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1. PURPOSE

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

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

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

1. Normal Conditions of Transport Tests per 10 CFR 71.71, including the following for each
test specimen:
a) Compression test with the test specimen under a load greater than or equal to five times
the Model 650L maximum weight for at least 24 hours.

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

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

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

2. Hypothetical Accident Condition Tests per 10 CFR 71.73, including the following for each
of the test specimens:
a) 9 meter (30 foot) drop test, in which the test specimen is dropped in an orientation
expected to canse maximum damage.
b) Puncture test, in which the test specimen is dropped from at least 1 meter (40 inches)
onto a 6 inch (152.4 mm) diameter vertical bar in an orientation expected to compound
damage from the 9 meter (30 foot) drop test.

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

The crush test specified in 10 CFR 71.73(c)(2) was not required because the source capsules

are qualified as Special-Form radioactive material.

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

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

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

badwmdlhiddhgeﬁmuvmmmmmm This could occur if
failure of the inner and outer shells or failure of the through-bolts during drop testing
results in a large, open path to the DU shield.

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

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

cfthcshieldotfaﬂureoftheimermdlorommem.

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

o Top comer down - This orientation could canse failure of the bolts holding the
protective lid in place, exposing the lock assembly to demage during the puncture test.
This orientation also loads the through-bolts, top plate, and inner shell similar to the

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

In selecting test units for the thermal test, it was concluded that an undamaged unit would not be
significantly affected by exposure to the conditions of the thermal test. In particular, for an
undamaged unit, the depleted uranium shield would still be completely enclosed within the inner
and outer shells and be supported by foam and a shim of either copper, steel, or lead. Under the
theimal test conditions, degradation of the foam and melting of the shim, if it is lead, will allow




[ (
AEA Technology QSA, fn Test Plan 80 Report
Page 4 of 21

the shield to move by a small amount. This could result in limited movement of the source
relative to the shield, but not enough to significantly increase radiation levels.

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

4. TEST UNIT DESCRIPTION

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

Specimen Serial No. | Total Weight Lead Configuration
TP80(A) 2243 800 No lead between DU shield and
(363 kg) long side of inner shell.
TPSO(B) 182 8361b Thickest lead under DU shield
(379kg) (total 3/8" thick).
TP8O(C) 195 890 Any location.
(404 kg)

Important features of the test unit construction include the following:
o The configaration of lead added to each umit for supplemental shielding was specified as
shown above to provide the worst case for the each drop orientation.

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

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

¢ The orginal carbon steel lid bolts were replaced with high strength, strain hardened
stainless steel bolts.

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

prior to testing.
5. SUMMARY AND CONCLUSIONS
All test specimens met the requirements for 10 CFR 71 Type B(U) Transport Testing, as shown
in the following table of Radiation Profile results.
Specimen Specimen At Surface, | AtOne Meter, | At Surface, | At One Meter, {AtOneMeter.
Surface Before Test | Before Test After After4ft | After Final
4 ft Drop DropTest |  Test
Test
Reg. Limits | 200 mR/br 10 mR/r 200 mR/br 10mR/hr | 1000 mR/Ar
TPSO(A) Top 84 32 94 24 2.7
Right 47 0.6 47 0.7 0.8
S/N 2243 Front 88 0.7 89 0.8 1.0
Left 56 0.6 65 0.7 0.7
Rear 74 0.7 89 0.8 0.3
Bottom 51 04 94 0.7 0.6
TP30(B) Top 60 81 71 20 28
Right 56 04 53 0.6 56
S/N 182 Front 84 0.8 83 0.8 56
Left 88 0.6 83 0.6 79
Rear 79 0.8 7 0.8 79
Bottom 74 0.5 83 0.7 11
TP80(C) Top T2 22 59 2.0 22
Right 105 0.7 71 0.7 09
S/N 195 Front 50 0.6 a7 0.5 0.6
Left 127 0.7 106 0.8 1.0
Rear 50 0.6 53 0.6 0.6
Bottom 61 0.6 59 0.5 05
Notes:

1. The final Hypothetical Accident Condition test for test specimens TP80(A) and TP80(C) was the Puncture Test.

The final test for specimen

TP80(B) was the Thermal Test.

