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Test Plan No. 115

Section 1 Introduction

This test plan is intended to qualify the Model 880 Radiographic Projector to the
performance requirements of ISO 3999-1:2000(E), "Radiographic protection - Apparatus
for industrial gamma radiography - Part 1: Specifications for performance, design, and
tests".

The ISO 3999-1:2000(E) tests covered under this plan are the following with their
respective ISO 3999-1:2000(E) sections listed in parenthesis:

" Projection Test (6.2)
* Tensile Test for Source Assemblies (6.5)
* Shield Efficiency Test (6.4.1)
" Endurance Test (6.2)
" Horizontal Shock Test (6.4.6.1)
* Vertical Shock Test (6.4.6.2)
* Tensile Test for Guide Tubes (6.7.4)
* Tensile Test for Drive Cable Assembly (6.6.3)
* Kinking Test for Guide Tubes (6.7.3)
* Kinking Test for Drive Cable Assembly (6.6.2)
* Crushing and Bending Tests (6.6.1 & 6.7.2)
* Lock Breaking Test (6.4.2)
* Wrench Test (6.4.3)

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

The vibration resistance test was evaluated and deemed unnecessary. The only parts that
could come loose from vibration are the tamper-proof screws. However, tamper-proof
screws have been used on similar devices over the past 25 years and field use of the
screws has shown that the screws have never loosened as a result of vibration.

The accidental drop test was previously accomplished under Test Plan 104 in which the
device was dropped from a height of 30 feet. After this drop, the dummy source
remained secured in its fully shielded position within the source tube, attached to the
source wire and was undamaged.

The design of the Model 880 Radiography Projector ensures that the device will operate
continually under normal conditions. The Model 880 was designed ruggedly with non-
corrosive materials, such as stainless steel, to prevent any harmful rusting or corrosion.
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Only the Model 880-150 Ci device will be used to demonstrate compliance with ISO
3999-1:2000(E) performance tests. The Model 880-50 Ci device, by default, will
perform the same or better than the Model 880-150 Ci device due to its lower weight and
identical structural construction.

The test sequence to be used for the testing is listed in Section 6.
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Section 2 Gamma Radiography Projector Description

The Model 880 projector, shown in Figure 2.1, is a portable (Class P), externally
projecting source (Category II) device. The device consists of four major
assemblies; the body assembly, the rear plate assembly, the front plate assembly,
and the jacket assembly. A source assembly is also used and stored with the
device.
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REAR PLATE
ASSEMBLY

FRONT PLATE
ASSEMBLY

FIGURE 2.1: MODEL 880 PROJECTOR.
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Section 3 Discussion on System Failure Modes of Interest

The tests in this test plan subject the test specimen to conditions likely to occur during
use. The exposure device and integral safety features shall remain operational after the
test and shall experience no loss of shielding efficiency.

A projection test is to be performed to determine the resistance to projection before and
after the sequence of operational tests. The maximum force applied to the control handle
must not increase by 25% after performing the operational tests. The projection test will
be performed before and after the entire sequence of tests instead of each single test.
Conducting the test in this manner will give a more conservative test result rather than
smaller incremental increases in force from each single test. The test will be set up per
Figure 6 in the ISO 3999-1:2000 standards. However, because of limited space, the cable
paths used will have added difficulty and will actually be a more tortuous path than the
one shown in the figure. The adjustment of this setup will only make the test more
difficult and so will not make the test easier to pass. The operational tests include the
endurance test, the shielding efficiency test, the horizontal and vertical shock tests, the
tensile tests, the kinking tests, and the crushing and bending tests. A failure of the
projection test would show an increase of over 125% of the force required to move the
source assembly before the test to the force required after the test. A failure would
indicate that a part of the exposure device, drive cable, drive cable housing, guide tube, or
source assembly was damaged and is restricting movement of the source assembly or
drive cable. This could result in an active source getting hung up in an unsecured
location.

The source assembly tensile test is also to be performed before and after the sequence of
operational tests. The purpose of the test is to ensure that the operational tests do not
have any negative effects on the source wire assembly. The same dummy source
assembly will be used with all of the operational tests requiring a source assembly except
for the shielding efficiency test which requires an active source assembly. If there is
enough wear on the swaged features of the assembly, the connections could fail when
pulled.

The shielding efficiency test measures the performance of the shield when loaded with a
maximum rated activity of 150 curies of Iridium-192. The shield efficiency test was
completed on the test device after manufacture on November 10, 2000 and will not be
completed again for this test. The results from this test will be included in the final test
report at the conclusion of the tests in this test plan. The completion of the shielding
efficiency test before the initial projection test and initial tensile test for source
assemblies as shown in the test procedure in Section 6 of this test plan will not effect the
testing in a negative manner. Performance of the shielding efficiency test does not have
any effect on restricting the movement of a source assembly that is measured in the
projection test. Also, the dummy source that is to be tested in the tensile test for source
assemblies is not the same source assembly that would be used with the shield efficiency
test because the shield efficiency test requires an active source. The source used with this
test may not be the maximum rated source (150 Ci of Ir- 192) that the device can handle
but a correction factor will be used to determine the actual maximum dose rates if this is
the case. The possible failure mode for this test would be high radiation levels over the
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exposure limits for a class P exposure device. Radiation levels over the limits may be the
result of a number of factors. The following are possible factors:

1. Wrong source position within the shield tube.
2. Poor shield design or translation of the design to the manufacturing process.
3. Changes in distance of the container's exterior surface relative to the source

position.

The endurance test demonstrates that the radiographic system will remain operational
after 50,000 cycles. This test will use the same setup as the Projection Test. A failure
could cause the source tube to wear resulting in depleted uranium contamination. Also,
wear on the front and rear plate mechanisms may prevent the source wire assembly from
becoming completely secure in the fully shielded position.

The horizontal shock test demonstrates the ability of the test specimen to withstand swing
type impacts occurring during normal use. Three areas of the device that could cause the
greatest effect on radiological safety if impacted were chosen for this. The areas include
the front cover, the lock, and the rear cover test (see figures 11.1, 11.2, and 11.3).
Possible failure would involve the inability to operate the front or rear plate mechanisms.
Hitting the small protruding features on each end could cause deformation to the
assembly mounting plates or shell endplates that may produce binding in the rotating
parts of the mechanisms.

The vertical shock test demonstrates the ability of the test specimen to withstand many
short drops expected during normal use. There are two normal carrying positions for this
device; one with the jacket and the other without the jacket. Although the jacket would
add a small amount of weight to the device, the jacket would also absorb some of the
impact. This test will be performed without the jacket to prevent any impact absorption
and give a more conservative test assessment. Possible failure could occur at the shield
support structure, specifically at the pinned connection. If the connection were to fail,
misalignment of the source tube could prevent the source wire from moving. Also,
damage to the jacket could result in not being able to use the handle to carry the device.

The purpose of the tensile tests on the controls and guide tubes is to demonstrate that the
they are able to withstand tensile stresses that may occur during normal use. The
connections could fail if there is enough wear on the swaged features. Also, a failure
could indicate that the design or manufacture of the controls or guide tubes is faulty.

The kinking tests on the control cable assembly and guide tubes are done to show that the
sheaths are able to withstand the conditions they may likely encounter during use. After
perforiming the kinking tests, the control cable assembly and guide tubes should remain
operable without any loss of integrity. Also, a failure could indicate that the design or
manufacture of the controls or guide tubes is faulty.

The crushing and bending tests are performed to demonstrate that the control cable
assembly and guide tubes remain operational after being stepped on by the heel of a shoe.
A mechanical device is used to simulate the crushing effect on the tubes from a shoe.
After performing the crushing and bending test, the control cable assembly and guide
tubes should remain operational without any loss to integrity.

The lock breaking test is performed to check the durability of the lock on the exposure
device. A force of 400 N (90 lbs) is gradually applied to the lock and held for several
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seconds before being released. The force will be applied to where the key is inserted
because this is the most exposed part of the lock and could become jammed or damaged
by a force. The force is applied and released in this way eleven consecutive times at each
position. A failure would occur if the exposure container could be opened without
unlocking the device. A failure of the lock could develop into having an active source
exposed without the operator's knowledge.

The wrench test is used to demonstrate that the handle of the exposure device is able to
withstand forces that may be encountered during use. A static load of 25 times the
weight of the device is placed at the most fragile part of the handle. A failure would be
indicated by the handle becoming unattached from the device or becoming unstable. A
failure could result in not being able to use the handle to carry the device or possibly an
accidental drop.
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Section 4 Construction and Condition of Test Specimens

All radiography system components listed in the table below and used in this test plan are
manufactured in accordance with the AEA Technology QSA, Inc. Quality Assurance
Program.

The Model 880, 150-Curie assembly, part number B88000 will be the device used in all
tests requiring the use of a test projection device.

A Model 424-9 dummy source assembly will be loaded into the test specimen for all tests
except the shield efficiency test and accidental drop test. An active Model 424-9 source
assembly, part number A42409, with at least 75% of the maximum rated capacity
(minimum of 112.5 curies of Iridium-192) shall be loaded into the test specimen for the
shield efficiency test.

The radiography system consisting of the components in the table below will be used for
the endurance test. The same Model 424-9 dummy source assembly used in the
endurance test will be used in the tensile test.

Table of Model 880 Radiography System Components

Part number Part Name Quantity

B88000 Rev.A MODEL 880 150 Ci MAX ASSEMBLY I
A42409XL Rev.A MODEL 424-9 DUMMY SOURCE ASSEMBLY 1I

A42409 Rev.E MODEL 424-9 SOURCE ASSEMBLY 1I

BTAN69250 PISTOL GRIP CONTROL SYSTEM, 50 FOOT 1
B48930-7 Rev.A SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT I
B48907-7 Rev.T SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT 4
B48906-7 Rev.Q SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT I

* Note: Either one of the Model 424-9 source assemblies, Dummy (XL) or

Active may be used in the system, but not simultaneously.
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Section 5 Material and Equipment List

The worksheets in section 24 identify the equipment and procedure required for the tests.
Additional materials and equipment used to facilitate the tests will be listed as needed.



Test Plan 115
AEA Technology QSA Feb. 2001
Burlington, Massachusetts Page 12

Section 6 Test Procedures

The testing shall follow the sequence below.

Device 1: Model 880, 150 Ci Assembly

1. Initial Projection Test
2. Initial Tensile Test for Source Assemblies
3. Shield Efficiency Test (See Section 3)
4. Endurance Test
5. Horizontal Shock Test
6. Vertical Shock Test
7. Tensile Test for Guide Tubes
8. Tensile Test for Control Cable Assembly
9. Kinking Test for Guide Tubes
10. Kinking Test for Control Cable Assembly
11. Crushing and Bending Tests for Control Cable Assembly and Guide Tubes
12. Final Tensile Test for Source Assemblies
13. Final Projection Test (See Section 3)
14. Lock Breaking Test
15. Wrench Test
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Section 7 Testing Safety and Waste Disposal

Testing Safety

The shield efficiency test uses active radioactive material and the test specimen
contains depleted uranium (low level radioactive material). Handling radioactive
material shall be done with caution and only by qualified personnel.

The weight of the test specimen is approximately 50 pounds. Proper lifting
techniques shall be used to prevent injury.

Some tests of this plan may result in heavy falling objects and flying debris.
Safety glasses and a safe distance must be used.

The possibility of depleted uranium contamination could be present during and
after the tests. Qualified personnel shall ensure all applicable surfaces are free of
contamination.

Waste Disposal

The test specimen shall be stored in the low-level waste room until authorization
by the regulatory department is given to properly dispose.
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Section 8 Initial Projection Test

Requirements
The Projection Test demonstrates that the torque required at the controls to move
the source assembly from the secured position to the working position and back
to the secured position after certain tests remains within 125% of the torque
before the tests. The minimum movement rate for projecting and retracting the
source assembly shall be a constant 0.75 m/s (2.5 ft/s) of linear movement until
the source stops after each cycle.

Equipment
1. The test projection device equipped with the largest diameter and greatest

length dummy source assembly recommended for the device.
2. The largest recommended guide tube and controls (42 ft. guide tube and 50

ft. control cable) connected to the projection device set up in accordance with
Figure 6 of the ISO 3999-1:2000 standards (see Section 3).

3. Motor and Controller with torque readout.
4. Cycle counter.
5. Pneumatic actuator for lock slide actuation.
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Section 9 Initial Tensile Test for Source Assemblies

Requirements
The tensile tests demonstrate that the source assembly maintains its integrity after
experiencing tensile loads that may be encountered during normal use. The
Tensile Test for Source Assemblies is performed before and after the sequence of
operational tests. The source assembly should remain operable and maintain its
integrity.

Equipment
1. Dummy source assembly. (See Section 3)
2. Force gage for measuring the forces required from Section 6.5 of the ISO

3999-1:2000 standard.
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Section 10 Endurance Test

Requirements
The Endurance Test demonstrates the gamma radiography system remains
operational after 50,000 cycles of the source assembly moving from secure to
working positions and back. This test is done to check the resistance due to
fatigue and wear of the different components and accessories of the device during
normal operation. The automatic securing mechanism and the lock should
remain operational and effective.

Equipment
The equipment used for this test is equivalent to the equipment used in the initial
projection test (see Section 8).
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Section 11 Horizontal Shock Test

Requirements
The horizontal shock test demonstrates that the exposure device will withstand
the horizontal impacts the device may encounter (see Section 3).

The exposure device and integral safety features shall remain operational after
the test and the device shall experience no loss of shielding efficiency.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers.
2. A target consisting of a steel bar with a flat vertical face 50 mm (1.97 in.)

diameter by 300 mm (11.81 in.) long. The bar shall lie horizontally and be
fixed or welded to a rigid mass at least 10 times the mass of the exposure
device (500 lbs).

3. Suspension equipment for the test projection device that does not cause
undesirable rotation around a vertical axis when suspended before being
exposed to the shock.

Figure 11.1 Setup for lock cover area.



Test Plan 115
AEA Technology QSA Feb. 2001
Burlington, Massachusetts Page 18

Figure 11.2 Setup for lock mount area.

Figure 11.3 Setup for front knob area.
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Section 12 Vertical Shock Test

Requirement
The vertical shock test demonstrates that the exposure device will withstand the
vertical impacts the device may encounter. This test will be performed without
the jacket as shown in Figure 12.1 (see Section 3).

The exposure device and integral safety features shall remain operational after
the test and shall experience no loss of shielding efficiency.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers but without the
jacket.

2. A rigid target consisting of a flat horizontal surface of steel, concrete or solid
timber having a mass at least 10 times the test specimen (500 lbs.). The
surface shall be covered with a sheet of 7 or 9 ply (25mm thick) fir plywood
or equivalent.

6

Figure 12.1
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Section 13 Tensile Test for Guide Tubes

Requirements
The Tensile Tests demonstrate that the guide tube housing maintains its integrity
after experiencing tensile loads that may be encountered during use as shown in
Section 6.74 of the ISO 3999-1:2000 standard. The guide tube should remain
completely operable without any damage that may restrict travel of the source
assembly.

Equipment
1. The test projection device equipped with the dummy source assembly.
2. Test apparatus T10281 used to secure the guide tube.
3. A force or pressure gage for measuring the required loads.
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Section 14 Tensile Test for Control Cable Assembly

Requirements
The Tensile Tests demonstrate that the control cable assembly maintains its
integrity after experiencing tensile loads that may be encountered during use as
shown in Section 6.74 of the ISO 3999-1:2000 standard. The control cable
assembly will remain operational after the tests.

Equipment
1. The test projection device equipped with the dummy source assembly.
2. The test control cable assembly.
3. A force or pressure gage for measuring the required loads.
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Section 15 Kinking Test for Guide Tube

Requirements
The kinking test demonstrates that the guide tube will withstand conditions that
may be encountered during use as shown in Section 6.73 of the ISO 3999-1:2000
standard. The guide tube shall remain operational after the test without any
damage that may restrict the travel of the source assembly.

Equipment
1. The test guide tube.
2. A flat test surface equipped with horizontal guides separated by less than or

equal to 5 times the diameter of the guide tube.
3. A dynamometer.
4. A tape measure.
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Section 16 Kinking Test for Drive Cable Assembly

Requirements
The kinking test demonstrates that the drive cable housing will withstand
conditions that may be encountered during use as shown in Section 6.62 of the
ISO 3999-1:2000 standard. The drive cable housing shall remain operational
without any loss to structural integrity after the test.

Equipment
1. The test drive cable assembly.
2. A stop watch.
3. A tape measure.
4. A flat test surface.

SECURED

1000mm

r

Figure 16.1
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Section 17 Crushing and Bending Test

Requirements
The Crushing and Bending Test demonstrates that the drive cable and the guide
tubes remain operational after being impacted by the heel of a shoe. The control
cable assembly should remain operable without any loss to structural integrity.

Equipment
1. Test guide tube and control cable.
2. Test surface having a minimum mass of 150 kg (330 lb) and must be hard

enough to not deform from the application of a steel punch without the
presence of the drive cable housing or guide tube.

3. Steel guides to laterally hold housings with length greater than two heel
lengths and a height between .5 and .75 times the sheath height for
juxtaposed sheaths or single guide tube and between 1.5 and 1.75 times the
sheath height for superimposed sheaths.

4. Steel punch tool T10280 as shown in figure 17.1.
5. Tape measure.

Horizontal Surface

17.1 Crushing Test
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Section 18 Final Tensile Test for Source Assemblies

Requirements
The tensile tests demonstrate that the source assembly maintains its integrity after
experiencing tensile loads that may be encountered during normal use. The
Tensile Test for Source Assemblies is performed before and after the sequence of
operational tests. The source assembly should remain operable and maintain its
integrity.

Equipment
1. Dummy source assembly. (See Section 3)
2. Force gage for measuring the forces required from Section 6.5 of the ISO

3999-1:2000 standard.
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Section 19 Final Projection Test

Requirements
The Projection Test demonstrates that the torque required at the controls to move
the source assembly from the secured position to the working position and back
to the secured position after certain tests remains within 125% of the torque
before the tests. The minimum movement rate for projecting and retracting the
source assembly shall be a constant 0.75 m/s (2.5 ft/s) of linear movement until
the source stops after each cycle.

Equipment
The equipment used for this test is equivalent to the equipment used in the initial
projection test (see Section 8).
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Section 20 Lock Breaking Test

Requirements
The Lock Breaking Test demonstrates that the locking mechanism can withstand
a breaking force while in the locked position with the key removed. The lock
must remain effective and operable after the test.

Equipment
1.

2.
3.
4.

The test projection device equipped with a dummy source assembly secured
and locked in its most shielded position with all covers.
The lock breaking tool, Tool number T10345.
A stopwatch.
At least 90 lbs. of weights to be added gradually to lock breaking tool during
test.
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Section 21 Wrench Test

Requirements
The Wrench Test demonstrates that the exposure container handle is able to
withstand a static force equal to 25 times the weight of the device (1250 lbs).
The force is to be supplied to the most vulnerable part of the handle. The most
vulnerable part of the handle is considered to be the middle of the handle the
most bending stresses will occur.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers.
2. A test plate with weights that, when strapped to the device, weighs at least

1250 lbs.
3. A scale to verify the weight of the test equipment.
4. Crane

Lift with crane ( >1250 lbs. )

Fig. 21.1
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Section 22 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 3999-1:2000(E).
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Section 23 Test Worksheets

Test Plan 115 Initial Projection Test
Material and Equipment:

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

1. Assemble system using Figure 6 of ISO 3999-1:2000 as a guide.

2. Assemble and connect the test specimen to the system.

3. Complete 10 full cycles.

4. Record the rotational speed (P177 rpm):

5. Record the highest operational torque for each cycle. 1: 2: 3: 4: 5:

6: 7: 8: 9: 10:

6. Record the average operational torque: __

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Test Plan 115 Initial Tensile Test for Source
Assemblies

Material and Equipment:

Dummy source assembly serial number:

Force gage serial number:

Test Procedure:

1. Record stop ball to connector measurement:

2. Attach control cable to the dummy source assembly.

3. Restrain end of source assembly opposite control cable connection.

4. Gradually apply 1000 N +44/-0 (225 lb + 10/-0) force over 10 seconds, hold for 5 seconds, then
release.

5. Complete test a total of 10 times.

6. Unrestrain source assembly.

7. Restrain source assembly at largest diameter and repeat steps 3-5.

8. Record stop ball to connector measurement:

9. Perform a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Test Plan 115 Endurance Test
Material and Equipment:

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Assemble system using Figure 6 of ISO 3999-1:2000.

3. Set the cycle counter to zero.

4. Cycle the test specimen a minimum of 50,000 times.

5. Record the rotational speed (>2.5 ft/s):

6. Record the highest operational torque:

7. Record the total number of cycles (>50,000.):

8. Clean the dummy source assembly.

9. Perform a complete functional operation of the device using the dummy source assembly used in the
test.

Damage, maintenance, and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Reviewed by:

Engineering: Date:

Regulatory Affairs: Date:

Quality Assurance: Date:
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Test Plan 115 Horizontal Shock Test
Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number T10333, serial number:

Target mass weight: Weight scale used:

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure 11. 1.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perform steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Recorded by: Date:

Witnessed by: Date:
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Test Plan 115 Horizontal Shock Test
Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number T10333, serial number:

Target mass weight: Weight scale used:

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure 11.2.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perform steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Horizontal Shock Test
Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number T10333, serial number:

Target mass weight: Weight scale used:

Test Procedure:

I. Prepare test specimen by securing a dumnmy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure 11.3.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perfonn steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Test Plan 115 Vertical Shock Test
Material and Equipment:

Test device (Model 880) serial number:

Target Used:

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen at least 6 inches over the test target upside-down with the jacket
removed.

3. Drop the test specimen onto target.

4. Perform steps 2 & 3 a total of one hundred (100) times.

5. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Tensile Test for Guide Tubes

Material and Equipment:

Test device (Model 880) serial number:

Test apparatus T 10281.

Force gage serial number:

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure exposure device to prevent movement during test.

3. Attach one end of test specimen to apparatus, TI10281.

4. Apply a tensile load of 500 N +44/-0 (112 lb +10/-0) for 30 seconds to the end of test specimen.
The 112 lbf. tensile load will register as a minimum of 78.4 psi (84.3 psi with gauge tolerance
allowance) on the pressure gauge.

5. Release the pressure.

6. Perforn steps 4 & 5 a total of 10 times.

Damage and/or operational malfunctions:
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Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Tensile Test for Control Cable
Assembly

Material and Equipment:

Test device (Model 880) serial number:

Force gage serial number:

Control Cable Assembly

Test Procedure:

I. Secure test device (Model 880) so that it cannot move during test.

2. Attach the controls to the test device.

3. Apply a tensile load of 500 N +44/-0 (112 lb +10/-0) for 30 seconds to the end of test specimen.
The 112 lbf. tensile load will register as a minimum of 78.4 psi (84.3 psi with gauge tolerance
allowance) on the pressure gauge.

4. Release the pressure.

5. Perform steps 3 & 4 a total of 10 times.

6. Secure the controls so they will not move during test.

7. Apply a force of 1000 N +44/-0 (225 lb +10/-0) tensile force to the free end of the source assembly
for 10 seconds.

8. Perform step 7 a total of 10 times.
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Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Kinking Test for Guide Tubes
Material and Equipment:

Guide Tube.

Dynamometer Ser. No.

Tape measure.

Test Procedure:

1. Secure test specimen without connection on a horizontal surface between two parallel plates.

2. Make a flat closed loop with guide tube.

3. Pull the free end of the loop with a force of 200 N +22/-0 (45 lb +51-0) over 5 seconds and maintain
for 10 seconds.

4. Repeat steps 2 through 4 for a total of 10 times using the same point of the guide tube.

5. Redo complete test 10 times with a connection in the loop opposite the crossing point.

6. Remove the test specimen from the clamp.

7. Verify that guide tube is operational.
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Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Kinking Test for Control Cable
Assembly

Material and Equipment:

Control Cable Assembly.

Tape Measure.

Stop Watch.

Test Procedure:

1. Secure the control housing rectilinearly on a horizontal surface and clamp one end of the housing to
the tabletop.

2. Make a 1000mm (39.37 in) loop with the housing on the horizontal surface (see figure 17.1). Verify
the diameter of the loop using a tape measure.

3. Pull the free end of the housing without allowing it to rotate along its original axis at a minimum
speed of 2.0 m/s (6.6 ft/sec).

