhroegranuphicnil rior and etro ftepcaepirI

-easirc and rplecod package e.r.ral from
umlditiolnin" room]) T.~f~

t ~c~kige teprature ("F . ___

:I oardpr- inter30ra dn txtno ofthe pelackage pose andto

": 'r een "rlin . •n nea .... distance • o edg" e " o.. " :.•iv"n y.:

tod r laed3 gldrui Intorh test 7akg.coc n
t.orqucdrum to d r c d tudi rquPdf60fflbs..t ..... fi.d

.Sprl- d o•n• I() pou`nd` .• •1 sid sndldI .iin"' t. ...he inner"a
containment I a11111 C" 1) 1 C:< Ir

OILpech& innerI eo'ntument componet forgo odonioii
;1nd illn t'm. mcedr un 6~1h da ig .
Install cavitýyg kýtiet ad1 blind N lan1e1 snug al bolts. then. .
-.org~to 40 11•1b - . ,, ..... y•- -'1" & • .... • ':' 'I•= .. .... ;":"'" :'"::" ":'"''":"":':'" .""'

lnstall outeI ga'ket and winlrced drum hdW ith prop' r bolts !

per draingadt to .40 f~~
_________ hstal oute drum rno 'and torqutlc tOA~h ________ Il 2

C-I
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C(!uturyhulustrie,sNC:T andtIA(: TesHlcc()I'd I'ngelofS .' 
.' Bristol, Virginia 

Test:Pack~geSeriar No .. LQ.~5;2/l.:~::~)Package'}])escfipti6n: Vetsa;;Pac (J ! O.(}allollVersion) 

tesi.Pr&g~ilin·Ma'l~lger:·· 
' .. Test Engim~,:r: . (.0 

. Qua! i ty Assumi;;;a:;;i;rdijtlltor: ....... ....J,.+';.. ...... ;1 .... ',.J'''C, . ...:,~~''''''.'''''',-.-:-.-; .. . 
..' .... : .. 

•.... PbotograpbicEquipn~erit 

:-. ' 

Cnlibr.~t~l Ef,ui(lllicnt.Utiliied: 

d~r:ocedllre . 
. '. ·Stc· .No. 

I'hotograph'.interiOf and exterior 
" __ ". . H~l!~lif!g ..... . . . I Measure ecntefl hie and ncar 

. ___ . __ ·and mark on'Eue~~~. _______ _ 
. ·Wcighcmp1.Y test pack"gc 

........... _ . .t~\t \l.'ll\:.~~.s~:t,li!:ewCig!\l(Lb.:'L.)~~-,--:--~_:.;-
Co~dprc~k"idedJOcgaldrul11,into . the test package, closed and. 

!-,.~.t ___ r·t,:::o;.;.c;rque; drulllJ.?.'!q~i.i!<l!~r,(l~?£.t~~{!~.L.~.~....._ .. 
Sprcild'one(l) poumLofrcsidual saildJdiitinto the inner 
c()ntainmcnl'caviry _~_J~2:~~...s~~j 
Insm;cf the, iriner-J<;nt[;Glineni~c(;iilp.oi;Te,ltsf(;;:· g()O'd conditioll 
,·ilhd'ilia(.2~~rda~:<.'·wilh drawin~ ___ . ___ ~ __ . __ . ___ ._._.+ __ ............... . 