2. Radiation profile at the surface is not required for the Bypothetical Accident Condition test (see 10 CFR
71.51(a)X2)).
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Results of each test are sumimarized in the table below, in the sequence in which the tests were
completed. Detailed results are provided in the following sections of this report, test data sheets
are in Appendix C, and photographs are included in Appeadix D.

Specimen Test Performed Test Results (Note 1)
TP80(A) | Compression Test No damage
1 meter (40 inch) penetration baron | Impact mark; no visible damage
side
1.2w::(4foot)d!op,hodzonul e Impact mark on edge of plates
on long side o Small change in radiztion profile

9 meter (30 foot) drop, horizontal on | Bent bottom plate flange inward
long side

1 meter (40 inch) puncture, Shallow dent on outer shell at impact
horizontal on long side (dropped point

twice to ensure specimen
temperature was below-40°C
(40°E))
Post-Drop Inspection o Lid secured in place
e Locks undamaged; source secured
e No significant change in source
it
o Small change in radiation profile
TP80(B) | Compression Test No damage

1 meter (40 inch) penetration bar on | Impact mark; no visible damage
side

lz}nma'(ttfoot)drop,vatiul e Impact mark on top of lid
upeids down e Small change in radiation profile
9 meter (30 foot) drop, vertical e Outer shell split open from top to
upside down bottom

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

e  Small upward deflection of top
plate

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

1 meter (40 inch) puncture on crack | Bent ghell inward slightly in area of

in shell crack
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Test Performed

Test Results (Note 1)

TPBO(B)

(com’t)

Post-Drop Inspection

e Lid secured in place

e Locks undamaged; source secured -

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

» No damage to through bolts

e No significant change in source
position.

e Outer and inner shells cracked;

opening about 3 inch (76.2 mm) by
0.5 inch (12.7 mm).

Thermal test

e Some oxidation of DU shield near
crack in shell

o Shield moved down (as expected)

e Polynrethane foam bumned off,
exposing the shield

® Some oxidation of shield near
crack in shell

o Shield self-extinguished after
removal from oven

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

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

Compression Test

No damage

1 meter (40 inch) penetration bar on
side

Impact mark; no visible damage

1.2 meter (4 foot) drop on top edge
of lid

¢ Bent comner of lid and cracked top
plate of lid (brittle failure)
e Small change in radiation profile

9 meter (30 foot) drop on top edge
of id

e Increased lid top plate crack length
in vicinity of impact point

o Locks still protected by lid |

1 meter (40 inch) puncture vertical
upside down on lid and on underside
of top plate

Broke inside of lid top plate (iocks still
protected)

Post-Drop Inspection

e Locks undamaged; source secured
¢ No significant change in source
position

o Small change in radiation profile

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

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

6. TP80 NORMAL TESTS
Compression Test

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

The vertical projected area of the unit is 8.25 inch (209 mm) x 10 inch (254 mm) or 82.5 square
inches (531 square centimeters), yielding a total load of 165 Ib (74.8 kg) for an applied pressure
of 2 psi. Since the maximum weight of the Model 650L source changer is 90 Ib (40.8 kg), a load
of 5 times the weight, or 450 Ib (204 kg), is more conservative. The total compressive load
actually used was 458 Ib to 462 Ib (208 kg to 210 kg).

Aoz :

4
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After a period of 24 hours, the weights were removed. No visible deformation or buckling

occurred and no other damage was observed for any of the test specimens.

Penetration Test
The three test specimens were subjected to the penctration test. Temperature readings taken just
before the test are summarized below.
Specimen Ambient Surface Tntomnal _
TPBO(A) 10°C -96°C -95°C
(50°B) (141°F) (-135°F)
TP8O(B) 9°C -93°C -83°C
(48°F) (-135°F) (-117°F)
TP8O(C) 10°C -90°C -80°C
(50°F) (-130°F) (-130°F)

The penetration bar target was the side of the unit in an attempt to damage the shell. For this
test, each specimen was positicned with its horizontal long side down, as shown below.

