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QSA GLOBAL _ QSA Global, Inc.
40 North Avenuc

Burlington, MA 01803
Telephone: (781) 272-2000
Toll Free: (800) 815-1383
Facsimile: (781) 273-2216

24 August 2006

Ms. Jessica Glenny, Project Manager

Licensing Section

Spent Fuel Project Office

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission

11555 Rockville Pike

One White Flint

Rockville, MD 20852

RE: TAC No. L23952, Supplemental Information for Current Amendment
USA/9187/B(U)-96 for the Model 865 Transport Package

Dear Ms. Glenny:

The following is provided in response to your request for additional information dated 9 Aug 2006
and our telephone conversation on 24 Aug 06:

1-1  The SAR index has been reformatted to reference the separation pages for the appendices
referenced in Section 2.12. The letter dated March 16, 1999 has been removed from Section
2.12.1 to reduce confusion in evaluation of this document.

We confirm that the technical information and evaluation portions of the documents
referenced in Sections 2.12.1, 2.12.2 and 2.12.3 remain unchanged from the versions
previously submitted to the USNRC. These documents were not part of the submission re-
formatting which occurred for the SAR body text document, as they were only relocated
within the reformatted SAR document.

For the Test Plan 84 Report, this submission did include some documents from appendices of
the original report which were not previously submitted as part of the SAR appendix. This
includes photographs in appendix D of the report (which is not listed on the report index) as
well as the data sheets in appendix C of the report.

The data sheets shown in appendix C of Test Plan 84 Report are copies of the original data
sheets which were generated using pages from Test Plan 84 which is submitted as Section
2.12.1 of the current SAR. Since the data sheets were part of a precursor document, the
pagination of these pages is not sequential to their insertion as part of the separate appendix in
the Test Plan 84 Report.

Just as the reference documents inserted into Sections 2.12.1, 2.12.2 and 2.12.3 of the SAR
do not incorporate a secondary paginination system relative to the overall SAR document, the
sub-appendices of the individual documents in these SAR sections again were not re-
paginated when they were originally compiled into their respective upper tier documents.

- {

www.qgsa-global.com



Letter dated 26 Aug 2006 Page 2
TAC No. L23952

2-1

2-3
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2-5

2-7

2-8

However, their has been no document changes to the Test Plan 84, Test Plan 84 Report or the
Finite Element Report for those originally used to demonstrate compliance of the Model 865
package under the current revision 6 of the USNRC Certificate of Conformance.

Reference to ASME has been removed from the SAR Section 2.1.4.2.

All hardware on the 865 is considered to be safety critical. Section 2.1.4.2 of the SAR has
been revised to remove the words “safety critical” and stated that “All hardware meets

ASME-B18 standards.”

Some of the standards referenced in this Table have been updated to provide consistency
across all our transport package approvals for these basic materials. Though the entry for
Stainless Steel has been condensed to a single grade material, the weakest grade is now
referenced in this table. All other table entries for tensile strength and yield strength for all
other materials entries are identical to the values listed in the current SAR. Also for the
materials listed only the references for Depleted Uranium and Stainless steel have changed,
the other three materials reference the same resources as in the current SAR (although they
numerical order in the resource reference list below the table may have changed). These
changes will have no adverse impact on the calculations used throughout the document and
they were made for administrative purposes to ensure consistency only.

Section 2.4.1 demonstrates that the package fabrication is satisfactory to meet the stress
associated with the lifting requirements of 10 CFR 71.45(a). As this requirement is
applicable to normal transport these stress calculations are referenced in Section 2.6.1.3 of the

SAR.

Section 2.7.4.3 addresses the package ability to satisfactory withstand the thermal stresses
generated under Hypothetical Accident Transport Conditions. Since the Hypothetical
Accident Thermal Transport Conditions are more severe than the Normal Transport Thermal
conditions and the package is compliant to the Hypothetical Accident conditions, by direct
comparison the package will meet the thermal stresses generated under Normal Transport

conditions.
For clarification, this discussion on stress applicability will be added to Section 2.6.1.3.

Section 2.6.3 of the SAR has been corrected to reference the ISO 2919-1999 Class 3 external
pressure range as 25 kN/m’ to 2 MN kN/m’,

Section 2.6.11 has been added to the 865 SAR Rev 9 to re-instate the information you
requested in your letter.

Section 2.7 of the SAR has been revised to reference Section 2.7.8 for a summary of the
testing results.

Sections 2.7.1.5 and 2.7.3.3 of the SAR have been revised to reference Table 2.7¢ instead of
2.7.8.1.
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Sections 2.7.4.5 and 2.7.4.6 of the SAR have been revised to reference Section 2.12.3 as the
appropriate reference for the Finite Element Analysis.

Section 7.1.1 of the SAR has been revised as requested. See SAR Revision 9.

Section 7.1.2.1.c of the proposed application ensures the lock is secured. This step was
expanded to fully explain how the lock is ensured to be secured over the source.

The information referenced in your letter relates to the use of overpacks as required for
package shipment according to regulations established in 10 CFR 71 and 49 CFR 171-178.
Compliance to the transportation regulations is referenced for users of this package in Section 7.1.3.4
which requires the user of the package to ensure the package is shipped in accordance with the
requirements of 49 CFR 171-178. As the items noted in your letter are part of the standard
transportation regulations in 49 CFR 171-178 and Section 7.1.3.4 of the SAR requires users to comply
with those regulations, repetition of the transportation requirements is not necessary, therefore they
were removed as separate steps in Section 7.

Section 7.1.1 covers “Preparation for Loading” and the subsections 7.1.1.1 and 7.1.1.2 are
actions to be performed on an empty package prior to source loading.

Section 7.1.2 and 7.1.2.1 cover “Loading of Contents” and as a prerequisite to transportation
it confirms that steps 7.1.2.1.a and 7.1.2.1.b have been performed before you load the source
into the package in step 7.1.2.1.c.

To improve clarity a step has been added to Section 7.1.2.1.c which reminds the user that the
assembly must be disassembled prior to insertion of the source rod.

This has been added to Section 7.2.1.2.a as you requested.
This section has been clarified to improve understanding of the intent of this section.
This information has been included in Revision 9 of the SAR as Section 7.2.1.2.¢.

Section 7.1.3.2 has been revised to directly reference the applicable regulation for compliance
with the contamination wipe results.

Affected number in Section 8 has been corrected to remove typographical errors.
Section 8.1.6 has been revised to incorporate the wording you requested.

Section 8.2.2 is referring to the fact that when a Model 865 is shipped to us for reloading or
maintenance work, QSA Global will perform the following:
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e Unload the radioactive source from the device and perform a wipe test directly on the
source.

e After the source rod is unloaded from the device QSA Global will take an additional,
precautionary contamination wipe of the now empty Model 865 source tube which is a
permanent part of the Model 865 device and is not removed or disassembled by the
customer. Each Model 865 has only one source tube which is an integral part of the
device.

Enclosed is a complete copy of Revision 9 to the SAR including all appendices. Also enclosed is a
list of affected pages for this revision of the SAR. Changes to the text of Revision 8 of the SAR
addressing items discussed in this letter are indicated by vertical lines in the right hand margin.
Should you have any additional questions or wish to discuss this submission, please contact me as
shown below.

Sincerely,

N/
X (e«
Lori Podolak
Product Licensing Specialist

Regulatory Affairs Department
Enclosures:

e SAR Revision 9
e List of Affected Pages
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List of Affected Pages

Revision 1,

Revision in entirety. This revision supercedes previously

November, 2001 submitted SAR's for the 865.
Revision 2, Revision of Descriptive Drawings and minor modifications
January, 2003 including Section 3.5 on device assessment regarding thermal

testing and Sections 2.6 and 2.7 regarding actuator sleeves.

Revision 3, July
2003

Revision of Descriptive Drawings, Chapters 5 and 7 and minor
modifications throughout to address heat output calculations.

Revision 4, July 24,
2003

Revised Section 7 to reference device drawing for package
surveys.

Revision 5, August
27,2003

Revision of Descriptive Drawings and reference to drawing
revision level under Section 1.2.2.

Revision 6,
September 10, 2003

Revision to Section 8 clarifying NDT as NDE (Non-destructive
examination).

Revision 7, October
10, 2003

Revision to Section 8 providing additional clarification to
maintenance requirements

Revision 8, March 6,
2006

Revision in entirety. This revision supercedes previously
submitted SAR's for the 865. Change detail is contained in
“Revision Description for the Model 865 SAR from Revision 7 to
Revision March 2006”

Revision 9, 24
August 2006

Revisions to Table of contents pagination, pages 2-1, 2-19, 2-20,
2-27,2-28,2-31, 2-32, 2-37,7-2, 7-3, 7-4, 8-1 and 8-2. Letter
dated March 16, 1999 removed from Section 2.12.1. Change
detail is contained in “Revision Description for the Model 865
SAR from Revision 8 to Revision 9”




Revision Description for the Model 865 SAR from Revision 8 to Revision 9

Page 1 of 3

Section Page Description
Reference

Table of i-v Contents repaginated based on textual changes in document. Sections 2.12.1 through
Contents 2.12.4 page references based on separation page locations in SAR document.

2.142 2-1 Reference to ASME removed for consistency with drawing specification. Further words
“safety critical” removed when referencing hardware as all hardware on the 865 is
considered safety critical.

2.6.1.3 2-19 | Added justifications to section for compliance basis of referenced sections 2.4.1 and
2.7.4.3.

2.6.3 2-20 Corrected typographical error in ANSI pressure range.
2.6.11 2-27 & | Added Summary section.
2-28
2.7 2-28 Corrects Section reference for the summary table in this section.

2.7.1.5 2-31 Corrects table reference.

2.7.3.3 2-32 Corrects table reference.

2745& 2-37 Corrects Section 2.12 reference for the appendix containing the finite element analysis.

2.74.6

2.12.1 2-43 Letter dated March 16, 1999 from NRC removed from appendix documentation.

7.1.2.1.c.2 7-2 Step added for clarification of operation.
7.1.2.1.c.3 7-3 Step modified for clarification of operation.
7.1.3.2 7-3 Acceptance criteria modified to reference applicable regulation in 49 CFR.
7.2.1.2.a 7-3 Acceptance criteria modified to reference applicable regulation in 10 CFR 20.
72.12.¢ 7-4 Acceptance criteria modified to reference applicable regulation in 10 CFR 71.
7.2.1.2d 7-4 Inspection criteria clarified to reference 865 and/or overpack if an overpack is used.
72.12.e 7-4 Requirement to inspect for seal wire re-instated.
8.1.1 8-1 Subsection identification corrected as applicable.
8.1.6 8-2 Modified to confirm profile performed using an approved source capsule.
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Section 1 - GENERAL INFORMATION

1.1 Introduction
The Model 865 is designed as industrial radiography device and transport package for Type B
quantities of special form radioactive material. It conforms to the Type B(U)-96 criteria for
packaging in accordance 10 CFR 71, 49 CFR 173, and the IAEA Regulations for the Safe
Transport of Radioactive Material (TS-R-1) which were in effect at the time of sign-off of this
report.
1.2 Package Description
(Reference:
e JOCFR71.33
o JAEA TS-R-1, paragraph 220 & 807)
The Model 865 package is constructed in accordance with the drawings included in Section 1.4,
The package measures approximately 12 % inches (311 mm) long by 7 5/8 inches (194 mm) in
diameter. The general package information is shown in Table 1.2a:
Table 1.2a: Model 865 Package Information
Identification | Nuclide | Form Maximum | Chemical/ Maximum Maximum Maximum | Maximum
Capacity' | Physical Content Decay Heat’ | DU Package
Form Weight Weight Weight
865 Ir-192 Special Form® | 240 Ci Metal <1 gram 4.8 Watts 42 Ibs 60 lbs
Sources (19kg) (27kg)

" Maximum Activity for Ir-192 is defined as output Curies as required in ANSI N432 and 10 CFR 34.20
and in line with TS-R-1 and Rulemaking by the USNRC and the USDOT published in the Federal Register

on 26 January 2004,

2 Special Form is defined in 10 CFR 71, 49 CFR 173, and IAEA TS-R-1.
3 Maximum decay heat for Ir-192 is calculated by correcting the output activity to content activity. A
factor of 2.3 is used for Ir-192 to account for source capsule and self-absorption in this conversion.

1.2.1 Packaging

Except for the shield assembly, fill foam and some components of the lock assembly, all

materials of construction are stainless steels. The major components of the package consist of the

following:

Tungsten source rod and stainless steel source capsule holder
Stainless steel projector weldment

Depleted Uranium shield

Locking assembly

Actuator Guard and Shipping Cover

Stainless steel tubular handle

Folded stainless steel feet
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The package consists of a stainless steel cylindrical housing (projector weldment) which contains
a depleted uranium shield onto which two brass support rings are fitted. The shield is secured in
position by locating the brass support rings into a rabbet machined into two stainless steel plates
welded onto each end of the cylindrical housing. It is prevented from rotating by an offset
stainless steel pin extending from the lower shield collar through to the shield. The brass rings
also prevent a eutectic reaction between the steel and uranium at elevated temperatures.

The depleted uranium shield provides the primary radiation protection for the Model 865. When
the source is in the shielded position, the shield limits the transmission of gamma rays to a
maximum dose level of 200 mR/hr at the package surface and 10 mR/hr at one meter from the
surface of the package.

The Model 865 radioactive source assembly contains a special form source capsule contained
within a source rod. Actuation of the source rod and movement of the source is accomplished by

pneumatic actuation.

The package is key operated to prevent unauthorized personnel from actuating the source rod.
The unit can only be locked when the source assembly is in the shielded storage position. During
transportation the actuator and lock assembly is protected by a stainless steel shipping cover
which is bolted to the container weldment and fitted with seal wires for evidence of tampering,.
The container incorporates a positive visual indication of source position. This is accomplished
by means of a rod, which emerges from the actuating cylinder as the source is exposed. The
emergent length of the rod indicates the position of the source. When the source is in its fully
shielded storage position the rod is no longer visible. The source rod is spring actuated to the
shielded position when at rest.

The Model 865 is fitted with two folded stainless steel feet welded to the cylindrical container

weldment which allow the unit to be stabilized on a flat or large cylindrical surface. To assist in

lifting the unit there is a stainless steel tubular handle, again fixed to the projector weldment. The

handle is suitable for manual or mechanical lifting and may assist in securing the package during

transportation, as may the feet. ‘

The external surfaces of the Model 865 are smooth stainless steel and are easily decontaminated.
Because the Model 865 is designed for underwater use, there are no materials, which will
degrade due to short-term exposure to water.
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Figure 1.2a: Model 865 Radiographic Exposure Device

122 Containment System

(Reference:

o J0CFR71.33(a)4)

o JAFEA TS-R-1, paragraph 213 and 501(b))

The locking assembly on the Model 865 transport package is shown on the drawing included in
Section 1.4. The lock assembly secures the source rod with source capsule within the package
during transport. The radioactive material of the source is sealed in a special form source

capsule.

The containment system for the Model 865 transport package is the radioactive source capsule
referred to in Section 4.1 of this Safety Analysis Report. The source capsule transported in the
865 transport package is certified as special form radioactive material under 10 CFR Part 71,
USDOT regulations in 49 CFR and the IAEA Regulations for the Safe Transport of Radioactive

Material (TS-R-1).

1.2.3 Contents

(Reference:

e JOCFR71.33()

o JAEA TS-R-1, Section IV & paragraph 807(a))

The Model 865 transport package is designed to transport a special form capsule containing Ir-
192. The maximum decay heat for Ir-192 in Table 1.2a has been adjusted to account for content
activity of the source. Actual content to output activity varies based on the capsule configuration
as well as variations in isotope self-absorption. A factor of 2.3 was used for Ir-192 to convert
output activity to content activity as this factor reflects the worst case variation for Ir-192 sources
transported in this package. The source capsule is loaded into the Model 865 device and secured
according to the procedure described in Section 7.
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1.3

The maximum weight of the source is also listed in Table 1.2a. The content weight value is
calculated based on the package capacity and the lowest specific activity of Ir-192 (200 Ci/gram)
used in source production for these devices.

Note: Ir-192 of higher specific activity can be used but this would produce sources with lower
total mass of the contents. The value listed in the Table 1.2a are the maximum content

masses.
1.2.4 Operational Features

This package does not involve complex containment systems for source securement. The source
for this package is a special form, welded capsule. The source rod assembly is held securely in
the device by components of the source actuator assembly attached to the upper shield collar.
The lock plunger on the source actuator assembly engages the source rod and prevents it from
moving the source to the exposed position during transport.

When the Model 865 device is prepared for transport,

the source rod is in the fully shielded position,

the lock plunger is engaged in the locked, secured position by a key lock,

an actuator guard is installed over the actuator assembly and

a shipping cover is secured over the actuator guard to further protect the actuator assembly
during transport.

General Requirements for All Packages

1.3.1 Minimum Package Size
(Reference:

e USNRC, 10 CFR 71.43(a)

o USDOT, 49 CFR 173.412(b)
o JAEA TS-R-1, paragraph 634)

The package measures approximately 12 % inches (311 mm) long by 7 5/8 inches (194 mm) in
diameter. Therefore, it exceeds the minimum package size requirements specified in the
referenced regulations.

1.3.2 Tamper-Indicating Feature
(Reference:

e USNRC, 10 CFR 71.43(b)

e USDOT, 49 CFR 173.412(a)

o JAEA TS-R-1, paragraph 635)

Two bolts which secure the shipping cover of the Model 865 package to the body of the device,
are seal wired to provide a tamper indicating seal for the package. This seal wire is not readily
breakable, therefore if it is broken during transport, it serves as evidence of possible
unauthorized access to the contents.
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1.4 Appendix: Drawings of the Model 865 transport package.
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Section 1.4 Appendix: Drawings of the Model 865 transport package.
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Section 2 - STRUCTURAL EVALUATION

This section identifies and describes the principal structural engineering design of the
packaging, components, and systems important to safety and compliance with the
performance requirements of 10 CFR Part 71.

2.1 Description of Structural Design
(Reference:
e JO0CFR7133(a)
o JAEA TS-R-1, paragraph 220 & 807(b))

2.1.1 Discussion

The Model 865 transport package is described in Section 1.2.

2.1.2 Design Criteria

The Model 865 transport package is designed to comply with the requirements for Type B(U)

packaging as prescribed by 10 CFR 71 and IAEA TS-R-1. All design criteria are evaluated by a
straightforward application of the appropriate section of 10 CFR 71 or IAEA TS-R-1.

2.1.3 Weight and Centers of Gravity

The transport package weighs a maximum of 60 lbs (27 kg). The center of gravity of the 865
transport package is located along the cylindrical axis of the package at a distance of 3.4 inches
(86 mm) above the bottom surface.

2.14 Identification of Codes and Standards for Package Design

2.1.4.1 Package Design

See Section 2.1.2 relating to design criteria of the package. No specific codes or
standards were directly incorporated in the design effort of the finished assembly
for the 865 transport package. However the design was based on the Type A and

Type B(U) container requirements of 49 CFR, 10 CFR 71 and IAEA regulations

in effect at the time of the package component design.

2.1.4.2 Fabrication & Assembly

All container fabrication (including assembly) is controlled under the QSA
Global Inc. Quality Assurance Plan approved by the USNRC and ISO. All
welding under this plan adheres to AWS standards appropriate to the materials
and designs fabricated. All hardware meets ASME-B18 standards. All external
fabrication deemed critical to safety is either verified to equivalent in-house
standards or dedicated as appropriate for use prior to release as part of this
transport package.
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2.1.4.3 Maintenance & Use

Maintenance and use of this transport container is described in Sections 7 and 8.

22 Materials
(Reference:
o J0CFR71.33()()
o JAEA TS-R-1, paragraph 220 & 807(b))

2.2.1 Material Properties and Specifications

Table 2.2a lists the relevant mechanical properties (at ambient temperature) of the principal
materials used in the Model 865 transport package. The location and use of these materials is
shown on the drawings contained in Section 1.4. The reference for the table information is listed
in the last column of the table.

Table 2.2a: Mechanical Properties of Principal Safety Related
Transport Package Materials

Material Tensile Strength | Yield Strength Source
Depleted Uranium 65 kpsi 30 kpsi Reference #2
Stainless Steel 75 kpsi 30 kpsi Reference #1, page 854
Tungsten 265-590 ksi NA Reference #3, page 20.12
Bronze 27-119 ksi 13-68 ksi Reference #4, page 535
Brass 34-68 ksi 12-30 ksi Reference #4, page 535

Resource references:

1. American Society for Metals. Metals Handbook, Volume 1, Tenth Edition. Ohio: Materials

Park, 1990.

2. Lowenstein, Paul. Industrial Uses of Depleted Uranium. American Society for Metals.

Metals Handbook, Volume 3, Ninth Edition.

3. Boyer et.al., Metals Handbook Desk Edition, ASM.

4, J.R.Davis, Metals Handbook Desk Edition, 2™ Edition ASM International.
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2.3

2.2.2 Chemical, Galvanic or Other Reactions
(Reference:

e USNRC, 10 CFR 71.43(d)

o JAEA TS-R-1, paragraph 613 and 642)

The materials used in the construction of the Model 865 are listed in Table 2.2a of this SAR. The
Model 865 is designed to be submersed in water. Seawater, in particular, may act as an
electrolyte and assist the process of bimetallic corrosion.

The bimetallic corrosion of phosphor bronzes and tin bronzes in contact with austenitic stainless
steel may be quite severe in a marine environment; particularly if the area of stainless steel is
large compared to the area of bronze. However, the two metals are only in contact within the
projector weldment, which is sealed against water ingress by rubber O-ring seals, which form
part of the actuator assembly. Crevice corrosion occurs typically between nuts and washers or
around the thread of a screw or the shank of a bolt. Crevices can also occur in welds, which fail
to penetrate, and under deposits or films on the steel surface. Type 304 stainless steel has a
critical crevice temperature below -2.5°C and is therefore susceptible to crevice corrosion. The
Model 865 units, which are used in an environment where chloride is present, particularly a
marine offshore application, are checked during maintenance procedures for signs of corrosion.
(See Chapter 8.) These units have been used by radiographers in the USA since 1984 with no
evidence of significant corrosion occurring from use which would adversely effect the package
ability for safe transport.

To prevent the possible formation of a eutectic alloy of stainless steel and depleted uranium at
elevated temperatures, brass spacers have been used. The spacers are located between the
depleted uranium shield and stainless steel projector weldment.

2.2.3 Effects of Radiation on Materials
(Reference:

o USNRC, 10 CFR 71.43(d)

o JAEA TS-R-1, paragraph 613)

Depleted uranium, tungsten, steel, bronze and brass have been used in this package as well as
other transport packaging for decades without degradation of the package performance over time
due to irradiation from the package contents.

Fabrication and Examination

(Reference:

o J0CFR7133(a)(5)

o JAEA TS-R-1, paragraph 232, 310, 638 and 807(b))

2.3.1 Fabrication

Package components are procured, manufactured and inspected for use under QSA Global Inc.
NRC approved QA Program Number 0040.
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2.3.2 Examination

Section 8 describes the acceptance testing and routine maintenance requirements for package
components used on the Model 865 package.

Lifting and Tie-Down Standards for All Packages

2.4.1 Lifting Devices

(Reference:

e USNRC, 10 CFR71.45(a)

o JAEA TS-R-1, paragraphs 502(b), 606, 607 and 606)

The Model 865 is a portable device, which is designed to be lifted manually or with mechanical
assistance by its tubular handle. It is reasonable to assume that no other part or method of lifting
will be used. The lifting analysis will therefore focus on the ability of the tubular handle and
connecting welds to resist the applied loads. All elements must remain within yield when
subjected to the weight of the Model 865 with a factor of safety of three. The mass of the Model
865 is 60 1bs. (27 kg), therefore the applied load is 3x27x9.81 = 795 N.

2.4.1.1 Section Properties

2.4.1,1,1 Tubular Handle

5

022

Figure 2.4a: Handle Cross Section

Design strength, p, =Y, = 210N/mm? where Y, is 0.2% proof stress for grade 304

stainless steel
Gross area, A, =y (222 - 192)=97mm2
4
Second moment of area, 1 =£‘- X (224 -19* ): 5,102mm*

Section modulus, Z = i S 464mm>

22/2
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Radius of gyration, r= \/% =7.3mm

24.1.1.2 Flat Bar

X X 6.35

Y
19

Figure 2.4b: Flat Bar Cross-section.