Icavit)'. git~Kctm~qtblind flange. snug ali bolts • .then 
(lI40ff'lbs' . 

~~~T~Z~~~;~~;-t'-·~·::F:~j 
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1

Cýentury -]nd ustrics NCT and IAC 'Test kecord ~.jj'-
Bristoli, Virginia in accordanee with

Versa- Pcu Test specification, TS-00)t, Rev. 0

i'age2 of 5

Procedure
Step No.

Description

We.,igh loaded test package." .. I:q:Z .,. k P ii• ht ftbs)

,MasUrIC Ihglht from rItlftmWtmrIf, to •t (il1io1uritig aid '
di'meter o"f Iter p ckoe Jte rx ilintg hoop ot 1ruma d.
mairk, mca'.w-etcmnt" o thet 1 est prdAgd ýA' Lj . i{' -. Pacekage h+cighi (*n.°)

Verify theexternalaceae rvent plýg is in place .
Photograph exteri6r of test pack fiag&dr evidence of pre~test
condition

I

1'"i Nutjntir tiDesription): I j Ti''u~A ej

Procedure
Ste S~ No.. Ovscriptilm D-'Av Inlitials:

Description Date Initials

* &KQ

Mea.5ur- and record air temperature at drop pad..A. Air 'l'emperaeure(E) -. ,,
• Wind sped (mph)." := :

"Me'asu-re and Aeeord th}e-angle at which+•thei:test'artiele is

,rikllnted to the.i earest degre: .(withi.n•1 'degree f specilied
drop oriemtatio)--- P: 2•t&6orioentadon•

I itte~t arti..cle to lcid cp height -__;__
Meas~ure and ruuord height from test padsurlceJ to It 1) CS.

point on test packag.e (at least the specilied drop. height1and
not more than +2 inhcesiJJ[• p test heiht (in.[)

Photograph exteriorstirtfaces of lest article:r visual e-%idenee,
Ol .d amage ....... .. .
Document visual damagi. to packageo
(.g. deformation or 1"blt.t'ihire )

q.~~jr

+

"c •..._3

.kage
iMeasure height and diamcteir of test pac

L4 •-, P.~ckage hei~ght I(ii, 'I

C-2
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Century Industrit!S 
Brist&I;Virginiil .' .. 

NeT and UAt;~Tcst Record No" . ::r.5.00 \ - \ 
.. in accordance with . .. 

. Procedllre . 
SteNo .. 

Versa- PllC Test Sllccification, TS-OtH,Rc\,. () 
. . 

Descril>tj~1D 

,Weigh loaded test, package . 
. :.9 2,;':::' ... Pllck41gC\tcSi~\vcigh~JJl'~2,_"",,_ .. _, __ ...;;.,j--,--'.;;--'.;;_+,.~~-,l 

.. ]V1eaSilre.hei'glltfiorn'ibOttqmirimJD·!0i> hfC!osurering'and . 
'~tiamet<:roKouter, IXlckagc atieenter roll ing hoop oj'drum,and 
ntilrk,ineasu.rClnentson the tcih>!lcka-ge 

,,~,~Lt::lt:PHekl)Cgch'Cighl' (in ,J 
:5 :I 'iJ' ,F'Hcka\e diameter' 'in, 

Veri lace 

. (}riCnled to the iumrest degree (within<±il' 
dr()poricntation) .'. 

""" "." •• ' " ~!£HI()ri<!llt;lti()rl .... .............. ....." 
. J;i£t,,~t~::~~,:?-rtic!£E~~~ heigc;:ht:,..· -,' ---c:'--~~-;--.-'--i.~~:pL.:.::.j..,..:.:L:.::,-'--,,1 

Measure mId rccord:height from tesi pad,:'>Url11CC[!)''I6\\;csc 
':p()int ontc5Lpackagc (al.ieasllilc*,pceilled dl'op,hcight'iand 
;not ll10rellian+2 inches) .' 

j_"--_--'--+-:::.~.-. Lt$ . DroE test hc:,:;ig;;::,h::.t.;:(i:::Il:L.)-,---:'-:-:-:-'---'--_'---_..;;!~'--''___l:..::.-'-_-! 
Photograph cxtcriofSllrfacesof lest articldi:ll::"Asual c\'idellcc' 

. (p.L?> ofdalll!l'c ' 
Docul11cntvisual'damage to. package 
(c.g. defnnnaliol1od){,llifuiilirc) 

...iJc:?.....Jji:5:;"blLj:ilUit\;JA.Q(f~, . 

C-2 
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Century Industries NCT and HAC Test Record No. 17 Cl 7l. Page 3of S
Briktol,.Virginia in aceordance with

Vers.i'iic lest Spvvificationt,.TS-l 101•ReV. 0

.................i n i:. .1 1 . ........... ............. ............

Procedure: .. ,Description . i itils...
Step :No . .. .. . .,, " -..

Ph6togfapth emicior su-trees ol test artic Ifor viual i vidence
ofj 2 ofru-testý eoidndit .oci____

Ti Measure and record the air temperature at the droplpad
. -i.: ii AirtemperatUre(°F)•

.Once suS:nded. measure and rewdrthe angle atS;,hich th111
'testa•rticle is orie{nted to the nearest degree,(withfiir.±Idegn.e .i ,, : :{
of' ip"111ie drople onentation

C Angle of orientation.___
Meastr~ ad recrd h ihtfrom tes;t jiad tIlrk~lcý to dwm!st

poiht onstem packaget(f 1ea"t the spceified drop height aid not*more thian +2 iiiehes)• ' ::. :" IzJ•{ .i f

.Dto ) tes heIvigý,ht itrn')
Pmt6grh :exterior surfaceso test aIrticle -br visualV cidenc .1

2 0¢t o fadit:.ion ial daimage __________g______S____"___ i rii.• P .. . .[ .
l~ocuiiritisua daiac to package ek Siof Vathuw-',

.... ...... ( n :....... ..- ....... . ..

Ceasure ari Paikao e height diamtr ol ts Ur'.elL

Test,•{¢ Nuo e Dsrpin:~ I (eUerq t M K i.on)~
,ecirocedtire D . '"" .. .

Photograp h ex0erior Surkes ot test article for visudl •ividiee....
.! c , nd d. i ... .w. ... ;it O

........Measur and record t urtmpet11 ýat.the drofpi p.1
st, •eids (2m2ph) ... ___...._.._..

' 'Oii•.sped.measure mnd record the:amgle at whicitheJ' test allticl Is orl ztend to thc nearest degreej'within ±l deitree
of specified drop orientation)

__-_ _ Ane of [ rientation ........ ..

C-3
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Century IniJus,ries 
Bristol, Virginia 

. NeT and HAC Test Record No •. 1~S~tol 7'1 
in accordlinccwith. 

Vcrsli~J)lIc Tci;(SI)ccift~~ti~n;TIiI~nOl,l~'e~'. I) 

J)cscription 

Page JofS 

J1hotographexic:iior,~uJlace:for ICSI!lrticlefor·visuittevi.deUce .. 
. of re~tesrcoriditioii . 02!.iiJ (a f \"yok 
Measure and record the air temperntureat the drilp:pad 

~;.s:,,_,_.:.fAir tempemtuf<..'(oF) .. 

•..... ~ .. __ -,.~=' LL-.:..~yi!!~.~~~1(~~L~ __ . "C' ~-c-..,--~-~ 
:Onct' suspended, me,\Slm:nmd recOrd,the llngJelli4~vhidi'thc' . 
""""'H' u<:,,, is orienkd . . near;,:st d~gre,,(withiii±Fdcgrce 

drop .,dentation) . .. . 

\:) {) i\ngleoforieritation.. . __ ._. -.--2.,----''------:-t-~~,..;-+'--''-c--~ 
. Mcasurcllnd record.hcighlifromtesl·padslu'tllcc·tolowcs! 
'poiht ~ntcst package {at' leastthe:spt:cifl¢d.drophclghtatid not: . 
mnrethan +2 inches)' . .' 

.3 .Dro Jesthebhlin; . 
Philtogiilphexterior surfaces.orles! ani 
oradditional damage " ... 

. _ .... - --i){lcumerit;;fS;;~~dtiri1Ugc .lo:packag(j 
(e~g>dcf(kniathln ni'l)(jtrfailure) . 
.J:.t2.cc.v,,~I.,,- ..... L 9~:..k'f' }1t;.~j:_J"!:'/~~-:;5:~,-2cl/'O.;~. 
_~.dv.{d tV' 'j,.,toff<'-(\ffiS:t "y>±(IY:",~, 
~i:.1t5:uLd''n.JN4''.r ·~-':~Ii+_ .. _. : __ ~. 

MC;lsur": am! record th,. 
#W<f~~j1S~;(;, ... A irtempcntture(': F). 

f-:-_~j~I6l·!t:5~if1p~~~::d (m,t:.h:.:./)"-.,...,.. ___ -:-. --4-,,:-.....:...:--\----0 
Uriccstispcndcu. measure andrecord.lhe:ar\glc at whi.ch:1hc 
tesdli1ic.leisoricnted·"iij:th~llearest· degree (wit hi n ±I·· degree . 
of spcci fied drop oricntation) 

'.) . An 'ic of orientation L-________ L-____ ~~~ __ ~~~~~~~~~ _______________ ' ____ ~~L_ ____ ._J 
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CenturN indoIristn NC-i and IIWAC Test Record No. TX~
Bristol, Virginia inacdnevith'

Yersa-Ync et 1 pc,61 ioTSOi Rev. (I

Pa•e 4 4f5.:

Procedure ,-Date InitialsD•csripfion
Sic__ 

4--,-

-4

I-T

k'

Mcasulre and recotd heighit fI-om testW pad1,tifaceio lowest
pOint on ust paokage (IaiCkI ttt least p ied drop fieiht afid not
mo.. than. +2 he'ein

Photograph eterijor su l 't ot:esiti ý - e lor visual evidence
oh additional danaee "_ " _"_,

Docmnent visual danage~top4ackla--- oe

(e.g. deformation orboli failure)

- - --------- ---- --

Mcasure amd record height and diameter dtest a;licle* t..•VIp•_ Package height (in.) :: . .

44

K Test Number d)estriptioiil~ . ~ .f~ . .

Step:No.
Dscrmiption

Descripton ...........a

Photograph exterior surfaces of te a1t1I far visual e0iuid &•.i•
* ofpre-test ondition
Measure and record the air temperature at thedrop pad

AirtlempraturclF
.______ W i nd sp•eed! (m•}ph) ___.... ....... - _.. ..

Once suspendcd measure:and record thw angle a;twhich~the
test article is oriented to thr ne•legs degree ( jiiin ±1 degrec
ofspecified drop orientation)

- .Ange ofnerintatiu(n
Measumreand rec•ord:height from cist pad.shitce)t owest

poinm-on lest package (at least the sp ,ificd drop.heigttand not
inore thani +2 inches)

_____________ Drop test heigtti,.):"
.Phdtograph exierior surfaces.of test article for visuaal evidence
ofadditi6nalhdadae •-

I.

.1

C-4
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CClltllry lndus~ics 
Bristol, Virginia' 

.Procedure 
Stc ):No. 

N CTand llAC TL'5tRecord No, ;.,.!.;:..,...o;;..,.,....:.....:.,. 

in acc()rdanc~ witb· . 
y ~l"sa<Pac Test Spccification,:TS,~OOl, Rev. {I 

MCa!;lIfC!iiiid recofdhc.i&lillrom tcs\'Plld.Slirfuc(do IOWesl 
·point(i~.t':SI· rm;kag~\ai;lcust;th~;;Pecific{i.'irop ileight ilI1d not 

Pavc 4·of:5· 
b." '. 

Initials 

(; 'L ,H10re.lhap +2 ill{:llCS)' .' . 
__ .. _b_, _._. +:::-::--:-_......"..,"""4"'.· ,.+-I ~",..,..:D:;..r?oEt:.';.::te=st~s.~LQ~:(ir!.'L _____ ~_-+-t...:.!.f;.;..'1.;.;..uL:/}-,-·t. .• ~~: __ 

PhotqgrnphcxteribrsufliiCes()rtcsl article lor vlsualevidcnce 
i-_~_,._+·_7--!.2~~!i~nal damac.e?;2~/C~ .t{:.;k 

Doc\lment visual damageto.pac.kage Skttcb.fOamage 

. ~-. 
I 
i---------. 

I 

(e.g. defomlalion orboltlailure) 
.-21!tJ.,,~ IYlf'i.X; ('VI", fA ·:J.db.&.\£Jibo 
-_::"\:.:t.Q'''-'-fJ.o.i l th'lf . f .'~---., ..... -....... -.. , ..... 
--.--~.~~----"'<~-~~'~~"""¥"""~'-¥' 

._---'------_ .... _ ..... __ ... 
---------_. __ ......... _---_ ..... . 

Photographcxlt:rior surlill:;esof test article for 
. of re-te~1condition 
·MC3Sureand record the air temperature at thcdmp.pad 

_' _. ___ . AirlempcmWre(°F) , 

" . 

I 

. Winds lCcd fm h) 
Onccsuspendcd;measuretindrec()rd the anglcaLwhidrthc 
test tll1icle is orienledlo the. ncare~1 degree (wiihiri±l dt:grce 
of$p,~cified drop orienlUlion) 

.. 1--\II£.le ~~L?~~!~~!i()l! _____ ._ .. __ ...... _ .. _"_: __ .. i--.---._-__ ';._~ __ ......; 
Measureand rcc9rdheig,hl from testpadstli:faeetol,bwcSl 
IX)inlOn Icst !Klckagc (af lellsi the sp'-'1:ilieddrop.hcighl.an~ not 

. more thmi +2 inches)' . 
Dro lest height,(in.} 

Photogmph cAteriorsurfacesof test article'for visimievidcnce 
(j r additioilzddmuag5! .. " ____ .1.-___ -' __ -,----,_1 
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C~ntury industries NC •imd HACwI A( vlf Rkcord No. T 5
flrist I, Virginia in =ah~idaniee with

Versa- Pac Test Spccification TS4•OOl Rei;:.0

Page 5o f.

SPrpvýAr Io
StvpNol,

lDx raption Datc 'initials

[i)orn~e~n i snal damage to package
'~jdefoimanon or bolt fitilure)

to,

of e ~ord light and dtamet r ~ ft ~st aiii I
I>kage.beigbt (to.)..

___________ Paeka~jediameai&(in4

Final Test Reco rdMea urement

SProedure
l)esrription. Dat hiitial.

1*

<~~1

Meas•nire ard rde drd torque foo~ter celofure olPi~

Photograph tntrior sr~ae of test aruticlef and euaninefitban'v
apparent f mhations of containment bomndary loss, &c

paiyload materials

11, and r rdt'•quc o fi-er 'bot

Rei~moVeI iI\m lr. ontnanhmt• etty..m i id. ... .
I x tnrne anddoco.nment condition of the gna•ket at~d =paylotd=

Measure and record the pre-tnsf and post-test centerlide.idk••!',l
near Side d istance to edge ol cavity!: for L¢mp~arisoin'(g•h'c. '•
a~ttacieldMeasurem3ent, l)ata 'Sh)iI
-e-oi e i f:;;:[ p i n:at; sIde)b :•;a"d:da ttien~kit a app~arndamage or"
movemeln to the: inner eontaimmint tavttyp

Photograph inner cavity to provide visual evidence of any
•parenrwdanlnge

iLl

H

bIA.
:y~t4Q~[ N:

~iu/O { ~4f;

~ ~ir'~

"%

I 7/a fi~
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r I!, V i rg'i it
N t t In HA:(,' ' I- r t 14 vcvt I N

tit :1cerdanee k ill)
P.t i'est SpecificationtS I'sOh 1, Iev. 4

Page 14f,5!

TsrPakae Sril N~ ~j_(~Y~~kgeDesritin: iPci11 ~GI~n Vrson

C7tronnltgr I cXiY K _____ ae

i hotogriphic Eonipment

r~ " A qttA 1 i 'I)

Calib ra teddEoitnnl~entIU tiled

Packagý;iPreparation Checklist ind Measurements

Prcdu r Dt l
stpN;. D'escription : a I Initi-

M•t'iu and rtcord paVcl kaged tm rtureupo1n r"mov11 l '0rom •

4 Photographitntrior 5 n~dL .xttrir o the patekgc prnur Oto .

NMcasure {c iftedinc anid near side distance-to edge ot cýit. ,
md mnarko. . ~on a ,,-.......Weigh em~pty test packaige( • ,:

_ Pa)cka•ge ta.re wei~ght (ibs) __________ ________

Sload preoaded 0 gd :drum:into the test package closed aind c
................ torqjue drum to nquired tor•jueof U60 f./ls. -,-,.....,•! ...

Spriad Ine (1 pound of residual "Jd/dirt int it thc inner-
cntinp e ninerutntain entponents fori good icnihton ,:

and :in actcordance with draw in.s " ..... ..
il 11t g etnd W .fiandlgsn. :illbols, then ."

lfnstill outeýgake and r'1O d 1H ihPOvl'w
per drawing'anid torquei lo 40lt b
Insi dil outer druml ringc andtorUeto11ý 60 fl-lbs u i j

C-6

Century Industries
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• 

• 

• 

.·Ccnlurv]ndustrics 

. Hristot;\\irgini~' . 
.. Ncfa'nd.HACTest\Recotd:No::1"$ :dC'i [ •.. 2: 

," ".:':; ,:' ~':in~.a¢c(}"dilli~e C\vidf 
V crsa:~l'Ic;Ttlst,Sp';cif'iC!ltion~TS,.O{) 1, Rev. 0 

Testpatka!;;e.·Scrial··.NQ:t65~SiI.·.··(jJ"j0}t~lli::ka!te·De.."cripiiqn:Y.c;;ni.ll::!~~l>(l!I'O"G~lIJnVi:;.t§iJml.· 

J'l;otogl'aphk Equipment 

Package.Prepnration Chccktistiind,Mc.lIstlI'Cllllmts 

~entury Industries 
Bristol, Virginia 
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Centur. lndustries NCT and IACTcst Record No. Fr :
Bristol. Viginia Tkwinzacordance with

Versa- Pa c 7T est Specifciiitirion, TS-81JRe.0

Page 2 of 5

Pfrocedu re~
Step 'NIP.

Description D~ate Inifiah;

7, 7-
Weighl loaded tesO pahke.

Masture h~eih~gt.fron bottom 1 it, lop of Llosor¢ nng wuid
diametecr o.ter package at eeiiter rolling hoop ot drum W nd
ma~irk :neaSircrents~on the test pakag.

.~P 1 ýPtkaget height (in.)
. .. . ck diameter n " ... .

Verif" the :external acetate yen p "is] n pla0c..
Ph.•"•iotograph cil~xtewo'•5r o'l' test pack a"----ge~~:g fo ,dr iedccol ;pn. •-----"etcs-t F 7.r-. A-__,

Te. t Nornh~r fOe. criotion~: 2A (~t.crI4~;Li:b,~I'~{*:Sa ~ ~

Procedurestep No.. II)cscription

"ii.

I.7,y7;

{t

4/

Measuvc and record air tempieraturc at drop pad
i Air TemnperaturcT1)

______ jWioidTccd (mph)
:Measure and tccord the angle-at which Ow the:st articc "

"oried to t lwnearest degree; (within ±l degrI ot *spcicdt,
drop onteotatiom 'n ...

O~~o Angk.ý 01 ntati
Ili ic-atarticeo cquomircd drop htigh"

! ad record height-froin test pad wiurtacc-to loi -
point on test package (at leastthe specified drop height and
notmotenthan ÷2 inches)

) rop test'l ItLegri._____
Phot\graph wt iir sirfaces of testarticle ibr. visual eCidence
o1 dimage " __"_....._ _______:_

D~octa t visual danige.g to package ;:
( -. Jdfonnaion or bolt d- iolure)

.-j _ ......... .......... .. -

I L

zIz~b9

Measure height and,'diameter Of test package
•#2IV Package height(in.)

lat..kag da _____(n.

C-7
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Century Industries
Bristol, Virginia

'. 

• 

• 

,Century,lndustries 
;' .: . ~, . .-.t~.,. ". ", "':'<:," .' 

, B'ristol,Ni,rginili 

" Dc~eriptior, 

, " ',Wcighloooed t9Sl, package 
I ' \, 1,; _~.~_ ,";;/;:~'{~ ,g~~~~g¥.)~~(\y§jg,~t:(!~~2m'mm 

I\;fe<.lsufc heighl!frml1 bollornrillY w'\opof Clos\m:: ring {md 
,diarneieLQi;<n;t!,:rpackage at cClilCr.Toiling hoopofdnllll iUld 
li;<trknlCaslir9~)~ntS(';n the test packllge" ' ' 

,!+2;,,'f~LPuckage heigh! (in:)., , 

'.!~~~,~£.~!i,~!?~~~li!!~tc_.~.:.:~~ .. ;.~. 
acetate venl III 'fisiin,iuce 

',Mcusureruldreeord aidcmperatllre,atdroppad 
, q]S '~ AifleniPCra]Uf(:(?E)t~ ! 

I,...,--\-,---~.........;.~-.,..' _j;J.' -.,..--,-:~!iid'. ~ri,s::;s[L'!1.P..!D_' -' "~c._~",~~~_,_~_L:~,',,,. ~';;':""+-"';;;""~c..f""":::''':'''::'''''--''l! 
:Mnisureand ri."cordthe,angle'at~which loc tcstartiCie' is? ',' ' 
~oiiented.'tl~. tllc.:nc~lre~4)t:'·d:egn.,'"CjV:jthin o±T d'eftr~~'.9(S~~it\~x(: . . '. .. 
droporiciltation) , I 
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C'entury Industri-ic NCT and IIA(-C Test Redwid No,
iristol, Virginia. irk -accordance Nsitb

Vers- Pac i (-st sp vificatiolnT SA I, Rev. 0

Tes,,t Nujmber. (Oibsripioiiii:~ <(~& .O o~ ~~ir

Page 3 of 5.

Pro ed tire
Sg•m No.

I)vecript ion J)~tte ft nitifis-
.~.

Th
ofretesteonditionL nt__

Measure :and recordidii air tcmperattire at the1 iiC ppd 14
*b. 'Air tenipe re(e') mimi z! "

. ,Wind cod(mnph) . -

2.1

Once suspended:m e and record th1Cangll atM which tlhe.
tes artice: iS orinted .t -Httre nnearet deogr'eeL i i ithi +d1 1 egi •..
Sof speeifiedl droporientiationh)i .. ; "':' : •

, C• •An~I ol.-orienation, ,. ,.•...

Measre ad reord eigt rom 1.e'i pad1 aortaee to toweal'
point on te'.t paekti~ tkav(at least the spthddrop hegigt an4.not.
more than +22:inches)-

.......... 3W .IDp ,Lte !4 (•.!!.in,)

Photograph exterior.suirfi•cesotf testanrticie' f6 visual Cevidehce
of additional damarn . ...

... . . , LI

~ I ~kS

~jztt/j

/ ;~/?

(g.detbrniatinnor; bolt failur,)

.......... ... .........

Measure and record heightiand diameter of test iartile-"
........ Package .ei.. (n.) •

~~.~~- 3 • • ..eimte~n. ~~4hJ

7../j?

~

Test NyrnlwIk'~t Numbr f~eserirtion):... ......... q ~<.; r
Procedure
:$Step No. ioesription Jniti*

<'3r1 Photograph exterior surthelS ol t fcsartirlelbr~vi• a evideiiei

Me"" Isi Iit r cr the Ir teinpqwl 1thLre at t he dr1 jod.
thf, Air teinpenturce FT)"

______ ____. - .. i s ,e .............................. ..........
Once: suspended, m casure aiid record the antle at which the
test irt is orie'ntd to the neuradegrgee (within -!A degree
ofo specified drop orientation)

.. a... AnIeieot'oricntatio ___________

'-3

4~i

C-8
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• 

• 

• 

CenturVlndustries . . ... ·c· .." 
Bristol; Virginia' 

'. NeT a~(I HA(:,~Test'~¢cl'lr(J.:No.~::> .. (01-:·~ 
.' '.' in 8CCOrti8.11CC:wi$h ..... . 

Versa-.Pac Test SpcCifidition, TS:'{)O L He\,. () 

l'age30fS 

Udicription 

PhOtOgT~i)h extcrior.;sllffricC's:oF Icsfnrt ide for VislIulcvidence 
of re~tcsLCoIidiliom . ... 

'Measure and rc~~);;Yiiie· ~iijcmper<lt\lrem· the.i:lt\'ip, pad 
