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Test Paragraph Specimen Diagram

9 Meter (30 Foot) 71.73(c)(1) TP80(A)
Free Drop, Case 1,
Horizontal, Long

Side Down

J U L.1-,!

... -/I

9 Meter (30 Foot) 71.73(c)(1) TP80(B)
Free Drop, Case. 2,

Vertical, Upside
Down ,

r-. i, M,.

D. ,I I ,,'

9 Meter (30 Foot) 71.73(c)(1) TP80(C) uo,

4I

Free Dr..op, Ca, 3,
Top SCome Down

4,



AEA Technology
QSA, Inc.
Burlinoton. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Pane 14 of 54

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 lbf/in2

multiplied by the vertically projected area:

5 x 90 lbf= 450 lbf

8 '/4" wide x 10" long x 2 lbf/in 2 = 165 lbf

Refer to Equipment List I 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.

8.5.1 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.

* 455 to 465 tLbs

*Test Speclm~n

-C....W For-

Figure 2. Compression Test Setup
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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.

8.6 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 penetrate 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.

Penetration Bar - .. r'n

Impact Point above
Center of Gravity

in

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.

8.7.1 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 AT10 122, 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 AT10 122, 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

" Refer to Figure 5 for the Specimen TP80(B) package orientation

" 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.

Lift Cable-

Center of
Gravity

Test ----

Lift Cable
Attachment

-- J

1/2d Feet

Impact Surface

Drop Surface
Dwg # T1012

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.

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) comer.

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
AEAT/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 AT1O122, 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:

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

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

" 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).

Lift C ab leC able

Test Attachment,
Specimen

Impact Surface

I30 . + Feet

Drop Surface
Dwg # T10122

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).

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) comer. This orientation is the same as
the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(C).

Figure 9. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP80(C)
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8.9.5 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 to 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:

I. 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):

* Refer to Figure 10 for the Specimen TP80(A) package orientation

" Refer to Figure 11 for the Specimen TP80(B) package orientation

* 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.

Attachment Bolts (4)

Drop Surface
Dwg # T10122

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 comer of the plate on the lid bolt.

Lift Cable

Test

Impact Surface-"
on Corner Lid Bolt

Inches

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



AEA Technology Test Plan 80, Revision 1
QSA, Inc. March 12, 1999
Burlington, Massachusetts Page 30 of 54

8.10.4 Puncture Test Orientation, Specimen TP80(C)

The impact surface for Specimen TP80(C) is the bottom of the package.

~Lift Cable

~Lift Cable

~Attachment

Test Specimen ILa

rr ... I / i .. .

iif

r- -1- - / I .

II I L

mpctSursc --- ! -- f-- ---~ jj"-

1 40 Iche

Puncture Billet

Attachment Bolts (4)

Drop Surface -OWg # T1 0122

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 testing 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.

8.12.1 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 8 10°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 81 0°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 a result, 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 810°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. At the 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, Regulatory 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) TP80(C)

1. Serial Number:

2. Total weight of package (lb):

3. Location of simulated source from top plate (in):

4. Location of lead shielding:

5. 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

Attach Inspection
Enter the Model and Serial R nportior

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) TP8O(B) TP80(C)

1. Position the specimen on concrete surface, per the appropriate drawing. Figure 2 Figure 2 Figure 2

2. Measure the ambient temperature.

Note the instrument used:

3. 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:

4. After 24 hours, remove the weight.

Record end time and date:

5. Measure the ambient temperature.

Note the instrument used:

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

7. 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 AT 10122, 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

Step TP80(A) TP80(B) TP80(C)

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 Figure 3 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 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.

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:

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

Enter the Model 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 3: 1.2 Meter (4 Foot) Free Drop

Step

1. Immerse specimen in dry ice or cool in freezer to bring specimen 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 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:

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

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.

10. 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:

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:

Engineering

Regulatory Affairs

Quality Assurance

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

Test Unit Model and Serial Number: Test Specimen:

Test Date: I 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 Model 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.

4 +

Print Name: Signature: Date:

Completed by:

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

I TP80(A) TP80(B) [ TP80(C)

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

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.

8. Photograph the setup in at leasttwo perpendicular planes.

9. Release the test specimen.

10. 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:

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

Regulatory Affairs

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

Test Unit Model and Serial Number: Test Specimen:

Test Date: I 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 TP80(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 specimen.

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: I 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:



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 52 of 54

Equipment List 6: Thermal Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Bottom Surface Thermocouple I

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) TP80(B) f TP80(C)

1. Record Test Specimen Serial Number.

2. Preheat the oven to 8101C.

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 8 10°C

7. At the 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: I 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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2. 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 lb (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.

2. 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.



AEA Technology QSA, Inc. Test Plan 80 Report
Page 3 of 21

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:

" 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.

" 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:

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.

.Top comer 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 80.0 lb No lead between DU shield and
(36.3 kg) long side of inner shell.

TP80(B) 182 83.6 lb Thickest lead under DU shield
(37.9 kg) (total 3/8" thick).

TP80(C) 195 89.0 lb Any location.
(40.4 kg)

Important features of the test unit construction include the following:

" 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.

" For TP80(B), the original steel shim used in the unit was replaced with a solid 3/8" thick
lead shim.

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

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

* The weights of the test specimens are representative of the heaviest 650L units in use.
The range of weights of 650L units is 75 lb to 90 lb (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
in the following table of Radiation Profile results.

Type B(U) Transport Testing, as shown

Specimen Specimen At Surface, At One 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 7.9

Bottom 74 0.5 83 0.7 1.1
TP80(C) Top 72 2.2 59 2.0 2.2

Right 105 0.7 71 0.7 0.9
S/N 195 Front 50 0.6 47 0.5 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. 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.
2. Radiation profile at the surface is not required for the Hypothetical Accident Condition test (see 10 CFR

71.5 1(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
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 0 Impact mark on edge of plates
on long side a 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 0F))

Post-Drop Inspection 0 Lid secured in place

* Locks undamaged; source secured
" No significant change in source

position
" Small change in radiation profile

TP80(B) Compression Test No damage

1 meter (40 inch) penetration bar on Impact mark; no visible damage
side
1.2 meter (4 foot) drop, vertical 0 Impact mark on top of lid
upside down 0 Small change in radiation profile

9 meter (30 foot) drop, vertical • Outer shell split open from top to
upside down bottom

0 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 Bent shell inward slightly in area of
in shell crack
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Specimen Test Performed Test Results (Note 1)

TP80(B) Post-Drop Inspection 0 Lid secured in place
(con't) 0 Locks undamaged; source secured

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

0 No damage to through bolts

* No significant change in source
position.

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

Thermal test 0 Some oxidation of DU shield near
crack in shell

* Shield moved down (as expected)
* Polyurethane foam burned off,

exposing the shield
* Some oxidation of shield near

crack in shell
* Shield self-extinguished after

removal from oven
a Source pullout less than 0.5 inch

(12.7 mm).
* Max. radiation level at one meter

was 28 mR/hr (which is much less
than 10OOmR/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) drop on top edge 0 Bent comer of lid and cracked top
of lid plate of lid (brittle failure)

* Small change in radiation profile

9 meter (30 foot) drop on top edge 0 Increased lid top plate crack length
of lid in vicinity of impact point

0 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 0 Locks undamaged; source secured

* 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 lb (74.8 kg) for an applied pressure
of 2 psi. Since the maximum weight of the Model 650L source changer is 90 lb (40.8 kg), a load
of 5 times the weight, or 450 lb (204 kg), is more conservative. The total compressive load
actually used was 458 lb to 462 lb (208 kg to 210 kg).

-4Mto462Lb.

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) 100C -96 0C -95 0C

(50°F) (-141°F) (-139°F)

TP80(B) 90C -93 0C -83 0C
(48-F) (-135°F) (-117 0F)

TP80(C) 100C -90 0C -90 0C
1 (50°F) (-130 0F) (-130 0F)

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.

Penetration Test Orientation - All Specimens

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
damage.
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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
TP80(A) 130C -920C -900 C

(55 0F) (134-F) (-1300F)

TP80(B) 130C -87 0C -890 C
(55 0F) (-125°F) (-128-F)

TP80(C) 130C -95 0C -92 0C
I (55°F) (-139°F) (-1340F)

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 Meter (4 Foot) Drop Orientation for Specimen TP80(A)
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1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(B)

1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(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 comer was bent.
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Post-Test Inspection and Assessment

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:

5 lmR/hr to 94 mRnhr

(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) Drot, Test

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

* Internal (source tube): -93'C (-135'F)
0 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.

LAC"b

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.

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 discemable 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 0F)
* 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.

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) DroD Test

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

0

S

Internal (source tube): -97°C (-143°F)
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.

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).

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
TP80(B).

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 530 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.

Top •Front

Top • •Left & Right

BackSides
Front Front of
Opposite Oven. •,,. Crack

Crack Source

Bottom

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
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 8 10°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 0C 861 0C 8720 C

(1495 0F) (1582°F) (1602 0F)
Top 980 0C 8790C 9130C

(1796°F) (1614-F) (1675-F)
(Lid) Front 934 0C 848°C 8790C

Oven (1713 0F) (1558°F) (1614 0F)
(Lid) Back 9950C 8840C 923DC

Oven (1823°F) (1623 0F) (1693 0F)
(Lid) Left Side 9490C 865 0C 8990C

(1740°F) (1589 0F) (1650 0F)
(Lid) Right Side 9790C 8720C 9090C

(1794°F) (1602-F) (1668-F)
Side (Opposite 8300C 810 0C 8230C

Crack) (1526°F) (1490°F) (1513-F)
Source Tube 9060C 8650C 8860C

(1663 0F) (1589 0F) (1627-F)
Oven/Ambient 9400C 8390C 877 0C

(1724 0F) (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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* 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 LAEA 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 0 C (1490'F) in the oven.

Post-Test Inspection and Assessment

The initial on-site assessment of the test specimen included the following observations:

" A cracked piece of the inner shell was dislodged and had dropped out of position.

" Most paint had vaporized. Radiation labels were still legible.

" All the foam had burned off, leaving a small amount of carbon char.

* The lead shielding and shim melted and some lead had dripped out the bottom of the unit.

" 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.