Design strength, p, =Y, =210N/mm*
Gross area, A, =19x6.35 =121mm?

Second moment of area,
_19x6.35°

| =405mm*
"x 12
3
I, 283519 _ 3 630mm*
12
Section modulus,
405 3
=———=128mm
¥ 6.35/2
3630 3
Z, , =——=382mm
¥ o19/2
Radius of Gyration,

r, =1}IT"" =1.8mm
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2.4.1.1.3 Connecting Welds

45°

3.2 t

Figure 2.4c: Weld cross-section.

Throat thickness, t= 2—?1 =2.25mm
V2
From reference 1, the design strength of the weld may be taken as:
pw= 0.46U;
where,

minimum UTS of gr.304 stainless steel, Us = 500 N/mm?

.Pw = 230 N/mm?

X X 10.9

Y 6.4 J

19.1
23.6 {

Figure 2.4d: Weld Dimensions.

Area of weld, A, =(23.6x10.9)-(19.1x 6.4)=135mm>
_23.6x10.9° 19.1x6.4°
12 12

=712mm*

Second moment of area of weld, I,

I
XX =391mm?

Modulus of weld, Z,, =
10.9/2
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2.4.1.2 Case 1
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Figure 2.4e: Lifting Case 1.

T, c0s45° + T,c0s54.8° =795 N......(1)

o
T. + T; cos 55

Ticos45° = Tieereereeenne(2)
Thc0s35.2° = Ticevreeeeenn(3)

(2) & (3) into (1)

cos35° =795N

75 =468N
cos55°

1+
cos35°
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Therefore, substituting back into (2) & (3), Ty =662 Nand T, =571 N
Now,
Fi+F; =795 N......... “
Taking moments about A,
152.4xF, + 6.4xT sin45°  =(152.4 + 82.6)xTysin35.2°......... ®)
Substituting for T, and T, into (5) and rearranging,

Fo =(235x571xsin35° - 6.4x662xsin45°)/152.4

=487 N
Substituting F, into (4)
F, =795-487

=308 N
468N
‘ 327N

6.4 | 152.4 . 82.6 !
| 468N 468N

310N

485N

Figure 2.4f: Force System Applied to Handle.

Applied compression force, T3 =468 N
Effective length, Lg = 2L = 2x82.6 = 166 mm
Slenderness, A = Lg/r = 166/7.3 =23
Compression capacity of tube, P. = xB.A.p,

Where,
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B. =1, for plastic, compact or semi - compact sections
a=0.49

Ao =0.40
x=1

Therefore,

Pe

Ix1xA.P,

97x210

20,370 N> 468 N

Applied bending moment, M = (327x83)+(468x9.5)

31,587 Nmm

Moment capacity, M, = P,Z

210x464

97,440 Nmm > 31,587 Nmm
Combined bending and compression stress check

F+M =1

Pc Mc

468 + 31,587 =0.35<1

20,370 98,440

Conclusion: The handle does not yield when the Model 865 is lifted with the aid of an
attachment in the orientation shown in case 1.
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2.4.1.3 Case 2

Fa

=

Sl t 10
7

58.8

N\

795N

93.7

— 5

N
rT777777
tterr7s
1111777

1110777
1727777
1171727
17777777
1127777
2177777
1217777
11177277
4’111 2777
ladad el
(AR Es
17217227727
11222220227
1r7722472227
1157727727277
11172727777
1177272777777
12172277277
121211227277
121722272777
117722772227
1117220222727
1171727777

