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Test Paragraph Specimen Diagram
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8.5 Compression Test (10 CFR 71.71(c)(9))

The first test is the compression test, per 10 CFR 71.71(c)(9), in which the package is placed under a load
of 455 pounds which is greater than five times the maximum package weight and greater than 2 1bf/in’
multiplied by the vertically projected area:

5x 90 1bf =450 Ibf

8 1~ wide x 10” long x 2 Ibf/in? = 165 Ibf
Refer to Equipment List 1 for information about required tools. Use Checklist I to ensure that the test

sequence is followed. Use Data Sheet I to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.6.1 Compression Test Setup
To prepare a specimen for the compression test:
1. Review the setup shown in Figure 2.

2. Place the specimen on a concrete surface oriented in its normal, upright transport
position.

3. Gradually place 455 to 465 pounds uniformly distributed onto the specimen as
shown in Figure 2.

4. Test specimen in accordance with Checklist 1.
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Figure 2. Compression Test Setup
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8.6

8.5.2 Compression Test Assessment

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

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

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

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

4. Evaluate the condition of the specimen to determine if changes are necessary in the
package orientation for the penetration test to achieve maximum damage.

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

The compression test is followed by the penetration test, per 10 CFR 71.71(c)(10), in which a penetration
bar is dropped from a height of at least 40 inches to impact a specified point on the package. The bar is
dropped through free air.

Refer to Equipment List 2 for information about required tools. Use Checklist 2 to ensure that the test
sequence is followed. Use Data Sheet 2 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.6.1 Penetration Test Setup
This test requires that the test specimen be at -40°C or below at the time of the penetration bar
release. The worksheet calls for measuring and recording the specimen temperature before and
after the test.
To set up a package for the penetration test:
1. Place the specimen on the drop surface (Drawing AT10122, Revision B) and
position it according to the orientation described in the next section. Use shims to

position the package, if necessary.

2. Position the penetration bar shown in Drawing BT10129, Revision B, directly above
the specified point of impact, and raise the bar 40 to 42 inches above the target.

3. Measure the specimen’s internal and surface temperature to ensure that the package
is at the required temperature.

4. Test specimen in accordance with Checklist 2.
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8.6.2 Penetration Test Orientation

The 650L package is placed horizontally, long side down on the drop surface specified in Drawing
AT10122, Revision B. The orientation of the package is shown in Figure 3. The desired impact
point is on the long side of the outer shell, directly above the center of gravity of the package, to
try to penefrate the shells.

Other orientations for this specimen were considered including the normal transport position. In
the normal transport orientation, the lock assembly is protected by the 0.135” thick steel outer lid.
The penetration bar dropped from four feet would cause only minor damage to the outer lid.
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Figure 3. Penetration Test Orientation
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8.6.3 Penetration Test Assessment

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

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

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

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

4. Evaluate the condition of the specimen to determine if changes are necessary in the
package orientation for the 1.2 meter (4 foot) free drop test to achieve maximum damage.

8.7 1.2 Meter (4 Foot) Free Drop Test (10 CFR 71.71(c)(7))

The final Normal Transport Conditions test is the 1.2 meter (4 foot) free drop as described in

10 CFR 71.71(c)(7). The drop compounds any damage caused in the first two tests. Upon completion of
this step, the first intermediate test inspections will be performed.

Refer to Equipment List 3 for information about required tools. Use Checklist 3 to ensure that the test

sequence is followed. Use Data Sheet 3 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.71 1.2 Meter (4 Foot) Free Drop Test Setup

In this test, the package is released from a height of four feet and lands on the steel drop surface
specified in Drawing AT10122, Revision B.

This test requires that all test specimen be at -40°C or below at the time of impact. Follow the
instructions in the appropriate checklist for measuring and recording the test specimen temperature
before and after the drop.
To set up a package for the 1.2 meter (4 foot) free drop test:

1. Use the drop surface specified in Drawing AT10122, Rev. B.

2. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.

3. Place the specimen on the drop surface and position it according to the appropriate
orientation:

» Refer to Figure 4 for the Specimen TP80(A) package orientation
e  Refer to Figure 5 for the Specimen TP80(B) package orientation
e  Refer to Figure 6 for the Specimen TP80(C) package orientation

4. Align the selected center-of-gravity as shown in the referenced drawing.
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5. Raise the package so that the impact target is 4.0 to 4.5 feet above the drop surface.

6. Test specimen in accordance with Checklist 3.

8.7.2 1.2 Meter (4 Foot) Free Drop Test Orientation,
Specimen TP80(A)

The impact surface of Specimen TP80(A) is horizontal, long-side down.
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Figure 4. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP80(A)
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8.7.3 1.2 Meter (4 Foot) Free Drop Test Orientation, Specimen
TP80(B)

The impact surface for Specimen TP80(B) is vertical, upside down,
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Figure 5. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP80(B)
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8.7.4 1.2 Meter (4 foot) Free Drop Test Orientation, Specimen
TP80(C)

The impact surface for Specimen TP80(C) is the top (lid) corner.
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Figure 6. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP80(C)
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8.7.5 1.2 Meter (4 Foot) Free Drop Test Assessment

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

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

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.71.

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

4. Evaluate the condition of the specimen to determine if changes are necessary in
package orientation for the 9 meter (30 foot) free drop to achieve maximum damage.

5. Measure and record any damage to the test specimen.

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

8.8 First Intermediate Test Inspection

Engineering, Regulatory Affairs, and Quality Assurance team members will make an assessment of the
test specimen and jointly determine whether the specimen meets the requirements of 10 CFR 71.71.

8.9 9 Meter (30 Foot) Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Conditions test is the 9 meter (30 foot) free drop as described in
10 CFR 71.73(c)(1). This drop uses the same orientations as the 1.2 meter (4 foot) free drop and
compounds any damage caused in that test.

Refer to Equipment List 4 for information about required tools. Use Checklist 4 to ensure that the test

sequence is followed. Use Data Sheet 4 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.9.1 9 Meter (30 Foot) Free Drop Test Setup

In this test, the package is released from a height of thirty feet and lands on the steel drop surface
specified in Drawing AT10122, Revision B.

This test requires that the test specimen be at -40°C or below at the time of impact. Follow the
instructions in the appropriate checklist for measuring and recording the test specimen temperature
before and after the drop.
To set up a package for the 9 meter (30 foot) free drop test:

1. Use the drop surface specified in Drawing AT10122, Rev. B.

2. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.
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3. Place the specimen on the drop surface and position it according to the appropriate
orientation:

e Refer to Figure 7 for the Specimen TP80(A) package orientation

e  Refer to Figure 8 for the Specimen TP80(B) package orientation

e  Refer to Figure 9 for the Specimen TP80(C) package orientation
4. Align the selected center-of-gravity marker as shown in the referenced drawing.
5. Raise the package so that the impact target is 30 to 31 feet above the drop surface.

6. Test the specimen in accordance with Checklist 4.
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8.9.2 9 Meter (30 Foot) Free Drop Test Orientation, TP80(A)

The impact surface for Specimen TP80(A) is horizontal, long-side down. This orientation is the
same as the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(A).
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Figure 7. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP80(A)
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8.9.3 9 Meter (30 Foot) Free Drop Test Orientation, Specimen
TP80(B)

The impact surface for Specimen TP80(B) is vertical, upside down. This orientation is the same
as the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(B).
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Figure 8. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP80(B)
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8.9.4 9 Meter (30 Foot) Free Drop Test Orientation, Specimen
TP80(C)

The impact surface for Specimen TP80(C) is the top (lid) corner. This orientation is the same as
the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(C).
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Figure 9. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP80(C)
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8.95 9 Meter (30 Foot) Free Drop Test Assessment

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

1. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73, and in accordance with the impact orientation and other conditions
specified in this plan.

2. Make a preliminary evaluation of the specimen relative fo the requirements of
10 CFR 71.73.

3. Perform an assessment to determine if any change in puncture test orientation is
necessary in order to sustain maximum specimen damage during the Puncture Test,
and document.

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

The 9 meter (30 foot) free drop is followed by the puncture test, per 10 CFR 71.73(c)(3), in which the
package is dropped from a height of at least 40 inches onto the puncture billet specified in the Drawing
CT10119, Revision C.

The billet is to be bolted to the drop surface used in the free drop tests. The 12-inch high puncture billet
meets the minimum height (8 inches) required in 10 CFR 71.73(c)(3). The specimen has no projections or
overhanging members longer than 8 inches, which could act as impact absorbers, thus allowing the billet to
cause the maximum damage to the specimen. '

Refer to Equipment List 5 for information about required tools. Use Checklist 5 to ensure that the test

sequence is followed. Use Data Sheet 5 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

This test requires that the test specimen be at -40°C or below at the time of impact. Follow the instructions
in the appropriate checklist for measuring and recording the test specimen temperature before and after the
drop.

8.10.1  Puncture Test Setup

To set up a test specimen for the puncture test:

1. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.

2. Place the specimen on the drop surface and position it according to the appropriate
orientation (unless the 9 meter Test Assessment selects different orientations):

e  Refer to Figure 10 for the Specimen TP80(A) package orientation
s  Refer to Figure 11 for the Specimen TP80(B) package orientation
e  Refer to Figure 12 for the Specimen TP80(C) package orientation

3. Check the alignment of the specified center-of-gravity marker with the targeted point of
impact.
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4. Raise the package so that there are 40 to 42 inches between the package and the top of the
puncture billet.

5. Test the specimen in accordance with Checklist 5.

8.10.2 Puncture Test Orientation, Specimen TP80(A)

The impact surface for Specimen TP80(A) is the horizontal, long-side of the outer shell.
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Figure 10. Puncture Test Orientation, Specimen TP80(A)
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8.10.3  Puncture Test Orientation, Specimen TP80(B)

The impact surface for Specimen TP80(B) is the underside of the top plate. The puncture bar
should impact the corner of the plate on the lid bolt.

Lift Cable

Lift Cable
Attachment

Test
Specimen

Center of Gravity

Impact Surface /

on Corner Lid Bolt

40 T g Inches

Puncture Blllet\ ~

Attachment Bolts (4)

Drop Surface
Dwg # T10122

Figure 11. Puncture Test Orientation, Specimen TP80(B)
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8.10.4 Puncture Test Orientation, Specimen TP80(C)

The impact surface for Specimen TP80(C) is the bottom of the package.
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Figure 12. Puncture Test Orientation, Specimen TP80(C)
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8.10.5 Puncture Test Assessment

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

1. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73, and in accordance with any other conditions specified in this plan.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

3. Assess the damage to the specimen to decide whether testmg of the specimen is to
continue,.

8.11 Second Intermediate Test Inspection

Perform a second intermediate test inspection of all specimens after the puncture test and before the
thermal test.

1. Measure and record any damage to the test specimen.

2. Determine and record the location of the source.

3. Remove and assess the condition of the simulated source.

4, Reassemble the package using an active source, making sure that the source wire
position and the package configuration are the same as they were immediately after

the puncture test.

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

6. Reassemble the package using the same simulated source used in the specimen
during the previous tests.

7. Make sure that the source wire position and the package configuration are the same
as they were immediately after the puncture test.

8. Weigh package.

8.12 Thermal Test (10 CFR 71.73(c)(4))
The final requirement is the thermal test specified in 10 CFR 71.73(c)(4).

Refer to Equipment List 6 for information about required tools. Use Checklist 6 to ensure that the test
sequence is followed. Use Data Sheet 6 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.121 Test Specimen Selection

The specimen(s) selected for thermal testing will be based on an assessment of the damage
sustained by the packages following the puncture test. The selected package testing orientation
will also be determined based on an assessment of the test specimen condition. As a minimum
requirement, the vertical, upside down drop orientation (TP80(B)) will be tested in a vertical, right
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side up orientation for the thermal test. The TP80(B) specimen is most likely to have the source
pull out from its shielded position due to deflection of the top plate during the drop tests and
melting of lead shielding/shims below the DU shield during the thermal test.

8.12.2 Thermal Test Setup

To ensure sufficient heat input to the test specimens, the oven will be pre-heated to a temperature

of not less than 810°C. This temperature, above the required 800°C, includes an allowance for
measurement uncertainty.

The test environment is a vented electric oven capable of creating a time weighted average
temperature of 800°C.

Thermocouples will be attached to the specimen top, bottom, and 2 side surfaces. The 2 side
surface thermocouples will be positioned 180° apart, facing the front and back of the oven. A fifth
thermocouple will be inserted into one of the source tubes to measure source changer internal
temperature. The external thermocouples will be shielded from the radiant heat of the oven so that
the surface temperature of the source changer can be accurately measured.

When the oven has been pre-heated to 810°C, the package will be placed in the oven in the
orientation determined to be worst case, per Section 8.10.2. When the temperature of the source
changer surface has risen to no less than 810°C, the test will start. The package will remain in the
oven for a period of 30 minutes after the start of the test.

To allow for combustion of the foam during the thermal test, the oven door will remain slightly
open. It has been determined that a gap of one inch at the top and bottom of the oven door allows
airflow into the oven and allows the oven to maintain its temperature. The oven door is 36 inches
long. As aresult, there will be about a 36 square inch opening at both the top and bottom of the
furnace door. This allows for the natural convection of air into the furnace.

If the specimen is burning when the oven is opened, the unit will be allowed to extinguish by itself
and then cool naturally. Although solar radiation assumed during a hypothetical accident could
reduce the rate of package cooldown, such a reduction in cooldown rate is considered to have a
negligible effect on the package compared with the 30 minutes of exposure to 810°C. This test
plan, therefore, does not require insolation effects to be explicitly modeled during package
cooldown. Appropriate measures should be taken to avoid the radiological risks associated with
this potential hazard. The final evaluation of the package is performed when the specimen reaches
ambient temperature.

8.12.3 Thermal Test Procedure

To perform the thermal test:
1. Attach the thermocouples to the test specimen’s measurement locations.
2. Preheat the oven temperature to not less than 810°C.

3. When the oven temperature is stable at above §10°C, place the specimen in the oven,
and partially close the door.

4. 'When the temperature of the surface of the specimen rises above 810°C, start the 30-
minute time interval.
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5. Throughout the test, measure and record the oven and the test specimen
temperatures,
6. Atthe end of the 30 minute time interval, open the oven door and shut off the oven.
WARNING: If the package is burning, appropriate safety measures must be in
place to avoid the risks associated with burning polyurethane foam and/or depleted
uranium. Consult with the oven operator and other appropriate personnel.
7. Allow the package to self-extinguish and cool.
8. Record any damage to the package and make a photographic and radiographic record
of shield position and damage.
8.12.4 Thermal Test Assessment

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

1.

Review the test execution to ensure that the test was performed in accordance with

10 CFR 71.73 and the test conditions specified in this plan.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

8.13 Final Test Inspection

Perform the following inspections after completion of all the required testing:

1. Measure and record any damage to the test specimen.
2. Determine and record the location of the source.
3. Remove and assess the condition of the simulated source.

4, Reassemble the package using an active source, making sure that the source wire

position and the package configuration are the same as they were immediately after

the thermal test.

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

6. Document and assess the radiation level at one meter from the surface of the
package.

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

8. If proceeding with the inspection, record and photograph the process of removing
any component.

9. Measure and record any damage or failure found in the process of dismantling the
test specimen. -
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Engineering, Regunlatory Affairs, and Quality Assurance team members will make a final assessment of
the test specimen and jointly determine whether the specimen meets the testing requirements of 10 CFR 71.
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9.0 Worksheets

Use the following worksheets for executing these tests. There are three worksheets for each test: an
equipment list, a test procedure checklist, and a data sheet.

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

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

Make copies of the forms for additional attempts. Maintain records of all attempts.
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Specimen Preparation List

Step _ TP80(A) TP80(B) TP8O(C)

1. Serial Number:
2. Total weight of package (Ib):
3. Location of simulated source from top plate (in):
4. Location of lead shielding:
S. All fabrication and inspection records

documented in accordance with the AEAT QA

Program?
6. Does the unit comply with the requirements of

Drawing R-TP80, Revision D?

7. Has the radiation profile been recorded in
accordance with AEAT QSA Work
Instruments WI-Q09?

8. Is the package prepared for transport?
Verified by: Print Name: Signature: _ Date:
Engineering
Regulatory Affairs
Quality Assurance
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Equipment List 1: Compression Test

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

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

Print Name:

Signature:

Date:

Completed by:

Verified by:
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Checklist 1: Compression Test

Step

TP80(A)

TP80(B)

TP8O(C)

Position the specimen on concrete surface, per the appropriate drawing.

Figure 2

Figure 2

Figure 2

Measure the ambient temperature.

Note the instrument used:

Apply a uniformly distributed weight of 455 to 465 pounds on the top of the lid

for a period of 24 hours.

Record the actual weight:

Note the instrument used:

Record start time and date:

After 24 hours, remove the weight.

Record end time and date:

Measure the ambient temperature.

Note the instrument used:

Photograph the test specimen and record any damage on Data Sheet 1.

Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 1.
Determine what changes are necessary in package orientation for the penetration

test to achieve maximum damage.