Penetration Test Orientation — All Specimens

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

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

Specimen Ambient Surface Internal
TPSO(A) 13°C 92°C 50°C
(55°F) (134°F) (-130°F)
TP80(B) 13°C 87°C 89°C
(55°B) (-125°F) (-128°F)
TP8O(C) 13°C 95°C 92°C
(55°F) (-139°F) (-134°F)

1.2 Meter (4 Foot) Drop Orientation for Specimen TPSO(A)

The drop orientations for each unit are shown below and on the next page. These orientations
are the same as those used for each specimen in the 9 meter (30 foot) drop tests.
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1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(C)

Each test specimen impacted as intended. Visual inspections showed impact marks but no
significant damage to either TP80(A) or TP8O(B). For TP80(C), a 2 inch (50.8 mm) long crack
in the top of the protective lid was observed, and the flange comer was bent.
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Results of the first intermediate inspections and assessments are summarized below. The
radiation profile of each specimen was measured, and data sheets are provided in Appendices B

and C.
Specimen Damage Source Movement Radiation Profile
(Note 1)
TP80(A) No visible damage, | No significant change Largest change at
locks functional observed bottom surface:
51mR/hr to 94 mR/hr
(Note 2)
TP80(B) No visible damage, No significant change | Largest change at top
locks functional observed surface:
60 mR/hr to 71 mR/hr
TP8X(C) Cracked top lid, No significant change | Largest change at rear
locks functional observed surface:
50 mR/hr to 53 mR/hr

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

Mmmmmmmdmﬁmymumthiﬁngmmmndmg
shift in radiation levels. Additionally, no source movement was measured. Therefore,
this change was considered insignificant.
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7. TP80 ACCIDENT DROP TESTS - TP80(A)

Speciml?&O(A)wumbjwtadﬁoa9W(30fmt)dmpMmdamcmmin
accordance with Test Plan 80. The results are described below

2 Meter (30 Foot) Drop Test
Just before the drop test, thermocouple readings for Specimen TP80(A) were as follows:

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

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

9 Meter (30 Foot) Drop Orientation for Specimen TP80(A)

The package rotated very slightly causing the edge of the bottom plate to impact first. However,

the impact was sufficiently close to ideal as to impart the desired force into the package. Visual
showed that the edge of the bottom plate had bent inward to the point where it

contacted and dented the outer shell. The edge of the top plate of the lid also bent inward

slightly.
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Puncture Test

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

Puncture Drop Orientation for Specimen TP80(A)

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

Following the test, the protective lid was removed and the unit was inspected. No damage to the
lock assembly was observed, and no significant source movement was mesasured. Radiographs
of the unit showed no discernable change in the position of the shield. The post-test radiation
profile showed no significant change in radiation levels from the pre-test profile (see Appendices
B and C). Becanse no significant damage occurred to the unit, the thermal test was not
considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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8. TP80 ACCIDENT DROP TESTS - TP80(B)

Specmmo(n)wsnbjmdmu9m(30ﬁoot)dmpbstMapmcmemin
accordance with Test Plan 80. The results are described below.

9 Meter (30 Foot) Drop Test
JMW&MMMWWMSWMWM)mmfon:

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

The package oricntation for Specimen TP80(B), shown below, was the same as for the 1.2 meter
(4 foot) drop. mmmmmmﬁmo{hwpﬂmfﬂm&ﬂnw
bolts,mdfaihneotﬂxelockssembly.hndhgtompuﬂ-outﬁmnthedﬁcld

9 Meter (30 Foot) Drop Orieatation for Specimen TP80(B)

The package impacted as intended. The impact cansed the depleted uranium shield to move into
ummmmmmaMWﬂMmummmmmm
to crack. The cracking of the inner shell resulted in a transfer of the lateral load to the outer
mmmwmmm&emmw. The outer stainless steel wrap
also failed and sprung open. One of the rivauts in the top plate broke, but its associated bolt and
ummmmmmwmmmmmmwm
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Formepmcmﬁcphnnadodmuﬁmmchmgdinmdummﬂiaﬂwgrmdmgg
based on the on-site assessment of Engineering, Regulatory and QA. As such, TP80(B) was
dropped so that the cracked shell was aligned with the top edge of the puncture bar. The
intention was to open up the crack or cause additional cracking in the damaged area. The
thermocouple reading on the outside surface of the unit was -57°C (-71°F) before the puncture
test and -44°C (47°F) after the test.