114222727

e

pesll

louss}

~~~~~~~~~

1127222227
’111717772777
1117727277
1127722277
IL1177077027
11177772277
r0172727727
1021772777
11217017727 277
1172177272277
111777777072
112172272777
11217277277

$12277277220227027277

1177777

’11rr7777

12217202V 2702277

1142770777777

172277

114777
/”W%./,\ L2

t1r177

17177427
L LY L L 7/

Fa

795N

: Lifting Case 2.

Figure 2.4g

(1)

795 N....

FI+F2

Taking moments about A,

152.5F,

]

795%93.7

2)

488 N.......

F,

Substituting (2) into (1)

795 - 488

F

307N

307x93.7

Maximum applied moment, M

28,766 Nmm < 98,440 Nmm

From reference 1, Section 4.2,

Agpy

Py

Tension capacity of flat bar,

121x210
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= 25410 N> 488N
Tension capacity of weld, Pw = Aupw
= 135x230
= 31,050N>488 N

Conclusion:  All elements of the handle are within yield capacity. A single weld group is
capable of resisting the applied load in tension without yielding.

2.4.1.4 Case 3
795N

Figure 2.4h: Lifting Case 3.

572N
S52N——% —
TN X 32
77T,

Figure 2.4i: Force System Applied to Flat Bar Links.
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Section and weld most heavily stressed at Point A

Applied tensile load, F; = 795sin46°
= 572N
Tensile stressonweld = F/A,
= 572/135
= 43 N/mm’
Applied shear load, F; = 795c0s46°/2
= 276 N
Shear stress on weld = 276/135
= 2.1 N/mm’
Applied bending moment, M = 12x552x32
= §,832 Nmm
Applied bending stress = §,832/391
= 22.6 N/mm’

= J(226+43)7 +21)
= 27 N/mm® < 230 N/mm?

Maximum combined stress on weld

Conclusion: The lifting force is applied to the flat bar and connecting weld both of w
which have been demonstrated above to be within yield. ‘

From the analysis contained in this section, the lifting device complies with the requirements of
10 CFR 71.45(a).

2.4.2 Tie-Down Devices

(Reference:

e USNRC, 10CFR71.45(®) (1) (2) (3)

o JAFA TS-R-1, paragraph 606 and 636)

The following design analysis calculates the minimum tension required in the tie-down
lashings to achieve a no-slip condition and to prevent overturning without the requirement
for chocks.
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Figure 2.4j: General Case of Tie-Down.
2.4.2.1 Design Assumptions

(i) The coefficient of friction between the package and transport bed is known.
(ii) The center of gravity of the package is known.
(iii) All lashings are independent.
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All applied forces are assumed to act through the center of gravity of the package and are
resolved into components along the three orthogonal axes shown in Fig. 2.11. The applied

forces are determined by calculating the product of the given acceleration and the total mass

of the package.

Tie-down members 1 & 4 resist acceleration a,, therefore, Py, = Py,
Tie-down members 1 & 2 resist acceleration a,, therefore, Py, = Py

All tie-down members resist acceleration a,, therefore, P;, = P,, = P;, =P,

The maximum tension will occur in tie-down 1:

Pi=Py+Py+Py,

2.4.2.3 Calculation of General Case of Tie-Down

24.23.1 Input information

Acceleration factor in x-direction, 7y,
Acceleration factor in y-direction, v,
Acceleration factor in y-direction, v,
Height of attachment to package, H
Length of Package, L

m

Width of Package, W

m

Distance to center of gravity, fL

m

Distance to center of gravity, AW

m

Height to center of gravity, h

m

Angle of tie-down, a

Angle of tie-down, ¢

Coefficient of friction, p
(metal/metal)

Total mass of package, M

B
A
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24.23.2 Determination of Individual Tie-Down Forces

Consider acceleration ay

The package is subjected to a longitudinal acceleration a,. The vertical
components of the tension in the tie-down, which arise from the longitudinal
acceleration, will generate a friction force between the package and the
conveyance platform, which will oppose the applied force.

Vertical load imported to platform =2Py,sind + Mg(1-y,)
Horizontal load on package = Ma,

= 2P cosdcosa + p[2P;,sind + Mg(1 - 1,)]
Rearranging, P\, = Mely-p(1-y,)]

2(cos¢cz)sa + psing)
Tension in tie-down 1 to stop slip, Py, = 2,106 N
Consider overturning about 2,3 due to acceleration a,

Mgy,h + Mgy,(1-B)L  =2PHcos¢cosa + 2P)Lsind + Mg(1-B)L

Mg[y.h + (1-B)(v,-1)L]
2[Hcos¢cosa + Lsingd]

Rearranging, Py,

624 N

Consider spinning about 6,7 due to acceleration a,. P}, must be large enough to
induce sufficient friction between the package and freight bed to prevent
spinning of the package.

yMg(H-h) + Mg(y-1)BL HH[2P),sind + Mg(1-y,)]

Rearranging, P, = Mg[y(H-h) + (v,-1)(BL + uH)]
2uHsing

4,963 N
Therefore, P, is governed by spinning about 6,7.
Similarly, considering acceleration a,.

Vertical load imparted to platform = 2P,ysind + M(g-a,)
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Horizontal load on package = Mgy,
= 2P,cosdsina + p[2P;,sindg+Mg(1-y,)]

Rearranging, Py, = Mg[y,-u(1-y,)]
2(cosdsina+psing)
Tension in tie-down 1 to stop slip, P;, = 1,084 N

Consider overturning about 3,4 due to acceleration a,.
Mgy,h + Mgy, (1-A)W =2P;,Hcos¢sina + 2P, Wsiny + Mg(1-A)W

Rearranging, Py, = Mg[ysh + (1-A)(y.-1)W]
2[Hcos¢sina + Wsind]

= 376 N

Consider spinning about 7,8 due to acceleration a,.

YyMg(H-h) + Mg(y,-1)AW = PH[2P,ysing + Mg(1-1,)]
Rearranging, Py, = Mgl[y.(H-h) + (v,-D(AW+uH)]
2pHsing
= 2,686 N

Therefore, Py is governed by spinning.

Finally, vertical acceleration a,.

4P|zsin¢ = Mg(l'Yz)
Rearranging, P;, = Meg(1-y,
4sind
P, = 94 N

The individual tie-down forces are thus:

P] = P|x + P]y + P[z = 7,743 N
P2 = P]y + Plz = 2,780 N
P3 = P]z = 94 N

P4 = P|x+ P]z 5,057 N
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2.4.2.4 Maximum load on handle

It is assumed that P and P, are attached to the package at the same point on handle.

Resultant Maximum Load on Handle = | P,+P, |
= 9,248 N
Angle of Resultant Load from x-axis = 191.9°

It is also assumed that P, and P; are attached to the package at the same point.

Resultant Load on Handle = | P;+Ps |
2,781 N

Angle of Resultant Load from x-axis = 316.9°

43.]0

6539N

Figure 2.4k: Resultant Force on Link Weld.

The weld is subjected to a shear force equal to the horizontal resultant of the maximum
tensile load from the tie-down system on an individual link;

9,248cos45°

Maximum horizontal resultant force =
= 6,539 N
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6,539/61

Osw
107 N/mm? < 230 N/mm?

nn

Therefore, the weld will not be subjected to stresses greater than the weld design strength
in the tie-down case considered.

25 General Considerations
(Reference:
o JOCFR7141(a)
o JAEA TS-R-1, paragraph 807(c))

2.5.1 Evaluation by Test

Evaluations by direct testing are documented in Test Plan Report contained in Section 2.12.
2.5.2 Evaluation by Analysis

Evaluations by analysis are described in the section they apply to in this Safety Analysis Report
or when applicable in Test Plan Report contained in Section 2.12.

2.6 Normal Conditions of Transport

2.6.1 Heat

(Reference:

e USNRC, 10 CFR 71.71(c)(1)

o JAEA TS-R-1, paragraph 615, 617, 618, 637, 651, 662 and 664)

The heat sources for the Model 865 transport package is listed in Table 1.2a. Iridium-192,
releases approximately 8.6 milliwatts per Curie based on assuming a decay energy of 1.46
MeV/decay. The thermal evaluation for the heat test is described in Section 3.

2.6.1.1 Summary of Pressures and Temperatures
(Reference:
o JAEA TS-R-1, paragraph 615 and 661)

Table 2.6.1.a: Summary Temperatures Normal Transport

Temperature Model 865 Comments
Condition
Insolation 99.5°C .
(38°C in full sun) (21 1°F) Section 3.4.1.1.
Decay Heating 44°C .
(38°C in shade) (111°F) Section 3.4.1.2

As all components are vented to ambient, no pressure will build up in the package under
Normal Transport conditions that would adversely effect package performance or integrity.
Evaluation of pressures for this package are contained in Section 3.4.2 and summarized in
Table 3.1.4.a.
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2.6.1.2 Differential Thermal Expansion

Any thermal expansion encountered during Normal Transport will be
insignificant with respect to the manufacturing tolerances for the components of
this package.

2.6.1.3 Stress Calculations

Stress calculations for normal transport of this package are contained in Sections
2.4.1 and 2.7.4.3. Results of these calculations demonstrate that the package
meets the requirements for Normal Transport.

Section 2.4.1 demonstrates that the package fabrication is satisfactory to
meet the stress associated with the lifting requirements of 10 CFR
71.45(a). As this requirement is applicable to normal transport these
stress calculations are referenced in Section 2.6.1.3 of the SAR.

Section 2.7.4.3 addresses the package ability to satisfactory withstand the
thermal stresses generated under Hypothetical Accident Transport
Conditions. Since the Hypothetical Accident Thermal Transport
Conditions are more severe than the Normal Transport Thermal conditions
and the package is compliant to the Hypothetical Accident conditions, by
direct comparison the package will meet the thermal stresses generated
under Normal Transport conditions.

2.6.14 Comparison with Allowable Stresses

The Model 865 package was fully tested and passed under Normal Conditions of
transport. It is therefore concluded that the package will satisfy the performance
requirements specified by the regulations.

2,62 Cold

(Reference:

e USNRC, 10 CFR71.71 (c)(2)

o JAFEA TS-R-1, paragraph 615, 637 and 664)

There are no components of the Model 865 that have increased susceptibility to failure by any
mechanism at ambient temperatures of -40°C. Though the tungsten source rod can exhibit brittle
tendencies, the reduction in temperature will not adversely affect the relative brittleness of the
tungsten rod. Therefore it is concluded that the Model 865 transport package will withstand the
normal transport cold condition.

2.6.3 Reduced External Pressure
(Reference:

e USNRC, 10CFR71.71 (¢)(3)

o JAEA TS-R-1, paragraph 643 & 619
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On 17 October 1983, a prototype Model 865 package was subjected to a reduced pressure test.
The Model 865 package was installed in a pressure chamber. The pneumatic fittings of the
exposure device were sealed. The pressure chamber was connected to a vacuum pump. The
internal pressure in the chamber was reduced to 6.9 kPa absolute (1 psia). The exposure device
was maintained at this reduced pressure for thirty minutes. The regulations call for a reduced
pressure of 25 kPa absolute (3.6 psia).

At the conclusion of the test, the package was removed from the pressure chamber and examined.
There was no evidence of any deformation or damage, no impairment of any design features and
the package operated satisfactorily. A shielding efficiency test performed subsequent to the
completion of the test demonstrated that this reduced pressure condition did not reduce the
shielding efficiency of the package.

The authorized contents are special form source capsules that meet a minimum ISO 2919-1999
classification of Class 3 for pressure. This classification is more limiting than the reduced
external pressure requirement as it covers 25 kN/m” to 2 MN kN/m?. Therefore, the reduced
external pressure requirements of 3.5 psi in 10 CFR, 8.7 psi (60 kPa) in 49 CFR and IAEA will
not adversely affect the package containment.

Reference: ISO 2919-1999, Radiation Protection — Sealed radioactive sources - General
requirements and classification.

2.6.4 Increased External Pressure
(Reference:
o USNRC, 10 CFR 71.71(c)(4))

On 4 October 1983, a prototype Model 865 package was subjected to an external pressure test. A
standard Model 865 package was fitted with an adapter attached to the source position indicator
and two electrical switches used to indicate the position of the source assembly. The Model 865
was installed in a pressure chamber and the pneumatic fittings of the container were attached to
the actuation air supply. The electrical switches were connected to the source assembly position
indication system. A supply of argon was connected to the pressure chamber for pressure
control. The internal pressure in the chamber was monitored with a pressure gauge.

The pressure in the chamber was increased to 350 kPa (50 psig). At this pressure, the Model 865
container was actuated for 100 complete expose and retract cycles. Upon completion of the
sequence, the pressure was increased to 690 kPa (100 psig) and the container was actuated for an
additional 100 complete expose and retract cycles. This procedure was repeated, each time
increasing the pressure in the chamber by 350 kPa (50 psig) until the pressure reached 2.49 Mpa
(360 psig). With the container in an external pressure environment of 2.49 Mpa (360 psi), it was
actuated for a total of 1,010 complete expose and retract cycles. The container remained in this
external pressure environment for two hours.

At the conclusion of this test, the container was removed from the pressure chamber and
examined. There was no evidence of any deformation or damage and no impairment of any
design features. The container operated satisfactorily both during and after the external pressure
test. A shielding efficiency test performed subsequent to the completion of the Model 865 test
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program demonstrated that this external pressure condition did not reduce the shielding
efficiency of the package.

In the event of failure of the package seal, the source capsule is relied upon to provide the
radioactive containment, therefore it is evaluated for its ability to withstand this external
pressure. The authorized contents are special form source capsules that meet a minimum I1SO
2919-1999 classification of Class 3 for pressure which proves the capsules ability to withstand a
pressure of 2 MN/m? abs (290 Ib¢/in®). Under failure of the packaging seal, the source capsule
would withstand an external pressure of 25 kPa (17 psi). Therefore, the increased external
pressure requirements of 20 psi in 10 CFR 71 will not adversely affect the package containment.

2.6.,5 Vibration

(Reference:

e USNRC, 10 CFR 71.71(c)(5)
o JAEA TS-R-1, paragraph 612)

On 31 August 1983, a prototype Model 865 package was subjected to a vibration resistance test
as prescribed in International Standard ISO 3999, Section 6.3. The test was performed by
Associated Testing Laboratories, Inc., Burlington, MA.

The Model 865 was secured to the platform of a vibration machine. A resonant search was
conducted within a maximum acceleration of 9.8 m/s? (Ig) over the frequency range of 5 Hz to 80
Hz. No resonant frequency was found. The device was then vibrated with 2 maximum
acceleration of 9.8 m/s? for seventy minutes at each of the following frequencies: 5Hz, 8Hz,
12Hz, 20Hz, 32Hz and 80Hz. At the conclusion of this test the package was removed from the
vibration apparatus and examined.

There was no evidence of any deformation or damage and no impairment of any design features.
There was no loosening of any fasteners. The package operated satisfactorily after the test. A
shielding efficiency test performed subsequent to the completion of the vibration test
demonstrated that there was no reduction in shielding efficiency of the package.

Since this test was performed, the Model 865 has been in active service for over 15 years. Over
this period there has been no evidence of vibration induced failure. It is therefore concluded that
the Model 865 package will withstand vibration normally incident to transport.

2.6.6 Water Spray

(Reference:

e USNRC, 10 CFR 71.71(c)(6)

o JAEA TS-R-1, paragraph 719, 720 and 721)

The Model 865 transport package is constructed of water-resistant materials throughout.
Therefore, the water spray test would not reduce the shielding effectiveness or structural integrity
of the package.
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2.6.7 FreeDrop

(Reference:

e USNRC, 10 CFR71.71(c)(7)

o IAEA TS-R-1, paragraph 722(a))

The drop test pad used in the 1.2 m free drop, 9 m drop, and puncture tests consists of a
monolithic concrete base 7.4 ft x 7.5 ft x 1.25 ft thick. The approximate weight of the concrete
was 9,500 Ibs. A 3.9 ft x 4 ft x 1 in thick steel plate was embedded in this concrete slab at the
time of its construction. Before and after testing the drop pad was visually inspected for damage
which could have a significant impact on package testing.

Two Model 865 test packages were subjected to a 1.2m free drop test as per Test Plan 84. The
results of these tests are documented in Test Report 84 Report and demonstrate that the Model
865 maintains its structural integrity and shielding effectiveness under the Normal Conditions of
Transport free drop test. Drop orientation impact locations for the 1.2 m free drop are shown in
Figures 2.6a and 2.6b. The justification for these orientations is provided in Sections 2.6.7.1
through 2.6.7.3.

The Model 865 package maintained its structural integrity and shielding effectiveness under the
normal transport drop test conditions and the package complies with the requirements of this
section.

2.6.7.1 Top Down Orientation

The intent of this orientation was to challenge the shipping cover, actuator
cover and cover bolts. If the cover can be removed in the drop test
damage, may be caused to the actuator assembly and locking pin. The top
down orientation was selected to cause removal or partial removal of the
shipping cover and simultaneous failure of the locking pin and actuator
assembly. Testing for this orientation (shown in Figure 2.6a) was performed on
test specimen TP84(A).
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Figure 2.6a - Model 865 (TP84(A)) 1.2 m Drop Test Orientation
Top Down Drop

Damage to TP84(A) was limited to impact witness marking on the top cover. As
damage was minimal, this unit was used for further testing under the
hypothetical accident conditions prior to package profiling. There was no
significant change in the radiation profile of the test specimen after all testing
including the 1.2 m (4 ft) drop test (See Section 5).

2.6.7.2 Side Drop Orientation

The intent of this test orientation was to cause damage to the locking mechanism
and package weldment in an attempt to cause the source to be moved from the
shielded position. Testing for this orientation (shown in Figure 2.6b) was
performed on test specimen TP84(B).
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Figure 2.6b - Model 865 (TP84(B)) 1.2 m Drop Test Orientation
Side Drop

Damage to TP84(B) was limited to a slight flattening of the cover at the point of
impact. As damage was minimal, this unit was used for further testing under the
hypothetical accident conditions prior to package profiling. There was no
significant change in the radiation profile of the test specimen after all testing

including the 1.2 m (4 ft) drop test (See Section 5).
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2.6.8 Corner Drop

(Reference:

e USNRC, 10 CFR71.71(c)(8)

e JAEA TS-R-1, paragraph 722(b))

This test is not applicable, as the transport package does not transport fissile material, nor is the
exterior of the transport package made from either fiberboard or wood.

2.6.9 Compression
(Reference:

e USNRC, 10 CFR71.71(c)(9)
o JAEA TS-R-1, paragraph 723)

Test Plan 84 Report (Section 2.12.2) documents that the two test specimens (TP84(A) and
TP84(B)) were subjected to a combined compressive load of 649 Ibs (294 kg) for a period of 24
hours (See Figure 2.6c). This load exceeded five times the maximum transport package weight
of 60 Ibs (27 kg). This load was also greater than 13 kPa (2 1b/in®) multiplied by the vertically
projected area of the transport package.

Following the test, no damage to the specimens was observed. Radiation profiles performed at
the conclusion of the all testing showed no significant increase in radiation levels. The Model
865 package maintained its structural integrity and shielding effectiveness and demonstrated that
the packages comply with the requirements of this section.

Compressive
Load 600 Ibs
Approx.

$

~— T

<

Figure 2.6¢ - Model 865 Compression Test Orientation
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2.6.10 Penetration

(Reference:

e USNRC, 10 CFR 71.71(c)(10)
o JAFEA TS-R-1, paragraph 724)

Test Plan 84 Report (Section 2.12.2) documents that the two test specimens (TP84(A) and
TP84(B)) were subjected to the penetration test. Radiation profiles performed after all testing
showed no significant increase in radiation levels. The Model 865 package maintained its
structural integrity and shielding effectiveness and demonstrated that the packages comply with

the requirements of this section.
2.6.10.1  Cover Bolt Impact

The intent of this orientation was to challenge the shipping cover by trying to
damage one of the cover bolts. If the bolt is weakened or broken by the
impact of the penetration bar the cover may become easier to displace in the
following tests. Specimen TP84(A) was rigidly supported so that the penetration
bar could be arranged to impact a bolt in such a way as to induce maximum shear
stress in the bolt. Testing for this orientation (shown in Figure 2.6d) was
performed on test specimen TP84(A).

The penetration bar impacted the specimen twice to achieve the intended impact
point. Damage to the package was limited to a small witness mark on the bolt.
No significant damage occurred to the specimen.

Penetration Bar

Impact Point: Cover Bolt

S ~ -
%ﬂd 4 4 q>

Figure 2.6d - Model 865 TP84(A) Penetration Test Orientation
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2.6.10.2  Shell Impact

The intent of this orientation was to challenge target impact the beam port of the
package weldment. Penetration of the package weldment might increase the
external dose rate above regulatory limits. Specimen TP84(B) was placed on its
handle and supported in this position so that the beam port faced upwards.
Testing for this orientation (shown in Figure 2.6e) was performed on test
specimen TP84(B).

The penetration bar impacted the specimen as intended leaving an indentation at
the point of impact. No significant damage occurred to the specimen.

Guide Tube

Penetration Bar |

Impact Point: Beam Port

~
/\

4 4

<7 A4

K

1.

Figure 2.6e - Model 865 TP84(B) Penetration Test Orientation

2.6.11 Summary

Based on the physical tests performed on the Model 865 test packages it is concluded
that the Model 865 transport package meets the Normal Conditions of Transport
requirements. The post-test radiation profile showed no significant increase in radiation
levels.




QSA Global Inc.

Safety Analysis Report for the Model 865 Transport Package

24 August 2006 - Revision 9

Burlington, Massachusetts Page 2-28

The Model 865 was tested for compliance to Type A and Type B requirements with the
inclusion of stainless steel spacers surrounding the actuator head retaining bolts. These
spacers are included on some units to prevent damage to the bolts during normal field
use, however, some earlier units are not fitted with spacers.

Although the spacers do provide some protection to the bolts and would minimally
strengthen the cntire actuator assembly, the use of these spacers would have no affect on
the outcome of the previous Type A and Type B testing performed under Test Plan 84.
The device’s ability to pass, specifically the drop testing, is independent of the sleeves or
the bolts.

During testing, the source rod broke at the 0.170 diameter section. This break
disconnected the forward part of the source rod containing the source capsule from the
section within and attached to the acutator assembly. The forward part of the source rod
was still contained within the device by the locking mechanism which is welded to the
device housing and not dependent on the integrity of the actuator assembly bolts. The
locking mechanism remained undamaged throughout the testing.

Even if the entire actuator assembly sheared off, the source would not move and would
remain shiclded. As such, any alterations, such as the addition or absence of sleeves
over the bolts will not degrade the device’s ability to maintain containment and shiclding
of the source. Final profiling of the device after Type A and Type B testing indicated a
maximum dose at 1 meter of 0.7 mR/hr. Removal of the actuator assembly and the
additional shielding it provides would not substantially increase this dose rate at 1 meter
and would still be well below the limit of 1,000 mR/hr specified by the regulations.

2.7 Hypothetical Accident Conditions of Transport
(Reference:
e USNRC, 10CFR71.73
o JAEA TS-R-1, paragraph 726)

Sections 2.7.1 through 2.7.5 summarize evaluations and testing for the hypothetical accident
conditions of transport tests. Section 2.7.8 summarizes the results of this testing.

Two (2) test specimens were used to conduct the hypothetical accident tests. Testing was
performed after the test specimens had undergone the testing in Section 2.6 for Normal
Conditions of transport. Detailed description of this testing is contained in Test Plan 84 Report
(Section 2.12.2).
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2.7.1 Free Drop

(Reference:

e USNRC, 10 CFR 71.73(c)(1)

o JAEA TS-R-1, paragraph 727(a))

Justification for all test unit drop orientations are included in Test Plan 84 (Section 2.12.1).

2.7.1.1 End Drop

This orientation was used for Test Specimen TP84(A) and the orientation is
shown in Figure 2.7a. The test specimen impact point was intended to be flat on
the top of the lid. This specimen was dropped twice to try and achieve this
orientation. It was observed that due to the center of gravity on the device, the
package tended to rotate slightly during the drop and therefore a flat drop on the
top end of the package could not be achieved.

This unit was dropped twice from a distance of 9 m (30 ft) and it was determined
that the combined damage to the unit in the two 9 m (30 ft) drops was more
extensive than would occur in a single flat end drop. The cumulative damage
caused a local buckling of the shipping cover and slight deformation of two of
the cover bolts. There was no other significant damage to the test specimen.

9 m (300

—

Figure 2.7a - Model 865 (TP84(A)) 9 m Drop Test Orientation — End Drop

2.7.1.2 Side Drop

This orientation was used for Test Specimen TP84(B) and the orientation is
shown in Figure 2.7b. Impact was made on the left side of the package in an
attempt to break the lock mechanism. The test specimen impacted as intended
and caused a slight flattening of the package weldment along the line of impact.
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There was no other signs of damage to the specimen.

e
9m00)

—

Figure 2.7b - Model 865 (TP84(B)) 9 m Drop Test Orientation — Side Drop

2.7.1.3 Corner Drop

The corner drop was not specifically performed, however the results of the end
drop described in Section 2.7.1.1 indicate that this drop orientation would not
have produced greater damage than was seen in specimen TP84(A).

2.7.1.4 Oblique Drops

The oblique drop was not performed. In an oblique drop, the energy generated at
impact would be distributed across the initial and secondary impact surfaces
causing deformation in either the cover/actuator guard or the folded feet of the
unit. This type of impact will produce less force at the initial impact location
and the force from the secondary impact will cause secondary deformations
without contributing to damage which could result in container failure.