Verified by:

Print Name: Signature:

Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 1: Compression Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.5

Describe test orientation and setup:

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 2: Penetration Test

Enter the Model and Serial Attach Inspection Report or

Description Number Calibration Certificate
Penetration Bar Drawing BT10129, Rev. B
Drop Surface Drawing AT10122, Rev. B
Thermometer
Thermocouple
Thermocouple

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

Print Name: Signature: | Date:

Completed by:

Verified by:
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Checklist 2: Penetration Test

TP80(C)

Step TP80(A) | TP80(B)
1. Immerse the test specimen in dry ice or cool in freezer as needed to bring specimen
temperature below —40°C.
2. Position the package as shown in the referenced figure, or by Step 7, Checklist 1. Figure 3 | Figure3 | Figure 3
3. Begin video recording of the test.
4. Inspect the orientation setup and verify the bar height.
5.  Photograph the set-up in at Jeast two perpendicular planes.
6. Measure the ambient temperature and the specimen's internal and surface
temperatures. Ensure that the specimen is at the specified temperature.
Record the ambient temperature:
Note the instrument used:
Record the specimen's internal temperature:
Note the instrument used:
Record the specimen's surface temperature:
Note the instrument used:
7.  Drop the penetration bar.
8.  Check to ensure that penetration bar hit the specified area.
9. Measure the specimen's surface temp. Ensure that specimen is at specified temp.
Note the instrument used:
10. Photograph the test specimen and record any damage on Data Sheet 2.
11. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 2.
Determine what changes are necessary in package orientation for the 1.2 meter (4
foot) free drop to achieve maximum damage.
Verified by: Print Name: Signature: Date:
Engineering
Regulatory Affairs

Quality Assurance
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Data Sheet 2: Penetration Test

Test Unit Model and Serial Number:

Test Specimen:

Test Date:

Test Time:

Test Plan 80 Step No.: 8.6

Describe test orientation and setup:

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

u

Engineering:

Regulatory:

QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by:

Date:
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Equipment List 3: 1.2 Meter (4 Foot) Free Drop

Description

Enter the Model and Serial
Number

Attach Inspection
Report or
Calibration Certificate

Drop Surface

Drawing AT10122, Rev. B

Thermometer

Thermocouple

Thermocouple

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

Print Name:

Signature:

Date:

Completed by:

Verified by:
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Checklist 3: 1.2 Meter (4 Foot) Free Drop

Step

TP80(A)

TP80(B)

TP80(C)

Immerse specimen in dry ice or cool in freezer to bring specimen below —40°C.

Measure the ambient temperature.

Note the instrument used:

Attach the test specimen to the release mechanism.

Begin video recording of the test.

Measure specimen internal and surface temps. Ensure specimen is at specified temp.

Record the specimen’s internal temperature:

Note the instrument used:

Record the specimen’s surface temperature:

Note the instrument used:

Lift and orient the test specimen as shown in the specified referenced figure.

Figure 4

Figure 5

Figure 6

Inspect the orientation setup and verify drop height.

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

W[ 2o

Release the test specimen.

Measure specimen internal and surface temps. Ensure specimen is at specified terap.

Record the specimen’s internal temperature:

Note the instrument used:

Record the specimen’s surface temperature:

Note the instrument used:

11.

Photograph the test specimen and record any damage on Data Sheet 3.

12.

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

13.

Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71, and record on Data Sheet 3. Determine package
orientation for the 9 meter free drop to achieve maximum damage.

Verified by: Print Name: Signature:

Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 4: 9 Meter (30 Foot) Free Drop
Enter the Mode! and Serial Attach Inspection
Description Number Report or
Calibration Certificate

Drop Surface Drawing AT10122, Rev. B

Thermometer

Thermocouple

Thermocouple

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

Print Name:

Signature:

Date:

Completed by:

Verified by:
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Checklist 4: 9 Meter (30 Foot) Free Drop

Step

“TP80(A)

TP80(B)

TP80(C)

Immerse test specimen in dry ice or cool in freezer to bring specimen temperature
below —40°C.

Measure the ambient temperature.

Note the instrument used:

Attach the test specimen to the release mechanism.

Begin Video Recording of the test.

Measure specimen’s internal and surface temps. Ensure specimen is at the specified
temperature.

Record the specimen’s internal temperature:

Note the instrument used:

Record the specimen’s surface temperature:

Note the instrument used:

Lift and orient the test specimen as shown in the specified referenced figure.

Figure 7

Figure 8

Figure 9

Inspect the orientation setup and verify drop height.

- Photograph the setup in at least-two perpendicular planes.

o [N

Release the test specimen.

. Measure specimen's internal and surface temps. Ensure specimen is at specified

temperature.

Record the specimen’s internal temperature:

Note the instrument used:

Record the specimen’s surface temperature:

Note the instrument used:

1.

Photograph the test specimen and record any damage on Data Sheet 4.

12.

Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 4. Determine
what changes are necessary in package orientation for the puncture test to achieve
maximum damage.

Verified by: Print Name: Signature:

Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 4: 8 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 5: Puncture Test

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

Drop Surface Drawing AT10122, Rev. B

Puncture Billet Drawing CT10119, Rev. C

Thermometer

Thermocouple

Thermocouple

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

Print Name:

Signature:

Date:

Completed by:

Verified by:
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Checklist 5: Puncture Test

Step TP80O(A) TP80(B) TP80(C)
1.  Immerse specimen in dry ice or cool in freezer to bring specimen temp. below —40°C.
2.  Measure the ambient temperature.
Note the instrument used:
3.  Attach the test specimen to the release mechanism.
4.  Begin Video Recording of the test.
5. Measure specimen's internal and surface temps. Ensure that specimen is at specified temp.
Record the specimen’s internal temperature:
Note the instrument used:
Record the specimen’s surface temperature:
Note the instrument used:
6. Lift and orient the test specimen as shown in the specified referenced figure, or as | Figure 10 | Figure 11 | Figure 12
determined during the assessment of the 9 Meter (30 Foot) Drop Test.
7.  Inspect the orientation setup and verify drop height.
8.  Photograph the set-up in at least two perpendicular planes.
9. Release the test spécimen. :
10. Measure the specimen's internal and surface temperatures.
‘Record the specimen’s internal temperature:
Note the instrument used:
Record the specimen’s surface temperature:
Note the instrument used:
11. Photograph the test specimen and record any damage on Data Sheet 5.
12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 5. Determine what
changes are necessary in package orientation for thermal test to achieve maximum
damage.
Verified by: Print Name: Signature: Date:
Engineering
Regulatory Affairs

Quality Assurance
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Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.10

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 6: Thermal Test

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

Bottom Surface Thermocouple 1

Top Surface Thermocouple 2

Side Surface Facing Oven Front Thermocouple 3

Side Surface Facing Oven Rear Thermocouple 4

Source Tube Thermocouple 5

Oven

Oven thermostat

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

Print Name: Signature: Date:

Completed by:

Verified by:
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Checklist 6: Thermal Test

Step TP80(A) | TP8O(B) | TP80(C)

1. Record Test Specimen Serial Number.

2. Preheat the oven to 810°C.

3. Attach the thermocouples as described in Equipment List 6. Ensure the recording
devices are active, and that the external thermocouples are shielded.

4. Place the package in the oven in the worst case orientation and partially close the
oven door such that a 1 inch by 36 inch opening is provided. Record the time.

5. When all of the test specimen’s surface temperatures exceed 810°C, begin the 30-
minute time interval. Record the time.

6. Monitor and record the test specimen and the oven temperatures throughout the 30-
minute period to ensure that they are above 810°C

7. Atthe end of the 30-minute test period, shut off the oven and open the door.
Record the time.

8. Describe.combustion when door is opened.

9. Allow the specimen to cool, then remove the specimen from the oven. Record the
time.

| NOTE: If specimen continues to burn, let it self-extinguish and cool naturally.

10. Measure and record the ambient temperature.

11. Photograph the test specimen and record any damage on data sheet 6.

12. Radiograph the unit to determine the shield location.

13. Measure and record the source location.

14. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 6.

Verified by: Print Name: Signature: Date:

Engineering
Regulatory Affairs

Quality Assurance
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Data Sheet 6: Thermal Test

Test Unit Model and Serial Number; Test Specimen;

Test Date: Test Time: Test Plan 80 Step No.: 8.12

Describe test orientation and setup:

Describe package during testing:

Describe on-site inspection (damage, broken parts, etc.):

On-site assessment:

&

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Appendix A: Drawing R-TP80, Revision D
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1. PURPOSE

This report describes the Type B test results for the Model 650L source changer. These tests
were performed in accordance with Test Plan 80 and were conducted March 15 through

20, 1999. The Test Plan specified testing necessary to demonstrate compliance with the
requirements in 10 CFR Part 71 and IAEA Safety Series No. 6 (1985 as amended 1990) for
“Normal Conditions of Transport” and “Hypothetical Accident Conditions.” Evaluation of the
compliance of the Model 650L with these requirements is provided in the Safety Analysis Report
(SAR).
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SCOPE OF TESTING

Test Plan 80 identified three orientations that could potentially cause the most significant
damage to the Model 650L source changer in the 9 meter (30 foot) drop tests. Therefore, the test
plan required three test specimens. Each of these test specimens was subjected to the tests
described below.

1.

Normal Conditions of Transport Tests per 10 CFR 71.71, including the following for each
test specimen:

a) Compression test, with the test specimen under a load greater than or equal to five times
the Model 650L maximum weight for at least 24 hours.

b) Penetration test, in which a 13.4 1b (6.08 kg) penetration bar is dropped from at least 1
meter (40 inches) onto the test specimen in the most vulnerable location.

c) 1.2 meter (4 foot) drop test, in which the test specimen is dropped in an orientation
expected to cause maximum damage.

Water spray preconditioning of the test specimens prior to testing was not required in the test
plan and is evaluated separately.

. Hypothetical Accident Condition Tests per 10 CFR 71.73, including the following for each

of the test specimens:

a) 9 meter (30 foot) drop test, in which the test specimen is dropped in an orientation
expected to cause maximum damage.

b) Puncture test, in which the test specimen is dropped from at least 1 meter (40 inches)
onto a 6 inch (152.4 mm) diameter vertical bar in an orientation expected to compound
damage from the 9 meter (30 foot) drop test.

c) Thermal test, in accordance with 10 CFR71.73(c)(4), in which the test specimen is
exposed for 30 minutes to an environment which provides a time-averaged environmental
temperature of at least 800°C (1472°F), and an emissivity coefficient of at least 0.9. For
the Model 650L, the test plan specified that the thermal test would be performed for only
one of the three test specimens, unless other test units suffered significant damage in the
drop and puncture tests. This requirement was based on the evaluation of the
construction of the unit, and on the potential failure modes, which are discussed in the
following section.

The crush test specified in 10 CFR 71.73(c)(2) was not required because the source capsules
are qualified as Special-Form radioactive material.

The water immersion test specified in 10 CFR 71.73(c)(6) and other tests specified in 10
CFR 71 are evaluated separately.

For all tests, sufficient margin was included in test parameters to account for measurement
uncertainty. These test parameters included test specimen weight, temperature, and drop
height.
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3. FAILURE MODES

For the Model 650L source changer, the key function important to safety is the positive retention
of the radioactive source in its stored position within the depleted uranium shield. Displacement
of either the source or the shield from the design position or failure of the shield could cause
radiation from the package to increase above regulatory limits. Mechanisms, which could cause
these modes of failure, include:

e Oxidation of the DU Shield - During the thermal test, oxidation of the DU shield could
lead to reduced shielding effectiveness and higher radiation exposure. This could occur if
failure of the inner and outer shells or failure of the through-bolts during drop testing
results in a large, open path to the DU shield.

e Source Pull-Out from the Shield - During drop testing or during the thermal test, source
pull-out could lead to higher radiation exposure. This could occur if there is significant
relative displacement between the shield and the lock assembly on the top cover plate.
Such displacement could occur if the top plate is deformed outward, and the shield moves
laterally or downward through the polyurethane foam.

The drop orientations for the normal and hypothetical accident tests were selected to challenge
the components that are intended to prevent these failures. For the 1.2 meter (4 foot) and 9 meter
(30 foot) drop tests, these orientations include the following:

e Horizontal with the long side of the unit down - This orientation could cause
movement of the shield or failure of the inner and/or outer shells.

+ Vertical upside down - This orientation could cause deformation of the top plate,
failure of the through-bolts, or failure of the lock assembly which would all lead to
source pull-out from the shield. Additionally, movement of the shield through the
foam in the upper part of the unit would put a large lateral load on the upper portion'of -
the inner shell, which is subject to brittle failure.

e Top corner down - This orientation could cause failure of the bolts holding the
protective lid in place, exposing the lock assembly to damage during the puncture test.
This orientation also loads the through-bolts, top plate, and inner shell similar to the
vertical upside down orientation.

Because of the potential for brittle failure of carbon steel components, all test units were packed
in dry ice and cooled to less than -40°C (-40°F) (the minimum temperature required by IAEA
Safety Series 6) for the penetration, 1.2 meter (4 foot) drop, 9 meter (30 foot) drop, and puncture
tests.

In selecting test units for the thermal test, it was concluded that an undamaged unit would not be
significantly affected by exposure to the conditions of the thermal test. In particular, for an
undamaged unit, the depleted uranium shield would still be completely enclosed within the inner
and outer shells and be supported by foam and a shim of either copper, steel, or lead. Under the
thermal test conditions, degradation of the foam and melting of the shim, if it is lead, will allow
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the shield to move by a small amount. This could result in limited movement of the source
relative to the shield, but not enough to significantly increase radiation levels.

Therefore, the thermal test is only expected to have a significant effect on those units which
sustained damage relating to the two modes of failure described above, specifically: (1) an
opening in the inner and outer shells to allow oxidation of the shield, or (2) relative displacement
of the lock assembly and shield which could be compounded by shield movement during the
thermal test. Since relative displacement of the lock assembly was expected in the vertical
upside down drop orientation, it was planned to perform the thermal test with the unit dropped in
this orientation. The test plan required thermal tests of the other test specimens only if they
sustained damage that could lead to failure during the thermal test.

4. TEST UNIT DESCRIPTION

The Model 650L test specimens, identified below, were originally constructed in accordance
with drawing C65009 and were prepared for testing in accordance with drawing R-TP80, Rev. E.
The manufacturing route cards for the units document the compliance of these units with the
AEA Technology QSA Inc. QA program (see Appendix B).

Specimen Serial No. Total Weight Lead Configuration
TP80(A) 2243 80.01b No lead between DU shield and
(36.3 kg) long side of inner shell.
TP80(B) 182 83.61b Thickest lead under DU shield
(379 kg) (total 3/8” thick).
TP80(C) 195 89.0 b Any location.
(40.4 kg)

Important features of the test unit construction include the following:

e The configuration of lead added to each unit for supplemental shielding was specified as
shown above to provide the worst case for the each drop orientation.

e For TP80O(B), the original steel shim used in the unit was replaced with a solid 3/8” thick
lead shim.

e The original carbon steel through-bolts were replaced with stainless steel bolts.

e The original carbon steel lid bolts were replaced with high strength, strain hardened
stainless steel bolts.

e The weights of the test specimens are representative of the heaviest 650L units in use.
The range of weights of 650L units is 75 Ib to 90 Ib (34.0 kg to 40.8 kg).
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The test specimens were radiographed to document the lead configuration and the position of the
internal components. Also, the position of the “dummy™ source used in the units was measured
prior to testing.

5.

SUMMARY AND CONCLUSIONS

All test specimens met the requirements for 10 CFR 71 Type B(U) Transport Testing, as shown
in the following table of Radiation Profile results.

Specimen Specimen At Surface, | AtOne Meter, | At Surface, | At One Meter, | At One Meter,
Surface Before Test Before Test After After 4 ft After Final
4 ft Drop Drop Test Test
Test (Notes 1,2)
Reg. Limits 200 mR/hr 10 mR/hr 200 mR/hr 10 mR/hr 1000 mR/hr
TP80(A) Top 84 3.2 94 2.4 2.7
Right 47 0.6 47 0.7 0.8
S/N 2243 Front 88 0.7 89 0.8 1.0
: Left 56 0.6 65 0.7 0.7
Rear 74 0.7 89 0.8 0.9
Bottom 51 0.4 94 0.7 0.6
TP80(B) Top 60 3.1 71 2.0 28
Right 56 0.4 53 0.6 5.6
S/N 182 Front 84 0.8 83 0.8 5.6
Left 88 0.6 83 0.6 7.9
Rear 79 0.8 77 0.8 79
Bottom 74 0.5 83 0.7 1.1
TP80O(C) Top 72 2.2 59 2.0 22
Right 105 0.7 71 0.7 0.9
S/N 195 Front 50 0.6 47 05 0.6
Left 127 0.7 106 0.8 1.0
Rear 50 0.6 53 0.6 0.6
Bottom 61 0.6 59 0.5 0.5
Notes:

1.

2.

The final Hypothetical Accident Condition test for test specimens TP80(A) and TP80(C) was the Puncture Test.
The final test for specimen TP80(B) was the Thermal Test. '
Radiation profile at the surface is not required for the Hypothetical Accident Condition test (see 10 CFR

71.51(a)(2)).
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Results of each test are summarized in the table below, in the sequence in which the tests were
completed. Detailed results are provided in the following sections of this report, test data sheets
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are in Appendix C, and photographs are included in Appendix D.

Specimen Test Performed Test Results (Note 1)
TP80(A) | Compression Test No damage
1 meter (40 inch) penetration bar on | Impact mark; no visible damage
side
1.2 meter (4 foot) drop, horizontal e TImpact mark on edge of plates
on long side e Small change in radiation profile
9 meter (30 foot) drop, horizontal on | Bent bottom plate flange inward
long side
1 meter (40 inch) puncture, Shallow dent on outer shell at impact
horizontal on long side (dropped point
twice to ensure specimen
temperature was below-40°C
(-40°F))
Post-Drop Inspection e Lid secured in place
¢ Locks undamaged; source secured
¢ No significant change in source
position
e Small change in radiation profile
TP80O(B) | Compression Test No damage

1 meter (40 inch) penetration bar on
side

Impact mark; no visible damage

1.2 meter (4 foot) drop, vertical
upside down

e Impact mark on top of lid

¢ Small change in radiation profile

9 meter (30 foot) drop, vertical
upside down

e Outer shell split open from top to
bottom

e Inner shell cracked, creating a 3
inch (76.2 mm) high by 0.5 inch
(12.7 mm) wide opening

¢ Small upward deflection of top
plate

¢ Top and bottom plates remained
secured by the through bolts.

1 meter (40 inch) puncture on crack
in shell

Bent shell inward slightly in area of
crack
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Specimen Test Performed Test Results (Note 1)
TP80(B) | Post-Drop Inspection e Lid secured in place
(con’t) e Locks undamaged; source secured

e Top plate deflection at center about
0.16 inch (4.1 mm).

e No damage to through bolts

o No significant change in source
position.

e Outer and inner shells cracked;
opening about 3 inch (76.2 mm) by
0.5 inch (12.7 mm).