4. Repeat test for a total of 10 times at each of 10 equidistant points along the length of the control
. housing.

5. Remove control housing from the clamp.

6. Verify that control assembly is operational.
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Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Crushing and Bending Test

Material and Equipment:

Steel Punch, Tool Number T10280.

Tape Measure.

Guide Tube and Control Cable Assembly.
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Test Procedure:

I. Place the guide tube test specimen on a rigid horizontal test surface with a minimum mass of 150 kg
between the lateral guides. The surface must be hard enough that it will not be deformed by a steel
punch (heel) without the presence of the object to be tested.

2. Place the steel punch (T10280) at a point on the test specimen as shown in Figure 17.1

3. Lift the edge of the steel punch heel a minimum of 300mm (11-13/16 in).

4. Drop the steel punch onto the test specimen.

5. Perform steps 3 & 4 a total often (10) times on randomly selected points on the test specimen. One
of these points shall be on a joint.

6. Verify that the guide tube is operational.

7. Place the control cable test specimen in the juxtaposed position on the same surface used with the
guide tube and laterally support with guides 0.5 to 0.75 times the control cable housing height.

8. Repeat steps 2 through 4 on five randomly selected points on the housing making sure the punch
heel hits both juxtaposed housings simultaneously.

9. Rotate the control cable test specimen on the surface to the superimposed position between lateral
guides 1.5 to 1.75 times the height of a tube.

10. Repeat steps 2 through 4 on five randomly selected points making sure that the heel drops on the top

tube.

11. Verify that the control cable assembly is operational.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Final Tensile Test for Source
Assemblies
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Material and Equipment:

Dummy source assembly serial number:

Force gage serial number:

Test Procedure:

1. Record stop ball to connector measurement:

2. Attach control cable to the dummy source assembly.

3. Restrain end of source assembly opposite control cable connection.

4. Gradually apply 1000 N +44/-0 (225 lb +10/-0) force over 10 seconds, hold for 5 seconds, then
release.

5. Complete test a total of 10 times.

6. Unrestrain source assembly.

7. Restrain source assembly at largest diameter and repeat steps 3-5.

8. Record stop ball to connector measurement:

9. Perform a complete functional operation check of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Test Plan 115 Final Projection Test
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Material and Equipment:

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

l.

2.

3.

4.

5.

Assemble system using Figure 6 of ISO 3999-1:2000 as a guide.

Assemble and connect the test specimen to the system.

Complete 10 full cycles.

Record the rotational speed (P 177 rpm):

Record the highest operational torque for each cycle. 1: 2: 3: 4: 5:

6: 7: 8: 9: 10:

6. Record the average operational torque: __

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Test Plan 115 Lock Breaking Test
Material and Equipment:

Test device (Model 880) serial number:

Lock Breaking Tool, Tool Number T10345

Stopwatch.

Weights.

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure test specimen to prevent movement during test.

3. Set up Lock Breaking Tool with rod end resting on lock.

4. Gradually apply a load of 400 N +44/-0 (90 lbs +10/-0) force to lock over 10 seconds by adding
weights to the top of the Lock Breaking Tool. Max Force: __

5. Maintain the force for 5 seconds.

6. Gradually remove weights over 10 seconds.

7. Repeat test 10 times.

8. Perform a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Test Plan 115 Wrench Test
Material and Equipment:

Test device (Model 880) serial number:

Weight of test device (Model 880):

Total weight of test equipment:

Scale:

Test Procedure:

I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure device to plate and add weight to 25 times weight of test specimen as shown in Fig. 22.1.

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

4. Perfonn a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by:

Witnessed by:

Date:

Date:
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Section 25 Appendix: ISO 3999-1:2000
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Test Report No. 115

Section 1 Introduction

This report documents the performance of the Model 880 Radiographic Projector
to the test requirements of ISO 3999-1:2000, Radiological Safety for the Design
and Construction of Apparatus for Gamma Radiography.

The ISO 3999-1:2000 tests were done in the following order:
* Initial Projection Test
* Initial Tensile Test for Source Assemblies
* Endurance Test
* Horizontal Shock Test
* Vertical Shock Test
* Tensile Test for Guide Tubes
* Tensile Test for Control Cable Assembly
" Kinking Test for Guide Tubes
* Kinking Test for Control Cable Assembly
* Crushing and Bending Tests
" Final Tensile Test for Source Assemblies
* Final Projection Test
* Lock Breaking Test
* Wrench Test

A test data worksheet was produced for each test detailing the material and
equipment used for the test, the test procedure, a list of any damage or
operational malfunctions as a result of the test, and the test assessment. Each test
data worksheet is located in Appendix A. Copies of the route cards used in the
production of the test device and dummy source assembly are located in
Appendix B. In addition, a shield efficiency profile was completed before and
after all of the above tests. Copies of the shield profile inspection forms are
contained within Appendix C.
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Section 2 Test Specimen Construction and Acceptance

All radiography system components listed in the table below and used in this test plan
were manufactured and accepted in accordance with the AEA Technology QSA, Inc.
Quality Assurance Program.

Except for the tensile test, the test specimen was the Model 880, 150-Curie projector. The
projector was manufactured to drawing B88000 Rev. A and is serialized D 1000.

A Model 424-9 dummy source assembly was loaded into the test specimen for all tests.

The radiography system consisting of the components in the table below was used for the
endurance test. The same Model 424-9 dummy source assembly used in the endurance
test was used in the tensile test for the source assembly.

Table of Model 880 Radiography System Components

Part number Part Name Quantity

B88000 Rev. A MODEL 880 150 Ci MAX ASSEMBLY I
A42409XL Rev. A MODEL 424-9 DUMMY SOURCE 1

ASSEMBLY
BTAN69250 Rev. C PISTOL GRIP CONTROL SYSTEM, 50 FOOT I

B48930-7 Rev. A SOURCE GUIDE TUBE ASSEMBLY, 7 1
FOOT

B48907-7 Rev. T SOURCE GUIDE TUBE ASSEMBLY, 7 4
FOOT

B48906-7 Rev. Q SOURCE GUIDE TUBE ASSEMBLY, 7 1
FOOT
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Section 3 Test Objectives and Results

Initial Projection Test
The initial projection test is used to determine crank torque amounts before any
other testing. A final projection test is done following all of the operational tests.
ISO-3999:1-2000 standards state that the torque values cannot increase by more
than 25% from the initial projection test to the final projection test. The setup for
the test is the same as the setup for the endurance test.

The test resulted in an average torque of 41% of full motor torque (or 51 in-lbs).

Initial Tensile Test for Source Assembly
The tensile test demonstrates the source assembly maintains its integrity after
experiencing tensile loads likely to occur during use.

The tensile tests resulted in an increase in the stop ball to connector measurement
from 1.227 in. to 1.249 in. Inspection of the source assembly under a microscope
revealed that the source wire stretched and unraveled slightly nearest the stop ball
connector explains the increased measurement. However, a complete functional
test with the test Model 880 projector showed that the source assembly was still
completely functional. Therefore, the source assembly passed this test.

Setup
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Figure 3.2 Source Assembly Tensile Test Connector and Capsule Setup

Endurance Test
The endurance test demonstrates that the gamma radiation system remains
operational after 50,000 cycles of the source assembly moving from secure to
working position and back while using the longest recommended guide tubes and
controls. The exposure device and integral safety features shall remain
operational after experiencing this test.

The device was put through 51,026 cycles at a speed of 3.28 ft/s. The highest
operational torque observed was 41.4 % full load torque (or 51 in-lbs). There
was no visible damage and there was only negligible wear to the device, drive
cable, and guide tubes. One of the crank bearings was broken but the crank still
turned freely. There were no functional or operational problems resulting from
this test. Therefore, the device passed this endurance test.



Test Report 115
AEA Technology QSA March 2001

Burlington, Massachusetts Page 7

Horizontal Shock Test
The horizontal shock test demonstrates the exposure device will withstand the
horizontal impacts likely to occur during use. The exposure device and integral
safety features shall remain operational after the test and the device shall
experience no loss to shielding integrity.

The test was performed on three areas of the device: the lock cover area (Fig.
3.4), the lock mount area, and the front knob area (Fig. 3.5). The test was
initially performed by measuring the 4 inch pendulum lift from the foot of the
impact side of the device. This resulted in the center of gravity being lifted 4.5
inches which is more than the 4 inch lift required by ISO 3999-1:2000. The lock
cover and lock mount areas became dented after the 4.5 inch center of gravity
lift. However, the two areas did not lose any functionality.

The front knob area was tested twice using the 4.5 inch center of gravity lift. The
impacts resulted in the front knob tightening enough to not be able to be pulled
and turned by hand. Also, the front plate buckled inward slightly which
prevented the fitting entering and turning the slider.

A new front plate assembly was installed and tested by lifting the center of
gravity of the device only the required 4 inches. This test resulted only in minor
dents to the front knob and very slight buckling of the front plate. The knob
could be pulled and turned by hand and the fitting could enter and turn the slider
proving that the device passes the minimum requirements of this test.

A further test was performed on the front knob by lifting the center of gravity of
the device the 4 inches and allowing it to drop on the impact cylinder at an angle.
This test was done to prove that the device could withstand an angled shock to
the most fragile area of the device. The test produced only minor dents on the
impact side of the front knob. The knob could be pulled and turned by hand and
the fitting could enter and turn the slider.

After the tests, the device was put through a complete functional test that resulted
in normal operation. Therefore, the device passed the horizontal shock test.



AEA Technology QSA
Burlington, Massachusetts

Test Report 115
March 2001

Page 8

Figure 3.5 Horizontal Shock on Front Knob
Vertical Shock Test

The vertical shock test demonstrates the exposure device will withstand the
vertical impacts likely to occur during use. The exposure device and integral
safety features shall remain operational after the test and shall experience no loss
of shielding integrity.

The test was performed on the device without the jacket in the normal carrying
position. The device showed no visible damage after being dropped one hundred
times from a height of 6 inches. The device functioned properly after having
undergone a complete functional test. The device passed the vertical shock test.

Tensile Test for Guide Tubes



AEA Technology QSA
Burlington, Massachusetts

Test Report 115
March 2001

Page 9

The tensile test for guide tubes demonstrates that the guide tube housing
maintains its integrity after experiencing tensile loads that may be encountered
during regular use. The guide tube should remain operable after this test.

This test resulted in no apparent damage to the guide tube. The test dummy
source assembly was not restricted while being passed through the guide tube
during a functional test. Therefore, the guide tubes pass this test.

Tensile Test for Control Cable Assembly
The tensile test for control cable assembly demonstrates that the control cable
assembly maintains its integrity after experiencing tensile loads that may be
encountered during regular use. The control cable assembly should remain
operable after this test.

The test was conducted in two parts. The first part (Fig. 3.8 & 3.9) placed a
tensile load on the control cable housing while connected to the device. The
second part of the test (Fig. 3.10) placed a tensile load on the control cable itself
while inside the control cable housing. This test resulted in no visible damage to
the control cable assembly. The control cable was not restricted while being
cranked through the control cable housing during a functional test. Therefore,
the control cable assembly passes this test.
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Figure 3.10 Tensile Test for Control Cable vA Source Assembly

Kinking Test for Guide Tubes
The kinking test for the guide tube demonstrates that the guide tube withstands
conditions that may be encountered during regular use. The guide tube should
remain operational after experiencing this test.

The kinking test resulted in no visible damage to the guide tube. A complete
functional test verified that the test dummy source assembly passed through the
guide tube without any problems. Therefore, the guide tubes passed this test.
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Figure 3.1! K~inking Test for Guide Tube

KlUkg Test for Control Cabl Assembly
The kinking test ftr the control cable assembly demonstrates that the control
cable assembly can withstand kinking conditions that nay occur during normal
use. The control cable assembly should remain operationl after performing this
test.

After experiencing tiNs test, the control cable assembly mintained its integrity
without any apparent damage. A complete functional test was performed
satisfactorily. The control cable assembly passed this kinking test.

Crushing and Bendiag Teat
The crushing and bending demonstrates that the guide tubes and control cable
assemblies can withstand a crushing test from a simulated heel (Fig. 3.12).

The control cable assembly showed some slight deformation from the impact of
the simulated heel but the control cable had no problems passing through the
control housings.

Three guide tubes were used in the crushing test. All of the guide tubes showed
deformation from the heel impacts at each of the crushed points except for the
connection point. The crushing test on the guide tube connection point resulted
in no apparent damage. One of the ten crush points on each of the first two guide
tubes tested resulted in enough deformation that the source assembly had trouble
sliding through the area. Adding extra force to the hand crank allowed ft source
assembly to be forced through these tight areas. The test on the third guide tube
did not require as much added force at the hand crank and the source assembly
traveled through all ten crush points on the third guide tube much easier.

Although increased torque was required at the hand crank to push the source
assembly through some of the crushed areas of the guide tubes, the source
assembly was able to pass through all of the test samples during a finctional test.
Therefore, the guide tubes pass the crushing and bending test.
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Fil TMudli Test
The find tnle test denonstrates the source assembly tmaintains its integrity
after having undergone all of the other operational tests. The same dummy
somrce assembly (Serial number TPI 15DEMO) that was used for this test is the
same as used in all of the operational tests.

The tentile test reulted in an increase in the stop ball to Connector measurement
frtom 1.240 in. to 1.250 in. A complete functional test with the test Model 880
projector showed that the source assembly was still conmpetely functional.
Therefore, the source assembly passed this test.

Eld.d Projection Test
The final projection teat demonstrats that the crank torque amount does not
increa by more than 25% after the device and euipment have undergone all
other operational tsts. The setup that was used for this test is the same as the
setup used for the initial projection test and the endurance test.

The test resulted in an average torque of 45% (or 56 in-lbs). The increase from
the initial projection test was only approximately 10%. Therefore, the device
passes the final projection test.
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Lock Breaking Test
The lock breaking test demonstrates that the locking mechanism can withstand a
breaking force while in the locked position with the key removed. The lock
should remain operable after experiencing this test.
The locking mechanism had no visible damage after performance of the lock
breaking test. The locking mechanism continued to be completely functional
after this test. Therefore, the device passes the lock breaking test.

Wreath Test
The wrench test demonstrates that the handle of the exposure device is able to
withstand a static force equal to at least 25 times the weight of the device (1250
lbt). TWs test was codAucted on two different jackets with similar mults. The
first jacket contained metal wire wrapped around the dovice connected to a steel
tube inside the handle for added support. The second device did not contain any
added supports. Both handles lifted a load of 1288 lbs. with only slight bowing
of the handle during the lift. The devices were inspected after the lift and showed
no visible damage. Therefore, both handle options passed the wrench test.
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Section 4 Conclusion

The Model 880 system consisting of the projector, control assembly, guide tubes and source
assembly, satisfies the projection tests, the tensile tests for source assemblies, the endurance test,
the horizontal shock test, the vertical shock test, the tensile and kinking tests for guide tubes and
control cable assemblies, the crushing and bending tests, the lock breaking test, and the handle
wrench test in accordance with ISO 3999-1:2000.

In addition to the tests performed under this test plan, ISO 3999-1:2000 also calls for a vibration
resistance test and an accidental drop test.

A final shield profile was performed after the completion of all tests. There were only minor
changes between the shield profile done previous to all the tests and the device remained within
acceptable dose ranges. Both shield profile data sheets are located in Appendix C.

The vibration resistance test was evaluated and deemed unnecessary. The only parts that could
come loose from vibration are the tamper proof screws. However, the tamper-proof screws are
tightened to a prescribed torque to prevent unintentional release after repeated use or vibration.
None of the tests performed resulted in a conditions that would increase chance that vibration
could cause damage.

The accidental drop test was previously conducted under test plan 108 by dropping a Model 880
Projector from a height of 1.2 m (4 ft) three times to impact three different areas. There was no
affect on the simulated source assembly from any of the impacts. Also, a shield profile did not
show any increase in dose rate as a result of the impacts.
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Section 1. Purpose

The purpose of these tests were to assess the Model 880 transport container with the addition of the #88070
(F.C.B.A.) foot control button assembly. With the addition of this assembly and the modification of the
#88022 lock mount, they will not adversely affect the packages ability as a "Type B" transport container.

Testing was performed on the 88070 F.C.B.A. to 1OCFR71 regulations for 71.73(1)free drop, 71.73(3)
puncture, and 71.71(10) penetration. These tests followed a random order except that the 71.73(3) puncture
test was to follow the 71.73(1) free drop test if the specimen survived. Also, testing was performed according
to ISO 3999-1 regulations for 6.4.6.1 horizontal shock. This horizontal shock test was relevant for both the
88070 F.C.B.A. and the 88022 lock mount assembly.

K:\Test Plans & Reports\Tp]25 (880 and 88070 Drop Test)\TP125 Report First Cut.doc
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Section 2. Scope of Testing

Section 2.1 Normal Conditions of Transport and Accidental Drop
The tests for accidental drop described in ISO 3999-1, and normal conditions of transport in 10CFR71 are the tests.
These tests will include a horizontal shock test, and penetration test.

Horizontal Shock Test
The 880 unit was oriented so the (1) F.C.B.A. and the (2) Lock Mount would impact the end-face of (T10333
SN01) 50 mm (2 in) diameter steel bar. The criteria is 300 mm (12 in) in length lying horizontally, that is
fixed or welded to a rigid mass at least ten times the mass of the 880. The 880 was suspended from a fixed
point so that, when at rest, the F.C.B.A. and Lock Mount just touches the target. The 880 was moved from its
resting position until its center of gravity is 100 mm (4 in) higher than in the resting position and let loose, so
that it swung in a pendulum movement against the target. This was carried out for a total of twenty (20)
times.

Penetration Test
The 880 unit was oriented so as the foot control button assembly would be facing upward while the jacket
will be supported on an unyielding surface. The hemispherical end of a vertical steel cylinder (AEA
Technology QSA Drawing #BT10129) of 3.2 cm (1.25 in) diameter and 6 kg (13 lbs.) mass dropped from a
height of 1 m (40 in) onto the surface of the F.C.B.A.

Section 2.2 Hypothetical Accident Conditions
The Hypothetical Accident Tests described in 10CFR71 are the 9m (30-foot) drop, the tm (-3-foot) puncture drop.

9m (30-foot) Free Drop Test
The 880 radiographic unit was oriented so that the F.C.B.A. would be facing downward toward the test pad
(T10261 SN01) for the 9m (30 ft.) drop test. This exposed the assembled unit so the F.C.B.A. received an
impact similar to a slap down effect. One test was performed. It is described in the following sections.

Puncture Test
According to the Purpose (Section 1.0 paragraph 4) section of the test plan, an evaluation would be made
before this test was to be performed. Normally, the 880 unit would be oriented in a similar angled fashion as
above for the Im (40 in.) drop test. The unit would be dropped onto a test billet (TlO1 19 SN01) so as the
F.C.B.A. sustains the full initial impact. This test was not performed. Reasons are described in the following
sections.
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Section 3. Test Unit Descriptions

Section 3.1 Test Unit 1 - Serial Number 01
The construction of this package is in accordance with the following AEA TECHNOLOGY QSA INC.
documentation:

Assembly Bill of Materials Assembly Drawing

880 Delta Simulator 88017XLS B88017XLS Rev A
Drawings TP125A Rev I BTP125A Rev 1

Foot Button Assy BM 88070 Rev C A88070 Rev B
Foot Control Shaft N/A A88070-4 Rev 3

Rear Plate Assy BM 88020 Rev 5 B88020 Rev 5

The unit started construction to an earlier revision and Test Plan (See Appendix C Manufacturing Support
Documentation). Changes to the unit during construction were recorded as mark-ups on the production prints and
subsequently transferred to the above revisions.

As indicated above, the test unit was assembled with a modified rear plate assembly that includes changes to the lock
mount assembly. Also, the foot control button assembly was modified with a G-10 shaft (Rev. 3) and installed onto the
jacket for the testing. The test unit weighed approximately 49 pounds.

Lock Mount Assembly

If-f

Foot Controll
Button Assembly

FIGURE 1. MODEL 880 (Test Unit #21) WITH FOOT BUTTON AND LOCK MOUNT ASSEMBLIES
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Section 4. Changes to Test Conditions or Orientations

Section 4.1 Normal Conditions of Transport and Accidental Drop

No changes from plan were performed.

Section 4.2 Hypothetical Accident Conditions of Transport

No changes from plan were performed.
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Section 5. Test Specimen Results

Sect0on 5.1 HorIzonta Shook Tet - Foot Button Assembly
The tW unit was set up on a p A crane typo appar Lead blocks were stacked around the base of the unit to
keep it suaionvy wd in poskit. Mwe test unit was suspended (see figure 1) from ihe crane by means of its steel cable
and a lob rop aound die test unit's handle. The 30mm 2 in diametr bar (T10333 SN01) was bolted to a Model 770
ta wek6od apprx . 950 lbs.

Figure 1
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The test was then performed according to ISO 3999-1 regulations for 6.4.6.1 horizontal shock (see figure 2) test.

Figure 2

The unit was swumg from the Wpat for a total of 20 times. The G-10 Shaft inse the F..CB.A. broke, t was the
piec that was expmd to brea. (s figue 3) The soeetor ring was not compromised. The umit pae the ts.

Figure 3
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8on 5.2 Hodzontal Shock Test - Lock Mount Assembly
1'htost unit was set up on the portable crane type apparatus as on the F.C.B.A. The same testing was performed. See
figure 4.

Figure 4

The mm was syW (mrm t apparatus for a tOal of 20 tims. The LoUk Mowit Asmly stgai mnuial damage.
Morl vr, to eob lock actu*td smoothly and effortlssly. (Sao figre 5) The unit passed the teat.

Figure 5
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Section 5.3 Penetration Shock Test - Foot Button Assembly
The test unit was set up so the F.C.B.A. was facing upward. An aluminum angle was used to guide the test bar directly
to the center of the F.C.B.A. (as shown in Figure 6).

Figure 6 (rotated 90 degrees)

Upon dropping the bar, the G-10 Shaft broke. TIh button embly needed to be disassembled to activate the selector
ring and lock slide on the test unit. The test unit worked fine and passed the test.

Figure 7
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Section 5.4 9.m (30 ft.) Free Drop Test - Foot Button Assembly
The test unit was set up so that the F.C.B.A. was facing downward according to test plan instructions. The unit was
dropped to induce the most rapid and damaging deceleration, which in this case had a slap down effect. See Test Plan
125B section 8.0 for setup orientation, and below (figure 8) for more information.

Figure 8
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Whea the test unit was dropped, the unit fell as anticipated in the test plan. The polyurethane jacket and stainless steel
canis defleted inward from the impact. The F.C.B.A. dented the side of the #88021 rear plate and the G-10 shaft
contaime within the butto assembly shattered upon impact. Unfortunately due to the severe deflection of the
componeints, hebck of the F.C.B.A. hit the lock slide forcing it through the selector ring. The unit failed the test. See
figure 9 amd 10 for visual results. All testing was stopped at this time. Moreover, the Puncture Test was not performed.

Figure 9

Figure 10

KAWcst Plans & kepo4rtsVIp 123 5~ m wXWV 7t Drkp I .)V All'I2) kcp~m HI irst Cui.d



AEA TECHNOLOGY QSA INC. Test Plan 125 Report
Burlington, Massachusetts March 2003

Page 12 of 18

Section 6. Analysis, Summary, and Conclusions

Section 6.1 Analysis of testing not performed

Thermal Analysis
Because of the detailed assessment contained in TP108 a full weight "lead" dummy unit was used for this testing.
Also, the melting temperature for all other materials of the internal support structure, rear plate assembly and source
assembly is above the thermal test temperature of 800'C.

Moreover, the load condition for the thermal test is for the internal structure to support the static weight of the shield
in suspension. The dynamic impact nature of the drop tests can subject the structure to a force over 100 times the
static weight of the shield. This means the strength of the materials used in the structure would need to decrease by
two orders of magnitude or to about 1% of their strength at room temperature. The 30-minute thermal test is not long
enough for significant creep deformation to occur in the structure.

Puncture Test Analysis
This testing was performed on TP108. The testing passed when no damage occurred to the units. Therefore, testing
was not performed on the Lock Mount Assembly. Also, the Lock Mount sits below the surface (with or without the
jacket) of the radiographic camera and therefore would not be compromised. Moreover, the Lock Cover that is
attached to the Rear Plate Assembly aids in the protection of the Lock Mount Assembly.

Vertical Shock Test Analysis
The vertical shock testing that was performed on TP1 15 for the model 880 unit showed no damage. The device
functioned properly after having undergone a complete functional test. Therefore, vertical shock testing was not
performed on this test unit.