Unlike the End and Side drops described in Sections 2.7.1.1 and 2.7.1.2, an
oblique drop is less likely to cause a container failure by the mechanisms
identified in Test Plan 84 (Section 2.12.1). These included Fracture or
penetration of the package weldment, displacement of the shield within the
weldment and distortion or fracture of the source, or removal/damage of the
shipping cover and simultaneous failure of the locking pin and actuator

assembly.

2.7.1.5 Summary of Results
(Reference:
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o USNRC, 10 CFR 71.73(a) and (b)
o IAEA TS-R-1, paragraph 726)

See Table 2.7¢ for additional test unit results summary. In all cases, radiation
profiles performed at the conclusion of all testing showed no significant increase
in radiation levels for the test units and demonstrated that the 865 packages
comply with the requirements of this section.

2.7.2 Crush

(Reference:

o USNRC, 10CFR71.73(c)(2)

e JAEA TS-R-1, paragraph 727(c))

Not applicable. This package is not used for the Type B transport of normal form radioactive
material.

273 Puncture

(Reference:

e USNRC, 10 CFR 71.73(c)(3)

o JAEA TS-R-1, paragraph 727(b))

The puncture bar is a 6 inch diameter x 12 inch long, mild steel solid bar attached to a 12 inch x
12 inch x % inch thick mild steel base. The bar is attached to the base with a % inch
circumferential fillet weld. The puncture bar is attached to the drop test pad steel plate by four
stainless steel bolts. Justification for all test unit puncture orientations are included in Test Plan
84 (Section 2.12.1) and results are summarized in the Sections 2.7.3.1 and 2.7.3.2.

2.7.3.1 Test Specimen TP84(A)

Test Specimen TP84(A) impacted the puncture bar to continue the damage inflicted
on the specimen by the 9m (30 foot) drop test and to continue to challenge the cover
bolts (see Figure 2.7¢). The unit hit as intended hitting the cover bolt and causing a
secondary impact on the shell and leg of the package. This caused some deformation
of the leg, but the unit was fully intact after the impact with no broken or missing
parts event externally.
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[ |
) >
Figure 2.7c - Model 865 (TP84(A)) Puncture Test Orientation
Cover Bolts of the Package

2.7.3.2 Test Specimen TP84(B)

Test Specimen TP84(B) was dropped three times onto the puncture billet. The
first drop orientation was onto the beam port. During the first drop the test unit
rotated after hitting the legs such that the beam port did not strike the puncture
billet. The second drop test was performed to achieve impact onto the beam port
and was successful. The test specimen was dropped a third time impacting the
lock assembly. Following all three drop tests, the device was complete with no
broken or missing parts.

2.7.3.3 Summary of Results
(Reference:
o USNRC, 10 CFR 71.73(a) and (b)
o JAFEA TS-R-1, paragraph 726)

See Table 2.7c for additional test unit results summary. A more detailed
summary is given in Test Plan 84 Report (Section 2.12.2). The package
weldments remained intact showing no signs of tearing or fracturing. The shell
weldment was only minimally deformed in one specimen and the deformation
was insufficient to allow movement of the shield or source. In all cases,
radiation profiles performed at the conclusion of the puncture testing showed no
significant increase in radiation levels for the test units and demonstrated that the
865 package complies with the requirements of this section.
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274 Thermal ;
(Reference: :
e USNRC, 10CFR71.73(c)(4)

o IAEA TS-R-1, paragraph 651 through 655, and 728)

Two calculations were performed to determine the ability of the Model 865 to pass the fire test.
One is described in the following paragraphs while the other is contained in Section 2.12.3. The
Appendix 2.12.3 calculation will be summarized in Section 3.5.

Review of the condition of the test specimens after the drop tests suggests the fire test would
have no affect on the resulting radiation measurements if the thermal test was performed. This is
justified based on the condition of the test specimens after the drop tests and the properties of the
materials used to secure and shield the source within the specimens.

Consideration of the principle materials of manufacture and the melting points indicate that the
865 would not fail causing shield integrity to be impaired. Additionally, the structure of the
device is such that the degradation of mechanical properties of the materials of construction will
not have a detrimental effect on the stability of the device under temperature.

Failure may only be contemplated by a build up of pressure within the assemblies that contain a
trapped volume of air. The projector weldment is such an assembly being predominately a
stainless steel welded construction. However, the brass source tube is silver soldered in position
and at a temperature of 607°C (880°K) the silver solder will melt and the trapped gases will vent.

2.7.4.1 Projector Weldment under Pressure Loading Induced by the Fire Test.

Assuming the weldment was assembled at 1 bar atmospheric pressure and 20°C (293°K),
the internal gas pressure inside the weldment will be (880/293)x1 bar = 3 bar just before
the venting process begins.

From reference 1, § 3.5.1.2, the minimum thickness of the cylinder under internal
pressure is given by:

e = pD/(2f+p)
where
= design pressure
D, = outside diameter of weldment
f = nominal design stress

From reference 2, the 0.1% proof stress for grade 304 stainless steel at 600°C is 123
N/mm? and from reference 1, page 2/40 note (c), = 0.1% proof stress/1.35.

Therefore, f = 123/1.35
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91 N/mm? (13.2 ksi)

Therefore

e = (3-1)x10"'x127
(2x91)+(3-1)x10"!

= 0.139 mm

The nominal thickness of beam port = 1.46 mm, therefore the weldment will not fail due
to pressures generated during the thermal test.

2.7.4.2 Welded End Plates

The upper shield collar has the narrowest section of the two end plates. The collar has a
through hole directly on its center line. Reference 1, para 3.5.5.2 indicates that where an
opening exists, the thickness of the end plate should be reinforced dependent upon plate
and hole diameters and hole position. Consideration of the Model 865 design shows that
the collar is reinforced over a much larger diameter than that of the through hole by the
actuator base sub-assembly which is welded to the collar. The effect of the central
through hole is thus mitigated. In this design the weakest section occurs where the collar
meets the projector weldment and the collar can be considered as a flat end and the
following analysis is applicable.

From reference 1, para 3.5.5.2, the minimum thickness of the end plate is given by:

e = CD !/ ), where D is the mean diameter of the cylinder weldment
p/f = (3-1)x10"
91
= 0.0022
€ylo = pD/2f
= (3-1)x10"'x(127-3.048)
2x91
= 0.136 mm
€y = 1.46 mm

ecyllecyk, = 10.7

C = 0.56 from reference 1, Figure 3.5-33.
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= 0.56x123.952V(2x107/91)

= 3.25 mm < minimum thickness of end plate = 4.3 mm, therefore the

weldment will not fail due to pressures generated during the thermal test.

1
{

4.3 [0.17"] Min.

Figure 2.7d: Section Through Projector Weldment.

References:

L.

2.

2.74.3

BS 5500:1997 Issue 1, January 1997. Specification for Unfired Fusion welded
pressure vessels.

High-Temperature Properties of Stainless Steel for Building Structures. Journal
of Structural Engineering/April 1998/399. By Y.Sakumoto, T.Nakazato, and
A.Matsuzaki.

Thermal Analysis

Damage to the outer containment was not sufficient to increase oxygen ingress to
the shield or build up pressure within the assembly (See Sections 2.7.4.1 and
2.7.4.2). Prior to reaching the thermal test temperature, the container will be
vented to the atmosphere relieving any internal generation or expansion of gases
created by the elevated temperatures.

Because no damage occurred during the Hypothetical Accident Conditions of
Transport Tests that could result in oxidation of the DU shield, thermal testing
was not performed on any of the 865 test specimens. Specifically there were no
openings in the container that could result in oxidation of the DU shield.
Damage incurred during the drop testing (4 foot, 30 foot and puncture) was
minimal, consisting of insignificant deformation of the weldments, actuator
block and cover. There were no holes or tears in the cylinder weldment to allow
air to circulate through the package. None of the damage significantly increased,
or created new, pathways for the ingress of oxygen.
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Without the possibility of gross shield oxidation, and subsequent shield
degradation, failure under the thermal test conditions would require mechanical
degradation of the packages’ support structure. The Model 865 support structure
is of welded stainless steel construction which will prevent shield movement.

The internal support structure for the test specimen shields was intact and fully
functional. The internal support structure consists of the shield, cylinder
weldment, and welded endplates. The source was undamaged and secured in the
shielded position. The source assembly consists of the source capsule and source
rod secured by the actuator assembly.

Since there were no openings in the Model 865 that could result in oxidation of
the DU shield. Without oxidation of the shield the shielding integrity of the cask
is maintained and the container will meet the requirements of 10 CFR
71.73(c)(4).

A finite element analysis (FEA) was performed to evaluate the 865’s
performance under stress of the thermal test since the weldment was not
breached during the other destructive pre-testing. A copy of this FEA is
included in Section 2.12.3. Results of this analysis showed the ability of the 865
package to maintain its structural integrity relative to any thermal expansion that
occurs during the thermal test. The 865 is determined to pass the requirements
of the hypothetical accident thermal event.

2.7.4.4 Summary of Pressures and Temperatures

(Reference:
o JAEA TS-R-1, paragraph 502(d))

Table 2,7a: Summary Table of Temperatures

Surface Temperature Model 865
Condition Package
During Fire Test 800°C
(Maximum Temperature) (1,472°F)
Post-Fire 800°C
(Maximum Temperature) (1,472°F)

The Model 865 container is vented to atmosphere. As such, no pressure will
build up in the package under Hypothetical Accident conditions.

Table 2.7b: Summary Table of Maximum Pressures
Package . . 3, | Fire Conditions 800°C (1,472°F)
Configuration Void Volume (in') Pressure Developed!
865 0 0 psig
lDuring the thermal test, the brass source tube, which is silver soldered in position, will

melt at a temperature of 607°C (880°K), and the trapped gases will vent to atmosphere.
As such, no pressure will build up in the package under Hypothetical Accident conditions.
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2.7.4.5 Differential Thermal Expansion

A finite element analysis (FEA) was performed to evaluate the 865’s
performance under stress of the thermal test. A copy of this FEA is included in
Section 2.12.3. Results of this analysis showed the ability of the 865 package to
maintain its structural integrity during any expansion caused during the thermal
test. As shown in the FEA, (Section 2.12.3), thermal expansion does not have a
significant effect on the Model 865 package.

2.7.4.6 Stress Calculations

As was noted in Sections 2.7.4.5 and 2.12.3, thermal differentials will have no
detrimental effect on the package.

2.7.4.7 Comparison of Allowable Stresses

The Model 865 package was tested and/or assessed as passing under Normal and
Hypothetical Accident Conditions of transport. It is therefore concluded that the
Model 865 package will satisfy the performance requirements specified by the
regulations.

2.7.5 Immersion - Fissile Material
(Reference:

e USNRC, 10CFR71.73 (c)(5)

o JAEA TS-R-1, paragraphs 731-733)

Not applicable. This package is not used for transport of Type B quantities of fissile material.

2.7.6 Immersion - All Packages
(Reference:

e USNRC, 10 CFR 71.73 (c)(6)

o JAEA TS-R-1, paragraph 701 and 729)

The Model 865 transport package is open to the atmosphere and contains no other components
that would create a differential pressure under immersion. All materials are impervious to water
and would not be affected.

On 7 October 1983, a prototype Model 865 was subjected to a water immersion pressurization
test. The Model 865 was fitted with an adapter attached to the source position indicator and two
electrical switches used to indicate the source assembly position. The Model 865 was installed
in a pressure chamber and the pneumatic fittings of the package were attached to the actuation air
supply. The electrical switches were connected to the source assembly position indication

system.

The pressure chamber was filled to within 100 mm (4 inches) of the top with sea water. A

supply of argon was connected to the pressure chamber. The internal pressure in the chamber
was monitored with a pressure gauge. The pressure in the chamber was increased to 2.49 Mpa
(360 psi). At this pressure, the package was actuated for a total of 1,020 complete expose and
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retract cycles. The package remained in this pressure environment (equivalent to 244 meters or
800 feet below sea level) for more than two hours.

At the conclusion of the test, the package operated satisfactorily. The package was disassembled
and examined. There was no evidence of any water ingress during the test. A shielding
efficiency test performed subsequent to the test demonstrated that this water immersion pressure
condition did not reduce the shielding efficiency of the package.

The primary containment system in the model 865 package is a special form source, which meets
the ISO 2919-1999 requirements for Class 3 pressure testing. Therefore the 865 could withstand
the immersion test as Class 3 is in excess of the required 150 kPa (21.7 Ib ft/in2).

2.7.7 Deep Water Immersion Test (for Type B Packages Containing More than 10° A,)
(Reference:

e USNRC, 10CFR71.61

o J4EA TS-R-1, paragraph 657, 658 and 730)

Not applicable. This package does not transport normal form radioactive material in quantities
exceeding 10°A,.

2.7.8 Summary of Damage
(Reference:
o USNRC, 10 CFR 71.73(a) and (b)

o JAEA TS-R-1, paragraph 701, 702, 716 and 726)

Table 2.7c summarizes the results of the Normal Conditions of Transport and Hypothetical
Accident testing performed on the Model 865 transport package.

Table 2.7¢c: Summary of Damages During Test Plan 84

Test Specimen Test [ Actual Impact Point [ . Damage Observed at Test Site
TP84(A) sn 51 Compression Units TP84(A) & TP84(B) tested together.
59.81b (27.1 kg) Combined Load 649 Ibs. No damage.
Penetration Penetration drop repeated twice since first
Bar attempt did not impact where intended.

Impact Mark. No other visible damage.
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Test Specimen /|

Test . - |. Actual Impact Point '|. '~ Damage Observed at Test Site .
4-foot free i =t No significant damage.
drop [ it i

30-foot free
drop

Drop repeated twice since the unit rotated
while falling during the first attempt and did
not impact where intended. Damage induced
caused two of the cover bolts on the impact
side to deform slightly and the protective
cover to buckle slightly.

Puncture drop

T

e

Witness mark on impact bolt. Secondary
impact marks on the shell and leg of package.
Some deformation of the leg occurred.

Post Test
Inspection

NA

e Protective Lid remained securely in place.

e Actuator bolts bent slightly beneath lid
but lock was undamaged, source secured.

e Source rod fractured at the base of the
thread joining the rod to the actuator
assembly but the source remained secured
with no significant change in source
position.

e No significant change in radiation profile.

TP80(B)
60.2 1b (27.3 kg)

Compression

Units TP84(A) & TP84(B) tested together.
Combined Load 649 lbs. No damage.
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Test Specimen ;|- - * .Test .= ‘| -Actual Impact Point _ . Damage Observed at Test Site
Penetration S Impact Mark. No other visible damage.
Bar
4-foot free No significant damage.
drop

30-foot free
drop

Slight flattening of the package along the line

of impact.

Puncture drop
Orientation 1

—T)
L

The package was dropped twice in this
orientation since it rotated on the first attempt
and did not impact where intended. Impact

mark.

Puncture drop
Orientation 2

T
3
a
[
~

ey

Impact mark.
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~Test Specimen |~ Test - -. | ‘Actual Impact Point . | - Damage Observed at Test Site
Post Drop NA s Protective Lid remained securely in place.
Test e Some of the fixing bolts and location
Inspection holes in cover showed indications of

strain.

e Actuator and hold down bolts distorted
Witness mark on actuator base.

e Lock assembly intact and undamaged,
source secured.
No change in source position.

o No significant change in radiation profile.
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Based on the results and assessments for the test specimens addressed in Test Plan 84 Report
(see Section 2.12.2), it is concluded that the Model 865 transport package maintains structural

integrity and shielding effectiveness during Hypothetical Accident Conditions and Normal
Conditions of Transport.

2.8 Accident Conditions for Air Transport of Plutonium
Not applicable. This package is not used for transport of plutonium.
29 Accident Conditions for Fissile Material Packages for Air Transport

Not Applicable. This package is not used for transport of Type B quantities of fissile material.

2.10  Special Form
(Reference:
o USNRC, I0CFR71.75
o JAEA TS-R-1, paragraphs 602-604)

The Model 865 transport package is designed for use with a special form source capsules which
meets the ISO 2919-1999 requirements for Class 3 pressure testing. The source capsule must
meet this criteria for transport in the Model 865.

2.11  Fuel Rods
Not applicable. This package is not used for transport of fuel rods.

2.12  Appendix
2.12.1 Test Plan 84 Rev 1 (March 1999),
2.12.2 Test Plan 84 Report Minus Appendix A (March 2000).

2.12.3 Model 865 Finite Element Analysis (June 2000).
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Section 2.12.1 Appendix:  Test Plan 84 Rev 1 (March 1999)
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AEAT/QSA Test Plan No. 84

Section 1 Introduction

This document describes the mechanical test plan for the Model 865 Projector to meet NRC
requirements for Type B(U) packages as described in the Code of Federal Regulations, 10
CFR Part 71, revised as of January 1, 1997. The test plan also covers the criteria stated in the
IAEA Regulations for the Safe Transport of Radioactive Material, Safety Series No.6 1985
Edition, (As Amended 1990).

The Model 865 is currently approved for use under Certificate of Compliance 9187.
This document describes the test package specification, testing equipment, testing scenario,

justifies the package orientations for the different test specimens and provides test worksheets
to record key steps in the testing sequence.
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Section 2 Transport Package Description

The Model 865 Underwater Projector (Figure 2.1) consists of the following major
components:

» Nickel plated tungsten source rod and capsule holder enclosed in a depleted-uranium shield
o 1/8" thick stainless steel projector weldment

e Actuator cylinder

o 1/8" thick stainless steel shipping cover

e 2 stainless steel housing supports

e 1/16" thick stainless steel actuator guard

¢ Stainless steel handle

o Stainless steel lock assembly

The shield assembly consists of a 3/8" nominal outside diameter brass source tube around
which is cast the depleted uranium shield. The source tube is closed at one end by a silver
soldered brass end cap and sealed against water ingress at the actuator by means of a buna-N
rubber O-ring rated for operation at temperatures between -40°F and +125°F. Two machined
brass support rings are pressed onto the depleted uranium shield. The brass rings locate into a
rabbeted stainless steel plate at each end of the shield. The plates are welded to the ends of a
stainless steel cylinder and the whole forms the projector weldment.

The source is manoeuvred by the pneumatically controlled actuator assembly which is fixed to
the projector weldment with four 5/16"-18x5" long hex head stainless steel bolts. The source
is made fail safe by means of a return spring should the pneumatic control system fail.

The source rod is inserted into the source tube. Radial clearance between the source tube and
rod allows a slip fit to facilitate assembly and free movement of the source rod in operation. A
locking pin secures the source rod and source within the shielding when not in use. The lock is
key operated and the locking pin is manually activated. The source is contained in a Special
Form capsule.

The lock and actuator assemblies are protected by a 1/8" thick stainless steel shipping cover
which is fixed to the projector weldment and actuator guard weldment with four M6x12mm
long hexagon head stainless steel bolts.

The depleted-uranium shield provides the primary radiation protection for the Model 865
underwater projector. The shield accomplishes this by limiting the transmission of gamma
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radiationi to a dose rate of 200 mR/hr (2 mSv/hr) at the package surface and limiting the dose
rate to 10 mR/hr (0. MSv/hr) at one meter from the surface of the package.

The gross weight of the Model 865 is approximately 59 1bs.
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Section 3 Regulatory Compliance

The purpose of this plan, which was developed in accordance with AEAT/QSA SOP-E00S, is
to ensure that the Model 865 underwater projector complies with the Type B(U) transport
package test requirements of 10 CFR 71 and the IAEA Safety Series No.6.

The tests for Normal Conditions of Transport (10 CFR 71.71) to be performed are the
compression test, penetration test and 1.2m (4 foot) (four foot) free drop test.

The water spray preconditioning of the package is not performed as the Mode! 865 underwater
projector is constructed of waterproof materials throughout. The water spray would not
contribute to any degradation in structural integrity.

The Hypothetical Accident Tests (10 CFR 71.73) to be performed are the 9m (30 foot) free
drop test and the puncture test.

The crush test (10 CFR 71.73(c)(2)) will not be performed because the radioactive contents
are qualified as Special-Form radioactive material.

The thermal test of 10 CFR 71.73(c)(4) has been excluded from the series of tests following an
appraisal of the package design and materials used in its production. The main components of
the package and their respective melting points are listed below:

Material. Melting Point.

Stainless steel 1390°C 2534°F
Depleted uranium 1135°C 2075°F
Copper 1083°C 1981°F

No components apart from the O-ring seals will degrade at temperatures of 800°C, the thermal
test temperature.

The depleted uranium shield is surrounded by a small closed volume of air. Testing of the
package under normal and hypothetical accident conditions of transport are not expected to
cause a breach of this sealed containment. Subject to damage assessment post hypothetical
accident conditions there will be no mechanism for a free supply of oxygen to reach the shield
and thereby cause it to burn. During a fire test limited oxidation only will occur due to the
small volume of oxygen present following assembly of the package and melting of the rubber
O-rings and silver solder which seals the brass end cap onto the source tube.

The shield is completely encased and secured within a stainless steel weldment. Severe
disruption of the weldment must occur for the shield to be displaced with relation to the
source. In addition, the source capsule is held within the shield by a rod which is secured
mechanically by a plunger lock and a spring located within the actuator. Both mechanisms
must be removed to allow the rod to become free and the source to move out of the shield. As
neither of these events are likely, as shown through experimental testing and analysis, the
shield will not move relative to the source during thermal testing.




SENTINEL Issue 1 Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts Page 6 of 46

In the event that either of these catastrophic events occur during testing, the requirement for a
thermal test will be re-assessed.
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Section 4 Discussion on System Failure Modes of Interest

4.1 General

The tests in this plan focus on damaging those components of the package which could
cause displacement of the source from its stored position within the depleted uranium

shield and which affect the integrity of the shield itself.

4.2  Normal and Accident Conditions of Transport

The modes of failure under normal and accident conditions
elevated dose rates include the following:

42.1 Fracture or penetration of the projector weldment.

4.2.2 Displacement of the shield within the projector weldment and distortion or fracture of

the source.

423 Removal or partial removal of the shipping cover and simultaneous failure of the

locking pin and actuator assembly.

The test conditions specified in this Test Plan are intended to challenge the ability of

the Model 865 package with respect to these failure modes.

The orientations shown in Figures 8.7.2.1 and 8.9.2.1 are intended to challenge the
shipping cover, actuator cover and cover bolts. If the covers can be removed in the
drop test damage may be caused to the actuator assembly and locking pin either

which could lead to

directly or in the subsequent puncture test (failure mode 4.2.2 & 4.2.3).

The orientations shown in Figures 8.7.3.1 and 8.9.3.1 are intended to challenge the
locking mechanism and projector weldment (failure mode 4.2.1 & 4.2.3).
Additionally, testing in these orientations will challenge the fixture and position of the

shield and source (failure mode 4.2.2).
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Section 5§ Assessment of Package Conformance

S.1

5.1.1

5.1.2

5.2

Regulatory Requirements
Normal Conditions of Transport Tests (71.43(f))

There should be no loss or dispersal of radioactive contents, no significant increase in
external surface radiation levels and no substantial reduction in the effectiveness of

the packaging.

Hypothetical Accident Conditions (71.51(2))

There should be no escape of radioactive materials greater than A, in one week and no
external dose rate greater than 1 Rem/hr (10 mSv/hr) at 1m from the external surface
with the maximum radioactive contents which the package is designed to carry.

Test Package Contents

The Model 865 underwater projector is designed to carry a Special Form Source.
Containment of the radioactive source is tested at manufacture. The source capsule
design has been certified by the US DOT in accordance with the performance
requirements for Special Form as specified in 49 CFR.

This test plan therefore does not discuss/specify tests of the containment of the
radioactive source. The purpose of the tests is to demonstrate that the shielding
remains effective within the limits specified by the regulations.