Thermal test e Some oxidation of DU shield near
crack in shell

¢ Shield moved down (as expected)

e Polyurethane foam burned off,
exposing the shield

e Some oxidation of shield near
crack in shell

e Shield self-extinguished after
removal from oven

e Source pullout less than 0.5 inch
(12.7 mm).

e Max. radiation level at one meter
was 28 mR/hr (which is much less
than 1000mR/hr allowable)

TP80(C) | Compression Test No damage
1 meter (40 inch) penetration bar on | Impact mark; no visible damage
side
1.2 meter (4 foot) dropontopedge |e Bent corner of lid and cracked top
of lid plate of lid (brittle failure)

e Small change in radiation profile

9 meter (30 foot) drop on top edge e Increased lid top plate crack length
of lid in vicinity of impact point

e Locks still protected by lid

1 meter (40 inch) puncture vertical Broke inside of lid top plate (locks still
upside down on lid and on underside | protected)

of top plate

Post-Drop Inspection o Locks undamaged; source secured

e No significant change in source
position

¢ Small change in radiation profile

Note 1: None of the new stainless steel bolts installed in the test specimens failed.
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Specimen TP80(A) was not significantly damaged in the testing. On specimen TP80(C), the top
plate of the protective lid was substantially cracked and portions broke away; however, the
rectangular tube section which surrounds the locks was undamaged and still attached to the lower
portion which in turn was secured to the body of the changer. As such, the locks remained
protected. The post-test radiation profiles showed a slight increase in radiation levels for these
units, but these radiation levels were well below the allowable values.

The only significant damage to any unit was the cracked shell in specimen TP80(B). Because of
this crack, the depleted uranium shield was exposed to air during the thermal test, and portions of
the shield near the crack opening were oxidized. In addition, after the lead shim melted, the
shield was free to move downward, pulling the dummy source out of its fully inserted position in
the shield. However, even with the oxidized shield and source pull-out, the post-test radiation
profile showed a maximum radiation level of 28 mR/hr at one meter. This is well below the
maximum allowable level of 1,000 mR/hr at one meter following the hypothetical accident
conditions.

6. TP80 NORMAL TESTS

Compression Test

All three test specimens were loaded as shown in the figure below. Lead weights were placed on
a steel plate, which was positioned on top of each test specimen.

The vertical projected area of the unit is 8.25 inch (209 mm) x 10 inch (254 mm) or 82.5 square
inches (531 square centimeters), yielding a total load of 165 Ib (74.8 kg) for an applied pressure
of 2 psi. Since the maximum weight of the Model 650L source changer is 90 1b (40.8 kg), a load
of 5 times the weight, or 450 1b (204 kg), is more conservative. The total compressive load
actually used was 458 1b to 462 Ib (208 kg to 210 kg).
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Compression Test Orientation — All Specimens
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After a period of 24 hours, the weights were removed. No visible deformation or buckling
occurred and no other damage was observed for any of the test specimens

Penetration Test

The three test specimens were subjected to the penetration test. Temperature readings taken just
before the test are summarized below.

Specimen Ambient Surface Internal
TP80(A) 10°C -96°C -95°C
(50°F) (-141°F) (-139°F)
TP8O(B) 9°C -93°C -83°C
(48°F) (-135°F) (-117°F)
TP80(C) 10°C -90°C -90°C
(50°F) (-130°F) (-130°F)

The penetration bar target was the side of the unit in an attempt to damage the shell. For this
test, each specimen was positioned with its horizontal long side down, as shown below
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Penetration Test Orientation — All Specimens

damage

The penetration bar was dropped from a height of at least 1 meter (40 inches) above the impact
point. The bar hit as intended on each package, leaving a visible impact mark, but no other
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1.2 Meter (4 Foot) Drop Test

The three test specimens were then subjected to the 1.2 meter (4 foot) drop test. Temperature
readings taken just before the test are summarized below.

Specimen Ambient Surface Internal
TP8O(A) 13°C -92°C -90°C
(55°F) (134°F) (-130°F)
TP80(B) 13°C -87°C -89°C
(55°F) (-125°F) (-128°F)
TP80(C) 13°C -95°C -92°C
(55°F) (-139°F) (-134°F)

The drop orientations for each unit are shown below and on the next page. These orientations
are the same as those used for each specimen in the 9 meter (30 foot) drop tests.

1.2 Metars 4 Fasy

1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(A)
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1.2 Meter (4 Foot) Drop Orientation for Specimen TP8.0(C)

Each test specimen impacted as intended. Visual inspections showed impact marks but no
significant damage to either TP80(A) or TP80(B). For TP80(C), a 2 inch (50.8 mm) long crack
in the top of the protective lid was observed, and the flange corner was bent.
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Results of the first intermediate inspections and assessments are summarized below. The
radiation profile of each specimen was measured, and data sheets are provided in Appendices B

and C.
Specimen Damage Source Movement Radiation Profile
(Note 1)
TP80(A) No visible damage, No significant change Largest change at
locks functional observed bottom surface:
51mR/hr'to 94 mR/hr
(Note 2)
TP80(B) No visible damage, No significant change Largest change at top
locks functional observed surface:
60 mR/hr to 71 mR/hr
TP80(C) Cracked top lid, No significant change Largest change at rear
locks functional observed surface:
50 mR/hr to 53 mR/hr

Note 1: Radiation levels at one meter were 2.4 mR/hr or less after Normal Condition Tests.

Note 2: All other surfaces measured remained essentially the same, exhibiting no corresponding
shift in radiation levels. Additionally, no source movement was measured. Therefore,
this change was considered insignificant.
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7. TP80 ACCIDENT DROP TESTS — TP80(A)

Specimen TP80(A) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80. The results are described below.

9 Meter (30 Foot) Drop Test

Just before the drop test, thermocouple readings for Specimen TP80(A) were as follows:

¢ Internal (source tube): -93°C (-135°F)
¢ Surface (shell): -92°C (-134°F)

The orientation for Specimen TP80(A), shown below, was the same as for the 1.2 meter (4 foot)
drop. The intention was to cause the shield to move relative to the lock assembly and/or to cause
failure of the inner and outer shells.
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9 Meter (30 Foot) Drop Orientation for Specimen TP80(A) -

The package rotated very slightly causing the edge of the bottom plate to impact first. However,
the impact was sufficiently close to ideal as to impart the desired force into the package. Visual
inspections showed that the edge of the bottom plate had bent inward to the point where it
contacted and dented the outer shell. The edge of the top plate of the lid also bent inward
slightly.
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Puncture Test

For the puncture test, TP80(A) was dropped, as planned, on its side with the center of gravity
over the impact area, as shown below. The intention of this orientation was to inflict further
damage to the shell. The thermocouple reading on the surface of the unit before the puncture test
was -69°C (-92°F) but warmed to -26°C (-15°F) just after the test due to delays in rigging the
unit for the drop. Consequently, the unit was cooled again and dropped a second time. For the
second test, the surface temperature was -46°C (-51°F) before the test and -42°C (-44°F) after the
test. |
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Puncture Drop Orientation for Specimen TP80(A)

For both drops, the unit impacted on its side as intended. Each impact caused the side of the
shell to deform inward slightly, but no significant damage was observed.

Post-Test Inspection and Assessment

Following the test, the protective lid was removed and the unit was inspected. No damage to the
lock assembly was observed, and no significant source movement was measured. Radiographs
of the unit showed no discernable change in the position of the shield. The post-test radiation
profile showed no significant change in radiation levels from the pre-test profile (see Appendices
B and C). Because no significant damage occurred to the unit, the thermal test was not

considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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8. TP80 ACCIDENT DROP TESTS - TP80(B)

Specimen TP80(B) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80. The results are described below.

9 Meter (30 Foot) Drop Test

Just before the drop test, thermocouple readings for Specimen TP80(B) were as follows:

¢ Internal (source tube): -94°C (-137°F)
o Surface (shell): -93°C (-135°F)

The package orientation for Specimen TP80(B), shown below, was the same as for the 1.2 meter
(4 foot) drop. The intention was to cause deformation of the top plate, failure of the through-
bolts, and failure of the lock assembly, leading to source pull-out from the shield.
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9 Meter (30 Foot) Drop Orientation for Specimen TP80(B)

The package impacted as intended. The impact caused the depleted uranium shield to move into
the foam below the top plate, putting a large lateral load on the inner shell, and causing the shell
to crack. The cracking of the inner shell resulted in a transfer of the lateral load to the outer
shell, breaking the spot welds that hold the outer shell together. The outer stainless steel wrap
also failed and sprung open. One of the rivnuts in the top plate broke, but its associated bolt and
the all the other lid bolts were undamaged and the lid remained secured to the package.
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Puncture Test

For the puncture test, the planned orientation was changed in order to inflict the greatest damage,
based on the on-site assessment of Engineering, Regulatory and QA. As such, TP80(B) was
dropped so that the cracked shell was aligned with the top edge of the puncture bar. The
intention was to open up the crack or cause additional cracking in the damaged area. The
thermocouple reading on the outside surface of the unit was -57°C (-71°F) before the puncture
test and -44°C (-47°F) after the test. '

The unit impacted directly on the crack. The outer shell was deformed inward at the impact area,
but additional cracking was not observed.

Post-Test Inspection and Assessment

Following the test the protective lid was removed and the unit was inspected. The through-bolts
were all intact. One of the locks had broken out, but the dummy source remained securely
retained (i.e., the lock slide was still secure). The top plate (with the lock assembly) deflected
outward by about 0.16 inch (4.1 mm). The resulting source pull-out was measured to be

0.027 inch (0.69 mm) in one side and 0.064 inch (1.6 mm) in the other side. Radiographs
showed the crack in the inner shell extended from the top plate to the bottom plate.
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9. TP80 ACCIDENT DROP TESTS — TP80(C)

Specimen TP80(C) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80 and results are described below.

9 meter (30 Foot) Drop Test

Just before the drop test, thermocouple readings for Specimen TP80(C) were as follows:

e Internal (source tube): -97°C (-143°F)
e Surface (shell): -98°C (-144°F)

The package orientation for Specimen TP80(C), shown below, was the same as for the 1.2 meter
(4 foot) drop. The intention was to fail the bolts holding the protective lid to the rest of the unit.
This would expose the lock assembly to further damage during the puncture test.
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9 Meter (30 Foot) Drop Orientation for Specimen TP80(C)

The package impacted as intended. Visual inspections showed that none of the lid bolts failed,
but the lid crack initiated in the 1.2 meter (4 foot) drop increased in both directions. The crack
went around the top plate at its interface with the rectangular tube section that protects the locks.
The crack went about halfway around the lid, and the top plate was deflected downward about
0.5 inch (13 mm). Portions of the top plate flange also broke off.
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Puncture Test

Specimen TP80(C) was subjected to two puncture tests. An additional puncture drop was added
as two possible orientations were deemed “worst case”. In the first test, the unit was dropped
vertically upside down, with the intention of breaking through the lid and damaging the locks.
The thermocouple reading on the surface of the unit was -53°C (-63°F) before the puncture test
and -50°C (-58°F) after the test.

For the second test, the unit was dropped such that the impact was on the underside of the top
plate, as shown below. The objective of this drop was to damage the rivnuts, which hold the lid
to the top plate, and to pry the top plate off of the unit by overloading the through-bolts. The
initial surface temperature was -47°C (-53°F).
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Second Puncture Drop Orientation for Specimen TP80(C)

The unit impacted as intended in both drops. In the first drop, the top of the lid was damaged
further, however, the lid remained intact and the puncture bar did not impact the lock assembly.
In the second drop, the top plate deformed slightly, but no significant damage was observed.

Post-Test Inspection and _Assessment

Following the test, the protective lid was removed and the unit was inspected. No damage to the
locks was observed and no significant movement of the source was measured. The post-test
radiation profile showed no significant change in radiation levels from the pre-test profile (see
Appendix B). Because no significant damage occurred to the unit, the thermal test was not
considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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10. TP80 THERMAL TEST - TP80(B)

Based on the results of the drop tests, a thermal test was performed with specimen TP80(B). The
damage to this unit was such that the maximum source pull-out, as well as oxidation of the
depleted uranium shield, could occur during the thermal test. The thermal test was not
considered necessary for the other test specimens since the results are bounded by those for
TP8O(B). h

Orientation and Setup

Based on the damage observed in the drop tests, it was concluded that worst orientation for the
thermal test was to have the unit at an angle such that the center of gravity of the shield was over
the bottom corner edge of the inner shell. The cracked side of the unit was oriented downward,
so that the shield would move toward the crack as the lead shim melted and the shield dropped
down. The worst case angle was determined to be 53° based on the internal geometry of the unit.
This would allow the maximum amount of shield movement relative to the top plate, pulling the
source out of position. To hold the specimen in this orientation, a steel jig was constructed as
shown below.

Front

Left & Right

Front of
Oven

Crack

TP80(B) Orientation and Thermocouple Locations

Seven thermocouples were attached to the specimen on the top, bottom, and four side surfaces
(two thermocouples on the front side). An eighth thermocouple was inserted into one of the
source tubes to measure the internal temperature. A ninth thermocouple was used to measure the
ambient oven temperature.

To allow for combustion during the thermal test, the oven door was blocked open with a gap of
1 inch (25.4 mm) at the top and bottom of the door, permitting airflow into the oven while
allowing the oven to maintain its temperature. Since the oven door is 36 inches (914 mm) long,
each opening was approximately 36 square inches (232 square centimeters).
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Test Chronology

Temperatures were recorded from the time the specimen was inserted in the oven until after it
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had cooled and was moved to a temporary storage area. The total duration of this period was

about 1,000 minutes (16 hours). Plots of the temperature data are included in Appendix C. The

overall test chronology is as follows:

Zero to 32 minutes — heat up of the specimen from ambient to over 810°C (1490°F).

The 30 minute test started when all surfaces of the specimen exceeded 810°C (1490°F).
The thermocouple on the bottom of the unit was the last to reach the target temperature,

and the test was started when it reached 813°C (1495°F).

32 to 64 minutes — 30 minute test period, with all temperatures maintained above

810°C (1490°F). The maximum temperature was 996°C (1825°F) on the side of the
unit facing the rear of the oven, while the minimum temperature was 813°C (1495°F)
on the bottom of the unit. The initial and final temperatures of all thermocouples over
the 30 minute period are shown below. Flames due to combustion of the foam were
observed, however these diminished and stopped before the end of the 30 minute test.

Location Initial Temp. Final Temp. ~ Average Temp.

Bottom 813°C 861°C 872°C
(1495°F) (1582°F) (1602°F)

Top 980°C 879°C 913°C
(1796°F) (1614°F) (1675°F)

(Lid) Front 934°C 848°C 879°C
Oven (1713°F) (1558°F) (1614°F)

(Lid) Back 995°C 884°C 923°C
Oven (1823°F) (1623°F) (1693°F)

(Lid) Left Side 949°C 865°C 899°C
(1740°F) (1589°F) (1650°F)

(Lid) Right Side 979°C 872°C 909°C
(1794°F) (1602°F) (1668°F)

Side (Opposite 830°C 810°C 823°C
Crack) (1526°F) (1490°F) (1513°F)

Source Tube 906°C 865°C 886°C
(1663°F) (1589°F) (1627°F)

Oven/Ambient 940°C 839°C 877°C
(1724°F) (1542°F) (1611°F)

64 minutes — removal from oven. The depleted uranium shield was visible, with a

slightly red glow in areas. Some depleted uranium oxide (black power) was observed
coming out of the crack and onto the surface below, indicating the shield was
oxidizing.
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e 64 to 700 minutes — cool down to below 100°C (212°F). During this time, the shield
was allowed to self-extinguish.

During the cool down period, the unit was allowed to cool via natural convection with no
additional heat input. The hypothetical accident conditions specified in the IAEA Safety Series 6
regulations include a requirement to account for heat input due to insolation during the cool
down period. This heat input could reduce the cool down rate. However, the reduction was not
considered to have any effect on the damage sustained by the test specimen, particularly
compared with the 30 minute exposure to 810°C (1490°F) in the oven.

Post-Test Inspection and Assessment

The initial on-site assessment of the test specimen included the following observations:
e A cracked piece of the inner shell was dislodged and had dropped out of position.
e Most paint had vaporized. Radiation labels were still legible.
e All the foam had burned off, leaving a small amount of carbon char.
e The lead shielding and shim melted and some lead had dripped out the bottom of the unit.

e Radiography showed the shield moved laterally and downward as expected. The
resulting source pull-out was measured to be 0.436 inch (11.1 mm) on one side and
0.480 inch (12.2 mm) on the other side.

e The lock assemblies were functional; however, the source tubes had completely pulled
out of the top plate and had shifted laterally. This caused an interference between the
source wire and the top plate, and required that the top plate be machined to enlarge the
holes before the unit could be profiled.

After the thermal test, visual observations indicated that the shield had come to rest on the
through bolts and bottom plate. However, to securely fix the shield in position for shipping and
extensive handling, holes were drilled in the shell of the unit so that foam could be poured in,
and the shield was foamed in place. A radiation profile was then done on site with the source
located to replicate the amount of observed source pull-out. The highest radiation measurement
was 28 mR/hr at one meter (when scaled to the 240 Ci licensed capacity of the unit) at the top of
the unit. The small amount of shield oxidation experienced in the test had a minimal effect on
the overall effectiveness of the shielding.
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SCALE CALIBRAJTON RECORD Date: t l;!c,--é &

SCALE LOCATION ﬁb:? pg, - Re, TAGNO.__AS 6\1%

MANUFACTURER _ TR @ AN S SERIALNUMBER _L U812 3G
MODEL NUMBER __Pory Deava | . ,
CAPACITY __ 200 X__[2 DIVISIONS ___ 4000

TEST PROCEDURE __ |1 &4Y cswaz

TEST PRQCEDURE REFERENCE. METTLER TOLEDQ MANUAL FOR CAL!BRATIONS SERVICES, HANDBOOK
44 FELD MANUAL

Shift Weights - Scale Error Scale Reading
Test Applied Reading (+-) After Adjustment
Position 1. S00 bt 90 bl +( 1 ((AC&: Rej.
Position 2 Ho O IESYeYe) O cc) | Rei.
Paosition 3 S0 0 300 Yz ¥ Y : Acc.)| Rei.
Position 4 o 2.\| Rej.
Nnoo 900z, tt' [z @) Ref
Test ‘ Weights Scale Error Scale Reading
Load Applied | Reading . (+/-) After Adjustment
Zero Balance D Lkl O bl & Y ' f Acco| Rej.
SO - 30 12 + ’L 2 . Acc. i Rei.
o o 944 Y= =z @Bco) | Rei.
LSOO PSol 4+ { (Ac) | Rei. |
Maximum o '
Testload | RO [92 8 - -2 (A | Fei.
- : : icc. Rei.
[ SO a Yz (AcSS | Rek.
. Ac<. | Rei.
Zero Balance ; o> ' ' o Rej.