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

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

0.027 inch (0.69 mm) in one side and 0.064 inch (1.6 mm) in the other side.

showed the crack in the inner shell extended from the top plate to the bottom plate.
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9. TP80 ACCIDENT DROP TESTS ~ TP80(C)

Specimen TP80(C) was subjected to 29 meter (30 foot) drop test and & puncture testin
accordance with Test Plan 80 and results are described below.

2 meter (30 Foot) Drop Test
Just before the drop test, thermocouple readings for Specimen TP80(C) were as follows:

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

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

9 Meter (30 Foot) Drop Orientation for Specimen TP80(C)

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

Specimen TP80(C) was subjected to two puncture tests. An additional puncture drop was added
as two possible orientations were deemed “worst case”. In the first test, the unit was dropped
vertically upside down, with the intention of breaking through the lid and damaging tae locks.
mmumcmplemadingmthemmwﬂmmitwu-ﬁ’c(-&’ﬂbeforemcpmmmm
and -50°C (-58°F) after the test.

meemmdmtbeunitwasdmppedsmhﬂmmeknpm“smthcmdersideoﬁhzmp
plate, as shown below. The objective of this drop was to damage the rivnuts, which hold the lid
to the top plate, and to pry the top plate off of the unit by overloading the through-bolts. The
initial surface temperature was -47°C (-53°F).

Second Puncture Drop Orientation for Specimen TP8O(C)

The unit impacted as intended in both drops. In the first drop, the top of the lid was damaged
mmu.mm,&eﬁdmmﬁmdmmmepmmgwdidmimpmmelockmbly.
htbcmonddmp.ﬂwtopplmdefmmddighﬂy,bmnosigniﬁcmdmgewasom

Fonowingﬂ:emmoproucﬂwndwumvedmdtbmﬁmw No damage to the
locks was observed and no significant movement of the source was measured. The post-test
nﬁﬁmpﬁk&wﬁmﬁgﬁﬁmmhrﬁmmmmmm(m
Appendix B). Because no significant damage occnrred to the unit, the thermal test was not
considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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10. TP80 THERMAL TEST - TP80(B)

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

TP8O(B).

Orientatiop and Setup

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

TP80(B) Orientation and Thermocouple Locations

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

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

Temperatures were recorded from the time the specimen was inserted in the oven until after it
had cooled and was moved to a temporary storage area. The total duration of this period was
about 1,000 minutes (16 hours). Plots of the temperature data are included in Appendix C. The
overall test chronology is as follows:

e Zero to 32 minutes ~ heat up of the specimen from ambient to over 810°C (1490°F).
The 30 minute test started when all surfaces of the specimen exceeded 810°C (1490°F).
The thermocouple on the bottom of the unit was the last to reach the target temperature,
and the test was started when it reached 813°C (1495°F).

e 32 to 64 minutes — 30 minute test period, with all temperatures maintained above
810°C (1490°F). The maximum temperature was 996°C (1825°F) on the side of the
unit facing the rear of the oven, while the minimum temperature was 813°C (1495°F)
on the bottom of the unit. The initial and final temperatures of all thermocouples over
the 30 minute period are shown below. Flames due to combustion of the foam were
observed, however these diminished and stopped before the end of the 30 minute test.

Location Initial Temp. Final Temp. Average Temp.

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

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

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

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

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

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

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

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

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

e 64 minutes — removal from oven. The depleted uranium shield was visible, with a
slightly red glow in areas. Some depleted uranium oxide (black power) was observed
coming out of the crack and onto the surface below, indicating the shield was
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o ﬂmmmms—woldownmbdowlw’cau'm. During this time, the shield
was allowed to self-extinguish.

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

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

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

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

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

Typical Penetration Impact
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TP80(A) 4 Foot Drop Results

TP88(A) 4 Foot Drop Setup

TP80(A) 30 Foot Drop Results
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'TP80(B) Puncture Test Setup
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Showing Closeup of Rivout
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TP80(B) Therma! Test Setup TPS0(B) Thermal Test Setup
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Appendix D: Multiple Wire Locking Assembly

Background

Currently the Model 650L source changer is equipped with the standard locking
assembly. It is the intention of ABAT to modify all 650L source changers to the multiple
wire lock assembly during the currently planned modification cycle (i.e., replacement of
the through and cover bolts).