A simulated source will be used during testing of the package. The radiation levels
post test will be monitored by replacing the simulated source with an active source.
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Section 6 Construction and Condition of Test Specimens

Two test specimens built to drawing 86590 Rev.A and the AEAT/QSA Quality Assurance
Program are to be tested. They are to be designated TP84(A) and TP84(B). The weight of the
test units will be a minimum of 59 1bs.

The Model 865 is constructed principally from Type 304 stainless steel, which is not
susceptible to embrittlement at low temperatures. Additionally, the effect of the difference
between 38°C (100.4°F) and ambient, nominally 20°C (68°F) , on the mechanical properties is
insignificant. Therefore, the testing will be performed under ambient temperature conditions.
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Section 7 Material and Equipment List

The test worksheets in Section 9 list the equipment to the specifications required by 10 CFR
71 and all other necessary equipment and measuring instruments needed to perform the tests.

Additional materials and equipment may be used to facilitate the tests.
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Section 8 Test Procedure

8.1

General

Two units are to be tested in the sequence presented below. Each test has been
designed to check the integrity of various components of the package. An assessment
of transport integrity of the package can be made, based on the cumulative effect of
the tests performed on the package.

Since these units may experience rough handling prior to transportation and during
normal use, the specimens will be subjected to normal conditions of transport tests in
sequence with the hypothetical accident tests.

The tests have the following sequences:

Test sequence 1. (Specimen TP84(A))

Normal Conditions of Transport Tests.

1. Test specimen preparation and inspection

2, Compression test (10 CFR 71.71(c)(9))

3. Penetration test (10 CFR 71.71(c)(10)

4, 1.2m (4 foot) free drop test (10 CFR 71.71(c)(7))

5. First, intermediate test inspection

Hypothetical Accident Conditions Tests.

5. 9m (30 foot) free drop test (10 CFR 71.73(c)(1))

6. Puncture test (10 CFR 71.73(c)(3))

7. Final test inspection and evaluation for thermal test.
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Test sequence 2. (Specimen TP84(B))

8.2

Normal Conditions Tests.

1.

2.

3.

4.

5.

Test specimen preparation and inspection
Compression test (10 CFR 71.71(c)(9))
Penetration test (10 CFR 71.71(c)(10))

1.2m (4 foot) free drop test (10 CFR 71.71(c)(7))

First, intermediate test inspection

Hypothetical Accident Conditions Tests.

6.

7.

8.

9m (30 foot) free drop test (10 CFR 71.73(c)(1))
Puncture test (10 CFR 71.73(c)(3))

Final test inspection and evaluation for thermal test.

Roles and Responsibilities

The responsibilities of the groups identified in this plan are:

Engineering executes the tests according to the test plan and summarises the test
results. Engineering also provides technical input to assist Regulatory Affairs and
Quality Assurance as needed.

Regulatory Affairs monitors the tests and reviews test reports for compliance
with regulatory requirements.

Quality Assurance oversees test execution and test report generation to assure
compliance with the AEAT Quality Assurance Programme.

Engineering, Regulatory Affairs and Quality Assurance are jointly responsible
for assessing test and specimen conditions relative to 10 CFR 71.

Quality Control is responsible for measuring and recording test and specimen
data throughout the test cycle.
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8.3

Test Specimen Preparation and Inspection

Use Checklist 1: Specimen Preparation and Inspection.

To prepare the test units:

1. Manufacture two standard Model 865 underwater projectors. Clearly and indelibly
mark the packages Test Specimen TP84(A) and TP84(B).

2. Measure and record the weight of each package.
3. Inspect the test units and documentation to ensure that:

o All fabrication and inspection records are documented in accordance with the
AEAT Quality Assurance Programme.

e The test units comply with the requirements of Drawing R86590, Rev.A.

4. Perform and record the radiation profile in accordance with AEAT/QSA Work
Instruction WI-QO09.

5. Engineering, Regulatory Affairs and Quality Assurance will jointly verify that
the test specimens comply with Drawing R86590 Rev. A, and the AEAT/QSA
Quality Assurance Programme.

6. Prepare the packages for transport in accordance with the operating manual.
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8.4  Summary of Test Schedule

Normal
Conditions Para. Specimen Diagram
Compression. 71.71(c)(®) | TP84(A)
&
TP84(B)

Penetration 1. | 71.71(c)(10) | TP84(A)

Target one cover
bolt.

Penetration 2. | 71.71(c)(10) | TP84(B)

Target the center
of the beam port.

1.2m (4 foot) | 71.71(cX7) | TP84(A)
Drop 1.

Target the end of
the shipping
cover.

1.2m (4 foot) 71.71(cX7) | TP84(B)
Drop 2.

Target the lock.
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Accident
Conditions Para. Specimen Diagram

9m (30 foot) 71.73(c)(1) | TP84(A)
Drop 1.

Target the end of
the shipping
cover.

9m (30 foot) 71.73(c)(1) | TP84(B)
Drop 2.

Target the lock.

Puncture 1. 71.73(c)(3) | TP84(A)

Target one cover
bolt.

F—r T
-

Puncture 2. 71.73(c)(3) | TP84(B)

Target the beam
port.
1 ?
Puncture 3 71.73(c)(3) | TP84(B) <
Target the lock.
[ —1
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8.5

Compression Test (10 CFR 71.71(c)(9))

The first test carried out on both specimens is the compression test of 10 CFR
71.71(c)(9). This requires a package to be subjected for a period of 24 hours to a
compressive load applied uniformly to the top and bottom of the package in the
position in which the package would normally be transported. The compressive load
must be the greater of the following:

1. The equivalent of 5 times the weight of the package = 5x59 1bs = 295 lbs or
I. The equivalent of 13kPa (2 Ibf/in?) multiplied by the vertically projected area of
the package = (57%12.25")x2 = 122.5 lbs.

Use Checklist 2: Compression Test to ensure that the test sequence is followed. Date
and initial all action items and record required data.

NOTE:

The worksheets identify steps which must be witnessed by Engineering, Regulatory
Affairs and Quality Assurance.

8.5.1

Compression Test Set-up

This test requires that the compressive load is applied to the package in the position in
which the package would normally be transported.

To facilitate application of a compressive load, the two specimens are to be placed
side by side with a suitable platform placed on top of their handles. As the
compressive load will be shared between the two specimens it needs to be increased
by a factor of two. This will ensure that each specimen is subjected to the load
required in 10 CFR 71.71(c)(9).

NOTE:

Because each test is designed to add to damage inflicted on a specific component
or assembly in the proceeding test, it is important that each specimen maintain its
identity throughout the battery of tests and that the set-up instructions specific to
the specimen are strictly followed.

To prepare a specimen for the compression test:
1. Position specimens according to the orientation described below.

2. Record the overall dimensions of the packages pre-test.
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85.2

3. Position the load platform onto the specimens and apply the test load of the
equivalent of at least five times the mass of both protectors combined (greater

than 590 Ibs).
4. Record applied load and photograph the test set-up.
5. Record the overall dimensions of the packages post test.

6. After 24 hours remove the load. Record the damage and take a photographic
record.

Specimens TP84(A) and TP84(B) Orientation for Compression Test

No specific orientation of the package for transportation is recommended therefore,
after examination of the package shape and method of carrying, the following
orientation is considered representative of a probable transportation position.

Specimens TP84(A) and TP84(B) are placed side by side on their housing supports so
that their handles are at the top. A support platform is placed across the handles, the
load being applied on top of this frame (figure 8.5.2.1).

Compressive

Load 600 1bs
Approx.

l

L

Figure 8.5.2.1: Specimens TP84(A) and TP84(B) Orientation for the Compression
Test
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853

8.6

Compression Test Assessment

Upon completion of the test, Engineering, Regulatory Affairs and Quality
Assurance team members will jointly take the following actions:

¢ Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.71.

e Make a preliminary evaluation of each specimen relative to the requirements of 10
CFR 71.

e Assess the damage to each specimen to decide whether testing is to continue.

Penetration Test (10 CFR 71.71(c)(10))

The second test carried out on specimen TP84(B) is the penetration test as described
in 10 CFR 71.71(c)(10), in which a penetration bar is dropped from a height of Im
(40") to impact a specified point on the package. The bar is dropped through a guide
tube.

Use Checklist 3: Penetration Test to ensure that the test sequence is followed. Date
and initial all action items and record required data.

NOTE:

The worksheets identify steps which must be witnessed by Engineering, Regulatory
Affairs and Quality Assurance.

8.6.1

Penetration Test Set-up

There is a specific orientation for the specimen so that the penetration bar is aimed at
the component or assembly of interest.

NOTE:

Because each test is designed to add to damage inflicted on a specific component
or assembly in the proceeding test, it is important that each specimen maintain its
identity throughout the battery of tests and that the set-up instructions specific to
the specimen are strictly followed.
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8.6.2

To prepare a specimen for the penetration test:

1.

4.

5.

Place the specimen on the drop surface and position it according to the specimen-
specific orientation described below.

Position the guide tube directly above the specified point of impact, and raise the
penetration bar 1m (40") above the target. Photograph the test set-up.

Measure and record the ambient temperature.
Start the video recorder.

Drop the test bar. Record damage and take a photographic record.

Specimen TP84(A) Orientation for Penetration Test

The penetration target for Specimen TP84(A) is a shipping cover bolt. If the bolt is
weakened or broken by the impact of the penetration bar the cover may become easier
to displace in the following tests.

Specimen TP84(A) is rigidly supported so that the penetration bar can be arranged to
impact a bolt in such a way as to induce maximum shear stress in the bolt (figure
8.6.2.1).

Guide Tube

Penctration Bar

Impact Point: Cover Bolt

o3¢

- -
PR

Figure 8.6.2.1:Specimen TP84(A) Orientation for the Penetration Test
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8.6.3 Specimen TP84(B) Orientation for Penetration Test

The penetration target for Specimen TP84(B) is the beam port in the projector
weldment. Penetration of the projector weldment might increase the external dose rate
above regulatory limits.

Specimen TP84(B) is placed on its handle and supported in this position so that the
beam port faces upwards as shown. The guide tube and penetration bar are arranged
such that the impact point is above the beam port (figure 8.6.3.2).

Guide Tube

Penetration Bar

Impact Point: Beam Port

120100007
4000027017
2012207207
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&

12700000040
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.4 .

Figure 8.6.3.2:Specimen TP84(B) Orientation for the Penetration Test
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8.6.4 Penetration Test Assessment

Upon completion of the test, Engineering, Regulatory Affairs and Quality
Assurance team members will jointly take the following actions:

* Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.71.

e Make a preliminary evaluation of the specimen relative to the requirements of 10
CFR 71.

e Assess the damage to the specimen to decide whether testing of that specimen is to
continue.

e Evaluate the condition of the specimen to determine what changes, if any, are
necessary in package orientation for the 1.2m (4 foot) drop to achieve maximum
damage.
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8.7

1.2m (4 foot) Free Drop Test (10 CFR 71.71(c)(7))

The next Normal Transport Conditions test is the 1.2m (4 foot) (four-foot) drop test as
described in 10 CFR 71.71(c)(7). This drop compounds any damage caused by the
compression test and the penetration test.

Use Checklist 4: 1.2m (4 foot) Drop Test to ensure that the test sequence is followed.
Date and initial all action items and record required data on the worksheet.

NOTE:

The worksheet identifies those steps which must be witnessed by Engineering,
Regulatory Affairs and Quality Assurance.

8.71

1.2m (4 foot) Free Drop Test Set-up

In this test, the package is released from a height of 1.2m (4 foot) and lands on the
steel drop surface. There is a specific orientation for the specimen so that the package
lands on the component or assembly of interest.

NOTE:

Because each test is designed to add to damage inflicted on a specific
component or assembly in the preceding test, it is important that each
specimen maintains its identity throughout the battery of tests and that the set-
up instructions specific to the specimen are strictly followed.

To set up a package for the 1.2m (4 foot) drop test:

1. Place the specimen on the drop surface and position it according to the specimen-
specific orientation described below. Ensure the center of gravity of the package
is directly over the impact point.

2. The lifting mechanism/system shall be arranged such that the center of gravity
marker for each package is as shown in either Figure 8.7.2.1 or Figure 8.7.3.1
(unless orientation is changed by assessment).

3. Measure and record the ambient temperature.

4. Raise the package so that the impact target is 1.2m (4 foot) above the drop
surface.

5. Photograph the set-up.

6. Start the video recorder.
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7. Drop the package. Record the damage to the package and take a photographic
record.

8.7.2 Specimen TP84(A) Orientation for 1.2m (4 foot) Free Drop Test

The 1.2m (4 foot) drop test set-up for Specimen TP84(A) is shown in Figure 8.7.2.1.
The object of the drop is to cause deformation or removal of the shipping cover and
actuator guard and apply a shear load to the fixing bolts.

The specimen will be dropped in an axial direction onto its top end. It is important to
position test specimen TP84(A) so that its center of gravity is directly above the
impact point.

Nanaansaaaay

1.2m (48")

——t}

i
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Figure 8.7.2.1:Specimen TP84(A) Orientation for the 1.2m (4 foot) Drop Test
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8.7.3 Specimen TP84(B) Orientation for 1.2m (4 foot) Free Drop Test

The projector will strike the drop surface on its left (lock) side. The object of the test
is to cause damage to the locking mechanism and projector weldment which in
conjunction with previous tests or following tests may cause the source to be moved

from the shielded position.

N\

T

1.2m (48%)

<

Figure 8.7.3.1:Specimen TP84(B) Orientation for the 1.2m (4 foot) Free Drop Test
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8.7.4 1.2m (4 foot) Drop Test Assessment

8.8

Upon completion of the test, Engineering, Regulatory Affairs and Quality
Assurance team members will jointly take the following actions:

o Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.71.

e Assess the damage to the specimen.
o Evaluate the condition of the specimens to determine whether the testing is to

proceed further.

Intermediate Test Inspection

An intermediate test inspection after the 1.2m (4 foot) drop tests will be performed on
each specimen.

1. Measure and record any damage to each test specimen.
Engineering, Regulatory Affairs and Quality Assurance team members will make a

final assessment of the test specimen and jointly determine whether the specimen
meets the requirements of 10 CFR 71.71 set out in section 5, para. 5.1.1.
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8.9

9m (30 foot) Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Test is the 9m (30 foot) free drop test as described in
10 CFR 71.73(c)(1).

Use Checklist 5: 9m (30 foot) Drop Test to ensure that the test sequence is followed.
Date and initial all action items, and record required data on the worksheet.

NOTE:

The worksheet identifies those steps which must be witnessed by Engineering,
Regulatory Affairs and Quality Assurance.

Figure 8.9.2.1 and Figure 8.9.3.1 illustrate the anticipated orientations for the two test
units.

8.9.1 9m (30 foot) Free Drop Test Set-up

In this test, the package is released from a height of 9m (30 foot) and lands on the
steel drop surface. There is a specific orientation for the specimen so that the package
lands on the component or assembly of interest.

NOTE:

Because each test is designed to add to damage inflicted on a specific
component or assembly in the preceding test, it is important that each
specimen maintains its identity throughout the battery of tests and that the set-
up instructions specific to the specimen are strictly followed.

To set up a package for the 9m (30 foot) drop test:

1.

Place each specimen on the drop surface and position it according to the
specimen-specific orientation described below.

The lifting mechanism/system shall be arranged such that the center of gravity is
as shown in Figure 8.9.2.1 or Figure 8.9.3.1. Ensure the center of gravity of the
package is directly over the impact point.

Raise the package so that the impact target is 9m (30 foot) above the drop surface.

Measure and record the ambient temperature.

Photograph the set-up.
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8.9.2

6. Start the video recorder.
7. Drop the package.
8. Record the damage to the package and take a photographic record.

Specimen TP84(A) Orientation for the 9m (30 foot) Drop Test

Figure 8.9.2.1 shows the package orientation for Specimen TP84(A). The object of the
drop is to cause deformation or removal of the shipping cover and actuator guard and
apply a shear load to the fixing bolts.

The specimen will be dropped in an axial direction onto its top end. It is important to
position test specimen TP84(A) so that its center of gravity is directly above the
impact point.
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Figure 8.9.2.1:Specimen TP84(A) Orientation for the 9m (30 foot) Drop Test
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8.9.3 Specimen TP84(B) Orientation for the 9m (30 foot) Drop Test

Figure 8.9.3.1 shows the package orientation for Specimen TP84(B). The projector
will strike the drop surface on its left (lock) side. The object of the test is to cause
damage to the locking mechanism which in conjunction with previous tests or
following tests may cause the source to be moved from the shielded position.

<~
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- . A
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<

Figure 8.9.3.1: Specimen TP84(B) Orientation for the 9m (30 foot) Drop Test
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8.9.4 9m (30 foot) Free Drop Test Assessment

Upon completion of each test, Engineering, Regulatory Affairs and Quality
Assurance team members will jointly take the following actions:

e Review the test execution to ensure that each test was performed in accordance
with 10 CFR 71.

e Make a preliminary evaluation of the specimens relative to the requirements of 10
CFR 71.

e Assess the damage to each specimen to decide whether testing of that specimen is
to continue.

e Evaluate the condition of each specimen to determine what changes, if any, are
necessary in package orientation in the puncture test to achieve maximum damage.
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8.10

Puncture Test (10 CFR 71.73(c)(3))

The 9m (30 foot) free drop test is followed by the puncture test of 10 CFR
71.73(c)(3), in which a package is dropped from a height of 1m (40") onto the
puncture billet.

The billet is to be bolted to the drop surface used in the drop tests.

Use Checklist 6: Puncture Test to ensure that the test sequence is followed. Date and
initial all action items and record required data on the worksheet.

NOTE:

The worksheet identifies those steps which must be witnessed by Engineering,
Regulatory Affairs and Quality Assurance.

8.10.1

Puncture Test Set-up

A specific orientation has been identified for each specimen so that the package lands
on the component or assembly of interest. However, the final orientations may be
determined based on the assessment of the damage caused by the 9 m (30 foot) drops.

NOTE:

Because each test is designed to add to damage inflicted on a specific
component or assembly in the preceding test, it is important that each
specimen maintain its identity throughout the battery of tests and that the set-
up instructions specific to the specimen are strictly followed.

This test uses the 12" high puncture billet. The billet meets the minimum height (8")
required in 10 CFR 71.73(c)(3). The specimen has no projections or overhanging
members longer than 12" which could act as impact absorbers, thus allowing the billet
to cause the maximum damage to the specimen.

To set up a package for the puncture test:

1. Measure and record the ambient temperature.

2. Position it according to the specimen-specific orientation shown in figures
8.10.2.1, 8.10.3.1. and 8.10.3.2, or as determined following previous testing.

3. Check the alignment of the center of gravity with the targeted point of impact.

4. Raise the package so that there is Im (40") between the impact point on the
package and the top of the puncture billet.
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8.10.2

5. Photograph the set-up.

6. Start the video recorder.

7. Drop the package.

8. Record the damage to the package and take a photographic record.

Figures 8.10.2.1, 8.10.3.1 and 8.10.3.2 illustrate the puncture test package orientations
for Specimens TP84(A) and TP84(B), respectively.

Specimen TP84(A) Orientation for Puncture Test 1

The objective of this drop orientation (Figure 8.10.2.1) is to continue the damage
inflicted on the specimen by the 9m (30 foot) drop test and to continue to challenge
the cover bolts.

Figure 8.10.2.1:Specimen TP84(A) Orientation for Puncture Test 1
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8.10.3 Specimen TP84(B) Orientation for Puncture Test 2

The objective of this drop orientation (Figure 8.10.3.1) is to fracture, penetrate or
distort the projector weldment in the vicinity of the beam port. The target is the center
of the beam port.

Figure 8.10.3.1:Specimen TP84(B) Orientation for Puncture Test 2




SENTINEL Issue 1 Test Plan 84

AEAT/QSA March 1999
Burlington, Massachusetts Page 33 of 46

8.10.4 Specimen TP84(B) Orientation for Puncture Test 3

The objective of this drop orientation (Figure 8.10.4.1) is to target the lock assembly
adding to the damage caused in the 9 m (30 foot) drop.
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Figure 8.10.4.1:Specimen TP84(B) Orientation for Puncture Test 3

8.10.5 Puncture Test Assessment

Upon completion of the test, Engineering, Regulatory Affairs and Quality
Assurance team members will jointly take the following actions:

o Review the test execution to ensure that the tests was performed in accordance
with 10 CFR 71.73

e Make a preliminary evaluation of each specimen relative to the requirements of 10
CFR 71.

e Assess whether the thermal test needs to be performed.
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8.11 Final Test Inspection

Perform the final test inspection after the puncture tests

1.

2.

9‘

Measure and record the damage to each of the test specimens.
Remove and assess the condition of the simulated source.

Reassemble the packages using a representative active source, making sure that
the source wire position and the package configuration are the same as they were
immediately after puncture testing.

Measure and record a radiation profile of each test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09.

Assess the significance of any change in radiation at the surface or at one meter
from the packages.

Determine whether it is necessary to dismantle either of the test specimens for
inspection of hidden component damage or failure.

If the decision is taken to proceed with the inspection, record and photograph the
process of removing any component.

Measure and record any damage or failure found in the process of dismantling the
test specimens.

Engineering, Regulatory Affairs, and Quality Assurance team members will
make a final assessment of each test specimen and jointly determine whether the
specimen meets the requirements of 10 CFR 71.
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Section 9 Worksheets

Use the following worksheets for executing the tests of section 8. There are two
worksheets for each test, an equipment list and a test procedure checklist.

Use the test equipment list to record the model number and serial number of each
measurement device used. Attach a copy of the relevant inspection report or calibration
certificate after the range and accuracy of the equipment has been verified.

Quality Control will initial each step on the check list as it is executed and record data
as required. The Engineering, Regulatory Affairs and Quality Assurance
representatives must witness all testing to ensure that it is performed in accordance with
this test plan and 10 CFR 71.



SENTINEL Issue 1 Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts Page 36 of 46
Checklist 1: Specimen Preparation and Inspection
Step TP84(A) TP84(B)
1. Total package weight (Ib).
2. Are all fabrication and inspection records
documented in accordance with the AEAT
Q.A. Program?
3. Does the test unit comply with the
requirements of Drawing R86590 Rev. A.
4, Has the radiation profile been recorded in
accordance with AEAT/QSA Work
Instruments WI-Q09?
5. Is the package prepared for transport?
Steps 1 through 5 witnessed and verified by: Print Name Signature Date

Engineering:

Regulatory Affairs:

Q.A.:
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Equipment List 1: Compression Test Equipment
Description Enter the Model and Attach Inspection
Serial Number Report or

Calibration
Certificate

Compression Test Loading Plate.

Test Weights.

Test Surface.

Record any additional tools used to facilitate the test and
attach the appropriate inspection report or calibration
certificate

Signature:

Print Name

Date

Completed by:

Verified by:
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Checklist 2: Compression Test

Test Location:

Step Specimen TP84(A) Specimen TP84(B)

1. Position the specimens as shown in the referenced
figure.

Figure 8.5.2.1

2. Record the ambient temperature:

3. Record applied load.

4. Note the instrument used for the temperature
measurement:

5. Measure and record each specimens overall dimensions
pre-test.

6. Place the weights onto the loading platform and leave
for 24 hours.

7. Measure and record each specimens overall dimensions