TESTWEIGHTIDNUMBERS: A (  4hro Q&

COMMENTS/ACTIONS:

CUSTOMERS SIGNATURE (FOR OFF TOLERANCE):

TECHN!C!ANS SIGNATURE: \). rDm;ne/f/ _+ ﬂ1 O/)t—r/(L



Chelmsford, MA 01824

Telephone: 978 - 459-9480

FAX # 978 - 453-6336

WEB SITE: http://www.tekserv.com

AEA TECHNOLOGIES
40 NORTH AVENUE

BURL.INGTON MA 01803

CALIBRATION REPORT

( @% octT 9%

@ SERVICE NUMBER: SN-0226210
g-g‘-!‘! .‘u “. i CONTRACT NuMmBer: SENTINEL
1S09002 | », 45tz = 1S09002 | | o=,
REGSTERED COMPUY | @, o 4 REGSTERED CORPANY § W CEITFLX
Certificala No. 10354 BS EN IS0 9002 Coerticata No. 8229
1 DATE-RECEWVED &,

i:CUSTOMER!' P.OH# %5

OMETER

3 tPRIORICAL U 3 i CALSCY CLE TR S0\ DATETOE TEST:
23. 06 9/25/97 12 MO 10/08/98 10/08/99
3455 WORK REQUESTED SERVIGES RENDERED i
CALIBRATE/CERTIFY CALIBRATED/CERTIFIED IN TOLERANCE AS RCV‘D

‘: PROGEDURE USED :

"N.LS.T. TEST NUMBER - .~

—MANUFACTURER 'S

AT3348-433349-25507

T=LRAN

ALIBRATION CHECKED TO:

MANUFACTURER 'S

apaustep To: MANUF A

SPECIFICATIONS

CTURER’S

~* MANUFACTURER

“DATE CALIBRATED

ANALQOGIC ANG6520

:RFORMED IN ACCORDANCE WITH MIL-STD-45662A, 1SO9002,
2-10012-1, ANSI/NCSL-Z540-1-1994.

CERTIFIED BY

7/03/98




A N TOLERANGCE
7 TEKSERV AS RECEIVED

CALIBRATION DATA

OMEGA Model HH-21
Serial Number: T~ /79137
Date of test: (0-%-9Y5

Data as Received ¢
Data After Adjustment

Prior cal: q-25497 Data After Repair
Technician: M Asset Mumber:  =v§-,2.
Range Reading Specification
Deg.C Type J
- 100.0 -99.6 +/-{0.1%rdg+0.5'C)
0.0 ¢ D "
100.0 /001D "
500.0 Y elolX &) "
Deg.F Type J
-"100.0 -79.3 +/=(0.1%rdg+1.0'F)
32.0 32.6 "
200.0 2.00.5 "
650.0 650 -4 "
1200.0 1199. 97 "
Deg.C Type K
- 100.0 ~-99.5" +/-{0.1%RDG+0.5'C}
0.0 , )
100.0 700 . "
600.0 T, G "
1000.0 /000, 2- "
Deg.F Type K
- 100.0 =791 +/={0.1%rdg+1.0'F}
32.0 32.9 "
200.0 200 "
600.0 Zoo,i n
1600.0 (60,5 "
Deg.C Type T
- 100.0 -99. 5 +/-{0.1%rdg+0.5'C}
0.0 o,> "
100.0 [00 2 n
350.0 3S0. | n
Deg.F Type T .
-100.0 -949.4 +/-{0.1%rdg+1.0'F)
32.0 32. "
100.0 00-3 "
500.0 S00, "



Establisked in 1972

Hunt MeTrology Service, INc.

17% lackson S1. Methuen, Ma. 01 844-5042
Phone : (978) 688-7278 Fax:(978) 794-463%2

Calibgation Ceatif

Company Name: SENTINEL Calibration No: HMSCC-08487
Address: 40 NORTH AVENUE Dated: APR 1-2, 1998
BURLINGTON, MA. 01803 Pages: 28
Departmeht:
Phone No.: (781) 272-2000 Ext: Fax No: (781) 273-2216
Attention: DAVE ANNIS
P.O. No.:

Technician: PAUL RABS

The calibration performed on the following measuring and test egquipment (M&TE)
of this document are traceable to the National Institute of Standards and Tech-
nology (N.I.S.T.) through N.I.S.T. test number 821/256504-96; Dated February
26, 1997 for dimensional calibration, and/or through N.I.S.T. test number
822/254480 dated February 26, 1997 for mass calibration.

The M&TE have been cleaned and lubricated, as needed. Our technician(s) have
calibrated, adjusted and/or reset the M&TE, affixed a calibration label to the
M&TE, updated the corresponding record(s), and provided this calibration cert-
ificate.

The standard(s) utilized to perform the calibration have been calibrated,
certified and maintained in our laboratory which sustains a temperature of 68
. degrees (+/- 2 degrees F.) and less than 50% relative humidity. All records
pertaining to our standards, and the masters utilized to calibrate them, are
kept on file in our laboratory for a period of no less than 3 years.

The services provided, traceability to the N.I.S.T., and Hunt Metrology
Service's calibration system comply with the requirements of ANSI/NCSL Z540-1-1994
and ISO 10012-1:1994(E).

The reported value is both "as found" and "as left" data, unless otherwise
specified. A calibration uncertainty ratio of at least 4:1 is maintained
unless otherwise stated. .

This calibration certificate cannot, in any way, be reproduced, except in full,
without prior written consent from a representative of Hunt Metrology Service, Inc.

fay

Keith Ef\xgtng
Technical Manager




etrology Service, Inc. Data Sheej HMSCC: 08487-A Page 17
omer: AMERSHAM CORPORATION - SENTINEL § STON P.0O. No.:
Date Cal:
ID.No.: 183 Manufactu CHATILLON Date Due:
2 ID.No.: Serial 6 17938 Technician:
Department: QC Model Wo . :/DPP-10 Cal. Proc. No:
Deviation u.: Standard No.: 018 Cal.: 03/06/98 Due:
Accuracy: +/-1% OF FS Standard No.: Cal.: Due:
Accuracy: Standard No.: Cal.: Due:
Standard No. Cal.: Due:
Gage Type: 10 lb FORCE GAGE
Required: : 1 2 4 6 8 i0 1b
Deviation: : O 0 0 0 0 ¢ 1b
Measured: : 1.0 2.0 4.0 6.0 8.0 10.0 1b
Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.0. No.:
Date Cal:
ID.No.: 186 Manufacturer: CHATILLON Date Due:
2 ID.No.: Serial No.: 19108 Technician:
Department: RI LAB Model No.: DPP-10 Cal. Proc. No:
Deviation u.: Standard No.: 018 Cal.: 03/06/98 Due:
Accuracy: +/-1% OF FS Standard No.: Cal.: Due:
Accuracy: Standard No.: Cal.: Due:
Standard No.: Cal.: Due:
Gage Type: 10 lb FORCE GAGE
Required: : 1 2 4 6 8 10 1b
Deviation: : 0 0 0 0 0 0 1b
Measured: : 1.0 2.0 4.0 6.0 8.0 10.0 1b
Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No
Date Cal:
ID.No.: 236 (1) Manufacturer: MITUTOYO Date Due:
2 ID.No.: Sexrial No.: 314390 Technician:
Department: QC Model No.: Cal. Proc. No:
Deviation u.: Standard No.: 026 Cal.: 02/04/98 Due:
Accuracy: +/-0.0010"/12" Standard No.: 088 Cal.: 02/04/98 Due:
Accuracy: Standard No.: 137 Cal.: 02/02/98 Due:
Standard No.: Cal.: Due:
Gage Type: 0-18" VERNIER PART 1 OF 2
Required: : 0 PARA ID oD 1-.-0 2.0 4.0 SV
Deviation: : REF .001 0 0 0
Measured: : REF .001 1.0000 1.0000 2.0000 4.0000
Customer: AMERSHAM CORPORATION -~ SENTINEL DIVISION P.O. No.:
Date Cal:
ID.No.: 236 (2) Manufacturer: MITUTOYO Date Due:
2 ID.No.: Serial No.: 314390 Technician:
Department: QC Model No.: Cal. Proc. No:
Deviation u.: Standard No.: 026 Cal.: 02/04/98 Due:
Accuracy: +/-0.0010"/12" Standard No.: 088 Cal.:s 02/02/98 Due:
Accuracy: Standard No.: 137 Cal.: 02/02/98 Due:
Standard No.: Cal.: Due:
Gage Type: 0-18" VERNIER PART 2 OF 2
Required: : 6.0 8.0 10.0 12.0 18.0
Deviation: : 0 0 0 0 0
Measured: 6.0000 8.0000 10.0000 12.0000 18.0000

 m e m e e E e e E e T E e et e e e e s e e e e e ey e e = e T e v T = T Ae e o e e

04/01/98
04/01/99
PR
22
03/31/99

04/01/98
04/01/99
PR
22
08/31/98

04/01/98
04/01/99
PR

16

08/31/98
02/28799
02/28/99

04/01/98
04/01/99
PR

16

08/31/98
02/28/99
02/28/99
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DESCRIPTION: PEMTRHTTQM TEST BAR_

10

11 | 12

(GeNernL isuAL

N/A

VER®{ WeieHT

13 /3.5 by

GINATO DATE | P:O-W-0. —~——
S 256PT97| FreqQ. DAYS| 365
ENGINEEHING APPROVAL DATE | REGENANG-REGCORE-W Z 7
N/A Due DaTE %y |5y
REGULATORY APPROVAL DATE | LOT / SERIAL NO. =
N/A ol {ol
Q A APPROYA DATE | LOT QTY.
m’(kan 35097 K
COMMENTS QTY REJ
NCR NO. 0 NA y RA
QTY ACC. . I \
/'\ .
INSP Q-D/) @D %

DATE




INSPECTION INSTRUCGTION | e ™™ Periopic. MAINTENANCE Page 1ot L
AND RECORD - Tio122 B | ™™ DRoP TEST SuerAce M NA
CHARACTERISTICS (| Towemance | At | 1 (2 | 8 |4 |5 |6 |7 8|9 101112
GENERAL VISUAL Srrts c O ‘
SEWRE § NOT DAMALED N/A ZteoE /
fues?x:frsquggmmk N/A Cw 2%, o (
NATOR y DATE | ReBri--8.
ﬂm 2597 DAYS, tReQ. || 365
ENGINEERING APPROVAL DATE | RECHVING-REGBRB¥- ?.55”
N/A Dare  DuE op
REGULATORY APPROVAL DATE | LOT / SERIAL NO.
N/A Ol
Q A APPROVAL DATE | LOT QTY.
botioacery |
COMMENTS: ) ) QTY REJ O
ner No. (| NJA
QTY ACC. | )
INSP ; 45 / / / /
DATE || SERT, , _ _




Simpson Gumpertz & Heger Inc.

9 June 1997 Consulting Engineers 297 Broadway ~ Telephone:
Arlington, MA Arlington, MA 617 643 2000
San Francisco, CA 02174-5310 Fax:
617 643 2009

Sentinel Amersham Carparation
40 North Avenue
Burlington, Massathusetts 01803

Attention: Steven J. Grenier

Tel:  617-272-2000
Fax: 617-273-2216

Comm. 97276 -~  Test Foundation Study, Sentinel Amersham Test Site, Groveland, MA

T~

Gentlemen:

At your request we studied a test foundation located on the property of Valley Tree Service,
Inc. at 1210 Salem Street, Groveland, Massachusetts. The purpose of our study was to
determine if the test foundation provides an essentially unyielding horizontal surface for
purposes of a drop test.

Scope

The scope of our study included: visiting the site to examine the foundation; reviewing
documents provided by you that describe the construction of the foundation; reviewing drawings
describing the housing of your Model 676 Projector; and computing the performance
characteristics of the foundation in a drop test of the Model 676 Projector....-

Background and Information From Others

We understand from our discussions with Sentinel Amersham representatives that the test
foundation is used as a reaction support in a drop test for the Model 676 Projector. The
projector is dropped from a height of 30 ft onto the center portion of the foundation. The
drawings for the Model 676 Projector show that the weight is 625 Ibs, and the end plates are
fabricated from 1 in. thick steel plate,

We understand from discussions with Sentinel Amersham representatives and from
construction records that the test foundation was built in 1982. The delivery tickets show that
2-1/2 cubic yards of 3,000 psi concrete were utilized. We were also told that a 1 in. thick steel ~
plate is embedded in the top surface of the foundation and welded to reinforcing steel in the
foundation.

Observations

On 5 June 1997, Joseph J. Zona of Simpson Gumpertz & Heger Inc. visited the test facility
and observed the following:

e The test foundation is 7 ft 4 in. x 7 ft 5 in.

® A steel plate is embedded in the top of the foundation so that the top of the plate is
approximately flush with the top of the concrete. The plate is 47 in. x 48 in. At one

<
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Steven J. Grenier, Comm. 97276 -2 - 9 June 1997

side of the plate, the concrete is chipped away exposing part of the plate edge. The
bottom of the plate is not visible, but 7/8 in. of plate is exposed to view.

° The top surface of the steel plate is approximately horizontal. The plate slopes a
maximum of 1/8 in. per 2 ft.

] The top surface of the concrete is weathered, but sound.

L Four cracks are visible in the foundation, each emanating from a corner of the steel

plate. The cracks appear stable and show no signs of recent movement.

° The concrete is flush with the adjoining bituminous pavement. There is no evidence
of settlement or heaving of the foundation.

° The exposed soil in the vicinity of the foundation is firm and sand}.-

Results of Analysis

We estimated the depth of the foundation as 15 in. based on the measured plan dimensions
and the reported volume of concrete delivered. We characterlzed the supporting soil as
medium dense coarse grained material.

We used simple analytical models to estimate the response of the foundation in a drop test.
A conservation of momentum approach that models the test as a plastic impact provides an
upper bound estimate of the kinetic energy taken by the foundation. This approach predicts
that 6 percent of the kinetic energy of the Model 676 Projector is taken by the foundation upon
impact. -

Arya et al present a relevant method of analysis in “Design of Structures & Foundations For
Vibrating Machines.” The approach accounts for the participation of an effective soil mass in
resisting a dynamic loading. This method predicts less than 1 percent of the kinetic energy
is taken by the foundation. Arya el al also present a method of estimating the foundation
deflection. We computed a deflection upon impact of 0.014 in.

We estimated the flexibility of the concrete foundation as a plate on an elastic foundation using
a method presented in “Theory of Plates and Shells” by Timoshenko & Woinowsky-Krieger.
This approach shows that the foundation is rigid relative to the soil, and virtually all of the
foundation deflection is the result of soil response.

Discussion

The plastic impact approach provides an upper bound estimate of the energy transmitted to
the foundation. In an actual test, energy is absorbed in the device being tested in both plastic
deformation and rebound energy that is not accounted for in this analysis.

The Arya approach is fully applicable to foundations that support vibrating equipment. This
approach may somewhat overstate the participation of the soil in a single impact loading.
However, we expect the influence of the participating soil mass will be significant and,
therefore, we expect the percent of kinetic energy taken by the foundation is closer to 1
percent than 6 percent.



Steven J. Grenier, Comm. 97276 -3- 9 June 1997

The four cracks near the corners of the foundation intersect corners of the embedded steel
plate. This suggests that the plate restrained the free shrinkage of the foundation and caused
these cracks. The cracks are obviously old, yet they remain tight and there is no sign of
recent movement at the cracks. This strongly indicates that the cracks have not compromised
the monolithic behavior of the foundation. Any loss of stiffness in the foundation related to
these cracks is insignificant within the limits of our simple analytical models.

Conclusion

Based on the study described above, we conclude that the existing test foundation absorbs
between 1 and 6 percent of the kinetic energy at impact during a 30 ft drop test of a Model
676 Projector. In our opinion the foundation provides an essentially unyielding horizontal
- surface for the purpose of this test. For items of lesser mass, the foundation also provides an
essentially unyielding horiozntal surface. .