The Type B(U) Testing documented in Appendix C was performed with source changers
equipped with the standard locking assemblies. Qualification of the source changer when
equipped with the standard locking assemblies is addressed in the body of this document.

In this appendix, the Model 650L source changer, equipped with multiple wire locking
assemblies, is evaluated with respect to the requirements for Type B(U) Transport
packages contained in 10CFR71. This evaluation is performed by reviewing the
10CFR71 requirements that are potentially affected by the design of the locking
assemblies, and assessing the effect of the differences between the standard and multiple
wire designs.

Design Description

The standard and multiple wire locking assembly designs are described in the following
sections. -

Standard Locking Assembly Design

The main components of the standard locking assembly are the base plate, lock slide, key
lock, and hold down cap, as shown in the drawings in Appendix A. With the exception
of the key lock subassembly, all components are stainless steel. The key lock is a
standard, commercially available part. The standard locking assembly is secured to the
source changer top plate with four 1/4-20 stainless steel screws. These screws are
arranged in a rectangular pattern (1.25 inch x 1.124 inch) around the source hold down

cap.

When the assembly is in the locked position, the source can not be withdrawn from its
shielded position because the source wire is captured by tines on the end of the lock slide.
The lock slide is prevented from disengaging from the source wire by 2 lock bolt that
projects down from the key lock cylinder and captures the slide. The standard lock
assembly is designed to accommodate sources using teleflex wires.

Multiple Wire Locking Assembly Design
The main components of the multiple wire locking assembly are the base plate, base plate
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adjustment shims, lock slide, key lock, and hold down cap, as shown in the drawings at
the end of this appendix. Ancompmmmminlassml,m:eptformebmkeylock

Themulﬁphwkuhcﬁngmblymmmdammwkuwﬂhlmgmsmat
differ by as much as 1/2 inch. To allow the capture of the different length source wires,
the lock base plate and lock slide are thicker then in the standard design. Additionally,
ﬁmemspmofmyingmighnfomozsh)betweenﬂwwpplmmdboumofﬂw
lock base plate to provide a tightly controlled distance between the bottom of the source
tube and the locking assembly. These dimensional changes result in a slight weight
increaseforthemu!ﬁplewirebckingmblyofammxhnmlyllb(o.ﬁkg)per
source changer (with 2 locking assemblies). Additionally, the overel! height of the
multiple wire locking assembly is 2.8 to 3.0 inches at the hold down cap, versus

2.3 inches for the standard design. The method of attachment of the lock assemblies to
memce@hmgutopplmisthesamusfuthemdmdlockassembly,m, 1/4-20
screws threaded into the same holes in the top plate.

When the multiple wire locking assembly is in its locked position, the source wire can not
be removed from the source changer. The stop ball on the source wire is contained within
the 1/2 inch vertical cavity in the lock slide by the slots in the top and bottom of the slide.
The spring-loaded pin within the hold down cap keeps the source wire fully inserted in
the DU shield.

mutofMulﬂplemreLockingAuemhlyDedgnonTypeB(U)Trmspm
Reguirements

The characteristics of the multiple wire locking assembly that could have an effect on
Type B(U) Transport requirements, as defined in 10CFR71, are compared with those of
the standard locking assembly in the following sections.

Weight and Center of Gravity

The source changer weighs up to 90 Ib (41 kg), including the DU shield, which weighs
approximately 42 Ib (19 kg). The weight difference between the standard and multiple
wire locking assemblies is 1 Ib (0.45 kg) for two assemblies. This increase of 1% for
total package weight is considered negligible.

Positive Closure

Themlﬁphwﬁebckingumﬂy,whichmﬁzmaswmblyinmeshidded
poddmmdamupmiﬁvechm.mmbcmedwmmstmingﬂwmp
lid of the source changer. After removal of the seal-wired lid, the hold down cap must be
mmoved,ﬂzkﬂyhckmlocked,mdﬂwhckslidemowdmﬂwnnlwhdpodﬁonbm
the source wire can be removed from the source changer. When the lock slide is in the

D-2



[4

{ \
Safety Analysis Report for the Model 650L Source Changer

AEAT/QSA Inec. 16 July 1999
Burlington, Massachusetts

D33

D34

locked position, the stop ball on the source wire is contained within the 1/2 inch vertical
cavity in the lock slide by the slots in the top and bottom of the slide. .