Section 6.2 Summary and Conclusion

The Lock Mount Assembly with its addition of a stainless steel sleeve performed very well. The Lock Mount was also
environmentally tested (see Technical Report #40) and performed superior. The design of the lock mount can be
modified easily by enlarging its corbin lock retaining hole to accept the stainless sleeve. Moreover, the sleeve will be
secured in place from the back with a 8-32 stainless set screw and a removable thread lock material.

The F.C.B.A. button assembly did pass the Horizontal Shock, and Penetration Test, but failed at the 9m (30ft.) Drop
test. The G-10 fiberglass shaft reacted as designed, which shattered upon impact. As stated in the section 5.4, because
of the severe force that was distributed through the F.C.B.A. stainless steel housing the lock slide was forced through
the side of the selector ring.

From the test data, and the analysis contained within this report, we draw the following conclusions about the Model
880 (as tested):

1. The lock mount and F.C.B.A. can withstand the Normal Conditions of Transport and Accidental
Drop Test situations.

2. The lock mount can withstand the Hypothetical Conditions of Transport.
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Section 7. APPENDIX A - DRAWINGS
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Section 8. APPENDIX B - CALCULATIONS
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Horizontal Shock Test
ISO 3999-1

Test Specimen:

Drawing No. KgD, Rev. Serial Number: /Z

Test weight _ 4•Z• Scale Used ,'L- , 1 AuJ4L

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures: _7 6_57 Z- TY- 0- Z<_,4

Notes:

Horizontal Test Bar:

Drawing No. 'r/ o,53; . I Rev. / Location: •oe 7"51'cr zi•4

Test Period:

Date & tim e: / _3 jz:--6 A- _ : " • .

Specimen Damage:

.7-A Q= ".0 ! A_ 7C -! , , ,,q. A- '0 ",.R_ " 9- -7-

Post test assessment:

Recorded by: Date:
Witnessed by.:/7 • Date: 121% L)_(2
Regulatory revlf'ewe44k.:.-J • •_ &,-:__ Date: ]•j F"ze-
Q.A. reviewed by: !• ,,----Date: V-_14'e6 ,•"•
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Horizontal Shock Test

ISO 3999-1

Test Specimen:

Drawing No. __________________Rev. 6 Serial Number:

Test weight."•7/c5?,/AN•. Scale Used >.-_, v 7i2

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures: &: \ ySi7- /,4.,4,u\ 7_O

Notes:

Horizontal Test Bar:

Drawing No. )'7% - ( Rev. Location: . -oz 24e,•q

Test Period:

Date & time: C/.• - ,,7

Specimen Damage:

/L.)vv&iJ r, /i o1 .4 1c)n~ o~& "KaA 7-

Post test assessment:

Recorded by: - Date: / .a 3
Witnessed by: /-Date: .
Regulatory reviewe .,Date: ' .
Q.A. reviewed by:, - Date:e! _• E,
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Penetration Test

10CRF71

Test Specimen:

DrawingNo. 9 -7XL•/Th7-- Rev. SerialNumber: Ja-

Test weight -ScaleUsed - >o,.

Test Setup:

Set up per: 1OCR71 (71.71 (10)) penetration test procedure.

Pictures: A/k 7-/- 1

Notes:

Drop surface:

Drawing No. 7]"/o J z S _•'.• o J Rev. /4 Location: __-_._______,,-

Test Period:

Date & time: 1'7 4----y

Specimen Damage:

"•, -A•__. . El,,P •& _7o m -,,-T T H 7 .•-c.,-• ,;

Post test assessment:

Recorded by: - - Date: /
Witnessed by: Date:
Regulatory revie ed b •. Date: /
Q.A. reviewed by , '1 ,,0( .. Date: /-7 -'
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Free Drop Test
1OCRF71

Test Specimen:

Drawing No. 9'80/ o7 , a-.q Rev. , Serial Number: _ _ _

Test weight .- 4¢.. Scale Used ^j M, >& z- r 1

Test Setup:

Set up per: 1OCFR71 (71.73(1)) free drop test procedure.

Pictures: A
Notes:

Drop surface:

Drawing No. "7"-,o a . S,--&o Rev. 4 Location: 68 v -

Test Period:

Date & time: 4 " r ,•-•__ 9'. '. -7

Specimen Damage:

Post test assessment: -/ AN w7-'oe A <o'

/FT//•,•.- -r ',PA' '•- 4//-•.x•• <
i/',,-•£ o,• •.. -/b /'• -ri e,,.-,-A., "7-;--/.,-A.-• 7"/-/A '. ,1 •o__-..•L- •. ,,

Recorded by: Date: 1,5,1
Witnessed by:.' . •/•.i- Date: 2_3 ,-/,/ f7
Regulatory refiewed by, , Date: j

Q.A. reviewed by: Date: /7

6/ 69
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Puncture Test

1OCRF71

Test Specimen:

Drawing No. • e K'1z.• Rev. 1- Serial Number:

Test weight -'/( _ Scale Used /,-"Cj - ý> L,,,cC .. 4, t',,'-.,, --,_ -,-u -, _

Test Setup:

Set up per: 1OCR71 (71.73(3)) puncture test procedure and assessed configuration.

Pictures: A.

Notes (assessed configuration):

Drop surface:

Drawing No. 7-/oa , / 5ý- o f Rev. Location: d 6.1, , -•4A.

Test Period:

Date & time: 67,.,_ . o-

Specimen Damage:

Post test assessment:

Recorded by: T. Date: - _:
Witnessed by: - Date: j -3
Regulatory reviewed bty-: Date: /F -

Q.A. reviewed by: (,- Date: !qj2&,O,3
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September 2002

Final Test Assessment

Test Specimen:

Serial Number(s): •'0 i )r!Z. P/Z:'- /5LXAJ -- I

Foot Control Button evaluation:

Spring (611b.): /,,,3 i--oo 00 I/ooN. .bo0 OAh K-'0s..
Spring (1 91b.): /,.,-) &-oo' t, , o.t..,,a, •- ¢

Stainless steel components: J/0 0I-oo. " • I ,q O36- 2 _
F.C.B.A. working condition after Horizontal shock. _ _____

Foot Control Button Assembly evaluation:

Is the F.C.B.A. in working condition?

.,"-. " • / -- ,/ ,,L o - - -- . C-n ,

Comments:

"77"7./-/, • ,,,_ --_---< ,2<-,. •--qr z .o . ,-,•o- /-- . ,•.~oa ,Q -- $.v -•

Engineering Review by_: ... -<•.'e Date: J-, 7P 3
SMiE Review by: Date: 65N,91*ea
Regulatory Review by: Date: .- 7
Q.A. Review by: Date: -. O
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Final Test Assessment

Test Specimen:

Serial Number(s): SX o 07)L

Lock Mount Assembly evaluation:

Aluminum housing: > u ~ gj~ ~ > ( [
Stainless steel insert: olj 0 A
Corbin lock: _ _______ -.___, _ _- __----.

Lock Mount Assembly working condition after Horizontal shock. y

Lock Mount evaluation:

Is the lock mount assembly in working condition?

Comments:

Fee To -7T9c-11i 0-&L- 9::Tý. foe
:7:-<7 6,- T7/ vcACfOL-jrT7 ý

Engineering Review by>*/ Date: e';-/)/q6:2
SME Review by: Date: .
Regulatory Review by: _.,,., Date: .3 k
Q.A. Review by: V & 7'- Date:
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Section 10.- APPENDIX D.- MANUFACTURING RECORDS
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ON

010 Assy Attach jacket 88041 -1 C B88017XLS TI 0367 q
88011XLS B Sin -i T10324 4)

_____ __________RIV093 A 6

020 Assy Attach front plate 88030 C B88017XLS Torque .
SCR154 A wrench

Torque screws Sin (fn' _

030, Assy Attach rear plate 88020 5 Sin i/.J4 B88017XLS Torque ' • ,
"SCR154 A wrench

Torque screws _ "_ Sin/,62--

040 Assy Attach F.C.B.A. 88070 2 B88070

050 Assy Label 88042-5 B88017XLS
____ ~~~~~RIV003 _________ -A

1060 QC Final inspection Pass B88017XLS 7 1;
Fail 0________O3



F.

010 Assy Attach jacket 88041-1 C B88017XLSý-. T10367
88011XLS A Sin Bo T10324
RIV093 A ....

020 Assy Attach front plate. 88030 B B88017XLS Torque
SCR154 A wrench ,

Torque screws 'V_ Sin 18'4

030 Assy Attach rear plate 88020 B Sin IIj.. _ B88017XLS Torque
SCR154 A wrench f DO

Torque screws , SIn J 62

040 Engr Attach F.C.B.A. 88070 2 B88070 i. 4

050 QC Final inspection Pass--S• B88017XLS
Faill_
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11-21 A
jevice for I est: Plan .- - Sneet I or 1

Inspection Instruction OriginatorlDa e ( I Rev A IPart No. 88017)LS Isupplier
And Record QA Approvaiate , . 2/,g•. / JM C PILN/A Eng. Approval/Date •5 .•.

Item Description: Model 880 Delta Simulator Ass"mybf' P'
Characteristics Tolerance MTE AQL 1 2 3 4 5 6 7 8 9

General Visual N/A N/A C / 100% .

Verify all Items Present Per N/A N/A C / 100%
Drawing ____ ____ ____ ____

Verify Assembled per..Drawing N/A N/A .C /100% 0

Total Weight 50 Lbs:Max. N/A Scale C / 100%

Funtional Test With Dummy N/A N/A C/100% .
Source N/A___ N/A____ 'C____ /__100%_

Verify Foot Control Button Assy N/A N/A C /100%
Pt. # 88070 Installed ____ ____ ____ ____ ____ ____

Verify Foot Control Button Assy N/A N/A C / 100% 4
Functions Properly N N /0___

Less Name Plate & Source ID
N/A N/A C/l100% 0

Comments P0/ WO # " KOf _ ____ _ _

Traveler / QCL #

Lot / Serial # g__
Lot Qty.

Qty. Rej /NCR _

Qty. Acc.

I 1Insp /Date _______________________________

F-Q1807-1, rev. 0 IIR Page I



Op Work Operation Part# Lot or SIN Reference Tools by Date Comments
# Center Documents/Rev

010 Assy Stamp SIN 88010 SIN L=V, B88011XLS

020 Assy Assemble shields & 88052-1 B88011XLS
End plates 88010 Lot#O /1 7/-

88003

030 Weld Tack Weld 88011XLS Lot#1Oo2(.' B88011XLS T10318 / _
WEL00 SIN _ _.___ _ _ _ _

040 Weld Weld 88011XLS Lot#0/0O2(,-4 B88011XLS
WEL00 " _ _- _ _

050 QC Inspect weld (VT) Passý __ B88011XLS
Fail

060 Assy Foam FOM001 B88011XLS T10329 11'W I-P1 712 SIN •_ __.L ) f" C-"

SPS-P1712-1 _ W 0

070 Afey Inspect 888011IXLS'Pr
__ __ __ _0



- - •Sheet 1 of 1

Inspection Instruction ••• Originator/Date ( Part No. 8801 1XLS Supplier

And Record [QA .~.pprova/Datcý cI 1CM C jPIL3 Eng. Approval/Date 4- / ' 7

Item Description: Body Weldment Delta Simulator- _-_ __"_--

Characteristics Tolerance MTE AQL 1 2 3 4 5 6 7 8 9

General Visual N/A N/A MJ /1.0 0

Verify' Assembled per Drawings N/A N/A MJ 1.0 .
Route Card Verification

1.75 +.02 MicrooHite MJ,1.0 £5

8.5 +/- .1 Micro Hite MJ/1.0 6 ________ ____ ________

Welded Per Dwg. N/A N/A MJ /,1.0o0

Stamp Serial # per Dwg. N/A N/A MJ 1.0

Comments PO_/_WO_#__ _ _ _ -

Traveler / QCL #7 ,___ ______

Lot / Serial #

Lot Qty.

Qty. Rej/NCR _

Qty. Acc.

F-Q1807-1, rev. 0 IIR Page 1



L FIRST ARTICLE REPORT
Form F-Q1807-2

Supplier: pi,/l, pPart No.: < 2- / P.O. /W.o.

Item Description: z/ ] , Qty. Qty./hIsp. .

Drawing No. 2 -/ Rev. 3 CM:

Inspected by: Date: Lot/Ser.#

Drawing Dimension Actual Dimnnsion M&TE Used SN & Cal. Due Date

SO6-r ,M~l i99-, 189 -/,• 365 i-io

,75 týCC; -75 759& oc"Iý75S .oc•3 775_ -. 7c• 7  " we:zl

,k'B , K•<o i2GS Mic-0 i- e_ 271 q-Z-o3

.35 .39S , 2>5o Iv~cre ,##rr- qC 4- 0:-o3

3co _SevZ5S9 O~Ž's Us trtT
..93. 5

.3 i tA .is1 .________¢ io,

c•&<e s~s, . ,9S, AJA,.•••,,>-- 1_/

Cmet:Results: 
Accepted Rejected

Comments:

QC Forward this inspection report along with the samples to Engineering for review and
approval. Retain a copy of the report in the file until approved.

Appr ove Not Approved

Y/ j/Q ...
El

Date: ZA _--1 0 o.ý,
Engineering

Engineering return approved report to QC for records retention.

F-Q 18 07-2, rev. 2 Page I of I
F-Q1807-2, rev. 2 Page 1 of I
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y T 7' FIRST ARTICLE REPORT
____. ________ -"--Form F-Q1807-2

Supplier:A. /)//]- ' 9p I PartNo.: - P.O.. /W.O •5z;7 -AW O-A • C-11ii~

Item Description: Qty. Qty./Insp. .

Drawing No. Rev. 3 CM: 53

Inspected by: . , Date: Lot/Ser.#

Drawing Dimension Actual Dimension M&TE Used SN & Cal. Due Date

_ U A/-
34/" Dýb' e

W./6

~9-WO Cc2-3

Results. Accepted Rej'ect

Comments:

,a

QC Forward this inspection report along with the samples to Engineering for review and
approval. Retain a copy of the report in the file until approved.

Approved Not Approved ]

_/ )• ••~~zy- Date: £53 -
Engineering

Engineering return approved report to QC for records retention.
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Section 11. APPENDIX E - TECHNICAL REPORTS
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AEA TECHNOLOGY QSA, Inc.
Engineering Department

Technical Report

Title: 8822Lock Mount "Environmental Test" evaluation

Prepared by:• •-ý Date: //Ar
Checked by: -.,W Zle= Date: y,.>

Engineering Approval: - .-. "Date: ,ý/>

~)

~) ~/~3-~

1.0 PURPOSE

The purpose of the report is to set forth results on testing of the #88022 Lock Mount assembly, then propose and test
new designs as to arrive at one that will not experience operating problems in the future.

2.0 SCOPE

We have received customer concerns (see CR 151, CR177) about the aluminum #88022 lock mount and its brass
#66001-11 lock plunger sticking (not unlocking) after being subjected to several days of marine environment and
dark room exposure. Other concerns of mud and water submersion to the lock mount assembly during "normal"
daily operations have been made in reference to faulty lock operations. Moreover, corrosion between the aluminum
lock mount and the brass lock plunger will be evaluated when tested.

3.0 METHODS

The test method employed was performed on three different designs. The first design is the part as currently
manufactured. The second design has a stainless steel sleeve inserted into the existing design's enlarged hole. The
third, a rubber o-ring design incorporated into the existing design. Two complete assemblies of each of the three
different configurations were used in the testing. The test was as follows.
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Two different tests were conducted:

a. One each of the three different designs were submerged into a heavy salt water mixture for a period of
3 days. Each day the solution was stirred, as to fully coat the samples. On the fourth day the test
samples were set on a table at ambient temperature to dry for a period of four hours. The samples
were then placed in an oven and were subjected to a temperature of approximately 140 degrees
Fahrenheit for a period of 4 hours.

The above process was to simulate exposure to a marine environment. The test samples did have
some minor corrosion occur between the brass lock plunger and the aluminum housing. The brass
lock plunger also had some discoloring around the key area but had little effect in operation.

See pictures below .......
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b. One each of the three different designs were submerged into a thick mud mixture for a period of 3
days. Each day the solution was stirred, as to fully coat the samples. On the fourth day the test
samples were set on a table at ambient temperature to dry for a period of four hours. The samples
were then placed in an oven and were subjected to a temperature of approximately 140 degrees
Fahrenheit for a period of 4 hours.

The above process was to simulate exposure to dirt and mud for long periods of time. A drying cycle
was introduced as a normal occurrence during storage or non-use.

See pictures below .......



Technical Report No. 40
Page 4 of 4

4.0 INITIAL INPUT

The first sample, which is our normal production part was tested without any modifications. It was assembled by
applying a petroleum (AEROSHELL Grease 7) lubricant to the perimeter of the hole on the aluminum lock mount.
The brass plunger was than inserted into the hole and secured in place by a 6-32 hex slot machine screw through the
side of the assembly.

The second sample, #88022 (Rev. 6) lock mount had the 0.858 diameter drill hole opened to .880 +.000/-.003 x .930
deep. A stainless steel sleeve #88022-1 (Rev. 1) with an outside diameter of 0.875 +.000/-.005 was bonded with a 5
minute epoxy into the .880 hole. The #66001-11 lock plunger was than inserted into the lubricated (AEROSHELL)
stainless steel sleeve and secured in place with a 6-32 machine screw.

The third sample, #88022 (Rev. 5) lock mount was modified to accept an o-ring (Green Rubber #AS568-210)
approximately 1/8" from the top edge of the .758 diameter hole. Upon insertion of the o-ring the 0.758 diameter hole
was greased with the lubricant (AEROSHELL) and the brass lock plunger was secured in place as above.

See attached drawings for more information.

5.0 RESULTS / DISCUSSION

5.1 The parts were first evaluated (not cleaned) while still warm from the oven.

All the salt covered test sample's lock plungers were hard to turn with the key and did not actuate properly. The
Stainless steel sleeve sample did however work the best after only a few iterations. The normal production sample
was very stiff while turning the key and did not actuate fully. The o-ring sample did not turn or actuate at all.

The mud covered test sample's lock plungers turned easily with the key but did not actuate fully on the current
design and the o-ring designed test sample. The stainless steel sample however actuated fully without any effort.

5.2 The parts were then cleaned (washed with water) while turning the key and actuating the lock plunger.

The salt covered stainless steel insert test sample and the o-ring test sample worked well after cleaning. The normal
production sample however, never worked properly even after being rinsed thoroughly with water. The production
sample was then disassembled, re-cleaned, and reassembled. At which point it worked as designed.

The mud samples were evaluated to find that the regular production sample's key turned fine but did not actuate
completely. The o-ring design worked well. The o-ring kept out most of the mud and water enabling it to function
properly. The sample with the stainless steel insert worked best. The key turned easily and the lock plunger actuated
smoothly.

6.0 REFERENCES

Not applicable.

7.0 CONCLUSION

The overall conclusion is that the #88022 lock mount assembly should be kept clean as possible during normal
operation. After use, the radiographic unit and it's lock mount assembly should be washed to remove any dirt, salt,
and grime to insure proper functioning.

The conclusion from testing different designs is that the #88026 lock mount should be modified from it's original
design to include the #88002-1 stainless steel insert. The stainless steel insert was quoted at approximately $5.00
each and will be incorporated at the time of assembly. The aluminum lock mount presently is being produced as a
finished casting. The light weight aluminum design is both desirable and is a functional alternative to an all solid
stainless steel design.
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1.0 Purpose

The purpose of these tests is to assess the Model 880 transport container with the addition
of the #88070 foot control button assembly. With the addition of these components and
the modification of the #88022 lock mount, they will not adversely affect the packages
ability as a "Type B" transport container.

The tests will be conducted and witnessed by at least one Engineer (the originator), one
Regulatory, and one Quality person. The results of the test will be written in a test report
and distributed through the engineering, quality, and regulatory departments for review.

We will test to 10CFR71 regulations for 71.73(1)free drop, 71.73(3)puncture, and
71.71(10) penetration. These tests will follow a random order except that the 71.73(3)
puncture test will follow the 71.73(1) free drop test. Also, testing will be performed
according to ISO 3999-1 regulations for 6.4.6.1 horizontal shock.

This test is a revision to Test Plan 125A. In this test plan, AEA Technology QSA will
revert back to the original test plan (TP125) for it's #88070 component design with the
following exception. The #88070-4 Shaft which was made of 304 stainless steel will be
manufactured from phenolic (G-10 fiberglass) rod stock.

In reference to TP125A, the test failed when the 88070-4 Shaft made impact with the
88024 Titanium lock slide, pushing it through the 88026 Selector ring causing a failure.
By manufacturing the Shaft out of G- 10 material it would fail first before any damage
could occur to the lock slide or the selector ring. See drawing #88070-4 (Rev. 3) for
details of the improved design.

Testing not performed under this test (and necessary to demonstrate compliance with
lOCFR71, ISO 3999-1, 49CFR and IAEA T'RS-,1) will be addressed in an assessment
located in the final test report. -1-s - 9- I
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2.0 Product Design Description

The Model 880 "Delta" source projector, drawing #TP125A (weighted dummy unit)
consists of the following components:

e 5" Dia. stainless steel body weldment with a "lead core" containing an S-tube.

o Stainless steel front and rear plate assemblies (with modified lock mount).

0 #88041 Polyurethane jacket.

o #88070 foot control button assembly.
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3.0 Failures of Interest

3.1 Foot Control Button Assembly

If the lock slide were to be forced from it's locked position, the source wire could
become free to float inside the unit.

The drop test will show that the compressive load being transmitted through the
88070 foot control button assembly will not damage the 88024 lock slide located
inside the 88020 rear plate assembly.

3.2 Lock Mount

If the aluminum lock mount receives a blow which damages this component and
prevents the locking mechanism from actuating properly then the operator might be
unable to use the radiographic camera as specified in the operations manual.

The ISO 3999-1 (6.4.6.1) horizontal shock test will show that with the addition of a
stainless steel insert, that this will aid in better structural integrity to the lock mount
assembly. See drawing 88022-1 for insert information.

Because the lock mount is designed not to extend beyond the surface of the camera
body, the ISO 3999-1 (6.4.2) lock-breaking test, 1OCFR 71 (71.73.1) free drop and
(71.73.3) puncture test would not be relevant tests therefore will not performed.

Moreover, the ISO 3999-1 horizontal shock test is more severe than the 10CFR71
(71.71.10) penetration test. Because of this, the penetration test will not be performed.
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4.0 Test Conditions and Orientations

The Foot Control Button Assembly (F.C.B.A.) was designed to thrust the lock slide into
it's active position during operation. The F.C.B.A. was also designed to bottom out when
the lock slide was fully actuated. With the new design (phenolic) of the lock slide, the
force from actuating the F.C.B.A. cannot be translated directly to the lock slide.

4.1 Free Drop Test

The 880 radiographic unit will be oriented so that the F.C.B.A. will be facing downward
toward the test pad (T10261 SN01) for the 9m (30 ft.) drop test (see section 8.0). This
will expose the assembled unit so the F.C.B.A. will receive an impact similar to a slap
down effect. See section 3.2 for lock mount testing information.

4.2 Puncture Test

According to the Purpose (Section 1.0 paragraph 4) section of this test plan an evaluation
will be made before this test is performed. Unless stated in the test report, the following
will most likely be performed. The 880 unit will be oriented in a similar angled fashion as
above for the 1m (40 in.) drop test. The unit will be dropped onto a test billet (T1 0119
SN01) so as the F.C.B.A. sustains the full initial impact. See section 3.2 for lock mount
testing information.

4.3 Penetration Test

The 880 unit will be oriented so as the foot control button assembly will be facing
upward while the jacket will be supported on an unyielding surface. The hemispherical
end of a vertical steel cylinder (AEA Technology QSA Drawing #BT10129) of 3.2 cm
(1.25 in) diameter and 6 kg (13 lbs.) mass will be dropped from a height of 1 m (40 in)
onto the surface of the F.C.B.A. See section 3.2 for lock mount testing information.