'l1>t'Airt~;n~rilturc(OF)' .. ' .' 

.~ __ -+ __ -+~~~ __ .~+i~~ .. _:W~,~l ~=~?7' ~~~~~~~ __ ~_~~ __ ~ __ ~~ 

I 
Oncesuspended;mcd,!!,ll. ,.', .... j'ecor\:l;lhc,\m}g!t::J.~t;~;hich',the 
'tcsi article is oriei\ted,t;)th~~~eili·C;<;ldclir'e~:(iHtiiiri;±:lf'd~gr~c,,· 
of sf>eciJkxldroP9ricutiiti6ii) '. . . .', .... 

II.· .. /',~"'Me~lslird ,0'\, . '" ... ;fr&~c,m~.i~~~1i.;ril~~'~;t;;ii;~~~{ 
v POint.()n}<:sl.pa~!<slgcfii<I~lst'lh~.~p,ec,ijl.~ihdropheigh\;ilridr1pr 

. more than +2'inches), , . 

.. '". __ ._" ___ "_ ' 3(; f ·'Qi}lp,~t?~~~~~&!l~.@1'_'~"_" ___ ':""-'I~'~·'·':. ':;."-c:l';':-='~~'-'! 
. PhotographcxteriorsurlacCsor~est,article;(or;vj~ual.e.v.i~k(lqe,: 

(, ·z..3 of addltionili.dama,e ' . . ,.' . '·,/'r~''''F 
Dticuinei;! "iSlml,dlililage top\ickRge; 

easureand·reeord hcigliland diamt:ter.ofteslaitiCle'· 
.J:Lt1L..,. Package heigbl(in.) . .' . 

Jr;'LOil~~~c.~!~g<:J!i,a.n]~£~,(il!J,.~Qg"·d .k>.o r+_ ... _".o-,-•. ~_~ .. L-....-~ • ...-.: 

I)escnption 

• Phi)!ograph exteriorsurface;;'oftesi ·artitl;:for.visua! "VIUt"",,,·,,;;;,.·,. 

l, 3
r
, #_2._ 'of preclesteondition _____ "" .. "''',,.,,'w. 

!\,1i;iisul'\:.; and. re~(lrdth\l' tli r .tempcratim~althedrop pad 
j.,_HI., __ Ail' lcmperntllre(OF) . 

....,,,"" .. ........ ...1 __ ~~i,!I(L.~E(;~l~(I!:!l:!l) ......... " ...... " "'i''';'''''';'''''''''i''''.'''''''''''''''+ 

J-,Once suspended, mcasnrclliid. record the angle (ll which· the 
.te,lllrlieleisorlcnied tOlhe ncarcstdegn,:(, (within ±.l degree 
of speciliedclroporienlaliol1) , 

'1/ .{r 
"0 ". " 

'--____ L_' _ 0 . A;.I".;w""c.""; .. t") .. I."·( .. JI .. ·"ic ..... ·n",I,,<i,,,,tit,.,H . ...;.l_.,_ .• ___ '--___ ,'--____ "-= ____ < 
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Cc 0 (2tituryviidlstrivcs NCT f d I IAC, Ies 14cord N o. $.O. 2
im -accordancev with

VraPur>Ts 'I cfcain USOC , ev

Page 4 Jf5

~Step Nti.
l)ateiDescription Initialls

2 °% .

Mu suwn. and Trecord height from test pad surfaceeioowest
point:on test pmi k sge:at.testi the speciied dropc hcight.and not
mnore.thani~v inches't

Photorarph e'!tenor surtaces ofte~t artcle for~ visual evidence
otf additionldaFmage_________-__

Document visual d mage to talkage
(eg, deformation or bolt faiiiureL)

Ma-sure and record height and diameter-of ,tst article
<I? V[ .Package height (in.) .

P k_ d 4m4;k. ý.n).

7/z ~~ 4Jf

4~4Jc~

iI-L&jOj§~jj

:ý's N m e Dkecri plionD ....[.....

I

Procedure] DesCriwtion stic In016As

Photograph"eltdrior surfaces of'tettarlicle for visual evtýdene,

of pro-tesi condition _______

Measure and record (lie :air temperature at the drop p.ld
.......i.......:...air~temp'erature({F) '" .

_____ Vvmdsced (mph) ______

.Once sueded. measure mindrecordr- thei ai••L, t ,hliI i theI,:
testartileis ,oriented to the nearest (degwee(,ithin + I degree
at ap:lci fi&ddrop~orientatioi "....)

ofpcfd Ai Cntntiofonenato

Meas~ure and reord.height from test padlsurface.(olowust
point on test package(at least the specified drop height aud ot-i
morethan etiSr

Plhotograph exwterir surfakes ofI iest ani efelor v isual eidu net.

77

K
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• 

• 

• 

.' .. : 

. ceittulJ;(i!~dllstrics 
Bristol,"Virgiitia 

NeT and.HA:(;'1;t~st;RecordN(); -'"''''''-'''''''''"'­
'inacciirdanee witb 

V crsll~' l'licTcst Specification,TS-Ofll" Rcv.O 

,Mcilsureandrecordheightfftlm test padsuifacc ·l.oJO\\'cst·. 

nate; InitialS 

,p<;inl~(\llxesIP}lekagc(atlcastlh,S spcciiicd drop height and no! . . / ' 
more;tli@,l:! ineh~~;) 7,/?,I,;,IO~ 

_"' __ '" .' ~'\Q,j " 'D~,I~~~hcjght Ji.!~Lc... '''''''''',' . :' PhoHlgraplVexfCnl)rSlirlilcesoflcsfarlidc for \Iblllai evidence . './ ~" ;'.~ 
ofadditionajiliml~ge, . .,' ,?,,,(1{PI 
D(jcuIHcnt visualdamage;lo,puckagc Skelcllo~{).mii~< 

(e:g,deformation,or:bolifailufc}/'" •. : 
'.:-\~.LCL€:f.i~i:LdJ£tii;£J,wAJti~:iJ,~,:, ' 

~i:~~:~~~ 
~t.Lt~~-____ "" "-''--_-+_'''''',> I 

I-'---'V!--' ~-jMer~;;reandrec6roheighland diiili1Cierof1~(.ariide " .,. 

, L{t'lii !)ackagehdghl.(in.). ". ,'. ',2.1./~tt,Y,,',O_. q:~lifJf!.:','.ll' , 
"t, I yg, paeka~~di!im~e::!f£.ert(Q"iQri:2;):'" $fi1H~:chcl12P21,1"d~_._ ",' . , .. 

• ·Photogrdphcxtcrior·surfai;esoftcs(prtiClc.for'\'i!il!~rSyi4ti~9:; .. 
of re-tesl co!!~ition /', . 
Measure Hnd reeord·thc'airkmpcrntureauhe;gn)p:.pa(ji; 

Air'te'fllpcniture(OF) . 

!. .... , ........ :"" .. ,,~--->J_. __ ,,_._,_,_~·Wind,speed (mph)"",_,,~ __ . _____ ".":,,,c, ,,, ,,",,---- --_._" -:i.' 
.Once suspended. measure lind, record 1l1cmlglC at whiCh the' " 
tes\.uftideis (irientcd to lhc"ncarcsl"degree (\\;ithiri ±:I degree ' 
df::;pceiiicddroporientntioll) '", 1 

. Anj;\le oforicmation 
MeaS\lfCand f,,>Co.rdheight: fr·c..OC-nCC1 '-te'::S;';"l;';"p;;';ad7j-s-ur-:~'-ac-'c·,-:,7f(-) 1:-o-w-c-:s-'t1CC!!+~ "fc,' 0+.~-:---+:--." - -

poinl"on tcstpaekllgc'(at least the spccilieddr6pheightand:ii'GI" 
! more than +2 inches) . . '. . [, ; 1[, __ -I-::::_-:--~---,~":",,",Qrop;teslhcight(il~:,,L._, ... ..... "_.,~ __ ~,,. ____ : 

. . Pho!(igra. ph exterior surfaces of tesi article for visual evidence .j.. I i 
_.. . Jof:idditional d11111!l,.gC __ ." .. " ~ ____ ,l.!-:,,,,, ".""J 

. C-9 
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Cetttur ntsre NCT*wd 11AC Tet Rkeord No.
Hriso~l, Virgi in corncewt

\ r~- P. stc I 1 licun ~r Iul*R

•Pnge S Of s,

StenNo. Dgs~cription: i)ate.*

*.Document visual damage to package
(eg. deforniationor hollfaldure

I Measure and reehrd hecight and diatmeter~ otes, t article
________Pacikage"lcig(w~i)

Final Test Record Measurements

~dure]
StenNo. I I)Oscription I)Ate: Ilniial

...... ....... ........ ...

Measure and record iorqu.fj.utcllr closu.blt
T oRjzW OiPlhs;) ______

c.Oien outer. pacUkge, and rev c: iii ItI I Id cfid
hotograph .intenor stuface6of t&si arti tc and cxanuief 1ranv

apparent.indieattons of containmient boundry ioss. e: g
payload maternals

Measure an '!ýrecord torque of.interior bolhs
............ • T-rquelf l,

Remocv inner containment.iaviy blind flange
Exmnean docmtents condition.ofthe gaskt and payload.
contents

.:" .:5-L-A•. t c.r-..... "• : ~ (* ... .• ° .. .

Measure mnd record the pre-est and post-test centerline and
iicar side distance io edge of cavity for comparison (Sec

•,attaehed Mcsre I .')ataShcec]

'!emei f po- ossible) nd document nywr- ' O--•.ip damag o
movementto Th.e:inner containment cavity

Potugraphinner citý :torovide]visal evidence of an"

2~,PQ
... !7

...............................

+ ~.-.--

>1 iI4u

~L~1

......................I

.1
-i

<N~p~1~. j

Century Industries
Bristol, Virginia
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• 

• 

Centuryindustrit'S, 
Brist()I, Virginl» 

NCTIUld HAC ReClird No . ......!...:::"-J..0:;J.- i.: 
iii llt.'eorcllln,ccwith 

Vcrsa-:p'ilc Test' Specit1catioll, TS~OOhRcv. {l 

OgS'iription, 

I· Document visual ,damage to package· I (c.g.dcfomlati(ml)~&ol t:failure) 

'~----'-----~"--'-'--~07~~"~,-~-·----
1 -, 

S~cteh of Uam:agf 

L -1 Measure and record height and diwllcter of lest article 
I Pacl(~gc heighl (ifl.) 

___ ~_ Package diameter (in.) 

'Final Tcst Record Measurements 

Mcasurc.andrccord.torqL1cof Qutcf.¢losll!'c,',l-!?It@' 
)---:..,7...:. :s::.·...:."/...:.::>-if-::-'--__ -"··""<~..,.,...,...:.T.:::.i:l.:.,:tr uc(IHbs).~. _____ ,~"."..._----,~""---_I-'"-

() n outer )aekl{ ;.eand,fcmo\:'e' outer: lid: " ' 
, Pho\Qgraphintefior'surfacc oftcsi artiCk andexamiH~1or'!triy' 
apparcnt;indieati()nsofconlainmcnl. boundary' loss;e:g, 
payloadmn(crials , ' .", , 

_:1~:~~h:i::~i!~,:~:;~~~~~,~~~-:}~~0,::ho,e.,_ .. hlQ0:,¥~~i~=L 

'. I'age 5 of 5 

Measure and'record torque 

!~----l-------, .... j___m__ ··ZZ:;< . TQrq~."-c-",(f,,,-l~.:..:lI.:;:;..}sL:) -:-:--:-:-::~--------,-+'-!--=;~l'.--c"",,--i 
!_-'---+-___ tJ~~..':l1gy.~:~'~!~~5:.()I1l<!i!~Il..~':ntt<~:...P1 indl1angc;.c_--:-__ 7"'" 

Examine and document condition·orthe gasket andpay!6ad 

!v10HStlfl~ and reeord the pre-test an(rpost=i~St:cente~Ti;)c""iu~ ---< 
ilear.side disl;lJ)CC toedgc of c.avity for.comparison .(Sct: ~Z.·.) .. "«v.IO({ +If:? 

f .... ", .... ,+· ........ · +J1tl"l<e.!1~dMcasurelllent·Di"aSh<.:et) .. L· .. , "' .... ' .. ' ... ,., : ..... , , 1 
~.t~I~l.oi/c:(if.pos.sib1.e}rlnd· d(}cilIn~nt any ripparcnt danl~gc-t')I~ . v 

mnvcmcnl,\OIJie:inner containment cavity 
'-_~~-'Rf19~~4"",+d':J",r~%~ . _' ___ _ 

C-I0 
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Centurv Industries NCT andl HAC.Test Record N -.-obi& ~ Page 1 f 5
RlrkttlI, Virginia 61 accordioneewith

les Piekge8eiaNo' .1.~C lt ackag.,e IDeseription:sP~I(-hdo eio~

'rest Progra \u\n

Test Engineer: .
Quality Assttranc CoOrdit tor: 4 , >bzijj..

, -a - -1 ý ..

Photitrp i quime7

:A .~

Calibrated Equipment Utilized

______ _ _L_•_•:{ :v. _±2L:_24"
*~~ KS3ir J- iiiQ

......... ~ ...... ....... ~._ _ _ _

Pac~kate PrepartionChlicklist and'Measurements

Procedure Descriphiti~n.:!ii{{i Daue Il;iias'

Step No. Dat ..-____

Meastre and record paekanie: enpe prt urt fpýmnmvaýfrdn j -"

." Pi~togph interior and:exterior: of the package prir to >. .
i~in.................. ......... _____..............-1 .... .......... ....I. .......... ....... ... .... . ........ .. . .... . .. .................. . ..... . • • [.

Measure- :centrlifiý an;d nwar~side distance toxadgc ofcaývob .5,J •••

anld ma1rk, on package
Weigh empty-testpackage

____ i _ 0' Packagi tare weight (lbs) ___..__

lomadp'e loaded.30OgaI drum into the test..packaigcl. l-o-:d and
.___ ' •.tour tgorequired torque of 60 fti/tss. - .

id oe 1( )poind~ reidmisand/di rt into Ohwnn~

tIm lit, ti inner eWtit, 111 .enAt COMInponets-11ýýO

i rv,uJ I caxviy gas;ket andhblind fiange. sntg alihls thI.~.(? jv
torqueto 0tb
lnsitall outer gýsket and re-inforced drtini lid %ith prpf ot

1 ýrdra ing torquev to 4' ftls

lnxtal ooe'drum it.* an1 _______: lo ..1111
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Century Industries 
Hristol,Vitginia , ,in,accordancc'witb 

Vcrsi~, Pat; TCSfSp~cificatimh TS~O(lI ,H"". t! 

Pagelof5 

, Test Package Setial'No,.Lo5::SCil<' I ) Package Descripilon: V crsa~Pac (1,( OcGgll~1.r.lVcrsioli) 

CaiibrlltedE<}uipmcnt.Utililcd 

)PUCkllgC' PrejlarationChccklistulld' Mcaslircnicnts 

OcscripWm i:lnitiais' 

C-ll 
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Centuryi nduslrics NCT .and HAC rest Record No. •-$ =:
Bristol, Virginia. ,in accordance with

Versa-< P, iiTes|t Sp~ecificalion. TS-,|OI , Rcy, 0.

Page 2-ofS

lnifialsPro~eiIure
St i~n N~. I)escription P)ate
Sten No.

AA~ Weigh loaded test pzackage; " •.. :•
* C Packagg kstwe d(bs):___

M :1ishtr' h'ii hom bottom rim to top odclbusulrefifg and
din'eter df outer packge~atlcenterrulling hoopofdhunt anda
mark measurements.. .estpackage... ..

Verity' the external a etaite vntplgigs in riplac. zA•:

condition£". "" ••

'I

• Test Number(D s ripition:; *)& '

lro dureDesDate Initial"

Measure and record ir itemperatur at drop pa..d

I, •I - ./___ ~ Wind spcpi (m~ph)
MenIol. ui11 an C-Od reod :1vthe angl it ich flt, Wte'thariel :is
oriented to the nearest degreec (within f± I degree of sppcivt led

* L_? Angle of orientation. __._._._

Lifitest artidle to reutired drop height"--
•.----, . M-r-• [,4e,.'tse •inPd record heithfriim test t ice to lo.est

point on test package (at castthe specfied dmi, height md
not 11iore than 4 2 incihes') . - • I

• + )•g Drop test height (it.) _________..

Ph6'h )graph e 1ter1r srf ikees o1 test irttele for.vualetewd ec

.............. ....• g ............ : • '•

Document Visual dlamage to packagigi •

.e.g. .ctloraitn or bolt kh tuicl,:;) , fwi.

S M gurc heh t::arid .di.iiieteir o f tis packageL(7j•2• :Package heightl (in.) •...2,:0, :.:{•' f
i:_...-. ' 1aeka e' iameteP(in. )7 _LI i ..

C-12
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• 

Century Illd ustries 
Hrislol; Virgini~ 

,>. . : 

N(;Tan~IHA'CTestRecordN6. (1''3·,001 c<3; 
juoaccordaneej~idl " 

Versa-'I~aeTestSp¢cificlilion. T8,;.(11)I ,J~¢v.O 

I)esprirtion 

Page 20£'5 

Wdgh li)~Hlcd tc~i package , d ' 

V __ -'-'-l-"-'C..o'L-Cj' . ' q Z c .,Package lesLw6ight~(!,:;Il~)S:L)~" ~c-'-'~' ----'.."j-'--~,...;;;,t_-
"Measure'hcifihtifiorn bottomri In. toicipci.f:d(1.~Ureirjllg :und 
'diameter Of outcr pac~ag~,a~e<:1rl!'irrollinghoop'ofdrumand , 
,mark, n1t:asurell}entsoh'iih~t¢st{p~t(ikage 

, ~,~:LU1tJL, f'ac~age;heighl,(ih,) 
';;' .!~ .' , '. . . 

. J? ' \; ~L 
--t::--+..,."'C"'C-."c"'C"'C-"''''-.....;;.-,:~:-::::,,~·-,:::t:.:~':'-::~::J;::/::.,.''''.::.:': ... : .. :::.,.,:,',:.,., .. :.: .. : ... : .. :.:, .. : ...... :,.::fl::·:·::·:·,:·:··"·:,··""j.:···,,,,···,:·,,·:,,,,, 

Measure and record llie.anglcarwliic[l'thc\t'<!l!,aliliS 
. ,oriented to the ilearestdegrl!e(withjn±'I(jeg&~''O(SnL''cifi,e(f 
drop orientation) ", ' " 
. . It; An ,Ie ofoncntation' 
Ufttest artiCictoreqUireddrop:heighf " 
Mel!Sllre~indrecoid height: frilJn test pad :siirface ;10 .100vc§! 
point 011 test package (al Icai;tlhe specified «roi> height ~lrid . 
notrti(lrc thanl2idclles)' '. . " 

Oro 1 (in.) ~~nJjjre;Vid;;:;(;;;.t'-;-7'-"t.'.;:'j;""1 Ph\)IOg:ra~)h·~ixierim.giiffaccsof(es(:rl;:iI2Iel{)I· . 

. MCiIS;;;:e •. ·bcight;I~(idiiilil~i~;:~;Fte~j·I;7;ckage 
.~tbj'LPaekagt;heighl (in,) 

L-____ '--__ .,.,.,......,..'c.;l_"-'-.,- Pat!'!.&~~di~:;:e::;·I:::.:er:""(l.:i:.:n:L' ___ '---___ _ 

C-t2 
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Cuntury Induqtrivsý NCT and OAC Tet: Record No~if.
MAWsto, Virginia with~

Ves-PaCh'lst Spccifi-tionI'J$S-001, Re%~

Page 3 of 5

lvýt -IN it "d 2~~~ (r-' 2/ f

Precedure LDate .Initials~Description
Steii No.,

phot6graph exterioi-ui'ibces of est article f'r Visual evidence
ot• pre-tst condition Wz4 ý~~4$
Measurie and record th1 aiir emp~rature at thedroppad

•, '4, .Air ;temperaliurc(l:; " . .

~Wind SpCcd (mph) __________

Once suspended, im reastandr-eco rd the imgie atvliici the

tcst artide is orenicd to the niarest degrc&. (within &I:±t-.:l
of speci fied drop ofentalion)

5 Angle of onientation
Mcaisure adhdrteord height• fiom temi pad:.sur~fiace to16west.

point on test package (it'leausthc drop height and iwý
morelthan +2 inches) . ...

"3 L . DrOp~test-height (in0: ,,.

212 ~JC~i

/

1...........
1.

1)hotogniph exterior surtces of tes Iarti.c•leot isurdi l e;idcnu..• f:additionat dama• "____ ."..__ __,___,_;_L:[::i.•

lDeurncnt i ststl dmnageto p ackap: . • rt
(e g defrimnation or.hbltt ftlure)

/'A Yj A

. ... . ........ . ...... -. ....- .... ..... .. . .. . . . . ... - - --• ,-i

-c ý- .L ,' i', i. - t,,
....Mr... ad.r.... he eghd dmer of test .rte.c•. .

.1 IL ..... Iackage dciarrht (iii) .+: 3(>,-••,•..1L/
*..... Z ..... I

.'1'c~t Numlwr tDescripiiont~ ...~ G (i4-AC. 3O..31~ L~LvA~Q~k #2~(h&(: 2.1 L.)~
C)

tProcedure
Step No. D.esription Initials

w

Photoi~grap)h extdnor ior!oogc!s oftes iartiele ror visual evidence
o'7f p•re-test, conldi lion

Measuicand l 4,id t~lL, air teperalwe ait thi drop plad
S: Air t ntripcwc 1nrct ('•t;)

•; Wih d Slj.ec- d.QI!ph, ____

ODnce sUspended, ieasure and record the angle at which-lthe
test article is on-erited to thi: nearest .degree (within:•.±idegree

of Specilied drop orientation)
iJ j A!eýoforientation

7 /~ ('/(. i,¸¸,7¸

C-13
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• 

• 

• 

Celltur)' Industries 
Bristlll,Virgini~ 

NeT lIud UAC:;itcBt:Record 
iu!i(:chr(h~nccwitb . 

Versa- Pac Tcst(Si)ccifi~ati~u;:'1'S';I)Ol,Rc\'. O· 

T{~~Ntliiibcr(D(~crjptio'l j: .c...;.;";;;"'=-i.-Ll..l~~-,,-,;:..o::..;.;;.o=l..!.!.::::L.li.!.-::::;';~~.¥ 

Pi:9ccdure 
Stei:No.' 

"PhptO'grilph cxtcrior;~llitI.ICeSOr IcsCarliclelt)rvisua!cviilellcc 
()rre~iestcOlldilion . 
Measureand·rewrdthcaintcriipe!:'4ture.:ii·.the.drop.pad 

'5'1./.:':{;--, Air;ti;lllperaiureeF)' . 
l-: __ .,-_'_c.",,""_' ,"""",,,-,,\£i!:~~.r.::~~H!!!p.:li.:f",· .. __ -:..,.. ___ -'-___ _ 
Oncc.su~pelldcd, inC<lSUre.3nlir.::cordlheilnglc 1I1whiCh the 
test nrtiCleisorien,ted ~6 thc.nf.:aresl dcgtcc{viithirf±idCgrf.1: 
of spCcifieddroponemaliou) . . 

... _. 5l"o~!.!g!0,!,>L~!ienu~ti0i1, 
M.caSllr1!~ind recordheightJl'(;n)tcstPadsuifhl;C.t():!o~est.' 

· point on testpackllge (iltleaSt,thc,Spel;il1ciJ:4fqp,h(:ight~ail(l;li6l 
more than +2 inches) .' .... . ',. ......., . 

, t, \ Dro. testhei >he in; 
· Photograph 'cxtcrlorsur!aees 6ftcstiliticlc:fc}( 'visuaEc,;idencc 
. (if additionill damage' ' .. ),. ::, .. , ..... 
:...---~-----.-"--.--- . .:c . .c;. ~::.:L~-
Do.comelll vislIlIl.,damagc'to package' . 
(c,g,' deformatioli orbdltfai!urc) .... .' 

liju .. "h.+.ill4r~MPJ;AQ,QftJLd:.. 
7.'1z.~'" 20" defornb'q.Vu'il (~+b.I+:· 

....... ·Q(~A._ ............... _,.~ ............... __ ._. .... __ .. ____ __ .... . 

.TC's't·~.1J m btl!' JI~eS(lri ption): 

. Descriptiim 

Phologrnph cxt(iriorSliiltlCt$oftcsl!irtideJ6r vi:;u:!l evidt!lce 

1_._' __ •. :. __ ... \., ...... "_ ... 1 :\!.~J:!!:t5:~.!.~.~'.!!.~!.i.!.i.~?!l.~. ____ ..... _____ .. , •. __ ---'_ ... _, 
··K,fe!lSllre·imd·h~c()rdtl1e ail' temperature al the drop pad 

F~ .. S;Air.tefilpenlU.lr<l.eF) 
S; . Wi ) 

· Once.sllspcndcd, measure ~nd record thc angle at whi<.:h;the; 
lest lIrt ide is. (Jrienlcd to. th~nc;;,restdegree. (\vi I.liin± Ldegrec 
ofspecilled dn)!) orientation) '. 

L. ____ L-...-__ -L... I..c __ ~!igJ_c··o~?!i~~tal;L~_. __ · , _______ • __ . 

C-13 
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Century Industries NCT and I AC Test Record No., _.____0__

ristolVirgmina in accord ance with
Versa- Pac Test SpecifiCation, TS-.00 I, Rev. 0

Page 41of 5

†.... ...... .

sic )No, Descriplion Initials

Measue aridl i.ecord hcilhti frimn test pad su Cacc To lowest