post-test.

8. Record damage to the test specimen on a separate sheet
and attach.

Test Witnessed by: Signature:

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Equipment List 2: Penetration Test Equipment

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate

Penetration Bar.

Drop Surface.

Record any additional tools used to facilitate the test and
attach the appropriate inspection report or calibration
certificate

Signature Print Name Date

Completed by:

Checked by:
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Checklist 3: Penetration Test

Test Location:
Step Specimen TP84(B) Specimen TP84(B)
1. Position the specimen as shown in the referenced figure. Figure 8.6.2.1 Figure 8.6.3.1

2. Inspect the orientation set-up and verify the bar height.

3. Record the ambient temperature:

4. Note the instrument used for the temperature
measurement:

5. Start the video recorder.

6. Release the penetration bar. Check to ensure that the
penetration bar hit the specified area.

7. Record damage to the test specimen on a separate sheet
and attach.

8. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 10 CFR 71.
Record the assessment on a separate sheet and attach. Determine what changes, if any, are necessary in package
orientation for the 1.2m (4 foot) drop test to achieve maximum damage.

Test witnessed by: Signature: Print Name Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Equipment List 3: 1.2m (4 foot) Drop Equipment List

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate

Drop Surface.

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate

Signature Print Name Date

Completed by:

Verified by:
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Checklist 4: 1.2m (4 foot) Free Drop

Test Location

Step Specimen TP84(A) Specimen TP84(B)

L

Measure and record the ambient temperature (°C).

2. Note the instrument used:
3. Attach the test specimen to the release mechanism.,
4. Lift and orientate the test specimen as shown in the Figure 8.7.2.1 Figure 8.7.3.1
referenced figure for the specimen.
5. Inspect the orientation set-up and verify the drop height.
6. Photograph the set-up in at least two perpendicular
planes.
7. Begin video recording of the test so that impact is
recorded.
8. Release the test specimen.
9. Record the damage to the test specimen on a separate
sheet and attach.
10. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 10 CFR

71. Record the assessment on a separate sheet and attach. Determine what changes, if any, are necessary in
package orientation for the 9m (30 foot) free drop test to achieve maximum damage.

Test witnessed by: Signature

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Equipment List 4: 9m (30 foot) Drop Equipment List

Description

Enter the Model and
Serial Number

Attach Inspection
Report or
Calibration
Certificate

Thermometer

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration

certificate

Signature

Print Name

Date

Completed by:

Verified by:
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Checklist 5: 9m (30 foot) Drop

Test Location:

Step Specimen TP84(A) Specimen TP84(B)

L.

Measure and record the ambient temperature (°C)

Note the instrument used:

Attach the test specimen to the release mechanism.

Lift and orientate the test specimen as shown in the
referenced figure for the specimen.

Figure 8.9.2.1

Figure 8.9.3.1

Inspect the orientation set-up and verify the drop height.

Photograph the set-up in at least two perpendicular planes.

Begin video recording of the test so that impact is recorded.

Release the test specimen

Pause the video recorder. Ensure that the point of impact and the orientation specified in the plan have been

achieved and recorded.

Record the damage to the test specimen on a separate sheet and attach.

10.

Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment relative to 10CFR
71. Record the assessment on a separate sheet and attach, Determine what changes, if any, are necessary in
package orientation for the puncture test to achieve maximum damage.

Test witnessed by (Signature)

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Equipment List 5: Puncture Test Equipment

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Puncture Billet.
Thermometer

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate

Signature Print Name Date

Completed by:

Verified by:
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Checklist 6: Puncture Test
Test Location:
Step Specimen TP84(A) Specimen TP84(B)
1. Measure and record the ambient temperature (°C).
2. Note the instrument used:
3. Attach the test specimen to the release mechanism
4. Lift and orientate the test specimen as shown in the Figure 8.10.2.1 Figure Figure
referenced figure for the specimen. 8.10.3.1 8.104.1
5. Inspect the orientation set-up and verify the drop height.
6. Photograph the set-up in at least two perpendicular
planes.
7. Begin video recording of test so that the impact is
recorded.
8. Release the test specimen.
9. Pause the video recorder. Ensure that the point of impact
and orientation specified in the plan have been achieved
and recorded.
10. Record damage to test specimen on a separate sheet and
attach.
11. Device Profile Complete.
12. Engineering, Regulatory Affairs and Quality Assurance

make a preliminary assessment relative to 10CFR 71.
Record the assessment on a separate sheet and attach.

Test witnessed by: Signature

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:




APPENDIX A

Drawing R86590 Rev.A




TREV

"ENGINEER " { -

DATE . -~ DESCRIPTION

L TA. . .

J12/28/ 92

|REDRAWN. ORIGIAL 15 OBSOLPEE axep_Freep. | L.

T98]:

RELEASED FOR PRODUCTION ON __ BY

AMERSHAM CORPORATION
BURLINGTON, MA 01803

'Amersham

-8/17793

UNLESS OTHERWISE
SPECIFIED TOUERANCES ARE

TA

P

X - %0.1

XX %£0.01

DWG: TITLE

"MODEL 865 TYPE B PROJECTOR

DESCRIPTIVE ASSEMBLY

PN

T/14/93

XXX 1 40.005

APPROVED

.| ANGLES" % 1°
{ FRACT .. :1/16 ..

SIZE DWG.+NO.

s

ClASSlFICA'ﬂON

86590

REV

JA.

SCALE ,.WNONE PR ._-J JSHEt-:r T P F*"

. .

. ,s Y e "1.-:'..:.,
s . % . * .

. tmees v,

\ .

R - . e nrey ! K . . t, %y
. P WA . e . .y .,

- e e T ALY SRR




FIGURE WITHHELD UNDER 10 CFR 2.390

Nﬂh)aqgﬁ!n.

g 9‘ U

AMERSHAU COAPORATION
!ﬂhﬁﬁn;o_é

\-Bm.‘wvma

R N A At £ et



lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image


FIGURE WITHHELD UNDER 10 CFR 2.390

Jug .
—— 18 — w0 Mousidoodd b pdivdes

WESIOWF Lo ket



lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image


FIGURE WITHHELD UNDER 10 CFR 2.390

3

T

e — p—

o %%:\m—m_mawrma i |
+reer-sy—igaiesiz] MODEL 865 TYPE 8 PROJECTOR
PR DESCRIPIIVE ASSEMBLY .
wais g TR T 86590 A |



lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image


FIGURE WITHHELD UNDER 10 CFR 2.390

mﬂ.?mmrmmmou_.ar,___

| susiron s oroos_AAmersham:

~—a7aTss TR MODEL' 865 TYPE B PROXECTOR



lwalcourt
Rectangle

lwalcourt
New Stamp

lwalcourt
Placed Image


Safety Analysis Report for the Model 865 Transport Package

QSA Global Inc. 24 August 2006 - Revision 9
Burlington, Massachusetts Page 2-44

Section 2.12.2 Appendix:  Test Plan 84 Report Minus Appendix A (March 2000).




e
AEATECHNOLO ’1
EN

QsA

TEST PLAN NO. 84, Revision 1

TEST TITLE:
MODEL 865 UNDERWATER PROJECTOR

PRODUCT MODEL:
MODEL 865

ORIGINATED BY: DATE:
Gravatom (see attached cover sheet)

ENGINEERING APPROVAL; DATE:
M 12 /g 27

QUALITY ASSURANCE APPROVAL: DATE: 1

Dy H. /@&f /2 ar 99
REGULATORY APPROVAL: (AT in 9 Wkﬁ DATE: 12 pqs 71

COMMENTS:

{
. %ﬁ']ﬁ o ).f}. .,_:_ ra » . .V i N .: }
ENGINEERING APPROVAL: MM DATE:
7 IS4 2T
QUALITY ASSURANCE APPROVAL: DATE:

D.4/. 421 24 Mue. OO

REGULATORY APPROVAt 4! ﬂ DA?

SENTINEL

S et s, 1.1 s 5

e "




FRCH <

GRAVATENM

Prepared For:

M. Tremblay
AEAT/QSA

Prepared By:

‘G.V.Holdea
GESL

Checked By:

P.E.Cullum
GESL

Approved By:

G.M.Bates
GESL

PHOIE NO. : 91489394382

TEST PYAN R4
REPORT

March 2000

ABA Technology QSA Inc.
40 North Avenue
Burlington
"MA 01803

USA

89 Mar. 2003 18:84a1 P1

Date
.:?!L }{ﬁ«rb!, ,2“"""

S tupiry

Date

- l) Yyl l .,

G Mauch Jore
Date

29




Test Report 84

AEA Technology QSA, Inc. March 2000
Burlington, MA Page i of ii
TABLE OF CONTENTS
1. INTRODUCTION ...cccetttiriiiiiiiiinicsssnnnnsnmemesssssssssnnnsrensemssssssssosssssnssssassnssessesssseses 1
2. REGULATORY REQUIREMENTS .......cccoiiiinnmmnmnnnnmensnsssscsssssnsensenssssassacsssssssanes 1
3. TEST UNIT DESCRIPTION AND CONFORMANCE.............cccoorvnmenennrarerccians 1
4. NORMAL CONDITIONS OF TRANSPORT TEST RESULTS......cccccccurercsencanns 2

4.1 Compression Test 2
4.2 Penetration Test 3
4.3 1.2 m (4 foot) Free Drop Test 5
4.4 Intermediate Test Inspection 5
5. ACCIDENT CONDITIONS OF TRANSPORT TEST RESULTS.....cccceceutrenaranns 6
5.1 9 m (30 foot) Free Drop Test 6
5.2 Puncture Test 9
6. POST TEST DISASSEMBLY AND INSPECTION.....c.cccctrerviciinscneennennnsnnnenens 12
6.1 Test Unit TP84(A) 12
6.2 Test Unit TP84(B) 13
7. CONCLUSION.....ccctttiesnresmnnmenienisnisssssssencnsenienessansssossssossessessansssssnsasssesssssssssane 14
APPENDIX A...cococvrninissnnsssnesancssssssssssssssssassssssasssassssassns CALIBRATION RECORDS
APPENDIX B.....ccccovvesnescsscssossasssssscasence MANUFACTURING ROUTE CARDS AND
RADIATION PROFILE DATA SHEETS

APPENDIX C....cccecrersensrssnnnonssscsscccssnces TEST CHECKLISTS AND DATA SHEETS

T:\REGULATE\OId Regulate\WP\WORD\Type B\865\TP 84 865\TP84 report Final. DOC




Test Report 84

AEA Technology QSA, Inc. March 2000
Burlington, MA Page ii of ii
TABLE OF FIGURES
Figure 1:Compression test set-up 2
Figure 2:Test specimen TP84(A) penetration test set-up 3
Figure 3:Penetration damage to cover bolt on TP84(A) 3
Figure 4:Test specimen TP84(B) penetration test set-up 4
Figure 5:Penetration damage to TP84(B) beam port 4
Figure 6:Test specimen TP84(A) 4 foot drop set-up 5
Figure 7:Test specimen TP84(B) drop test set-up oS
Figure 8:Test specimen TP84(A) 30 foot drop set-up for first attempt.......ccceecreraennee 6
Figure 9:Buckling of top cover of TP84(A) after first 30 foot drop attempt................ 6
Figure 10:Test specimen TP84(A) 30 foot drop set-up for second attempt.................. 7
Figure 11:Damage to TP84(A) following second 30 foot drop attempt ........cceeeuerueeeene 7
Figure 12:Test specimen TP84(B) 30 foot drop set-up 8
Figure 13:Puncture test set-up for TP84(A) 9
Figure 14:Puncture test damage to TP84(A) 9
Figure 15:Puncture test set-up for TP84(B) drop 1 10
Figure 16:Puncture test damage to TP84(B) following drop 1 10
Figure 17:Puncture test set-up for TP84(B) drop 2 11
Figure 18:Puncture test damage to TP84(B) following drop 2 11
Figure 19:Damage to TP84(A) actuator assembly 12
Figure 20:Brittle failure of TP84(A) source rod 13
Figure 21:Damage to TP84(B) actuator assembly 13

TAREGULATE\OId Regulate\WP\WORD\Type B\865\TP 84 865\TP84 report Final. DOC




Test Report 84

AEA Technology QSA, Inc. March 2000
Burlington, MA Page 1 of 14

1. INTRODUCTION

This report describes the results of the tests performed on two Model 865 test specimens between
the 1* and 17" of March 1999 in support of the application for renewal of the existing Type B(U)
certificate of compliance, number 9187. The tests were completed in accordance with Test Plan
84 which is approved by the Nuclear Regulatory Commission (NRC).

2. REGULATORY REQUIREMENTS

Test Plan 84 describes the test unit, testing sequence, test unit orientations and testing conditions
designated to challenge the Model 865 against the normal conditions of transport requirements of
10 CFR 71.71(c)(7),(9) and (10), and the accident conditions of transport requirements of 10 CFR
71.73(c)(1) and (3). Each test specimen was initially subjected to normal conditions of transport
tests followed by accident conditions of transport tests, although this is not a specific requirement
of the regulations.

The tests are assessed against the Type B package requirements of 10 CFR 71.51(a)(1) and (2),
repeated below for reference:

71.51 Additional requirements for Type B packages

(@) Except as provided in 71.52, a Type B package, in addition to satisfying the
requirements of 71.41 through 71.47, must be designed, constructed, and prepared for shipment
so that under the tests specified in:

(1) Section 71.71 (“Normal conditions of transport”), there would be no loss or dispersal
of radioactive contents-as demonstrated to a sensitivity of 10° A; per hour, no significant
increase in external surface radiation levels, and no substantial reduction in the effectiveness of
the packaging; and

(2) Section 71.73 (“Hypothetical accident conditions”), there would be no escape of
krypton-85 exceeding 104; in 1 week, no escape of other radioactive material exceeding a total
amount A in 1 week, and no external radiation dose rate exceeding 10 mSv/h (1 rem/h) at Im (40
in) from the external surface of the package.

3. TEST UNIT DESCRIPTION AND CONFORMANCE

TP84 Checklist 1: Specimen Preparation and Inspection

Two Model 865 test units were produced in accordance with Section 8.3 of Test Plan 84. Both
test units exceeded the minimum weight of 59 lbs specified in Section 6 of Test Plan 84. The
units, described fully in the test plan, are almost entirely constructed of stainless steel with a
depleted uranium shield and are not subject to brittle fracture at low temperatures. Further, the
temperature difference between ambient and 100°F is insignificant with respect to these materials.
As such, the units were tested at ambient.
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Figure 21 shows the actuator assembly leaning towards the left side on which the lock is located.
The distortion of the outer casing caused by the 30 foot drop onto this side was minimal, implying
that high deceleration forces were exerted on the actuator assembly and shield. The inertia of the
actuator assembly, tending to cause rotation of the actuator, may have been responsible for
applying tensile loads to the bolts and causing bending of the top plate. A witness mark was
visible on the actuator base which may have been due to the rotation of the actuator assembly.

The device was connected to a Pressure Control Unit and the actuator piston was moved to the
expose position, coming to rest when the source rod was stopped by the locking pin, indicating
that the actuator was still connected to the source rod. The lock assembly was intact and
operational. When the device was unlocked the piston operated correctly. The device was then re-
locked. The actuator was removed revealing the source rod which was locked in position,
implying that the source was secure. Final profiling of TP84(B) shows a peak intensity of 0.7
mR/hr at 1 m from the package surface, well below the limit of 1 R/hr specified by the
regulations. Additionally, there was no significant increase in radiation levels anywhere on the
device, indicating that the normal condition testing had no effect on those levels.

7. CONCLUSION

Both test specimens TP84(A) and TP84(B) have been subjected to the normal and accident tests
specified in the approved Test Plan 84. The test results described in this report show that the test
specimens conformed to the Type B requirements of 10 CFR 71.

The projector weldment remained intact showing no signs of tearing or fracture. As such, there
was no direct flame path to the depleted uranium shield so oxidation of the shield during a fire
test could not occur. In addition, the shell was only minimally deformed in one specimen, and not
to an extent as to allow movement of the shield or source which would have resulted in increased
radiation levels. Therefore, the assessment by Engineering, Regulatory and QA determined that it
was not necessary to perform the thermal test on either specimen.
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4. NORMAL CONDITIONS OF TRANSPORT TEST RESULTS

4.1 Compression Test

TP84 Equipment list 1: Compression Test Equipment
TP84 Checklist 2: Compression Test

Test units TP84(A) and TP84(B) were subjected to a combined compression test as per Section
8.5 of Test Plan 84. Checklist 2 records the test data and results. A total of 649 Ibs. was applied to
the two (2) units. The recorded dimensions, 1-4, were measured from the top of the loading
platform to the concrete test surface, and are defined as shown in figure 1.

TPB4(A)

Figure 1:Compression test set-up

No visible damage was reported following the test and the testing sequence was continued.
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4.2 Penetration Test

TP84 Equipment list 2: Penetration Test Equipment
TP84 Checklist 3: Penetration Test

Test units TP84(A) and TP84(B) were subjected to the penetration tests (bar dropped from 40”)
per Section 8.6 of Test Plan 84. Test data and results were recorded on checklist 3 together with
one data sheet for each test specimen. It was reported on the data sheet relating to test specimen
TP84(A) that the first test had to be repeated because the penetration bar struck the package foot
instead of the target cover bolt. Subsequent tests were performed successfully with a guide tube.
The penetration test set-up and results required by Test Plan 84 are shown in the figures below.

Figure 2:Test specimen TP84(A) penetration test set-up

Test specimen TP84(A) was securely fixed to a block mounted to the test figure such that the
penetration bar was able to strike the cover bolt and exert the maximum stress in the bolt. The
bolt head was struck on the second attempt causing a witness mark as shown in figure 3 below.

Figure 3:Penetration damage to cover bolt on TP84(A)
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The second penetration test was intended to challenge the thinner shell around the beam port of
the projector weldment. Figure 4 (Specimen TP84(B)) shows that the test was set up such that the
penetration bar would strike the center of the beam port causing maximum damage.

Figure 4:Test specimen TP84(B) penetration test set-up

Figure 5 shows the indentation caused by the impact of the penetration bar. Both test specimens
were impacted as intended and were assessed following the test. The damage was not considered
sufficient to warrant suspension of the test sequence.

Figure 5:Penetration damage to TP84(B) beam port
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4.3 1.2 m (4 foot) Free Drop Test

TP84 Equipment list 3: 1.2m (4 foot) Drop Equipment List
TP84 Checklist 4: 1.2m (4 foot) Free Drop

Test units TP84(A) and TP84(B) were subjected to the 1.2m (4 foot) free drop tests per Section
8.7 of Test Plan 84. The drop test orientation for each package is shown in figures 6 and 7 below.
TP84(A) was dropped to impact on the top of the cover protecting the actuator mechanism.
TP84(B) was impacted on the side next to the lock. Both specimens impacted correctly.

Figure 6:Test specimen TP84(A) 4 foot drop test set-up

Figure 7:Test specimen TP84(B) 4 foot drop test set-up
No significant damage was caused by either of these drops as recorded in the associated test data
sheets.

4.4 Intermediate Test Inspection

A visual intermediate test inspection was performed and the damage caused in the normal
conditions tests was considered negligible (i.e. no profile was performed). It was agreed by
Engineering, Regulatory and QA that the hypothetical accident conditions tests would be
performed immediately following the normal testing sequence without additional inspections.
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S. ACCIDENT CONDITIONS OF TRANSPORT TEST RESULTS

5.1 9 m (30 foot) Free Drop Test

TP84 Equipment list 4: 9m (30 foot) Drop Equipment List
TP84 Checklist 5: 9m (30 foot) Drop

Test units TP84(A) and TP84(B) were subjected to the 9m (30 foot) free drop tests per Section
8.9 of Test Plan 84. Test unit TP84(A) was dropped flat onto the top cover. This drop was
difficult due to the center of gravity of the Model 865 tending to rotate the package onto the base
from this height. Two attempts were made on this specimen to achieve this flat drop.

Figure 8:Test specimen TP84(A) 30 foot drop set-up for first attempt

Figure 8 shows the test set up for the first attempt at the test drop for TP84(A). The unit was
observed to rotate and strike the target cover causing local buckling as shown in figure 9. Two of
the cover bolts on the impact side were slightly deformed.

Figure 9:Buckling of top cover of TP84(A) after first 30 foot drop attempt
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Because of the oblique impact in the first drop test of TP84(A) it was decided to attempt an
additional drop on the same specimen. The set up for the second attempt is shown in figure 10
below.

Figure 10:Test specimen TP84(A) 30 foot drop set-up for second attempt

The second attempt on test specimen TP84(A) resulted in similar rotation and impact orientation
to drop one. Consequently, the buckling damage caused by the first drop was exacerbated,
however, no further damage was observed to the cover bolts. The post test damage is shown in
figure 11.

Figure 11:Damage to TP84(A) following second 30 foot drop attempt

Following the second attempt an assessment was done by engineering, regulatory and QA. It was
decided that a true flat drop would be extremely difficult to achieve. Furthermore, the cumulative
effects of the 30 foot drop tests carried out on test specimen TP84(A) were considered to be

worse than a single flat drop as originally planned. No significant damage was evident so the test
sequence for TP84(A) was continued.

Test specimen TP84(B) was dropped onto the left side in order to attempt to break the lock
assembly. The test set up is shown in figure 12.
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Figure 12:Test specimen TP84(B) 30 foot drop set-up

The test unit impacted as intended and struck the drop surface flat on the left side causing slight

flattening of the unit along the line of impact. The planned test sequence for TP84(B) was
continued.
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5.2 Puncture Test

TP84 Equipment list 5: Puncture Test Equipment
TP84 Checklist 6: Puncture Test

Test units TP84(A) and TP84(B) were subjected to the 4 foot puncture tests as per Section 8.10 of
Test Plan 84. The test set up for specimen TP84(A) is shown in figure 13.

Figure 13:Puncture test set-up for TP84(A)

The target for this test (TP84(A)) was a cover bolt. The bolt head was hit during the primary

impact. There were secondary impacts on the shell and leg of the unit. There was some
deformation of the leg as shown in figure 14.

Figure 14:Puncture test damage to TP84(A)
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Following the puncture test to TP84(A) the device was still fully intact with no broken or missing
parts evident externally.

Specimen TP84(B) was dropped three times onto the puncture billet. Figure 15 shows the set up
for the first drop which was intended to target the beam port.

Figure 15:Puncture test set-up for TP84(B) drop 1

The test data sheet describes how in the primary impact the test unit rotated after hitting the legs
such that the target beam port did not strike the puncture billet. The test was repeated
successfully. The damage to TP84(B) is shown in figure 16.

- -
b o QLAY

Figure 16:Puncture test damage to TP84(B) following drop 1
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TP84(B) was deemed fit to continue with the testing sequence following puncture drop 1. The test
set up for puncture drop 2 is shown in figure 17.

Figure 17:Puncture test set-up for TP84(B) drop 2

The target for drop 2 was again the lock assembly. The test data sheet indicates that the unit hit
the specified point and that no further damage was caused to the device, see figure 18.

Figure 18:Puncture test damage to TP84(B) following drop 2

Following the puncture tests performed on TP84(B) the device was complete with no broken or
missing parts.
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6. POST TEST DISASSEMBLY AND INSPECTION

6.1 Test Unit TP84(A)

The test data sheet describes the post-test examination performed on TP84(A). This unit was
dropped twice from 30 feet suffering compounded damage. Both covers were removed with all
fixing bolts in good condition showing no indication of strain. After removal of the shipping and
actuator cover it was evident, by the presence of a witness mark on the inside of the cover, that
the actuator cover had struck the actuator assembly, bending the actuator holding down bolts, see
figure 19.

Figure 19:Damage to TP84(A) actuator assembly

The actuator assembly was removed. The source rod was found to be fractured at the base of the
thread which joins the source rod to the actuator assembly, see figure 20. The source rod
remained secure in the locked position indicating no movement of the source throughout the test
sequence. The lock assembly was not damaged and was operational.
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Figure 20:Brittle failure of TP84(A) source rod

Test unit TP84(A) was reassembled with an active source for final profiling. The profile sheet
shows a maximum intensity of 0.5 mR/hr at 1 m from the package surface, well below the limit of
1 R/hr specified by the regulations. Additionally, there was no significant increase in radiation
levels anywhere on the device, indicating that the normal condition testing had no effect on those
levels.

6.2 Test Unit TP84(B)

The test data sheet describes the post-test examination performed on TP84(B). This unit was
subjected to three puncture tests suffering compounded damage. Both the shipping and actuator
covers were removed. Some of the fixing bolts and their corresponding location holes in the cover
showed indications of strain. After removal of the shipping and actuator covers it was evident that
the actuator assembly and hold down bolts were distorted, se'e figure 21.

{ N

SRR

Figure 21:Damage to TP84(B) actuator assembly
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Figure 21 shows the actuator assembly leaning towards the left side on which the lock is located.
The distortion of the outer casing caused by the 30 foot drop onto this side was minimal, implying
that high deceleration forces were exerted on the actuator assembly and shield. The inertia of the
actuator assembly, tending to cause rotation of the actuator, may have been responsible for
applying tensile loads to the bolts and causing bending of the top plate. A witness mark was
visible on the actuator base which may have been due to the rotation of the actuator assembly.

The device was connected to a Pressure Control Unit and the actuator piston was moved to the
expose position, coming to rest when the source rod was stopped by the locking pin, indicating
that the actuator was still connected to the source rod. The lock assembly was intact and
operational. When the device was unlocked the piston operated correctly. The device was then re-
locked. The actuator was removed revealing the source rod which was locked in position,
implying that the source was secure. Final profiling of TP84(B) shows a peak intensity of 0.7
mR/hr at 1 m from the package surface, well below the limit of 1 R/hr specified by the
regulations. Additionally, there was no significant increase in radiation levels anywhere on the
device, indicating that the normal condition testing had no effect on those levels.

7. CONCLUSION

Both test specimens TP84(A) and TP84(B) have been subjected to the normal and accident tests
specified in the approved Test Plan 84. The test results described in this report show that the test
specimens conformed to the Type B requirements of 10 CFR 71.