4.4 Horizontal Shock Test /D

The 880 unit will be oriented so the (1) F.C.B.A. and the (2) Lock Mount will impact the
end-face of (T10333 SN01) 50 mm (2 in) diameter steel bar. The criteria is 300 mm (12
in) in length lying horizontally, that is fixed or welded to a rigid mass at least ten times
the mass of the 880. The 880 will be suspended from a fixed point so that, when at rest,
the F.C.B.A. and Lock Mount just touches the target. The 880 will be moved from its
resting position until its center of gravity is 100 mm (4 in) higher than in the resting
position and let loose, so that it swings in a pendulum movement against the target. This
will be carried out for a total of twenty (20) times.
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5.0 Pass and Fail Criteria

A final assessment shall be made upon the completion of the tests to evaluate the
specimen's performance against the test requirements and determine a pass or fail
judgement. The specimen(s) shall be considered passing the test requirement if the
specimen meets the following criteria:

5.1 Foot Control Button Assembly

The lock slide must not be damaged in a way that the source wire assembly becomes free
to move.

The radiographic unit must remain operational after the horizontal shock test. This means
either with the actuation of the F.C.B.A. or by manual operation of the lock slide
mechanism.

5.2 Lock Mount Assembly

The corbin lock mechanism must actuate freely after being subjected to the horizontal
shock test. Also the stainless steel insert must stay in position. The Lock Mount and
stainless steel insert will be secured in place with a dog point hex set screw. Loctite will
also be added to a set screw prior to assembly. Moreover, the set screw in the Lock
Mount assembly cannot back out of position after assembly because the Lock Mount
seats up against the 88031 Front Plate.

Final assembly configuration will be noted on QC inspection/acceptance forms. The
production unit will be assembled to comply with the tested configuration.

Page 7



AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

6.0 Test Specimen

The test specimen will be a fully weighted dummy "lead core" 880 Delta radiographic
camera (reference AEA Technology QSA Drawing No. TP125A). The core will have no
depleted uranium, however the lead core will encapsulate a titanium s-tube. The test
specimen shall be examined after the test and any defects will be noted.

The test specimen was developed under drawing #88017XLS but stated that the unit was
a Safety Class "C". The test unit should be a Safety Class "A" for traceability reasons.
Therefore drawing TP125A was developed as a prototype drawing of the test unit with a
Safety Class A.

AEA Technology QSA used a lead unit for this test for the soul evaluation of the
Mechanical testing of exterior components. Therefore the unit did not need to be profiled.

Lead was also used to replicate the weight of the unit. The lead billet is orientated (center
of gravity) in the same location as a DU unit. Moreover, the billet is mechanically
attached with the same pins and hardware as a DU unit. Therefore the test unit will react
in the same manner as the DU unit.
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7.0 Testing Safety and Waste Disposal

Testing Safety

The tests will not be conducted with any radioactive sources. Instead, the testing of the
Model 880 unit will use a dummy source wire assembly.

The weight of the testing will require lifting heavy objects. Proper lifting techniques
shall be used to prevent injury.

Some tests of this plan may result in heavy falling objects and flying debris. Safety
glasses and a safe distance must be used in these cases.

Waste Disposal

The test Model 880 and accessories will be kept and stored for reference until
authorization by the engineering and regulatory department to dispose. No radioactive
material will be used in the testing so the test specimens do not need to be kept in any
special radiation storage areas.

Once approved for disposal by the engineering department and the regulatory department,
the entire test units can be disposed of as standard garbage except for the lead shielding.
The lead shall be removed from the Model 880 device and kept for the production
department to melt down for other applications if applicable. If the unit remains in good
condition, the unit will be repaired if necessary and used for future demo purposes.
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8.0 Test Procedures

Free Drop Test 9m

1. Prepare test device by placing device into a sling device.
2. Hold test specimen orientated toward impact surface at a height of 9 m (30 ft) from the top of

the drop pad surface to the bottom of the test specimen.
3. Drop the test specimen onto the rigid target surface.
4. Examine test specimen and evaluate to test requirements.
5. Record the results of the test.

9m (30 ft)

rTest Pad
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Puncture Test Im

1.
2.

3.
4.
5.

Prepare test device by placing device into sling device.
Hold test specimen orientated toward impact surface at a height of I m (40 in.) from the top
of the test billet surface to the bottom of the test specimen.
Drop the test specimen onto the test billet surface.
Examine test specimen and evaluate to test requirements.
Record the results of the test.

11

Test Billot

Test Pod

I
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Penetration Test

1. Prepare test device by placing device on an unyielding surface.
2. Orient F.C.B.A. in a vertical position while supporting handle ofjacket.
3. Drop steel cylinder (T10129) from a height of Im (40 in) onto the F.C.B.A.
4. Examine test specimen and evaluate to test requirements.
5. Record the results of the test.

\ BT1 0129

1 m (40 in)

90'
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Horizontal Shock Test

1. Prepare test device by placing device into a sling device.
2. Orient by suspending the F.C.B.A. in a horizontal position while touching (T10333)

horizontal shock bar.
3. Move the 880 unit until its center of gravity is 100 mm (4 in) higher than its resting position.
4. Let it loose, so that it swings in a pendulum movement against the target for a total of 20

times.
5. Examine test specimen and evaluate to the test requirements.
6. Record the results of the test.

Foot Button Assembly (1)
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Horizontal Shock Test

1. Prepare test device by placing device into a sling device.
2. Orient by suspending the Lock Mount in a horizontal position while touching (T10333)

horizontal shock bar.
3. Move the 880 unit until its center of gravity is 100 mm (4 in) higher than its resting position.
4. Let it loose, so that it swings in a pendulum movement against the target for a total of 20

times.
5. Examine test specimen and evaluate to the test requirements.
6. Record the results of the test.

Lock Mount (2)

Page 14



AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Free Drop Test

10CRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: 10CFR71 (71.73(1)) free drop test procedure.

Pictures:

Notes:

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Recorded by: Date:
Witnessed by: Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Puncture Test

10CRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: 10CR71 (71.73(3)) puncture test procedure and assessed configuration.

Pictures:

Notes (assessed configuration):

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded by: Date:
Witnessed by: Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Penetration Test

10CRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: 1OCR71 (71.71(10)) penetration test procedure.

Pictures:

Notes:

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded by: Date:
Witnessed by: Date:
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Horizontal Shock Test
ISO 3999-1

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures:

Notes:

Horizontal Test Bar:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded by: Date:
Witnessed by: Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Final Test Assessment

Test Specimen:

Serial Number(s):

Foot Control Button evaluation:

Spring (6 lib.):
Spring (191b.):
Stainless steel components:
F.C.B.A. working condition after Horizontal shock.

Foot Control Button Assembly evaluation:

Is the F.C.B.A. in working condition?

Comments:

Engineering Review by: Date:
SME Review by: Date:
Regulatory Review by: Date:
Q.A. Review by: Date:
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Final Test Assessment

Test Specimen:

Serial Number(s):

Lock Mount Assembly evaluation:

Aluminum housing:
Stainless steel insert:
Corbin lock:
Lock Mount Assembly working condition after Horizontal shock.

Lock Mount evaluation:

Is the lock mount assembly in working condition?

Comments:

Engineering Review by: Date:
SME Review by: Date:
Regulatory Review by: Date:
Q.A. Review by: Date:
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10.0 Appendix: 10CFR71, ISO 3999-1, Technical Report #40, and
F.C.B.A. Instruction Sheet.
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Test Plan #74 Results

This document describes the results of package design tests conducted for
Hypothetical Accident Conditions (10 CFR 71.73) by Amersham to determine
whether Model 660 Series projectors meet NRC requirements for Type B(U)
packages.

The Model 660 Series includes the following models: 660, 660A, 660B, 660E,
660AE, and 660BE. Reference Certificate of Compliance 9033.

The tests were conducted in accordance with Amersham Test Plan #74 (dated
December 16, 1997). The test plan also covers the criteria stated in IAEA, Safety
Series 6 (1985, as amended 1990).

The purpose of the plan was to evaluate the performance of the Model 660 Series
projectors that incorporate a proposed design change in which stainless steel end-
plate screws are used instead of carbon steel screws.

This document reports on the manufacturing and acceptance of the test specimens,
execution of the tests, test inspections, and assessment of the units as to their
conformity with the requirements of 10 CFR 71.
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Section 1 Transport Package Overview

The Model 660 Series projector consists of a source tube enclosed in a depleted-
uranium shield, an end-plate with a lock assembly, a second end-plate with a
storage plug assembly, four steel connecting rods, a sheet metal shell and foam
packing material (Figure 1).

Lock
Assembly
Cover

Lock
Assembly
Selector
Ring

Figure 1: Side View of a Model 660 Series Projector

The shield consists of a 1/2-inch outside diameter source tube with its mid-section
set in depleted uranium. One end of the source tube is inserted into a 1/2-inch hole
in the lock assembly at the rear end-plate. The other end of the shield's source tube
is inserted into another 1/2-inch hole in the shipping plug at the front end-plate.
Both 1/2-inch holes allow enough radial clearance for a slip fitting attachment.
There is approximately 1/8-inch axial clearance at the front end for assembly.

The source is contained in a special-form, encapsulated capsule assembly which is
attached to the source wire assembly. This source wire assembly is secured in the
package by the lock assembly. The lock assembly, in turn, is attached to the rear
end-plate by four #10 stainless steel screws. There are two versions of the lock
assembly used on the Model 660 series projectors. The size, material and location
of the end-plate screws are identical on both versions.

The shield, end-plates and the sheet metal shell are connected by four 3/8-inch
thick steel rods which are threaded at each end to accept 1/4-inch screws securing
the end-plates to the rods.
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A polyurethane foam is used to fill the space around the shield and to fill the void
within the sheet metal shell. The foam acts as an impact absorber.

The depleted-uranium shield provides the primary radiation protection for the
Model 660 Series projector. The shield accomplishes this by limiting the
transmission of gamma rays to a dose level at or below 200 mR/hr at the package
surface and limiting the dose level at or below 10 mR/hr at one meter from the
surface of the package.

The location of the source relative to its stored position in the shield is also an
important safety element. A large displacement of the source relative to its stored
position could elevate the dose at the surface of the package above regulatory
limits.

There are two possible scenarios to displace the source relative to its stored
position:

" The shield could move away from the source if the source tubes were bent or
fractured during testing.

" The source could move away from the shield if the lock assembly became
loose or was removed from the end-plate or if the end-plates themselves
became loose or were removed during testing.

The tests in this plan focused on damaging those components of the package which
could cause the displacement of the source relative to its stored position within the
shield.
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Section 2 Test Specimen Production and Acceptance

The test units specified for this plan were seven test specimens manufactured for
the Normal Transport Conditions testing under Test Plan #73.

The tests in Test Plan #74 were designed to further the damage inflicted on the units
in Test Plan #73. The tests units were manufactured in the Amersham. Burlington,
Mass., facility in accordance with Amersham Drawing TP73, Rev. A.

As required in both test plans, the TP73 test units are standard Model 660B
projectors with the following modifications:

* Shields weighing 37 to 39 pounds

* Supplemental lead added to the shield to increase shield assembly weight to 40
pounds

* Stainless steel screws used for end-plate fasteners instead of carbon steel
screws

* End-plate screws with torque values set to either 10 in-lbs or 120 in-lbs

These modifications enabled us to produce test specimens that weighed at least
54 pounds, and to test the use of stainless steel end-plate screws as original
equipment and as retrofit components.

Four test units (A, B, C and D) and three spares (S1, S2 and S3) were built
according to the Drawing TP73, Rev. A. The units enabled us to test two different
impact targets on units with end-plate screws set to different torque values
(Table 1).

Table 1: TP73 Units

Impact bottom edge of rear Specimens A, SI and S3 Specimens C and S2
plate

Impact top edge of front plate ý.. Specimen B Specimen D

The test specimens were manufactured in accordance with the Amersham Quality
Assurance Program. The program provides for documentation of the
manufacturing process, assures that the units comply with the relevant drawings
and manufacturing instructions, and specifies radiological profiling of the
completed product. Table 2 summarizes key manufacturing and profiling data.
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Table 2: Test Specimen Manufacturing Data

Cnompletion Date 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 1/6/98

Total Weight . 55.1 lbs 54.9 lbs 55.3 lbs 54.9 lbs 54.8 lbs 55.1 lbs 55.3 lbs
.Profil Data, Maximum Readings

Package Surface (•r) 142.5 142.5 133.0 133.0_ 152.0 152.0 147.0

At One Meter (p*/h.r) • 1.6 1.7 1.5 1.3 1.5 1.6 1.6

At the conclusion of Test Plan #73, representatives from Engineering, Quality
Assurance and Regulatory Affairs reviewed test inspections and damage
assessments on the test specimens. The assessment included radiation profiles on
Specimens A, B, C, and D in accordance with Amersham Work Instruction Q09.
The radiation profile worksheets are included in Appendix A. The maximum
readings for each specimen are shown in Table 3. These readings, which are
corrected for maximum capacity, demonstrate that the units met the requirements
of 10 CFR 71.71 for normal conditions of transport.

Specimens S1, S2 and S3 were not subjected to Test Plan #73 testing until they
were required as spares in Test Plan #74. The units were not profiled at the
conclusion of the Normal Transport Conditions tests, as the purpose of the testing
was to qualify the units for use in Test Plan #74 and profiling of A, B, C and D had
already demonstrated conformity with 10 CFR 71.71 for all orientations.

Table 3: Maximum Readings from Test Plan #73 Final Test Inspection

.Package Sutrface (m ) , 159.0 174.0 188.0 188.0 N/A N/A N/A

At One Meteri(min)W 1.4 1.2 1.5 1.3 N/A N/A N/A

Representatives from Engineering, Quality Assurance and Regulatory Affairs
jointly confirmed that:

- The seven units selected for Test Plan #74 were adequately tested under Test
Plan #73.

There were no changes to the units since the final test inspections and
assessments performed under Test Plan #73.

No changes in orientation were required for the hypothetical accident
conditions tests in Test Plan #74 because of damage sustained in Test Plan #73
testing.
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Section 3 Hypothetical Accident Conditions

The TP73 test units underwent Hypothetical Accident Conditions tests in
December 1997 and January 1998.

The testing demonstrated that the stainless steel end-plate screws maintained the
end-plate connection throughout the tests. However, Specimen A had unacceptable
radiation profile measurements after the thermal tests. Based on the data available,
it is inconclusive whether the specimen failed because of a design flaw or because
of damage incurred during handling and shipment.

This section describes the execution of the tests, results and the assessments made
by representatives from Engineering, Regulatory Affairs and Quality Assurance.

3.1 Test Execution

The following Hypothetical Accident Conditions tests were conducted to meet the
requirements of 10 CFR 71.73 and Test Plan #74:

* 30-foot free drop

* Puncture test

* Thermal test

Table 4 summarizes information about execution of the tests. In the table, package
orientation is described as:

BRE where the impact surface is the bottom edge of the rear end-plate

TFE where the impact surface is the top edge of the front end-plate

NTP for normal transport position, that is, resting on the bottom

Table 4: Hypothetical Accident Conditions Tests (10 CFR 71.73)

________.4 - ~ ~~DZ

30-foot Free Drop (Valley Tree, Groveland, Mass.)•. .I * .7<.

Test:Date . 12/23/97 12/24/97 12/23/97 12/24/97 1/8/98 12/24/97 1/11/98

Attempts One One One Two One One Two

Orientation BRE TFE BRE TFE BRE BRE BRE

Comments Good hit Good hit Missed 1 st hit on Missed Good hit 1 st hit
hit right side; hit toward
Replaced 2nd hit Replaced base; 2nd
by S2 good by S3 toward

lock
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Table 4: Hypothetical Accident Conditions Tests (10 CFR 71.73) (Continued)

;Pun,.cture .Test (Valley Tree, Groveland,. Mass) . . .

.TestDate.v: 12/23/97 12/23/97 Not 12/24/97 Not 12/24/97 1/11/98
Tested Tested

Attempts one One One One One

Orientation BRE TFE BRE TFE

ThI~ermailTest:(Man~ufaicturing.Science,. Oak.Rde Tn.

Test Date:.. 12/30197 Not See Notel 12/30/97 Not 12/30/97 1/13/98... ... Tested Tested

Orientation Tte.s NTP NTP NTP NTP

Note 1: Specimen C was subjected to the thermal test only to provide information to help in
evaluating other specimens.

Testing began on December 23, 1997, with the four units that were used in the first
round of Test Plan #73 testing. hi the 30-foot free drop, Specimen C missed its
intended impact surface, and was replaced by Specimen S2. S2 underwent normal
testing under Test Plan #73 and on December 24, 1997, began testing under Test
Plan #74.

The puncture test orientation for Specimens B and D was changed after the 30-foot
drop to impact the top edge of the front end-plate to induce more damage,
specifically to peel back the area of the end-plate left by the removed handle.

Specimen B did not undergo the thermal test because it was not as damaged as the
other units. Specifically, there was no opening between the end-plate and the
package, and therefore, it would sustain less damage from thermal testing.

Specimens A, D and S2 underwent thermal testing on December 30, 1997. The
units were positioned in the normal transport position, that is, upright and resting
on the bottom, to allow optimal airflow in and around the open gap created by
damage to the shell and end-plates.

The units were shipped to Amersham's Burlington, Mass., facility on January 2,
1998, for radiographs and profiling. Amersham personnel were not on site in Oak
Ridge to supervise the packaging and shipment of the test units.

The radiographs after the thermal tests showed displacement of the shield relative
to the positions shown in radiographs taken after the puncture tests. In all three
cases, a significant portion of the displacement was on the horizontal plane,
indicating that the movement may have been caused during handling or shipment
from Oak Ridge to Burlington. The thermal test orientation for these specimens
would not have caused movement in the horizontal plane.
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Profile results of Specimen A showed 9.3 R/hr at one meter. The other units
(Specimens B and D) were within acceptable levels. To determine whether
handling during transport caused the failure of Specimen A, we prepared Specimen
S I for testing and planned to measure the source position after the thermal test and
before shipment.

In the 30-foot free drop, Specimen SI missed its impact surface, creating the need
for another substitution. A new unit, Specimen S3, was built and subjected to
testing under Test Plan #73. The new unit underwent the 30-foot free drop and
puncture test on January II and the thermal test on January 13.

The Specimen S3 was radiographed on site to determine source location before
shipment and then radiographed upon receipt in Burlington. Comparison of the two
radiographs showed no significant movement of the source. Subsequently the unit
passed the radiation profile.

3.2 Damage Inspections

The test units incurred levels of mechanical damage as a result of the 30-foot free
drop that were seen in previous testing:

a The rear end-plates were bowed on Specimens A, S2 and S3, producing a 3/
16-inch (maximum) gap between the shell and end-plate.

a The tops of both end-plates were bent on Specimens B and D. No gap was
produced on B; there was a 1/2-inch (maximum) gap on D.

a End-plate corners were crushed on Specimens S1 and C when these units
missed their target impact surfaces. Both units were replaced.

In addition, the handle of Specimen B broke.

No additional mechanical damage to the tested units was evident as a result of the
puncture test.

All of the stainless steel end-plate screws, including those set to 10 in-lb torque
values, held the end-plates to the connecting rods, and there was no breakage.

Inspection of the units, including radiographs, showed that they maintained their
structural integrity throughout the 30-foot drop and puncture test, that is, the source
remained in the secured and shielded position and the end-plate screws held.

Four units were subjected to the thermal test: A, D, S2 and S3. As expected, the
handle melted on each of the four units, and all or some of the foam burned off.
There was no substantial oxidation of the shields as occurred in Test Plan #70. The
end-plate-screws held the end-plates to the package throughout the testing and did
not allow for increased airflow around the shield.
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3.3 Test Assessment

The primary area of interest was the performance of the stainless steel end-plate
screws. The test proved that the design change resolves the problem of shield
performance caused by oxidation as occurred in Test Plan #70 and reported in the
Test Plan #70 Test Results. In Test Plan #70, the oxidation occurred when the end-
plate was not fully secured because of the breaks in the carbon steel end-plate
screws.

Appendix A includes the worksheets for the radiation profiles taken as part of the
final test inspection. Table 5 shows the maximum radiation measured in these
profiles. The readings have been corrected for maximum capacity.

Table 5: Maximum Readings from Test Plan #74 Final Test Inspection

,~T.

Profile date 1/5/98 1/5/98 Not 1/7/98 Not Not 1/19/98.".g-• .:.."!. • '"" : ' g .6. . : "v

. ... profiled 21 profiled profiled
Package' Surace (mRb)' 3000 390 211862

At One..Meter (mR/hr) 9300 2.7 4.7 9.3

The evaluation of Specimen A and the subsequent testing of Specimen S3 did not

resolve whether the movement of the source from its ideal shielded position was
the result of a design flaw or the result of damage caused in handling and transport
of the package. We were unable to exactly replicate the mechanical damage to
Specimen A.

The measurement after the S3 thermal test showed that the source had moved only
0.2 inch, which resulted in acceptable levels of radiation. Test inspection revealed
that the source wire had severed. The Specimen A source wire did not break and

remained engaged in the lock assembly when the shield moved, pulling the source
from the center of the shield which provides maximum shielding.

Although Specimen S3 satisfactorily met all of the test requirements, the damage
was not identical to to Specimen A, and therefore, it could not be used as a
replacement for Specimen A.

No conclusion can be drawn as to whether the Specimen A failed because of
transport damage.
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3.4 Conclusions

Based on the testing performed under Test Plan #74, the team concluded that:

" The stainless steel end-plate screws satisfactorily met all of the test
requirements and the screws should be used on all Model 660 Series projectors.

" The torque value of the screws is not a significant factor in their performance
and retrofitting of projectors with new screws can be accomplished in the field.

" Because of the difficulty of replicating specific mechanical damage, continued
testing of TP73 units will probably not resolve the question of whether
Specimen A failed because of design or damage from handling.

" Amersham should proceed with design evaluation as if Specimen A had failed
because of its design, and examine design changes that would restrict shield
movement during thermal testing.
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Appendix A: Radiation Profile Worksheets



SEN7INEL

660/660B DEVICE PROFILING FORM , ,.

Device Model No.: to6o Device Serial No.:

Model 4m4-9- Source Serial Number: •) .5 o Activity: '7 . .3

-&tfffaee-Survey Instrument: A___/Pb_ _ Serial No: 3 CalI Due:, "e1S'1" A

Gfte-Mf-er Survey Instrument: c- 5 Serial No:- '4- Sbal Due:

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

SURFACE READINGS
mR/hr

44e4ed Actual

3 F/kv, 2e .lkr•qD• ¢. . z!

ONE METER READINGS
mR/hr

______ Actual

TOP

RIGHT

FRONT i~
LEFT

RHARt1-31 /i, ro-
BOTTOM L1 T /a

AD, ck At -

INSPECTOR:,•/••._ DATE: " NCR No.:.

Commnents:

"0 P L~l P-tcte c cr-vy'-e c-f-rv'X sa -v'-,A-P-e cc~o o~
Y\, A'S-t7 C.k&-V&~c ~

Lb~ r)CIIP"mersham QSA



SENTINEL

660/660B DEVICE PROFILING FORM

Device Model No.: LA.,r1/ Device Serial N o.: .44&.- 3o PF T+
I-7 I -, ,

Model-424- Source Serial Number: / 6 I / , Activity: q 3, " C

Surface Survey Instrument: --- Serial No: Cal Due: 3/,(-IV

One Meter Survey Instrument: _--,-4-Serial No:_ _ Cal Due: -_ _

Ca - - SURFACE READINGS ONE METER READINGS
mR/hr mR/hr

pA. Actual Actual

TOP _o- TOP --7
RIGHT ,•-i -. L RIGHT 0 Ž2 0, Le"

FRONT ~3 ?cT 3ff FRONT 1.1 ~$f

LEFT D7 ,)v 12 LEFT 0175- b,
REAR j 3 _ __REAR 1,5

BOTTOM D , 7, to 0 BOTTOM , OL'

INSPECTOR________DATE:__ NCR No.:___

Comments:

rAmersham QSA
WI-Q05



SEN7INEL

660/660B DEVICE PROFILING FORM

Device Serial No.: AA2 Zk---P\-- .. IDevice Model No.: {(co B,

n 3
Model 424=9- Source Serial Number: )( Oo0 D ( Activity: . 7 "

Surface Survey Instrument: ________ Serial No: I - Cal Due:__/__/_ __

One Meter

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

Survey Instrument:j ,4 -, Serial No: - Cal Due:_ _

SURFACE READINGS
mR/hr

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOl

ONE METER READINGS
mR/hr

-1e•ed Actual

V7,-7 3.0
1,-7 /'Ii

INSPECTORA7'•, ý,~p,/ DATE: 163 x, 4& /NCR No.:

Comments:

F"Amersham QSA
WI-Q05



SENTINEL

660/660B DEVICE PROFILING FORM

Device Model No.: (f,•o•I Device Serial No.: AG-r TT- K2 rv^a• I

-TI-Mod S,Model 4-24--9-Source Serial Number: 1' -_7' Activity:- I' -,•t.