pointmon test packagew(atdleastthe~specifieddrop heightt.and not
mor -thn (2 in Dthes)

I )roll tCS! hittho t (in.)
z'; )2

Photograph cxteror surfhlres of test articleTfoi visual eevidence
6fadditional damage.

D~oeunent visual damage t.o pckage Skwhort.

(e.g. del rmation or bolt ihlure) "

Meaisure and reco0rd hc~ight and diahmt~ter of tst~uidch~il.@• i:
iLL. !. Package heght (,n ) > . IF?>
t ,itc ol J I I ac itIItdian a. r (i n C I c o C i t ~ C!..L1

_______ 4-

Test'Numhber'(Descriptio L1:' T{J .) 2.Pb~~& ?c 4~

.Procedure
Sten No.

Description D'Atie Initials

:Photograph exterior, suirfaces ofteSt .artiile forvidsufil.evidten@c
:ol pre. est condition
Mliswuc anwd record the air temperatureaat the drop:pad

('-& Air tempernturcc$)}:

_Wind spcedd (1h)1111;;
Once suspended, measure and record lhe angle'a ýt.Olich Oth
test article is oriented to thie nearest degree (within.-±l degree
of .speci tied drop orientation)•

.of . Amjk of oricntation

Measure and record, height from test padýsurfac' to lowest
point on te~st package: •t Ieasithe specified drop hight ndii• t
more .ha + 2 inches)

Plwtograph:eterior su rtheesaof test artile tbr visual evidlencc
oW .dditonaldaag

________ 4H~

441

&
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Century Jndustrics 
Bristol, Virginia 

~CT and HACTcstRecord No. -:\5-:-001,,3 
·inaccordililce with 

Versa, l'acTcst SI)ecificatldll, ,rS~OOI ,Re".!) 

Oescrlptioll 

PageAofS 

01 ... Pl1otograph exteriorSlirnices oftestartideJo{visllaJ:evideIlCe~ 
,.\~;,d' r . d' , . . ".' _ .... _. __ ._._ o Qrc-testeon Iholl . .. '0. :>.... ~...c:J.=:;.t::L;.jc_~~2,...:.c~ 

M&:;SlU'C and rccord the air !cmpcmtl~;:;:;iltiheJ;:;;p:p;(j----
~:;;-~ Airtempemture("F) 

f----j---j '. .' . ~;; .. ,~\1irl(lspl:::'t)~Ill!pll1._",_. __ . ___ -+~.,.........,__,....j,_~~_~ 
On(~l~ suspended; measure and record the anglc·lil]...y.!li.ch {Itt' 
lest article is onel1led to the nearest degree (within±l·.degrec. 
ofspccified drop oriellhllion) . 

U of orientation 
from . test pad ,surf aee·lolowcs\· 

"".'pa"j"'~W (at leastthc speci fieddrop hdght.!!Iid{il~)t 
inchcs) . 

C-14 
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.CeIntury Industries NCT and I IAC TistRecord NO. -• -l~Zi-

histo1,,Virginia in aecordance with
Vetsa-Pac To,,t Specifivation Il's•01 Re;'.

Page 5 of 5

4.r4-6 du I D"cription Iniial.:

* Doumm~it visuaiiarnagto&'paagq -ifur'&

1.~ P~kave lan~e J.r.(.n. .... .. ~ e/

/

I .. . -Ll;"____•I/

Final|Test Record Measurcalemns

PrOcedutre .Ike itil
.tprNo.r Description-

M ~ easure~and record tor~)uc of tb uer closuire bo'.!)~ • / ': .,, ' • ) :

• .lorg e ,.t.I.= _ _,___lid

Nhotograph interio~r murtate- of test ýIrticlc -and examim& fomh, x I
appiarent indicationo!f 4contaiinment boutntry loss , ci -
payload matenals

., :, - ",-,, .4 .Li. ... V e /.,-,: : 't- /,oa •

Me sure and record torque of nteri r bon t. t c 6
....... .......... ...................-...... ...........................

S4. l~ ! conuane ;t cvily blind la~....... I.n.in nd r dc u.men t. cn itio of.t-....he....et.n.. d ,I :x~fnc nd doclwmetrl ý'ondiliojl ol thc gas1,ket and 'payýoad.

Il

C, tt 0" 1t.,

Measure and :reord the pre-.test and posi-taest centerline .and

niealsicd distlnce io "d tcfavil fI r compari)son (Se:c
attachedf Me isum'lient l)aita Sheet)....

Remove tl~ p-s•iblc) nad docuniet xany apparent.danmageior
inwcvenient.o'fte inner C1ahait nmen'1cavity

'1i4

Photograplh inner cavity to provide visual evidence of any

apparent damage

C-I 5
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• 

Century Industries 
'Bristol;Virginia 

NCT an~I' fL'\.CTest:!R:eco';d:No. '",CS -00 1-3 
in,lIccorilfiricc\\'ith" , 

Versa~ ,i)lIcTc~iSpcCific1ition, TS"OO 1,Rc~' .0,' 

..•......•....• ".""""".""""".,."' .......... " .........••..... "'-.~~~----~---.-.... ,., ... ,." ... ' ... ,.,., .......•• 

Final/res. Reeord Measurements ~. i 

e.<ind n~Cf}RItf)R1lJ~})fQUler.closl;re',"<)hs; . , .• 
mm /:;;L(), T!!~guc(ftcll?:~L~._·_' _"_. _ .. _. ___ :-.--i 
':'~J!<:EI);~~.~~'candfelnovc6iljcrJid .,. . , 

Photographjnleriorsurfaccor.tcstarticlcan#,c:<aJr~ 
Iippart':ntindicati(jns()f.contilinmcnt:b(~\lIidafyilossi:ic,g, ; 
payloadmatcii,i1s ". m ... , . 

e>(\ l~_j~~~;"A.thIx·A· 1~1.:.;th..S;OIt,&'s&il~' 
INI .tel" 0:\".( ,:J. 8ekCthfi'tl()l\O+- iaN""-b:?(ii~ 

.-1.''''f'ULl:::'C!{ r: <I~. .. _____ '-'-~L~'-
Mca'iurc.and record torque of interior bolts 

t ;L: ••• , •• ·.· •• ll~~.;;j(j···· /...).0· T(}Eqll~(ll=II?~) 
.~.. I.Scll~(?\'l~illI~t!I: .. ~:~)l1t<ii.llrllCI}! •. ~(l'{itX.~liijd, .• j"~~jlg~~; .•.. 

Examine anddocllmcnl condition ofthc·gaskctm14'p~yJbad. 

rC~;(;;:;.Fthe. p;;;~tcsl~;<;lJ;:;~;sl~t:';steenterli ;;C[I;)(J' 
. "Ji(,~iiside i\)C9gc'bfcavily fur compari);on(Scc 

i ____ .c .. \._._.:~___j:,:.a:::t:::tathed· M ,£:I~Il!.,!I:r'~_l!..l.r?iit<i· SI~~t;:!2.. ... __ ._. __ ._ .... _ .. _ ..... -.: .... _ ..... : .. _. 
'Removc.(i(possibJe)imd documenluny apP<ITClllcianlagc!'br 
movcmenftcHhc' inner cOlllilinmc!lI'cavity . . 

.Photograph·innerqlvityto provide visual cvidcntcof any 

C-15 
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Century Industries NT I "and t4AC Test-Record No.' S~~~
Bristol;,Virginia in accordance with... .•Versa4~ Pac Te. t SpecifiCation, TlS-•O01 ,Re~v. 0

Page 1Of 5

Resr.paekage S(e ial! Non:~::..%j Iae.gC .Deserition:Wm~ra-Paf 0Glo .Versi~

Test Plrogram Mipr 'Yiu~

Test:Eniginer w'r
Quality As~uAwietw ddnad:

Date:

Phott~rahi ouipnep

~.UI ic 2 ~ 1IL@~L• ~ z~ ASj

L A!±fj.t) 1 ý(W Lkai. Uf ýM I A A L

~u.
....... ......... . .. .. ' .. ~ .. ............ ........ ....... ............ .......

I'ackagc P'reparation ( heckist and-Mesurerfients

Procedure
Sten No. Description

:Date
"Initials.

M re a.nt-,.:d r!ivrd package temperature upOn remnoval' from

6j -4 Yec prtuelL ___(J)..... ............... .......... . .. .... .-- .

........... -............. :I............. ..... . .!i ., ... .... . . ..... ..... .. ..... . . ... ..... .. . _=
/ { ea~sre.ccmclhdilt ýtmd nea-.tdc distanice ito ¢de.4l cavikv

I ~ ~ ~Ian d fa r { Ira k N -ýý "v

, Weigh ¢mply t elil packagelI" -' t. g T . Pckaae tare Weighti (lbs) ___

'spread one. •l).pounid of re~idual saiid/dirtiritollOIie inner . i:,,

I nýýpcct theint" i r~ Lontfl tnenil wl t OMPOIIents, trigood conIdition
andin aecOrd!ujle with dinraingS
Install. cavitygk t an lilnd an•gei..C. ..nu.. all boltS, th

1 sal uter gukand rdifflqxJd dikfndnlid with propI r bolts

________lnsitdl outvi drum ring~and torgtwieto 60 I!f-lbs

3 1

7

H

~ .~;p(

q

K3'& +o~

.~tf~? 1~/A

2> L/~0Z4~/k
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Centurv Industries 
Brist()I;'Virgini~" 

Ncr and HAC Test Record No. 'T:S~QD!~ti 
in accordance with,. . 

V crllt!~ Pac Tt$tSpi;cificiltion, TS;;OOI,Rev. Jl 

Photographk·Equipme.nt 

,C1dibratcd Equipment Utilized, 

J~aekagc' Preparation Checklisland Meastlrcn1('nts 

IJcse.ription 

.,. M(:aSl~tt'luldrecdrdpackrigl~'tempenyure·uPonrel11oval;lrol11; 
, conilltmlllng room I\'f ,1:.\;'.) ;'f'",,-l. ..' 
I . .' turt:'(?F . . 

, Phntogrnph inlcrior and extcriori)flhe packiige PrlOfto -

Pagel of 5 

...... 1 .. i()11(li!1g .......... ~~ .......................... "~~.-.--.---~-.. -c-~~'--I . ..;;.;,~~~+-.-'-.-.-..j 
! M0wmr0 centeriine and n&~tr.$idcdistlU1cc 10 cdgcllf c<:I\iity; 
{ " ," 

Century Industries 
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Century Industries NCT and IJACTest Record No. TS.____f__
Biistol, Virginia in accordance with

Vesa# Pat Test Speeifica1tionfTS4-001, Re%. 0

Page 2 ofl5

Procedorte
SS t v ) No.,

IDuscriptiot
...... .....

+ I
WeighI, oaded tcst package "

.I .nkage est tg••hi (ibs) j
Mcasr(. 11h flombhollom tim~ to topo closure: rig and

diamieter ol outlCr package at ccntr rolling hoop. of drum and:
mark mea-uremcnts onf theitst package

L• " !• /.:P a.kage hieight (:in )

) /- c IPackage d imeter (in:.) .I p

•iiograph exterior of test paekacgýirevidekJofjrqte
Condition . ... /(i

!~Lt~.
fr

Test Nurnbo-(Deseription): ttc v~(p T~ : Yý f>

Procedure
IS'ter) No.

Dat. -lIniiialsOescriptiOn
. 4 4 . .. .

Measure anld cord air tenip raureatdrop p• d
j3 5 Air 'I prafreYF

T --"1----- Measure and record the angle a.tqIc ý hichlthic t.a•J rt ic iýs
,riented to the nearesrdegree.(wit.1in ±1 degrfeeo spciiet.
drop orientation)

I An.e of Orientation

I Lift test aiticle to reqtiired:d0pheight

</~ /rA

~zz

3-' *

.. .....

4 .........

Measure nid record lihight from test padrsurf'aeqto lowest
pointton test paekaige(at least the specilied drop;hight and
not more than t2 ihdlies)

cj~Y ..Drop le.t height .i..)
Photogrfah.exrteor sllrie~s of test. article ltr :visual evileti&:s

Documet, isual damage to package . .

(e.g. deiomnation or boll failure) s ..

6~~Ih ~ _

'SI..

_

iMeasure hright: anddiatmeter ofa tetar pckage
•[.-J• Package height (int)
7-• ,.•[:Paekage d.iameter.(in)
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• 

• 

• 

Centurylndustries 
Bi;sto!, Virginia 

]'IiCTandHACTesf Record No. TS-:'Oor~'-( 
in IIccordnncewith 

Versll- ~~nc TestSllccification, TS:JI{) 1,1{ey.0 

,Ih:scriptioti 

'Wcighioaded !cslpackage 
~ __ --\ ____ ~ _____ ~ .. _l'ack~ge!te$l\'Veight(lbs) guS 

, rvteaslJreheighlfronl'bnttonl riiuiot6jl'dfchisure;riilgand , 
dianietero(olllcrpackuge'aleenlerrollinghoop,ofdnim and. 
mark measurcments l'irillielcsl plickage 

/ 

, _~{l:_?!.:L_Paekuge heigr;t'(ill~) 
31\'$' 

J)escriptihn. 

'Measure andrec(~rd'air 
._.£,".s,z~~ •. Air Tern pc rafiri1i{?F)' 

W 
'MeHSlIfC and l'Ct:ord the angle at\vhii:h:ihc,tC':i>t;ar",,"d""""'''' 
oriented to the neare::;ldcgree(within ±I dcgre~e,'()niPt!cified" 
droporientatioli) 

" 

1\1cusureand'record liCightfrom·testpadsurfacc.,tolowe$! 
point-oil test package (at least the spt'cilieddrop;lit,ighl and 

, +2 inches) , 

McasUfcheight uuc{ciiimlcwr ol'!(:,,;! IMckag.: 
__ LJ.02~_._packagc height (in.) 

, : '. ,3 r iPaeka·c diumclcctin. 

C-17 
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Centur% Intidistrics NCI and IHA C Test lecord N o. CH
llrsto.Yigmin akccordince, witL

ve411 a 'I Crest SpecificatiolluI Ts-t1tlI Rev. 0"

Page 3 of 5

P r oCCd u re,
SII)No.

-Description

Photograph exterior surloheeS f tes :article tbr visual evidence
fpre-test cond1lion

Measureand record tie air temperatuireat the drop piad
L... 

.........

,9g-. Ajr tepraue(. )

Once sou'pendcd mi>.asurc and rcecd•.theafigled~t.,whieh lh
test ar~tied-.is on~en0q'ted t the neares4 degree (,withinti5! degree

ot specifiedldrop oiientation')
. . :Anl'c of orientation

Mea smereand rcord heigh trom test pad :surtare'tolowest
point on test package (at least the:specified drop heighl and not
more than inhes) .4 .

9 Drop testl heighit (in)
Phhotograph exterior sm rfaces of test a.riclte fokl4r vistalt evIdnce
of additionaI damage "_______:_____"_____

--)i Dcument visotl damage to package L.k!)h ir nmu.tmeti (g, detonmition or bhol failure) " "

3 / 1~'
4.A

I it iti.1 1

/ IMeasurevand repord heih t and diameter:of tst ,article -
SLf~* P i't:heght (in.)

........... j....."..... .... .. . ... "..

.g . .......

Trest Nurniher:Descrirtionn: O~

Procedure
Description AnitiiWs:

Step~No. initials
.Photograph exterior surfaces of-test article for .visual videnvec.

1.of pre-test condition -: -- --I a~ureand record~the air. tetperature. at thg~drop~pad

___ _Air temperature (F)

Once suspc.-,dedreasure, and record tle angevat which ,te
test arlicle iS odeenied to the nearest degree.(within ±ldegree

1o-spciified drop6rieitifion)
Angle of orientation

C-18
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• 

• 

• 

Ccntury Industries 
Ikistol:, '~i,:gilli~ , 

Ncr andHACTcstRccord,N6~ -r'o,,,,,,'V'" 

" , "jnaccol-dancc;with, , 
Versa- 1'111.1' Ti:sisl)Ccificlltion,TS~OO I , }~(.w. (\ 

'PlIge3ofS 

Ini:ti~,ls 

cxicrior'surlilces oftestiartidcti,)rvislilIlevidcllcC " j 
ondilion ,3/5:(01 

:Mcasurc~nd ,record the aincmperattlreat the drop pad 
, _?!:?::~.Ai.r tempcratllrt.~?F) '?,,/>,/oCI' 

__ ,:r' , "",~~~ds~<-'(I (!!lEP)_,c .. ,._''' ... ",._''''''_. __ , _______ '.' _____ ."" 
Oncc!lllspehdro,nic{lsufe and fcco~;thc;allglcat.\vNch the ' 

) 
I 

te:ta,rt,', i_C~~itfOr,I,'eJit¥,,',to t~,le, ~learestdi:;~~(withind;ldegree ;'" :1,' ',' 
of speclheddrop ol1Cn,tatlOnJ I' i'5J'f/o9 

r----c'r-_--1r-:---;--:---:-c-'-:7~e:"',,~~'~,.,....!'~le6forieritation ", , 11" 
, Mei.Li;uri:;'arid r<--cord hCightfrom ieslpadstirfiic(H~)!()west :' I'! ' ',' 

p()inton te,s,.tP',aCkage(3lleastt,h,espee,:,ifieddr,Op heighl~d'hCJ.hl ", "_, :,iI"';" ~J'I,J 
more than +2, Inches) , ,.,." , I ?:'!~7t7t'tr;fc 

,"'_________''''_''''''''__ ~ (;;0 Q:.~p te~l!~~:!li!:L,. __ .. __ .. _.".,;.i,"':' .. _ ""';~."._"~_,,,: . ..:_c....-,--

,( .'1 i i Phow~~pheKteri(}rSltrfae<::S offesLn1icleli,).r:Yi$ual~Vidqfl.· •. ~i· .. ·,f.F:I"(l1· . ,it,? 
hi.v':> \ofaddlllonal damaJ;c . ':. ., Pf~tP~ I t l1"-' 

1)()(;umCnl visua1.damage topackJige Hki!.h'';i'i)III;'''~'· , i 
(e'g. defhml!ltion 01'0011 failure)' . . '. i 

I ...:..3_klh_f:·1 ( .. lle,..,~J,_.i&'\ol ,,"?:~l/:l:?,:: , .1 I ~£=lliJ~c'+lre.~.2lLJ.[~,:: '., 

i~d-CLhl.c5hf ." '. '0l!w1~I U*I 
I . , . i '1 

I",_~ "_"~:'::=':~':==:-'---=~~T~_",,,,_::",-_____________ L __ J 
. Measure and r1:,,0rd height and diameter of lest.anicle.,: 11:?;I·~'-J-Io"'",:'I-: I j' 

Y(i'3,i(; Packagehcighl(in.) _ h.' ,.tItt 
,,,,,,,,,,,,,,,,,,,,,,,.,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,," 112 P [9:.> Package diamekr,,(i~~J ___ . __ .~;L?·<"" 

Tcst NumberfDescritltioll): _____ rJ~ILl,j_-_____________ ~-'-'-"--' 
I 

'1>;;;-~d II rc I 
Step.No. ! Description 

I·. PI~olograpll eXler~()r sllrfaccs oftcslarticlc forilisuiticvidcm.:c; , :. 
f _____ ii"'-::°0-1,Rrc-testcondlllOll " ---~"'''"-'''''''-,,, ... " ... ,,--,,-.--.--J-:--- ----. _ 

I Metlsurcand reconhhc:illtlelJlpcl11tyrent lhC;droP'Pad ! 

I Ai.~kl.l1PcriiIUre(O!")1 
b------; \V.lIld sps.~j.!!~£~ ----'--'-1-:--------,---:-1 

, ·oncesuSpended;;.measure· and record .thcanglc·at,\vhichihC 
test artidei~9rieniedJothc n~are~Ldegree(~'itl~il1 ±Idegr~e I ofspccific,ldroporicfltiitiol1) .'. . 

! Angle of orientation '--------'-_. 
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Century Industries N T and HAC Test Record No. 0 .,i
ýBristol, Virginia in aeovrdance owith

Vefsa-ai~c Test Specification, TS01,,:Rev. Rv,

Page 4 of 5

Procedure
Step No.

SI)cscription SDate IInitials

4

McasUrte and record height from test pad stlrlcte to lowest
pointlon test pao.:k (algeitar least the specilled drop hwiigh1 andinot
more than .t2 'inehts)

Drop test height (ln) ____

Photograph exterior sur'facces of test article for visual evidence
of aidditional.damia:e
Documefit visual damage to: package
(eg.- dformattionmor bolt flEure) (

Measue an i-eord'heig.ht miid dimporhit of tc`.t ýlrtiecl
- Packagc Hcigit (inm)

Jakgdimllctue (n

Test Niirnbecr(Description).. WA

Protedu re
,Stecp•No. Description IDate. Initials"

Photograph exterior surfaces of test article for visual evidenee
alp,!jre-tet.onditionl.
Measurem and reird the air temperture tthd -opptd I

Air tefnfIpeCAIMt(PF)
............ . W ind seed (mph)

ohice suspended, saeasure andlrcord tOhe anglea hitch the
:Wesf artick is orienled to the nearest degree(Iithin.i± degree

• .ofýspecified drop orientation:
............. An}tle~otoricntation

Measurearond reeord height: from tves pad stirlee to lowest
point on test package12: 1 least the specified drop height Id no1
more thin +2 incbort

.l.). est h•ei t i.ll .......... t
Potograth exteriorsurthees oftest; art ilcl for visual evidence

--4ii l la~ -_ _ ---------------------

C-19
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• 

• 

• 

C~ntury Industries 
Bristol; Virginia·· .: in.accordant:e with, 

.. ···.McaAurearidrccord h0igh'Ffr6m' testpad:slirfaee to lowes! 
. poi IlljOfl teslpa~~agc(allt:ast lhe:spccilieddrop.heiglll andliot· 

morcthan'+2iiilcht!s) .... . 
Dr() )te.,;Lhc· 

Pholographexleribr sun 
of ilddiiionaldamage 
[)peunicilt visilal.damllgelo:packagc. 
(e:g. dcforinfllion.or bOlt failure)' 

l'vleasure and recor<T'iiZifght anddiamelCr, arieS! ririicJc 
_.~._ .... I'aeki:tgeli(:ight(in,) . 

Packa !cdiiln1(!'er(itl:·· 

Test Number·(I)escri()tion):. -,-__ NI..o."'"1 ... 8!...·· ______ -_-;--~'""-" 
. \ 

J)cscription 

j 
. .. PhO. tograph eXlerio.i" surfaces of test .Ul1ic.'IC.' 

... __ .~ ... _ . ....:....... -.2E.J.?re-tcst con\!ition __ ,_._. ____ . ._"' __ -";';~'" 
Measure and record the air temperaiureaUIJedrop' 

.................................... _ Air ternpemturc(?F) . 
~ _______ ,,~~iJ~(~51~~'~:(!!I1?ll) 
. Olic('. suspemkJ, 'Illca~\l rc and'r<o'Cord the an'glt> at which t.he 
,lcslartidc.is nricnled 10 the nearest degree{wi"thin.±ldegrec· 
qfspccilicd drop orient<ltion) . 

Pagc40fS 

hiitia!s' 

. --,--:,, __ ... ~.I.~g!£2L~!£~C!~. ___ .~_~ ..... ~_~~~c..._ .. ___ ~+;,..L" .... ~ .. _ 

Measure and recordheiglitfrom test pad sliri1:Il':c to lowest 
point Oil test package (at lC<ll>l Ihe specitied drop height and !lot. 
more lh;hl +2 indlcs) . 

'!)ro lCStJl~igl!!..{illJ"·"····.:;:i ;::;;;i;:::;:;~i~ .. or lest article.for Vi:-;U{li 
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Century Industries NCT and HAC.Test Record No. 'Fr Q00C.
Bristol, Virginia in ,accordanct withI

Versa- PIlc Test :Specification, TS.O4101, Rev. 0

Page 5 of 5

Procedure
Step No. I'iescription Date I lnili,.ik

HI . I l r I
*Doetinicntl disid' mv g to packagc Idd f'~ n

M is c nd retord hiwin and;'1 , diamtw r of teskt artiek: 1
........ ei....... ~

Procedure
Stent No. Baite TDescription