The projector weldment remained intact showing no signs of tearing or fracture. As such, there
was no direct flame path to the depleted uranium shield so oxidation of the shield during a fire
test could not occur. In addition, the shell was only minimally deformed in one specimen, and not
to an extent as to allow movement of the shield or source which would have resulted in increased
radiation levels. Therefore, the assessment by Engineering, Regulatory and QA determined that it
was not necessary to perform the thermal test on either specimen.
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CALIBRATION RECORDS
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MANUFACTURING ROUTE CARDS
AND RADIATION PROFILE DATA SHEETS
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865 TYPE B TESTING
PACKAGE FABRICATION SUMMARY

SIN'S1; 52, 57

The Type B package verification testing is to be performed using existing Model 865
devices. A brief overview of the fabrication history and supporting documentation is
provided below.

The Model 865 transport packages were fabricated in 1996. (The basis for the current
QA program was implemented in 1992.) The following fabrication records have been
compiled for each of the Model 865 test packages.

- Overall Assembly:
- Route Card
- Inspection Record
- Original Profile Data Sheets
- Current Profile Data Sheets

“A” Subassemblies and Components:
- Weldment Assembly Route Card and Inspection Record
- Housing Weldment Inspection Record and Material Certificate of
Conformance
- DU Shield Inspection Record and Material Certificate of Conformance
- Source Rod and Capsule Holder Assembly Route Card and Inspection Record
- Source Rod Inspection Record and Material Certificate of Conformance
- Source Cap Holder Inspection Record and Material Centificate of
Conformance
- Roll Pin Inspection Record, Purchase Order and Material Certificate of
Conformance

Based on a review of these fabrication records and visual inspection of the packages, it is
concluded that the test packages have been fabricated in accordance with the applicable
QA Program requirements and that the packages comply with the test plan requirements.

7%% /74277

)ﬁ'cholas L Mirrone

. B ERTT
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Fina! Profile

Survey Inst.: AN]PDR2I T

Mass of Device:

Lbs.

Source Model: 86S 2> Source SN:__H3R7Z3

Activity:__ 249,92 Ci

SN:_SM3924a2  Date Cal.. 81T &

Date Due:_8 Q—t22

Observed Intensity mR/hr Adjusted Intensity mR/hr
Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter
Top 20 .07 .2 22 a2
Right 25 1. 2.6 5 7Y Y
Capacity Correction -
Front 18 L2t | & ootor: . {2 5
Left 7s 1,26 5 94 5
—
Rear N .26 ' S Yl 5
Bottom 9" .25, .4 e H
Inspector: /’@%«,ﬂ’, Date:_12¥V\arrIh79 NCR #:___ v /A
. \/ [ 1] ]
“omments:

P Amersham QSA




865 TYPE B TESTING
PACKAGE FABRICATION SUMMARY

ESN.51,8530 57

The Type B package verification testing is to be performed using existing Model 865
devices. A brief overview of the fabrication history and supporting documentation is
provided below..

The Model 865 transport packages were fabricated in 1996. (The basis for the current
QA program was implemented in 1992.) The following fabrication records have been
compiled for each of the Model 865 test packages.

- Overall Assembly:
- Route Card
- Inspection Record
- Original Profile Data Sheets
- Current Profile Data Sheets

“A” Subassemblies and Components:
- Weldment Assembly Route Card and Inspection Record
- Housing Weldment Inspection Record and Material Certificate of
Conformance
- DU Shield Inspection Record and Material Certificate of Conformance
- Source Rod and Capsule Holder Assembly Route Card and Inspection Record
- Source Rod Inspection Record and Material Certificate of Conformance
- Source Cap Holder Inspection Record and Material Certificate of
Conformance
- Roll Pin Inspection Record, Purchase Order and Material Certificate of
Conformance

Based on a review of these fabrication records and visual inspection of the packages, it is
concluded that the test packages have been fabricated in accordance with the applicable
QA Program requirements and that the packages comply with the test plan requirements.

7% /10077

)ﬂ’cholas L Midtrone




SENTINEL

SHIELDING PROFILE AND INSPECTION FORM

Model:_R(E Serial Number:___ S 2, Radionuclide: IaBRIQZ  Max.Capacity:_ 240 _ ci

[ ' Shield Data
[Shield Heat#: { Mass of Shield: Lbs. | Lot #:

—

S~ Initial Profile
Source Model:MQ__ Source SN: Activity: Ci
Survey Inst.: \SN: Date Cal.: Date Due:

Observed Sur Correction
Surface Intensity mR/hr Fac¢ . Adjusted Intensity mR/hr
Top l .0-1 \ N/A

Right

|

.26 Correction
Eront L2 L Factor:
Left \ . ZL \
Rear

e 176 ~
Bottom 1.25 . \

| Inspector: Date: __ NCR #: \

) Final Profile ,
Source Model:_ 865 2.0 Source SN:__ 373 Activity:__ 240.2 Cd Mass of Device: Lbs.
Survey Inst.: AN|PDR22 T SN: SMR224n2  Date Cal.: 8/-FFQ  Date Due: £ A~£52
B Observed Intensity mR/hr Adjusted Intensity mR/hr
" Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter
T 08 (G
op 25 — 1.07 L4 25 26 |, K
\
Right 25 1,26 6 106 ' £
Front Capacity Correction s VAT T
no L2& 7 Factor:__«99 137 - 7
Left 20 126 6 ne 4
Rear 20 L.2¢ o 100 L&
Bottom Y 1.2.€ .5 L2 5
Inspector: /l’/ag—-_m/ Date:_1A¥Wasrrn79 NCR #: g/ [A
(74 Q16-111

“omments:

P Amersham QSA




LAmersharm Corporalion
40 North Avenue
Burlington, MA 01803

.7

SHIELDING PROFILE AND INSPECTION FORM

3 f
Model No.:_2uL5 Serial No.: ~{Z Radionuclide I 192.___Max. Capacity 240 G i
I
l ING - SHIELD INSPECTION cha b
NCOM Lc.-r’"‘CB:l"l'I—} : o
Shield 1.D. No.__ 35 313-2. ‘ Source Tube Clear of Obstructions_s#923 ‘
Mass-of Shield HLs™ & HotfiTpp Dimension Measured (  J_NJA
Visual Inspection_" - = /23 Tube Cut in Fixture_n A ' SRR
/BT EE (VAT ) |
Inspector Signature Date_24 “Tune 'Zé NCR No._—prfA—~ HN22 i
SHIELDING EFFICIENCY TEST N
INCOMING SHIELD ASSEMBLY
.t @’ TR Lo T R

Source Model No.:_84520D Source Serial No.:_02 20 140,

) Survey Instrument:zsf bg-22{_Serial No.: E’ 130 Date Cal. 3//4 %6

Activity

Due_3 Stéy 46

OBSERVED INTENSITY mR/hr ADJUSTED INTENSITY mR/hr

AT - SURFACE . . AT
SURFACE C‘)F“Aﬂécg‘:" . SURFACE
TOP e Lo TOP 7 ;
RIGHT 40 R K 1;("2.6% CAPACITY ' RIGHT 13 (K b
, : CORRECTION T =
FRONT )0 R FACTOR | FRONT | yeq e
LEFT qou o LLEFT |y e
REAR g0 - /.3 REAR 13|
BOTTOM 50 LS BOTTOM 23]
w 3 July v 4 o
Inspector’s Signature %//A’/(J_»;qﬂ{ Date 3'(’[;/7 P4 NCRNO._n/ A




FINAL DEVICE INSPECTION E

-y
a,
LA

Uy

Proper Identification/Labels Attached /@3

Guide Tube Connection Functions: Properly NA §
Lock Functions Properly > 27 Painted Surfaces Not Damaged 23 :
Selector Ring Functions Properly nlA  Fasteners Installed Properly !
Control Unit Connects Properly 285 Proper Continuity - "E" Machines Only .b_l_lﬂ. i
Source Travels Properly 225, Total Mass of Device L. 2 /A, f
Source Stores Properly 423 Rear Plate Serial No.___N|A ]
N . .
CR No.:_a/A4 Date Inspected_2o F h2 7 |
i

N v e o
SHIELDING EFFICIENCY TEST
FINAL DEVICE ASSEMBLY

I3
]
Sp—— o g

Source Model No.:_ 26520 Source Serial No.:__ 029« Activity_177.0 ¢’ -

Survey Instrument: ALQ@_EZ]:SenaI No em39240) Date Cal. b ﬁgﬁg: Due_¢£ Ag::ﬂliz
MR 2o Rl 17
OBSERVED INTENSITY thlhr ADJUSTED leENSlTY mR/hr
AT SURFACE AY ONE SURFACE AT ONE
SURFACE | CORRECTION | METER - METER
FACTOR
ToP D L.O7T .5 Top 87 7
RIGHT | ¢f L% L Saractry RIGHT 145~ '8
FACTOR L
LEFT [0 A ‘ ? L s LEFT -~ (24 G
REAR | g’ | =gt | ¢ |* |85 REAR | 1y | W8™ |
BOTTOM | . 4% Lzs= | <5 | BoTTOM | 722 .7 i
Tk Lot .‘
Inspector’s Signature o /%7/,/\ Date_¢o @97 NCR NO. nl A :

g

. :ks.ﬁm-.wm o IR . A 149 O

o

s

oo
B TR
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.  SENTINEL

SHIELDING PROFILE AND INSPECTION FORM

Model:_RGE  Serial Number:_S 2.

Radionuclide: LRIA2Z  Max.Capacity:__ 240 _ Ci

Shield Data

.

—

|I ) [,

| Mass of shield:

Lbs. ' Lot #:

“Ehigld Heat#:
[ \ Initial Profile

Source Model:}:&.gz.g____ Source SN:

Activity: Ci

\ SN:

Survey Inst.: Date Cal.:

Date Due:

Observed face Correction
Surface intensity mR/hr ctor Adjusted Intensity mR/hr

Top |.0'I\ /

Right ~ N 7

1,26 acity Correction

Front 1,24 Factos

teft V.26

Rear . lll‘) \

Bottom 1.25 \
[ Inspector: Date: NCR #: \‘

Fina! Profile \

Source Model: SGS' 20> Source SN:__0OR7 ) Activity:___231.7) Ci | Mass of Device: Lbs.

Survey Inst:ANJPDR29 T  SNi_a&m3924AN2 Date Cal.: 8478

Date Due: 8 3.99

Observed Intensity mR/hr

Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter
Top | 2z<g 1.07 .2 28 . Z
Right 15 126 Y 27 57
Front — Capacity Correction
8S .26 S Factor:_1.0.3 16 .5
Left 65 1.26 & a4 5~
Rear S .26 < i4 e
Bottom 4y< .25 5 5% ¥
[l \nspector: M%a-;zL Date:_&March 99 NCR #: N/A
. . [/4 Qr6- 171
omments:

P Amersham QSA
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/  ‘ | SEI\ITINEL

\m\“\"L«i L9 : NS

| -.l s AT X R §
- 1 OUFI!! CARD “[SERTAL NuMBER.
acLy_~o—t ﬁ%uKU? g : , 9
1 "*
COMPLETE LOT:  N/A rora wo orve__L. LOT KO:  N/A , :
SPLIT LOT:  N/A RTE. CD. OTY:___1 SUB-LOT NO:  K/A .
CM:A
PART NUMBER DESCRIPTION - DRAVING NUMBER REVISION [WORK ORDER NUMBER ,
TEN 865 - Type B Underwater Projector 086500/ E)&M .EFJF MO? LP3> ey
oper | OPERATION at 17 Mpuqy RO
SEQUENCE |DEPARTHENT DESCRIPTION BY DATE STATUS - | REFERENCE COMMENTS ~
0010 [Assy Assenble r7A &; 47 NN SOP-P022 4
0020 Assy/ac Underwater Leakage ; sop-p022 Notify QC
\ & Functional Test ~F7 |13~ ; (Includes 100 PS] Pressure Test)
0030 assy 7 [complete Mssemdly  |pmp Ly 4o | WA SOP-PO22 .
:
0040 foc. Finl Tnspection | 70 1 (MMIAFI | g | [s0p-0015
", ot R . 'l_'._:} [ R 1 :; R |
0050 [RL i Joutput Verification A A Al d oM Z/’F’f?mq“_‘: ¢ ;’ :'E‘. )
‘L ] . B - . . . : §_ B : o OJJK +7 kb 9’
000 fec . |Final piofite 2% | g5%7 | Ace 1 | ac?Zouy
- .. A - D :
oo fon.  forRevie ~F sy | WA | soeoos N
N .: ;’\ v f 0 3 ?: N ) . N T-
0080 [1cT° " |stock Réow T N0 liyeb gyl A i fsoewooz .| ' :
’ . A : ' - B
S - ,
. CHECKLIST . CHECKLIST | ’ ! CHECKLIST ‘
|sop-ster | © pescripvion  |INITIALS|sop-sTEP DESCRIPTION INITIALS|SOP-STEP|  DESCRIPTION *|INITIALS].
- T T . - ot : :
) . 1.1 ’ e -
i ‘ oo
‘ ke
L
! , =
O 77 ) - - /)IW
enqmemnc./g ,ﬂ ¢ MR 9L |RECULATORY: xy K/IM 21 MATERIALS: 7 '%Q ,
PRwUCT'WE/(W,M'A;%pa QUALITY 'ASSURANCE s @ 5 li lmm q é, ISSUE NMBER: 3 ©

9/94 R1 7 E




v a0 Rl
R I o Pt T TN

T R . . S L e e v e g e e o v CONFIGURATION - - - FRPTEE

. ‘ DESCRIPTION OF ; DISPOSITION | INDIV/DATE |- INSP/DATE PART NUMBER DESCRIPTION® CH SERIAL/ INITIALS DAYE
Lo NONCONFORMANCE B : . . - e LOT No. s
: 1 .. e . vou eaofs . : . f Y
L L : 86501: | projector ueldment A 52 Nr74. Y3z, 97
e . ; . T TS o B
—— : A : : . . K P R Y. (ol
A ( - B ’ ; o - - -
‘ . : X . o ., M ) i “ 4
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Rz s . CHANGE VERIFICATION Rl
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NG P

, . e
e 'SENTINEL - | g
- + ) : . : R . * %i’ .:'
* 'i‘ S . e 4 A o . - . .: E
(ot : . : . ; T * — 3
L ROUTE CARD PAGE 1 OF 2 " | Serial Number } §
ocuﬁ%—-m oo . | '————-———6:‘ €
= ”x,.,( *ICOMPLETE LOT; < N/A ., TOTAL WO OTY: 5 LOT NO: N/A R 3
E “;S_F_’Ll'f_'.l.OT NN RTE. €D. OTY: 1 SUB-LOT NO: E/A Lo &
cH: A R S o vt i
PARY NUMBER . % ~|DESCRIPTION ™~ S DRAVING NUMBER REVISION |WORK ORDER NUMBER | % i
86501 ¢ 7.7 . Projector we(dment -} 0.86501 G Mo Jb 8‘/0 i i
OPER . OpERATION® | 7 : : i
SEQUENCE | DEPARTHENT ", DESCRIPTION. i}« BY_ DATE _STATUS REFERENCE COMMENTS ¢
. . g R N 74 . N - at:
0010 MS Mach & Assy]lte@ 384 ’,()7-‘— 3‘;2" ‘NIA SOP - P024 Upper & Lower Shield Support Ring
. R f
0020 ac Inspect Items 384 v-’m (44 . D 86501 Verify Tight Fit on Shield ‘
e . S P 2
0030 NS Assembte o N/A SOP-PO24 B 5
. HIRD | 0er L . |
. i N - i . » e "“! :
Mpmt | 1 . i 1 ibe Mar
9040 ac Inspect M Dot zé yla SOP~P024 Verify Alignment of Scribe M‘ar:k
H s H l N :s»f.l
0050 | ks veld: x| DR ) Lo gC | WA i | SPIP0% | TtenBro28 ltenbto2 T
3 - ; - '
0060 oc ' Inspect Weld 20 . 2 . ’M ", | p-8ssm f Iten 8 to 2 & Item 6 to 2
St | “A- “;’m"" e s ; ) .; .‘, I ’ Ll . ' PO R . by e . e
0070 MS veld | l7re |2 EX AL D 86501 Item 7 to 2
, ﬁ ‘
0080 O ix | Inspect'Veld . | ., |/ '3 o¢ |igce D 86501 Item 7 to 2
I ? . v - : - : '
0050 | s Machine: YRR D85OI | |Note72&8
— — e
0100 ac’ | 1nspect! Loy 12 ACC | sop-0015 3
.' U |oerde ifére QAT 6209
CHECKLISY A CHECKLIST cHelkLIST |
SOP-STEP DESCRIPTION - {INITIALS|SOP-STEP DESCRIPTION INITIALS|SOP-STEP|  DESCRIPTION' [INITIALS
N/A Install Item 9 Bronze ?@t}% vl o ‘ ;
i Bearing (Note 3) TS I P R -
i
S N H |
ko I . 4 ﬁ;y . i
N/A 030 4 /- .005 Y ‘
T ? '
- e e ! O
" : | ; i
- ; ¢
' !
i N I e ; L ;
ENGINEERING: / L A nzou A Y'ﬁf R (A A i99A5 :
woweenives 0 s g bu (oo 7D g 26 angy umensh love, 906559, |
PRODUCTIONS O . £/ QUALTTY AS : 4
R R&)M }’z@% ALITY ASSURANCE: (11 ‘-F-ummn, 29. (AM_% ab  |1ssue numBeR: 4

9/94 R1
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B N SPT E L AN A P

‘ o - T, N - : - 7 '\L(’-:vluudt\:n o > ‘» VO 5
. DESCRIPTION OF - DISPOSITION . INOIV/DATE | INSP/OATE PART NUMBER ' DESCRIPTION 8 | SERIAL/ INITIALS
§o.! NONCONFORMANCE . ' 10T N0, '
e 'T‘ / = -

0) Opeg. S5, o( oSO 84502 Housing Weldment At TR |ioer.

A= : o EEERT
@2w1612 84501-3 0 U shield A W7 135313~ 2, pmn }-OCTQG
~F R o :

Loek S /-ZO?_ A ’
gt - 227 3

NegE QL (28Y :
/ N\ Yoo
VOID- WeaTen] 10 ERROR - _
A% 15 Der 9k : :
- o
CHANGE VERIFICATION ,
! } PART NUMBER DESCRIPTION REV €CO INDIVIOUAL | VERIFIED
i L
{. T
B 9/9 R
QA Review: (I/q'/ﬂ)‘lhﬂ)ﬁﬂv Date: o1 9 e
-
Y



S g s

PROOUCTION: /(@ Mga%mw ASSURANCE: ;1 TMM_&LQ% 4t

, K
. - SE NTII\IEL o :
— — — | f
o . ROUTE CARD PAGE 2 OF 2 | SERIAL nuMBER
ac LoT# L}Ih cowptere tor__ NIA TOTAL Wo arY: IX Lot wo: __H}p
. SPLIY LOT RTE. €D. OTY:____ 3 SUB-LOT NO: ﬂ’b
Mz A Y
PART NUMBER DESCRIPTION B ORAWING NUMBER REVISION |WORK ORDER NUMBER
86501 PROJECTOR WELDMENT D 86501 G MaTY gq 0
OPER OPERATION
SEQUENCE | DEPARTHENT DESCRIPTION BY DATE STATUS REFERENCE COMMENTS .
0110 oA OA Review = et lwOcrqy| WA SOP-0025
0120 1c Stock Room IW  lisocrsg] WA il sop -no02 3
Lo _ | :
P | '5 :
; i ,
; —
: *
! F 3
. - IR SO S | ' i|
i i \ \ HE ; .
' t N . I
! Lo ! : ¢
T * i H ° : -
P cweekurst CHECKLIST CHECKLIST -
SOP-STEP vESCRIPTION *  iNtTiALS{sOP-STEP DESCRIPTION INITIALS|SOP-STEP| * DESCRIPTION |INITIALS
: O R L . .
I H : N : ! { { R :
f 1 | ,
H
i
.’\ 1
..... i
it { | % ;
. _—
. . i 3
—n-_ 2 .
ENGINEERING: 12551 L et j{( 9) : a
Rve: s ?Ld-ﬂii) REGULATORY g{,_.,//zz 20 L (Qp [MIERIALS: Cau,. avkvq‘u,
* | 1SSUE ‘NUMBER: _{.‘e
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e 2e$um 3¢

bﬁ(-‘- ROUTEC CARD SCRIAL numndy |
AMERSTIAM ;
CORTORATION ' comrieTe LOT TOTAL WO QTY: /5 LOT NO: N/A
> sruTror RTL. €O. QTY: 45 SUD-LOT NO: N/A
M-A
PART NUMOCR OCSCRIPTION DRAWING NUMBER [ L:A'4 WORL ORDER
86504 ‘. . _=—|. .Source Rod & Capsule Holder Assy ABESOY i EC /yui 7684 ¢
orek OrERATION l¢ S"O
sca OEerrT DESCRIFTION BY DATL {STATUS REPERENCE COMMENT’S
/@7 LI )Q/ - .
0010 | MS First_Piece A__| ABRSOL Deliver First. Piece tn’C
R b % P e
0020 | € First Pc Inspecc‘g 7”?(, AB650%
“ﬁ O . :
I T Y
o030 ! Ms | Michine &J-‘.rrh Ao/ e \NJA- | aseson .
;;"”‘ ‘s ' . e
.y gt : ~N BT
0040 | @C Final Tnspection (| LYu £ §Z Aece  |500-0015 & SOP-Q013
0050 Review Kot | 22; ﬁ/&‘fh SoP-Q25
1, - :
0060 | 1C | Stock Room IH |ocTie L}/A SORI002.
CHECLUST CHECKLIST CHECLUIST
500, 30¢- 200,
"‘“"/“.! ORICRIFTION svar  limivvaes D RSCRIFTION 22 Ud SHITIALS *Sercmirnown tur
adl Note 3 - Prill -
& Tap — Chase - 2, - S
Threads o . Lo
e sy
.Y :‘.‘“: ! - - .__
s L P
. &, 3,
— v
- L, R
BNGINBGRING:/& ;m.o..m._ 3-1d—7Y | REGULATORY: M’AM q\/ MATERJALS: /3'/”%7
PRODUMION:WWM\g/g/ oé{xu‘rvassum\ucc M% ZEM b !yTlssuenuuncn- 2

REVISION T



reL » .
doacund - PN Y00 prit

NONCONPFORMANCES CONPIOURATION
xo. . DOJCKIZTION U BiiResitIoN T IKDIV/DATSE INIEOATE PART HUMI A DEICAIPTION ew. | tantatror no, | ritiatt oxre
& MM X7 ptm THP Pavobit. &Y % Oy | 86504-1 Source Rod A | 9¢0a5-3 (D) @ites
ONARIE T ThesnD Cap | 865042 Source Cap Holder A 19C0977 Va4, T 7=rit
e’ o o0 Y3 8765041 Modified Ball Pin ALt -C | DFw |Foclu
(Punse Thigress )| i
TMA X0 MM TR0, % VA% 74
UL X7 AXEPT SME
DLQube, 5 res 1o QEC?M_Q_EW; -szv 5Py : -; L
T PPO #0008 ’ N
%ﬁ » il e o e e ,- : - “}‘—' - - -
—t .
muununun:- > i‘:L
raktmUVIRY suCMINGS L [ s¢o I} unbivipuar) _vpsuauts
ZhSey. g Sovers &0 1V119€0|. sic ]
’ ?[956“{ SQJ(.; A‘QQA’/&K\? C ?('{-'),. ac
" nivistox

DA REVIEWED OY: K%ﬂ DATE: f&?‘?{ v 1

LY

Ao O P e BB B T

A R s




APPENDIX C

TEST CHECKLISTS AND DATA SHEETS

TAREGULATE\OId Regulate\WP\WORD\Type B\865\TP 84 865\TP84 report Final. DOC




‘Ddcaﬂavﬂ?f’ﬂ" Ve Aep
on- /B8 1TAR 9

I3
AEAT/QSA

February 1999

Burlington, Massachusetts Page 36 of 47
Checklist 1: Specimen Preparation and Inspection
Step TP84(A) TP84(B)
. SN S| SN &2
1. Total package weight (Ib.).
59.8 |, 60.2 Iy
2. Areall fabrication and inspection records | &5 » .rey@ 15 Fep
documented in accordance with the AEAT @ ) };&;B 24
Q.A. Programme?
3. Does the test unit comply with the P 25 26 r&b
requirements of Drawing R86590 Rev. A. ‘f @ F% Ye5 @ 4
4.  Has the radiation profile been recorded in Yyes 25 yes 2S
accordance with AEAT/QSA Work @ “Fes D FeB
Instruments WI-Q09? 97 99
S. Isthe package prepared for transport? yes ) yes >
Steps 1 through 5 witnessed and verified by: Print Name Signature Date
Engideering:
Wk s T s (Y larrae — (61057
Regulatory Affairs: . /‘%// .
B 5. M) AT e
QA.: Danrel bf. Kurtz

Douiped- Koty Vemieaq

* IG)VGC@@J e h CZW?’]WIJZVL J’&ﬂtu’v awmluo /a/lﬂwba

ﬂi&cmwi"“& )

\) Rocte cavel 5 o o)yo‘)‘gdw cw(dMoj_

) PO acpd

.G}Pﬂu;e/

foatecad .

Thep dotumenh f b asesed amplﬁ‘/h

desk assesment”
(a1 Mg
) mari9 Bk
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AEAT/QSA
Burlington, Massachusetts

February 1999
Page 37 of 47

Equipment List 1: Compression Test Equipment

Description Enter the Model and Attach Inspection
Serial Number Report or

Calibration
Certificate

Compression Test Loading Plate.

] VA
Test Weights.
& A A AA
Test Surface.

v A

o4

Record any additional tools used to facilitate the test and
attach the appropriate inspection report or calibration
certificate

Scate - Gocaf Ui

ASsy=1l

fe SHETT

d’a/é, @aM

5 /el 3/

Ao N AR5

W /tw{;& 5;/,/4!&’1

£0 /92

4 ANe?

ﬁm

Elg (2

Lrr GHTET

Print Name

Date

Completed by~

DAE Aonis |

301 ML D

Verified by:

Vuctder ¢

\a ML

TREMUAS

;éz??




AEAT/QSA February 1999

Burlington, Massachusetts Page 38 of 47
Checklist 2: Compression Test

Test Location: Beor z"‘r lon , MA

Step Specimen TP84(A) Specimen TP84(B)

1. Position the specimens as shown in the referenced
figure.

@2

Figure 8.5.2.1

I~

2. Record the ambient temperature:

xec

o

Record applied load.

A TIR

4. Note the instrument used for the temperature

measurement:
eme O 5/5@77 / /,!f (
5. Measure and record each specimens overall dimensions 2
pre-test. 7 ‘ /
$h., Sl | 2 /c/ £/5
6. Place the weights onto the loading platform and leave @réi A
for 24 hours. 66} D‘MRMQ _/N M 77
/ K74 /1520
7. Measure and record each specimens overall dimensions 2 2 . |
post-test. J l ) P
J5" O o Sr147299 s’//q 8l|8lh 8l
8. Record damage to the test specimen on a separate sheet O AINCIY _ P el 99
and attach, Aze oL i
Test Witnessed by: Signature: Print Name Date
EngmeermWM Al A -
7wt Y |\ <2 72 32
Regulatory Affairs: . ‘ _
C- Kgulun Lathiers Kgughan | 2 10t 7
Quality Assurance: _ !
W W, bilos 5. rnans |2 (19 27

/
Mo dama
VSD»:&}

wmag  frow Compurssion {15{' /’/‘W‘{ w il
as planned: Om/L apw f

C2 MmMATL Y
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SENTINEL
AEAT/QSA
Burlington, Massachusetts

Issue 1

Test Plan 84
March 1999
Page 39 of 46

Equipment List 2: Penetration Test Equipment

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Penetration Bar. @ See AncH
710129 RevB l Cerf
Drop Surface.
T 10122 REVE
Record any additional tools used to facilitate the test and ’
attach the appropriate inspection report or calibration
certificate
OMEGA  ~TRECMOMETER MODEL HH 21
HH 2l  ENG-2 ENG -12
“THERMOCOLDLE 5 TC -GG -K-20-34 /
Signature Print Name Date
Completed by:
@am_OMMS« Dave Aants 1T Mar 99
Checked by:
Dases L - M Daoniel W Kurtt | ;7 mor 99




7. Record damage to the test specimen on a separate sheet
and attach,

SENTINEL Issue 1 Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts Page 40 of 46
Checklist 3: Penetration Test

Test Location: & youe Lad M A4

: B omaego
Step Specimen TP84(B) A Specimen TP84(B)

sy S/ S S
1. Position the specimen as shown in the referenced figure. Q Figure 8.6.2.1 Figure 8.6.3.1
2 (o
2. Inspect the orientation set-up and verify the bar height. | CN—
3. Record the ambient temperature: \” o — .
[ ! 5 e

4. Note the instrument used for the temperature a

measurement: ENG-LZ ENGT
5. Start the video recorder. @) @
6. Release the penetration bar. Check to ensure that the ~ ~—

penetration bar hit the specified area.

B &
o

(D> (

8. Engineering, Regulatory Affairs and Quality Assurance make-preliminary assessment

10 CFR 71

Record the assessment on a separate sheet and attach. Determine what changes, if any, are necessary in package
orientation for the 1.2m (4 foot) drop test to achieve maximum damage.

Test witnessed by: Signature: Print Name Date
Mhdns Manaare | 17 Mae 79
HMogr S. et |13 10255
Quality Assurance:
D -H: Doarel W. Hurit /7 Mar 99




AEAT/QSA ' ) February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet

Test Unit Model/Serial No.:  F¢5 SN 5/ Specimen/Test:  TPBY (A )/ PeredriaN) 7257~
Test Date:/n p102 97 | Test Time: /{2 % per TestPlanStepNo.: H 4.2
Describe drop orientation and drop height:

Denetratim Bt DrReP Frytq scp‘ ol TO Covdre BouT — elmr QNI
(S F’M 4.42/

D ibe 1 t ti tation, etc.): -~ .
'c Si;:;ml eu;;aocrg o/;;’;n’ ::/hmrbte—:fzﬂo‘v TSt co. 13 ProP MuisseW ot Bz

- [ 4 -
a Bor? IF GAIDE TUBE ~P% pBve
3"" DROP WHs MROE WITH GHIDE ™8P, ‘
FBer Pnnd, 3O wAS ~ 55 Al T PasT — BAA NIT DARTL Y OAr
covert 8,‘,7:

Dg;(gibe on-site inspection (damage, broken parts, etc.):

A R -

T Mo on BT kWD, ~ap omment LIT1AGE

13 O~ Wi rAPN s ON CEGC AT Trhpger Corn)” —AD oI~ O ¥r0s"

On-site assessment:

Cpatirmnd w Tk PLhvaidd P37 seRaeres D ORIIIATTIIV Y

isassembly and inspection:

1972407 /
Enginecring:ﬁz% Regulatory: (174487 QA D. W, Jan R (7maedd
Describe angpost-te v

Describe any change in source position:

Y /e

Describe results of radiography:

Vi

Completed by: WA W | Date: (77 /2pre-7 =
7 = -




AEAT/QSA ’ February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet

Test Unit Model/Serial No.: 848 SN 52 SpecimenTest: 7P &Y (8 ) /PENETRATIAN) TEST

Test Date: /1) /724222 | TestTime: //:42.pr7 | TestPlanStepNo.: #. &, 3

Describe drpp orientation and drop height: B ‘

. Paaverranow B Jrof on BENF? PIRT reer AT

AL Gt 0 TUBE USED TO EISNLE FHNag or B&hr) ForT - Boitvr? o~
THBe— & ABIE ey Biar — B S¥" AbovE Zrifrer Poins7

Describe impact (location, rotation, etc.):

Traper Daceres on/ Borr Per port-Fz E,6.3.2

Describe on-site inspection (damage, broken parts, etc.):
TOEONTHTON OF BENT? Pitr— AT PMrAcT Pt — Ao OTHE
DArBee

On-site assessment:
CONTINUE WETH Pubrardd TesrSSudenee” Hni?
ORANTHTIONS |

., i/wets '
Engineering:/(//%/ Regulatory: ‘/& ( ?M%A: DN K 17M0299
Describe anypost-test disassembly and inspecticn: 4

Y/

Describe any change in source position:

7

Describe results of radiography:

7

Completed by: /%,/ | Date: /% MAR 99
- 4




SENTINEL Issue 1 Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts Page 41 of 46

Equipment List 3: 1.2m (4 foot) Drop Equipment List

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Drop Surface, fonc
7 10)22 fey B @ ¥

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate

$EE ArrcH

OMEGA _THERMO/VETEIZ HH 2) ENG-IZ. |ENG-|2 ( cerr

OME@P\ THERMOOOPLE. STC-GG-K 0% ‘L
Signature Print Name Date
Completed by: =

mm.o m :‘l\/j Awus 17 _Mar o9
ified by:

Verified by Doy . /5""4 Dot W, Karte /2 Jasy 99




SENTINEL Issue | Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts Page 42 of 46
Checklist 4: 1.2m (4 foot) Free Drop
Test Location € pop, Mol MA
Step Specimen TP84(A) Specimen TP84(B)
S S5 SN 82
1. Measure and record the ambient temperature (°C). o
o
13 < /13" <
2. Note the instrument used: _
ENG-12 ENG -2
3. Attach the test specimen to the release mechanism, (@ @
4. Lift and orientate the test specimen as shown in the ‘Figure 8.7.2.1 Figure 8.7.3.1

referenced figure for the specimen.

5. Inspect the orientation set-up and verify the drop height.

6. Photograph the set-up in at least two perpendicular
planes.’

7. Begin video recording of the test so that impact is
recorded.

8. Release the test specimen.

d

9. Record the damage to the test specimen on a separate
sheet and attach.

DR BH

(

P PR P R

10. Engineering, Regulatory Affairs and Quality Assurance

m

i

reliminary assessment tetative to 10 CFR

71. Record the assessment on a separate sheet and attach. Determine what changes, if any, are necessary in
package orientation for the 9m (30 foot) free drop test to achieve maximum damage.

Test witnessed by: Signature Print Name Date |
Engincering: 3
Nk AT Hurmpe. |47 Nge22

Regulatory A

/Vms.%mlr (2 27

Quality Assurance:
D.u. Kork

DN Kartz.

1?7 yar 99




AEAT/QSA ) February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet
Test Unit Model/Serial No.: 345 SAS/ Specimen/Test: 7PZY(A)/ /.2 # DROP
Test Date:/? AM242. 29 | Test Time: [ 2tp Test Plan StepNo.: &, 7. 2

Describe drop orientation and drop height:
DRop” FLAT on) TOP Frot? E8 wvcrt pat Fiphes K./

Describe impact (location, rotation, etc.):
Xrwpact Hat on o - um v THaV FEe on S) oe”

Describe on-site inspection (damage, broken parts, etc.):
S WSS MARR 0TI = No yYiELONG 48 Bachilr/ G oF coinsT

~ No OamBge

On-site assessment:

CopTivme” wiTH  PLorvED TEBT SEQUENCE AIO ORIGNIHTIONS

Engineering:///%f‘j/q 'Wlegulatory/%/ / 7/‘“7’ 7 QA: D.W: M’I Imae 99y

Describe any gost-test disassembly and inspection:

AP

Describe any change in source position:

Describe results of radiography:

FYZ

Vd/41/] —1
Completed by:(/?blm | Date: /7 [T <7

VA




AEAT/QSA ' February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet
Test Unit ModeUSerial No.:. 945 oN 52 Specimen/Test: 7PS4(8) /1.2 M DEOP

Test Date:/Q MAr99 | TestTime: /255 Test Plan Step No.: 873

Describe drop orientation and drop height: _ 5
Hort3ovtde —Fudr on Lock SIRE Prer1 &

Describe impact (location, rotation, etc.):
Trrscr PN Fieual g 2.3/

Describe on-site inspection (damage, broken parts, etc.): _ —
< Sercur RATEMMNG OF covint #r P«’Mﬂ' oF Frisser Ci.8 Hl""’lg) ~e

ITHER. DATIAGE

On-site assessment:

CarmIpre PATH PUANrEP. TesT SERuNCE ArD QRASTHRINS

Engineeﬁng:/ﬁ%/"”w l‘{e?gulatoryz MV/W“&A:@N.A@% 17MmAae 99

Describe any’post-test disassembly and inspection:

N

Describe any change in source position:

V74

Describe results of radiography:

pP

Completed by:@ | Date: {7 MHAR 79




SENTINEL
AEAT/QSA
Burlington, Massachusetts

Issue 1

Test Plan 84
March 1999
Page 43 of 46

Equipment List 4: 9m (30 foot) Drop Equipment List

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Thermometer  oMesA HH 21 ENG-12 ENG-I1Z oee ATTNH

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration

certificate
g ATTACH
@mwﬂté' OMEEA S5TC -GG-K ~-34 5€ CaT
Signature Print Name Date
/2
Completed by: :DDQCM
Dz Avw s {1 MARI S




SENTINEL
AEAT/QSA
Burlington, Massachusetts

Test Plan 84
March 1999
Page 43 of 46

Equipment List 4: 9m (30 foot) Drop Equipment List

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Thermometer  oméeshp HH 21 ENG-IZ ENG-IZ. g€ ATIRH

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration

certificate
ATTALH
TumRmpcoeptE OMEEA STC -6G-K -0-3¢c| €€ [gr
Signature Print Name Date
TA)
Completed by: W
