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1.0

1.1

1.2

1.3

2.0

INTRODUCTION
Scope

This report describes the test procedures followed and the results obtained during the
performance of Vibration Testing on an ES-2 Shipping Container. Performance of
testing was from January 7 to January 10, 1997.

References

o Lockheed Martin Energy Systems (LMES) Request for Quotation dated September
24, 1996

e Wyle Laboratories' Quotation Letter No. 542/3020-01/JK
e Lockheed Martin Energy Systems' Purchase Order No. 84 YLFP22
e Wyle Laboratories' Quality Assurance Program, Revision 1

e ANSI/NCSL Z540-1 “Calibration Laboratories and Measuring and Test Equipment,
General Requirements”

o ISO 10012-1, “Quality Assurance Requirements for Measuring Equipment”
e MIL-STD-45662A, “Calibration System Requirements”

Test Specimen Description
The following item was subjected to test:

ES-2 Shipping Container, S/N 12002
The ES-2 Shipping Container consisted of a main container, a top plug, and an inner
container with exterior foam padding (See Photograph 2 in Attachment A). Two
convenience cans with weights sealed inside them had been placed into the inner

container, prior to shipment to Wyle Laboratories, to simulate an actual load weight
and setup, and were not considered to be part of the unit under test.

REQUIREMENTS

The ES-2 Shipping Container shall be subjected to Vibration Testing in accordance
with Lockheed Martin Energy Systems' Request for Quotation dated September 24,
1996. One ES-2 Container shall be utilized as the test unit for all testing.

WYLE LABORATORIES
Huntsville Facllity
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3.0

3.1

3.2

TEST PERFORMANCE AND RESULTS

The ES-2 Shipping Container was subjected to Vibration Testing in accordance
Lockheed Martin Energy Systems (LMES) Request for Quotation dated September 24,
1996, and the directives of the LMES personnel present at the test site. LMES
Representatives were present to perform post-test checkouts of the test unit. Prior to
the start of testing, a snap-shock accelerometer was mounted inside the test unit by
LMES personnel. All data obtained from this accelerometer before, during, and after
testing was retained by LMES.

Sinusoidal Vibration

The ES-2 Shipping Container was first subjected to Sinusoidal Vibration. Performance
of testing was on January 7, 1996.

The test unit was set up on the vibration table in its vertical axis and subjected to
Sinusoidal Vibration from 10 to 500 Hz at 0.96 grms with a 1-Hz step frequency.
From 10 to 250 Hz, the 34-second frequency dwells were performed in 1-Hz steps.
Starting at 250 Hz, the step was changed to 2 Hz at the direction of the LMES
Representative. The total test time was approximately 3 hours and 47 minutes.
Following the completion of the Sinusoidal Vibration Test, the test unit was opened by
LMES personnel and inspected for damage.

The ES-2 Shipping Container successfully completed the Sinusoidal Vibration Test. A
photograph of the test setup is presented in Attachment A. A Vibration Test Data
Sheet and Data Plots are presented in Attachment B. Tabulated Data containing the
Dwell Frequency, positive and negative g Peak Levels for the control and response
accelerometers, and Tape Start Time for the respective Dwell Frequency is presented in
Attachment C. An Instrumentation Equipment sheet for the Test Setup is presented in
Attachment D.

Random Vibration

Following the completion of the Sinusoidal Vibration, the test unit was subjected to
Random Vibration. Performance of testing was from January 8 to January 10, 1997.

The test unit was reassembled into its normal shipping configuration, returned to the
vibration table, and subjected to random vibration from 10 to 500 Hz at 0.96 grms for
40 hours.

WYLE LABORATORIES
Huntsville Facility
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3.0
3.2

TEST PERFORMANCE AND RESULTS (Continued)
Random Vibration (Continued)

At the direction of the LMES Representative, the test unit was allowed to continue
vibration following the completion of the 40-hour run time to allow time to videotape
the test unit while it was still under test. The test was then terminated at the direction
of the LMES Representative. Total test time was approximately 41 hours, 58 minutes.