~~~5~~~~~, . ________ +

3
Muasu'e.-and :record qor1je of OUkrilOstirel

Z OSl - - -i 'T- r- ..... ..... .......

! Photo graph .i te riorTsurflace: of test arltic anlid exallmine Io rlay:
a:pparent indicationoi ont(mnmcnt boutndar loss,
payload materialsý ; ýj0 c.ý -,<,4- .. , .- e . :,x .,( .[I"_u ..

41

/

.nW.

ilLL.

• • •-. <@>•,•-, t-•-I-<

N A n~sr. od reeordrorkquc of interior bolits 't;

(3 -Tor ue (f.-.. ........-..
Remove lij ilne e lamnn c~iyhlindf 1allie .

i lnu!e and doiument condition ol'thc gaskwe and payload

Mea.sure an~d re~cordt rhci!prc test an~d iost4st•cs!.en~tertinc and ":i

Ncsi.edhislancdc r edge i~nvoy aiyr compatiion iSccsure, men at I ShL{•tee) <A.k'._• :•

" ove (ix:f possihic) and docum1nt: iyvapp arent adamague Or
Smovemei 3 othc inner con•tainment cavity <

.... t. . .aph im .. i r '" -y " to:provide.visud. e.ide.nce o'. an y"

/~ .~

& <: •'•.
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• 

Century indus!ries 
Ilristol, Virgjnia 

I ~;(lccd'lr;­Ste .No. 

NCTllndHAC Test RccordNo. -r:S' cOl-if 
,inllccordance with 

VCl"sa-l)acT~~tSpcdficati()ll, tS"OOl, Rey.1} 

Doctinleiityisuahlilfnagc\o,packag~ .. 
. (c~g,det\)ffnation Of nolrfailufC) 

. Measure 

Final Test Rccord Measurements 

Procedure 
Ste No. Description 

C-20 
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Century Industries NMI and H.AC Test Record No. •f. t.Qt
Bristol.:Virginia . In accordance with

Vk 'a- PaVJ TVsI SpIcificatioI, TS-M01 ReO'.

Page l of 5

T&st l.~~o~kngc. ScYjal N~:
A

~ 12 1 ~k~ig~ i)e~eriptkt0 ~r~a.-Pac~l l( (3~dlon Verajop).

(Qui I fy "A surane. Coo r4117n,,tor C Date: ST C

T hotographiefEquipment,

ii

Calibrated Equipmont UItilized

IV •. ig LAlist n •MesuJ9mM

Packai~t Preparation Checklis t and Measurfwements

IProcedure

Step No.
~escription Date ntifiAis

-.----- 4.

.1

Wcs..urc and record pa6Ckage tlper ture upon emoval [romI ] -.
icondiioni -g ro-i , ... '.

Pl~ickiq.e ticpeaiwuite(fT) pir.
iThotogrph interior and CL'ICiol of thelwpa ýg. ,,• .o ...

N Measuie. uettrl and near, Sd distaýiie e iidge.- of .xX im t
,and mavrk on: pa __ckaI,_,e,____..... - _.jWcq•,hempty t,•st P~akae • ...

]0 p ea ic ht (1ih~) . 1 <

1 Ioad preCloa package. U!osed and
tori li o Riuiredý wm ue o / 60 Ut/lbsl. }______"__
-Spnr. id ,on w flT1) p oudt residual sand/diwt• Otft inne.r ,

iMnIner eoIAainmlnl componenf ftr goodcondiion.

, :!\pr anld bland flndc. sinug III bolts OLwn 2 ' "9

ln~al oter askt an rento~l 14un lid %kith propet bolts 3
pe dqintc ,tkt mind trque 'ox~ 4~T. 6Q 0 ~ l

In)Stall ouHter druAM rI Hnd torLILu to 60 ft -!lbs2

.......

i_;v'• q

Century Industries
Bristol, Virginia
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• 
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•• o? 

. Century Indus!rics 
Bristol; Virginia 

'NCT,and HAC Test Rccord;No; .;.:;..::::.......0=";;; 

. ·.ill accordance with _ .' 
Ve~a" I'lll~ Tesf sJ)ccification;TS·:J)OJ,iR~\'"O 

.Te:st"'l~rQgrnhi .• Milnagsr: 

T d;tEngi neer: -""~'C'"""":,-,.\;;:';'. JAlll,;;+;':':'~::;'::~~~~:::'::: 
Qual ity-AssuruneeCoordinl1lor": ~"'4;P-CU~di::,,"-:~""-'~,¥,,-'---

Calibrated ,Ei:luipment Utilized 

Package 1'l'et!l1rationCbeckli,st and'MclIsurements 

IJcs(:ripl ion 

MClt<;\1re alldteeordpackugc teiJipcrtiture:'upOnrcmovullronl 
cohdilioning room ,l\;i :'\5:.\~"'$~O~;r 

~age.lof5 

"'cj" ~~ .. 1)1i<';kilgeleiilPei11iuret.!.:L_,. __ ,., 
'photogrnplr intcrior and exterior bl' t.ilepui;kage priOrlO( ":-:--~:--r-'~~-:t-..,...-: 
loa' . '. 

I lv1casui'cccllwrline,lind.ncru; sidcdis{ailce-.locJg~~;rZ~~ 

'_~_ '~~!1d'l11ark ·(~!lJ?e£~.~!I~,-,· ---,-----.. ,.,-, .. -.--_-'I-'-~-_~4-~, ... ,' ... o_l 
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Century Industries NCT and.iHArC Tst RecordNo. "vS CIO[ fS< Page 2 of 5
hristol, Virginiai in aifirdanee with

Versa- Pa' Test SpecificaitioinTS-O1, Rev.(.

Pro ctid re Dea.e[scriptio i Daeia
W~eih.:ladedtes•package

•Mi.asuinc heught from bottom im toi |0top ciit osure~rno and

diamieroir out er packaae at •tAnti-.r rolling hoop-ordrfum and
mark nieasurements on the lest packagie / @• "

- I; Pcai.e ~hgit:ht (in6.)
3i }•I :7 P'akage dianieter:6.

Veri!jy the "ex~ternil a1ýCetaC veni pl.uI.isio•l,kptace it:! •;,•:-= .... -•?-7_

/ Photograph e'teriorofttOe pckadge for, evidenllc d pre tes"
condiiion l _

TestNumnbertIles ription1) ,. j (r " " T, " L'• 7

"Procedure srito ~7 tiiil
Step No. _____________________ 7N__ ___

'Measure and rcxord air tmern; uittiri1rop pad9,1 _ ~.....• Air ierperattre l ;{./: , i
-- - M ea ur janx ;]t a- i llo:-i wt•i:{ T's i~ ~i~ ~:......... ............. ...........

Measure and riceord the '111gh. ;atwj which the xtes aIih
Oriened to the nearest degree (within ±1 degre'ofspecihed
drop osientation)

nl.t • orientation, . --
Lill test article to r......d.drop.gh....... 4.l"

... ..............

~Me~'.sure and record: height fronmiete', pad sorface to.Ilowesi
, . point on: test package (ai leaist the. specitied drsip height and

not o,-e than 10 ich, i

.......I... ...... ....... .,:5 ..)• • •L • ~ n ) _ = . ......... .. ............... . .......... ..................hIqotogr;iph:terio.urhiies oflttarticle h visual ev idence , ,

Of~o hok~4

ii• _:...!.....!!:.... ............ :. ;¢ > '
..o.um e in.. .isual. dam age to package .......... . .............

(C g, detornition :or bolt .failure) ( ,

_ _ _ ... .. r i:•• - 2•" ••"

" i, mL Pilk shight, ti n . . !, . .

C-22
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• 

• 

• 

Century Industries 
Hrist()I.Virgini~ 

NCr an(};HACTesi Record No. 15-:00[-::) 
'inaeclirtlaneewith 

· I,Veighkiaded tt~~t package' 

C'j U ;5 Pm;;kagi!iteslwcighl (1:,::b::::sL) c--~--~cc'-~"+"2.:.= 
· MCUSUI'chcighl from b()\tom"ninlo;t6pofic!oslIrcringahd 
diulllclcr of Oliter. package aCcemcrrolling.iltiopof'drliril imd 

• mark nleasuren1enls on the tesLfnickage 
_. g"::?:,-,f>ackHge.htiight(in.) 

Page 2 of5 

f'-'~+-+~-"--' " 1"5{ '(;,' .. ·I~EIS:~~~~cg}!'.!n~~~.i.Q!!J, __ . ____ ... _, ____ .~ __ .-'.i: .... _,. .. ;........'1-

1-_--1-_-+ \! e12[x!h.~externlll acellltc . .Y£E.1 plugcis ill p~~t.~_<: ......... _ ............. _ .... __ ........ ::.c.+~+"".I .. : ___ \.+':',!,;\ 

Pholographextcrioroftes1 r)rjcl<agcfor·cvidcncc(orprc,te~t 
cOlldiiioll _._ .. ____ ._ .. ___ .~=='-'---~ ______ -'---,---'---C.--'-...........c_'___L_L~'___L..::.._,__----l 

Irc aJld rt!conJairtempertltureaCiJr<ip .pact 

1--_9_,+1_, _2.._.~. __ .. __ (P·~¥5. ~:1~~;r~~~;~~~..................... ... 
'. MCaSurc and rcOOftJ'theongle ,-it wliichthe fest ai1iClcis. 
oriented to thenc~lrci;tdegree (within±1 C1egrec'ofspeciHcd 

. drop oricniation) 
5')CJ 

C-22 
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Centuv liodustries NCT Iand TIAC Test RecordN._____

Vers- Pac Tfest spcdrctiol.t ~jS-011, 1Wev. 0

Test'Number (Desceription), 61~~

Page 3 o 55.

Procediure: {Deseription
Sten N.

D:I t InitiiAs

<.•" Photogra~ph t~terior sat lactA .'if&tc~~' acle-for vistadievtiderce '.., =,i
* .v .preitest condmition

:MeWasiuread'recordithe air temprarur at the drop pad
j" ,77-: Air.epture('t) " ' " v "i ifr

......... W ind slc d (mph) . __..__•

Once suspended measu[re and rcor4 the atgle, at which.the.
testartiice is onriented.to the nearest degret, (within ±l degree
of specilied drop orientation)

.5- , Anglc of orientation ____ ___

* Measure and•i.ecord height from test pad surface to lo~est
point oni test paekagte (a.least the specifiedtdfiop hcqihi and not
more than +2 inches),

VD DroP.esihecight (illi.)~Dr(!j~islrhei twjin........."."."

.Document isual damage to packag "

(e -g. defonnationi or 'bol] tilure)

7 'llae"i Z0

,.. .A ; ... . ..., , t . . ... ..... .... .. ...., .. .... ..... ....

. W': il, ,Iak gcieg htiý

:a mceieo tr (,iin)

~~IŽ/ 1Ji~~

ii/

:I/'I

1Tesi Number (Description:3 1(¾C tJ tl. kI#Lli bC/}

.Procedure
Description D It Initials.

Pholograph .i eI I r i urfr1 e 1 Sf iest aktitl, Gf visual evidnce v

NMeasure and record the tir temperatre ait the drop pad
Ailc itemperature (°F) -,

S W.. nd speed (mpih) d. . .
Once suspended, measute and record thc ingoleat whichi th
test artiele is oriented to the nearest'degree (witlin- ±I degreex-
ofl'pecified drop oritettation)

............ • An•!.e'o f.', rientati o n . _. .....-...........

I

Century Industries
Bristol, Virginia

C-23

Versa-Pac Shipping Container Test Report
March 25, 2009

• 

• 

• 

Centun-'-"industrics 
Jlristol;Vlrgiuiil. 

NCT.lIlldHA(: TestRecordNi);·'TS--Ool· - S; 
ill:accnrdllncc with' 

VCI"sa- 1~lic:ri.::St:sp~dl1c!Hio~l,TS-OO.l, ney. () 

TcstNumber (l)cscr'i(ltiori'l:' 

Proced iJ rc 
8tt' No., 

Description: 

PI1(it<l!lnliJIl extcripr'sllrlacc§oftesl'attide;foryisiliil'evide 
<ofprectesl c(lnrlition .~~ __ .,;"",.:c....~' ~"~_"~if",.,,:2::2;~::'-+C,,c::c,,;.:"""",,,""c1 
Measureaiid'rec6rd;lhe a.irt!,!mpernl,un~ at the drop pad i 

""""c""",:.~"""""""" Airteriiperli1l1fe("F) , I Th"/01 
f"-,-,-.\-"",,,-,,+,~::,,"""""""''''''''~''''';7-:-..,.,,:.\\}.:,I,,:i:,:n::d.~,i,:::Sx;.';:e::,d7:,,:{~,:.m':':l;.:h::'L:~ ,_~",,-.,_, __ JJi) 

Ooces\jspended; ll1<;asute:arid[C!:ord the llilgle al which the 
lest illtide ii; orie,nledto the nearest degrce(v.!lthirt±ldegree 
orsp~ined drop orientation) " 

>1 cAn llcoforichiaiion 
Measure and,record height from lest pad surface to!owesl ' ., 
poinfonlest fJa~kagc {arleastth~ specitieildropheightand nqt 
Hlote t.han +2 inches) .. 

~'~""""". ·3 1£.0 .. PI:~lP .•. ~~§~ .•. ~.~~g~t··@J~ •. "c •....••......••••••.. ;~" ..• "C .•.•. ,,,.-i ... ,,.,,, ............. . 
PI:oto~~ph .e.x. t~riorsllrtiiccs.' oftcst'-art\cI4,-r. .. 6.r.iv ..... i.s.l.'al .. ~v .... i.ll. cnc.'.c ... '. '\".!. 1.' .... ' •. / ' ,;' 

~ oLaddltH'mnl d::unagc .. ". '. ,;;""'~.:"'''''''',:.:"",J,::,!.~,.,,:'''l;;, 
. Dm:,un1cnl ,YiSUaldam.agc to packaM . . . "sk"lih;~f ri.'li~i.~···· .•. I.' , 
(e,g_ defonnatioll.orbolt failure) . . . .. . 

1.-'i/t(p·'. cn";'A'fi~ h1'.;~\ l;dc.1" . '" <:',:i !.I.... ,-
~.J.:'''';.,,z.O 'Ii' dP!..kr::Mtl.fi"fLa:L>:;!:ri~,,;.;i'.·.· .•. ·.,.! I. ' 

.......k'<2li...c ... CeA. ';"''\''1'3 :i/o 7 
~ "i<~' ,; j ~ll; : ';.' . ;. 1 

-",.",,,,,,,,.,,"',,"',,,, .""''''''."~,'''''-."--.. '''.-,,-,,--,,., ', ..... 1··1 ""'",-"'''',,,'''-,''' ... , ... ,.'''.,.,, ....... --,,--------- . ·.~'~~,I:·;·· 
~ ..... . 

llI'Cafl(j rccOl'dheigi~:t<illd d.illiileterof i¢si article. 
·.;~ll'2!l}L.·P.it.Ckug¢'hcighi(ill~) . .... '. 

3-;"'/'JHacka 

TCSINumher (T)escrilltionl: 

-_." ••• ''''.,.'' .. ': ... ".,,,,,,,,, .. ,, .. ,,.,,,,,--c-'''-,,-,,,,,,.,,,,,,,,,.,,""""'''''''''''''''''''''-''''''''''''''''''''''''-~-:;c'''--"",;...,,,--,,.,,,,,.,,,.,,,:::"',":' .', •... ""-""",, ...... ;"''''~ 

Pr(.cedurc 
Sic No. 

Uescription, 

. Photiigraphex leri nr s,urfw::d M test 3itiClG.lof\'j sual ev idcnt.'c 

.... · .. 't;'·~:'..(~!~Jlre';;ICslcondj lion .............................................. , "".""",,, """......... + .... ,', .......... '.:" ... : .. :-l:.""".".'.:.':'".:". .1 
'Me~sllrc.and recor,ithe airtempcralure at the drop 

..... cl"~ ... ".:::: .. " .... _.;t\ir.tcmpt:rature (OF) 
. Windsp\:ed(mph) __ .",_"_",, .... ___ ,' ... _--::.;::_;;_;""" .. , .. ~j~-~_,._~ 

Once sU!lpcnded;mellslII'e and record ill\: ang,leat wlliCinhe 
test article is oriented W the ne~sl'degree (within 1:1 degree 
ofl>pcCifieddroporiellllltioll) 

.I _____ ,.l ___ ~~t .... ]"'"'_o--::. ~~,I1j;l)£:.2£;fJ.[lcn~l1ti()n_,," __ , ___ ' ____ ~ 
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Century Industriets NC and HAC. est Record No. >
Bristol, Virgini' in atceordance"wilhl

Verýa;-PaT. e SpciiteattionI'S-(tO .,-Rev..O

Page 4 of 5

Proced.re
Step No. * Žeiiptioni Dat

'H
Measure and reco d heighi frofii-est-pad surlhbc 1.6tkwest
poiini on reWst pack i (aat lsthth:e speified diop height and'not
more t~han •t-2 iflehiJ,) ' " '." "

- j. Drop esýtheight minA) . _•_.

Shotjrapl extcroIr ',urfme, o'0f testllwtie&lcfor visual e'videnl
of additional dan'iaie

3

~

j~z

I ~ ~ ~ ~ ~ ~ ~ ~ --ounn -itddmg to -~ --ts - l -

~ debrmaidrtor blt 71v't
'' * _ 1" F, _ M.. AJwidl(h j <id O

.~.t '.i4

1::,-[<

TesVNtiniber (Deseritntion): //'

FPriiced ure
Step No.

Descript ion Datc Initiali
- • . i i • ral

Photograph exterior surtHc! s of test '0tieli fr visu11 l evideiWp'[
of )re-test condition
MeasureC and recaord the air temnperature at the:* droplpad

. I

Air tepcrat ri%: an iI
Wind speedg (mpht) __--___-

(.anci~suspended. meaure and recordwthe angle atwhit:h t!ac
tcstiarticek is oriented to the nearest, degree (within ±1 degree
o f speci fled drop ofientafion )

Ang~le of orientatkim
'*Measore and recordi---h---- ifeih••t l- t es.ftnat pad::suirhce to low}s ~ t

point on test packageleas.. the specifieýd drop hcight;amd1not
mtore thad l2hinche(

Phntgraph:.exieror surfaces of test article tbr..viitul evidence
of additiomal .damnage________... .. .. ... .. ..

Century Industries
Bristol, Virginia
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• 

• 

Century lndustrji:s. 
Brigtol;Vi .. ginill' 

<".' Ncr ltnd.HACTesl Record No. . J 

! . inllct'ordllncewitb, .--;.;.....~-'--
Versll,;;Pac'f~st:Sp(;d (klltion, ':rs~oo I,]{ev.· 0 

Test'Nlimber(Description): 

I)r(}c~dure 

SteNo. 
. f)("Scriplilin 

Phci(ogra.phextcriof surfacLis (if tcstarticiGfol; visuiuevidcT1Ce" . 
.................. _.___()fp.~;;:~tcS(~~()I1~iti()I!... ___ c... ____ •• --.. ;,.-......... - •• -- ............. - .. ( 

Measure tmdrecurd the 'Iir temperature ~ll th(~ drup'Plld 
. ____ Air teml)crarure("F) . 