* 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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Company Name: SENTINEL Calibration No: HUSCC-08487
Address: 40 NORTH-AVENUE Dated: APR 1-2, 1998

BURLINGTON, MA. 01803 Pages: 28

Department:

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 equipment (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.

Keith R.
Techni cal Ma ager



etrology Service, Inc.

ner: ANERSHAM CORPORATION

ID.No.: 183
2 ID.No.:

Department: QC
Deviation u.:

Accuracy: +/-1% OF FS
Accuracy:

Data SheeiJ I HMSCC: 08487-A
- SENTINEL SION P.O. No.:

Manufactur CHATILLON
Serial %6~7938
Model 9p3P-i

Standard No.: 018 Cal.:
Standard No.: Cal.:
Standard No.: Cal.:
Standard No.: Cal.:

Page 17

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

03/06/98 Due:
Due:
Due:
Due:

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

Gage Type: 10 lb FORCE GAGE

Required: :
Deviation: :

Measured: :

1 2 4 6 8 10 lb
0 0 0 0 0 0 lb

1.0 2.0 4.0 6.0 8.0 10.0 lb
:------ ----------------------------------------------------

Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No.:

ID.No.: 186
2 ID.No.:

Department: RI LAB
Deviation u.:

Accuracy: +/-1% OF FS
Accuracy:

Gage Type: 10 lb FORCE GAGE

Manufacturer: CHATILLON
Serial No.: 19108
Model No.: DPP-10

Standard No.: 018
Standard No.:
Standard No.:
Standard No.:

Cal.:
Cal.:
Cal.:
Cal.:

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

03/06/98 Due:
Due:
Due:
Due:

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

Required: : 1
Deviation: : 0
Measured: : 1.0

2
0

2.0

4
0

4.0

6
0

6.0

8
0

8.0

10 lb
0 lb

10.0 lb

P.O. No.:Customer: AMERSHAM CORPORATION - SENTINEL DIVISION

ID.No.: 236 (1)
2 ID.No.:

Department: QC
Deviation u.:

Accuracy: +/-0.0010"/12"
Accuracy:

Manufacturer:
Serial No.:

Model No.:
Standard No.:
Standard No.:
Standard No.:
Standard No.:

PART 1 OF 2

MITUTOYO
314390

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

02/04/98 Due:
02/04/98 Due:
02/02/98 Due:

Due:

04/01/98
04101199
PR
16
08/31/98
02/29/99
02/28/99

026
088
137

Cal.:
Cal.:
Cal.:
Cal.:

Gage Type: 0-18" VERNIER

P o-rn i i v-ýrl - - n Tr r~ I A .ý A /I J'•

Deviation: : REF .001 0 0 0 0
Measured: : REF .001 1.0000 1.0000 2.0000 4.0000

----------------------------------------------------------------------------

Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No.:

ID.No.: 236 (2)
2 ID.No.:

Department: QC
Deviation u.:

Accuracy: +/-0.0010"/12"
Accuracy:

Gage Type: 0-18" VERNIER

Manufacturer: MITUTOYO
Serial No.: 314390
Model No.:

Standard No.: 026
Standard No.: 088
Standard No.: 137
Standard No.:

PART 2 OF 2

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

02/04/98 Due:
02/02/98 Due:
02/02/98 Due:

Due:

04/01/98
04/01/99
PR
16
08/31/98
02/28/99
02/28/99

Cal.:
Cal-.
Cal.:
Cal.:

Required: : 6.0
Deviation: : 0

Measured: : 6.0000

8.0
0

8.0000

10.0
0

10.0000

12.0
0

12.0000

18.0
0

18.0000
: ----------------------------------------------------------------



.LE .. 3,~ HýRiwi MA1&MAAJeC
Page 1 of I

DESCRIPTION: p:: g--" ,-1N, 4 r• "c'- 1Ar- ICm- KA
...T.RIS.. 10 11... "1..25-6 7:-< 9 1 iis

GINATO DATE ~&we
25EPr-97 FI?-q..DAyS 365 _ _ _ _ _ _ _

ENGINEERING APPROVAL DATE FlEt'ICf~il:

REGULATORY APPROVAL DATE LOT I SERIAL NO.

1o A APPOA DATE LOT OTY.

COMMENTS:ýVQT E

7 - NCR NO. 9- XA zA_________ __ __

': "" : :HA A TE I TI S:::iIi '<: ': Q • T YI A• CC.""'":• ' ,,..,>:.•.' .....,AL. .. ... ',.:"."" . 'I'[ l '. . . .'" " ii, i~ i.;1 ;<•.;i• : :i< 3'i
....~NS ...::,...? .... Z...:: ,:,,-•• • r ,,.e •:.. .;•:.:......,:.•<:,:.,:•,••..; •.. i,• , 01., 7 . " "' "•"" ";• • " •.-••J:• . ,•• ;" "7 "': DA.TE:•



ir 7 1

INSPECTION INSTRUCTION
AND RECORD

PARTIDWG. NO.

-F10I (."2.

REV. VENDOR: PERIODIC- M'AIMflNANCE Page I of I
i

DESCRIPTION: DROP "•S-r &u e-• CM- tA

CHARACTERISTICS TOLERANCE AQL 1 2 3 4 5 6 7 8 9 10 11 12
GENERL AWL 0%M

SaORE 4NMr DAMA&M' Ni/A__/ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

LUMcATE ANO RENSMU_ QIA

=NATOR DATE P.R.iW-9,

t~4.~a 2SEW97 1DA'fS I Q tm 36S _ _ _ __ _ _ ___ ___ _ _ __ _

ENGINEERING APPROVAL DATE REB~EIVINO nEOROnnO-:;
__ _ __ _ __ _ *tDAT6 DOE_ _ __ _ _ __ __ _

REGULATORY APPROVAL DATE LOT I SERIAL NO.

0 A APPROVAL J I~DATE LOT OTY.

COMMENTS:
OTY REJ/ NCR NO. ,'zOIA
OTY ACC. I I i I I

INSP

7/ DATE



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 Corporation
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

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 lbs, 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:

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

0 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

EXPERIENCE uaiINNOVATION m QUALITY

ContinUing a 40-Year Tradition t'



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.

0 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.

0 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 sandy..

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 characterized the supporting spil 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 an~alytical 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 30ft 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,

os p J. on P.E. A. Lin P.E.
rinc ISenior Associate



jo

iiO IJ-1i W 11 w

Certificate of Conformance
for

AEA TECHNOLOGY

40 NORTH AVE

BURLINGTON MA 01803

cust. P.O. #: 3291 OMEGA W.O. # 812995304

CAL-I

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 (ANSI Standard MC96.1)

A44~Certified by: Date: 12-04-98
Quaiity Azmuance Insector

Omega Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907
Telephone: (203) 359-1660 • FAX (203) 359-7811

[uternct Address: http://www.omega.com E-Mail: infb@omega.com

CallTemp



Certificate of Conformancefor

AEA TECHNOLOGY

40 NORTH AVE

BURLINGTON MA 01803

cust. P.O. #; 3226 OMEGA WO. # 811973359

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

a-U4ý,Certified by: Date: 11-04-98
Quality Assurance In2spector

Omega Engineering, TIc., One Omega DrivC, Box 4047, Stamford. CT 06907
Telephone: (203) 359-1660 • FAX: (203) 359-7811

rnternet Address: http://www.omega.com E-Mail: infobomrga.com

CallTemp



I Oyu I UI
MeRioD(C. MIAINTENA4NCE______U.-',. U,,,,a I Ua li w a iUtu I mU IUAND RECORD, _101c 19 C D E S C R I P T IO N : P , 10 r -1B I

I
Cm - MA

CHARACTERISTICS,_ tOLERANCE A 1 2 3 4. 5 6 7 8 9 10 11 12

ORIGINATOR 50T DATE P .&-4 W.O i-

ENGINEERING APPROVAL DATE RECEIVING REG fO _

_______j I _/I_ D UE D•A ___ I _ __

REGULATORY APPROVAL DATE LOT I SERIAL NO.

i I/g- 0 1

0 A APPRO AL DATE LOT OTY.

COMMETY REJ

NCR NO.- 13/ A . A Z ______ _____________ ______ _____
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Certificate of Conformance
for

MPR ASSOCIATES

320 KING ST

ALEXANDRIA VA 22314

cust. P.O. #: 420002BRB OMEGA W.O. # 901934179

CAL-1

OMEGA Engineering, Inc. certfies that the itms comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND
ENCYCLOPEDIAO. OMEGA Engineering Inc. further certifies
that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANSI Standard MC96.1)

Certified by:
Quality Assuranco Inspector

Date: 01-28-99

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: infbo(omega.com

CallTemp
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12 7 Riverneck Rd.

Chelinsford, MA 01824

Telephone: 978-459-9480

AEA

40 NORTH AVENUE

Calibration Report

A51106 AEA SN269

11/23/98 3303 ENG-21

COLE PARMER

92000-00 L98003314

12 CHANNEL THERMOCOUPLE SCANNER

BURLINGTON MA 01803-

21 30 12 Monthly 11/23/98 11/23/99

:CALIBRATE/CERTIFY CALIBRATEDCERTIFIED TOLERANCE AS RECEIVED

Manufacturer 413348-433349-259071-LRAN POULIN

Calibration Checked To: Manufacturer Spec Adjusted To: Manufacturer Spec

ANALOGIC AN6520 8904010 MFG 7/3/98 7/3/99

TFK.•PRt " r'T/FIR I THAT A U C-41 18RRATf4 T Qf, IPAIT f MR [NTme TFS:T LI TRA("FAR.ImT) At f S1 T A~nf
THE TTFT WAS PERFORMED IN ACCORDANCE TO ANSI/NCSL-Z540-1994. ISO-I10012-1, IS09002 AND MJL-STD-

45662A qA Certified By:



-p IN TOLERANCE
AS RECEIVED

TEKSERV
CALIBRATION DATA

CP 92000-00
Serial Number: Le {,20 -3/c
Date of test: ___-______
Prior Cal: -- |

Technician: ___fZi"

Data as Received ____
Data After Adjustment
Data After Repair
Asset Number: : A4-Z/

Thermocouple Scanner
Type "K"N

Channel Standard Input (Deg F) Tolerance

1
2
3
4
5
6
7
a
9
10
11
12

32.0
31 .0ý

1000
(000

200C

2-00 1

+/-(0.l%+0.8F)
'I

I'

it

I'