Surface Survey Instrument:-4-/.le:[ Serial No:E4ýz4-517-oL Cal Due: 0' iV,ý• c5

One Meter Survey Instrument: _" -17_Serial No:_L ._W( Cal Due:.(/4'-f6
I/

SURFACE READINGS
mR/hr

ONE METER READINGS
mR/hr

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

lActual

-a'
-2-4-t~421

i~c R

r•Q Actual

TOP ii4~
RIGHT 1l ?

FRONT 5- L- .

LEFT J' iO .-

REAR ),. _____

BOTTOM LA

INSPECTOR: __ __ _ DATE: /UIT(46'"NCR No.: tyk

Comments:

P"Amersham QSA
WI-Q05



SENTINEL Test Plan #74
Amersham Corporation December 17, 1997
Burlington, Massachusetts Page ii

Table of Contents

List of Figures and T ables ............................................................................................. iv

1.0 Current Transport Package Overview .................................................................. 2

2.0 Purpose ........................................................................................................................ 3

3.0 System Failure of Interest ....................................................................................... 4

4.0 Construction and Condition of Test Specimens .................................................. 7

5.0 Material and Equipment List ............................................................................. 10

6.0 Test Procedure ...................................................................................................... 11

6.1 Roles and Responsibilities ........................................................................... 11

6.2 Test Specimen Preparation and Inspection .................................................. 12

6.3 30-foot Free Drop Test (10 CFR 71.73(c)(1)) ............................................. 13

6.3.1 30-foot Free Drop Setup .................................................................... 13

6.3.2 Orientation for the 30-foot Free Drop: Specimens A & C ................. 14

6.3.3 Orientation for the 30-foot Free Drop: Specimens B & D ................. 15

6.3.4 30-foot Free Drop Test Assessment ......................... 16

6.4 Puncture Test (10 CFR 71.73(c)(3)) ........................................................... 17

6.4.1 Puncture Test Setup ........................................................................... 17

6.4.2 Orientation for the Puncture Test: Specimens A & C ........................ 18

6.4.3 Orientation for the Puncture Test: Specimens B & D ........................ 19

6.4.4 Puncture Test Assessment ................................................................. 20

6.5 Intermediate Test Inspection ....................................................................... 20

6.6 Thermal Test (10 CFR 71.73(c)(4)) ........................................................... 21

6.6.1 Therm al Test ...................................................................................... 23

6.6.2 Thermal Test Assessment .................................................................. 23

6.7 Final Test Inspection .................................................................................. 24

6.8 Final A ssessm ent ........................................................................................ 24



SENTINEL Test Plan #74
Amersham Corporation December 17, 1997
Burlington, Massachusetts Page iii

7.0 W orksheets ......................................................................................................... . 25

Appendix A: Drawings

Appendix B: Selected Fasteners

Appendix C: Referenced Materials



SENTINEL Test Plan #74
Amersham Corporation December 17,1997

Burlington, Massachusetts Page iv

List of Figures and Tables

Figure 1: Side View of a Model 660 Series Projector .................................................... 2

Figure 2: Impact on Bottom Edge of Front End Plate .................................................... 5

Figure 3: Impact on Top Edge of the Front Plate ........................................................... 5

Figure 4: Impact on Bottom Edge of Rear Plate .............................................................. 6

Figure 5: Impact on Top Edge of the Rear Plate ........................................................... 6

Table 1: Model 660 Series Variations ........................................................................... 8

Figure 6: Orientation for the 30-foot Free Drop: Specimens A & C ............................. 14

Figure 7: Orientation for the 30-foot Free Drop: Specimens B & D ............................. 15

Figure 8: Orientation for the Puncture Test: Specimens A & C .................................... 18

Figure 9: Orientation for the Puncture Test: Specimens B & D .................................... 19

Equipment List 1: 30-foot Free Drop ........................................................................... 26
Checklist 1: 30-foot Free Drop .................................................................................... 27

Equipment List 2: Puncture Test .................................................................................. 30
Checklist 2: Puncture Test ........................................................................................... 31

Equipment List 3: Thermal Test .................................................................................. 34
Checklist 3: Therm al Test .............................................................................................. 35



SENTINEL Test Plan #74
Amersham Corporation December 17, 1997
Burlington, Massachusetts Page 1 of 37

Amersham Test Plan #74

This document describes additional package design testing for Sentinel Model 660 Series
projectors to meet NRC requirements for Type B(U) packages under Hypothetical Accident
Conditions (10 CFR 71.73). Testing under Normal Transport Conditions (10 CFR 71.71) is
described in Amersham Test Plan #73.

The test plan also covers the criteria stated in IAEA, Safety Series 6 (1985, as amended 1990).
Quality Assurance will be involved in all aspects of this test plan and its execution.

The Model 660 Series includes the following models: 660, 660A, 660B, 660E, 660AE, and
660BE. Reference Certificate of Compliance 9033.

The tests in this plan evaluate a Model 660 Series design change that resulted from tests
performed under Amersham Test Plan #70. In that testing, the 30-foot free drop caused failure
of the end-plate screws on Specimen D, and subsequent oxidation and loss of the shield during
the thermal test. The design change involves the use of stainless steel end-plate screws instead
of the carbon steel screws used in the Test Plan #70 specimens.

We are specifying Military Standard screws, MS 51959-81 (1/4-20 x 3/4" long). The
specification is included in Appendix B: Selected Fasteners. The tensile strength of these
screws is twice that of the nominal strength of the carbon steel screws (110,000 psi versus
55,000 psi). In addition, at room temperature, the toughness of stainless steel is 40% greater
than that of carbon steel; at -40' C, the stainless steel's toughness is four times greater than
carbon steel's. Refer to the toughness versus temperature curve in Appendix B: Selected
Fasteners.

As noted in the failure analysis by Packaging Technology, Inc. (November 25, 1997), the
Specimen D shield experienced a deceleration of 200g in the 30-foot free drop in Test Plan #70.
If the two end-plate screws closest to the lock assembly experience the full extent of the shield
deceleration load, the tensile stress induced in these screws is calculated as follows:

stress = (shield mass) (impact deceleration) / tensile area

= (40 lbs) (200g x cos 390) / (2 x 0.0318 in2)

= 97,800 psi

The induced stress is less than the ultimate strength of the two stainless steel screws
(110,000 psi).

This document outlines the testing scenario, justifies the package orientations, and provides test
worksheets to record key steps in the testing sequence.
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1.0 Current Transport Package Overview

The Model 660 Series projector consists of a source tube enclosed in a depleted-uranium shield,
an end plate with a lock assembly, a second end plate with a storage-plug assembly, four steel
connecting rods, a sheet metal shell and foam packing material (Figure 1).

Lock
Assembly
Cover

Lock
Assembly
Selector
Ring

Figure 1: Side View of a Model 660 Series Projector

The shield consists of a 1/2-inch outside diameter source tube with its mid-section set in
depleted uranium. One end of the source tube is inserted into a 1/2-inch hole in the lock
assembly at the rear end-plate. The other end of the shield's source tube is inserted into another
1/2-inch hole in the shipping plug at the front end-plate. Both 1/2-inch holes allow enough
radial clearance for a slip fitting attachment. There is approximately 1/8-inch axial clearance at
the front end for assembly.

The source is contained in a special-form, encapsulated capsule assembly which is attached to
the source wire assembly. This source wire assembly is secured in the package by the lock
assembly. The lock assembly, in turn, is attached to the rear end-plate by four #10 stainless steel
screws. There are two versions of the lock assembly used on the Model 660 series projectors.
The size, material and location of the end-plate screws are identical on both versions.

The shield, end plates and the sheet metal shell are connected by four 3/8-inch thick steel rods
which are threaded at each end to accept 1/4-inch screws securing the end plates to the rods.

A polyurethane foam is used to fill the space around the shield and fill void within the sheet
metal shell. The foam acts as an impact absorber.
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The depleted-uranium shield provides the primary radiation protection for the Model 660 Series
projector. The shield accomplishes this by limiting the transmission of gamma rays to a dose
level at or below 200 mR/hr at the package surface and limiting the dose level at or below
10 mR/hr at one meter from the surface of the package. A fracture of the shield could
compromise this protection.

The location of the source relative to its stored position in the shield is also an important safety
element. A large displacement of the source relative to its stored position could elevate the dose
at the surface of the package above regulatory limits.

There are two possible scenarios to displace the source relative to its stored position:

• The shield could move away from the source if the source tubes were bent or frac-
tured during testing.

" The source could move away from the shield if the lock assembly became loose or
was removed from the end plate or if the end plates themselves became loose or
were removed during testing.

The tests in this plan focus on damaging those components of the package which could cause
the displacement of the source relative to its stored position within the shield and which affect
the integrity of the shield itself.

2.0 Purpose

The purpose of this plan, which was developed in accordance with Amersham
SOP-E005, is to test and evaluate modifications to the Model 660 Series projectors so that the
Type B transport package requirements of 10 CFR 71 are met.

The series includes these models: 660, 660A, 660B, 660E, 660AE, and 660BE. Refer to
Appendix A for descriptive drawings of these models.

The Normal Transport Conditions tests (10 CFR 71.71) have been performed on the test
specimens as part of Amersham Test Plan #73. These tests included the compression test,
penetration test and four-foot free drop.

The Hypothetical Accident Conditions tests (10 CFR 71.73) to be performed are the 30-foot
free drop, puncture test, and thermal test.

The crush test (10 CFR 71.73(c)(2)) is not performed because the radioactive contents are
special-form radioactive material.

The immersion test and all other conditions specified in 10 CFR 71 will be separately evaluated
in accordance with Amersham Work Instruction WI-E08.
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3.0 System Failure of Interest

The possible system failure tested in this plan is the failure of the end-plate screws. Failure of
the end-plate screws on either plate could cause exposure of the shield to damage during the
thermal test, especially if the foam bums.

Two package orientations are specified in this plan:

" Specimen D orientation in Test Plan #70, the orientation that caused the end-plate
screw failure.

" Inversion of the Test Plan #70 Specimen D orientation. The impact surface is the
top edge of the front plate.

Other orientations that were considered but rejected include:

End plate sides. Because these surfaces are curved, they provide very small impact
surfaces compared to the top or bottom edge of either plate.

Top edge of the rear plate. The load on the screws provided by this orientation
would be less than the load created by the orientation for Specimens B and D.

Figure 2 through Figure 5 show the four possible orientations to impact either the top or the
bottom edge of an end-plate. With each figure is a calculation of the loading on the screws of
interest. The calculations assume that the end plate is attached only at point a.

For sake of illustration, the calculations use 56 pounds for the vertical force. In the calculations:

fx is the component force loading parallel with the axis of the screws.

fy is the component force loading perpendicular to the axis of the screws.

Summing the moments around the impact point (r) and equating it to zero determines the
resultant force at the point of the screws (a).

Figures 3 and 4 demonstrate the worst-case loading on the end-plate screws of interests. These
are the orientations selected for this test plan.

Two units are to be tested with each orientation, one with the end-plate screws torqued to
120 in-lbs (±10 in-lbs), the other with the end-plate screws tightened to 10 in-lbs (±2 in-lbs).

The orientations in this test plan are designed to further the damage to the end-plate screws
caused during the execution of Test Plan #73.
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Fx = 56 COS (36")= 45 LBS

Fy = 56 SIN (36') 33 LBS

Mr = 0 = (1.9)*(45) - (6.2)*(Ro) = 0
Ra = 13.8 LBS

IMPACT ON BOTTOM FRONT EDGE

Figure 2: Impact on Bottom Edge of Front End Plate

Figure 3: Impact on Top Edge of the Front Plate
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Fx = 56 COS (39') = 44 LBS
Fy = 56 SIN (39") = 35 LBS

Mr = 0 = (5.1)*(44) - (6.2)*(Ro) = 0

[Ro = 36.2 LBS
IMPACT ON BOTTOM REAR EDGE

(ORIENTATION A&C)

Figure 4: Impact on Bottom Edge of Rear Plate

Fx = 56 COS (49') = 37 LBS
Fy = 56 SIN (49") = 42 LBS

Mr = 0 = (4.2)*(37) - (8.7)*(Ro) = 0
Ro = 17.9 LBS

IMPACT ON TOP REAR EDGE

Figure 5: Impact on Top Edge of the Rear Plate
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4.0 Construction and Condition of Test Specimens

The test specimens will be the Model 660B units built for the Normal Transport Conditions
tests in Test Plan #73. These units were constructed in accordance with Amersham Drawing
TP73, Rev. A (Drawing TP73). With the exception of the stainless steel end-plate screws, the
units specified in Drawing TP73 are in accordance with the NRC-approved design.

Drawing TP73, specifies the Model 660 Series in its worst-case transport condition, that is, with
supplemental lead added to the shield. The added weight induces higher loads during dynamic
testing.

For the 30-foot free drop and the puncture tests, the test temperature of specimen must be at or
below -40' C at the time of each test, a minimum temperature required by JAEA, Safety Series
6 (1985, as amended 1990). The low temperature represents the worst-case condition for the
package because of the potential for reduction in strength of the end-plate screws.

Four test units and two spares were built according to the Drawing TP73 and the Amersham
Quality Assurance Program:

Impact bottom edge of rear plate . Specimen A Specimen C

Impact.top edge of front plate Specimen B Specimen D

Spare unit. Specimen SI Specimen S2

* The tests for Specimens A and C attack the end-plate screws by targeting the bot-

tom edge of the rear end-plate.

* The tests for Specimens B and D attack the top edge of the front plate.

The package orientations specified in this plan are designed to further the damage inflicted on
the TP73 test units in testing under Normal Transport Conditions.

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

Table 1 lists the differences between the test specimens and other 660 Series models.
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Table 1: Model 660 Series Variations

Feature Test Specimen
per Drawing TP73 660 Series Models

Shell Material Stainless steel Models 660AE, 660BE and 660E have wires and connectors
attached to ends plates for automatic actuation.
Models 660, 660A and 660B do not have actuator wires and
connectors.

Lock Assembly PosilokTýM The Model 660 and 660E use a non Posilok lock assembly.
All other models feature the Posilok lock assembly.

Actuator Wires No actuator wires and Models 660AE, 660BE and 660E have wires and connectors
and Connectors connectors attached to ends plates for automatic actuation.

Models 660, 660A and 660B do not have actuator wires and
connectors.

Shield Capacity 140 Curie The following models have 120-Curie capacity shields:
660, 660A, 660AE and 660E.
The following models have 140-Curie capacity shields:
660B and 660BE.

Body Width Standard width Some Model 660s and Model 660Es have a narrow-body
(5 1/4 inches) design (4 3/4 inches wide).

All other models only use the standard-width body
(5 1/4 inches).

Source Tube Titanium Prior to 1980, the Models 660, 660A, 660AE and 660E were
Material manufactured with zircaloy source tubes.

All other units have titanium source tubes.

Use of Lead Supplemental lead Prior to June 1992, some units in the Model 660 Series had
added lead added to supplement the shielding. The maximum

amount of lead added was three pounds. The amount was
also limited by a maximum shield weight of 40 pounds and a
maximum package weight of 56 pounds.

Weight 54 pounds minimum Over the last five years, the average package weight has
been approximately 50 pounds. Earlier in the product
history, the average weight was approximately 53 pounds.

End-plate Stainless steel screws Standard Model 660 Series projectors have commercial
fasteners MS 51959-81 carbon steel end-plate screws.
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Table 1: Model 660 Series Variations (Continued)

Feature Test Specimen 660 Series Models
per Drawing TP73

End-plate screw Specimens A, B and SI Carbon steel screws used in the standard Model 660 Series
torque value end-plate screws projectors are torqued to 80 in-lbs (+10 in-lbs)

tightened to 120 in-lbs
(±10 in-lbs)
Specimens C, D and S2
end-plate screws
tightened to 10 in-lbs
(+-2 in-lbs)

The differences listed in Table 1 impact the testing or are made for the following reasons:

Shell Materials: The shell thickness is 1/16-inch for the carbon steel and stainless
steel versions. The likelihood of a crack or brittle flaw increases with the thickness
of the section and is a problem in sections greater than 1/8-inch. Additionally, the
temperature for transition from ductile to brittle failure is lower for the thinner sec-
tions. The thicker carbon steel end plates will reach the ductile-to-brittle transition
temperature long before the shell does. The end plates are structural members,
while the shell is not structurally significant.

Lock Style: Damage to the Posilok lock assembly used on the test specimen would
represent damage to any Model 660 Series lock assembly, including the non
Posilok style assemblies used on the Model 660 and the Model 660E.

The internal components of both lock assemblies are protected by the same lock
assembly cover and practically the same selector ring. The cover and selector ring
must be significantly damaged before an impact can disrupt the internal
components' securement of the source. Because of the strength of the cover and the
selector ring, damage to the source securement is more likely to occur from the
failure of the lock assembly screws. All models use the same type and size screws
in the same locations.

Actuator Wires and Connectors: The additional parts used for automatic actua-
tion provide no structural support.

" Shield Capacity: The lower-capacity shields are either lighter than or the same
weight as the shield used on the Model 660B, making the 660B the worst case for
shield failures of interest in these tests.

" Body Width: The end plates and shells of the narrow-body versions of the Model
660 and the Model 660E would provide smaller impact surfaces than the standard-
width plates and shell used in the test specimen. The smaller impact surfaces would
result in greater surface deformation and less deceleration on impact. As a result
there would be less transfer of impact forces that could affect the integrity of the
source securement.
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Source Tube Material: The Model 660 Series projectors have been manufactured
with titanium source tubes exclusively since 1980. Because this represents our cur-
rent manufacturing methods and because the majority of Model 660 Series units
currently in use have titanium source tubes, the test specimens will be manufac-
tured with titanium source tubes. Based on an evaluation of the damage caused by
the tests, we will assess the implications for previously fabricated packages which
utilized zircaloy.

Note that although listed on the descriptive drawings, stainless steel source tubes
have never been used in the fabrication of Model 660 Series units, nor do we intend
to use them in future fabrication.

" Supplemental Lead: Prior to June 1992, supplemental lead was used in the pro-
duction of Model 660 Series projectors with the depleted-uranium shield. Although
the addition of supplemental lead is no longer a production technique, the test spec-
imens will be fabricated with the supplemental lead to ensure the maximum device
mass.

" Package Weight: Because of more efficient casting and the elimination of supple-
mental lead shielding, the average weight of Model 660 units produced in the last
five years is three pounds less than the average weight for units produced in the ear-
ly years of the series history. Two steps will be taken to build test specimens that
will weigh at least 54 pounds:

" Heavier depleted-uranium shields will be fabricated.

" Supplemental lead will be added to the shield.

The TP73 will be consistent with current manufacturing procedures and will
represent the heavier units in the Model 660 population. Ninety-seven percent of
all 660 units produced weigh 54 pounds or less.

" End-plate screws: Stainless steel end-plate screws are being used on the TP73 to
test the ability of these fasteners to prevent the failure of the end-plate screws seen
in TP70 Specimen D.

" End-plate screw torque values: The greater strength of the selected stainless steel
end-plate screws allows tightening to a higher torque value than the carbon steel
screws. The higher value is being tested with Specimens A and B to evaluate a new
manufacturing standard. A low torque value is being tested with Specimens C and
D to simulate an untorqued assembly.

5.0 Material and Equipment List

The test worksheets in Section 7.0 list the key materials and equipment specified in 10 CFR 71
and the necessary measurement instruments.

When video recording is specified in the following tests, select video cameras with the highest
shutter speed practical to record testing.

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

Four units are tested in parallel with the same sequence but with two different package
orientations that test the use of stainless steel end-plate screws, as described in Section 3.0. The
tests have the following sequence:

1. Test specimen preparation and inspection

2. 30-foot free drop (10 CFR 71.73(c)(1))

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

4. Intermediate test inspection

5. Thermal test (10 CFR 71.73(c)(4))

6. Final test inspection

6.1 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 ensure
compliance with 10 CFR 71, other regulatory requirements and the Amershamn
Quality Assurance Program.

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

" Quality Control, a function that reports directly to Quality Assurance, is responsi-
ble for measuring and recording test and specimen data throughout the test cycle.

* The managers directly responsible for Engineering, Regulatory Affairs and Quality
Assurance will identify and document personnel who are qualified to represent
their departments in carrying out this test plan.
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6.2 Test Specimen Preparation and Inspection

To prepare the test units:

1. Select the units tested under Amersham Test Plan #73.

2. Inspect the test units to ensure that they match the units described on the
Test Plan #73 worksheets and attached damage assessments.

3. Confirm that a radiation profile was performed and recorded in accordance
with Amersham Work Instruction WI-Q09 at the conclusion of Test Plan
#70.

4. Measure and record the weight of each test specimen.

5. Prepare the packages for transport.
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6.3 30-foot Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Conditions test is the 30-foot free drop as described in
10 CFR 71.73(c)(1). This drop compounds any damage caused in the three Normal Transport
Conditions tests in Test Plan #73.

Use Checklist 1: 30-foot Free Drop on page 27 to ensure that the test sequence is followed. Date
and initial all action items, and record required data on the worksheet.

Figure 6 illustrates the orientation for Specimens A and C. Figure 7 shows the orientation for
Specimen B and D. The orientations are the same as those for the four-foot free drop in Test
Plan #73 except the package is raised 30 feet above the drop surface.

This test requires that test specimens be at or below -40' C at the time of the drop. Follow the
Worksheet instructions for measuring and recording the specimen temperature before and after
the drop.

6.3.1 30-foot Free Drop Setup

To set up a package for the 30-foot drop test:

1. Use the drop surface specified in Drawing AT10 122, Rev B.

2. Measure and record the weight of test specimen.

3. Measure and record the specimen's internal and surface temperature, and
ensure that the package is at or below -40' C.

4. Place the specimen on the drop surface and position it according to the ap-
propriate orientation.

Refer to Figure 6 for Specimens A and C.

Refer to Figure 7 for Specimens B and D.

5. Align the selected center-of-gravity marker as shown in the referenced
drawing.

6. Raise the package so that the impact target is 30 to 32 feet above the drop
surface,
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6.3.2 Orientation for the 30-foot Free Drop: Specimens A & C

Figure 6 shows the package orientation for Specimens A and C for the 30-foot free drop.

This orientation targets the bottom edge of the rear end-plate with the objective of loosening or
shearing the end-plate screws which hold the plate to the steel connecting rods. The bottom
edge of the plate provides the greatest surface area for a direct hit, and thus the most rapid
deceleration, and was proven to be the most damaging to the unit during previous testing in Test
Plan#70.

Make sure the center of gravity is directly over the point of impact.

Figure 6: Orientation for the 30-foot Free Drop: Specimens A & C
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6.3.3 Orientation for the 30-foot Free Drop: Specimens B & D

Figure 7 shows the package orientation for Specimens B and D for the 30-foot free drop.

This orientation targets the top edge of the front end-plate. The drop is designed to cause
deformation of the end plate, which in turn will create multiple loads paths on the end-plate
screws.

Make sure the center of gravity is directly over the point of impact.

Figure 7. Orientation for the 30-foot Free Drop.: Specimens B & D
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6.3.4 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:

* Review the test execution to ensure that the test was performed in accordance with
10 CFR 71. Units SI and S2 may need to be tested, possibly with torque adjust-
ments, to ensure test compliance.

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

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

0 Evaluate the condition of the specimen to determine what changes are necessary in
package orientation in the puncture test to achieve maximum damage.
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6.4 Puncture Test (10 CFR 71.73(c)(3))

The 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
Drawing CT10 119, Rev. C.

The billet is to be bolted to the drop surface used in the free drop tests (Figure 8).

Use Checklist 2: Puncture Test on page 31 to ensure that test sequence is followed. Date and
initial all action items, and record required data.

6.4.1 Puncture Test Setup

There are two different package orientations for the puncture test. Each orientation assures that
the package lands on the component or assembly of interest.

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

This test requires that the test specimens be at or below -40' C at the time of the test. The
worksheet calls for measuring and recording the specimen temperature before and after the test.

This test uses the 12-inch high puncture billet (Drawing CT10 119, Rev. C). The 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.

To set up a package for the puncture test:

1. Measure and record the weight of the package.

2. Measure and record the specimen's internal and surface temperature, and
ensure that the package is at or below -40' C.

3. Position the unit according to the appropriate orientation:

For Specimens A and C, refer to Figure 8 on Page 18.

For Specimens B and D, refer to Figure 9 on Page 19.