UnlCC: su:,pcnd,cd. measure 
is oricl1led to the nearest degree 

of specillcd dropndcmaliol1) 
.. __ .... _____ ...... + .. ':--,_ ... ~~_--, __ ..;. 1:..:::.:\11.£1<: of nr~~nta~ti~\),,-n--,,-C"" 

Measure and recmdhcighlirom tl:stpad'Slldilcc 
point 011 lest package:(atlcastthe ::;pedJicddropheight'~lnd;nol 
rm.ire lImn +2;'inchc~;) . .. .. . -
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(:entitr Induttries N '°I' an it1 ACT As Record No:. .-?S. (L: I'6 I: Pa ~e 5 nfS

Bisitol Vi 'n• in i I adtnce with tI

. ..... ..- -< 'T T :q

S tD atpInNiai:

Do... men. v . to .ckge'

.eg dtefbrmatiiorn:6fboht (biunK)- (~

________

............ ight i. .................. acka~me diamnete.r (in). ____ ....... 7L:2. :=i:!:

Uina CIes1 Reiord MtIaurei i t t* jf id ...

Datw• ripti in .)j~." !i)i::: :':i Dl i iitl:.

" • 1Mea.•ure ond record tmrqte of &iuter kac I•Jiif d~i~ts

OpeI Jue"akg Inrmot "u:', Id C~I I L

Photogra-""ph 'inter'lior .... .... urfact ot t=e-st rf an d l e--x°-- e ar-'" ine. for adn ,' = 7 = -

CenurI I ppurentindieationoftanicn bndrs, lossh Cnae Test ner

Bristoo Virgin ia March .... 20
1 - ,•, , tc: : l<, i • thYIb ) "' ' ... 4'< - L6. ,i;'"i "i

kmeiove. inner 0 co tahmnn nt Lavtl~y blind flange ;{ 6/2 :,a :....
E amineto atd document condition otf tht gansket;:an d •iav:oad

N: near ie{iii.4•:~ eO~a i i:chpr~ <iS, i:;.:S-••'[ e urt. and r~cord th. .. n. .tl.¢~e•si and post-test, center! ine and •;:: ":. • :

l it a wad kemdul:-s.rerment l')ato Sheet)l - /5 i/4,•:*l

• i ~Photog~raph inner covilsi{t-o~iivide visual evde;~nce o l an . .e

C-25
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• "n .. ,nt lntinstri(!s NCTaml 
Ih'istoi,; VilJ;inia 
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Attachment D

Preliminary Drop Test Results & Conclusions

(9 Pages)
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Century Industries,
E-maihCen tu rylndMA@.a61.eo om

Box 17084, Bristol, Virginia 24209
Phone: 423-646:1864

Test Results
For

Preliminary Performance Evaluafion
of

Century Industries' Model VP-55 & VP-4I 0
Versa-Pac Shipping Container

prepared & Conducted By:
Century Industries
William M. Arnold

ýPrepared By: _________Date: July 16. 2008

Century Industries

Bristol, Virginia

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Preliminary
Testing and Conclusions

July 16, 2008
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Versa-Pac Shipping Container Preliininary 
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TaIbe of( olntcnits

Sectionv :jý , Ducr ioll

[,0

3.0
4,0

5.0

573
5•7
6.0
.70.

* 71
.7-2
73

91t

9-2

* 94

1O0I

10.4
los0.'

IN FROI)IJi'IN

OI EITIlV)E- I"I 0

TE ,STI AFATITITI FS A ND1 EQ1,IPMENINt,

( ) niulltolls nd Anles,[,

I nperL~avtlrecand \Vw ntl SLClJ

A(( F TA.NCF' CR1O I FRA
SIE'] I1Z I,, IZ VR1ION AND RRESUUT S

WIýIJtt ýlInspcto

3
3
3
3
4

"`51
'Y-

3WI I )Dvop ontjO tI lo tu in(,I,, ' f~
HACllt to, h H rponto' th ! ~>

11t) GALLION \I:RSION
I)'j lA 1 Dopoto '(0j)Bo1t OW11 (urCenkCr of GrasVItv

11A 330, Drop onto IftcBottomibieCne of 01ý161'
I1- AC ()rush 1Plot Drop onto thie Sideu 6oth', Packageq
PUc ir -IeSti . .-
Results adid (Condtriions : :

8:.

'8

S
S8

.century!Industries

Bristol, Virgin ia

Century Industries
Bristol, Virginia

YVrsa-'ac'Slip ping .Con thiner P relirnininarv
Testin, and oneluSion's

rJiUl• 16,.2008
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"Ltl 
,2;0,', 

3.0 
4.0 

:S.{} 

9.:; 
10,0, 
lh;:l 
i'ih 

lOA 
In,S 

Century Industries 
Bristol, Virginia 

t; OIh~Hrop.Bb!t Cln~ure CClJterof 
fPI10Ii!()!bc B.(}t~Hm Edg\l C\'rl11"'f\1I:C;;:i,v 

'.' . shPlatc Droponwl111c Sir;ie ;", .. ;"~";.,,, 
Punctlire'Testing.. . . 
J{ cSli Its·,arid. COiiel US! ons ' ....•... 
'1'10 G~i~L(jNhI,ER~aQ 
JiAC!WC[}rop·ontb .. 
1,'I:IAC 36';J)~op'o~;ili\ 

'::' , ~ ',,- ,,":." £;<,~,,~ 

:;HAC'Crtisli'F~late'Dr()pon 

.'(~llllcliJr~~:;I~ci;,ti~g'; .. 
: H,csul tS'ai1d~CbIlCl usi 011S . 

.' ' 

"?:' 

". i~~t~i~\fGraJi'tv 
t6~tcr~~t'Gravil;' 

t1iejSide(6i',mepii'cka~l'c" 
,., ','," .... ~.. ,~- -

:3 
:3 
:3 
:3 
4 

is 
.~8· 

····~~t 

V cI:sa." j>ac'Siifp pi ~gc::()r t~i ncr'I;,'elill1 ina,'), . 
. Testirig.and,(::oljclusions 

~hil)"16, .2008 
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10 INIFRODUI( lION

ThwS rplcrfmlelcr ,Ibes 1:h•• V'rsa• a Shppý Collumhifacrr• II:ohtý: ýld11,hi C r ~pd icthemil rcs ks1 nd'conelui ions, di wt t\heidi lopein nt ult
jclinreumtnayiestin, o1l tl'ciPe•\jiih• ntie ihti•eS nd•:.l0 g1allon

ver~s fio 1 he ieS'¢ ~irhi na v • testiiig w=kas ~onidueted y Cnt urx • I nd}:~ iiustries lo at. edl~inIni oV~ri{

Virwinian on July 16, '81 Thsl.or icludes the t0st objeeti\e tested POItuosi itml''itenption t&st rsults and othei~ripphecab. items inelu;Jig3hotographs ol theteshing,

2.0 OBJ AECTI

-he. otbjtive ol thistest , porma. was-to conduct lhe rIelic ,m n av ph .. ic. . .rf.rim.nc.
tvaluta0on tests onCnur, ldtsiesV i..id VPn I t 1.Versa-P a Sh0 ppnc.P ontamer
Centry2 ndutri i th, desnerdn urJwfs~mn-acco rd iou. with the
nomtil conditios•l •111d otheuiie a'cidndndmti ro r dwons ptii . ... "' P F >T 71 7

The teSt1itenm streidentified as Versa Pac shipping continer protopes d1mdV• subicted to
thweollowing pertornanee testsC.

. Itia isual inspectio of•ohet oter, and o sur1;icet .i. .. " fl"

Orientatilons-desenrbed heloxw..":.i.{< •. %i ::7•4 :=; = :i=

3 1 ost. l'est N tso~a Inspectin olf thcouter and interior eontainer surf-ices

Iollowing eacLI tes the physicai condIIImn of!the shlpnim contaier \\as ,ispected and.
thc reSults rec0rded

* 3.0 R FS"PONSIBII ITIFS

(. entotv•} Induistries personnel cndoeted th~eprehmininar•tess md ssere rcponsihle{Ior the

b~ase-a-:naylis ofth test aie:.

fhe tests wser ~rrmpuoned n o acoJdaWce WvIlhmt& iipihcabl i'eqUiren c entS andu idanýceof
. cltuvd Indl-'thIstrie I'IA program QA-. Revisioi I and 111CFR 71.

4.0 1I SITEMI )ESCRIPTIOPN

he, Versa Pae Shipplng ontainer is desivned for lhe shipment of Type A iad.oactive andfissi e: naate'atis in thelorin U-metaI..oxides. fluorides and nitrate for bt:pou andi, crap
nmaterals:>:The fissi'l•:pa vload was~ide~in.foie•,, 350 graijisat < l 0(%•enrfichtn'ent a{=idaerjtjI~iiity