Sincerely yours,

Senior Associate




Certificate of Conformance

for
AEA TECHNOLOGY

40 NORTH AVE
BURLINGTON  MA 01803

Cust, P.O. #; 321 OMEGA W.0, # 312295304

CAL-1

OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND

ENCYCLOPEDIA ®. OMEGA Engineering Inc. further certifies
that all thermocouple base and noble metal materials conform to ANSH
Limits of Error (ANSI Standard MC96.1)

Certified by: M a/'hoérh& Date:  12-04-98

Quality Assurance Ingpector

Omega Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907
Telephone: (203) 359-1660 - FAX: (203) 339-7811
Internet Address: http://www.omega.com E-Mail: info@omega.com

CaliTemp



Certificate of Conformance

far
AEA TECHNOLOGY

40 NORTH AVE
BURLINGTON MA 01803

Cust, P.O, #; 3226 OMEGA W,0, # 311973359

CAL-1

OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND
ENCYCLOPEDIA ®. OMEGA Engineering Inc. further certifies

that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANS! Standard MC96.1)

Certified by: '&9""’" a’“w Date:  11-04-98

Quality Assurance Inspector

Omega Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907
Telephone: (203) 359-1660 - FAX: (203) 359-7811
Internet Address: http://www.omega.com E-Mail: info@omega.com

Cal1Temp



Frmws MU S IUIE HINU B IKUU BRIV FERIODIC. MAINTENANCE Sl
ANDRECOHD Tio19 PR Runcroee TEST BluET TUNA |
CHARGTERISTICS. | -ToLeRanGE |, et | 1 | 2 5/ 6|7 8|9 (10/11 12
C @) o
(SenerAL VisoAL N/A 40‘75 | |
ORIGINATOR . DATE |-RO—AWh0- s
3 ST - - =
el e 27 | FREQ. DAYs|| 365
ENGlNéEHING APPROVAL DATE | REGEMHNG-REGORDY 3 3
erT | Sep
N /A Due DATE -593 29
REGULATORY APPROVAL DATE | LOT / SERIAL NO. .
N/R ol 61
0 A APPROYAL DATE | LOT TY. |
kit 3Sepq7 I
COMMENTS: ’ QTY REJ O
' NCR NO. N/A RA
QY ACC.
) l
- _
INSP (aj)) = aﬁ 4
DATE a7 7




‘. Omaéholo‘le- Cmpuy

Certificate of Conformance

MPR ASSOCIATES

320 KING ST
ALEXANDRIA VA 22314

Cust. P.O. #: 420002BRB OMEGA W.O0, # 901934179

CAL-1

OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all a gpllcable
instructions and specifications as published in the OMEGA

TEMPERATURE MEASUREMENT HANDBOOK AND

ENCYCLOPEDIA®. OMEGA Engineering Inc. further certifies

that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANSI Standard MCS6.1) |

Certified by: MN a/hc‘oﬂ\z- Date;: 01-28-99

Quality Assurance Inspector

Omega Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907
Telephone: (203) 359-1660 - FAX: (203) 359-7811
Internet Address: http://www.omega.com E-Mail: info@omega.com

CaliTemp
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127 Riverneck Rd. Calibration Report
Chelnsford, MA 01824 ' i HEE LaniEl
Telephone: 978-459-9480 A51106 AEA _ SN269

AEA 11/23/98 3303 ENG-21

40 NORTH AVENUE '

COLE PARMER
BURLINGTON MA  01803- 92000-00 L98003314

2t 30 12 Monthly 11/23/98 11/23/99

PR N R R A

CAUBRATBCERHFY '

Manufacturer 413348-433349-259071-LRAN POULIN
('alibrmion Checked To:  Manufacturer Spec h Adjusled To: Manufacturer Spec

TANALOGIC ANGS20 8904010 TMFG 73/ 399

4 7

THE TEST WAS PERFORMED IN ACCORDANCE TO ANSI/NCSL-Z540-1994, ISO-10012-1, 1S09002 AND MIL-STD-

456624 -
Certified By: —W Pl




IN TOLERANCE
AS RECEIVED

TEKSERV
CALIBRATION DATA
CP 92000-00 .
Serial Number: [9€ UV 0 33/ ‘/ Data as Received ~
Date of test: [\-23~-9¢ Data After Adjustment
Prior cal: - A Data After Repair
Technician: % (/- ' Asset Number: £AL-2./
Thermocouple Scanner
Type "K"
Channel Standard Input (Deg F) Tolerance
32.0 1000 200C

1 2000 +/-(0.1%+0.8F)

2 ZDO L 1n

3 !ﬁﬁ ﬁ 1"

4 Z_oo_?‘—'- .

5 - 1]

> 2001 _ .

7 200D_ "

8 Z_O—OO__ n"n

9 zooz .)_ "

10 \q99_ "

11 2000 "

12 2000 n

cp92000

L



TEKSER\ 127 Riverneck Rd.  Chelmsford, MA 01824 Telephone: 978-459-9480 Fax: 978-453-6336

Bill  AEA Ship AEA Service Invoice Number
To: 40 NORTHAVENUE To: 40 NORTH AVENUE INV143
ATTN ACCT PAYABLE Report ttem ID
° BURLINGTON MA 01803 BURLINGTON MA 01803 Invoice A§1106

TEKSERV Yes - No 11/23/98

R T D !
R

LG

ENG-21 W/MAUAL SOFTCASE AN AC ADAPTER

CALIBRATE/CERTIFY

T
Vo

IN TOLERANCE AS RECEIVED

Calibration Regular Hours: 0 Charge: $45.00 Material: $0.00
Calibration Overtime Hours: 0  Labor: $0.00 % Discount:
: Repair Regular Hours: 0 Cost: $0.00 % Tax:
an%mm Repair Overtime Hours: 0 Labor/Hour: $0.00 Shipping: $0.00
) Contract #:  AEA Sub Total: $45.00

& Warranty: Total Due: . $45.00
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APPENDIX B

MANUFACTURING ROUTE CARDS AND
PRE-TEST RADIATION PROFILE DATA SHEETS



SENTINEL  pgo ()

_ ROUTE CARD
oCLow_10352~ Complete Lot; Total WO Qty.__O Serial No: 2243
cM: A Split Lot :__L”~ Rte. Cd. Qty..____1 Lot No:__NA
Part# TP80 Description 650L SOURCE CHANGER TEST | Dwg C TP80 Rev A wo
UNITS : Q89650
Qy | Qy .
Oper. Seq. § Department Operation Description By Date Acc | Rej Reference ‘Comments
3010 ASSY MODIFY PER NOTES 3-1 |\AHC |/6pmn s TPS0 QC VERIFY NOTE 6
.
71
(D) |“%7 et
7 :
2020 QC INSPECTION ?Da "’5'9‘- \ O | SoP-QUIs | SEE DISPOSIMIoN) Brek
g0 tbs
3030 QA QA REVIEW SOP-Q025
=2 & TPR0
1040 IC STOCKROOM PROCESSING Q(‘/ 15 MER9Y SOP-M002
DELIVER TOQC FOR
TESTING

¥I-Step Checklist Initials | WI-Step Checklist Initials | WI-Step Checklist Initials

P
NGINEERING: S_{Flae 2 j5otvay 29 | REGULATORYY{ (Smuf] | MATERIALS: mw Q,‘; 15 ML Y
RODUCTION: A 2 B, sz e /5 0 2 2 | QUALITY ASSURANCE: D.4/ Keud rSmn 299 | ISSUENUMBER: 1

-4

QP25-112



—— el N 4 S W AR

QP25-112
No | . DESCRIPTION OF DISPOSITION " INSPDATE | PARTNUMBER DESCRIPTION CM | SERIAL/ INITIALS DATE
. NONCONFORMANCE R LOT NO.
| [ TFRY: B TORRIE ¥ &76/5’/7‘077}( 5592 6oL, SOURCE CHANGER 2243 /j’ e Y5/gg
T I35 (0 18s (Yp) ' — X  SCR200 5/16-18 HEX BOLT 99072 | A7 C ) s 57
FUse As 1s — Toague oA 135 wm—lbs £ pori 4 N
EnSalEs TOP_brD &0yl p ARE ¥5 ) KDE | pns7
PP ST SgpiED —CC0 |wiee BE #6 3
2D TP _CHONGCE  IPELFIen rdnd #7 |/
oot 135 L5 a- I
M1 1SMaRFe
\a‘n’% ,
/\7;/? gl /6 ? MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE
L2613/ SCALE (6 Sy G2 @ ISpmR
171 TORQUE WRENCH |g /7 /5 7 & Vspmnsd
CHANGE VERIFICATION
l PART NUMBER DESCRIPTION REV ECO INDIVIDUAL | VERIFIED
EREEEEE — === i
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Security-Related Information B
Figure Withheld Under 10 CFR 2.390

c

B

mem oy | name . DESCRIPTION

DS DUTHI 8 M LM MOMDT OF ATA HOSQLICT QA € MAT OWF SC VITE TR N FURATSE FOR W04 (7 A BRAD,
& a7 K7 BC CURIATID M AW 947, SOU TAVIVETID 1D M7 DFO PADTY KD DL DPRYS PORITON OF MA TTOSROCT CIA
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Enter the Model and Serial Attach Inspection
Description Number . Report or
Calibration Certificate
Weight Scale Assy =~/ Duc 6 1oy 792

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

THERMO cate e REVD ER, LENG =12 Dae” B ocr 77
Y .
(8" Caper # 23¢ / Ao 99
Print Name: Signature: Date:
Completed bY: | Daver Huans Oau_au\ 5 prat. 99
Verified by: MV/M WNechdes 5. [Toaspes | IS 102

/&




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1

March 12, 1999
Page 38 of 54

Checklist 1: Compression Test

Step TP80(A) | TP80(B) | TP8O(C)

Position the specimen on concrete surface, per the appropriate drawing,. Figure2 | Figure2 | Figure2

Measure the ambient temperature, 20.5 C | 20.5% |20.5 ¢
Note the instrument used: ENC-12. | Evs-12- | Ewa-iA

Apply a uniformly distributed weight of 455 to 465 pounds on the top of the lid
for a period of 24 hours.

L4

(@%g C@ 1‘.')51‘ C@ gﬂ
/4 h

Record the actual weight: G482 15 |usglb |459/4
Note the instrument used: Asr~t \fse-1) |Pst~i/
Record start time and date: HSpm | TS A TS poe
n's?mofm 1€ 97 |(Cripnvy
After 24 hours, remove the weight. %@ C@
Record end time and date: 16MARSF | 16 maR.25 |16 MRR.9D
Tig Pm| 7:kpn) 7:72 o
Measure the ambient temperature. . °
easure the ient temp 22 22°% |22%.
Note the instrument used: ENG~12- | ENg12. |Enaz
Photograph the test specimen and record any damage on Data Sheet 1. <@ D P
Engineering, Regulatory Affairs and Quality Assurance make a preliminary P
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 1. @ <\3_)—— (@
Determine what changes are necessary in package orientation for the penetration le ;;“‘ 6 e —
test to achieve maximum damage. M;; Mg- _
Verified by: Print Name: Signature: Date:
Engineering Nectioens T Faeaons Ww—‘ 16 i ﬁ
y -
Regulatory Affairs /y /
" lae. S. Aoy M [érue 57
Quality Assurance | p,,.00/ /. Hurt2 Da,«.i{td . /{4«% /e mrne 79




SUFR 7LV
SHT o2

Ssot (ortrRES 2] 7EST i
TES; WS Y55 - 485 L.
TFP30(A) 580 (B) ol
DLATE WT- = 14 Ib. A7z wi- = 13.8 /b, P
/ - /- _
ZML IA)T - 'b - 2 -
462 TOTAL WT = 45 rompe W= g5g

@/! /7RR 9% @ L e I7 Q@ )5 rar9g

WAEE HEIGHT BEFoRE (oM PreSSIeN T&ZST -

/13.3¢7

/3' 4,{.{5\/,/ (3, EL0O o

(T Ly # @ 15 mpe oF

K_v@ 15 m#ess d
YACE HEIGHT AFTeR (o S/on) JEST:
/3 .3¢5 13 4¢3 P3.616
@ e mae 99 @ 16 MR 99

0 & mre 95




AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 39 of 54

Data Sheet 1: Compression Test

Test Unit Model and Serial Number: 6 $0& Test Specimen:
s 2243 | TPECA)
s 782 |TPBuCE
s (95 TP Y2 (&

Test Date: /5 —16r19e77 Test Time: "l_; ',‘;;_‘/”’/7" Test Plan 80 Step No.: 8.5

Describe test orientation ard setup:

- Cel hlf.l/s’ }ﬁok&/ﬂl\/ 7’\’/’ ¢ F et hu-;‘,pc’ /C?) a/ I 7

Describe on-site inspection (damage, broken parts, etc.):

V47 Pnmnsse P entTS

On-site assessment:

NS Porinoe

(ErRTID

A

7

Engineering: Regulatory: M/ /é/Mﬁ QA: D &/, /{_u_t'i [6m32 79

Describe any post-test disassembly and inspection:

) s

Describe any change in source position:

Y Y

Describe results of any pre- or post-test radiography:

72

Completed by: Date:

//Mé;ﬂ %/y// 16 P17




AEA Technology
QSA, Inc.

Test Plan 80, Revision 1
March 12, 1999

Burlington, Massachusetts Page 40 of 54
Equipment List 2: Penetration Test
Enter the Model and Serial Attach Inspection Report or
Description Number Calibration Certificate
Penetration Bar Drawing BT10129, Rev. B See Atmcw
Drop Surface Drawing AT10122,Rev.B [ TE ,
OMeGA MoDEL
t
Thermometer HHZ2| __# EN&-(2
OMEGA  MopeL¥
Thermocouple 5 TL - (a6 - -20-36)
-
Thermocouple oMEE A MopEL \L

WTK=10-36

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

Print Name: Signature: Date:
D D =
Completed by: | \™ e Nymie \T_mar 39

Verified by: | Dpnser v Karfz

DN Ky

17 mar 9?9




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1

March 12, 1999
Page 41 of 54

Checklist 2: Penetration Test

TP80(C)

Step TP80(A) | TP80(B)
1. Immerse the test specimen in dry ice or cool in freezer as needed to bring specimen (Thad (@ (@
temperature below —40°C. '
2.  Position the package as shown in the referenced figure, or by Step 7, Checklist 1. Figure 3 | Figure 3 '| Figure3

3. Begin video recording of the test.

N

4. Inspect the orientation setup and verify the bar height.

®

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

6. Measure the ambient temperature and the specimen's internal and surface
temperatures. Ensure that the specimen is at the specified temperature. (

RIS

Record the ambient temperature: » A 10%. 9 °c_. 10 .C,
Note the instrument used: ENG-12  |ENG-12 |ENG 2
Record the specimen's internal temperature: .95 OC. -3 -C -00°%.
Note the instrument used: ENG-12 | ENE-1Z |EN6-2
Record the specimen's surface temperature: _ %°C. -9 3a¢ -90 OC‘
Note the instrument used: ENG-12 | EN61Z. | EnG42

7.  Drop the penetration bar.

8. Check to ensure that penetration bar hit the specified area.

(@
(>

9. Measure the specimen's surface temp. Ensure that specimen is at specified temp.

- e

-T%

Note the instrument used:

[ME-12

GiG-12

10. Photograph the test specimen and record any damage on Data Sheet 2.

2

11. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 2.
Determine what changes are necessary in package orientation for the 1.2 meter (4

foot) free drop to achieve maximum damage.

D)

Fa RPN
e

Verified by: Print Name: Signature: Date:
Engineering Wk yl 55 /7 / W% /7 ﬂﬂﬁ
Regulatory Affairs S. W @/ %// L7 Mt f 7
Quality Assurance N

Dearer W. Kurtfz

0. /ﬁug

/7 Mee99




AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999

Burlington, Massachusetts Page 42 of 54
Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:
650l SN Z2¥3 VD
Test Date: /7 Mpre 77 Test Time: 4 g Test Plan 80 Step No.: 8.6

Describe test orientation and setup:

=T coperdomge. —i1T Ay 3 oF tfes? Plan

Describe impact (location, rotation, etc.):

"Imwf oW SV{& i?L Sxacce 0&7«/*

Describe on-site inspection (damage, broken parts, etc.):

~/ /{M?& - sl indsibihon A/'///"‘/’; M'M

On-site assessment:

— i trere” ITH s P Juprdr) JET SERASSE fir

ORI &7

v77h¢
Engineering:m‘y ?l'legulatory: % s 57 QA: DA /% /7 M42 79
// e

Describe any post-test disassembly and inspection:

N

Describe any change in source position:

i

Describe results of any pre- or post-test radiography:

e

Completed by: Date:
%%4% (2 (=77



AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 42 of 54

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:
ssoL N /82 TFE0(8)
Test Date: ID MR T Test Time: 9:50am Test Plan 80 Step No.: 8.6

Describe test orientation and setup:
/N ACcoepancE ITH Fleuec 5 of JEST Pesr

Describe impact (location, rotation, etc.):

/MPACT 0V SIpe o¢ SoQpLS CHMIGER-

Describe on-site inspection (damage, broken parts, etc.):

MO DRMAGE- SmA (MOENTATION AT POMT OF Jourae]

On-site assessment:
OoRTINGE Lnrd PLraniED TEST SEVUENCE ALD ORIENTATIONS.

a4 /
Engineering.;wj%“}ﬁf _ Regulatory: . e ot /?M%Azz-kl . @ 1720299

Describe any post-test disassembly and inspection:

s

Describe any change in source position:

WA

Describe results of any pre- or post-test radiography:

Y. 2

(7 e 77

S =




AEA Technology Test Plan 80, Revision 1

QSA, Inc. . March 12, 1999
Burlington, Massachusetts Page 42 of 54

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:
ss0L SN [95 7P30(C)
Test Date: ;4 mae 99 Test Time: {¢y. o| Test Plan 80 Step No.: 8.6

Describe test orientation and setup:
IN ACCORDANCE WITH FlGuee F of TEST .

/MPoaeT ol S1DE OF SovBeS CHANGER

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):

N? DAMAGE ~ Smidee I(NDENTATION AT POINT OF Coxrzer,

On-site assessment:

CoNTINUE NnTH HRANRED TEST SCOUENCE AND ORIENTAFIOANS,

19197 %//
Engineering% 7 Regulatory: —~ 7M QA: DN W] »req9

)
e

14

Describe any post-test disassembly and inspection:

AP

Describe any change in source position:

N

Describe results of any pre- or post-test radiography:

N/

Completed by: Date:

1.7 /70re 29




AEA Technology
QSA, Inc.