One other change in the design of the multiple wire locking assembly is the use of a brass

key lock. This lock is used by AEA Technology QSA Inc. in all of the Posilock® devices. -

nmmmmmﬁummmm&Mmmmn
testing, whether in or outside of an overpack. Additionally, brass does not undergo a
ductile to brittle transition at low temperatures like cast zinc and carbon steel. The brass
lock, therefore, is not susceptible to the lock cylinder damage that occurred at low
temperatures during the 650L experimental and Type B drop tests. As a result, the key
lockiscmﬁduedcapabkofmingﬂmﬂnlocksﬁdemaiminthelocbdpodﬁm
under both the normal and hypothetical accident conditions.

Bmdonmiawaluﬂon,mennﬂﬁphwkelwkauemblymeetsﬂwmquhmtsfu
positive closure.

Normal Conditions of Transport Tests

Themeofnmlﬁplewhulwﬁngammbliuwonldhavemhnpmonﬁwmmoﬂhe
NounalCmdiﬁonsofhmspmtTesudimudinmebodyofthismpomandin
Appendix C. Specifically, as shown in the Test Report (Appendix C), there was no
dmgamthemchmﬂntemﬂdhwebemaﬂmdbyﬂmlockmblydedgm
msmmmmxdmpmﬁnﬁmdmmpmmmnﬁus
on the top and bottom plates and the lid. For Specimen TP80(C), the 1.2 meter (4 foot)
drop initiated a crack in the top of the lid. No damage was observed for either the locking
assemblies or source changer top plates.

The multiple wire lock assembly has the same basic dimensions, materials, and

auachmentwﬂnsmchmympplm,uﬂxesmdndlocknmbly. Therefore, it is
concluded that these lock assemblies would not be damaged by the Normal Conditions of

Transport Tests.

Hypothetical Accident Condition Tests

The Hypothetical Accident Condition Tests reported in Appendix C identified three
potential damage mechanisms that could be affected by the change in the design of the
lock assembly. These potential damage mechanisms include the following:

1. Large Deflection of Source Changer Top Plate (Resulting in Source Tube Pullout and
Failure of Lock Assembly Attachment Screws)

2. Failure of Lid (Resulting in Failure of Lock Assemblies)
3. Shock of Impact (Resulting in Failure of Lock Assemblies)
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foot)droptestofm),ﬂletopplﬂzwasdeﬂecmdupwardabouto 16 inch (4.1 mm)
in the center of the plate. The top plate, which is 10 gage (~1/8 inch) thick, is less stiff
than the standard locking assembly. Therefore, the area of the top plate bounded by the
rectangles formed by the lock screws stayed in plane (flat). The distances between the
screws (1.124 inch x 1.250 inch) are the same for both designs, and the multiple wire lock
assembly is at least as stiff as the standard design. Therefore, the top plate deformation
(and potential source tube pullout) would be unaffected by use of the multiple wire
locking assembly. Note that although the footprint of the multiple wire Jocking assembly
is slightly different than that of the standard design, the differences are in the key lock end
of the assembly, which cantilevers above the top plate when the plate deflects upward.
The extra weight (1 Ib) of the multiple wire locking assembly would have a negligible
effect on the deflection of the top plate, which is driven by the weight of the DU shield
(approximately 42 Ib).

Fajlure of Lid—In the top corner down 9 meter (30 foot) drop test of TPS80(C), the source
changer lid partially failed due to the brittle condition of the carbon steel. Specifically,
the lid cracked and its top plate deflected inward about 1/2 inch along one edge. The
subsequent puncture test increased the lid damage slightly. The normal height of the lid
(4 172 inches) is sufficient to allow such a deflection and still protect the multiple wire
locking assembly, which is about 3 inches high at the cap. Therefore, it is concluded that
the source changer lid would protect the multiple wire lock assembly during Hypothetical
Accident Condition Testing.

Shock of Impact—The standard locking assembly was dropped three times from 9 meters
(30 feet). The assemblies stayed in the locked position for all three tests. The multiple
wire lock assembly has the same basic dimensions, materials, and attachment to the
source changer top plate, as the standard lock assembly. Therefore, it is concluded that
meulockassanbheswonldmmdninmclockedpomﬁo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>