C:entimo~ iridlustries Versa:Pa&=Shfilping{•ontamife r IPreliminar-y

IsFsting and onciusimnis
Bris'Itl'Virginia July 16, 2008

D-3
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• 

• 

l~~ is X(:p~)~t'dps~nl1~$i hYit ',' 
.alid:jlrclilhinary!tcstif1t~ (IF 

~~~f~;~!~~t~f' 
2:0QBJECTIVE 

:l:he.dtii9cti\:~tilil!iiJ;;cSrpiOii~!l~,.\yasiO(;Ond~~~!h~·"s;{~:f);!;o·~iia'[Y.Phystt:a.I,4)e.«6~rii:~~~~· 
·ev~11uri~iC;11\estsion'<fe.i1r~0'l!'i~hlstiiq~lVI).:55·iin.dVV~ r;;t\:F~SH,ppil1g;~C;Cj'i)~jrisr: 
.CcnllirylildllslriC$.is'iihe!~jesjg;lel:(ind'll1<lnufa~ <, :acenrdrilic;;<,vitti. ihe' 
l~orma I cO.;id!iiolls· ansi'hypotl161 i ea !'l(;c<id~~'" I);rl o Part 7ii~?;A; 

The tcsritems wcre:ldcnti!icd as 
!h~IC;llo~'ijngperf~f1Tl;lI1ee .Iests· 

2. 

3;0 

.. ·hle ·tests. \~e~e pcrfdrmcdi rlJlccprda nce wilh@¢l!pjjl iCll~ic .n:clli i reiii~ht sand,gUidAnwi.,d 
Gehtuf);:1I1auslJics·QAProg~a.n) (2A: II{cvisiuuJand!OCFH. 71, . . 

4;0 tn~'s'rITEMm;S(;RJPTIOI)N 

TheYcrsu"f'ac ShippingC()l1tai neris de$ignc~ntr the sj~ipment of TypeATn(HB~ctive~nd ..... . 
• fissilemai~riai s i n:I,~~/ j('lrm U -mc!fll.,oxidcs, n uorides. and nl I rat~ for both'j)rq.~4~'ianq:,scsrap· 
matcriais:'Thc fissile pa vl(jlldwas·desj!.lIl'J(1I3S0!.~ra!h$at J On'~·o:ellrichiri·ent;jlld·.l criticiil ltv' 
$ajctyilldexoft~. .• . '. . "/F, •• ' • ,,><.' , 

(:'t'nt~r)' rridu~irics 

. Bdstill;Virginia 

Vcna-l~aC:Shiijlling(~~ft:~'~iriCr I'rcl(ffil'nary . 
·Te..iting 1I11(f'Conciusions:" 

..•. Iuly 16, 20llS . 
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I 11e Ver'a lac ShprnlgConta ner was designed in Itwo basic versions.a ,I Ai i 5 gAi
ar'id 1 igallon ourer drum sWith ý16 10 i110Od\. botoml md cover in 'idditron to thli
stanidard I • ea2•Wee choifure rinwlith a 8V/\STFINI Ag073OTbolthe eocr i':r einfor~ced and
secured using the ,ddro otbols itthed to:therirltSi~ rC. of th p as detald
It) II, d fl) inr s roststtlecal avd horizonul siitleners at
secific poitsinronddthe paPoient, ofutr aIIIn-' )thd Ir r altsuaLý Ith mn nsuhlmng

* crami.' 101er blink- t betsveen111Che wý liners ý! IIpI, tepIrInarsv inetructurl em psi et COPO\I...s{econd~ary: barriero u insulat;izon'crsistng of eeramie ib~ei bianket su{rtundidre innurii•::'"

containment body e payIload gaskeis sl hcone rubber1. 10heaed'aIoad1 containment ,
cayitv Is made ot u gauge body ad boitton with a ihick 1 't top an to khich inth initial
'series of testing a r thliwk top flange was secure( sinri 12 bos Cl'scd~cell
po) Lurcthaý:etaOinlm uliiti-d to piTovidie inltgimton ýmId addt:d imcl prot, rýiion to bolh th d
top andblo ttiom orIh Ver•sa- ac 1 • top in'sulaion plugpis e nlcapsula In shr'et metat.
welded to the o1c {ý dn il rlosu l1(id l:asttu p ugs eniose it ftnhebod of itý:i. sruetur
p~miode lalatht)1or orinl g. to tIII,:\h•Lal acetate plug, on th(. e:tior;o1'thý drial d Irm . he.cavit\
is ds"•:ned.toi t-tou ded diiee[l) or, w' " the: use1o an iniseirt: •o• io ucethetdrarmir:c ;I r 1 "... up
ito a 3 gallon sttmard drtum in thvii 10h'gallon'c rs-.ion

1- he Versa-Pac was designedIn liaecordancewt th Ifi:irequwrerenI s'of.10(C-R•1 7 land ýCefintr
IStries QA 8 II in for Manufaicture of, ersha.Pae iphping~containerS

'Cenury Industes wis rusponsibefor the desi n fabrieatrnrr inspf tion measur ,mriets and 11
the ltadig oflpavlo i•d d pay load!trita ners wIth Imuttp e sdze avels and loose srandi

1 I Drop I Tet a1d•'kicilitie,

I htr drop test pad insists of a 70 ton cOncrete pad made in accordancwitih iAEA Sal ety
S.Seris No, 37 '1 fhe pa idis 10 feet: ide b\ k0 tfeect Iloinb 0 teet dJCep r•emforcd'with a isatrid
.- .A..inch re -bar sparced on. I _ inch cenxers and cappr:d with .- I Inch.iliek b, S feet..wId Ibs.

0 .O'6etýqonw carbon stecIiplaIte'.hich11s embedded into dit surtaceo ttIhIC conIIIcrctc andi
se" cured byLL :urteen -1"12 mch diameteit,oltst16 irinclhus long

•.2 ikekae Device

the release de' ice utilized \sas capablte liasing the packaige ina manner that prov ided a.
snsoothcloen drop withomutr'partling any t,; stt g 0oIturnomtgwofthpackage. 1 hr. degC iccuhas a
saIo;kih load limit lff I8000 pounds IThe test atiles wCereltted into place b" uIse of!a
crane2

-.3S Oriefiiiitihn and Angles

Thei orientatin:if 1each drop was contrfltdi by th' Use of nylon Fixed sntrps mII.tJadjuSlatbl
istraps used to sette angleshc requred. The orientation 6t,:he conrtfieur'aýI serified sing a

Sni'mgnt:ic protractor amachted to die test article. surface.

Cent u ry 16d umtries ¢e rsa-;acýsIi p ping gCbai t i e r: Prulimiiiiniay

TIesting and, C0oi,,lusions.
Brisiol, Virginia 1July h 6,2008
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,{,':l{; .. ..... " _ 
'" TheVersii~P~c::,~hippi'lg 

", 'an"q\l:l,9~;g~,1)"81!\Ollti:r drlnn . 
. ,'sl'iindtlio;12)gail'gc c los lire 

securcdiisil1g"the lid 

in thcdcsign.dmwll 
; ".' ,";,<". V"-;:"''''/''~' "'. ~<"""~'/' "." 
,speCifkV!)ointS(;liolJnd 

.. cerall'iicfiberHhlnket· 
/s'g~~jj\{jary bain~1 0 I" i 
containmc,nt bod);,' 

is made'oj"1 0 ""U",,~,l)'''U 

',The Yersa~eli¢\\'ns designed' 
.:lildustnes'"'GAc 8, P!anfor', 

Cen\~rk'Mg"~ffi.ei;was re~n()nsihl(i 
thcl~?ading.Qf;RaY.l{xid·and 

",.;" , '.",' ,'" 

,",,', ..... 

s. J' ,i)~op Tcstl~adiFI'icilitics 
. ~'k~~"~~: 

the"drop test P1ld 'c('llsists'oCa7010n,concrete pad Inade in,accordanBiS\vith\j"AEA.Safety 
'?cri~s J:l(): ? 7 The pad:J~{O';t~etwidc by . 10 JeetloIii? ;~y.1 OJet;t dC9m T'2i i\ r ~lrS$:9'~i!l1:~,;gfi9 " . 
·"of%.il}cll.~e"~barspaccd~,9.n,"ll.ipcIJS£ntersarid>capr;cd with ad jnclfJhick by'.SJe.'et1\~ide\bX, . 

·';lO"tree-il!i)i)ucllrb()11 stccl,I)Hile~v:,jlich;js cI11beddcdinto ·tlle sllrlllCe\oF·thi.: cOll6"retearid, . 
. secllr~d~b)'Eto~rteel1 1-112°inei\idiamet~i,boltsVlj);16iliCileslOl;g:" " ". ." 

< ---- .'~<",.:. : ..... '-'." , " " . '. ," -' .. - . -", ".' - ':-,':<<; - f" 

~; , " ... . 

Release lk\'ice 

':rhcrel'q~ede\'icc Iltiliz{~d'wascapab!c"of,rClellsillg ihcJ.~ick,{g~ill'; n~al1ncr !hai:p';o\'ldei:ia 
. smool~ deangrop without' impariingany t\'isHDg'()rtll[lW{i\?t"iJ~~~packagc .. Tht;Cl;;,\ ..•. '. 
safe;\\/qrkiing<loud, I imit of! 8,000 IX)Unds,The tc.st artidcs\~tr'~f;liftcd inloplace;Jyuse 
cnme' • .. . '.it:?;::, ; .. ,,' . '..' . 

~ , . ". ' 

Thcorienlati()niteach dn)p " .. is controlled by thcllscof nylon fixed ,s,inips,i;r;ilfadju~l;ll:ii~, 
;·straps. used tosetlilc angles. required. Tile !)rielltarion{)j~lhccmllaii)a~v:,as', ,fe'rifted .uiiniYa 
'magneiiCprotf<l:ctor :tt1<1CI1Cd\Q'ihctqst artlcJqsurJilcc, . 

Ccntury,(iidmHrics 

;'Brisiol,Vi~gi"ia 

V crS;l~ l)acS Iii Jllling,,€ori til i ricr:Prcliroin:4r}' 
Tcstiilg:ujd}jo,ndu!!,ions' ..•. 

<lul)'/16;o2008 
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.5
5.4 I•'easu rients and Weights

Drop .htiehts vvere de~c mincd \st fpr.naud lbheIheesitstr.
-Wei oh •ts and p winad w@eights wer=e made .sii. ilr sc~ m supplied cd~ihi-alkd hyCanton
Scties Kingspq•ort, 'lnntssee anýd iaeihlcin Ntt .

5 5 Temperature and W~ind Spvud

Airtemperalur n.and wind speed -w as oitned thr the l oca1 I III ro ai rport service.1

ý5.6 Pu'ncture, Vi -ce

11h1Cýiiintcrc dc,\ cc. consmst i oa 6 Iinch dl n) n steetul roundbar
wlded a r i thick;p p" . .latewhieh was !1ien secured he drop testIpa6.d tbV.wansoft lack
welding to theOcw ner of thegpad

.5.7 'tlotograp•lic iEquipment :'i

:Color photmonigraphs wereýtaken w!iOli Sinn 4: IMega tpi1, digitalclam ivng iilenur,
hldustries ;Video was taken usine 'sony D ilmaP~lhndvCai Mini DV• eipment,,

'Ia&ptic cnit~rm lf or tIII, ' I snoftetltig ws reeioI'M h i ci 01r " losu n
opeins ta w (i.11ailure thZat'ud kadj in k-sa al l n"pnpnhv to the.

In~iml:tioii n :11r I n d Ito lo,, l1 I t I l t ncrCOnILIIImc iý i pa J'

7. 0 T 1T PR I I PI RA R ION •NDR ISUt I TS

K7.j Ilnitiail nspecltion.

On Juily 16. 2008 1h1Csal inspection of tlie,: t't itd'n ,wa s et,1tdukted prir, to p"rfoin•ixtýtho
:preihmiry jphvsliical. evaftuuon lests. ")urnR thI-l|cinom nti d "m%:agwI, (found ilo the
eXteliror,.inten sur1imee ofliahshipping cotainz s - .: .... .

Centurv.ind ustiies

Bristol.,Virginia

Century Industries
Bristol, Virginia

Wersa7Pa rShippingl ,0 7Conitai 6erT reliniinii ry

Testing aJ•0nConIusions
Juwly. 160 2008
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5.4 ~Mea~urcmcntsand.·'\'cights 
,. . <" .. :.-.,.-.:.:<".- < .... 

Dr<ij).heights.\verc dCI¢i:nlI11Cd,;I)yuSe~)i~l1r.t~~nl,¥I;;N\~ElP1UI~" "~lTI1~;tesi!iiems'i'urc 
"\VC,ii0h(s,illld:pilyJoadi\\'cighls:\\~eh~ Ili~(j:7Y~,ingJ}flOys£,;le, SUPp!.l ,~'1lfN;faie~d;6y;,€iinroh 
Sc,iles;King~p()}i, TennesSc~;!llld'lI'ri£-:¢i1!3,le 1(1 Nfsr ' 

.", . 

:5.~ . TClllPctlltu rca, nW\\~indSI)Ccd 

Air;tcmperUlllreand Winds~~~~'~va~tg6giincdthru'.thCkjb1J·.ri1ciro.aj'rpOrisef.vic~., 
:5.6 I~tin'ctu re'J)cv'i~~ .,:"". . ", .:) '. 

, . -"';:;~ 

5 

T!le'pJilctlir~,;,9~Yice.(;pnS.istOf~;t6'in~hLci'~I$,s~~M)~l:i~'~i Ill' " 

. \\'C 1<ledl rnl%'j nGh ih.ickplate;\:,\yhic:!lWtlsrheirsq'(:'tjrp(j .1".\ 
'welqillglOlh,Gcentcr o'fthqin,ap:' . . ,. ... ." "', 

';~aib~)l1, steel wunUiliar 
~~t:fpia"bY'! rtl'~ri'i)sMr;«i6k:' 

5.7 piI!Jt(II,p'aphici~quiiittHii'il 

6,0 

'7:0 
, . ", 

7.1 Initilillnsp(~ction' 

,:OnJ lily J 6;.2008, Ihe<vistJaI inspection of Ihe;ft'ls(·itcmwflSC(lnducted.pri<iritotpeffurniiilg'thc 
• .' , .. .' • • • .' ">- ., •••• y'-';.'>, .. '>\~:~'" "" ," '" .. .0 '~"::. <~~.>. " ". ,'.",,' . 

, 'prclimimiryf)ilysicaJ,eiv,lluHtiolllWS. During ttk'inspecliollllO damag<;·\va~Jj'QundlOJh<;. 
extcriONir,iritcrior siiri'acetifthesilipping t:(Jf1lain~r2" ~~>" 

C~ntilry'Jndustries 

Rristol,'virginia 

,A;.~· " 

. Versa;,J~lkSh i pping;C<inhli ~er\l'rH i fi]iiliiry', 
Tt'stingal;(j:(;ond.lj~ions 

,July16~2008 
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6
72 Weights and VIyload:

Ihe. package tare and gross weg hts\were2recorded •nI order to pro ide the test atmles '.ith1the mosl agc'ress chall!Hn'theinnermpavload comaImmetof a it was

dci dedto. slo m T '0 allon driumIn nhe[ý10 V\ ersiojn• p.sa-k lltild with lhiotcnisoflmudnpl
slzre ravel and sand t 1 he gh5g• \:ver:i on was also tiled with muthipte s-e/di rasel- and
sand directly Into th1ie:contamiment cavity.l These Ipavloadskwotild pfio dI& a secondar piston•action ,within the containmenteasities '"" :"

tID n herion l s55 Gallon o 1i Gallon
Paca l a• 'ie Wsgtit 37-,7 S7

fPavlload Iri/rv), anjd sand 21 65

Ioa jtfiw 6061 8ilt I k.,tlh

01ac 7I IT tes 'I'est I noangte oi I I I I I I h r n ; ýo , j I I d

Ovh vlo boned th apospraer gaskets wi ri. pc"~llaeedin tin n the bolto.<etmvs inserte audwnd

spendtighened Iihe innr t hnebolts s hpe ýden: ti"omacmedbus eo an aleai atahod rid
tr-e!ed to 40 ilbe 1 h1 to 1Jas calosu I re, w.ic h Includes the1ýý pol1ureIha•ane oa i
densmlation top plugestlled on1 i"eaheo thi.l Tharticirte and OTh torl oer bholtsl", insaLJ
and toriucd sin• z vthi. smeIatII!ernaingsmethod to na tnsion of40 F

cur wreitina o ad0 If i/ls o

8.4) lRO1 F 4l FQUI 1N( 's'

:IL histop irgnchsen baed wpon hiiao~ica Jdrop (Iif othr packae
S\stcmý-Bothi tesI arile sroditedced IIilkcoldanc4: with 11C1th~~nvetIonrsII~ and:
CeAntr plan fdor thVersa-Pa of'Veshippin CShppiie ToneinRrps

9 IMo 30, Droponto tieiTop [to h te of2Gra5it0

4heiest paiIk n , salitoed tdhe luih o-30 `eet fiomi the loýwes polint ,I thelacau to thle

WSit~ lih. topbltý Ilst J1,- the- dii TIipcijdetttird a thom; stan rt thN iTj, ojý T I m ,1,ý d o sta d l*I1

arles mchmis.It! wýas reeaeds thatl it did tiot ifmpart rotational ll;motio Into the,
p)GAckage free fall1 to the2 testi pa aito 1he11ý mea theLI!: o wimpact point k\;N
deformation 16) inhchln kmy 1- .1/ -InI' ches, dee~p 'I hi.couerm all hotis remamcn&Iin
tac.t and se lsilth Ili tearsý or~openinm- in thepcag

Cenltury Industri", Versýa Patl Shipp'tingContainer Prefihminry
.;Festing! and:Conchusions

Bristol, Virginia July 16,ý2008'
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, ~J" .. 

7.3. . "J,;hn~liI:fg',ofthe Te~t hen •. 

qticel6nded, Ihe·.~ppr(lpfi~ty .. gllSk7ts werpIP'i;\,C,!!!! 
"hiindtiglllcned, Th6irii1er'flaligcbolls 

torqued to 40 ftj!bs~l'hctopgasketalld 
illS(llatiolltop plug,\"'efeihstall~don each.ofthe 'M,j·"rl'f',I.,c 

.. and lorquechusi ng ,the samealt6rnaliryg meihodjo:a 
.closureri!1gs -were tJlcn in~tall~~d l\lld iigiltened;'(} 

;Fl1e<!rOPIcst'sGqticiir:eSWe;ccliosenbl(sed'upi:iJiihi~l~IL "h~:r,i)xtckage 
;sysJ~m~,:Ho! h .test art icie~ were' pr(iclUge,d'jn(aet9.f9i;\')'C,~'\~i.tLl'I,. ,e}. n~"iiio'n;dfa'\\'i'ngsYliJld 
QA.8, plilllfor the(MariUlactuf(u)nlcrsa~Pac 'Shipping7Q{)l1tii(ricrs: '~"',:::;!':;lI:~'~~"~""" 

. . ~'.~"""""f-- .i't<~(:::;." 

!,Ito 

;9:1 

6 

. 'File' lest package was. lifted t6,aheighl of 3.0, feci from.lhc J(j~vq~.IPOi!lF§tWie)p,~c,~a!1c,'tblh~ " 
sudilCC oCthe teslpud'fHanangle of;\6 deg~(!cs fromthchonzontlll; :;oJ " . 1l1'rike COn1uel 

· \';;j I II lhctopboh dosllre ri iHiThc tti r kllll;;;: nit ure,at lh~ start;'i)tHCSlll;g' 75i;f~md wiild 
:; ,"; • '. :.,,:, , • • oJ 'k.::,~;.,'.r. """ .. ' 

specdwlls3'rnph, The pacKage was~uspendedflOrna~:l1l1lt!'b)'t!l, " . ,sling and aH<lstJ\<l:!O 
nh:lea~ernephanism jt was relcascd'so.lhutildjdllo~iri1Pil0Ji9t~. .' mOtioll iritoth'e 

· packugeTrce fall)o the tesl pad. qamagc:toihe;packilge:~iit};4"iiiipac(:p()in~wasa, . .... '.' 
det~rmation 16 incheslong?y .,1·11 12' inc,hes dcep.'Fh¢closlirc rirlg:arid. ul(t1'bhsrein'ailicd in" 
taetand semrrc v.iiilliiOterirs'of.()pcni ngs in ttic.,package:. ,. . 

Cenhll'Yhidustrics v ersa-PacSh illlJingCon'thiner· Preliulinad', 
;resting ullclCon$llISions .. , .. 

J!i!y 16,30!18 . · 'Bristol,Virginia 
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9.2 If AC 30 l)rop 6onto the Bottom I Idge vhill he (elIenter Iof Gravit'

'I h tc Ipackage.was' ihted toIaIheI h Io1", 0 feet fI'om thc Io 11st p1It ofI the paCae to the ,
sur I Iceol Ihe " s It'pad It Iit I angtee Of " Idegrees I"ron rhe I h r'zot tIoa to a.as to nkecntact

lh lw thebotom oedge ofthe paclk ge Ihe 1package was sust~nded fr'm ifancbtj 'usc of a
l and I'an sehed to .. a release meehtwims 1was re eased so that ild dnot.111mt"T toitalon :

motion into thpacki'cCw 1 e latoth tiesI"t pld, I )Sarnae to theiaek 11 the Impact polint
ýl & ldeomt iot Ia finfcites lon hy 1- 1 deLkcp- iosre ring and alltbolts

cmainiedinH tactI Ind securLe With 110nOt r Openns iln the package "

.9.3 IIA(V Crush PIlate•I)rop onto the Side of the Packag ..

I .h..5 . adon i`<tia pinaest. -kige;spla:ec on• it`ý siId : tthetest padisurface•w• thle crush plate:
•positonedt o Inpaciptt the side, of thewpackage al A deirees 1 he rush plate xvs su'spentded

-fJom ta cranem: ataheigh zI30 I lct fiIom theI bottom .l|I o tpli toof the sa f I i taýIIhz testI
.. paJckagePby usef slhngs aind atuach"d:ieto tlhe r`lclsceaislhi It 0sa1ase• isoathat .iidtd

intot impart rotatmnalmoti h uaon in-o the crush phta frc t6l1e ttst-pa leages.crhe,...
.?nimpalt, ot flthe crush l.tes plate onrl thesid oII thet p .ill allo\fl; siia totile.

o: diameIeroite packge a ith meaCisu~rements ofM5 iinet•i 2y I ,8 incihes: The impacid.
.of thhe package p)roduced aflat spot theentiree h eTckage9I n widt he I :.
"est pad side of the package produced •the same tatening tliatmeaurd8-l.2Thes wide1 u l 1
The: closure rinig atid al~l bilt ra tcdindct antd ý'ctr -h It cr rOC!ýI 1
packag l'n.-'cdtgsm h

9.4 itu nc i m,'Tir e i itLng

The pacla e.wc \,as subjcctcdIto lthree separalc ptt nctr t lests •rstItn wasIII theidc do
the ,package between' thc xeteial stdtclncrs: which produccd a :g; inch deprsso Ieseco~nd

jas'ýto Ithe top• CId Of tIhe co ndtain.rý ith a depression measuring•f I inch dccp and one OntoIlhc
'bottoml iIch rcsultead Iit minIor tdcntatio10n of 14 inch dCeep All drops were madefrom a
h•i.ht of me.ter .or. thcý 1owcst point ofthhe paaihc'e to the lop of the puncturc ram t )l'Pe

(e no tear's opening: " btict uIiacceIi1tbe dait,0e m fOnthese drops

9 5 Iiisu~'~and Cdi10Ihsimls

AsIa restlthof these t..' Ote oilier closure ollIs recordeda •a pt 1,t storqu(10e: of 1lhs the..
containment flaoge hkdts.were torqued prior tf rieo aInIId reor•ded at 'tPlb. The caskets
and, the inteeial= ciity of the containment were fmnd to hc inl good ýondiion w\1ith no
damagei ~tic conhclsioni of this testis that the 55 gal'loin %ltompli hed
the rcquirenerts set totth in th e acceptace.critcrta ofth:tisreport.

(enrt izy.: nd ist ies Versa Pac Shippin Cointainer Prelinimirl
Testi ng :111dl(.(I.Oid usl ilvs

ýBristol,.Virginia , Jul, 16 20081.
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'9:2 '. 1H.4(f 30~'I~rOlfori to .. 1 h~,BOttom: Edgeth riI ttl'~iCenter· ofGra~ it)' 

.• The ;tcsFpili.~kage '~\;ilS'l in€d tl 
'sllriap;£o't;jhl:'ie,SFpndA HII 

, ~vith:ih(;'~bo~tori1·.(:dgc()Gihe· 
sliiig;ulld'utt:tcl'ied '(() ar6le. 
;ll}!),lipll;io!o·t!1~;tXI9klt .... "'. 
,,:'as'a{defbrin'ati(lil'8'ihchcs:I(1 
.rel)lairied:irlta~dind~ec~r~t~ti 

;l~~;:'}i;,p.la~Y:()!l:its.~.idb;,()ill\l~tf~~' 
pogilionct\:w InlpaC:t to ,e',9fth'i:N)H~k,ig<:;rt;Q;""" '" '" 
':from;n:crane'lt;ri;hej~hl;.J():feetJi'ool'1I1ebtltkllili' 
Iji~k~gc;~,~fii~~'bj\~1 !~gs~in'd;Jliric},i\:d'~io,.lh~,icJ;· 

'001 impart' ~otali(Jl1al·I~(?li.oo;into,-th~,c:rus~,:plat~ 
.irlipaqt.:gl;tFs,crusl1;t§st,Pla'te,Qllqie:sidY,ofthe; 

.• di,ameier,,(i,f;tJie.:pac~ag~>viiJrilleas~'reiilen,tS'pf2 • 
,6F:~h~";p~Skpg:~I~~O~l!~ed,a)V?.t;~P9tdle~ritirc·lell1& 