Burlington, Massachusetts

Test Plan 80, Revision 1

March 12, 1999

Equipment List 3: 1.2 Meter (4 Foot) Free Drop

_Page 43 of 54

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

Drop Surface Drawing AT10122, Rev. B See Rt

OMEGA
Thermometer ENG-12

A
Thermocouple STC -66-K-20-36
Thermocouple OMEGTY
P WTK =10 -26 )

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

Print Name: Signature: Date:
leted by: )
Completed by FDNI'E !\nms M 17 MAR. 99
Verified by: | Zxnrcs A - Kurfz D.4). M /7 man 99




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 44 of 54

Checklist 3: 1.2 Meter (4 Foot) Free Drop

Step TP80(A) | TP8O(B) | TP80(C)
1. Immerse specimen in dry ice or cool in freezer to bring specimen below —40°C. o)
N
. o o
2.  Measure the ambient temperature. 13°% 13% 113 °%
Note the instrument used: ENG-12. | ENG-[2. |ENG\2-
3. Attach the test specimen to the release mechanism. @ @D @
4. Begin video recording of the test. (o> @
‘_ =
5. Measure specimen internal and surface temps. Ensure specimen is at specified temp. @ l@
Record the specimen’s internal temperature: _90‘ c |[-Q9 c |-92°%
. Note the instrument used: ENG-12- | ENG-12. | Elys2
Record the specimen’s surface temperature; -92 °¢ -27% |- as ¢ c
Note the instrument used: ENG-1Z | ENE-12 | ENG-12
6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 4 | Figure 5 | Figure 6
7. Inspect the orientation setup and verify drop height.
> @
8. Photograph the set-up in at least two perpendicular planes. { @
9. Release the test specimen. (@ (D
10. Measure specimen internal and surface temps. Ensure specimen is at specified temp. ‘Sa ( 5) @
e ——— ™~ o
Record the specimen’s internal temperature: -71°%c |[=583 ¢ |[-90°<.
ENG- - -
Note the instrument used: @ | ene-12 |eNe-12
Record the specimen’s surface temperature: - 76. c | =90 c |—6 I°c
Note the instrument used: ENG-(2 | ENG-l12 |ENS-IZ
11. Photograph the test specimen and record any damage on Data Sheet 3. @ (@ @
12. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09. D & O
13. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71, and record on Data Sheet 3. Determine package
orientation for the 9 meter free drop to achieve maximum damage. :J;D @ (r ;, )
————
Verified by: Print Name: Signature: Date:
Engineering |A[g /Maeaor€ W 1} /14227
| e | Zps
Regulatory Affairs ‘ 3
A %’W@@d ) — [ it 77
Quality Assurance |-, /ey py. Serriz DA, /{4«,13 (7 Mareh 99




AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1
Burlington, Massachusetts Page 45 t')f 9539

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:
650L SN Zz43 780 (4)
TestDate! /o2 mae 99 Test Time: /g . /S AM Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
FHoBr2oorne. -~ LoAG SID&E D). HEIGHT of DROP NAS (.2 m

Describe impact (location, rotation, etc.):
IMIPRET FeAT #S SHomd /u FlGueE 4

Describe on-site inspection (damage, broken parts, etc.):

(MPRET aiTHGSS MARES o« [BoTTor) FXRIE, Top KATE AwD Born &0 [ARHQES,
MO DAMRGED ok BrorsH Paxrs ,

On-site assessment:

COUTInUE angit DPeanit& TEST SESREHNCE QD ORIENTATIONS.

Engmeeﬁﬂf%_‘mﬂﬁ Regulatory:kr,f//% / ?/%;fQA Z’-N-M 17728 9%

Describe any post-test disassembly and inspection:
- Lo Aempid To Aigwe FOR PRIFicinns OF DEVISES
Prsompetss was o BSERAD
- LoCR ARET B ES AFM G Funicl-ronrde

Al DOrAGE To Tor PetIv/cockne

Describe any change in source position: .
& 2S5 after Arapy vs. 6 518 betwe dbop ) py change mthirs AL ncourary o=

%6’. 325" after Aryp 5. 6357 be fe clrsp Ao measnr

Describe results of any pre- or post-test radiography:

Com?&%ﬂ/ Date: /,7 Mm 77
v /




AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 45 of 54

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

5oL SN /82 7TP80(B)

TestDate: ;o 4 e 99 Test Time: /030 an Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
HOQU RNt OGS +OC—DOWN - HEIGHT 0F DROP éAS [.2 rm

FeaT o0 7O
D‘fv‘anc‘H

Describe impact (location, rotation, etc.):

IMPRACT EeAT od ToP of LID - VERTICAL UPS/DE DOws) AS SHowx) IN Flooe& S

Describe on-site inspection (damage, broken parts, etc.):

IMPACT CITMG SS MIRRKS O TOP oF C/0. HO DAMACE OBSSRVED.

On-site assessment:
Jo CTINGE enTH BMRRLED TEST SCUGHEE AND ORISUTATIONS,

Engineering:% ﬂm‘? Regulatory: ///V / sz QA: D. 4/ - 4...% 172m8€99
y ity &

Describe any post-test disassembly and inspection: ; a
- 41D Rerigedo Tv Aecow Falk PRFIIVG oF DSvred — Mo DIIACE

PATi feochin’ BsermBLY wiis o359%wD
~Loch A3SMIBLIES Remmine Fuwerioniy

TO Tor

Describe any change in source position: . .
@ ";:33 f{;ﬁ, e ,1: & 556 befve olrp )Va A 6L — Mensurin stk ano/-v;urc wafen

mcciroty s TEe mansurtimart Fochnigoet
@7 8. 348 afir Arp vs 6 230 b&'ﬁfc_ﬁlra,a The mcconreey m Y

Describe results of any pre- or post-test radiography:

WA

Completed by Date:

17 Mar g4

/.




AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 45 of 54

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:
ssoL SN /75 TPS0(C)
Test Date: /Imae 99 Test Time: 10! us Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
7op Coengp. Dowsl - HEIGHT OF Deop WAS (+2 m

el oF L1D

Describe impact (location, rotation, etc.): Lmpaer CacariXr =
~2
/MprRer oo Coenel oF £to ToP, . Z;,M,:f,, : & @
~ g

Describe on-site inspection (damage, broken parts, etc.): \,
IMIDACT CtTRESS MARKS O ToP (VRAGR of CID. Flams BENT o/ER A
/MPRCT POINT. APPROX. 2% CRACL JBSERVEN 04 TVr of CEO y

B3 Mo e SRETCH. Vo damase vbsenard on il bty - T 6(74

OA RivaenTs,

On-site assessment:

CoNTIVGE WATH PLawsED TES sCgnsiec A/D NINTETI OnS

Engineeﬁng:%%’y 7/ 77 Regulatory:/// %ﬁ QA: D.4/. @é 12 718299

Describe any post-test disassembly and inspection:
-0 HEMaD Tr Mioer Fun Papftcm G OF DA CE ~ A% DArBceE Tv Tue M-’T/ L ochring

ASIBLIES whd 0 BSSMvED
- tock Assombles Rewmain Bvnc/hornt

Describe any change in source position: dimn
(B €.328 uter drop vs & 30% 'b,,}w.._‘,(,,ﬂ Mo da‘y-e — NMeasuremepnts cunch ;@(

re ~s e m
(B2 1) atbemitrp vs 6256 behvadegy ) o it accurncy o

Describe results of any pre- or pést—test radiography:

A

Completed by: Date:

(7 N T




SENTINEL TPZoﬁl) - AFTER 1.2/ (4 FooT) DROP 7&37

DRAV TZOST DNT
SHIELDING PROFILE AND INSPECTION FORM

odel:_ &SSO L Serial Number:__ 2242 _ Radionuclide: L 2192 Max.Capacity:___24 Q0 cCi

Shield Data l
ihield Haaw#,__________________| Mass of Shield: Lbs. | Lot #: |

Initial Profile
iource Model: \\ Source SN: Activity: Ci
wurvey Inst.: s}\\ Date Cal.: Date Due:

Observed Surfach«gcti{

Surface Intensity mR/hr Factor Adjusted Intensity mR/hr
op N
ight Capacity gction
ront Factor:
eft \
ear \
ottom \
1spector: — Date: NCR #:

Final Profile ~"
ource Model: Y 2_';\-3 Source SN: cqzzé;,z:mqqzn.s Activity:_202.4 Ci Mass of Device: Lbs. I

urvey Inst.: ANIPDR 27 T SN:_&J&M_ Date Cal.: &3+ 98 Date Due:_@A~+-99
Observed Intensity mR/F\r " Adjusted Intensity mR}hr '

Surface At Surface Corr. At One

Surface Factor Meter At Surface At One Meter
op 2 | *ua 2.0 qy 2.4
ight Ha A g7 LT {
ront & -. . C::ztc;:? Clc':;rection 29 .4
eft 5% A < ' 7
75 .7 % %
ottom g N .4 94 7
1spector: Magg_zl Date:_LZﬂa;E}A 29 NCR #: NIA

q16-1/1

7
mments: ¥ P LIT-NI (rartesher +

P Amersham QSA



SENTINEL 7730 (3) - 4FR 1.2M (4 Foor) DROP 78ST

DRAVP TZ95T DRT

SHIELDING PROFILE AND INSPECTION FORM

fodel:_L50 L Serial Numberi_[ B 2. Radionuclide: L {2197 Max.Capacity:___ 24 Q Ci
Shield Data

Shield HedM Mass of Shield: Lbs.
Initial Profile

Source Model: \\ Source SN: Activity: Ci

Survey Inst.: Sm?\\ Date Cal.: Date Due:

Observed Surfacw
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top N

Right Capacity ection

Front Factor:

Left \

Rear \

Bottom \

Inspector: _ Date: NCR #:

Final Profile

~]
|

C92%2z —~94.Q

Source Model: 424 -9 Source SN:c893/— mz,gg “'Activity:_202.4 Ci

Mass of Device:

Survey Inst.: ANJPDRZIT  SN: . oqPate Cal.: B0+ 96 Date Due:_gA 499
Observed Inten'sit;rr.uﬁlhr ' Adjusted Intensity mR/hr
Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top LD *nia i ull 2.0

Right y& .S ) 52 A l
Front 7 '. v C:::tc;t\:/ (:’c.);rection 03 = lI
Left 7/ s £3 e

Rear s .7 77 .8 ‘{
Bottom 78 v .6 0% .7
Inspector: /’?334/#/ Date: /ZMar-n 9 NCR #: NJA "

Qais-11

174
omments: ¥ Pre LOT-009 serkeshes +

P Amersham QSA



SENTINEL 7Ps0(c) - #rrer 1.2m(4 For) DReP 1&ST

DNRAP TZST DN\T
SHIELDING PROFILE AND INSPECTION FORM

odel;_ 650 L. Serial Number:__(2S_ Radionuctide: L R 197 ___ Max.Capacity:___24.Q _Ci
Shield Data '

shield Heasky [ MassofShield:________Lbs.
Initial Profile

Source Model: \\ Source SN: Activity: Ci

survey inst.: ﬁr\\ Date Cal.: Date Due:

Observed Surfac«h]ngcti{
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

lfop N

light Capacity gction

Zront Factor:_-

_eft \

ear \

3ottom \

nspector: Date: NCR #:
Final Profile

Source Model: HZ2H -9  Source SN:i'.qszg;‘l,':gzqz;gg G;Activity: 202.4 Ci | Mass of Device:

Date Cal.: &0+ 98

Survey Inst.: AN IEDB. 21T SN:

Date Due: BA~+-99

Observed Im Adjusted Intensity mR}hr
Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top so | *na 17 59 20

ight o L 71

N | Cpmeveopeien | 47 | g

ks 1) 7 /06 == . 8

3ear y< -b/ ;’Z’_%’“"“’d‘ € J
Bottom S6 \L, L4 57 . 5 J
Inspector: /)73% Date: L7/ ) £9 NCR #:___NJ& J

Ql6- 171

omments:'1£ Poc LOT-N9 yerkcher +

P Amersham QSA



AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999

Burlington, Massachusetts Page 46 of 54

Equipment List 4: 9 Meter (30 Foot) Free Drop
Enter the Model and Serial Attach Inspection
Description Number Report or
Calibration Certificate
Drop Surface Drawing AT10122, Rev. B sE€_ATTACH
[

Thermometer OMEGA HHESG- -1
: OMEGA
Thermocouple STC -G&-K -20-3L
Thermocouple OMEGA

WNTR-1C-3%

Record any additional tools used to facilitate the test and

attach the appropriate inspection report or calibration certificate.

Print Name: Signature: Date:
C leted by: \ )
omprefec by m&u\? Awnis au.-()\-«g IR Mac &5
Verified by: | Das/er «. Kestz D.e0. }{4«% /B pror 79




AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 47 of 54
Checklist 4: 9 Meter (30 Foot) Free Drop
Step -TP80(A) TP80(B) TP80(C)

Immerse test specimen in dry ice or cool in freezer to bring specimen temperature

below ~40°C. (@ ) (A
2. Measure the ambient temperature. e l3. N Y ‘e
Note the instrument used: ENe-1Z | ENe-12. | Nz
3. Attach the test specimen to the release mechanism. @ @ @
4. Begin Video Recording of the test. ED-} o)
. . . ~ A -
5. Measure specimen's internal and surface temps. Ensure specimen is at the specified -
temperature. @ >
\ ——
Record the specimen’s internal temperature: WTED ~94°% | -97°
Note the instrument used: ENG-1Z | ENG-12 | ENG-12
Record the specimen’s surface temperature: .92°% |-93 ‘c. -9z c |
Note the instrument used: ENG-1Z | eNG-12 | ENG-12.
6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 7 | Figure 8 | Figure 9
7. Inspect the orientation setup and verify drop height.
> |G |
8. Photograph the setup in at least two perpendicular planes. 5‘) @ @
9. Release the test specimen. @ @
10. M i internal and surface t E imen i ified ~—
. Measure specimen's internal and surface temps. Ensure specimen is at specifie -
temperature. @ @ @
Record the specimen’s internal temperature: - 99 ‘c _.\3 e |— 2__
Note the instrument used: ENG-1Z | eNg-12 | gNG-I2
Record the specimen’s surface temperature: ~S§Y°% | -€9°%. |~ ¢y 2
Note the instrument used: ENG-1Z EMNG-1Z | gnG-IZ
11. Photograph the test specimen and record any damage on Data Sheet 4. @.() ' @
12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary '
assessment relative to 10 CFR 71. Record assessment on Data Sheet 4, Determine
what changes are necessary in package orientation for the puncture test to achieve
maximum damage. @ @ @
Verified by: Print Name: Signature: Date:
Engineering | A, pp Moy %W ¥ N ARG/
[4
Regulatory Affairs
gulatory Mz 5S> W——— /8 a5 7
Quality Assurance | Dapse/ H. fHurf2 VN D /8 march 99

O wr oo geowe -93%



AEA Technolagy Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 48 of 54

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:
650l SN 2z43 TP30 (4
Test Date: [8 Mo a9 Test Time: q [ Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:
Ut zgwmp, Lows Spe Dowanr Frorm 30 4

Describe impact (location, rotation, etc.): - _ _ —
-PMIM«E’ )QSrrMED :uan’nlr)aﬂf’—""‘ OROP — EPGE™ oF B PerdTy Siretek [7asT

(Lmrtel O LovG EDEC OF PedT¥

Describe on-site inspection (damage, broken parts, etc.): . on
- LoNG §06P oF Brirsm Pubis DEFonrtsy o ¢ Rphan & HBSERANY wirrss T:i":b’” g
EDg OF TV Pehser Arrp (yiTom clo Pdwves — St DETrmr87 :;" (i o
- DEFRMpnors 0F OUTE SHELL AT 7PN Féee W T3 Qoilir Fosadss™ pLpT e C wHERE BoDVIT

PLTE O EFInn

On-site assessment:
~ ConTinvirl WITH Pehawsp PDRIP SEQuENMcE D ORI EMTB TN

M7 -
Engineeﬁng%ﬁ/ (g 7 Regulatory:/%ﬂ//ﬁ/wquA: D. A &«{ /877

/ -

Describe any post-test disassembly and inspection:

P

Describe any change in source position:

A

Describe results of any pre- or post-test radiography:

Y2

Completed by: Date:

W%Zm/ /8 e 79




AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 48 of 54

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:
ésol. SN 132 TPSO(B)
Test Date: / £ M4 f7 Test Time: /0230 Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height: i
—Vinncar Apsi0F Do Rprr 3047

Describe impact (location, rotation, etc.):

-1,.,’4,‘_(,)‘ wns flat on "“’ﬂ

Describe on-site inspection (damage, broken parts, etc.): ry7

- One Rwan? broken ~ gl balt shtl holds ~No ofier »ér@zf{ﬂme;‘f o L bul75
- M Jtmmj& ho led (ot wihiess marks ‘on fup

< SS ove~ weap (1e. Lbel) unzrPpay Arn oreriebd “P . o 5*

- €5 Oafer shell (18 gape) nrripein o867 W30 LivE PO OPEVED aAp ~/

2

On-site assessment:

ﬂ— Fohpm capekem) sodrth Srwite P1&zes crre On7

) - €5 Zonedswere Ctogage)fin mddle s sho? 5105) PoreeonBRimre & Fisreymcte) - a,oc«e—;/ B
< canch ~ 3" N.fx;~)'3_ wIDE ! = THs canleh SpeaTs AT TOF eny ~ AT 1502

el N

OF THLS 0PEIMIN €. THE cAAch TR AMS AND CONVTINUES B ENrrnD F7
S 2AM BEHIND FrpOl SHEL CANcfe 0

K ser-Bare)
Engineering é%@ (9147 Regulatory: C—BMAET QA: . L. M /8mae99

Describe any post-test disassembly and inspection:

YV Z

Describe any change in source position:
SV AL

Describe results of any pre- or post-test radiography:

A

Completed by: Date:

/8 /o 77

X clawse Puvernad PBar Dpgp oRepTHTION, FROM YMOERSOE 517 TP fLeit Ty HoRIBoawTHC

WiTH Br1fpc] 72 oPEr A-Xxiidt chAect. ¢ E;\’)__Dulgﬁg _
~ ProcetTO v I Poaneivee” cq. v
av e
15/ pﬂ/p CRACK < CRACK AXML Fr—
. INTD PREE
B




AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 48 of 54

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:
Lol SN 195 7P S0 (C)
Test Date: 18 Mae T Test Time: 17120 Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:
Tor Cormen 370%/ Frop? 32 5

Describe impact (location, rotation, ete.):
Torp At OV ToP CORMEN D) O

Describe on-site inspection (damage, broken parts, etc.): ) —

- TOP PLoTE OF tiD CRAheD CBRITLE Fre#ne F vt Y o Fr1 G 200 MZ,_,
SanPALE ¢10 DTFRTeD A TD CoLariss " sTertons ok L0 Nl < EICaTn SETINS ST Bo
Pb"l’bc-—dl;("ﬂ e T

-/l/‘) Q#”Hc" TO &7 Bogx o RIVAATS - Bpl?”"f PLBrYy DEFornrmgp A5 Conre {47

On-site assessment: or Bou m‘j

= CHBWGE PuveTuRE BAR DRV DRIENTBTION FRoM HIT on/ BoTTOM PLBTE IO
Zrppcyop” TOP oF ¢t To TRY TV 627 79 Locks.
—PROcery Y/ Paverne Bioe [Dngpe ' @

7;7\&
Engineeﬁng‘MWM Regulatory; %ﬁM fha o.at 5“75 /8mne 99

s
Describe any post-test disassembly and inspection:

Vo

Describe any change in source position:

Y

Describe results of any pre- or post-test radiography:

Y.z

Completed by: Date:

(8 f1He 7T

=




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 49 of 54

Equipment List 5: Puncture Test

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

Drop Surface Drawing AT10122, Rev. B @ S et
Puncture Billet Drawing CT10119, Rev. C

OMEGA
Thermometer quzt ENE—(Z.