'I

I'

I'

'I

I'

I'

cp92000

le,



1TeKs, R\
Bill AEA
To: 40 NORTH AVENUE

ATTN ACCT PAYABLE

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

Ship AEA
TO: 40 NORTH AVENUE

Service
Report
Invoice

Invoice Number

INV143

Item ID

A51106
"4

BURLINGTON MA 01803- BURLINGTON MA 01803-

3303 TEKSERV Yes No 11123/98

92000-00 COLE PARMER L98003314 ENG-21 W/MANUAL SOFTCASE AN AC ADAPTER

CALIBRATE/CERTIFY

IN TOLERANCE AS RECEIVED

Calibration Regular Hours:

"F"' / glR"', Calibration Overtime Hours:

1V• r k•Repair Regular Hours:
TeplrW Mi - 45944wF- W. 4&"= Repair Overtime Hours:

Contract #: AEA

0

0

0

0

Charge:

Labor:

Cost:

Labor/Hour:

Sub Total:

$45.00

$0.00

$0.00

$0.00

$45.00

Material:

% Discount:

% Tax:

Shipping:

$0.00

0

0

$0.00

Warranty. Total Due: $45.00



AEA Technology QSA, Inc. Test Plan 80 Report

APPENDIX B

MANUFACTURING ROUTE CARDS AND
PRE-TEST RADIATION PROFILE DATA SHEETS



SENINEL 7rP30 (4g)
ROUTE CARD

QC Lot#i| b 3. Complete Lot:_ Total WO Qty.:_ Serial No:I

CM: A SplitLot : .lel Rte. Cd. Qty.: I Lot No: NA

Part 0 TP80 Description 650L SOURCE CHANGER TEST Dwg C TP80 Rev A WO •
UNITS "

Qty Qty
Oper. Seq. Department Operation Description By Date Ac, Rej Reference Comments

3010 ASSY MODIFY PER NOTES 3-11 T1,80 QC VERIFY NOTE 6

3020 QC INSPECTION SOP-QOAS

)030 QA QA REVIEW • SOP-Q025
___"__. - - & TP80

)040 IC STOCKROOM PROCESSING 5 I,,5•1A ,9 SOP-M002

DELIVER TO QC FOR

TESTING

V--Step Cheemist Initials WI-Step Checklist Initials WI-Step Checklist Initials

NGINERIN: RGULAOR~, 6f ff MATERIALS:
PODUCTION: V 9 ý 9'r QUALITY ASSURANCE:DW 454*A/?te ISSUE NUMBER:I

QP25-1/2



- -in - - nn m -- n

QP25-112

NO DESCRIPTION OF DISPOSITION INDIV/DATE INSPIDATE PARTNUMBER DESCRIPTION CM SERDALJ INITIALS DATE
NONCONFORMANCE LOT NO.

PRL NUM f- 650LDRT SOURCE CHANGER A 22(43 VF
135q fLSqpL) SCR200_ 5/16-18 HEX BOLT A___

__V Pako.#'- c - 3erme -w, m 0 -7__b_ __ _ _ _ _

MTE SN NTE DESCRIPTION CAL DUE DATE INITIALS DATE

___ ___ ___ ___ ___ ______ _ IiZ6131 SCALE _________

_______________ _______/7/ TORQUE WRENCH _ _ _ _ _~rj,

CHANGE VERIFICATION

PART NUMBER DESCRIPTION REV ECO INDIVIDUAL VERIFIED





4i ~SENnTNEL
2"""clr•'

ROMT CAiD

QC LWfl wCompIcit Lot*__ Total WO Sey--- 140 2 2ii

1CM: A Split Lot%___ Pu.C. t.

Pads TPSO Docriptioui 650L SOURCE CHANGER TEST Dwg/TP8O At" a WO -
UNIT _____ M ~ ~ ~

Ope. Sq. ep~lnint Opcmtaon Deseaiption By DWt c e ~e~n ~ Cmet

0010 ASSY MODIFY PER NOTIES 2-4 TMS

0020 QC ThIPECTION SO 401

0030 QC FINAL PROFILE IN I WI-Q09 TIOTAL WEIGHT ga~o 0

0040 QA QA REVIEW SPQ2

0050 1C STOCKROOM PROCESSING jj 5i4 - OMZ

DELIVER TO QC FOR ____

TESTING

W-tpchecklist Initials Wi-Stcp chemkist Kutlals WI .Step .Checklidt h~

ENIEjNQ~~9 MATERIALS: 'lM 2

PRODUCT7ION: q9U5 ~~. ALITY ASSURA74CE: ISU N/. 2SBOL9- I

QP2



/. 4 JIEU~L

'I-I
/
1 1* II F -t

DESCRIPTION OF
NONCONFORMANCE

DISPOSITION I INDIV/ DATE I INSPIDATE PART NUMBER DESCRIPTION CM SERIAL/
LOT NO.

INITIALS DATE .

..... '- •,.-P a2 cc,
650L SOURCE CHIANGER A ;41L _5 ~-/'

_______ ______ SCR200 5116-18 HEX BOLT A 99S9L4.A X4-k ___

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

CHANGE VERIFICATION

PARTNUMBER DESCRIPTION REV ECO INDIVIDUAL VERIFIED

QP2S-2/:





NO LEAD SHiM
BBDEEEN SHIELD
AND IHNER SHCL
ON SHORT SIDE

TP 80 (A) TP 80 (B)
NOTE:
NO SPECIAL RECUIREMENTS
FOR
LEAD LOCATION N TPSO(C)

UNLESS -HERWISE SPECIFIED: ALL •I•ENSIONS ARE R.FERENCE
SIZE DWG. NO.
SA I SCALE- R-TP8

NONE
0 REV
ISHEET2OF2 B

m I I m I II I J•



ISENTINEL TP go ( a)
ROUTE CARD / e2

QC Low-L031z- Complete Lot: Total WO Qty.:. Serial No: #3dQ "5fL99

CM: A Split Lot:___ Rte. Cd. Qty.: I Lot No:. NA

Pat # TP80 Description 650L SOURCE CHANGER TEST Dwg C TP80 Rev A WO a. • 9 (0 •- 0

Qty Qty
Ope-. Seq. Department Operation Description By Date Acc RPj Refe•nce -Comments

0010 ASSY MODIFY PER NOTES 3-11 /I"-'F TP80 QC VERIFY NOTE 6

_____ _____ li,•? ,, -• I

0020 QC INSPECTION . SOP-QO15 Is - .hlx, w

D030 QA QA REVIEW " SOP-Q(25
& TPSO

)040 IC STOCKROOM PROCESSING r. SOP-M002

DELIVER TO QC FOR

TESTING

NVI-Step Checklist Initials WI-Step Checklist Initials WI-Step Checklist Initials

NGINEERJNG: S ~ ~ ~ i~q~ REGULATORYiC, (SMkA u~l,' MATERIALS: 1DTT7 ~s
RODucTIoN: / /js4. QUALITY ASSURANCE:6.W Al /s~ie 9 ISSUE NUMBER: I

QP25-1/2



wýmmw A nnIwIi

QP25-1/2

NO DESCRIPTION OF DISPOSITION INDIV/ DATE INSP/DATE PARTNUMBER, DESCRIPTION CM SERIALJ INITIALS DATE
NONCONFORMANCE LOT NO.

________ 650L., SOURCE CHANGER A / - _ __

-mptrO BOLT m a, , SCR200 5116-1S HEX BOLT A-/ . _____

' 3S Ii ý 6LIPL_ 
_

Use~w Is ______ae OF__ /3__ 1-_

V~

f- MA r- q-i MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

_._161_ SCALE9
_______ _____ _____ 7/ TORQUE WRENCH777_ _

CHANGE VERIFICATION

PART NUMBER. DESICRIPTION REV ECO INDIVIDUAL VERIFIED





SE1WINML

C Lam Iozg3 coinpiec ROUTZCAIWw SDz N~~

.m: A Split Lat Rtc. Cd. Qty.;J..--. No, I-:-Na

4ut TP80 D~esiptitn M5L- SOUR~CECHANGERTEST Dw3,/TPSO Rev B W
_ _ ~~UNITS____

Oper. Soq. Dcpubztmn opmIx Dcscnpiodo :By q~eAewc Rej R~fte& MC d,

0010 ASSY MUVIFY PER NOTES 2-4 19 IO

0020 QCWPCINSoP.05 _____________

0030 QC H~NAL FRDOILE Wi-Q09 TOTAL Sm~iq 0

0040QAQ BFWOPQ2

0050 IC STOCKROOM PROCESSING - •_ Sop-mouz.

DELIVER TO QCFOR __________________

TESTING

WI-Step Chckiadds balials WI.4tep Checkislt winials WI-gdr Cecdlt. mi

tU

-':ULTYSUAE ISU _ _ _ - .

QI



/4ENINEL

DESCRIPTION OF ,
NONCONFORMANCE

DISPOSITION I INDIV/ DATE INSP/DATE PART NUMBER . DESCRIPTION " CM SERIAL/
LOT NO.

INITIALS DATE

650L SOURCE CHANGER A ____ Vt. .~ 91
SCR200 5/16-18 HEX BOLT A CB)I." . ---

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

____ ____ ___ ___11__261/31 SCALE 6/ -9 de- _ _

CHANGE VERIFICATION

PARTNUMBER DESCRIPTION REV ECO INDIVIDUAL VERIFIED

ILI

QP25





NO LEAD SHIM
BEIWEEN SHIE~LD
AND INNER SHCU.
ON Sw~RI S2DE

3/8 LAC SHIM
RECUIRED

TP 80 (A) TP 80 (B)
NOTE:
NO SPECIAL REQUIREMENTS
FOR
LEND LOCATION N TPS0(C)

I UNLESS 0-HERWJSE SPECIFIED: ALL DIMENSIONS ARE R-YERENCE

SIZE I DWG. NO. R-TP80A SCALE: NONE Is=
I REV2 1 B

iEET ) OF -

i

i =. I I i i



SENTINEL 7Pso(c6)

ROUTE CARD

QC Lot#A-3 2 .-- Complete Lot:_.q__ Total WO Qty.: 3 Serial No:

CM: A Split Lot: Rtc. Cd. Qty.: I Lot No: NA

Part # TP80 Description 650L SOURCE CHANGER TEST Dwg C TP80 Rev A WO Q .8
UNITS

Qty Qty
Oper. Seq. Department Operation Description By Date Acc Rej Reference Comments

3010 ASSY MODIFY PER NOTES 3-11 ./•I7TP80 QC VERIFY NOTE

)020 QC INSPECTION T 5 A '-OP-Q015 .se P'STlTos 8

)030 QA QA REVIEW SOP-Q025
& TP8o

)040 IC STOCKROOM PROCESSING • i q.• SOP-M002

DELIVER TO QC FOR

TESTING

VI-Step Checklist Initials WI-Step Checklist Initials WI-Step Checklist Initials

NGINERIN: RFULATRYCMATERIALS:

IODUCTION: ' QUALITYASSURANCE: j^/ e ISSUE NUMBER- I

QP25-1/2



0EU .J 11MCL

QP25-1/2

NO DESCRIPTION OF DISPOSITION INDIV/ DATE INSP/DATE PART NUMBER DESCRIPTION CM SERIAIJ INITIALS DATE
NONCONFORMANCE LOT NO.