Onve Avwr s (7 MAR.G S

Verified by: = o M

Doniel H.Kurlz

17847299




SENTINEL Issue 1 Test Plan 84
AEAT/QSA March 1999
Burlington, Massachusetts _ Page 44 0f 46

Checklist 5: 9m (30 foot) Drop

TestLocatic;n: 6’ Wl / ( MNA

Step Specimen TP84(A) Specimen TP84(B)
SN 51 SNS2
1. Measure and record the ambient temperature (°C) '0) 13°¢ /@ /3% 130 c

Note the instrument used:

ENG-12 ena-r?| EM612

2. Attach the test specimen to the release mechanism,

3. Lift and orientate the test specimen as shown in the Flgure 8.9.2. b Figure 8.9.3.1
referenced figure for the specimen. / @ @

4, Inspect the orientation set-up and verify the drop height. @ J/vb

D

5. Photograph the set-up in at least two perpendicular planes, / \

6. Begin video recording of the test so that impact is recorde(() >’]}—)

7. Release the test specimen 7] @ /@ @

8. Pause the video recorder. Ensure that the point of impact and the orientation specified.in the plan have been
achieved and recorded. v n / .

ol AN I a” @

9. Record the damage to the test specm&on a se‘)arate get nd attach. =

oo a5 [

10. Engineering, Regulatory Affairs and Quality Assuranoe make a preliminary assesSmént relative to I0CFR
71. Record the assessment on a separate sheet and attach, Determine what changes, if any, are necessary in
package orientation for the puncture test to achieve maximum damage /& @

Test witnessed by (Signature) Print Name

Engi ing:
reneerine W/ %M——— M T Maragre (7 Mp ¥

ulato airs; —_—
e ot S|, (7l 7

Quality Assurance:

D. H. /{‘% Doy, Kurlz /74299




AEAT/QSA February 1999

Burlington, Massachusetts

Test Plan 84 Data Sheet

Test Unit ModeVSerial No.: 865 SN 5/ Specimen'Test: 7P8Y (H)/ 97 DeopP

Test Date: {7 M. | Test Time: 1120 TestPlanStepNo.: & 9, Q.

Describe drop orientation and drop height:
~-Dro?’ Fear orv TOP? FProm 30 il Y it F? &1.2(

Describe impact (location, rotation, etc.): Zriner-
. dr Ropnp> Sut GITLY DARLAE DRIP. THPAST VWiTr 855 bk SHow D
MEDOM MOWTLY o B 180 ° 376y oF TR

RO o LaprT ir tN SHIEE QRUENIRTIIN A3 1F DRYP  — MoTE TNOT F1Pbed
0 2~ unn 0 A8 eock (SANE IKMT Podl ,,,)

wAs g~ SI0E SPETC, of vt T
14 s Moy TRip # L
Describe on-site inspection (damage, broken parts, etc.):
wv/.d_ucklwqe <4

2DBIN Bf - Wirptrss MK e TW,~IB0 LurG - S0ME DEFUer I y
TN 10 Vieton Ty IF BAPRCT PAnsT - SOME VERLY srigue DISTOAN @ 77 Gl Covell
AT 71 on S10E W iTH CovO-DAMAGE

7Tassy
,OaeP &2 - APO Mo B““*WG aF CovER ~ My BODITII . DPrf ecc Td» BocTs

On-site assessment: ) _ ~Ov>
PP # —To Eranre 30H OaoP Bounas Ropen il Dbr1A68 wHdH canDd -
L ocew Frgrg B 0T paip FoAT 0n0 TIA, DEIP THEUMT ne THeESBTT
OPSENT ATIup Froart BoFT 4 SET O TIr1E J okop -
p wos PFFEETS OF e drrt
Drop 7o, = Lority A‘Z}”"@?Lpﬁfa# WARS BT e D) ORA T TI TN

Engineering: A/ e e Z7Regulatory: //V'[?M?QA:Q.M, 5;!!% 1279299

Describe any’ post-test disassembly and inspection:

A0

Describe any change in source position:

A

Describe results of radiography:

Y Zea

Completed by 7Y P tAimren [Date: /D 7id= 77




AEAT/QSA ) February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet
Test Unit ModelSerial No.: 965 N 52 Specimen/Test: 794 (B)/ 9/ DROF
Test Date: /D~ 4% 42 | Test Time: §:0y Test Plan StepNo.: &, 9, 3

Describe drop orientation and drop height:
DROP FLAT oM toch SIDE Fawq 30357

Describe impact (location, rotation, etc.):
Tmpper PER FIGYRE §.9.3.]

Describe on-site inspection (damage, broken parts, etc.):
~SeiomT PEFmmATIpn (i€ F‘,A.p-;y,ya) OF WriT ALow G LinE oF FrMpPA<T

-Mo oTHen PANARES

On-site assessment:
CONTINUE WITH PLANN ED TEST SERUENEE B ORIEAKTHION

' Wi
Engineering:Af/onpme ?Regulatory: L//% (M RA: D, K««!} 12mue 99

Describe any’post-test disassembly and inspection’

Y 74

Describe any change in source position:

M

Describe results of radiography:

/]

Completed by: /¥/ %% | Date: /9 AR 79
. / v ﬁ




SENTINEL
AEAT/QSA
Burlington, Massachusetts

Test Plan 84
March 1999
Page 45 of 46

Equipment List 5: Puncture Test Equipment

Description Enter the Model and Attach Inspection
Serial Number Report or
Calibration
Certificate
Puncture Billet.
T/0119 S€E Baiert
Thermometer OMEGA HH 2L
ENG-1Z

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration

certificate

THERMPOoUPLE. '5 OMEGR

5TC-6G-K-20-36

aaror

Signature :.Sri:tNa e Date
IA /\) \ VE B\NNIES
Completed by:
u_Du\a (/vv»&____ DAULS Awars | 17 ppge 55
Verified by:
TN Daeisw . K, Donicl W. Kurbe | 17 Mag 19




SENTINEL
AEAT/QSA
Burlington, Massachusetts

Issue 1

Test Plan 84
March 1999
Page 46 of 46

Checklist 6: Puncture Test

Test Location: GVMM , /”AJ

Speamen Punckare. TEST
2 X FIGURE 8.10.3.1 (2x = ?.

Step Specimen TP84(A) Specimen TP84(B)
1. Measure and record the ambient temperature (°C). X 2_@
& o o
13 ¢ 3¢ |12 <

2. Note the instrument used: ®2 @

ENG-12 ENG-I2 |ENG-12
3. Attach the test specimen to the release mechanism L)z X_

S (o Qe
4, Lift and orientate the test specimen as shown in the Figure 8.10.2.1 Figure Figure

referenced figure for the specimen.

5. Inspect the orientation set-up and verify the drop height.

G ASAS
® e

@'z_m
W 2* (o)
@
@27(‘\

D 2x<®
@ 2x @

5

6. Photograph the set-up in at least two perpendicular
planes.

@D

7. Begin video recording of test so that the impact is
recorded.

PN

8. Release the test specimen,

d

9. Pause the video recorder. Ensure that the point of impact
and orientation specified in the plan have been achieved
and recorded,

10. Record damage to test specimen on a separate sheet and
attach.

®

11, Device Profile Complete.

WP R

722%

make a preliminary assessment relative to 10CFR 71.
Record the assessment on a separate sheet and attach.

12. Engineering, Regulatory Affzirs and Quality Assurance J

Test witnessed by: Signature Print Name Date
Engineeripg: .
%&W@/ W Moty re |17 Mar 99
Regulatory Affairs; -/ P
*M e it o Ao | (? re 4l
Quﬂity Assurance:
Dowsel 1. Kurfe /7 mor 99

- 1 PuL SRS ERCEDT STEP H contcte T80 06 1711 17 P




AEAT/QSA

February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet

Test Unit Model/Serial No.: 345" SN 5/ Specimen/Test: 7R84 (4) /PINCTURE
Test Date: /9 MIAn 97 | Test Time: 1.°4/7 Test Plan StepNo.: 2. /2,2
Describe drop orientation and drop height:

Deo? o Auyerues Bae Foom 4.

TARGeT (ovee BoceT,

Describe impact (Jocation, rotation, etc.):

HIT TOD DF ONE BOCT HuO THEN IMmPACTED SHEU Ano &S .

Descnbe on»slte inSpectxon (damage, broken parts, etc.):

w:-mess Mace oy Bocy, HERD AND SHEL . DEVRRMNTIOO 8F
ToP ELGE oF LEG.

On-site assessment b
‘Dencﬂ 48 pdTACT.

No BReeSN oR MuSSING FarTs.

" i
/ Regulamry A/ /?;QL@A 2D.W /ﬁm{ 17mAe 9%y

sassemblyand inspectiont-
’ QN'- palb bl& rempcd Ao

M/‘/ AThegads 14 prod apt ~ Mo 1A hendion A 3
fu?f(: rer /!;a:'::;:;; av!(fp /‘#M)'&-'d "”‘""/y ~#5 inclicntisn of shar lnf on 445
* Ve ]

o Tantr n—/udn-'cwlf /‘emrn&o/iydi&”‘ -I-rme/' Cplr— JW M)%-) M)LV‘W

. Witnest Marks on Ingile a7°mn¢a~w/¢/‘ Were corer Wi me—v-fbd}_r, o ’Lv/’ ff/ﬂ Lo 1wy
«dw‘/z- numé/y -—61 AsN&M ﬂ”hmdvr Mooy Comn 8o s 70
L Z1P a7, '

. Winess M oA Msu& WJ‘!:& apm‘feﬁ Ur&h«/‘ca‘fe» _mlvhm
P05 o R actenbe pledwr

wirex /'l "
» Am“m wbﬂu’ when AN ..//’IO/{‘(. ﬂl;bﬂ Sth ) JLY)/’J
A HsimBil wes AEro/eD -

”‘7“47“ M&ﬁ“? FAiIcLURE *

. ST MO nmhé'/v m- LnTortFoe? wirk
%gcfawwéyn}%ﬁ u'?":wwu ~ SOHACE Pol WS SECURER 1re THE &0 /0 Roniin:
~Lich HSOHOLY AT D14 560 H0 2PMATED 43 DIVErTO 1A TR THE PRIPS,

> D'M ‘ph 4 Of Blﬂ"&b ﬁd&gﬁm"y “ Floakt intsetoce
be N
e;czx‘ anzvghaggﬂh: ;gt;rce gsitlon /” THa sirton

Ef't»:

Enginéering: I/ '

: Describe muhs of radlography /Vﬂ l
] = Dewce’ Aoomxew, ¥ o, Avanww

i B aw« To - Bc _ atm;mau- w/ g .vm-w § Profice0

Complcted by: M

| Date: /p A 7T




AEAT/QSA ) February 1999
Burlington, Massachusetts

Test Plan 84 Data Sheet
DRorP Z

Test Unit Model/Serial No.: £65 SN 62 Specimen/Test: 7PFY (5 ) /Fyrcrvies

Test Date: /7Man 99 | Test Time: 27 S TestPlanStepNo.: &, /0, 3

Describe drop orientation and drop height:
DAop on Pavcruad BAR, FRom %5t ~ TArceT Bewr1 Pmer

Piﬂ F(G“ﬂé' 9.10.3:/

Describe impact (location, rotation, etc.):

-DAW A - Tnegcr AT BEBI) PORT BaT DFVIEE
Sact THAY Pakerua €-BAL D10 waT Rovete BEVry 1P e

: _ i N
—0ayPB~ Irpper AT [(Bersrr foar wiTt! EBE €6 of 8A
B Ay of Aence Mndiy

ROTHTED BPE ﬁ“uu"_) L“"‘P'

a/;

dalc o el

Describe on-site inspection (damage, broken parts, etc.): -
—Orep A = WATrESS MR onr LEGS - PEViES FELL
HarDLE = Mo grroe DAAGE AL hmry

e A Bolbr oF ro’ 0n beAm Pf)"f - A%
Wirwess o on g & _1°;J o A _ _
: 28 For Puc/cTnd e BACFRSHT - /O OhArisce
8enrt pﬁ%pom /w;aDFFun

OVER RFTOCERP BT DETMING

~rel’ 8-

?,na-:“,?f;es-smg‘ﬁnn 7 whs raT Tar DESATY) ORI ENIBTIory — REPII-T—PRIP

~DAo P B ~ Dgnice FriBel L TH W0 BRIFSN PORTS = ConTrime” it TH
PLAMPED TEIT S EgecveT A0 Or2 1 rn T AN on”
,

Engineeﬁng?ﬁ%?/ , Regulatory; %"Mﬂ@\: D.A/.A/au!} /17mMARrA9.
st-t

Describe any po disassembly and inspection:

V74

Describ/e‘}% change in source position:

Describe results of radiography:

Vi

P WY
Completed by: A lgldar U /f{ #vr0— | Date: /7 H8R.79
. L4 : 7

eva—_y.




AEAT/QSA
Burlington, Massachusetts

February 1999

Test Plan 84 Data Sheet

Test Unit Model/Serial No.: 8¢ $ SA) 52

Specimen/Test: TP ¢ CB) Runicrrnas™
Test Date: /7 MAR. 99 | Test Time: 2:3$ TestPlan StepNo.: &, 12, %
Describe drop orientation and drop height:

Drop or Pancine Bak ~Fusr oM Lot — P 45F (per Fip ﬂ/a,%a

Describe impact (location, rotation, etc.):

TZmpnc o loch  (per Fpare 818 {f;/)

Describe on-site inspection (damage, broken parts, etc.):

/]/o 0_00/77/,‘//9; (Dm,; g& 7o 0&»&06'_‘ Frer7 /’an/:/]‘alab’hg/fi ﬂﬂ/ﬂ

On-site assessment:
Pevec

1S Zaie); —Ao BRIKONS I rMSSIV G [757eTS

17 71627 '
Engineering:ﬂ//%fﬂw 7Regulatory: /’ﬂ/é 1240691 QA: D. . &“A} 17me99y

Describe anyost-testeisassembly and inspection:”
A InsiAe Conler BATS NnW,\wﬂwl/y - /‘_fo/uuv(“.ﬁ‘.n on
Aoyt

P rents sF sienn ln-G
fdoﬁ‘k"‘ COI"' BoeTs ROWMIYWMOV/& -J,n/((m JF Shear {)‘/,” é',/fr ) g/wﬁ
site of loch — Cover bolts holes also distuder i Fies e (venfioms,
B ;//»7 Jesrone Gre- K‘*W/’l#rm”y/' Frnmer covér rem o
Y9001

o agpliecl ts actrntoe — st stands b mooe $hn shyes(1nA

ey Pohid
Connecterl Fo sonne r;/wla'én l;M,,‘, pysl/h‘b - 0/&% /ﬂ/#vaa‘\ n /M-
—Loch Axsombhy i 4 Fnmerron?ie

T Derndiot AoSEMBLY SUGHILY At LENNED TowdRDS Lpett S10¢E — Uhis IO
Tor (AMT & BaTS or 5106 OMPOSITE COLR EThese boll protf 10T TENSIOV

ﬂt’/‘Mﬂ//)’

“Rerpsrine MENIED - Srwess” AI0D s dD -
Asoracy &2l DANAGCPD o
- “"""’4’; o Hor ssat DN OF TP wHOE RBcTUbIt AVHH S0

o SMHIEVOSY POSITINV = coelt

Describe any change in source position:
~ Sonrc

RO AASerBLy VETHRID rar 19¢ LoD Rridors

Describe results of radiography:
—Devie€ Rno106 RAPHT AT RORAVD

.—/0/49
DEVEE 10 3¢ AT -A31 PABIP) Wl 13 LIVe™ SAUAeE ArT PR PD

Completed by: W/%W | Date: /77 /76r.Z<
=

- QP R




APPENDIX D

TEST PHOTOGRAPHS

TAREGULATE\OId Regulate\WPA\WORD\Type B\865\TP 84 865\TP84 report Final. DOC
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Safety Analysis Report for the Model 865 Transport Package

QSA Global Inc. 24 August 2006 - Revision 9
Burlington, Massachusetts Page 2-45

Section 2.12.3 Appendix:  Model 865 Finite Element Analysis (June 2000).




MPR Associates, Inc.
'A‘M pR 320 King Street
~ Alexandria, VA 22314
CALCULATION TITLE PAGE
Client '
AEA Technology QSA, Inc. Page 1 of 46
(Attachments 1, 2)
Project _ o Task No.
Type B Projector Qualification 420-0001-004-0
Title » . Calculation No.
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1.0 PURPOSE

The purpose of this calculation is to document a finite element analysis of the AEA Technology
Model 865 Projector for the thermal requirements of 10CFR71.73.4. The Model 865 Type B Projector
is designed for radiographic inspections. The projector is shown on Figures 1 and 2.

10CFR71.73 specifies hypothetical accident conditions for which the projector must be designed. The
thermal accident conditions include immersion in a 1475°F fire for 30 minutes. The acceptance criterion
for the test is that there is not a significant increase in radiation levels external to the package following a
hypothetical accident. For this calculation, the acceptance criterion is considered to be met if the
calculated strains in the stainless steel components which contain the depleted uranium shield are less than
the strain corresponding to the material ultimate strength at the test temperature.

2.0 SUMMARY OF RESULTS

Figure 3 shows contours of the stress intensity profile in the projector at 3 minutes, the time of maximum
stress during the transient. The maximum stress intensity is 28 ksi. Figure 4 shows contours of total
strain at 3 minutes. The maximum strain is less than 3%. This strain is considerably less than the strain at
failure (40 to 50%) for stainless steel at a temperature of 1475°F.

An additional elastic-plastic stress pass was made at a time of 30 minutes to confirm that there is
sufficient material strength at the highest temperatures to react the primary pressure loads. The maximum
calculated total strain at 30 minutes is Jess than 1%.

3.0 APPROACH

A three-dimensional finite element model of the projector was developed with the ANSYS computer
program (Reference 1). The projector components included in the model are:

e Projector Weldment

e Shield

e Upper and Lower Shield Collars

o Upper and Lower Shield Support Rings

¢ Handle

¢ Housing Support Legs

MPR QA Form: QA-3.1-3. Rev. 0
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Actuator Assembly Components, including:
— Actuoator Base
- Actuator Body Weldment
— Actuator Flange
-~ Actuator Guard

Shipping Cover
Source Tube
Source Rod and Capsule Holder

Half (180 degrees) of the projector was modeled based on geometric and loading symmetry.

A three-part sequential analysis technique was used. In the first part of the analysis, a thermal transient
analysis was performed to calculate temperature profiles within the projector as a result of immersion in a
fire. Radiation and convective heat transfer modes were considered. In the second part of the analysis,
stresses in the projector components due to the calculated temperature profiles were determined on an
elastic basis at several times during the transient. In the third part of the analysis, at the time of maximum
elastic stress due to temperature, a final analysis was performed with elastic-plastic material properties.
The effects of bounding internal pressure were included in the final analysis.

4.0 FINITE ELEMENT MODEL

4.1 Geometry

One half of the transport package is modeled. Figures 5 through 8 show the finite element model
components. Dimensions for the model are from References 2 through 22. Figures 9, 10 and 11 show
key-point numbers for a cross section of the model. Keypoint coordinates for the cross sections are listed
in Attachment 1 to this calculation.

The model is meshed with hexahedral (SOLID70 for thermal; SOLID4S5 for structural) and tetrahedral
elements (SOLID87 for thermal; SOLID92 for structural). A surface effect element (SURF152) is used
on the outside of the model to facilitate the application of the thermal boundary conditions.

The transport package includes thin brass shield support rings that separate the depleted uranium from
the stainless steel. These rings are modeled explicitly and are assumed to completely fill the gap between
the depleted uranium shield and the upper/lower shield collars. Perfect thermal contact is assumed

MPR QA Form: QA-3.1-3. Rev. 0




MPR Associates, Inc.
AAMPR 320 King Stree
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: 6

420-004-AAB-1 Revision: 0

between the stainless steel on one side and the depleted uranium on the other. Structurally, these rings
provide little mechanical resistance due to the low strength of brass at high temperature.

4.2 Material Properties

The projector weldment (including the upper and lower shield collars), housing handle, housing support,
actuator assembly (including the actuator base, actuator body weldment, and the actuator flange),
shipping cover, and the actuator guard are constructed from 304 stainless steel. Depleted uranium is
used for the shield. Thin brass shield support rings are used between the stainless steel and uranium. The
entire source rod/capsule holder assembly is modeled as tungsten. A brass tube separates the tungsten
source rod from the depleted uranium shield. Material properties for these four materials from
References 23 through 26 are used in the model and are listed in Attachment 2 to this calculation. The
properties are temperature dependent for all but brass.

The mechanical strength of the brass at elevated temperature is assumed to be negligible. Accordingly,
the elastic modulus for this material was set to 1000 psi.

Elastic-plastic material properties for the stainless steel components were used for the final analysis runs.
Bi-linear stress strain curves as a function of temperature were input. The yield stress values used are
shown in Table 4-1. A tangent modulus (slope of the stress strain curve in the plastic region) of

5x10° psi was used for each curve.

Table 4-1
Yield Stress Values for 304 Stainless Steel (Reference 17)

300 22.39
600 18.27
900 16.21
1200 14.20
1500 9.50

4.3 Thermal Boundary Conditions

Thermal boundary conditions representing immersion in a fire at 1475°F were applied to the finite element
mode] on all exterior surfaces. These surfaces include the outer surfaces of the housing and shipping
cover. The bottom of the lower shield collar was also heated (i.e., the projector is assumed to be
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suspended in the fire). The symmetry plane of the model was represented by a no heat flow condition

(i.e., insulated).

Radiation and convection heat transfer modes were included to account for heat flow from the fire to the
projector. For radiation, the outer surfaces of the projector were conservatively assumed to be black
bodies; absorbing all radiation. An absorptivity/emissivity of 1.0 was assumed for the exterior surfaces.
A form factor of 1.0 for the exterior surfaces was assumed indicating the cask is fully engulfed by the fire.
Based on a review of typical fossil-fired furnace design coefficients, a heat transfer coefficient of 20
BTU/hr-ft>-°F was assumed on the exterior surfaces for convection. The shield, brass source tube, and
the source rod/capsule holder assembly were assumed to be in perfect thermal contact with each other.

Heat flow across the air gaps inside the projector was also considered. The AUX12 radiation matrix
generator within ANSYS was used to generate matrices of form factors (view factors) between the
radiating internal surfaces of the projector. The hidden-line algorithm in AUX12 was used to calculate
the form factors. This algorithm determines which elements are “visible” to every other element (a
“target” element is visible to a “viewing” element if their normals point toward each other and there are
no blocking elements). Each radiating or “viewing” element is enclosed in a unit hemisphere. All
‘target” or receiving elements are projected onto the hemisphere. To calculate the form factor, a
predetermined number of rays (20 in the present analysis) are projected from the viewing element to the
hemisphere. Thus, the form factor is the ratio of the number of rays incident on the projected surface to
the number of rays emitted by the viewing element. The radiation matrices were then used as
superelements (MATRIXS0) in the thermal analysis. Convective heat transfer in the confined space

within the projector was assumed to be negligible.

44  Structural Boundary Conditions

Structural boundary conditions were applied to the projector finite element model to determine thermal
expansion stresses and stresses due to internal pressure. Thermal expansion stresses result from

differential thermal expansion of the projector components.

Pressure stresses result from the air inside the projector weldment heating up and expanding (according
to the ideal gas law). It was conservatively assumed in this analysis that the projector weldment is
pressurized, ie., it is assumed that the air in the projector weldment is not vented through the projector
label plate rivet holes. The shipping cover is not air-tight and the volume within the cover is not
pressurized. This approach results in the maximum differential pressure across the upper shield collar.

Internal pressures were applied in the final elastic-plastic ahalyses. The bounding value of the applied

pressure is determined as follows:
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T2, _ (1475 +460)

P2=—P1 =
T (70 4+ 460)

15 = 55 psi

Displacements are constrained at the plane of symmetry in the direction normal to the plane of symmetry
(y direction), along a vertical line through the origin in the x direction , and at a single node on the
bottom of the lower shield collar in the z direction.

5.0 RESULTS
5.1 Thermal

Figures 12 through 16 show temperature profiles in the projector at selected times during the temperature
transient. At three minutes into the transient (Figure 13) the exterior surfaces of the shipping cover and
the housing have heated up to nearly 1300°F. The handle and the housing support have heated up to
nearly 1475°F, However, the inside of the projector is still relatively cool. By 30 minutes, the projector
has nearly reached an equilibrium temperature of 1475°F.

52 Stress

Figures 17 through 23 show contours of stress intensity in the projector at selected times during the
temperature transient. These stresses were calculated with elastic material properties and do not include
pressure loads. This phase of the analysis was used to identify the time of maximum thermal stress. The
maximum thermal stress intensity occurs at 3 minutes and is located in the projector weldment shell near
the sharp comer of the lock cut-out.

As shown in Figure 19, high stresses occur at the connection between the projector weldment shell and
the upper shield collar. This is due to the expansion of the projector weldment shell which is restrained
by the cooler upper shield collar. The maximum calculated elastic stress of 273 ksi occurs at the sharp
comner of the lock cut-out due to stress concentration effects. This maximum stress would not occur in
the projector weldment subjected to the specified thermal conditions because the stainless steel shell
material would yield and relieve the stress. These thermal expansion stresses are secondary and the
maximum stress intensity does not occur in the material that forms the containment boundary around the
depleted uranium shield.

To obtain a more realistic picture of the stress and strain condition in the projector, the stress pass was
repeated at the time of maximum elastic thermal stress, 3 minutes, with elastic-plastic material properties.
Pressure loads were included in this stress pass. Figures 3 and 4 show contours of stress intensity and
total (elastic + plastic) strain. The maximum stress is reduced from 273 ksi to 28 ksi due to yielding in
the material. The maximum calculated strain of less than 3% occurs near the lock cut-out in the projector

MPR QA Form: QA-3.1-3, Rev. 0




MPR Assoclates, Inc.
WMPR
Alexandria, VA 22314

Calculation No. Prepared By Checked By Page: 9
420-004-AAB-1 Revision: 0

shell which is also the location of maximum elastic stress intensity. The beam window in the projector
shell, where the shell thickness reduces from 0.12" to 0.06", experiences a maximum strain of less than
2%. Material testing shows that 304 stainless steel at 1475°F will not rupture until the strain reaches 40
to 50% (Reference 27). Consequently, a strain of less than 3% is judged to be acceptable.

An elastic-plastic stress pass was made at a time of 30 minutes to confirm that there is sufficient material
strength at the highest temperatures to react the primary pressure loads. Figure 24 shows that the stress
results are bounded by the stresses at 3 minutes. The maximum calculated total strain at 30 minutes is
less than 1%.

An additional elastic stress pass was made with the containment boundary subject to an internal pressure
load of 55 psi and a uniform temperature of 70°F to evaluate the effect of the pressure load alone on the
containment boundary. The beam window with a reduced shell thickness of 0.06" was a location of
particular interest. As seen in Figure 26, the maximum elastic stress intensity of 5 ksi occurs due to stress
concentration at the connection between the actuator and the upper shield collar. The beam window
experiences a stress intensity of less than 4 ksi. These stresses are judged to be acceptable.

6.0 REFERENCES

1. ANSYS Finite Element Analysis Computer Program, Version 5.6 installed on a Sun Ultra 2
workstation running the Solaris 7 operating system. The ANSYS installation verification is
documented in QA-56-1

AEA Drawing No. 86500, Typc B Underwater Projector, Rev. F
AEA Drawing No. 86500-14, Model 865 Outline Dimension, Rev. A
AEA Drawing No. 86501, Projector Weldment, Rev. G

AEA Drawing No. 86502, Housing Weldment, Rev. J

AEA Drawing No. 86501-6, Shield Collar, Lower, Rev. D

AEA Drawing No. 86502-3, Shield Collar, Upper, Rev. C

AEA Drawing No. 86501-1, Shield Support Ring, Lower, Rev. B
AEA Drawing No. 86501-2, Shield Support Ring, Upper, Rev. B
10. AEA Drawing No. 86502-1, Housing Support, Rev. C

11. AEA Drawing No. 86502-2, Handle, Rev. B

12. AEA Drawing No. 86505, Actuator Base Sub-Assembly, Rev. C
13. AEA Drawing No. 86505-1, Actuator Base, Rev. C
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17. AEA Drawing No
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McGraw-Hill (Properties for Tungsten and Uranium obtained from Chapter 2 - Thermophysical

22. AEA Drawing No

Properties).
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. 86500-8, Shipping Cover, Rev. D
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TOTAL WT: 589,185 (27 Ke)

Figure 1
Isometric View of Model 865 Type B Projector
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PLOT NO. 1
NODAL SOLUTION
TIME=180
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DMX =.125676
SMN =13.084
SMX =27837
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Model 865 - Plastic Analysis

Figure 3
Model 865 Stress Intensity Profile at 3 Minutes
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Model 865 - Plastic Analysis
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Figure 4
Model 865 Strain Intensity Profile at 3 Minutes
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1 AN
Model 865

Figure §
Model 865 Finite Element Model
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% AN
Model 865

Figure 6

Model 865 Finite Element Model — Projector Weldment (includes the Upper and Lower Shield Collars),

Housing Support, Handle, Actuator Assembly (includes Actuator Base, Actuator Body Weldment, and
Actuator Flange), Actuator Guard, and Shipping Cover.
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Figure 7

Model 865 Finite Element Model — Shield
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Model 865

Figure 8
Model 865 Finite Element Model — Source Rod/Capsule Holder Assembly and Source Tube
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Model 865
Figure 9
Geometric Keypoints — Projector Weldment, Handle, Housing Support, Actuator Assembly, Actuator
Guard, and Shipping Cover
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Model 865
Figure 10

Geometric Keypoints — Shield
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Figure 11

Geometric Keypoints — Source Rod/Capsule Holder and Source Tube
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