. test pa$j'sldeollhep?ckllge produced al 

.Jh~'c:ihsti"e i'ingand'al(b'6iis,re,niaiile 
pllckagi;; . 

9;4" ])ul1cftlr~~j~cStirlg" 

thetm(;k!ige,\ya.SSlli)jcctcdl9,'three~seParite~pu~cture'l~st~li~ 'jfk" ,"" '.' 'ri~ihe:"§jclt:,?,I: 
the;plickagebctweenlhcverticaIstifTei!crs\vliichproducca a,:;. ,h depr~sslOn lc;seC{)'t\&· 
\v.ii;to.thciop;CI~d()i'lilC cOllt~i~~/\~itli:adepi;:~~ionmcasuring ":inch dc6p i;~don~ , 
bol'tpfu which Tcsulted. inw'nliridr~indeiit!lti~)nof:;1/4 'inch dceit'AIj drops \Vei~lll 

,; Ilejgllr ofl:'&i~"ier jhHl1:thel()wp~t·poh;t,onhe;Rac8age 'to the' tbl) of thc·punCfri're .. 
\\:6rc' III i tear'«) peni;l g brQjjjerunacdeplilble;(J~rll~g9 from l!lySe drops; . 

, .' "...., '''<, 

Asa. result:o!' these lci:ii,';ihe ollh::rc.lnsurc. holts f'N','lY,riPrli<,' 

.• (;()n\ai,;menlfJa,weh)lls:;~e,e torqued prior 
'and the internal, C;l\1ityof the c(ll1tuinmentwcre 
'dhmage; ::!:ilecon2It;s'ion of this test is that the 5S 
the reqhiremctlts';set forth in tht:'a(;ceDtfiIflCC,Cn 

Vcrsa~PaC;Shi(lJlinWeon!#iner:,~rclimifl~& 
;resting;1I1id(€.oriCiusions. 
. ";:J 'li~;(16,2(tOk ," ;Bristol,Virginia 
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10ff 3110 GAILON VERSION

10. 1 IIAC 30' Drop ont fthe Top Bolt I IoNsure Cinter of Gravity.,

Ihe test package wac lif1ed ,i a lwjot otf,,")feet from the lowest fo nt :oftfI 10elkae tothe
urceof dihe:s pad: atýI 0n 'Nl o denCres ro the):I !hono t so asý t nIa.lllt: otact

fill thOl top hohl closure ring! Ilhe airý icimeratluloihat he stari of testi•ns•7a ý • ýd %villd
speedwýýas2 mphh packagemcas sulkndcdsted trd m .a crane. b use-, otash gi nd .itach.ed to
a relCase mechan ism t1 sas releasedlso Ihat it did not impirt rotational motion into the• package fi ec tallto thetestpad Dapmtgeliuohe packaew at 1hewmpact point vias a

deformation 1-4 indchs bat.l hy ý inchics dcepThJI'ccosurc nnm- and all boltsý remnained in itact
and secuice with no o;te orpejams i flint cpackiage_.

)10.2 H1A( 30' •)op onto fth, Bottom tildl- thfithe Cit &ter of(.rtwity

Ill: Ia. t pacag his lftdi at hctot1 0 cl fiol tle iloWeSt point ofli pacokl.
Surf,1 •c of thi tcs:ipd at an! Inglel , oi.Od res ftrom the horiz a ! a•um týto makecntact
wo ilth hibottom edlie of lhe, packagcx I fit paCkaILe \ta' suspnde frmat~n IW use2Oj'a
stingad ttahe•hd to a a release {in9Cha iii n ý,I" 4ri. 1tid so 01th1 it did 1o0t im. ParI rotatmital
moUtonM Ito Ode packa 1111a lleto 111C.ttesl Iat th Impact poinot
was a deformatmin 18 heslonjub 2IiA sa eeph.ý o1h:sUre rinand all holts
ýCremainedin. tI cland ecturew .th notears cr opcnimgs "itliik'

1"0)3, 1 A ('I udsI 1Phi t e i ip o ito t i.tI Side o Ie I) h I' t iit "

Thic 55 gallest p ptijce on)b1ý ide on tOhe tst pald ak!ti:w ilt the pflate:
osrtioned to impact thc sidc of the package at {, degr1,s11 hew usoat as fuspended

from a crane, alt al heit 0tectlfrom :ehbotlonm of thC :plaic tothw r of ths.r tcs•}b t
packsgeby 1y eot W shngs a0d~attah o ihý r.diymecas hehaimn e ii 1Wic d so th it i t did
notimtplarl[trotlatioal motin•ln') thcicru laltk" frv", 1i1io thitde of"the .t..s packige. i hei
impac lof thle crush test plate on thce side of tile am4pite reslted in tý SLht ovah to tht1e)
diamitcrg•othlpackage with the: lid closuri hen'tOit 1 icc tilk driLi c loure to0tolp
.flahme intelcr 'I he ioimlpact IdC (ofie paCkage."prducedýa:flat spot ihe ntIei erItil I hC o ý the'pi'ackal timchs sidtl l•:<hc Itsi pa icohe p'ickageypoduecd :the same~llauieniiii....

thau incasuicd 9 inchles t,;idc h1ec losure rimg and all bolts rinaiimtd inplace, th! opering at: ~~~thc• c losure Iid .ed'e~was tound-'to bc unaiccetptable. ':/. .

10.4 Puncture Iestin'.

The P .• iwassbted to three separate punctuiretewsthlIllr, t imp it as to W th:c sidJ of
thie paekage),betwk.,en thc 'Yeriical stit iIers w% hichI produ-ccda ;t 16 ilch dcprc•sv siont T'th:
seCond wva -ito I 1lto cend (oIt ic cotaincr, tihi iithecne r ftrsa , wit sti a: dcp rýiion.
mceasu Ing a total of - l 4ich deep and bone onto twhc bottom %\ hch reStuhldwljftatilmnol
indeitation oif 114 inch deep All drops were madc 1omm ot h,-ieti of 1 meterfictiomhO loest.
oint of the package to th top of thc puictueetam.ITherere no te tilin or~other

uiiaeccpttiblc danta eeif i~l resulted hrfiin thesc drops,

C'entU'yr Ind tistri es Verai Shipping Container, ieliin inirI
Testing and Conclusions

Brist01lNirginia u 1), 20WS %.

D-8

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia March 25, 2009

• 

• 

• 

':10; I II.AC 30' n~!lJl onti) the Top l~flIi,;Closu re Ccnt~rof Gruvity 

']'be t~SI package, was tinCd;tonlleighL\1J~i~n feet from the lowest [l()in,IO( 
suri'accofthc!tcsl.pad ,It iHninulc of 58JdccircesJronlthe hori7onlal;S~(ls 
"~vjlhtll~;tgp',h~!tc:~st!re ring.;T:!l~.~i:&\~$t~~{a,.t~r.~~~rthesturt of (esliUg 
~p.t:e~\w!l~i;,2pl)ph;\IIW,p!lSk' Jew' s ~1~;;R;troll1.ucram:~y.us!,!5~) 

.~i~~~~~;t;;e~~r:~~l~h~~{ •.. .... '~', ~1~i~i~~~~1~1~;f<~~::0~i~t~~~~,~~:~~i;'t,~)h~, .. , ..... 
de fonnatlOn \1·4 'lllchesdong by..,. eep.'!Thefciosure TI ng·and:allifboJ tSTemm ned ,il n'laet 

' ..... , . ,', .... : "":"::::::":0"yt~J,i';"Y/:Y6( ;, ,'~\ .. -.,.,..~ '·c·/.',. .. '-/":f}V}yy,>::7""X""·,.-'h~"."·" .. '~.: ... '- .. ',.: ' .... : 

:indsee\lie.\vitlirlOlcaf:for'{)peilir "pac,~~ge_'" . 

" < " 

'The ~55gifll{m;:iGstpaekage ~llsplacei()il,(t_s;$ide' 
'IX)sili()iie~~mJrl1paci the si(ip,oi: the' 'a '.i~2at() 

"'jromacrilrl ' '.' .·":W()! fion, 
.• ·J)ac~agc; •.... pfslings a .... t;i:I, 

." not i n~ I)~tti'~qtiiij on.~l !noti ~~ ~fj ritgJl]i?l~~Hs)' 
inipac!io[;the:cl'usht<::5t piate()n'tli:c·~siae.ot: ge resulted III u slight oval'shape to the 
,di!ii;lbt6hKi(ihe ipackage, witi11Jlcl;dJI6~urc\6e :2:0172 mchc~ at the drunl1tlosure to;top' 
.. t~~;lge:r;ltcrfacc:.·i:~~:.\!l~E:;£i;:si,de()t;ihe.paekag~'pr()~~9M; ;(It'thecntir~:I~iJgi!)l(H;th<::: 
··I)hckiltlt';"!II.~i,i:(:hcs;ill:C\~'idfli\'tlic tcstpiidsideofihe:p;I... . .le,edl!\e,SilI;'~iJ}i\.fieriili;r· 
:that Il1caslin::d9'inches \"ide, The closure. ring ~indaIlH6Itsrt:'}1ajlle:4 'irlip!ace,thc'()pClliilgat 
\1.1~ cl~}~lIrs ii~r.qqgc~\vas.·j~,~un~ri() b.~. u.n;:tG~I~~(ible, ' ,.',:~": <.<. #/ 

10;4' ')unctureTr-sting 

'The;lxldi-agc;:<vas?s6bjeeted:tothreeseparate_t>unc;iirciieits'{t~~~fi¥~t'ill1PtlCtWil~;,rO:!I~C::Side.oC . 
thepa6.~ag~)belweenthe:y.t:rt!,tji~:~ti!leiier~ \yhich"prodw::ed,~;50 6 Indl deprc~jq!l:The ... . 
se~(ln(j\v(is'to'thetoi) cndl1fthl.!,cOiitilincr thnithe\center:()f'gruvity with .a.depr:;S~:i.i911.' .. . 
meas.iJij!W!I,!Otalbf2-3i4.inchde~pand 'one ontblhe bottpm whidl/eSliltc~!(jtji¥i~~i~qr •• " 
inderitiilioil\ifJ!4irich.deep, Alkdrops ,Wt:re milde Iroin a·heiuhtoLJ;meterJi'<mi,'thc:lowcst . 

• ' : .•••• f ••• ••••.•• , , • ,"'. • ." •••• , ...... ' ··'~;'··'·'},<",:,"~'v'.'":'.";,,,/ '·"i·'~'<""S"".~'(:--:"'\·' 

p()ihtoUhepackaget()jhe.top.bfthc.pUllclu{c'ram,:Thel\:~\verc riiiic;lis;'bpening,orootl:lcr'" 
,unaccepta!,ledani,ige'tl\:ai r(~suJied fi-o;'n:tlicsedn!ps, . -. 

Century,;Jno llstrics Vcmi.PlicSlijppjitg·Coll.tai~crIltreJnnihar); 
Testing IIIHI COllcltisiollS .' .' , 

:Julv)r(/io{18·' " . . . ' -.,,~. ". .," 
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10.5 Results and {lvirsiomnsl
!F oilow\mg;thiese2 tests th u oututr•i dwsrenoved. expos ng a smln ule Wteme

otiterild ht-ýýbulge 11 llngh inn
contlinilent flaget but no loss o ImtciiTi hs%:Ias nd fit The colltain•ilalw ttblts werI
torqued lpor c to rem'oval and recordedi0t lIt)"" I h gaskets andit•th imale of the
cofltainment %\ ,ere founid to :b iin gootd &onditin ith nodama on of thls test
is thlatl the, 110 gallon verslonlxwas noi sucesv Ineeintihe reql irncments su'flth in thu
auccptancen critea Of tisp dd ThMsbrIruk M thu OtIter 60ksu-,reid xvhiuh. .--,sUl.. d
form the.iInpact ofithe Crush plltýidrop ts, t pone xai;IAItlon of LhtuSt package tswas
d,|etermined lii t there was to m Su chn s p n ctween thevertlem sltfftenersr and topIosur..
boltsak in gm: the tIo)pcilo(sur point To wi•i• c i• pti'sli. hCurus tt eonsideunng the ofei olhit.:

.katl' h IS 'I htis. w has• dlargel yipn u tphl 1 s1utts1 fronmtts•uei cs lt t l•lon te sti ngI l
orderto cbiiucc .ihe design ditficultius in thu I to gallon veis-Itn it has been dcided lo reduce
thie spfacigot the tof;of) urIOUbotis and add-eadditional (siffaners and bofts to thih packlI:e
deign, of" the 1•0 gali:, I I on .\ sisio

Centu y nd ust iies

Bristol Vir" Ini

Century Industries
Bristol, Virginia

Ve rsa-Pitc Shilpiping :CoitaincrP relirnihi~iary
Flcsthwimf~id C.OHL c I Ui~li•

July:216,. 2O0(1
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IO.5:Rcsllits·lIndiC::ondilsions'; 
',.~." .' ". ~" ..... . ". .,.: ::,~t:!itfi/::.':;/· >. 

<Fo!lo\vi!lgth~:~d lcsts.the oll~er;iip,,\\:~~rchli:ive(t;::xp'o~i!J'~';'~:~1 
• containment"nange;~bllt~no lo'ss'hnhiaterials;WllS.f6und~:1'he; Is \vcre 

c:~&~i~;~t~t~Xi~~~t c clilbi:i~i~Ji~;9i~W#~£,.~rr~~!,~~l~ 
.. ;¥fC(:ptllnce;crileri'r?rlhi~;t;~a()ti' n~!h~;(jl)J.~r?d\)§\i.rt:~I!d"\vhiCh'resultcd 

.• ·ff)rp~'theil:t:!8act;?r.!hi:t:n~~hfRlat .'~alliiliali(\n()f)lfc.le~tpaS,k,ag(:.·.it)~~asi··· 
':deterfiiihe(!;tllalhh~re:,\,;a$it(;fn'tC";thc,v'chid!liSinTeffCrs'aridtopcIclsufc .' .' .. ' 

~.I~lts,rnfl~i~llf~~!:t<j~pl?5}i:r,41p91\'9 "Y •• :,t~;~r\I.Tli·~9J,t,"~<· .' '~lh~.,:\'.e,;gIW:.(;l:.t~r;" 
:Pllck,agc;<lhlsw~lsb~s})~tAa~gelY:i\lp~l)::t, . ,.; . !S'fr0JT1~lhe$uCGe5sl. ." ',. Il(JtFt:~~ll.!tg<In.;~ 
'(li"der:to GOn'ect:the'disit,,JftUit'ficuJliGs'jiiUlc. ;I~ lOgallOnversion it has been decidedt6;iied.u5;'e. •. 
lh£ ~paciilg il1't't he~l~p:,2B)¥lIrt-;. bgl(s ~.n~ ad,Q<iddi lioflnl :51i ffenep;1II1db$J!tSIPth~;Ra,s~~g:<:S?" . 
designoFtI1'ed:IO MIIo'ri\'c,'sion',. ,., ··.·/·.>;"!C'...: ,\,>' 

Celltui~)' (nd ust ~ies VcrsaJI'llc\Shill,jlilig{2(;ntainer'picHmili1Iif 
Testil!';'ilnol(5orlclusitlris .... 
"' "-. < !" .... 1," '"c" , "' 

,July:l 6,:2008. 11ristol,Virginill, 
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Te!sthig is conducted i~i accordanice, with ISO 17025, 1$0 GuidEc 25, A4SIINC'SL

aald NiflS1TD-45662A and sliall I- t ra cable to N i S.T.

~RESULTS: A, ,etablr NAS.T. Test No. 8211'27 1887

254 - -- ----- ------

. ... .... .....

0

I..

0

0.

C.J
CU

CU

(I:

~ CU

- .-

BYT . S. S~tarrett Company

DEDATE: NovebCF 17,2013~

........ ...... ..
ID.ATECALlBRlAT,60; November 17, 2008

\0 
N ....... 

• • • 

'" ~ .... 
loo ..... ~ '" .... :: = "'0 .... = ~ - .... ;;.-.> 
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ATTN: {QUAI ITY ALGU UANt I

0 1...I .!i•N NI) 5VIg~~%VIiANISVG,, Th- 4)6-283•.

/

The L.S. Star rett Company
121 Gw~scuni S~ire

Alfoln, MAOIS31/9I5 USA
Te.,: 38 244-355 o
lIslE97 24*'9444:95

NOVItVlIUUI7, 20118

STANI) X) LETRII ofCIR f RTFI•i( I AATION.

XIII ~ ~ ~ ~ ~ ~ ~ ~ '~j I GilISIUIIGI1T O )v-l)YII''I

: I GAND'I.)A5tI)S NI .I-f ."II'.I I' Ni.1)1,OR INSECTL ON Sil°(I IllI D)ACCIIR'NTL N I RI.PERI 'N(- 1068

It.RIN 'll oN> * "hl>lC - \r DC;>I~'{|• ( Al 'l).ATIO I5S PU:bl• CMVII 5.841O '3: ~NS '4i U]t•,() SI NNAR|,i;s 5811.AN

4' X lTTII Ia~~~s:}~ I\ 'U 6Iti VII ANDR•I NOAN U 'I I I EQLIPIEVl-N {I AM), (C xi IBIIRA I ;{NN q{'{I RSIO6RV lI ON- "4<~1£.

III12 NI.( I•S I' i LS I)DII ION GUI, I lN: At CORCIA:CFN C II:,loD~SOl) u2< I5tl : (S{, )1(:iJ D -2{ :ANSI .NCSIi- /SINI-"AN D

Sil -•510--I'D•166A

YOUIRS RN ,;TRL'YY
!'Il , ? > I V A ftUU II i;[£2COMPANY ?,

/s ~~~j>; v~
'5$ '-4? ~

YOUR ORDER Nt> lIJIt-ORDI

DA-S29I766t) ii 13)52-4?
R NO....... ..•

5334,I0C.TA fiI- I Sii. A Ci A' i K 4

-- i• .t2 A .
I A A I -! NI SI \P11

AGCM lAC{ Al"\/I-lE:N Il-Ii-",G"EI •I.";s SLPI'Oit-I l Dt£t-A'H)I-IOIZON-I-A!I,-S-RI-AC IE)ANI) •I qII 115811Ii AH } [:N{SlON
(,.1' II) PoCu1) AT-S,•, /1iE401'U AR,,•I' 3 'E] u8A~G RE1id~;:!S "'Al 11(1 N 111III" ITOVER \ I i):2 hI I ENDG ,Il WIh I NI) i=I ELIE'

I3RRC)R-=IVVO {ItU-'I IAN .I IIII IN ,10'.(ik ItIVS. -

VE. 4 •"';,ESUU'NG'S-LUTOIO•S * OR) lOGEAI..IAl/!SiO-N MIEASURING.9SYSIL:MS
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The l.S.$larre):t Company 
12iCiesr;()nt'Slr?cet 
AthO!, (JMW<.,H915 USA 
rGi; 978 249-3551 . 
hix; 97e 24~ca:i95 
'>I~!,=.~/w.starre1~,.,cq1ji . 

A(;(;I.! 1\ ,~i.:.'i;\I'IIEN THFJ'~\i;F, 1}<Slj 1;1~6~;h; .~. );i{,\~ !1(Qf\1!;~)B!'0.!rs6K!;A;I);\ " lieu t:I:~::lh:ITH ;\. TI~;;Slr~" 
. OF I o.p9lJN liS:;\T,A.'IiEM I'ERAirUl<£ OFf DREES FAII!{ENHEIT,vrHY (~VERAU/LEN(j]IYWlbL··N()T'f\CIN 
ERR(jR·:i~Y·J-:l0R)jTIIAN., 100: IN·IOC()RU:SS.,· . -', . 

. "HP-o.'OIOllO.t.l<llLS·· GAGES ·.S.1.IX<->8i.MJi;!:1n~t«ilb{,"U~"l'lI;ts'QM 
• <\"?L ;'i,1E~SUR'NG~SOLUTioNS •. qPTIGAL AN9:V;SI9'{ II"EA.SURIN9;9YSTEMS 
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bCENTURY INDUSTRIES D42

Calibration Record .of Measurement and Tests Equipment

.• ." :.. . .. ... .. . ....... ............ ,..= . .....

Ey -t-tNo: 09Des7d7tion? icksoljnt pempratnriýRcre oe S"'32.0

-.e. . .. ... .------ (

CALIBRATION INTRCIOS
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Dickson Certificate of Instrument's A
Models: SM300/320/3 9i420'r260725, TM32OI325/72S, VFC32W0325

(3lbahnCo:or41nnaoy n , '. ..... ...
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CENTURY INDUSTRIES D4 D42 O

Calibration Recor6 oAl easure m it-iad Test Equi4 ment ri

"_"__ _ _.__ _•ge___...•.. .....__ _ffi. -. .. .

CALIBRATION INSTRUCTIONS;

SSurfack: therinonict- shIal be piace on u fitt:k sufcenxt: tot thc '116 Trý-c,,ble'gauje.

"hrated!d he ullowcd wt__q_ ili__ a•a CPIio d of" ,,t lebr r t than 15 nlUute s
CAIABRATION2INSTRUCTION. .__ _ _ __ _ _ _ ...- - ~ . .. .........

atIthe ambiet atir teiperatuve. The rcadings shall be within: 2'F1 A-second reading shall also be

* ob~tanby placing both u•nits in a cooling.chatiburalgiingth• gauges to equalize for. not Less

tthan 15 minntes• The reading shall be within I )2*F? Calibratv in accordance with the ISO 17025.

. . ... ............... ... .....

.nad ANSI/NCGL Z540-1 I994 and Traccabl! to the National institutl of Standards and Tc'hnology _ _
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Appendix 2.12.3, Excerpted from Safety Analysis Report for the
Century Champion Type B Package Immersion Test

Introduction

The Century Industries Versa-Pac Shipping Container is an evolutionary package design
based on the design and testing of the Century Industries Champion Type B package.
Due to the similarity in both package designs, tests involving the Century Industries
Champion, although not directly applicable, can be used to support the safety basis of the
Versa-Pac design as supplemented by further analysis and tests. Tests involving the
Champion package that are applicable to the design of the Versa-Pac include drop tests,
thermal and immersion tests. The design similarities are further presented with
attachment of the test results for the Champion package.

Design Comparison

Both packages share the same basic structural components in that they have an inner and
outer liner of sheet metal that is surrounded by vertical and horizontal stiffeners. Both
package designs use the same ceramic fiber blanket insulation between the inner and,
outer liners and also surrounding the radial portion of the containment boundary. Both
designs have approximately the same polyurethane foam in their respective bottom and
top portions of the container. Both designs are based on an inner structure that slides into
an outer drum. Therefore, both package designs should have a similar thermal response
including thermal stresses. However, the temperature profiles may be different as further
discussed.

The package designs differ in the type of insulation that surrounds the inner containment
area. The Champion surrounds the containment area with polyurethane foam that is
poured in place while the Versa-Pac utilizes ceramic fiber blanket insulation within the
same area.

The Champion utilizes a leak testable inner vessel as the primary containment with a
secondary blind cap flange on top of the main sealing flange while the Versa-Pac uses
only a ½" blind flange with a high temperature fibrous sleeve at the containment
boundary.

Immersion Test

Figure 2.5.3-1 shows the Century Champion Package rigging post-thermal test. Figure
2.5.3-2 displays the package being loaded into the pressure chamber. Figure 2.5.3-3
displays the package during the immersion testing.
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Summary of Results

Pages 15 and 16 of the Champion Safety Analysis Report are provided as pages 5 and 6
to Appendix 2.5.3. The test results indicate that immersion testing of a damaged
prototype package to a pressure of 23.0 + 1.0 psig during a 15-minute produce no
additional damage.
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Figure 2.5.3-1 Champion Package on Test Stand - View from Thermocouple Shielding Tube

rure 2.5.3-2 Champion Package during Immersion
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Figure 2.5.3-1 Champion Package on Test Stand - View from Thermocouple Shielding Tube 

Figure 2.5.3-2 Champion Package during Immersion Testing Phase 
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Figure 2.5.3-3 Champion Package during Immersion Test

Century Versa-Pac Rev. 1
October 2009

Page 4 of 6

• 

• 

• 

Figure 2.5.3-3 Champion Package during Immersion Test 
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