1~II2~ 1~xr~Thi~t* *C/~i ____ 6501,. SOURCE CHANGER A 9
_ 35 wIm Lin5 (CpC.) _ _. SCR200 5/16-18 HEX BOLT A WO 72I A t E -

iS - -Tae._ '0 ,-mu

- ~ 4 ' se~Ig - AV~/~ __ _ _ __ _ __ _

__ 3SA4ed 1 
At _______Ee-f

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

___ __ ___ _ ____ /~~ 3 SCALE A

____ /TORQUE WRENCH 13_______

CHANGE VERIFICATION

PARTNUMBER DESCRIPTION REV ECO INDIVIDUAL VERIFIED





iNrTINEL
7

Ft ~~~~ROUTIE CAP-D Seito19

1CM: A Split Lot Rt.C. t. Lmo: A

pang TP8O D3cscniption 650L SOURCE CHANGER TEST DnjeuTFo Rev 0 WO 6S

0020QC INSPECTION -

0030 QC FINAL. -RRL , ,70 109 TTALVE[GHT 9Y .16

0040 QA QA REVIEW ~ iI3 ~SOMM02
& TP86

0050 IC STOCKROOM t'ROCXhbLNG _____ Sol-mom

_______DELIVER TO QC FOR

TESTING

WI-Stap Checklist ni~als WI-.Step Checkistd fiuat~ls WI-Sep cisawdi Iuld

TOTAL P.23



71-

DESCRIPTION OF
NONCONFORMANCE

DISPOSITION I INDIVI DATE INSPIDATE PART NUMBER DESCRIPTION CM SERIAIJ
LOT NO.

INITIALS DATE

4 4 4. 4 J.~-J. I- I

I 650L SOURCE CHANGER A I•"
___ ___ __ ______ __SCR200 5/16-18 HEX BOLT A 31N"Z~L

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

/_16 ._ J_, SCALE 1___

CHANGE VERIFICATION

PARTNUMBER DESCRIPTION REV ECO INDIVIDUAL VERIFIED

QP25-2/2





NO LEAD SHIM
BETWEEN! SHIELD
AND INNER SHVILL
ON SHW~ SID3E

3/8 .LDD SHIJI
PECUIRED

NO BROGE
suP~cfrr

TP 80 (A) TP 80 (B)
NOTE:
NO SPECIAL RECUIREMENTS
FOR
LE.D LOCATION N TP80(C)

UNLESS OHERWISE SPECIFED: AL DIIMENSIONS ARE R-:'ERENCE

SIZE DWG NwO-" R-1SIZ SCALE: NONE P80 IREV

BISHEET 2 OF 2



S£NTINEL 7-jo 0 (1 - i3'-Fo tZE 7E'S7T

SHIELDING PROFILE AND INSPECTION FORM

.. .,. l^"' I 5~pri~aI NiImhAr 92Ji~"~ R~dignrJr~lidR:TR 1~7 MaxA2anarirv~ 241(1 c;
MOI el; d ..e.: '- - Serial . . . ....... ..... 2- L Ra u e R.... _ .... . . ,. -M- 4

Shield Data
Shield Hea~t•" I Mass of Shield: Lbs. Lot #:

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.: S Date Cal.: Date Due:

Observed Surface C ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top _

Right Capacity ection

Front Factor:

Left

Rear

Bottom r

Inspector: Date: NCR #:

Final Profile
Source Model: .•-. Source SN:C r-11 61,z4.qc.J. Activity:__Z,.1_ Ci Mass of Device: Lbs. i
Survey Inst.:A•ph ; L•LT SN: q" •Z...f'7? Date Cal.: f 0 9e4-9A Date Due:- -SZ2c

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top q N __,A 3-5- 3.Z.

Right ___•_7-• _ /7 •

Front .Capacity Correction
Factor: ' 9 3 - --. - " 7

Left 4 6 .7

Rear _7

Bottom S

Inspector: Date: 2y g'_ f9 NCR #: 1/44

omments:" Pu" -• 0-"/-

F'Amersham QSA



SENTINEL
SHPEL(N) PF N NSFZE FORM

SHIELDING PROFILE AND INSPECTION FORM

Model / 9 Serial Number: 182. Radionuclide: •' R |i ? Max.Caoacitv: 2L.Iei Ci

Shield Data

[Shield H•e Mass of Shield: Lbs. FLot #:

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.: S_ Date Cal.: Date Due:

Observed Surface C ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top _________

Righttn
Right ________________ ~Capacity ection _______________

Front Factor:

Left

Rear

Bottom

Inspector: Date: NCR #:

Final Profile

[Source Model:-qzM q Source SN: C-9ObI -i Z.4l. i Activity: 254, .I Ci Mass of Device: Lbs.

Survey Inst.: dat3 _ 1L".. SN: S3!iJ• e_•_•. Date Cal.: gt3•_=Jz, Date Due: _9/0JrY•

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top ]__A (0 $0 3. I

Right _576 ..-_, , A-1

Front A . ,M Capacity Correction-95 6Factor:. ,93%•4

Left

Rear 8 .5 -7.

Bottom ____ _' __ _ 7--

Inspector: _ _ _ _ _ __ Date: ?.1 Fit 7? NCR #:Q161I

omments:"# hr-• n-+-. -• rk_ -

l"Amersham QSA



SNTINEL VWoz

SHIELDING PROFILE AND INSPECTION FORM

,I is /--I Serial Number: II_- Radionuclide: T R•19? Max.Capacity: "___ZH Ci
IVI.L~I.- -~- -Shield Data

[Shield Hea ~Mass of Shield:________ Lbs. ILot #: _________

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.: S Date Cal.: Date Due:

Observed Surface 'C ci
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top

Right _Capacity ection

Front Factor:

Left

Rear

Bottom

Inspector: Date: NCR #:

Final Profile

Source Model: 4 ±?-_1- Source SN:CI%__.Actvy:___,,-7 Ci I Mass of Device: Lbs.

Survey Inst.: A. P.NI4a/-LRz2" SN:A ?- QLZ-_• Date Cal.: :ACti--L€ Date Due:

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top 1A Z-0 7Z 2.2z

Right 113. 5 i c _-" 7

Front Capacity CorrectionFactor: ),In ' 6" •

Left -'

Rear

Bottom _ '_____ _ __ _ _ J _ _, _ _

Inspector: Date: 4 &rvkx,.I.qq NCR #: /!
F OI6-111

omments:• Pu- LOT-&Y ie Lr -I-
SC 1 - A~4 Gr hF: CL 1

PAmersham QSA
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AEA Technology
QSA, Inc.

Test Plan 80, Revision I
March 12, 1999

i U 0, = U50ItU rage 3o or 14

Specimen Preparation List

Step TP80(A) TP80(B) TP80(C)

I. Serial Number: .2a q 3 R2qS

2. Total weight of package (lb): 0. 0 lb. 83., i lb eq. 0 /h

3. Location of simulated source from top plate (in): 6) & ,719 /=- . •?

4. Location of lead shielding: sii -Ot 'ts d•td- x--*'S" -g s--,-, s

5. All fabrication and inspection records 4__ , .if 16 /91- •
documented in accordance with the AEAT QA lop
Program?

6. Does the unit comply with the requirements of
Drawing R-TP80, Revision D?

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

8. Is the package prepared for transport? ye" s

Verified by: Print Name: Signature: Date:

E n g in eerin g M ef -c wt, ý T

Regulatory Affairs , d.______---_---__,___
Quality Assurance I *4z f,0. & *J. / ".-A- m ~ 'tc~ 7k ~ r

-I

Tye5 OqO4'JVr ;jA4S 77-'P 7ý-Lý 77-1,F 0.-1 7

IWre or 77-'vý siV EWf -1A-A 7b7'I,6 R,7-ll





NO LEAD SHIM
BETWEEN SHIELD
AND INNER SHEL.
ON LONG SIDE

3/a LEAD smiU
REQUIRI

NO BRIDE
SUPPORT

TP 80. (A)
NOTE:
NO SPECIAL REQUIREMENTS
FOR
LEAD LOCATION IN TP8O(C)

TP 80 (B)

I
UNLESS OTHERWISE SPECIFIED: ALL DIMENSIONS ARE REFERENCE

SIZE OWO. NO. R-TP8 '
AI SCALE: NONE ISHEET 2 OF 2 D





NO LEAD SHIM
BETWEEN SHIELD
AND INNER SHELL
ON LONG SIDE

3/8 LEAD SHIM
REQUIRED

TP 80 (A) TP 80 (B)
NOTE:
NO SPECIAL REQUIREMENTS
FOR
LEAD LOCATION IN TP80(C)

I .UNLESS OTHERWISE SPECIFIED: ALL DIMENSIONS ARE REFERENCE

SIZE DWG. NO. R-TP80
A SCALE: NONE IsI

REV

EHEET 2 OF 2



AEA Technology
QSA, Inc.