4. Check the alignment of the specified center-of-gravity marker with the tar-
geted point of impact.

5. Raise the package so that there is 40 to 42 inches between the package and
the top of the puncture billet.
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6.4.2 Orientation for the Puncture Test: Specimens A & C

The orientation for Specimens A and C (Figure 8) targets the bottom edge of the rear end-plate
to distort the end plate and possibly loosen or shear the end-plate screws.

The bottom edge provides the largest unobstructed flat surface on the plate. The impact will
crush the bottom of the end plate into the polyurethane foam, the softest material in the package,
and cause the maximum distortion of the plate. Attacking the top edge was rejected because the
flat surface area is less than half that of the bottom edge and the carrying handle would deflect
much of the energy.

Center-of-Gravity
Marker-X

Impact Surface:
Bottom Edge of
Rear End-Plate

Puncture Billet
Drawing CT10119
Rev. C f-

42 inches

•/ Drop Surface
Drawing AT10122
Rev. B

Figure 8. Orientation for the Puncture Test.- Specimens A & C
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6.4.3 Orientation for the Puncture Test: Specimens B & D

For Specimen B and D, the puncture test impact point is the lower left comer of the rear end-
plate (Figure 9). This orientation continues the attack on the bottom left screw onl the rear end
plate that was inflicted with the penetration test and the two free drops. The impact will also
have the effect of increasing any gap between the end plate and the shell caused by the previous
tests.

Center-of-Gravity
Marker

40 to 42 inches
-Impact Surface:
Top edge of the
Front End-Plate

Puncture Billet
Drawing CT1 0119
Rev. C

Drop Surface
Drawing AT10122
Rev. B

Figure 9: Orientation for the Puncture Test.- Specimens B & D
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6.4.4 Puncture Test Assessment

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

" Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73.

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

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

" Evaluate the condition of the specimen to determine whether the thermal test
should be performed with the specimen.

• Evaluate the condition of the specimen to determine the package orientation for the
thermal test to achieve maximum damage.

As part of the evaluation, measure the weight of the specimen.

6.5 Intermediate Test Inspection

Perform an intermediate test inspection after the puncture test.

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

2. If a source can be installed without affecting the integrity of the test spec-
imen, profile the package using an active source in accordance with Am-
ersham Work Instruction WI-Q09.

3. Assess the significance of any change in radiation at the, surface or at one
meter from the package.
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6.6 Thermal Test (10 CFR 71.73(c)(4))

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

To ensure sufficient heat input to the test specimens, each specimen will be pre-heated to a
temperature of at least 800' C and held to at least that temperature for 30 minutes. This test
condition provides heat input in excess of the requirements specified in 10 CFR 71.73 (c)(4),
which does not include a pre-heat condition. The pre-heat condition assures equivalent heat
input regardless of emissivity and absorptivity coefficients.

The test environment is a vented electric oven operating greater than 8000 C. There will be
sufficient air flow to allow combustion. Air will be forced into the oven at a minimum rate of
9.6 cubic feet per minute to ensure sufficient oxygen to fully combust all package materials that
are capable of burning. This rate is based on the following analysis:

1. The only combustible material in the TP73 is the polyurethane foam.

2. The chemical composition of polyurethane is [C26H33NO13]n.

3. The products of combustion are carbon dioxide (CO2) and water (H20)
and the molecular weights of the component materials are:

C=12 H=1 0=16 N=14

4. The maximum mass of the polyurethane in a TP73 is 988 grams. The max-
imum amounts of carbon and hydrogen present in the polyurethane are
computed as follows:

Polyurethane C26  H33  N 013

Molecular Weight (26x12) (33xl)+ (lx14)+ (13x16)
+

567= 312+ 33+ 14+ 208

Percent by Mass 55.0% 5.8% 2.5% 36.7%

988 g= 543g + 57g + 25g + 363g

5. The amount of oxygen required to fully combust the carbon to carbon di-
oxide is computed as follows:

Carbon Dioxide C 02

Molecular (lxl2) (2xl6)
Weight +

44 = 12+ 32

For a given mass of carbon, 32/12 = 2.67 times that mass of oxygen is required to
fully combust the carbon to carbon dioxide. For a TP73 containing 543 grams of
carbon, full combustion would require 1450 grams of oxygen.
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6. The amount of oxygen required to fully convert the hydrogen to water is
computed as follows:

Water H2  0

Molecular (2x1) + 16
Weight

18= 2+ 16

For a given mass of hydrogen, 16/2 = 8 times that mass of oxygen is required to
fully convert the hydrogen to water. For a TP73 with 57 grams of hydrogen, full
combustion would require 456 grams of oxygen.

7. The sum of these oxygen requirements (1450g + 456 g) less the oxygen
supplied by the polyurethane (-363 g) equals 1543 grams of oxygen to as-
sure sufficient oxygen to bum the polyurethane foam. At standard condi-
tions, the composition of air is 23.2% oxygen by mass1 . Therefore, 6650
grams of air are required.

8. The volume of air is computed at a density of 1.225 grams/liter to be 192
cubic feet:

6650g/1.225g/l = 5430 1 = 5.43m 3=192 ft3

9. A 50% safety factor is added and the volume is distributed over the
30-minute test period to determine a minimum air flow rate of 9.6 cubic
feet per minute:

(192 ft3) (1.5) / 30 mrin. = 9.6 ft3/min.

The air will be introduced as compressed air passing through a flowlneter and into the oven via
metal tubing. A sufficient length of tubing will be inside the oven to ensure sufficient pre-
heating.

The temperature of the package's exterior surface closest to the air entry point will be
monitored throughout the test to ensure that the package remains above 800' C.

If the specimen is burning when it is removed, the unit is allowed to extinguish by itself and
then cool naturally. The final evaluation of the package is performed when the specimen
reaches ambient temperature.

1. Avallone, Eugene A., and Theodore Baumeister mI, Editors, Marks' Standard Handbook for
Mechanical Engineers, Ninth Edition (New York: McGraw-Hill Book Company, 1987), page 4-27
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6.6.1 Thermal Test

To perform the thermal test:

1. Bring the oven temperature above 8000 C.

2. Attach thermocouples to the package's internal and external measurement
locations, and inside the oven.

3. Place the package in the oven and close the door.

4. When the internal temperature of the package goes above 8000 C, start air
flow and start a 30-minute timer.

5. Measure and record the oven temperature, test specimen internal and ex-
ternal temperatures, and the air flow rate. Record whether there is any
combustion.

6. Monitor the specimen's internal and external temperatures, and the oven
temperature throughout the 30-minute test period to ensure that all temper-
atures remain above 8000 C.

7. Monitor the airflow rate throughout the test period to ensure that it remains

above 9.6 ft3/minute.

8. At the end of the 30 minutes, repeat Step 5.

9. Remove the test specimen from the oven.

10. Allow the package to self-extinguish and cool.

6.6.2 Thermal Test Assessment

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

Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.
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6.7 Final Test Inspection

Perform the following inspections after completion of the thermal test:

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

2. Profile the package using an active source in accordance with Amersham
Work Instruction WI-Q09.

3. Assess the significance of any change in radiation at one meter from the
package.

4. Determine whether it is necessary to dismantle the test specimen for in-
spection of hidden component damage or failure.

5. If you decide to proceed with the inspection, record and photograph the
process of removing any component.

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

6.8 Final Assessment

Engineering, Regulatory Affairs, and Quality Assurance team members will make a final
assessment of the test specimen, and jointly determine whether the specimen meets the
requirements of 10 CFR 71.73.
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7.0 Worksheets

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

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 you have verified the
range and 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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Equipment List 1: 30-foot Free Drop

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

Drop Surface, Drawing AT10122, Rev. B

Weight Scale

Thermometer

Thermocouple flexible probe

Thermocouple surface probe

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

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance
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Checkfist 1: 30-foot Free Drop
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

1. Measure and record test specimen's weight.

Record the specimen's weight:

Note the instrument used:

2. Immerse the test specimen in dry ice as needed
to bring specimen temperature below -400 C.

Steps 1 through 2 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

3. Measure the ambient temperature.

Record ambient temperature:

Note the instrument used:

4. Attach the test specimen to the release
mechanism.

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

6. Measure the temperature of the specimen.
Ensure that the specimen is below -40' C.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature.

Note the instrument used:

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on Page 14 on Page 15

8. Inspect the orientation setup and verify the drop
height.

9. Photograph the setup in at least two
perpendicular planes.
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

Steps 3 through 9 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

10. Release the test specimen.

11. Measure the surface temperature of the test
specimen.

Record the surface temperature:

Note the instrument used:

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used:

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

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

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

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

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance
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Equipment List 2: Puncture Test

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

Drop Surface, Drawing AT10122, Rev. B

Puncture Billet, Drawing CT10 119, Rev. C

Weight Scale

Thermometer

Thermocouple flexible probe

Thermocouple surface probe

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

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 2: Puncture Test
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

I. Immerse the test specimen in dry ice as need to
bring the specimen's temperature below -40' C.

Step 1 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

2. Measure the weight of the specimen.

Record the specimen's weight:

Note instrument used:

3. Measure the ambient temperature.

Record ambient temperature:

Note the instrument used:

4. Attach the test specimen to the release
mechanism.

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

6. Measure the surface temperature of the
specimen. Ensure that the specimen is below
-400 C.

Record the specimen surface temperature:

Note the instrument used:

7. Lift and orient the test specimen as shown in the Figure 8 Figure 9 Figure 8 Figure 9
referenced figure for the specimen. on Page 18 on Page 19 on Page 18 on Page 19

8. Inspect the orientation setup and verify drop
height.
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Checklist 2: Puncture Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

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

Steps 2 through 9 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

10. Release the test specimen.

11. Measure the surface temperature of the test
specimen.

Record the surface temperature:

Note the instrument used:

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used:

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

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

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 2: Puncture Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.
Determine the package orientation for the
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance
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Equipment List 3: Thermal Test

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

Air Flowmeter

Thermocouple (internal)

Thermocouple (external)

Thermocouple (oven)

Temperature recorder

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

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 35 of 37

Checklist 3: Thermal Test
Test Location: Attempt Number:

Specimen Specimen Specimen Specimen
Step A B C D

1. Pre-heat the oven to a temperature above
8000 C.

2. Attach the thermocouples the specimen's
internal and external measuring points.

3. Place the package in the oven and close the oven
door.

Record the date and time that the package is
placed in oven.

4. When the specimen's internal temperature
exceeds 800' C, start the air flow into the oven.
Record the time.

Steps 1 through 4 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

5. Measure the oven temperature, the specimen's
internal and external temperatures and the air
flow rate.

Record the oven temperature:

Note instrument used:

Record the specimen's internal temperature:

Note instrument used:

Record the specimen's external temperature:

Note instrument used:

Record airflow, rate:

Note instrument used:

6. Monitor the internal and external temperatures
of the specimen and the oven temperature
throughout the 30-minute period to ensure that
they are above 8000 C.
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Specimen Specimen Specimen Specimen
A B C D

7. Monitor the airflow throughout the 30-minute
period to ensure a rate of at least 9.6 ft3/min.

8. At the end of the 30-minute period, repeat step 5

using the same measurement devices.

Record the oven temperature:

Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity:

Steps 5 through 8 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

9. Remove test specimen from the oven.

Record time the specimen is removed.

Describe combustion when door is opened to
remove specimen.

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

10. Measure the ambient temperature.

Record the ambient temperature:

Note the instrument used:

11. Photograph the test specimen and any
subsequent damage

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

Steps 9 through 12 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Step

13. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance
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Appendix A: Drawings

Test Specimen
TP73, Rev. A

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66025, Rev. F (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66025, Rev. B (4 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. D (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. A (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. - (4 sheets)







































$FNTINFL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Appendix B

Appendix B-: Selected
Fasteners

The stainless steel screw selected for the end-plate fasteners is 51959-81 as specified in Military
Standard 51959, a copy of which is included in this appendix. The item is highlighted on page 2 of the
specification.

The toughness versus temperature curve below shows the consistent toughness of stainless steel over a
wide range of temperatures. The curve is excerpted from Deutschman, Aaron D, Walter J. Michels, and
Charles E. Wilson, Machine Design: Theory and Practice (New York: Macmillan Publishing Co., Inc.
1975), page 136.

Low temperature effects

As the temperature is lowered, there is an increase in yield strength,
tensile strength, elastic modulus, and hardness and a decrease in ductility
for metals such as aluminum and aluminum alloys, nickel alloys, austenitic
steels, lead, and copper. Carbon and low alloy steels tend to become embrittled
at much higher temperatures than the aforementioned metals. Embrittlement
is measured by loss of toughness over a small temperature range (for
example, see Section 3.21) when tested by the Charpy or Izod. machines.
The transition temperature is taken to be that for which the impact energy is
reduced by 50 .% of its ductile value. Figure 3-43 shows some average value
curves of toughness (energy in foot-pounds) versus temperature for a variety

n

-300 -200 -100 0 t00 200 300

Temperature. *F

Figure 3-43 Toughness versus temperature for several metals.
Note the sharp drop in toughness that takes place within a narrow
temperature range. (From V. M. Faires: Design of Machine Elements,
4th ed. The Macmillan Company, New York, 1965.]
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Appendix C

Appendix C: Referenced
Materials

The following is an excerpt from Avallone, Eugene A., and Theodore Baumeister III, Editors, Marks'
Standard Handbook for Mechanical Engineers, Ninth Edition (New York: McGraw-Hill Book
Company, 1987), page 4-27.

Table 41.5 Approximate Inveruion-Curve Locw* for Air

1,.bar 0 25 50 75 t00 12S 150 175 200 225

T..K (112)" 114 117 120 124 128 132 137 143 149
K 653 641 629 617 606 594 582 .563 555 541

p. bar 250 275 300 325 350 375 400 425 432

r 5 16 164 273 194 197 212 230 265 300
K 526 509 491 470 445 417 316 345 300

,H1F1Xhtlilfa1 lu--Prcusurc limit-

Loss Due to Throttling A throttling process in a cycle of
operations always introduces a loss of efficiency. If To is the
temperature corresponding to the back pressure, the loss of
available energy is the product of T9 and the increase of
entropy during the throttling process. The following example
illustrates the calculation in the case of ammonia passing
through the expansion valve of a refrigerating machine.

EXAmPLE. The liquid ammonia at a temperature of 70'F passcs
through the valve into the brine coil in which the temperature is 20 deg
and the pressure is 48.21 psia. The initial cnthalpy of the liquid ammo-
,si is h1f - 120.5. and therefore the final cnthalpy is hAp + xz2hj 1, -

64.7 + 553.lz, - 120.5. whcnce x, - O.0l.Tbc initial entropy is sif
- 0.254. Thc final cntropy is sf, + (5 2hfilTj) m 0.144 + 0.101 X
1.153 - 0.260. To - 20 + 460 -

4
K0. hcnce the low of rfrigerating

csrect is 480 X (0.260 - 0.254) 2.9 Btu.

COMBUSTION

RFERtENCES: Chigicr. "Energy. Combustion and Environment."
McGraw-Hill. 1981. Campbell. Thcrmodyuamic'Analysis of Comtbus.
tion Engines." Wilcy. 1979. Glassman, -Combustioa.- Academic Press,
New York. 1977. Lcfebvre."Gas Turbine Combustion: McGraw-Hl.
New York. 1983. Strchlow. -Combustioan Fundamentals," McGraw-
Hill. New York. 1984. Williams ct al.. "Fundamental Aspects of Solid
Propllant Rockets.- Agardograph. lid, Oct. 1969. Basic thermody-
namic table type information needed in this area is found i Gluashlim et
AL -Thermodynamic and Thermophysical Propesries of Combtstion
Products." Moacow. and [PST translation; Gordon, NASA Technical
Paper 1906. 1982: "JANAF Thcrmochemical Tables," NSRDS-NDS-
37. 1971.

Fuels For special properties of various fuels, see Sec. 7. In
general, fuels may be classed under three heads: (I) gaseous
fuels. (2) liquid fuels, and (3) solid fuels.

The combustible elements that characterize fuels ar caur-
bon. hydrogen, and. in some cases. sulphur. The complete com-
bustion of carbon gives, as a product, carbon dioxide, C01: the
combustion of hydrogen gives water. HO.

Combustion of Gaseous and Liquld Fuels

Combustion Equatlons The approximate molecular weights
of the important elements and compounds entering into com-
bustion calculations are:

For the elements C and H. the equations of complete com-
bustion arc

C + O = CO,12 lb + 32 lb = 44 lb
H, + XOz = HzO

21b+ 6lb l- 18[lb

For a combustible compound, as CH.. the equation may be
written

CH. + x- O = y' CO, + z- H2O

Taking. as a basis. I molecule of CH. and making a balance
of the atoms on the two sides of the equation, it is seen that

y = I z = 2 2x = 2y + z or x= 2

Hence.

CH, + 20, = CO, + 2H1O
16 lb + 64 lb = 44 lb + 36 lb

The coefficients in the combustion equation give the combin-
ing volumes of the gaseous components. Thus. in the last equa-
(ion I ft, of CH, requires for combustion 2 ft' of oxygen and
the resulting gaseous products of combustion are I ft2 of CO2
and 2 ft, of HO. The coefficients multiplied by the correspond-
ing molecular weights give the combining weights. These are
conveniently referred to I lb or the fuel. In the combustion of
CH,. for example. I lb of CH. requires 64/16 = 4 lb of oxygen
for complete combustion and the products are 44/16 - 2-75
lbofCO, and 36/16 = 2.25 lb of H2 O.

Air Required for Combustion The composition of air is
approximately 0.232 0 and 0.768 N, on a pound basis, or 0.21
02 and 0.79 N, by volume. For exact analyses, it may be nec-
essary sometimes to take account oa the water vapor mixed
with the air. but ordinarily this may be neglected.

The minimum amount of air required for the combustion of
I lb of a fuel is the quantity of oxygen required, as found from
the combustion equation, divided by 0.232. Likewise, the min-
imum volume of air required for the combustion of I ft, of a
fuel gas is the volume or oxygen divided by 0.21. For example.
in the combustion of CH. the air required per pound of CHis
4/0.232 - 17.24 lb and the volume of air per cubic foot of
CH4 is 2/0.21 = 9.52 ft'. Ordinarily. more air is provided than
is required for complete combustion. Let a denote the mini-
mum amount required and xa the quantity of air admitted;
then x - I is the exce €oef•i•ient.

Products of Combustion The products arising from the
complete Combustion of a fuel are COz,. HO. and. if sulphur
is present. SO. Accompanying these are the nitrogen brought
in wiLh the air and the oxygen in the excess of air. Hence the
products of complete combustion are principally CO2 . H 20.
N2. and 01. The presence of CO indicates incomplete combuatioa. In
simple calculations the reaction of nitrogen with oxygen to
form noxious oxides, often termed NO_. such as nitric oxide
(NO). nitrogen peroxide (NO,). etc.. is neglected. In practice.
aSr automobile engine is run at a lower compression ratio to
.educe..tiO, formation. Thc reduced pollution is bough:. ::z:h

M
aterial ...- -C- H2  02 N, CO CO,

Molecular weight 22 2 32 28 28 44
HO CH. CHR. CjH5O S NO-NO-- SO,

18 16 28 46 32 30 46 64
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I s •1 #AY/
Equipment List 1: 30-foot Free Drop

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

Drop Surface, Drawing ATI0122, Rev. B 01 s ,c- A--Ir-ct4

Weight Scale m /', 1 seE Arm1-.4

Thermometer OMCM"A/EN& .E& I Anr
Thermocouple flexible probe OM66A N&I .-1E Arrp:4

Thermocouple surface probe 0"6&A /ENl C -13 S•e" A4-ra.*

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

-r4-tfflOCeL~tu- STRAW(I~r R451E 0149A /E(& - 1LH SGE ATTA~CH~

Verified by: Signature Date

Engineering c4 •. i&,

Regulatory Affairs );)- Q

Quality Assurance 1% 9- .y7'

C. In.
:~I~ ~
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Checldist 1: 30-foot Free Drop
Test Location: VAuTR.E G-•RJ'p G L. MA Attempt Number:

Step ecimen Specimen Specimen Specimen

____________________ ik _ B C D

1. Measure and record test specimen's weight. :i' • 4 A- • 1.

Record the specimen's. weight: 5'q L6

Note the instrument used: 35019 _ 34 4 15t 1 35 1

2. Immerse the test specimen in dry ice as needed
to bring specimen temperature below -40' C.

Steps 1 through 2 witnessed by:

Engineering _ ,

Regulatory Affairs -_-)

Quality Assurance

3. Measure the ambient temperature.

Record ambient temperature: 3.9 F

Note the instrument used: i I?. E .6-.

4. Attach the test specimen to the release
mechanism.

5. Begin video recording of test so that the impact 5 Toe
is recorded.

6. Measure the temperature of the specimen.
Ensure that the specimen is below -40 C.

Record the specimen's internal temperature: - 7/. q *C _

Note the instrument used:. z z .1' S '7-

Record the specimen's surface temperature. .. ,

Note the instrument used: •1 "1 II•

7. Lift and orient the test specimen-as shown in the Figure 6 Figu e 7 F gure 6 Fig re 7
referenced figure for the specimen. on Page 14 on P: ge 15 o Page 14 on Iage 15

8. Inspect the orientation setup and verify the drop D B
height.

9. Photograph the setup in at least two .00 ,
perpendicular planes. e.

...... ..... -

. . . . . . . . . . . .. .rS• •....~. - *......
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: &zovE.LAM3, MA. Attempt Number: I

Step Stacim en Specimen Specimen Specimen
W B C D

Steps 3 through 9 witnessed by: /j- -jf -- /•

Engineering

Regulatory Affairs 9

Quality Assurance YFl VJ•4,f

10. Release the test specimen.

11. Measure the surface temperature of the test po BSA b

specimen.

Record the surface temperature: -3. 6 C,

Note the instrument used: EN6-" 4E- -- &
ýONm-%Q ,::!j. -17 "12

12. Measure and record the test specimen's weight.

Record the specimen's weight: -5q ._ ____

Note the instrument used: 33a sO .as( 11 1 3.5b IN L

13. Pause the video recorder. Ensure that the point 1630
of impact and orientation specified in the plan 91
have been achieved and recorded.

14. Record damage to test specimen on a separate - - ___,__

sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance Kr/9 i-,' __

. . . . ... ..''1•• . "".
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: &WJE4.MJP>, f*. Attempt Number: I

Step Specimen Specimen Specimen Specimen
C' • B C D

15. Engineering, Regulatory Affairs and Quality I2•k( j,/j/

Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on .,
a separate sheet and attach. I I
Determine what changes are necessary in )
package orientation for the puncture test to _ I _

achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance 191 - tr

- f- -



I -

s &vj c 5- T~AM'

5P1L2-A SI HIT, CM Aýý 2 N PLAT S~rv411mr swe
A"oINh~4

* *e KTaE______

F~L~j0 FzUr(Ad

A 7 -- C-

it .7 .
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Equipment List 1: 30-foot Free Drop 2- J4~83S~

Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Drop Surface, Drawing ATI 0122, Rev. B sec Ar.rAci.

Weight Scale 5,c'e See •'At1A..

Thermometer EX&" I Z

Thermocouple flexible probe ENG -LI I•e A-rP"tcH

Thermocouple surface probe eu&- 13

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

-rIVMOfcxjpLC- 5flRA%&4T P~RC311 EK& . IL S~dE ATTflA*i

Verified by: Signature Date

Engineering __________ 4 ~

Regulatory Affairs

Quality Assurance 9r I 9-
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Checklist 1: 30-foot Free Drop
Test Location: TALL.1 - Ek - GP5JY••lAPJP MAA Attempt Number:

Step S ect e Specimen Specimen Specimen
B C D

1. Measure and record test specimen's weight. CI&2 .W W-

Record the specimen's. weight: . '

Note the instrument used: 350 L 3SO 1 LA 26 14 356 4

2. Immerse the test specimen in dry ice as needed Q ' 17A EL
to bring specimen temperature below -400 C. 91

Steps I through 2 witnessed by:

Engineering

Regulatory Affairs /

Quality Assurance y( - - a.-1a

3. Measure the ambient temperature. Z4> "1

Record ambient temperature: ... - -

Note the instrument used: ENT I -aiSN6

4. Attach the test specimen to the release .
mechanism.

5. Begin video recording of test so that the impact Z4
is9recorded.

6. Measure the temperature of the specimen.
Ensure that the specimen is below -400 C. - _-_

Record the specimen's internal temperature: - •. *

Note the instrument used: F_•N -tJ-i

Record the specimen's surface temperature. - - ____----_

Note the instrument used: "t'-,. 1
.13.