OMEGA
Thermocouple 5TC-GGE-K-20-36

OMEGA
Thermocouple WTK-16-3 & \

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

Print Name: Signature: Date:
Completed by: A )
Dave Aunis A B_Mac 99
Verified by: | Dasres cw . Aert Ded. M /& mre 99




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 50 of 54

Checklist 5: Puncture Test

Step TPSO(A) | TPBOB) | TPSO(C) (TPGP®)
DA
1.  Immerse specimen in dry ice or cool in freezer to bring specimen temp. below ~40°C, 6 -‘) lﬁa) 6() @/
2. Measure the ambient temperature. 155, i, lg’ . \75 e, /57
Note the instrument used: ENG - 12 | ENG-12 | ENG-|2 | ENGIT
3.  Attach the test specimen to the release mechanism. ':D@ @ @ @
4,  Begin Video Recording of the test. @D @ ?D) NOTE-—’%
5.  Measure specimen’s internal and surface temps. Ensure that specimen is at specified temp. @ m ,) ,
Record the specimen’s internal temperature: @)— 8le ,.37%[3‘ \>g30c_ _.\%OC/ - ‘,5
Note the instrument used: ENG _,lz ENG-12.| ENG-1 2 E{{’G‘l;
Record the specimen’s surface temperature: @._ ye’e |- €9 oc/ - 572 -532 |y 72
Note the instrument used: ENG .,é ENG-12| pne-12-| g1t
6. Lift and orient the test specimen as shown in the specified referenced figure, or as | Figure 10 | Figure 11 | Figure 12
determined during the assessment of the 9 Meter (30 Foot) Drop Test. & @
7.  Inspect the orientation setup and verify drop height. @ . @ @ @
8. Photograph the set-up in at least two perpendicular planes. @ m @
9. Release the test specirﬁcn. ‘@ m \@
10. Measure the specimen's internal and surface temperatures. _ @ @ @ @
Record the specimen’s internal temperature; ©_719 - jB_B oc - 2%, —-}l ‘|- 70’¢,
Note the instrument used: - ENe-12 ENGIZ EM?—IZ EKG"“ 12-
Record the specimen’s surface temperature: Gi l/Z"‘ — 76 "C_. -4y °<-_ - SO.C, -37 Do
Note the instrument used: FNE-12 £ /{é, 12| NG| EM@.{W
11. Photograph the test specimen and record any damage on Data Sheet 5. (@u) ic)
12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary ~ @
assessment relative to !0 CFR 71. R'ecorq a;sessment on Data Shee.t 5. Detz?rmine what ‘_@ <@ (v
changes are necessary in package orientation for thermal test to achieve maximum
damage.
Verified by: Print Name: Signature: Date:
Engineering |A/ b Mpnsagne” 18 Mae ?7
Regulatory Affairs % S ( ! h ) (3 %gf
Quality Assurance |,/ 4. Kordz T W M /B Mareh 99

X% TEST SlEN WAS FOR "B NI, poT “C"



AEA Technology Test Plan 80, Revision 1

QSA, inc. March 12, 1999
Burlington, Massachusetts Page 51 of 54

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:
ss0s SN 2243 JESAA)
Test Date: /8 ot 29 Test Time: RS Test Plan 80 Step No.: 8.10

Describe drop orientation and drop height:
Noptisonirdy, Lo SIDE 0nTo Pancons EI7L fr-r1 “f

Describe impact (location, rotation, etc)
IAnAeT JAS LOIE SO oF PhethcE

Describe on-site inspection (damage, broken parts, etc.):

WiTaeSs rlmety o/ Tor Pubi?d FLI»= e

-SSP AT ons S1DE  TeesT GBove” [P Tdrr flendTR
~No PIFIBGL” 79 L1 O BT gyt Rivnsys

On-site assessment:
~Ppchdrse mriet “A/a D AMAGE” TV 1D

o aw“ \ A
Mo Lo TYTW) HFTRNL DAvs ﬁ?&%p ce. belor (Ed"&)-'ﬂ@'e)c"&/w; Tv6aear”

5471 ORIGNTET 701/ >
B~ ;L"‘/ O2of KTT orn/ LaNG SIOE -J’n/Mf—Ai?‘ A5 TED v DT &

OE o F PHerR6E — WMo oiren 0%46,

fv #oT P

Engmeenng (Y riRg 7 _ Regulatory: /5%; 6.4.: DN M /8rmne 79 4 mim';M
-4 o m’

AvD tochy Aad) sineec PBITN
'ffi“"’”,,“";ﬁeﬂ‘jm v ’”’I’M&%—nwﬁaﬁu; 15 no nead fo chang e 1he PI"'

Describe any post-test dlsassembly and inspection:
s&— ATneH SHEFI

Describe any change in source posmon
L e
6§38 6.303 = 06"5

8 6359 6398 * 0.019

Describe results of any pre- or post-test radiography: .
No hnnge & shelA gk — p25 /fm-w?b fo intesn! strfune fealhicd ca

/\Adfo 7"#5

Completed by: Date:
Pebtlsm |~ 22 ers

\'t,\'l.
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AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 51 of 54

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:
gsot SA /32 TP (B
Test Date: /5 /1407 2 Test Time: sy Test Plan 80 Step No.: 8.10

Describe drop orientation and drop height: g,ﬂ Pxt At CRACH

t —— ——
& St Do oot Puseninl SAR - TARCET 22 0

Describe impact (location, rotation, etc.): ' <A77
l-’w Porat otere af/y on Axel cra %/f{?ﬂw'b‘z 7

Describe on-site inspection (damage, broken parts, etc.): _ -
= Stad? 1nAen PP one ETFRL SWDE OF SRS AT 1557 Pppes20

S N6 Fantmen ol Sl s of CRACK WIS 0BseReE D

On-site assessment:

- Rqaltb;'fdp‘ /gwm fv Pt asses crw/évy aJJek’wg bon %> ﬂwt—ﬂ&/.
- Mu,m/v’u wee ben whioh Shonbso u“.-,/(,7 oF (ane~ sloeve a../yo,. FAe one {:‘t )[
- l?ma/ oIn ohove i was Aetorminsel 2a } F 13 y/r//-rm[& ho pn’aee// witA -In.y)wgbﬂ;}f’-r
-Av/ plete, Lrete mehmncsn onAd sourse pasn'wn. T AODIYtors ¢3S Den-ﬂﬂla:
THGE THERMBL TEsT OF Mo~ et ShoueD BE PRLEMAHED wiTH THE crBcl SIRE Denrv

ArD THE wry Aot From MBI Pgndty TO Bevow THE SHIELD TV rtave A3 muck s .,

AP

A5 PossrEel &
y g 4
Engingring: Y7 Regulatory: A D. M. éﬁé B3299

Describe any post-test disassembly and inspection:
SEE€ ATBeHID SHEDT

Describe any change in source position;
~ 0;}(«2‘3., o g"v,oplah?rp&‘-”w{ hoa very wvw/z o'(nn,o el L a2 po‘-sﬂ‘ww val/bv'd
ﬁ' A > 0- ‘)} [ Xad

% A L3 0.0‘?/’-’ e S /

Describe results of any pre- or post-test radiography: Tt crnch L5 a W"?“\
Sel ASIvE EwnRE Lingriy oF FHE LW SHEU E ,

Completed by: Date:

¥ ﬂ/%’—‘z‘?




/G St T
GSPL —F&T seewrEr’ TPgs(B) — SN 182
O3 paseriBey 1o7zs  (los7 Paprpnrer 8o f\?ma
= AR oF RiwnuT — ADIHCENT JO  SeAnd - I;KOKé??U OFF
- UD BATS UNDAmAGED, BIT- RIVAIUIS TURED oul™
= LK B BRKEN OUT; SWRCE STLL LoCKED N FLRCE
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AEA Technology Test Plan 80, Revision 1

QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 51 of 54

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:
gsol SN 175 7P 80 (C)
TestDate:  j7 maR 49 Test Time: /Z.:45, P Test Plan 80 Step No.: 8.10
escribe drop orientation and drop height: AE0) QRA° DREn7Bhop/
DD- UPSIBE Dol ON LID CeMTER., AT A SUEHT ANGLE- ARGET~ ANOER A ERTN CobtardiT

OF ToP pPuésy” PLYe g0/

Py

. v) y)
- . . s N'
escribe impact (location, rotation, etc.): ripact oot Eyntim CRVER I 3774,

V- eDgE o PUNCTURE BAR 1T TOP RATE oF LID WITHA) THE TUVBEGCotvmA OF F7E )
4D.

s o
7 SATY
escribe on-site inspection (damage, broken parts, etc.): AV Daow ORIEXTHIION

l o SrptL DEFIrsnIIns oF TOF° bz
Damace 70 LID /NCREFEED DALY Sel6aTL? T aee 1

Bars — A GAAS e CREBTED B

On-site assessment:

(D Lock Mloctadristes VOT Ekprser I RICEZE 1PP=TED 10m OO
SC¥acr et

w Lo Puis RET1GnER 10 TGET '
At penry 0% OFErin/6S < S (HTheAve” CacRIZP o 7y 2 THE IS,

S oTE: T wis Deci 0977 A5 (TE™ TD YERFraa? Aas Ao0iTtnde Pancite” 1590 JRorP S 727~
P02 e sPeeimens. THE 272 pry? oti@rTi9n1on el TARGET cer DERVEFTI Cornidl

Of-TI PebTE AS Sktpnas 100 F16at™ 7/ oF Trg T caf-n, (Tt DROL 0R1ENTETION 1hhiS PetnaiD
% SOl fLone (o700 5 / Fm ITert TP 80(R) |
Engineering: ;W Regulatory: A T0A: D . 4{«._44._75 /8Mmq8 99 .

>

Describe any post-test disassembly and inspection:
S&E ATHEHELD SHEFT

Describg %%llac_nge irrxgs'o:lg&%positign: _
A 6.30% 6372 *O03 9
B 6256 6.257 +0,003%

Describe results of any pre- or post-test radio%aphy: < L
Mo da maj{,k indern s (Aenk "/"‘/ fgoﬁo//&;{/

Date:

Completed by;
M%/ 22 /13775
7 .

P Tugne Aol M> 0PENIAG 1ar THE PHCHACES THEAETE THERNA L TEIIMG OF TH &GI8 £PT
Adtnai® (PER e orer fusr)

i f 1R
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SENTINEL 7r3:0) - srer 9m (30 o) DRoP 7572 AuETIRE
7ES

SHIELDING PROFILE AND INSPECTION FORM

lodel: &SO L Serial Number: 2243 Radionuclide: L 192 Max.Capacity: 244 ci

~

Shield Data

|

Shield Hoatk; | Mass of shield: Lbs. | Lot #: |
Initial Profile
Source Model: \\ Source SN: Activity: Ci
Survey Inst.: Sm&< Date Cal.: Date Due:
Observed Surface Coxection
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr
: \ H
op h
light Capacity ection
ront Factor:
eft \
ear \
ottom \
1spector: Date: NCR #: \l
Final Profile
an‘i-lla-SrJ- . . .
ource Model: 42 4 -9 __ Source SN: cge32-94a.10/ Activity: 2054 Ci | Mass of Device: Lbs.
urvey Inst.. AMIPNR 227 SN:_Sm322 4yn2 Date Cal.:_&Net 22 Date Due: &Nt 29
Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One

Surface Factor Meter At Surface At One Meter
op 80 *uia 2.3 43 2.9
ight s v 7 L L} '
-ont Capacity Correction

80 —t g Factor:_J.}&a 93 1O
aft S“O fé j-g ) 7
ear 70 . B 5 l . 9
>ttom 80 v _ 53 b
spector: /1033..‘1 Date:_2§ M D39 NCR #:___a/A __

' Qls-111

(74
nments:*' Prc LOT-009 yarkher +

P Amersham QSA



SENTINEL 775 () - srrer an coo peor) DRoP 7257 # punc e

lodel:_&6S50 [

7EST

SHIELDING PROFILE AND INSPECTION FORM

Serial Number:

195

Radionuclide: _L 31972 Max.Capacity: 2440 ci

~

Shield Data u

Shield Homk | Mass of Shield: Lbs. | Lot #: |
N Initial Profile
>ource Model: \\ Source SN: Activity: Ci
survey Inst.: Sm\\ Date Cal.: Date Due:
Observed Surface C ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr
. N H
op h
light Capacity ection
‘ront .Factor:
eft \
tear \
iottom \
1spector: Date: NCR #: N
Final Profile 7

Cleid-NHa. sl . . .

ource Model: g2y —3 Source SN: - Activity:_2A0S5.4 Ci | Mass of Device: Lbs.
3

urvey Inst.:AMJONR227 SN:M&_ Date Cal.:_ &N« 28 Date Due: R,Ad-??’

SIS 17

Observed Intensity mR/hr Adjusted Intensity mR/hr
Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter
op % *nia 19 70 2.2
ight gs 2 19 .9
ront _ - Capacity Correction
1< Lo Factor:_/Jb SZ. b
2ft o .9 {1l /.0
ottom v -Y 70 3
ispector: Date:_/§ Mar D39 NCR #:___a/A
Qis-111

mments:t?u- LOT-0N9 Lyarkher t

P Amersham QSA



' AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1

March 12, 1999
Page 52 of 54

Equipment List 6: Thermal Test

Description

Enter the Model and Serial
Number

Attach Inspection
Report or
Calibration Certificate

Bottom Surface Thermocouple 1

XCIB-K omMech

(o

Top Surface Thermocouple 2 o)&e‘eé\_ W @
Side Surface Facing Oven Front Thermocouple 3 o:‘z";; -K @X
Side Surface Facing Oven Rear Thermocouple 4 XCiB-K \\.
Source Tube Thermocouple ;/ ° Y 19 mARTT X1~ I8 @

Oven

GE GOKW Resistans
~HEATEP BOX FORNACE |

Oven thermostat

ACE
OMEA# X CIB-K-

Q0

J

(2@

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

SIDE SURFACE FACING LEFT TC S

XD - K Qe
SIDE SURFACE FAUNG RISHT TC & KeIB - K oo
SIDE ¢F UMIT AALIne oer FasnT TC 7 |y cig - K o
AMBIENT J/eRmolouPLE 9 A A ~K G
#EN&-2]
TRRXCUPE_ THERMOMETER. Corte 7 Cole -Riemer (izcn) B
Print Name: Signature:/\ Date:
K
Completed by: :Qve AP \ );..,e_(jz\,%\ 12 Mar g5
Verified by: | Danre/ . Kurdz D00 Lot 19mara9




AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 53 of 54

Checklist 6: Thermal Te_st

Step

TP80(A) | TP8O(B) | TP80(C)

Record Test Specimen Serial Number.

82 | >

2. Preheat the oven to 810°C. < >
>

3. Attach the thermocouples as described in Equipment List 6. Ensure the recording 0:\

devices are active, and that the external thermocouples are shielded. ~ @

¥/ ¥

4. Place the package in the oven in the worst case orientation and partially close the g (& ‘9%‘3‘1 &

oven door such that a 1 inch by 36 inch opening is provided. Record the time. ¥ 7:35 oM v
5. When all of the test specimen’s surface témperatures exceed 810°C, begin the 30- g D 19 39”‘ §

minute time interval. Record the time. 8,05 P
6. Monitor and record the test specimen and the oven temperatures throughout the 30- @

minute period to ensure that they are above 810°C
7. Atthe end of the 30-minute test period, shut off the oven and open the door, > @'9'3‘92

Record the time. g0 REANG THE TOST SHECL G ' 3ToM

. " AT W Uguse 4
8. Describe combustion when door is opened. z-”? /::iqu CH‘:Elﬂgfi-;t
FLaME

9. Allow the specimen to cool, &emnwr?vsptmr&mtheewn. Record the

time. Wiﬂa ﬁﬂmﬁeﬂqu? &37PM
NOTE: If specimen continues to burn, let it self-extinguish and cool naturally. / )
10. Measure and record the ambient temperature. \ ~’2 5 e . <
11. Photograph the test specimen and record any damage on data sheet 6. / @ )
12. Radiograph the unit to determine the shield location. > @ >
13. Measure and record the source location. & (}J__ 1% Qé

/

14. Engineering, Regulatory Affairs and Quality Assurance make a preliminary C@

assessment relative to 10 CFR 71. Record assessment on Data Sheet 6.
Verified by: Print Name: Signature: Date:

o pMiHans P8RRI Tart gl 7
Engineering |20 & sthumsemms %f{:&%&_ 27 #AR 77

B2l ey b a—

P e

Regulatory Affairs Cathlrn Ruwe) i Muﬂ 24 ma/ 19

Quality Assurance %:,/el Ww. KBurtz 4,

se) td o Pert2

$20735 %%

Xcor piern oF AusTes éxcory ST 13 (Surce Idw/h;-) Souece Locata wtl b

ple'hhﬁm(/;l af the flméz



AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 54 of 54

Data Sheet 6: Thermal Test

Test Unit Model and Serial Number: Test Specimen:
bS50l SN /32 TPTO(E)
TestDate: /g 40 99 Test Time: AZ; 24 pn | Test Plan 80 Step No.: 8.12

Describe test orientation and setup: o :
PACKAGE o) TG TO RAISE SIDE FACE OF LMIT” 70 AN AGLE S3°ABOVE Had)
SIDE UWITH CRACK FACING DowA (@ S3°ANBLED . SEE F/EURE —~ATTR CLIEDS.