Sirllnnnn f RA .€.. khIIc:atfc

Test Plan 80, Revision 1
March 12, 1999

kiu II ~'I, rawe 0J 04Uf

Equipment List 1: Compression Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Weight Scale [ 44S Y -// l- 71

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 ,-

Verified by: '-~ -'v



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 38 of 54I

Checklist 1: Compression Test

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

1. Position the specimen on concrete surface, per the appropriate drawing. Figure 2 Figure 2 Figure 2

2. Measure the ambient temperature. A.. "C'.1.1ofc ;W.

Note the instrument used: 6Ad-2l.ý ýA'- ,-l

3. Apply a uniformly distributed weight of 455 to 465 pounds on the top of the lid fP5
for a period of 24 hours. =-

Record the actual weight: 4.b, lb 5/" '571A

Note the instrument used: •,-'/ iss-/ , s r-1/

Record start time and date: 17!;im, X'- ,

4. After 24 hours, remove the weight. -

Record end time and date: IbM.,4 J6A•_4 lrm.7.13 Pet "- :ir ptj 71":,/•

5. Measure the ambient temperature. 22"c_ 2 -?,O_

Note the instrument used:

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

7. 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 fr (
test to achieve maximum damage.

Verified by: Print Name: Signature: Date:

Engineering 0 If•--,
Regulatory Affairs • •, . _______/______

Quality Assurance Vo~ t'l ,. /'',•% -g~A )./'. /____ _____



<S' UFR 6--?4PL71je41

6#r F ,ý)

- 44:5-,ýqZ_ efaoý1'WjeM1,,PAJ 7057r

7051- A)r. - 4ý5:5- - w,164

7T-F30 6o ~) Sgo 66) irp 80 0)
4: 1

P412u?7& tJ7 = /4/ lb.. FM7X 40-r = 13, 0' 'b - pLz#rlzor

Il/Jc-r wr

?PMILW. ! 44:L )lb tor?- --~ 415-Y

Wf Sg9

7140~6 &W- = ;ý

/ 15, ~5(i/X f A'7Ae 9
4. -~

t
Vr 41,rl6yr &=7o,6-ca

13-365T

?~6S$/O~ 7~57~-

~

ID3-, 1wg

4

hiOA r&-5T:

13 'f63

(L-D&ý it. map-97
tf. MAO-99 1A~hS) 1/0 N 16 59



AEA Technology
QSA, Inc.

D,...n~ R.A k

Test Plan 80, Revision 1
March 12, 1999

Data Sheet 1: Compression Test

Test Unit Model and Serial Number: •'S'C - Test Specimen:,s; , .2Az 113 r'p o •

5/./ - 7-P 00 •

Test Date: ,5 -/I6'•-- Test Time: 9: lP", - Test Plan 80 Step No.: 8.5

Describe test orientation and setup:-Cdt.u'' ,.p,../..., ,, 4dc', e-• ,-.-.,•- •t'z ' :r

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

On-site assessment:

Engineering: rn:/. Regulatory: /QA: = . /a! /•!4-e

Describe any post-test disassembly and inspection:

Describe any change in source position:

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

Completed b: Date:

14</ ý?



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Paoe 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 r

Drop Surface Drawing AT10 122, Rev. B "

Thermometer OM.&A MPL.

Thermocouple OPM6A 'iOva-sr 77 - &C. - Ji - zO o

Thermocouple OMaA A•at1

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

Print Name: Signature: Date:

Completed by: e .

Verified by: Dd/'(Al. lf'M 2). A.c4 l - 7 MflOt#' 9,



AEA Technology
QSA, Inc.
Burlinoton. Massachusetts

Test Plan 80, Revision I
March 12, 1999
Pane 41 of 54

Checklist 2: Penetration Test

Step TP80(A) TP80(B) TP80(C)

1. Immerse the test specimen in dry ice or cool in freezer as needed to bring specimen (1 (C
temperature below -40°C.

2. Position the package as shown in the referenced figure, or by Step 7, Checklist 1. Figure 3 Figure 3 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 least two perpendicular planes. di(

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: X" lob 9 *c.. 1 c..

Note the instrument used: -2 6N&-I?- 00

Record the specimen's internal temperature: . -

Note the instrument used: " _____

Record the specimen's surface temperature: "

Note the instrument used: EN& 2-/ ONRI'Z 6Y6 -J2-

7. Drop the penetration bar. ('

8.Cekto ensure that penetration bahtth peciie area.
9. Measure the specimen's surface temp. Ensure that specimen is at specified temp. - .. - (,j 7 [

Note the instrument used: fJ(6-/Z •'kG'/2 '

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 ,2 7,/]'j::f

Regulatory Affairs , .. /;,

Quality Assurance zxlif a a* 7MJ



AEA Technology
QSA, Inc.

Test Plan 80, Revision I
March 12, 1999

I, ,v~oac~,,~twPage 42~ of 54

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: /-/.q/ e# 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:

Engineering:40 A1 Regulatory: Z-4i

Describe any post-test disassembly and inspection:

A/tp

Describe any change in source position:

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

Comp by: Date:

/el' ~



AEA Technology
QSA, Inc.
Ri rflnntnn M~:chii~t$

Test Plan 80, Revision 1
March 12, 1999

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:

6•cOL 9&J T9Z 7 oA (5)

Test Date: 9,~ MK -7 Test Time: q:"o f Test Plan 80 Step No.: 8.6

Describe test orientation and setup:

Describe impact (location, rotation, etc.):

/,wA 4er o4i .-sloe og solCz5A cA.&/?.

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

On-site assessment:

CO&~trifaff"M aeJ4 mom iw-A1 .5r~ sc~eo F'A10 O01z,6W4Tee4S5'

Engineering ewwe.. Regulatory: / A: 3 . 4A/.- 7 11,ZRD

Describe any post-test disassembly and inspection:

Describe any change in source position:

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

Cor Date:

CZýý 7 q 7?7



AEA Technology
QSA, Inc.
0 1; 6- R. A _ff

Test Plan 80, Revision 1
March 12. 1999
fl.. bCE

llUJIII IfLU5I, SVCo...I*O .d.uae••" o,

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number: Test Specimen:
6_-5o L- -.W / ?5' 7-TO V a

Test Date: 17M44 e , Test Time: 0 Test Plan 80 Step No.: 8.6

Describe test orientation and setup:

/A eaaoD.'/g- jvi# f/laa&G J gor 7Zý7' 14ý44.

Describe impact (location, rotation, etc.):

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

Mb Zw9mic6- ,ovi44' /A#EC~td'~7 1 ~MlT 00 &OA'7dr7

On-site assessment:

Engineeringi/g.'/Z Regulatory: A/ - K 17" ,49

Describe any post-test disassembly and inspection:

Describe any change in source position:

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

/\/A

Completed by: Date:

_ 19 ft1_97-I ?



AEA Technology
QSA, Inc.
Burlinaton. Massachusetts

Test Plan 80, Revision I
March 12, 1999
Page 43 of 54

....... of Massachusetts.. ...

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

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Drop Surface Drawing AT10 122, Rev. B 5ee Avrr(tt

Thermometer CMACf&A

Thermocouple o _ _ __(-' __(SG_______

Thermocouple C6ME&AP"
Recod aditioaoosusetoaciitatth testanWdK -10 -ip o rpt o
Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration certificate.

Print Name: Signature: Date:

Completed by: r7A"-• I

Verified by: Alen,•/A/• h. 7.e.,W,



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision I
March 12, 1999
Paae 44 of 54
Paoe 44 of 54

Checklist 3: 1.2 Meter (4 Foot) Free Drop

Step TP80(A) ITP80(B) _JTP80(C)

I. Immerse specimen in dry ice or cool in freezer to bring specimen below -40'C. O wb
2. Measure the ambient temperature. 4P3c.. ________ /____.

Note the instrument used: " -

3. Attach the test specimen to the release mechanism.

4. Begin video recording of the test.

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

Record the specimen's internal temperature: _90d - Cg9 _-

Note the instrument used: - c,•-Ia --

Record the specimen's surface temperature: -92 -. -

Note the instrument used: IE/K-IZs-Z F-. -Z

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.

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

Record the specimen's internal temperature: - '7Ie .5 3 e -"90c-

Note the instrument used: EN&. 12- t (GI2

Record the specimen's surface temperature: -7 4 ,. -90C .. -.-.6 Ida.

Note the instrument used: E - (Z- Ck-Iz- 2- &l .- "2-

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 Atctr / f'

Regulatory Affairs / -

Quality Assurance toi/C/,J..,'/Z Z).AI. /•7 , "



AEA Technology
QSA, Inc.
Burlinoton. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Paae 45 of 54

....... • .... t ...... ...

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

Test Unit Model and Serial Number: Test Specimen:

6•-o L SA 20 1/3 777"90

Test Date: 17,r q• Test Time: Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
Voef0oor4*.- ZoAte stoG 50 .,6. Ale'*-4,i" a$ ,zooD ,14, 1,20"

Describe impact (location, rotation, etc.):

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

IA#e f trvs ^vESS N * 41 eo~ rrAj pf4v. 7, op .O(4Fe ovvo 0CVT4 &,p j&Z~4wfGS.
JV0 IV4~4V ew d *G 46edr.~ pfairs*

On-site assessment:

ev'e/z~v4YCJ w"rg ~Arw 4s 7a57 4YIE4"6We oq.~p -0"*G? 1ovIs-

Describe any post-test disassembly and inspection:

1-(,o '?61dOv~ e T ~ow4 F-PIC AW'~ OP ~~i6~AD9w~ bT~

- .OGr.~ U Ajgbmol Aw-'C'1V0

Describe any change in source position:

3 957AM.- trio4 &T,7 be ald~Pa, 7 i

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

bDate-
Com104o



AEA Technology
QSA, Inc.

Test Plan 80, Revision I
March 12, 1999

u kfw, wý ra-ge 45 of 54

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

Test Unit Model and Serial Number: Test Specimen:

65-0L - 18z/ 7P7o (' )

Test Date: /7 m 99 TestTime: /V :30 AA Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
,.a'-. w-.v, - d :o: v 9 g' to:- -- t o- DRoa z a,9S /,2 P"

A z aa r o o " o P "O 'V7 ' M 9 1

Describe impact (location, rotation, etc.):

IAI4,oC7" 70,Q r * ol "1p 0 - e6yrfC-r e$PSoG P oV.0J AS ,$AiCWoJ JA1 reCei,• t.

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

/10D4Cr W~I7MW55 M1D9Z4S ox) 7bP OF 4-1. -YO D4-V'V4,f VAs&*VYM.