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

Figure 6
on Page 14

Figure 7
on Page 15

Figure 6
on Page 14

Figure 7
on Page 15

8. Inspect the orientation setup and verify the drop -4Ztif
height.

9. Photograph the setup in at least two 06 2. DLc
perpendicular planes.
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Equipment List 1: 30-foot Free Drop Se -D S/2X*2 3s-7o

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

Drop Surface, Drawing AT10 122, Rev. B 01 -; ,ec ATrAcH

Weight Scale 301 5e" ATT'ic--4

Thermometer EX& - I Z

Thermocouple flexible probe ENG -1I -56e Ar•nr<7-
Thermocouple surface probe ENC S- -3

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

Miggmocwupue stmAK&i Nose EKJ(& SG67 ,'Trn'ic

Verified by: Signature Date

Engineering , Q4 14 Yuk,,iel /

Regulatory Affairs /..I(:)

Quality Assurance



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 1*74
December 17, 1997

Page 27 of 37

Checklist 1: 30-foot Free Drop
Test Location: VALuI Ti•" Gjalu,'JAP M A Attempt Number: ? 'ei

Step Specimen Specimen Specimen Specimen
A B C D

I. Measure and record test specimen's weight. .

Record the specimen's. weight: _-_4,___

Note the instrument used: 3501 3SC1 4 ,51.4 356 1(

2. Immerse the test specimen in dry ice as needed 2 Dec.

to bring specimen temperature below -40' C.

Steps I through 2 witnessed by:

Engineering Z1~ 7
Regulatory Affairs............ . - _ -_

Quality Assurance IKok :ZT-,9

3. Measure the ambient temperature. ,

Record ambient temperature: '/

Note the instrument used: ............
i~~~b-itl ~~ý ,s it,-l '4-q .--- gb

4. Attach the test specimen to the release V4. DECL
mechanism. 

9"

S. Begin video recording of test so that the impact a-24 DEC
is recorded.

6. Measure the temperature of the specimen. ,
Ensure that the specimen is below -40' C.

Record the specimen's internal temperature:

Note the instrument used: - ."r-_

Record the specimen's surface temperature.

Note the instrument used:.' .' -

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on P ge 14 on Page 15

8. Inspect the orientation setup and verify the drop 2 06CC.

height.

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

Tomw¶
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: Grzo '/LArP, hA. Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

Steps 3 through 9 witnessed by: iYA- /A'

Engineering

Regulatory Affairs ____,,-

Quality Assurance KK#12-c1-'

10. Release the test specimen. 1 '% DEC

[1. Measure the surface temperature of the test
specimen.

Record the surface temperature:
Note the instrument used: /N& -!. EN -, r-1

_ • -13 4-il

12. Measure and record the test specimen's weight. 7

Record the specimen's weight:

Note the instrument used: 3S 1 3SO 'A 14

13. Pause the video recorder. Ensure that the point 14

of impact and orientation specified in the plan 'E

have been achieved and recorded. 5.7

14. Record damage to test specimen on a separate '1 "PEf.

sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs /

Quality Assurance f< & V4'
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Sayrecw A- S.j , 5!S -7

Equipment List 1: 30-foot Free Drop t t R3,_CF-?C- P - f T • '

Enter the Model and Attach Inspection Report or
Description Seria.-l- Number Calibration Certificate

Drop Surface, Drawing AT10122, Rev. B rI Sm_ A46A.

Weight Scale 3 1c 9 St-i- Am&k.

Thermometer t-C. - 12 A,. &,

Thermocouple flexible probe - , , A*-61e.
Thermocouple surface probe a.. -

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

Verified by: Signature Date

Engineering ,L. 14 . '.

Regulatory Affairs )/3 fr,1--
Quality Assurance r, -

'-IV
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Checklist 1: 30-foot Free Drop
Test Location: fl-,. --, MvA Attempt Number:

Step Specimen Specimen 91pecimen •pecimnen

A B C D

1. Measure and record test specimen's weight. - 7 9 " .S ib.. 97 z b--.7r 7

Record the specimen's weight: - -6 , .L '

Note the instrument used: (/ abN __ _ 3 ). 3 • "

2. Immerse the test specimen in dry ice as needed 23 Z3 (j -zq (.SZZ (L2-• 3q

to bring specimen temperature below -40' C. IE L. _Iw"

Steps I through 2 witnessed by:

Engineering €i

-____ ~Regulatory Affairs ~q

Quality Assurance Kjy p( ,1 j- 1*' i -4 KIM KN__-/__T

3. Measure the ambient temperature. 23 bte. 1 7 Z ,..7 .2 3 bWa.,7 2'-9 •te.,? 7

Record ambient temperature: - . _F,.

Note the instrument used: U--• 12 ,., 12 .-N - z EN ,r.1.-. Ir-- t.I t--1 &4& .,i- A4 6.t IA.) E-N C.- I L

4. Attach the test specimen to the release 23 ( y, , 23 53 2.4

mechanism. 11. 3 WC "). "J

5. Begin video recording of test so that the impact .2,3 •- 23 204
is recorded. 97 7 "• 1

6. Measure the temperature of the specimen. 2'4 t,•.7 C-U 73 24t::•' 7

Ensure that the specimen is below -400 C. W.

Record the specimen's internal temperature: -7 l. - 50 C. e- - e/. - 7-, g _

Note the instrument used: r.G -42 FN4& 1ZC - 12 ,,. i2

Record the specimen's surface temperature. - q -. - ?L. _ ,
Note the instrument used: •N C-1- I ? . E_,A a 12• eA cý I z . F-_t LZ

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on Page 14 on Page 15

8. Inspect the orientation setup and verify the drop '23 " j• v .5 13:?b 2Lq
-Dect -- 'DEC -per.height. 37-9 --

it

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

23 lb".cA7

,01f91

24 bvA,.V7

'Im

Z'S DLe.97 G 7 z
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: IALL6E' T eoaArp' MA Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

Steps 3 through 9 witnessed by: n

Regulatory Affairs , ,)/.,

Quality Assurance K Wifg-• - i i- -- -

10. Release the test specimen.

I1. Measure the surface temperature of the test I".:L 13 tb -. ?' 7
specimen.

Record the surface temperature: " ,- _-____"-.... .. -59 e '- .g , _ ._ -___ _ .
Note the instrument used: _, 2- VAG I ? .- f Z. 17- 1

T3 t, F-L- ~ je'- 3 LWf-z 1qr7
12. Measure and record the test specimen's weight. 01M 2. 3.O

Record the specimen's weight: 4- ,-1 5 1"c6 S a-"b I.sbib l"J .n i/

Note the instrument used: " t L±L . ±.." . I

13. Pause the video recorder. Ensure that the point a2.q . -- -
of impact and orientation specified in the plan 'D igEL
have been achieved and recorded.

14. Record damage to test specimen on a separate -_
sheet and attach. - L -9)

Steps 10 through 14 witnessed by: An

Engineeringyfi 2 q

Regulatory Affairs _ _ _

Quality Assurance 144 ~ ~ i-(d~
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: Vc 27-- - •A Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

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

Test Data Accepted by (Signature): Date:

Engineering/ I• )4 e
Regulatory Affairs

Quality Assurance ¢i 1 7-g

I . . - -.



30-foot Free Drop Test Assessment

The test was executed per test plan #74, therefore it was performed in accordance with 10 CFR
71.

Unit S2 was needed for replacing Unit C, since Unit C did not hit the target impact point. There
was no adjustment to the torque values of the end plate screws. The penetration test and 4-foot
free drop test was performed on S2 before the 30-foot free drop test.

Unit D was dropped twice since it did not hit the target impact point. Second attempt hit same
impact point as previous. This produced worst damage of all attempts.

Based on assessment of damage, there is no indication of any damage that would alter original
acceptance of test specimens to meet requirements of 10 CFR 71.

As there is no structural damage to the dropped units, conclude that testing will continue as
described in test plan 74.

Except for specimen B and D, there was no change in orientation for the puncture test.
Orientations for specimen B and D was changed to try to peel back the area of the end plate left
by the removed handle.

14



Intermediate Test Inspection

Damage recorded for each test specimen. See attached.

It was decided to delay the radiation profile of the test specimen, since it could possibly affect
their structural integrity and affect the outcome of the thermal test.
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SENTi-;:;
Amersham Corporation
Burlington, Massachusetts

Tes, Plan ,74
December 17, 1997

Page 30 of 37

Equipment List 2: Puncture Test b _#- 3Sio

Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Drop Surface, Drawing ATIO122, Rev. B

Puncture Billet, Drawing CT101 19, Rev. C S o-

Weight Scale cO-AU I A.%
Thermometer -. M I t .t

_ _ _ _•__-2., ______ _ __r _

Thermocouple flexible probe , - I k ApTc-H
Thermocouple surface probe 1 -1 I .k Arr7c+i

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

Verified by: Signature . Date

Engineering 14 ,

Regulatory Affairs ..-

Quality Assurance I'2 C '



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 31 of 37

Checklist 2: Puncture Test
Test Location: &.oue LANP /l A Attempt Number:

Step Specimen Specimen 1 Specimen
A B D

1. Immerse the test specimen in dry ice as need to (5'A(tk i.i.e-_ 14j- 5L "z

bring the specimen's temperature below -40' C. TEL 9S51
Step I witnessed by:

Engineering

Regulatory Affairs , -

Quality Assurance VN 1  7 j -1(N-t j4¶ ____.__ 7 "L- J.."i

2. Measure the weight of the specimen. ?4 t 7 77

Record the specimen's weight: 5-$ , l sb - I 52, lb .-"s- V. E /6

Note instrument used: 1 435-01,1 35,511 f 1, 4

3. Measure the ambient temperature. 7.- t EL 2 •, •?t D-- 2___ pEC..
.... . - - - - - -

Record ambient temperature: 60._ ) 3 _,__. 3.3 /. ._

Note the instrum ent used: h -1t 6-a.. 6-V6-191J.- " -

4. Attach the test specimen to the release T 2.e., 97 .L) .. -L

mechanism. 9"

5. Begin video recording of test so that the impact 2q D-q L- ' Z4 1 _4
7a ~ 97 V( - U

is recorded. 9 1 -- -- )

6. Measure the surface temperature of the ZLl 6w.97 Z4 b 7 z9bve.77 ?-'-Ibt.r"7

specimen. Ensure that the specimen is below-400o C. A03 , ,a5AW
Record the specimen surface temperature: - - -57. C -.5".5'C

Note the instrument used: eV-__ _ _ 6-__. __6-1_ Z A16- 5?*at&t -0 41 Qa ~ -13 •8!--A -13 :11tAG -13

7. Lift and orient the test specimen as shown in the Figure 8 Figure 9 Figure 8 Figure 9
referenced figure for the specimen. on Page 18 on Page 19 on Page 18 on Page 19

8. Inspect the orientation setup and verify drop 7.4 p,4.

height. F7 ?_____7 _ _ _



S-N TIN.EL
Amersham Corporation
Burlington, Massachusetts

!est Plant #74
December 17, 1997

Page 32 of 37

Checklist 2: Puncture Test (Continued)
Test Location: VACtj "fý &POUE LMP•I M . Attempt Number:

Step Specimen Specimen .Secimene Specimen

A B D

9. Photograph the setup in at least two Pet -q
perpendicular planes.. 97

Steps 2 through 9 witnessed by:

Engineering

Regulatory Affairs cw'g _ ___

Quality Assurance "NA 12-jen if- "4' 1 KIg , T--

I ýA f, 2!.LkVDEL tL14WC Z92'10. Release the test specimen. 91

t 1. Measure the surface temperature of the test z4 bt.. 97 r'Li - F7 zV lte.,7 Z4t ble- 77

specimen.. - .

Record the surface temperature: a a.. C . -.).,LL..

Note the instrument used: &- - tz Emew- R. EK, -.

12. Measure and record the test specimen's weight. Z.,- b,-ke-,V7 24- J> Le-, V7 •'t-a 4D % 7 Z4l IPf, F 7

R eco rd th e sp ec im en 's w e ig h t: - 0 -14 5 & n / s r, 6 6 1 6 S ".6 ". m l -

Note the instrument used: it, S-D5"bl'q Zg.5":n 1-/ :tt3-0._ lt q3S'

13. Pause the video recorder. Ensure that the point Wi.i. 7 2k VV . - 2 Ts:_ 3Z Da 2.4
of impact and orientation specified in the plan .2
have been achieved and recorded.

14. Record damage to test specimen on a separate 9? $r 7
sheet and attach.

Steps 10 through 14 witnessed by:

Engineering 1s4A AW -V
Regulatory Affairs 1, A ,O-,

Quality Assurance 19 1-T-q O JAýIkk v



SENTINEL,
Amersham Corporation
Burlington, Massachusetts

Test ;r].., 474
December 17,1997

Page 33 of 37

Checklist 2: Puncture Test (Continued)
Test Location: UALLý ' MA6G.patt6l-&V, MA. Attempt Number: \

Step Specimen Specimen Specimen Specimen

A B D

15. Engineering, Regulatory Affairs and Quality

Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.
Determine the package orientation for the
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance

/V



Puncture Test Assessment

The puncture test was executed per test plan #74, therefore it was performed in accordance with
10 CFR 71.

Based on assessment of damage, there is no indication of any damage that would alter original
acceptance of test specimens to meet requirements of 10 CFR 71.

As there is no structural damage to the dropped units, conclude that testing will continue as
described in test plan 74.

Since the damage for specimen B did not produce a gap in the shell or end plates, It was decided
to not perform the thermal test on this specimen.

There is no special orientation for the thermal test. All specimen to be oriented on their feet.
This will allow optimal air flow in and around open gap areas of the damaged shell and end
plates.

14fqki

~q



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 34 of 37

.•pa, A s-,4#,8328'

b-
Equipment List 3: Thermal Test

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

Air Flowmeter ;3 (--7 tl N&•0R,- S E rr•g -

Thermocouple (internal) ENm - IvA 5•F Aro-t

Thermocouple (external) EO - (7 A S" Ar".-

Thermocouple (oven) ENd' -__G K_ _ __E 47m__!_

Temperature recorder 54 AVrI'

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

_____ ____ ____ ____ ____ &(ri __1__Q_________Ct

____ ____ ____ ___Nom_ bN& - Iq S5,e,4Anqa,,

.9.
Verified by:

Engineering

Regulatory Affairs

Quality Assurance



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Tesi Plan #74
December 17, 1997

Page 35 of 37

Checklist 3: Thermal Test
Test Location: N&- ScI.ENC•S OAKRIPSE "rN. Attempt Number: I

.f --•.D f r. 4 W.. .

Specimen Specimen -,pecimen Specimen
A B ( FY7 D

1. Pre-heat the oven to a temperature above 1Z.:2..?r 3" 24 iqrm
8000 C. 90..z C 7 90%Z. 92..S*.

2. Attach the thermocouples the specimen's -- -fie- -PEC.
internal and external measuring points. 97 97

3. Place the package in the oven and close the oven" 3, 3%). X 30

door. V7_____

Record the date and time that the package is 3:26 Pt (;.I(. PM q:SO p'r1

placed in oven. 8414 e- C,-

4. When the specimen's internal temperature - PM 7:2,5 prM 5 4 PM
exceeds 8000 C, start the air flow into the oven. =.,X
Record the time. 97 V7 - "

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs / A a. , 4,:g
Quality Assurance 11244 , '•' • •' lI-'IA4¶'

5. Measure the oven temperature, the specimen's - -A ") 30
internal and external temperatures and the air 97
flow rate.

Record the oven temperature: -"(.4 90047 c, 0,0,6 c-.

Note instrument used: , IJ'l-

Record the specimen's internal temperature: SOD C, go if.

Note instrument used: -"l•.

Record-the specimen's external temperature: DOCti .3 C,, ,Z 3 I c.- Z*.2.

Note instrument used: fi 17 't1

Record airflow rate: I c.___.____

Note instrument used:

6. Monitor the internal and external temperatures
of the specimen and the oven temperature
throughout the 30-minute period to ensure that
they are above 8000 C.

97

4

97

5c~



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 36 of 37

Checklist 3: Thermal Test (Continued)
Test Location: riF& SciaNcas OARIPGnEj -N. Attempt Number: I

Specimen Specimen Specimen Specimen
Step A B ' --- D

30
7. Monitor the airflow throughout the 30-minute 1169c_

period to ensure a rate of at least 9.6 f-3/min. 9/

8. At the end of the 30-minute period, repeat step 5 3 -e .30
using the same measurement devices. 57 T 7

Record the oven temperature: q. .s5 2. 907.1 ]

Record the specimen's internal temperature: a _____ g57 Q 4'._,

Record the specimen's external temperature: g,56. "• * 1o'•

Record intake air flow velocity: ______ - - ,4O

Steps 5 through 8 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance - .- , l-,

9. Remove test specimen from the oven. - -9&30Oc Y 99 t;,
____ ---- 4

Record time the specimen is removed. 7/-.3ge P 7C'5S, ,: 0-

Describe combustion when door is opened to Reo Nor REP -r Rep '
remove specimen. NO RAMOS AAM,•

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

10. Measure the ambient temperature. ( _ LID-

Record the ambient temperature: t6.. ° ; 6 3•l ,.

Note the instrument used:

11. Photograph the test specimen and any 6-a7>
subsequent damage - 7

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

Steps 9 through 12 witnessed by:

Engineering , ie
Regulatory Affairs •qt

Quality Assurance k(/)4/• . j



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 37 of 37

Checklist 3: Thermal Test (Continued)
Test Location: 1F& 5.teta.cE 6AK PUD66,T". Attempt Number: I

Specimen Specimen Specimen Specimen

Step A B D

13. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment -
relative to 10 CFR 71. Record the assessment on ,'L"'•'
a separate sheet and attach.

Test Data Accepted by (Signature): Date:

Engineering -

Regulatory Affairs C- I -

Quality Assurance 0 9--/W 7f

VlJ
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SENTINEL

WORKSHEET

1. Device Model -s b ;• Capacity I 'O C: Isotope I /- i -Source Model Y/d "-- q.0 -fT77

II. Maximum acceptable surface reading: R C mR/hr *ZC L::+ _

Maximum acceptable meter reading: / 0 mR/hr* • -

I •/-\ I -c, C/ryZ-
III, OUI Id. r L••.*UI I I~LLIUI I rclULUI ;•;

Gl-"2 L ýY Y\ 0-1% ~V*^sA

Top /G
Right 1.!
Front 1 13
Left I ~
Rear 1,(.3
Bottom I, I

IV. Specific Instructions for loading/unloading:

V. Approved By:

Regulatory

Quality A nce

Date

Date



Page 2 of 3

Profile Worksheet Supplement (PEF-003/97) Supplement # PWS-1/98

4. ALARA Justification

Step 1:

Assuming surface intensity of 5 R/hr, source securement/unsecurement time of 2 minute and
working behind supplemental shielding to reduce body intensities to less than 500 mR/hr,
exposure estimates for operation as follows:

EW= 500 mRx 0.033 hr =17 mR
hr

EHand = (5,000 mR x 0.03350 hr
hr = 165 mR

Step 2 and 3:

Dose to personnel the same as general cutting cell work.

Profile Operation:

5 minutes for assessment of surface dose rates and general handling/adjustment at average
intensity of 1 R/hr, whole body average dose rate of 200 mR/hr for 15 minutes for one meter
dose rate readings.

= (200
mRX
hr

0.25 hr) = 50 mR

EH.,, d :: ( 1,000 mRx 0.083 hr) = 83 mR
hr

RHP Approval Initials & Date i2 ýi•4~

WP Form: PEF3-98.sup Revision 0 - 09 Jan 98



Page 3 of 3

Profile Worksheet Supplement (PEF-003/97) Supplement # PWS-1/98

5. Authorized Individuals:

Profile: 0 RT Qualified & Operationally Approved for Device Profiles

Others: RSO. RAM. E. Shaffer. R. Kelly

Steps 2 & 3: RT Qualified & Operationally Approved for Cutting Cell Procedure

Others: E. Shaffer. R. Kelly. RSO. RAM

6. Operational Hold-points:

None.

7. Other Applicable Comments/Criteria:

None.

RHP Approval Initials & Date: _______-___

Revision 0 - 09 Jan 98WP Form: PEF3-98.sup



SEN71MIEL

660/660E3 DEVICE PROK--LINU l--Uhl Vi

3m
Device Model No.: I,•(,A(Z Device Serial No."• • 3c

q-T1o 1 ('0-ý>
Model-424-9 Source Serial Number: ( ci I L Activity: q 3, Q

Surface Survey Instrument: D77-" Serial No: Cal Due: -3

One Meter Survey Instrument: _:-1#-;S-ý-Serial No:_ __ Cal Due:____

SURFACE READINGS ONE METER READINGS
mR/hr mR/hr

. Actual Actual

TOP i o{f
RIGHT f,'- I-3.L

FRONT [,(3 139 -9

LEFT TO D ) I l".x

REAR L3 '5AD~

BOTTOM I~i j* l

C)

to 0

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

,0ff
,1,q

;),I
0.-7S

0, -70,o

INSPECTOR A(2 ~' DATE: NCR No.:

Comments:

F"Amersham QSA
WI-Q05



5ENI7INiEL

660/660B DEVICE PROFILING FORM

Device Model No." & o - Device Serial No.:

Model 424--a Source Serial Number: )Jý6o / Activity: 3 - C",
Z" 5b 0 M F-',

Sttrfaee-Survey Instrument: AA/Pb. : Serial No: Ca- Du"e.....___ Serial___NCa Due: -5 / [

tie-M-e•er Survey Instrument:-r-c•-4 _ Serial No: P - •/ 1-4-Cal Due: 1 ]- •j='

Z __ r-,_ SURFACE READINGS ONE METER READINGS

mR/hr mR/hr

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

A1 ee-d Actual

r~y- ag I

qp. •o

FAY-••/~v-

TOP

RIGHT

FRONT /, -

LEFT

C REAR.BOTTOM

OTTO-

______ Actual

INSPECTOR: -- /', DATE: c v\ NCR No.:
V

Comments:

-- Alo s ,-' c. c ,.'-Y-e 4-:-ý&- ', / •! ._ •.•--c. . ,,l ,

vo- 4-ý V-- A
2 Ce ~oe4 c ?-,-, A ~ a.~3.

• ,,•.f ,- ,-• o,-.., • . I '• -,,._ • Amersham QSAC 0

W1Q0 Y-



SENTINEL

660/660B DEVICE PROFILING FORM

-F'-"7 3

Device Model No.: {o(0o B Device Serial No.: F-vzW/- & [

Model 4-249--Source Serial Number: ( oo 1 (e Activity: •Q,-7 -7

Surface Survey Instrument: " - Serial No:1'•)V/ S Cal Due:L2/L/

One Meter Survey Instrument:- S-, Serial No: - Cal Due:

SURFACE READINGS ONE METER READINGS

mR/hr mR/hr

1 Actual Ax ad Actual

TOP 3 TOP R o3 1. . I

RIGHT RIGHT JL5 9 ~

FRONT FRONT 2AL .
LEFT 50 LEFT ;2, a (-

REAR 10 REAR 4,JL 3,o

BOTTOM S6 BOTTOM JL-7 I, I

INSPECTOR DATE: 3 A.^ NCR No.:

Comments:

S•-L"-r •x, %p-v' 4-rA- 4,v\C.I o L.z:;., . ci.l -

rAmersham QSA
WI-Q05



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 26 of 37

Equipment List 1: 30-foot Free Drop ýý-kg3'16
Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Drop Surface, Drawing ATl0122, Rev. B s A, " 'r,4

Weight Scale 6 Tqe*

Thermometer ,,Mk&A E i Z [ •. %.rE

Thermocouple flexible probe O &~A / ( I - SGE Arm<-4

Thermocouple surface probe O;6&A ! 13 S e . ATkcvi

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

certificate.

pc LC w P M96A EX& - 114 ScdF AiT*C

Verified by: Signature Date

Engineering A4"2__ ____.,

Regulatory Affairs ;- -

Quality Assurance 7,74 izi /
I I



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 27 of 37

Checklist 1: 30-foot Free Drop
Test Location: VA T-R66- lgtW6t.?ME MAi FA83A-94 Attempt Number: )V

'A 1. jrgý
Step Specimen Specimen Specimen Specimen

-a- C D- fE-oW%5 ý3

I. Measure and record test specimen's weight. .55 ... 3 1&, 5>a•- s• s )

Record the specimen's. weight: , ,•

Note the instrument used: 35014 3SC1L) .5• c 14 35..