Describe package during testing:
POLYURETHANE FOAN BURNED OFF, CAUSING Soms PED FLAMES 10 SHOT T

ABE oVer) %z. FLANES DItNISHED ARD S70FFED WHRETELY Berare 0 AMV7E~

Describe on-site inspection (damage, broken parts, etc.): WHEN WEN DOOR FIRST GFENELD UNiT

BLWED BRIGHT RED [INCwDING TIG). AFTER LXTERIOR HAD cooledp 7o 6ReP
LOLOR, INSPECTION) SHAWEDS: (1) Ko CHANGE /N CONFISURATION 0F FHEKAGE EXTERIR,
INCLUDING [NNEGR SHELL ~-88, CRACK WILTH DID NOT CHANGE, (2) AL F2Aml 10 72P oF
UNITAGNE, Sp DU SHieD> AND m)ke(e 7;035 (losesT 7o "Ww"’f Ws/gfﬂ m _
i CRACK OFEN/MNG, (B) DU SHIEeD WAS GLoWNE RED /.

AND OXIDE (BLAtK Powsen) WAS BIeDING UP on SHIE2D SURFACE
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TP80(B) 4 Foot Drop Test Results
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Section 1 Introduction

This document describes the mechanical tests and results for the Model 880 Pipeliner Projector to meet the
requirements of the following standards

ISO 3999:2004(E), Radiographic protection — Apparatus for Industrial Gamma Radiography
Part 1: Specifications for Performance, Design, And Tests

Section 5.8.4.3 - Handle, attachment part or lifting mount
As part of this test plan the following ISO 3999:2004(E) tests were performed

Section 6.4.3 - Handle, attachment part or lifting mount test.

Section 2 Construction and Acceptance of Test Specimens

This Model 880 assembly used for this device was originally manufactured by QSA Global as a production Model
88015.

The assembly was retrofitted to a PipeLiner configuration by QSA Global production personnel under TMI279.
The PipeLiner retrofit components for this device were supplied and assembled by IRSS.

The device used for this test was previously used for;
Test Plan 187 Model 880 Pipeliner, ISO 3999:2004(E) / ANSI N432 (1980), Endurance Test
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FIGURE 2.1 MODEL 880 PIPELINER PROJECTOR IN STANDARD CONFIGURATION.

Maximum Weight as Shown 55 lbs
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FIGURE 2.2 MODEL 880 PIPELINER PROJECTOR IN PIPELINER CONFIGURATION.

Maximum Weight as Shown 70 lbs
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Section 3 Test Objectives

Objectives
The purpose of this test was to demonstrate that the Model 880 Pipeliner projector meets the requirements of?;

ISO 3999:2004(E)
Radiographic Protection — Apparatus for Industrial Gamma Radiography
Part 1: Specifications for Performance, Design, and Tests
Sect 5.8.4.3 Tests for Exposure Containers, Handle, Attachment Part or Lifting Mount
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Section 4 Test Setup

The test setup was modified from the original test plan.
1. The equipment used is shown in pictures 1 & 2.
2. The setup is shown in picture 3
3. The setup was the same for both configurations, Standard and Pipeliner.
4. The setup consisted of:
4.1. A Walker Model CER.9 electro-magnet rated for 2400 Ibs secured to the Drop Test Pad, T10740, S/N 001.
4.2. The magnet was protected from damage by a cork enclosure topped with % plywood.
4.3. The Pipeliner test device was secured to the magnet with a 2” wide ratchet strap.
4.4. The load was applied by a fork-truck equipped with a lifting hook attachment.
4.5. The load was measured by a Dillon Model Ed- Junior series digital crane scale rated for 2500 Ibs
4.6. The scale was attached to the device handle with a 2” wide lift strap.
4.7. The device to be tested was cooled using dry ice to a temperature < -40° F prior to each test.

2 Test equipment 3 Test setup
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Section 4 Test Data

5 PipeLiner configuration loaded

4 Stéﬁdar}d énfigation loaded
The ‘Standard’ configuration was loaded to 1,568 lbs (25X 62.7 1bs)

The ‘PipeLiner’ configuration was loaded to 1,768 lbs (25X 70.7 1bs)

Section 5 Final Inspection and Assessment

The PipeLiner handle and jacket assembly was inspected after each test and no damage or permanent
deformation was found.

The Pipeliner configuration is not intended for transport, but was tested due to the increased weight and
possible affects of the Shoe Mounting Bolt that runs inside the handle in this configuration only. The
bolt was removed after the test for inspection and was not bent or damaged.
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Section 6 Conclusion

Both configurations evaluated in this report, Standard and PipeLiner, passed and exceeded the
requirements of Test Plan 188 and I1SO 3999:2004(E) Radiographic Protection — Apparatus for
Industrial Gamma Radiography, Part 1: Specifications for Performance, Design, and Tests, Sect 5.8.4.3
Tests for Exposure Containers, Handle, Attachment Part or Lifting Mount.

In both configurations the handle showed no damage or deformation after a load in excess of the 25X
requirement was applied. The same device was used for both test configurations and therefore was
subjected to the load twice with no damage.

Additionally both configurations of the device were tested and passed at -40° F.

Section 7 Attachments
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Section 7.1 Worksheets
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Section 8 Test Worksheets

Test Plan 188

Handle, Attachment Part or Lifting Mount

Material and Equipment:
Test device (Model 880) serial number: 72/&6 - € Configuration: ¥ Standard 1 Pipeliner

Weight of test device (Model 880): §°F .2 ¢ Total weight of test equipment: Saae Zrnos
Scale: Dssow Mopee £D s Seen * paen>i1300 785

Unit complies with IRSS “Work instruction for performing Pipeliner Retro Fit” Rev 1%
Quality Control

Test Procedure: .

. Prepare test specimen as described in “Construction and Condition of Test Specimen’™,
Cool the device to -40° F
Secure device to plate and add weight to 25 times weight of test specimen as shown in Fig. 6.1. or 6.2

Record the device temperature. = 7S~ °F

(59

Lift test specimen and weight from middle of handle with crane. ),
Record total weight. /SBE /Ay Aax Tetdorvg . T to rRED Loe ddes (375 /4y

Inspect test handle for cracks or other visible damage.

N aw e

Damage and/or operational malfunctions:

Test Assessment:
57 SErR L Soray Plaw T filon pis fleslorar Ty £
Popu Zeoop Livres Seopxup B T FRor ZEsr Rere, I Trrdesss
Yeror
Tite ovres TRE5E) Ll rny No Drobbt H

Recorded by@‘/ (7&‘-&244‘—') Date: /7 ppae Zoro
Witnessed by: g pa e Jip/ Phtbarr Dite: /2 B/ 205

WORKSHEET 8.1 HANDLE, ATTACHMENT PART OR LIFTING MOUNT
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Section 8 Test Worksheets

Test Plan 188
Handle, Attachment Part or Lifting Mount

Material and Equipment:
Test device (Model 880) serial number: 72/4% <  Configuration: 1 Standard /XPipeliner

Weight of test device (Model 880): £ 4.5 /45 Total weight of test equipment: Jews £/les Zres 5
Scale: Zscon fMooge £o-TR Spewte ¥ PEDT 1300785

Unit complies with IRSS “Work instruction for performing Pipeliner Retro Fit” Rev 1 %
Quality Control

Test Procedure: e e

1. Prepare test specimen as described in “Construction and Condition of Test Specimen’™.

t9

Cool the device to -40° F
Secure device to plate and add weight to 25 times weight of test specimen as shown in Fig. 6.1. or 6.2

Record the device temperature. — %/ 7~
Lift test specimen and weight from middle of handle with crane.

Record total weight. /7.8 /s Aex Bosouns. Fosooness Law bins /776 Ay
Inspect test handle for cracks or other visible damage.

NN bW

Dirm and/or op;@tional malfunctions:

Test Assessment:

&f e 6"44 % 13..»7.4« M%MWM__g

T Tt 77/9’5;9 Lrrrs Mo 7 lewtdatr

Recorded b@/ ' ()?4-. ’Pua) Date: /9 psgant Zono

Witnessed by: Date: /¢ for./ Zeve

WORKSHEET 8.1 HANDLE, ATTACHMENT PART OR LIFTING MOUNT
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Section 7.2  Test Plan 188
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Section 1 Introduction

This test plan is intended to evaluate only the Pipeliner Jacket Assembly produced by IRSS to the
performance requirements of:

ISO 3999-1:2004(E), Radiographic protection — Apparatus for Industrial Gamma Radiography
Part 1: Specifications for Performance, Design, And Tests
Section 5.8.4.3 - Handle, attachment part or lifting mount
The test sequence to be used for the testing is listed in:
Section 6.4.3 - Handle, attachment part or lifting mount test.

This plan outlines the test procedure, describes the test specimen construction, identifies the test equipment,
and provides worksheets for test data recording.

The QSA Global Model 880 Radiography Projector assembly and jacket has been tested and approved under
previous AEA Technologies and QSA Global test plans
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Section 2 Pipeliner Radiography Projector Description

The Model 880 Pipeliner projector, shown in Figure 2.1 & 2.2, is a portable (Class P), externally projecting
source (Category II) device. The device consists of two major assemblies; the QSA Model 880 body assembly
and the IRSS Pipeliner assembly.
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FIGURE 2.1 MODEL 880 PIPELINER PROJECTOR IN STANDARD CONFIGURATION.

Maximum Weight as Shown 55 lbs
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FIGURE 2.2 MODEL 880 PIPELINER PROJECTOR IN PIPELINER CONFIGURATION.

Maximum Weight as Shown 70 lbs
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Section 3 Discussion on System Failure Modes of Interest

The Handle, Attachment Part or Lifting Mount Test is used to demonstrate that the handle of the exposure
device is able to withstand forces that may be encountered during use.

A failure would be indicated by:

e The handle breaking.
e The handle becoming unattached from the device.

A failure could result in:
e The user not being able to use the handle to carry the device.
e The device being dropped.

The Pipeliner has two configurations:
e Standard, configured without the shoe and collimator assemblies for use with a standard guide tube
and collimator.
e Pipeliner, configured with the shoe and collimator assemblies.

In the ‘Standard’ configuration the total system weight is approximately 55 Ibs. In this configuration the
handle has a hole, approximately 4” in diameter, extending along its centerline for the full length of the
handle.

In the ‘Pipeliner’ configuration the total system weight is approximately 70 Ibs. In this configuration the shoe
mounting bolt, a 3/8” diameter stainless steel socket head cap screw, is inserted thru the hole in the handle
giving additional support to the plastic jacket.

It is unclear which of these conditions puts the worse load on the handle, the lower load and less support of
the “Standard’ configuration or the high load with added support of the ‘Pipeliner’ configuration.

Since both conditions will commonly be used, both configurations will be tested.
The Pipeliner jacket material has a rated operating temperature range of approximately —30°F to 200°F.

Because this does not meet the minimum -40°F temperature requirement of the intended area of use this series
of tests will be performed with the test units cooled to -40°F.

Test Plan 188 Page 7 of 16 December 2009




Section 4 Construction and Condition of Test Specimens

All system components used in this test plan are manufactured in accordance with the QSA Global, Inc.
(QSA) or Industrial Radiography Supplies and Services Inc. (IRSS) (as an approved supplier to QSA Global)
Quality Assurance Programs

A Pipeliner Jacket, Part Number PL1013 Revision B, manufactured by Industrial Radiography Supplies and
Services Inc. (IRSS) is the part to be evaluated.

The Pipeliner assembly will be manufactured and supplied by IRSS in accordance with the Industrial
Radiography Supplies and Services Inc. (IRSS) Quality Assurance Program, as an approved supplier to QSA.
IRSS Certificates of Compliance for the supplied parts and assemblies will be included as part of the final test
report.

Assembly of the Pipeliner test specimen used for this test will be done by QSA staff qualified to perform
maintenance on 880 projectors in accordance with Industrial Radiography Supplies and Services Inc. (IRSS)
instructions for conversion of a standard Model 880 projector titled “Work instruction for performing
Pipeliner Retro Fit” Rev 1.

Inspection of the finished assembly will be performed by the QSA QC department in accordance with the
requirements of Industrial Radiography Supplies and Services Inc. (IRSS) instructions for conversion of a
standard Model 880 projector titled “Work instruction for performing Pipeliner Retro Fit” Rev 1.

This represents the process QSA and IRSS intend to use for the manufacture of production units.
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Section 5 Test Specimen Preparation and Inspection

1.

Manufacture one Model 880 projector per QSA Global drawing number B88015, revision C.

The projector is profiled per WI-Q1816 as part of this procedure.

2.

Mount the projector in the Pipeliner assembly, IRSS part number PL1000 revision 1, per IRSS
instructions for conversion of a standard Model 880 projector titled “Work instruction for performing
Pipeliner Retro Fit” Rev 1. This procedure will be done under TMI 279, one of the units built for
testing under this TMI will be used for this test.

Measure and record the weight of the specimen and must be less than 55 pounds
Inspect the test specimen to ensure that:

a. All fabrication and inspection records are documented in accordance with the QSA Global
Quality Assurance Program.

b. The test specimen complies with the requirements of the drawings and the IRSS assembly
instructions.

This unit, in the ‘Standard’ configuration will be used for the first test.

After completion of the first test this unit will be reconfigured as specified in the IRSS Pipeliner

Operations and Maintenance Manual to the ‘Pipeliner’ configuration. This involves the installation of

the Pipeliner Shoe and Collimator assemblies. A copy of this manual will be included as part of the

final test report.

Measure and record the weight of the specimen, and must be less than 70 pounds

Inspect the test specimen to ensure that:

a. All fabrication and inspection records are documented in accordance with the QSA Global
Quality Assurance Program.

b. The test specimen complies with the requirements of the drawings and the IRSS assembly
instructions.
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Section 6 Test Procedures

Requirements

The Handle, Attachment Part or Lifting Mount Test demonstrates that the exposure container handle is able to
withstand a static force equal to 25 times the maximum weight of the device. The force is to be applied to the
most vulnerable part of the handle. The most vulnerable part of the handle is considered to be the middle of
the handle where the most bending stresses will occur.

For the ‘Standard’ configuration the maximum device weight is 55 Ibs requiring a test weight of 1375 Ibs.

For the ‘Pipeliner’ configuration the maximum device weight is 70 Ibs requiring a test weight of 1746 Ibs.
The test weight is the total of the device weight, the weight of any fixturing and applied load.

Equipment

The test IRSS Pipeliner assembly installed on a Model 880 body.

A test plate that, when strapped to the device, achieves a total weight of at least 1746 lbs.
A scale to verify the weight of the test equipment.

Crane or forklift (Lifting Device)

5. Straps as required

o B e

Procedure

Preparation the Test Device |
The test device is to be cooled to a temperature of -40° F prior to each test.

Test One

1. The test unit in the ‘Standard’ configuration will be secured to the weight assembly by a web strap or
other device as shown in figure 6.1.

A two inch wide web strap will be positioned at the center of the handle as shown in the figure.

The strap will be connected to the scale and the scale will be connected to the lifting device.

The temperature of the device will be recorded.

The test assembly will be raised clear of all supports and a total weight reading will be recorded.

The weight will remain suspended for one minute.

The handle will be inspected for damage or failure.

Nahbdbwl

»

If the handle has passed this test the device will be reconfigured for test two.

Test Two

9. The test unit in the “‘Pipeliner’ configuration will be secured to the weight assembly by a web strap or
other device as shown in figure 6.2.

10. A two inch wide web strap will be positioned at the center of the handle as shown in the figure.

11. The strap will be connected to the scale and the scale will be connected to the lifting device.

12. The temperature of the device will be recorded.

13. The test assembly will be raised clear of all supports and a total weight reading will be recorded.

14. The weight will remain suspended for one minute.

15. The handle will be inspected for damage or failure.

16. If the handle has passed this test the device will be reconfigured for test two.

17.
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FIGURE 6.1 MODEL 880 PIPELINER - STANDARD CONFIGURATION TEST SETUP
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FIGURE 6.2 MODEL 880 PIPELINER - PIPELINER CONFIGURATION TEST SETUP
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Roles and Responsibilities
The responsibilities of the groups identified in this plan are:

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

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

e Quality Assurance oversees test execution and test report generation to assure compliance with the
QSA Global Quality Assurance Program.

¢ Engineering, Regulatory Affairs and Quality Assurance are jointly responsible for assessing test
and specimen conditions relative to the requirements of ISO 3999-1:2004(E), Part 1: Section 5.8.4.3

¢ Quality Control is responsible for ensuring test and specimen data is measured and recorded
throughout the test cycle.
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Section 7 Final Test Assessment

After all the tests have been completed, evaluate the condition of the test specimen and assess its performance
relative to the test requirements of standard:

ISO 3999-2004(E), Radiographic Protection — Apparatus for Industrial Gamma Radiography
Part 1: Specifications for Performance, Design, and Tests
Sect 5.8.4.3 Tests for Exposure Containers, Handle, Attachment Part or Lifting Mount
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Section 8 Test Worksheets

Material and Equipment:

Test device (Model 880) serial number: Configuration: [ Standard 71 Pipeliner
Weight of test device (Model 880): Total weight of test equipment:
Scale:
Unit complies with IRSS “Work instruction for performing Pipeliner Retro Fit” Rev |
Quaty Control
Test Procedure:
1. Prepare test specimen as described in “Construction and Condition of Test Specimen”.
2. Cool the device to -40° F
3. Secure device to plate and add weight to 25 times weight of test specimen as shown in Fig. 6.1. or 6.2
4. Record the device temperature.
5. Lift test specimen and weight from middle of handle with crane.
6. Record total weight.
7. Inspect test handle for cracks or other visible damage.

Damage and/or operational malfunctions:

Test Assessment:
Recorded by: Date:
Witnessed by: Date:
! WORKSHEET 8.1 HANDLE, ATTACHMENT PART OR LIFTING MOUNT I
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Section 9 Attachments

REVISIONS
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