On-site assessment:

Describe any post-test disassembly and inspection:
- t' ••d'•7r 1 t~t =,fl ,o-C..o,. FP,,- p•.,,' ' . , "C o F)'• -- ',. -/t D ,,, "-'7,/

Describe any change in source position: +
6-) •33 Ak d~ Sr6 £ 60 he-' UgiW'6e -.- 4t 50 e

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

Completed by: Date:

19 n4q"



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:

45ýLJL SA /95" /z A'QeC)

Test Date: Test Time: to', 5 Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
T7P ev•-v . "owad- 4wo #2r tp z},tp w4s 1* 2

Describe impact (location, rotation, etc.):

mA7over o4) da-ceee Pr &,e raP. 44.-cAo

Describe on-site inspection (damage, broken parts, etc.):
/A1,040.7 wut1'V6SS A*04-v'-S 044f rOP 4begf- VP' C-10. A-94W Edr 567 ~4t 97
/I'q4cr 90i47 AIPPe&.j'* 2 " 67A4C 95e ~vd73o-7VY' 0- C-9-

CA AiNi VA4,12 .

On-site assessment:

Engineering: •W 4E Regulatory:z 'et_/WtYQA: Z . 4 /7~2~99

Describe any post-test disassembly and inspection: /
-1aR 6".O va 7"r 4-C-0-_- /sit 2'A. fh)I 4rA C O(z c - OvA1i. -- *Cd W7 71W "a-1- 4*laý'

- s.o0 h 4,ws• 4 5 A,.,-,

Describe any change in source position:
(6) C. 3A2 4*..- 0 ,,., s 4,• ,o , -3-,

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

/4/A

Completed by: Date:



SENTINEL TP8'() - AF-&i /.z4 cor zc W7-

SHIELDING PROFILE AND INSPECTION FORM

~del: (~6L Serial Number: 2 Z 41- Radionuclide:. R .19? Max.Capacity: Z'-16 Ci

Shield Data

;hield Hea . Mass of Shield: Lbs. I Lot #:

Initial Profile

;ource Model: Source SN: Activity: Ci

;urvey Inst.: _______Duate Ual.: uate uue:

Observed
Intensity mR/hr

Surface C ction
FactorSurface

op

ight

ront

eft

ear

Capacity ection
Factor:

Adjusted Intensity mR/hr

F~EEE~IEI
ottom

ispector: Date: NCR #:

Final Profile

CqzsZ -Z qV' 13 C.
ource Model: .3...- . Source SN:g.?S9t9-,o7.' Activity: 2D2D, Ci Mass of Device: Lbs.

urvey Inst.: Am l¶.V1 -r SN: Date Cal.: e..+f Date Due: g^=t-91

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One

Surface Factor Meter At Surface At One Meter

ight _•_ _ _-__"7 L 7

ront 7Capacity Correction
Factor: I,/B. .-. '.

eft

ear ___ 7 99

ottom ______>__ ._ 9_4 __7

ispector:_ Date: I7/4ZtnJ 92 NCR #: 1"].A

mments:-- .- - 016-1/1

F"Amersham QSA



SENTINEL (s)- #riw /. z 'Ypor) DROP73r

, iELDI NtGPRIF T AND L NSPETIOz FO
SHIELDING PROFILE AND INSPECTION FORM

iirialo LRY\(, I Srial Number: IR2i. Radionuclide: 17R 19? MaxCanacitv: 'Z 1- /) C

Shield Data

Shield HMa's of Shield:_ Lbs. ILot #:

Initial Profile

Source Model: Source SN: Activity:_ Ci

Survey Inst.: _ Date Cal.: Date Due:

Observed Surface C ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top __

Right Capacity ection

Front Factor:

Left

Rear

Bottom

Inspector: Date: -NCR-#-:

Final Profile

Source Model: -ZA- . Source SN: -gl--,a,•"'. Activity:.2Zk.. Ci I Mass of Device: Lbs.

Survey Inst.: SN:St.W%_¶'/ S• ZDate Cal.: SC3e_*•i Date Due:gn&:9.

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top I., * 14 1 A /.7 "7 t

Right I I .

Front 7Capacity Correction-ront 7• '7 ~Factor: WA, 3 :

Left 7A '_5 ____,

Rear _" .7 77 .8

Bottom -6 6 ,, Z ?

Inspector: . Date: Z'7k1Z A . 9• NCR #: WA4. .

omments:* 'Pt1 Un7.TY=2 .tLý,rkA4\Lr *
016-1/1

PrAmersham QSA



SENTINEL T7p~o & ) - 4Fze 1-/f (4' & -or) Dakp iasr

R Lt,' TILST DL \T
SHIELDING PROFILE AND INSPECTION FORM

odel: 9,0 L Serial Number: 19-5- Radionuclide:Z R 19?7 Max.Capacity: Z-L[IO Ci

Shield Data

3hield Hea Mass of Shield:_Lbs. Lot #:

Initial Profile

3ource Model: Source SN: Activity: Ci

urvey Inst.: Date Cal.: Date Due:_

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

Fop

light Capacity ection

:ront Factor:

_eft

lear

3ottom

nspector: Date: NR #:

Final Profile

3ource Model:. Z49431. Source SN:es9sI- .67.1 Activity:.202±i_ Ci I Mass of Device: Lbs.

3urvey Inst.: Am ,>?,?b,_ T" SN:.=it:4z. Date Cal.: 9 Date Due:

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Fop M /A -S- .

1ight 71 ,_ j • 7

::ront aCapacity Correction
:ront_____ _________ ____ "_ L . Factor:Ja.... /LZ
-eft ?0, ••'

lear 
7

Bottom _ _ _ _ "_. _ _ ..__ _

Inspector: Date: /,Z7A14, 9Y NCR #: ..}.

omments*:Pi" Lr 1 -7 LiLCrA t+e'
Q16.1/1

FAmersham QSA



AEA Technology
QSA, Inc.

Test Plan 80, Revision 1
March 12, 1999

UU1IInllLUII Il•a)•adl1u;•tt rage 46 OT 0

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 ATI 0122, Rev. B 5 kT CIA

Thermometer OMEGA HH Ut

Thermocouple OKSdGA5 T(- -,G6- - -K -26

Thermocouple (o 'WPA

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

Print Name: Signature: Date:

Completed by: Ml - , rv,4" 9

Verified by: Z ,4J, -e-,O A•.dl".'5/Z /8 0 /AVow -7



AEA Technology
QSA, Inc.

Test Plan 80, Revision I
March 12, 1999

ourIIII•|UnI Ilv~l=as ,ll - a r-ag•• le,4 or 5

Checklist 4: 9 Meter (30 Foot) Free Drop

Step .TP80(A) TP80(B) I TP80(C)

1. Immerse test specimen in dry ice or cool in freezer to bring specimen temperature
below -40'C.

2. Measure the ambient temperature. 2 -

Note the instrument used: 12- CNG-lz-

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 specimen is at the specified
temperature.

Record the specimen's internal temperature: - 9q N, -...9 --

Note the instrument used: ENd"-rZ EI&-'IZ E'4M6-t2

Record the specimen's surface temperature: 9-2 "e -93,•' -

Note the instrument used: EKG-IZ. E g s-IZ Z.-

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

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

9. Release the test specimen.

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

Record the specimen's internal temperature: - 92 C

Note the instrument used: 2EW6--IZ •qtC--IW ?

Record the specimen's surface temperature: *e_ - 6-9 'C. -0'/

Note the instrument used: v -c, - a .,EV , gtoKC-It1

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. P ( 5

Verified by: Print Name: Signature: Date:

Engineering ft'k? '-0iv, '- //.

Regulatory Affairs ,

Quality Assurance -Df,/e/* , .t ,/ "A'.*/ ,/ . /A. 7t d, 919

L!D ATC. V&rr WAP(&3d, -93e



AEA Technology Test Plan 80, Revision I
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:

ý55o L 3AI 20 13 7T31 rW.

TestDate: to /K 617q TTest Time: q! Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

crý-t•, Or¢ Ar"wr ..•7 •, o'.-

Describe on-site inspection (damage, broken parts, etc.): 0- /

- doF/ 7-a/• oF 4" •/ 3-s. /-' I •jzDn teg I • o-vO•J'Vp ~7I , i

po-w 0 epftlJ¶ e31.)

On-site assessment:

Engineering.•#/ Regulatoryzi P IQA: X.VW 18,/ de-7

Describe any post-test disassembly and inspection:

Describe any change in source position:
iv-ft

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

Completed by: Date:

/I 4,I



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:

65oL JA! /1_ 77'859P (13

Test Date: /l?4,1g ?r I Test Time: Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):
- 2'Vc/ Vt-1 1 0 A~

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

- SS are" - wrj 68-4 -1
-C.5 O.fe*- 5Aet1 C's O PAP4e wvpt 'fk/G'V0 l W412-0 /-/A~~a~t''''

On-site assessment:

-CS x~~e co f previ~r

OF- THIS 5 O/'A6'MV. ?71W9gt_ d CJ-r THi J''

Engineering: j;tý /YI1if•Regulatory: Cý,/lAbff QA: M. A..d /8,~e

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:

"tkA-,V1' P1411U"Aeir', 13 ? -,,& o ,A7"-y7oA/ PdO/T? W'e"1 F, IX "tai P.-* Tdo ?-0,a 'T-' 2iv76

~ ~AI?1 ~C-1. OP Lw iT r-~i

lfiTo Fpce



AEA Technology
QSA, Inc.
Burlinaton. Massachusetts

Test Plan 80, Revision 1
March 12,1999
Paqe 48 of 54

....... o M as... sa.. .... ... ... I

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

Test Unit Model and Serial Number: Test Specimen:e5ý5- L SAI / 95- 77::&0 62)

Test Date: /Y ,, "7`7 Test Time:// 1-,,)- 61 Test Plan 80 Step No.: 8.9

Describe drop orie tation and drop height:
To0,1 Ce,4 o,, ,,.'v Fp;.ew01 3e9

Describe impact (location, rotation, etc.):
~v'q34 1 J )IV -rV10 C-eAme- a):~-'

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

- To ,1 P&c-Te, OP• 1 -4,0 r &ZUe'O C,,• 641 "" - ,.. V A.