2. Immerse the test specimen in dry ice as needed tl Tp',, (3W lk
to bring specimen temperature below -40' C. TWO

Steps I through 2 witnessed by:

Engineering / -_ -,

.................. .. .. Regulatory Affa..irs

Quality Assurance OpI, r R, i - -,,A

3. Measure the ambient temperature. ii yPi j'tr-' V94

Record ambient temperature: ,I,. (°f /,.

Note the instrument used: '. je " t'.. -"

4. Attach the test specimen to the release (
mechanism.

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

6. Measure the temperature of the specimen. 1" J', A , 9

Ensure that the specimen is below -40c C. IT,

Record the specimen's internal temperature: -77. 1 O C. -77.1 C.

Note the instrument used: g-N& T '. ej,

Record the specimen's surface temperature. - . . - 51l, C.

Note the instrument used: of&I~lz *-

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figur 6 Figure 7
referenced figure for the specimen. on Page 14 on Pagey{ on Pa e 14 on P ge 15

8. Inspect the orientation setup and verify the drop TPA
height.

9. Photograph the setup in at least two -.-l

perpendicular planes.



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 28 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: G-oO/ArPI• hA. Attempt Number: )9

Step Specimen Specimen Specimen Specimen

3Ae 63•-B-- C D

Steps 3 through 9 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance . ( - - -

10. Release the test specimen. ____---__.._

11. Measure the surface temperature of the test n
specimen.

Record the surface temperature: LIS. q c -

Note the instrument used: -- EK - -

12. Measure and record the test specimen's weight. 1 ,,r.&'i a 19 /1,,WY

Record the specimen's weight: 5b'.A$ 1f,$ 66%L1 16.

Note the instrument used: 3 3SO4 3S 1I

13. Pause the video recorder. Ensure that the point It (• 11
of impact and orientation specified in the plan 91.
have been achieved and recorded.

14. Record damage to test specimen on a separate & It
sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs e
Quality Assurance l( 4*/q%, II - -

I I



SENTINEL
Amersham Corporation

Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 29 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: &MOEL.OD-, flik. Attempt Number: +

Step Specimen Specimen Specimen Specimen
'1 .53 -")(z C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on 1 /
a separate sheet and attach. -,-3

Determine what changes are necessary in
package orientation for the puncture test to
achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering 4._
Regulatory Affairs

rQuality Assurancec tn ii'
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Equipment List 2: Puncture Test S3 •~e4#L?~SKt
Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Drop Surface, Drawing AT 10122, Rev. B 1 se5 ATTACH

Puncture Billet, Drawing CTI10119, Rev. C o -.S66 An-A.-R

Weight Scale -3SO1C, /OmA See ArT c-

Thermometer EN&- 12 tOMEA see ITrc -

Thermocouple flexible probe EK6- I I 689..A ._, PATrAc-H

Thermocouple surface probe EN&- 1 ,. A-TT/M& A -I4

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

"T'gRMOC•oPLg S'r1PAI&fW %Be•- 1HL-- /OmI.-A Se k•I-t

Verified by: Signature Date

Engineering A 14 -

Regulatory Affairs - .

Quality Assurance C, 4-~r
I i

* . ".~-7.
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VRLu.I r"E Checklist 2: Puncture Test
Test Location: (,M-ILAK)D MA Attempt Number: I

Step Specimen Specimen Specimen Specimen
B C D

1. Immerse the test specimen in dry ice as need to '1 /
bring the specimen's temperature below -40' C.

Step I witnessed by:

Engineering

Regulatory Affairs _,

Quality Assurance Ctl/If tvd

2. Measure the weight of the specimen. (•c.• I ,--

Record the specimen's weight:

Note instrument used: 3 1

3. Measure the ambient temperature. q•, 0 F:

Record ambient temperature:- --t

Note the instrument used: W-IW6

4. Attach the test specimen to the release Tpý
mechanism.

5. Begin video recording of test so that the impact 9 AZ
is recorded.

6. Measure the surface temperature of the
specimen. Ensure that the specimen is below 9S
-400 C.

Record the specimen surface temperature: - {,4, __

Note the. instrument used: 3-I 2_

7. Lift and orient the test specimen as shown in the Figure 8 Fi 9 Figu e 8 Figm e 9
referenced figure for the specimen. on Page 18 on P ge 19 on P, ge 18 on P.ge 19

8. inspect the orientation setup and verify drop it

height. 
I
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Checklist 2: Puncture Test (Continued)
Test Location: VIALLEY TRr- • L•S1U P (" MiR Attempt Number:

Step _ýpecimen Specimen Specimen Specimen

- 3 B C D

9. Photograph the setup in at least two jo(
perpendicular planes.

Steps 2 through 9 witnessed by:

Engineering _

Regulatory Affairs

Quality Assurance O LI .lf.#l

10. Release the test specimen. Irtj

11. Measure the surface temperature of the test
specimen.

Record the surface temperature: - -, .

Note the instrument used: e E---i -gs-
__________________________ -13_1-1

12. Measure and record the test specimen's weight. - - -

Record the specimen's weight: "5, \0

Note the instrument used: •3561 3SO r 3 4 33s L•,

13. Pause the video recorder. Ensure that the point .•

of impact and orientation specified in the plan
have been achieved and recorded.

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

Steps 10 through 14 witnessed by:

Engineering [A ,TA

Regulatory Affairs I !__ __

...... Quality Assurance

a ~L'Cj
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Checklist 2: Puncture Test (Continued)
Test Location: v'a.•ey i7cE• c-LAI'P 1,'4' Attempt Number:

...-Step Specimen Specimen Specimen Specimen

•.A53 B C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment 4
relative to 10 CFR 71. Record the assessment on K
a separate sheet and attach.
Determine the package orientation for the A .. "
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering A 2~ )I 1 XL-'?

Regulatory Affairs -

Quality Assurance ii (lq'

F
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Equipment List 3: Thermal Test 3 0m,'-1 C
Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Air Flowmeter 33b-Amc

Thermocouple (internal) OP,6-/_.16 -]1 A SEE Am fl
Thermocouple (external) omg&A / 9E9L-17 A See Aiv'.ci-i

Thermocouple (oven) OMF-&"/EH/6 A .SEE A77*H

Temperature recorder Ot<I-A AN& - 1! 117I IS -Sc A trA-H

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

certificate.

MV p, t&A /a&-1-"2 5c5 Amcrt

ýX 16110 70. CAL1.IPMR 27- _____________

Verified by: Signature Date

Engineering _

Regulatory Affairs I-' & 16( - ,q Ta't

Quality Assurance 8 /3 T"7F

Sb0RC.e TjtJ-A7?A 2e'FoP 17)gwiAL T17-3 ~ 592 C

..... ... ...
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Checklist 3: Thermal Test
Test Location: MM c e wa," gcd*-f ,, J- Attempt Number:

Step Specimen Specimen Specimen Specimen

A S3 BI-- C D

13 Jhft

1. Pre-heat.the oven to a temperature above80 OD / U 1/3
800 C. OA309%

2.. Attach the thermocouples the specimen's t 3 1,3
internal and external measuring points.

3. Place the package in the oven and close the oven 13 '710 1
door. 1 TV

Record the date and time that the package is 13,10 Af5 13,TAJ 19

placed in oven. tQp) 2;5(P

4. When the specimen's internal temperature 3.•7.Pri
exceeds 8000 C, start the air flow into the oven. 453 pM3 0
Record the time. ,'i W___ _,_

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance kri/". l(,• I.OCAJ 3

5. Measure the oven temperature, the specimen's 13
internal and external temperatures and the air TA,.,5
flow rate.

Record the oven temperature: %c) , 4 "e 106.7A"

Note instrument used: 6 -g_ -I

Record the specimen's internal temperature: t &_._ L ! 0C,9o . _

Note instriment used: 3%ecI
%9'46A -SN(r-3%A A___M

Record the specimen's external temperature: "3 .3. • ____3

Note instrument used: III I,1 Aftl7  EN-I 7

_______________________________ -E4&?A -1*i7 A -17A __

Record aio-ow rate: "___

Note instrument used: '33 '7 -33,•1 33 -6

6. Monitor the internal and external temperatures
of the specimen and the oven temperature
throughout the 30-minute period to ensure that
they are above 8000 C.

0~.. ...-

41
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Checklist 3: Thermal Test (Continued)
Test Location: rM&- S,, 6W, Riv.q "ir Attempt Number: I

Step

7. Monitor the airflow throughout the 30-minute
period to ensure a rate of at least 9.6 f&3/min.

8. At the end of the 30-minute period, repeat step 5
using the same measurement devices.

Record the oven temperature:

Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity:

Steps 5 through 8 witnessed by:

9. Remove test specimen from the oven.

Record time the specimen is removed.

Describe combustion when door is opened to
remove specimen.

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

10. Measure the ambient temperature.

Record the ambient temperature:

Note the instrument used:

11. Photograph the test specimen and any
subsequent damage

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

Steps 9 through 12 witnessed by:

Regulatory Affairs

Quality Assurance
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

13. Engineering, Regulatory Affairs and Quality AjA
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.

Test Data Accepted by (Signature): Date:

Engineering I e F ->b

Regulatory Affairs C L i k t'-

Quality Assurance l'lkil I i-Z-/,

• . ' i;" •.:z ,.E, -- S '' : " .: . . " .
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Equipment List 3: Thermal Test &X - 1*) III

Enter the Model and Attach Inspection Report or

Description Serial Number Calibration Certificate

Air Flowmeter 33(/ ____"-_____"_____

Thermocouple (internal) OM6-A/9-1•" A FE. AmT'CH

Thermocouple (external) OM e6A / Eti-t7 A 5aei -Aiacb
IThermocouple (oven) OlO•,t6- • •t-

Temperature recorder OMEGA FN& - 1(z 17; IS• S.Ew A/TACH
Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate.

MHERM0114MIZ- QMC~wi&A/a 125Vfrct

-%EgbrgO(ýOLf- $ThAl&14 PROSP5 OVG&A N -q- Amc~~, / p•,..I.t-( 6,

SO. " ,, pA"_ "AW/7/ / #r, 7 ,r
Verified by: Signature Date

Engineering A 3- 19-S

Regulatory Affairs C I -

Quality Assurance U, 3T,,7'

F)( I SOURL6 1-OCPATearJ B~FFVW rMFRP/1Pt. TC-:Sr 5, 65. JZI k;1

'-1
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Checklist 3: Thermal Test
Test Location: M% e OAC 00 R "W Attempt Number: I

Step .. Spcimen Specimen Specimen SpecimenSte I .-124a n I r r*1

I. Pre-heat the oven to a temperature above
8000 C.

2. Attach the thermocouples the specimen's
internal and external measuring points.

3. Place the package in the oven and close the oven 20 G
door.

Record the date and time that the package is c !3VOW

placed in oven. .', FM

4. When the specimen's internal temperature t W 9f

exceeds 800' C, start the air flow into the oven.
Record the time.

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs k&/•. K

Quality Assurance 1(1* 13jT M

5. Measure the oven temperature, the specimen's 13
internal and external temperatures and the air
flow rate.

Record the oven temperature: . 0

Note instrument used: t"& - 16" i - •" 1 6 a 7&6--It

Record the specimen's internal temperature: •K•. ý

Note instrument used: RV&( .Ws-I• N -rl'
__-___ -I A -19 A

Record the specimen's external temperature: 2 -_ ,_, ,../1_.___

Note instrument used: EK1 EM~l EaN& -7 ENG-11

Record airflow rate:

Note instrument used: .d _____"__

6. Monitor the internal and external temperatures 1
of the specimen and the oven temperature -PO
throughout the 30-minute period to ensure that
they are above 8000 C.
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Checklist 3: Thermal Test (Continued)
Test Location: NM• 5x•-6r Attempt Number: I

StepSpecimen Specimen Specimen Specimen

Step i S B C D

___ __ ___ __ ___ __ ___ __ ___ __ EX I __ _ _ _ _ _ _ _

7. Monitor the airflow throughout the 30-minute 6 13ý //
period to ensure a rate of at least 9.6 f&3/min. Jv1 1/A

8. At the end of the 30-minute period, repeat step 5
using the same measurement devices.

Record the oven temperature:
. C

Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity: .

Steps 5 through 8 witnessed by:

Engineering

Regulatory Affairs '

Q uality A ssurance k ,f 13 Ail'

9. Remove test specimen from the oven. i1 6 *s Ptn

Record time the specimen is removed. • r__

Describe combustion when door is opened to f1 F/W6,
remove specimen. -%_

NOTE: If specimen continues to bum, let it self-extinguis h and cool n• rally.

10. Measure the ambient temperature. lob

Record the ambient temperature: . 6 "

Note the instrument used:

11. Photograph the test specimen and any AP
subsequent damage

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

Steps 9 through 12 witnessed by:

Engineering

.-•U • A, ' Regulatory Affairs ,

Quality Assurance

----------- -
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Checklist 3: Thermal Test (Continued)
Test Location: Mq, '/z 041 K R oft Attempt Number: I

Step Specimen Specimen Specimen Specimen

B C D

13. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on ,
a separate sheet and attach.

Test Data Accepted by (Signature): •Date:

Engineering

Regulatory Affairs

Quality Assurance

- a5 A~r dAJCQ

a a(

P ly t r I ., h,4,a (
W-~ 4 Sý W c~ I VZ

:." -. I':c '..•: . : .•

L

4,EX;
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. 0.C. UhG-OIO

March 16, 1999

Mr. William M. McDaniel,
Facility Manager

AEA Technology, QSA Inc.
40 North Avenue
Burlington, MA 01803

Dear Mr. McDaniel:

This is to acknowledge receipt of your plan No. 80, Revision 1, dated March 12, 1999, for tesling
the Model No. 650L package. This plan was submitted in response to our Confirmatory Action
Letter No. 97-7-005, dated June 10, 1997.

We have reviewed your test plan and found it to be acceptable.

If you have any questions regarding this matter, please contact me at (301)-415-8510.

Sincerely,

Cass R. Chappell, Chief
Package Certification Section
Spent Fuel Project Office
Office of Nuclear Material Safety

and Safeguards

cc; 71-9289

IWIIIL r-.IM.j
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AEA Technology/QSA Test Plan 80

1.0 Introduction

This document describes Type B(U) transport package testing of the SENTINEL Model 650L Source
Changer, Certificate of Compliance Number 9269. The purpose of the testing is to demonstrate that the
package meets the NRC requirements for Type B(U) packages under Normal Conditions of Transport (10
CFR 71.71), Hypothetical Accident Conditions (10 CFR 71.73), and the criteria stated in IAEA, Safety
Series 6 (1985, as amended 1990).

The test plan specifies the test package configurations, testing equipment and scenarios, justifies the
package orientations, and provides test worksheets to record key steps in the testing sequence.

Refer to Appendix A for a drawing of the test specimen.
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2.0 Transport Package Description

The Model 650L source changer shown in Appendix A is 13 1/" high, 10" long, and 8 1¼" wide in overall
dimension, and has a maximum weight of 90 lb. The package consists of the following components:

a Source Capsule and Shield Assembly: The Special Form Source is contained in a capsule and
is attached to the source wire assembly. The source is shielded by a Titanium "U' tube that is
enclosed in a depleted uranium (DU) shield.

0 Outer Casing: The shield assembly is encased in two Carbon Steel shells. The inner shell is
rectangular and is 0.135" thick. The outer shell is circular and is 0.048" thick. The shells are
positioned between two, Stainless Steel, 0.135" thick top and bottom plates. The plates are
secured with four 5/16-18 hex head stainless steel through-bolts. The voids between the
depleted uranium shield and the inner and outer shells are filled with a rigid 8 pound
Polyurethane foam.

* Protective Lid: During transport, the locking assembly is protected by a 0.135" thick, Carbon
Steel lid. The lid is secured to the top plate by four 3/8-16 hex head strain-hardened stainless
steel bolts.

0 Source Locking Assembly: Model 650L has two Stainless Steel locking assemblies that keep
the source inside the Titanium "U" tube. Each locking assembly is secured to the top plate by
four / 4-20 Stainless Steel screws.

The 650L package is shown below in Figure 1.

Protective Lid

Locking Assembly

Top Plate

Titanium Tube

DU Shield

Inner Shell

Outer Shell

Polyurethane Foam

Bottom Plate

Figure 1. Side View of Model 650L Package
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3.0 Regulatory Compliance

The purpose of this plan, which was developed in accordance with AEAT/QSA SOP-EO05, is to ensure that
the Model 650L Source Changer shown in the descriptive drawing provided in Appendix A meets the
Type B(U) transport package requirements of 10 CFR 71 and IAEA Safety Series No. 6 (1985, as amended
1990).

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

Water spray preconditioning of the package is not performed as the Model 650L packages are constructed
of waterproof materials throughout. The water spray would not contribute to any degradation in structural
integrity.

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

The crush test (10 CFR 71.73 (c)(2)) is not performed because the radioactive contents are special-form
radioactive material.

The immersion test and all other conditions specified in 10 CFR 71 will be evaluated separately.
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4.0 System Failures and Package Orientations

The location of the source relative to its stored position in the shield is an important safety element.
Displacement of the source and/or shield from its original stored position could elevate the dose rate at the
surface of the package above regulatory limits. Tests in this plan focus on damaging those components of
the package which could cause displacement of the source, relative to its stored position, within the shield
and which affect the integrity of the shield itself.

System failures that could affect package integrity and cause radiological dose rates to exceed the
regulatory limits include:

" Oxidation of DU Shield during the thermal test could occur if either distortion/local
buckling 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 Shield could occur if there is significant relative displacement
between the shield and the top cover plate penetration and locking assembly.

Three orientations are considered most likely to cause damage during the 1.2 meter and 9 meter drop tests,
i.e., the most likely to cause unacceptable external dose rates. For all three orientations, the worst case
temperature is the lower limit of -40'C due to embrittlement of the DU and Carbon Steel components.

" Case 1, Horizontal, Long-Side Down: The DU shield could move through the foam
during impact, which could result in source pullout from titanium tubes. Also, due to the
low testing temperature, brittle failure of the inner and outer shells could occur. The
failure(s) may be sufficient to open a significant path to the depleted uranium shield
during thermal test and cause burning of the DU shield. The Long-Side Down
orientation is selected because the long side of the package has a stiffer configuration
than the short side, which will result in a shorter deceleration and a higher impact load.

* Case 2, Vertical, Upside Down: Deformation of the lid weldment, crushing of the foam
between the depleted uranium shield and top plate, deformation (bowing upward) of the
top plate due to the impact load of the DU shield applied through titanium source tubes
and foam, failure of the through-bolts, and failure of the locking assembly could occur.
When the package is turned upright for the thermal test, the DU shield and its integral
titanium tubes could drop down to their original positions while the source is pulled out
of the tubes by the bowed top plate or failed locking assembly. Also, a lead shim (which
will melt during thermal testing) under the DU shield could cause additional source
pullout.

" Case 3, Vertical, Top Corner Down: Failure of lid or lid closure bolts could expose the
locking assembly to damage during the puncture bar test. Failure of the locking assembly
could result in source pullout. Additionally, this orientation will load the through-bolts in
tension, and could cause them to fail.

The following orientations are planned for the puncture tests. These orientations will be modified, if
necessary, based on the results of the engineering assessments conducted after the 9 meter drop tests. The
puncture test orientations will be selected to maximize damage to the test specimens.

* Case 1, Horizontal, Long-Side Down: This orientation is the same as for the Case 1,
1.2 meter and 9 meter drop tests.
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a Case 2, Underside of Top Plate at Lid Bolt: The top plate could be pried up, and, as a
minimum, load the through-bolts in tension. The impact on the lid bolt rivnut could
damage the lid bolt connection.

* Case 3, Bottom of Package: Impact on the four Stainless Steel rivnuts could damage the
through-bolt connection. If the lid is removed during the Case 3 9 meter drop, the test
specimen will be dropped upside down such that the lock assemblies strike the puncture
bar.

The limiting orientation for the penetration bar test is discussed in Section 8.6.2.
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5.0 Assessment of Package Conformance

The Model 650L Source Changer must meet the Type B(U) transport package requirements of 10 CFR 71.
The conformance criteria are detailed in the following two sections.

5.1 Regulatory Requirements

0 Normal Conditions of Transport Tests (71.43(f)): There should be no loss or dispersal of
radioactive contents, no significant increase in external surface radiation levels and no
substantial reduction in the effectiveness of the packaging.

0 Hypothetical Accident Conditions (71.5 1(a)(2)): There should be no escape of
radioactive materials greater than A2 in one week and no external dose rate greater than
1 R/hr at 1 meter from the external surface when the package contains its maximum
design radioactive contents.

5.2 Test Package Contents

The Model 650L is designed to carry Special Form Sources. Containment of the radioactive source is
tested at manufacture. The source capsules have been certified by the Competent Authority in accordance
with the performance requirements for Special Form as specified in 10 CFR Part 71 and 49 CFR.

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

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

The Test Plan 80 (TP 80) test specimens will be Model 650L units constructed in accordance with
AEAT/QSA Drawing R-TP80, Revision D.

Drawing TP650L specifies the Model 650L package in its worst case transport conditions, which vary
depending on the Test Case. Lead shielding placement should be as described below:

Test Case Lead Shielding Placement Rationale

1-Horizontal, No lead between DU shield and long Lead between DU and shell or through-bolts
Long-Side side of inner shell, might stop DU from travelling through foam
Down during drop impact.

Specimen
TP80(A)

2-Vertical, Thickest lead under DU shield, use Lead under DU may melt during thermal test
Upside Down heavy package. and could allow DU to settle, which could

allow source pullout. Impact force will be
Specimen larger for heavier packages, which would result
TP80(B) in larger top plate deflection.

3-Top Any location, use heavy package. Lead placement will not affect lid failure, and
Comer Down impact force will be larger for heavier

packages.
Specimen
TP80(C)

For all Drop Test Cases the temperature of the specimen must be below -40'C at the time of each test, a
minimum temperature required by IAEA, Safety Series 6 (1985, as amended 1990). The low temperature
represents the worst-case condition for the package because of the potential for brittle fracture of the shield
and Carbon Steel lid.
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7.0 Material and Equipment List

The equipment checklists, test worksheets, and data sheets in Section 9.0 list the key materials and
equipment specified in 10 CFR 71 and the necessary measurement instruments.

When video recording is specified, select video cameras with the highest shutter speed practical to record
testing.

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

Three specimens are to be tested to determine the transport integrity of the package. The testing sequence
is shown below:

1. Test specimen preparation and inspection

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

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

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

5. First intermediate test inspection

6. 9 Meter (30 foot) free drop test (10 CFR 71.73(c)(1))

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

8. Second intermediate test inspection

9. Thermal test (10 CFR 71.73(c)(4)) (If applicable, see Section 8.12.1)

10. Final test inspection

Each specimen must be put through the entire test sequence, unless the thermal test is considered
unnecessary based on the test specimen condition after the puncture test and the assessment by
Engineering, Quality Assurance and Regulatory Affairs. If test conditions such as the orientation at impact
are not met during the test of a particular specimen, it may be replaced with a specimen of equivalent
construction. The replacement must go through the entire test sequence.

8.1 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 ensure
compliance with AEAT/QSA Quality Assurance Program.

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

* Quality Control, a function that reports directly to Quality Assurance, is responsible for
measuring and recording test and specimen data throughout the test cycle.
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8.2 Specimen Temperature Measurement

The penetration, drop, and puncture tests are to be carried out while the package is at or below -40'C.
Temperature measurements will be made by positioning thermocouples on the package surface and the
shield (inside the source tube).

8.3 Test Specimen Preparation and Inspection

Refer to the Specimen Preparation List in Section 9.0 to ensure that test sequence is followed. Sign and
date the list when completed.

To prepare the test units:

1. Inspect the test units to ensure that they comply with the requirements of Drawing R-
TP80, Revision D.

2. Weigh the test package, including the lid.

3. Perform and record the radiation profile in accordance with AEAT/QSA Work
Instruction WI-Q09.

4. Quality Control, Engineering, Regulatory Affairs, and Quality Assurance will
jointly verify that the test specimens comply with Drawing R-TP80, Revision D, and
the AEAT/QSA Quality Assurance Program.

5. Measure and record the location of the simulated source.

6. Place thermocouples on package surface and inside one of the source tubes.

7. Prepare the package for transport.

8. Clearly and indelibly mark the units with identification.