P w C OO 61V 44" V e ,A~rV " 0

PzA - e j2;:.4-4td ,,.7V- 41 c4-- ,:r' P-~O~-

On-site assessment: w' *361w4'Ct-o-

-CY#W~r/6 P 714-V71Z 134A 01PAo11 OAW&'vDQj OAI jfi'oM- Nf 17V-' 80,'77~ 43,r9 AZý1

.:rtVqy V-TOW OF e-10 7-0 rA.i ?TV cgeT_ 7-a Zei cýS .

Eniern-,z tE-,9ýA Regulatory zý

Describe any post-test disassembly and inspection:

Describe any change in source position:

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

Completed Date:



AEA Technology
QSA, Inc.
Ru .rlinntnn M•:rh II•RAtk

Test Plan 80, Revision 1
March 12, 1999
P. - AG Of CA

Budin ton Massachusetts2 1 k9

Equipment List 5: Puncture Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Drop Surface Drawing AT10122, Rev. B ( , •gT11L

Puncture Billet Drawing CT101 19, Rev. C

Thermometer OCM "&A

Thermocouple OM,.aA
5 rc..- - CsEr- K -2.0 -.36

Thermocouple ore,•A
Wt-r - 10 -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: AO"

Verified by: z '/AJ.. 4' . . . // A) .



AEA Technology
QSA, Inc.
Burlington, Massachusetts

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

Checklist 5: Puncture Test

Step TP80(A) TP80(B) TP80(C)
I I .

1. Immerse specimen in dry ice or cool in freezer to bring specimen temp. below -401C. /bc
I

- - i W - -

2. Measure the ambient temperature. i~ eA~1~7 /,9

Note the instrument used: f /y - -&1I EN&/2

3. Attach the test specimen to the release mechanism. 7_

4. Begin Video Recording of the test. lo

5. Measure specimen's internal and surface temps. Ensure that specimen is at specified temp. r

Record the specimen's internal temperature: -,g '-7, .--

Note the instrument used: 6k6-(2 •:6'"a ,Av&-, -

Record the specimen's surface temperature: .--

Note the instrument used: -6a'-

6. Lift and orient the test specimen as shown in the specified referenced figure, or as Figure 10 Figure 11 Fi ure 12
determined during the assessment of the 9 Meter (30 Foot) Drop Test.

7. Inspect the orientation setup and verify drop height. -i

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

9. Release the test specimen. AU

10. Measure the specimen's internal and surface temperatures. iII.
Record the specimen's internal temperature: 7 - - O2 . - ¢ .

Note the instrument used:
Record the specimen's surface temperature: 6c- c- *-50

Note the instrument used: F#•-/2 £'c-i.
1I. Photograph the test specimen and record any damage on Data Sheet 5. j jjj, jC
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 / 1 jlh?1

Regulatory Affairs 4. -45

Quality Assurance Ale/ p J" A ^*re 9

.q7&

70&
;{7 12-

(7-65r 6A/6/J 60A rV 1%W1 VtIl /or- ticIt



AEA Technology
QSA, Inc.
Burlinton Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 51 of 54

m

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:
6"5 34J 2z,'3 - o')

la/I/ .7 7' Test Time: /2'#5

Test Date: 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.):

-15'4z-4 7~;~- /- -, a /c ; A,0:7Z' ~-g. - 13 ý$-4

-A',, -01.Ot7 ' 7 /, -f,20 LA-i. /" 7t AIVA-t -"3

On-site assessment:

- f4A.ý*r is~1? e.-ntATJff r-A A.i ve L " ~ .5@98 p/sf,

A.,7war p eac moEngin=eern~g: # m 4 a"'ODesriny: disassem Regulatorybly andspeA: ctio.n

Describe any post-te.g disassembly and inspection:

Describe any change in source position:
of. 31f 6. IV ; =0-. C) I,

e,) 63 r- 6.39 * 0. u1q
Describe results of any pre- or post-test radiography:

C omplet d bDate:

Az n1417



L -7~r-~P~C,gU 7Tpg-

*~~C, t,~ve) CgrL

a ~ 2-4

6. ~303
C& 6. 317

- 8t-7::5 ý rl-- 5

;7^1

Al, f t S~ Ale

'a



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:

Test Date:yg/l,. F Test Time:!,,2 O 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.):

1,0- o : , oI C_.i,•. ,-.- o5-PsemTht-'-L-

On-site assessment" : .. / •

Engif~irig: Regulatry: •_d• A:f
Describe any post-test disassembly and inspection: d

Describe any change in source position:

46yo. drx• ,•ye '--''o-- wvFt o•~ /Vr-,go', •" jA" 1,1/

-A, [01,ý ,,, 
KC4kA5n r^4" il, ,,04 '~

A f kr 4 s~r~

Describe rautson aypr-o post-test riaseby andinpiogrph: ~ e

Completed by: . /IDate:J4v ,T,,,,-

7



OiJ i~sev~s~r ~ (or' 7

LIP ,,.L75 eAfD4MAAq b. rX ,. 9/10075 1VRAJl,, .u .

-LOoCK 13 aeL'KJU c'Vr; 5veCC'S S77ZI- 6'cX,22- /tJ ?1A4CCe

A-16k 51t6AJlF16o5W7- ZýcnC77o% a-- 711//Ue~d -B,4-•L M642>5

- oCe- V.••Xers /5u-zeT; i)Rc6-5 Le5-i //J FS/77o-,

-- L'ClkS / A nL FP-11AJC7-44L

- posarldwv: q C.3 ______

6> 6.S' 65 0 2'



3

L) Ous--

'iic

14/0

62l
P *o76o



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:

656oZ- 3A/V 7-P A (c)

Test Date: &• rn 9 TestTime: /..'•5 Test Plan 80 Step No.: 8.10

2Describe drop orientation and drop height: ?,•" , /2 -i9v'
-uf PoI/ 0AJ LID eC-J72)', 4rA /U&M" ,,61-4. &/-j- ,,,o - ". e, .

_escribe impact (location, rotation, etc.): 4A, C A A-A I 'A l a - t Jz
e - pC- IX MICE BO• /-r T'PA7, Z/I ,,) ,0/7-Y/4J-17Zi/CO• N6

L.D.

escribe on-site inspection (damage, broken parts, etc.): '/ " , O -,lA~P7..-
i~z9Ifi.A• 7o I/I) //dCg'fg•z): e•,4¢.4 3t.- 6'. . Ig.,',"2Z"'- " *•" ' /••••

I ,as ---• p •&'-5"l
rw44 t../,-....r

On-site assessment:

• - . 1s,.?• . a ,vF r ivL.

Engineering: 4M ý Regulatory:

Describe any post-test disassembly and inspection:

Describe aychange insorcpe ositipn:

.resu6 of o o aop3

Describe results of any pre- or post-test radiog phy
Ala d-.t S 4ý.Ae tiv

Co Date:

.~2-. 7PA Krp~

7PSne 4~e A9 00w,'C , 74r1 p/j,,F Tg""C r-7-



~5aL 7~5~
163S

o'/

/(6,~tcv~~ c6c'~~ - v/SV/I&r5 0,kF w•,Ifet 13 47- •• •&.

c1W~( d'

L'6

S...........

- -- el. . . 1 A l. . .. . . .. . .. .. . .
._• -• ... .o L • ...... • ... . z. ..... 'c .s ..... . ..... .. .

p••~~~C 259 /•rc• • •<f-,•(

..... ... ... 4, . .; H*• . , y . . . . ... . .

... . . .. . . . . . .. . .. _ _ Y .& . . ..- •e-~~ • ... ... .. ... ... . . . ....... ....... . .. .. ...



SEN71NEL TI' o('4) - ?"7a (31 /o r-~aar) DRWq zr&t5r P}JC7ZV?
76Sr

SHIELDING PROFILE AND INSPECTION FORM

Iodel: ,(.... L Serial Number: -72q-.3 Radionuclide:X•R19?,7 Max.Capacity: Zz'iJ Ci

Shield Data

3hield Hea ý Mass of Shield:________ Lbs. ILot #:

Initial Profile

ource Model: Source SN: Activity:_Ci

;urvey Inst.:__ Date Cal.: Date Due:_

Observed
Intensity mR/hr

Surface C ction
FactorSurface

op

light
ront

eft

:ear

Capacity ection
Factor:

Adjusted Intensity mR/hr

ottom

ispector: Date:_ NCR #:

Final Profile

ource Model: 4IZ ? L4- Source SN: - Activity:. Ci Mass of Device: Lbs.

urvey Inst.: /,iWiZ.Z7-r SN: Sm, P? Lis. Date Cal.: ,P"--, Date Due: &P2Z" .

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

ig ht _ _ _ _-" 1 T IF S

"ont 96 1 Capacity Correction0Factor: I! ,•

ýft ___ 6,

aar 70 __ __

Dttom s '_-_-"__3 -4
spector: •__ __ __ __ Date: _ 11"m.u-A21'• NCR #-: 411A =

C-e

,nments:+- PLC W-1 -QO9

rAmersham QSA



SENTINEL 9)O7) - AF•,'J ,714Q67

SHIELDING PROFILE AND INSPECTION FORM

Iodel: L Serial Number: ..-,." Radionuclide:..TRA32..?. Max.Capacity: Z -. in Ci

Shield Data

3hield Hýeaý" I Mass of Shield: Lbs. ILot #:

Initial Profile

5ource Model: Source SN: Activity:_Ci

;urvey Inst.: S Date Cal.: Date Due:

Observed
Intensity mR/hr

Surface C ction
FactorSurface Adjusted Intensity mR/hr

op

light

ront

eft

tear

Capacity ection
* Factor:

ispector: Date: NCR #:

Final Profile
^.¢c z,7"- 112.5 a•.

ource Model: ? L4.. - 9 Source SN:c_.-3%.i,.t Activity:le .C Ci Mass of Device: Lbs.

urvey Inst.: Ay, mq7-r SN: mZ gA Date Cal.: AP ? .)- Date Due: &d,2_,!,..

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

op (0 __/A 1.1 70. 2, 1Z

ight __ _ . 9___ _,

ront Capacity Correction
Factor: 1,46' ' 4

____ 1.1
ear E9__ • ____ ___

Dttom .50 _ _ __•

,spector: . 2LXýo 9. 2 Date: /? ,vj-5• NCR #: ,11A

mments:* P?1- Lo:7-cQ~ Lnrý5-,1vt+
016-111

FAmersham QSA



AEA Technology
OSA, Inc.
Burdinaton. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 52 of 54I

Equipment List 6: Thermal Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Bottom Surface Thermocouple 1 xCX."-K< O'f ,•,

Top Surface Thermocouple 2 -

Side Surface Facing Oven Front Thermocouple 3

Side Surface Facing Oven Rear Thermocouple 4 ¢ -I.(

Source T ube T e m c u l x o A m r ?C I , - '

Ther~c~ulef~d• I•R~l ")C I B• - I< ,

Oven G E GOW R04 ___

Oven thermostat Ofi ON- 1 5- K-

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

Sa r S ;w r FW114 6Ve?/A.3 L fY ff TC Yýt -K6

Alm&Eyr CIV5~g ____W___

# ms- Z)I
7c~nu~ T v~oCotIe-. -Flre-rv~cjzcH d

PitNm:Signature Date:

Completed by: __ _ _ _ _ _ _ iqr c

Verified by: 7>4,Ni!1 Al. Xwph Pj Ao ~'?a



AEA Technology
QSA. Inc.

Test Plan 80, Revision 1
March 12, 1999

Burlin ton Massachusafte2 1 acte ua or off

Checklist 6: Thermal Test

Step

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 8 10*C

7. At the end of the 30-minute test period, shut off the overkad onen the door.
Record the time. T , ; i-d" s-,

8. Describe combustion when door is opened.
d fl• • A i

'Calk /9

9. Allow the specimen to cool, tchzýI Y V -1 f1 r theiv zvn. Record the
time. 0--/ g 11, *t

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. -9

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 zfew"e T#e 4 "94/7 917

Regulatory Affairs

Quality Assurance ,0, 0 t. 9 " . ,/ . I2ze,-lygn A

,~~~~1hS~~~~~~h~~~Sb P~3O.7? 3( ~ ~ S~h'~1~dVi 1 l/Z/e4tilloi ore f~HAd );",-



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:

Test Date: 19 /,/7j 99 Test Time: 7- 5 "'pj Test Plan 80 Step No.: 8.12

Describe test orientation and setup:
P~qCKA6 6e CA) a76 M~ R.44:,~6' OIDC Flq6! 4- 'r 6I1 7 *OP .1"646 53 c'IV,- '

.5D6Z4 177r? e&40K J54C/AA 1ýDc)AI (e& 53 7AAI9_d5). 56- X17jQJZ6 -,7,YiXZ_>

Describe package during testing:
IV7L a~f~tL4D Odc ;i(~ ( 0PP 45/AJq o.17,W. Re1) Fal4AI& 7V: 51I7-0.7

R45%6 OVW' ZZP, WWC-'5 P14,WAJ15MV&D AAJD 51-PR~bV a~/7 h-b6Zf- 3ýýtW ,C-_1X,4JL7X
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Compression Test

Typical Penetration Impact

Typical Penetration Test Setup
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Test Plan 80 Photographs

TP80(A) 4 Foot Drop Results

TPS0(A) 4 Foot Drop Setup

TPS0(A) 30 Foot Drop ResultsTPS0(A) 30 Foot Drop Setup
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Test Plan 80 Photographs

TP8O(A) Puncture Test Results

TP80(A) Puncture Test Setup
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Test Plan 80 Photographs

TP80(B) 4 Foot Drop Test Results

TPSO(B) 4 Foot Drop Setup
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Test Plan 80 Photographs

TP80(B) 30 Foot Drop Setup

TPS0(B) 30 Foot Drop Results

TPS0(B) 30 Foot Drop Results
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TP80(B) Puncture Test Setup

TPSO(B) Puncture Test Results
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Test Plan 80 Photographs

TP80(C) 4 Foot Drop Test Results TP80(C) 30 Foot Drop Setup

TP80(C) 30 Foot Drop ResultsTPS0(C) 30 Foot Drop Results

D-7



Test Plan 80 Photographs

TP80(C) Puncture Drop 1 Setup TP80(C) Puncture Drop 1 Results

TP80(C) Puncture Drop 2 Results
Showing Closeup of RivnutTP80(C) Puncture Drop 2 Setup
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Test Plan 80 Photographs

TPS0(B) Thermal Test Setup TP80(B) Thermal Test Setup

TP80(B) Thermal Test
After Removal From Oven

TPS0(B) Thermal Test After
Removal From Oven
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Test Plan 80 Photographs

TP80(B) Thermal Test After
Removal From Oven

TP80(B) Detail of
Cracked Shell

TP8O(B) Detail of
Uranium Oxide Residue

TP80(B) Detail of Uranium Oxide
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Test Plan 80 Photographs

TP80(B) Thermal Test After TPSO(B) Thermal Test After Removal
Removal From Oven--Detail of From Oven-Lid Removed
Crack After Foaming to Stabilize
Shield
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Removal of Lock Assemblies
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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 TM1279.

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

Test Report 1 - TP18 8 Page 3 of 15
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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

Test Report 1 - TP188 Page 6 of 15



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 lbs secured to the Drop Test Pad, T10740, S/N 001.

4.2. The magnet was protected from damage by a cork enclosure topped with Y2 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 lbs

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.

1 lest equipment and camera positions

z iest equipment 3 I est setup
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Section 4 Test Data

4 Standard configuration loaded .3ripcLimer conuguradiun lwducu

The 'Standard' configuration was loaded to 1,568 lbs (25X 62.7 Ibs)

The 'PipeLiner' configuration was loaded to 1,768 lbs (25X 70.7 lbs)

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 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.

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: 7P'/A' - (f Configuration: X• Standard n Pipeliner

Weight of test device (Model 880): _f .Z'f /IA1 Total weight of test equipment: ,Somtt ?WimIod,

Scale: '4,-o 4mj^ ,; y,,.. -0 j>&>r 3,-,A O701

Unit complies with IRSS "Work instruction for performing Pipeliner Retro Fit" Rev 1

Test Procedure:

1. Prepare test specimen as described in 'Consiruction and Condition ol1 l'ct Specihnici.

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 tem perature. - A/,5 7 o c.

5. Lift test specimen and weight from middle of handle with crane.

6. Record total weight. /"9 &I ,,ik •; ,,r•. V • 0 •',Z-o o ,4%o73 /-4'•

7. Inspect test handle for cracks or other visible damage.

Damage and/or operational malfunctions:

Test Assessment:
;?.Ar '"' Cý,.Z4WAP~v~4s -~~

Recorded by.Iý•4-- (4, 6.e,) Date://" ,.4,

Witnessed by: t, 9, >' I.•- -- , ./A,4,S-7 Date:

WORKSHEET 8.1 HANDLE, ATTACHMENT PART OR LIFTING MOUNT

Test Plan 188 Page 14 of 16 December 2009
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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: ZP,45 -e Configuration: n Standard)XCPipeliner

Weight of test device (Model 880): w14.4ji~ f Total weight of test equipment le"' 4-4szeo'

Scale: elv-x:i J7 srms-e'*

Unit complies with IRSS "Work instruction for performing Pipeliner Retro Fit" Rev I

Test Procedure:

1. Prepare test specimen as described in "'culzitLruCLiunl and Cundition ol' l pest ci :pic ".

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. - &"O"

5. Lift test specimen and weight from middle of handle with crane.

6. Record total weight. _/74• ,r ,,e. r - A /"/

7. Inspect test handle for cracks or other visible damage.

Damnag and/or operational malfunctions:

Test Assessment:
S4Zý ;?Z-' A yziir41 4a Z, f 36 A*y x~ 4

Recorded b) 1t] _ (hiZd"S) Date: L o2,,!

Witnessed by:. Date: /j ef 4.,- /.,

WORKSHEET 8.1 HANDLE, ATTACHMENT PART OR LIFTING MOUNT

Test Plan 188 Page 14 of 16 December 2009
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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

Test Plan 188 Page 3 of 16 December 2009
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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 1I) device. The device consists of two major assemblies; the QSA Model 880 body assembly
and the IRSS Pipeliner assembly.

Test Plan 188 Page 4 of 16 December 2009
Test Plan 188 Page 4 of 16 December 2009



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:
" The handle breaking.

" The handle becoming unattached from the device.

A failure could result in:

* The user not being able to use the handle to carry the device.

" The device being dropped.

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

and collimator.
" Pipeliner, configured with the shoe and collimator assemblies.

In the 'Standard' configuration the total system weight is approximately 55 lbs. In this configuration the
handle has a hole, approximately 'A" in diameter, extending along its centerline for the full length of the
handle.

In the 'Pipeliner' configuration the total system weight is approximately 70 lbs. 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 -30OF to 2000F.
Because this does not meet the minimum -409F temperature requirement of the intended area of use this series
of tests will be performed with the test units cooled to -400F.

Tea Plan 188 Page 7 of 16 De=ber 2009
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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. ORSS)
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.

Test Plan 198 Page 8 of 16 December 2009
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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-Ql816 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

3. Measure and record the weight of the specimen and must be less than 55 pounds

4. 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.

5. This unit, in the 'Standard' configuration will be used for the first test.

6. 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.

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

8. 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.

Test Plan 188 Page 9 of 16 December 2009
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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 lbs requiring a test weight of 1375 lbs.
For the 'Pipeliner' configuration the maximum device weight is 70 lbs requiring a test weight of 1746 lbs.
The test weight is the total of the device weight, the weight of any fixturing and applied load.

Equipment
I. The test IRSS Pipeliner assembly installed on a Model 880 body.
2. A test plate that, when strapped to the device, achieves a total weight of at least 1746 lbs.
3. A scale to verify the weight of the test equipment.
4. Crane or forklift (Lifting Device)
5. Straps as required

Procedure

Preparation the Test Device
The test device is to be cooled to a temperature of -401 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.
2. A two inch wide web strap will be positioned at the center of the handle as shown in the figure.
3. The strap will be connected to the scale and the scale will be connected to the lifting device.
4. The temperature of the device will be recorded.
5. The test assembly will be raised clear of all supports and a total weight reading will be recorded.
6. The weight will remain suspended for one minute.
7. The handle will be inspected for damage or failure.

8. 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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LIFTI

FIGURE 6.1 MODEL 880 PIPELINER - STANDARD CONFIGURATION TEST SETUP

LIFT

t

I
LOAD

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:

* 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.

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

" Quality Assurance oversees test execution and test report generation to assure compliance with the
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: I Standard 1 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 1
af oeim-

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
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