Following the completion of the test, the test unit was removed from the vibration
table, opened by LMES personnel, and inspected for damage. Wear spots on the test
unit were noted in the following places:

e On the top plug, with a corresponding wear spot on the inside of the main container
lid.

¢ In the bottom of the main container where the inner container rests.

e Around the inside circumference of the main container where the pressure test plug
on the inner container rubbed against the main container wall.

¢ Around the circumference of the aluminum inner sleeve insert of the inner container
along the flange weld.

None of these wear spots were deemed significant enough by LMES personnel to
warrant a failure of the test unit.

When the inner container was opened, severe damage was noted to the two
convenience cans inside the inner container. This damage and the noted wear spots are
documented in Notice of Anomaly No. 1. Photographs of the wear spots and damaged
convenience cans appear in Attachment A.

A Post-Test Functional Pressure Check was performed on the inner container by LMES
personnel. The results of this Pressure Check were retained by LMES.

The ES-2 Shipping Container successfully completed the Random Vibration Test. A
photograph of the test setup is presented in Attachment A. A Vibration Test Data
Sheet and Data Plots are presented in Attachment B. An Instrumentation Equipment
sheet for the Test Setup is presented in Attachment D.

WYLE LABORATORIES
Huntsville Facility
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4.0

5.0

QUALITY ASSURANCE

All work performed on this test program was completed in accordance with Wyle
Laboratories' Quality Assurance Program.

TEST EQUIPMENT AND INSTRUMENTATION

All instrumentation, measuring and test equipment used in the performance of this test
program were calibrated in accordance with Wyle Laboratories’ Quality Assurance
Program which complies with the requirements of ANSI/NCSL Z540-1, ISO 10012-1,
and Military Specification MIL-STD-45662A. Standards used in performing all
calibrations are traceable to the National Institute of Standards and Technology (NIST)
by report number and date. When no national standards exist, the standards are
traceable to international standards or the basis for calibration is otherwise documented.

WYLE LABORATORIES
Huntsville Facility
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0 RIGIN E l NOTICE OF ANOMALY DATE:  February 3, 1997

NOTICE NO: 1 P.O. NUMBER: _84YI FP22 CONTRACT NO: _N/A
CUSTOMER: Martin Marietta Energy WYLE JOB NO: 45918
NOTIFICATION MADE TO: Gerald Byington NOTIFICATION DATE: _ Jan. 10, 1997
NOTIFICATION MADE BY: ___John Wakefield VIA: Verbal

DATE OF
CATEGORY: m SPECIMEN O PROCEDURE O TEST EQUIPMENT ANOMALY: Jan. 10, 1997
PART NAME: ES-2 Shipping Container PART NO. _ N/A
TEST: Vibration (Vertical Axis Only) : 1.D. NO. N/A
SPECIFICATION: _Wyle Quotation No. 542/3020-01/JK PARA. NO. _N/A
REQUIREMENTS:

The ES-2 Shipping Container shall be inspected for damage following the completion of the 40-hour Sine-On-
Random Vibration Test.

DESCRIPTION OF ANOMALY:

The following results were noted following the completion of the 40-hour Sine-On-Random Vibration Test:

o There is a one-inch wear spot on the top plug, with a corresponding wear spot on the inside of the main
container lid.

o There are slight wear spots in the bottom of the main container where the inner container rests.

e There is a 3/4-inch wear strip around the inside circumference of the main container where the pressure test
plug on the inner container rubbed against the main container wall.

e Wear was noted around the circumference of the aluminum inner sleeve insert of the inner container along
the flange weld.

¢ Two convenience cans inside the inner container were severely damaged.

DISPOSITION - COMMENTS - RECOMMENDATIONS:

The test results were noted by Martin Marietta Energy (MME) personnel. No wear spots were deemed
significant enough by MME personnel to warrant a failure of the test unit. The convenience cans with weights
sealed inside to simulate an actual load weight and setup were placed inside the test unit prior to Vibration
Testing at Wyle Laboratories. These were not considered part of the unit under test, though the damage to the
convenience cans was noted by MME personnel.

RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CFR PART 21: B CUSTOMER O WYLE
VERIFICATION: PROJECT ENGINEER: £ Wil A<l 2/3/i7
/ Jdfn Wakefield
TEST WITNESS: ___ Gerald Byington PROJECT MANAGER: 2
R. L. Poffter
INTERDEPARTMENTAL

REPRESENTING: in Marietta Ener COORDINATION:
QUALITY ASSURANCE: 2-3-¢

WH 1066, Revised JUL '94 Page__ 1 of __1
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Photograph No. 1
Typical Vibration Test Setup

Photograph No. 2
ES-2 Shipping Container, Unpackaged Configuration
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Photograph No. 3
LMES Pressure Check Setup

Photograph No. 4
Wear Spot on Top Plug
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Photograph No. §
Wear Spots in Bottom of Main Container

Photograph No. 6
Wear Strip on Aluminum Sleeve
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Photograph No. 7
Post-Test Condition of Convenience Cans
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ATTACHMENT B

VIBRATION TEST DATA SHEET AND DATA PLOTS
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Sinusoidal Vibration Test Data Plots
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Random Vibration Test Data Plots
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ATTACHMENT C

SINUSOIDAL VIBRATION TEST TABULATED DATA
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Page No. C-3

Sinusoidal Vibration Recorded Data
|

3.33
Frequency g peak g peak |Tape Start Calculated g peak
(Hz) A1 Control Accel A2 Container Accel Time A2 Container Accel
Pos. Neg. Pos. | Neg. Pos. Neg. |
(Multiply by 3.33)

10 0.9 1 0.26 0.3 1452 0.8658 0.999
11 0.93 1.05 0.29 0.28 1452 0.9657  0.9324
12 1 1.056 0.26 0.29 1453 0.8658|  0.9657
13 1 1.04 0.29 0.28 1454 0.9657  0.9324
14 1 1.02 0.27 0.27 1454 0.8991 0.8991
156 1 1.05 0.28 0.29 1455 0.9324| 0.9657
16 1.05 1.05 0.28 0.32 1455 0.9324| 1.0656
17 1 1.05 0.31 0.32 1456 1.0323)  1.0656
18 1 1.02 0.31 0.34 1457 1.0323  1.1322
19 1 1.07 0.27 0.3 1457 0.8991 0.999
20 1.05 1.05 0.27 0.31 1458 0.8991 1.0323
21 1 1.05 0.28 0.3 1458 0.9324 0.999
22 1.05 1.05 0.27 0.28 1459 0.8991 0.9324
23 1.1 1.05 0.29 0.32 1500 0.9657|  1.0656
24 1.05 1.05 0.3 0.3 1500 0.999 0.999
25 1.1 1.1 0.28 0.3 1501 0.9324 0.999
26 1.05 1.1 0.37 0.32 1501 1.2321 1.0656
27 1.15 1.15 0.53 0.5 1502 1.7649 1.665
28 1.156 1.1 0.48 0.42 1502 1.5984|  1.3986
29 1.05 1.1 0.47 0.42 1503 1.5651 1.3986
30 1.05 1.05 0.36 0.32 1504 1.1988  1.0656
31 1.05 1.05 0.34 0.32 1504 1.1322|  1.0656
32 1.05 1.05 0.32 0.3 15056 1.0656 0.999
33 1.05 1.05 0.31 0.31 1506 1.0323  1.0323
34 1.1 1.1 0.31 0.31 1506 1.0323,  1.0323
35 1.1 1.1 0.31] 0.31 1507 1.0323  1.0323
36 1.05 1.05 0.31 0.3 1508 1.0323 0.999
37 1.05 1.05 0.3 0.29 1508 0.999  0.9657
38 1.05 1.05 0.31 0.3 1509 1.0323 0.999
39 1.04 1.05 0.3 0.28 1509 0.999| 0.9324
40 1.1 1.056 0.31 0.31 1510 1.0323|  1.0323
41 1.1 1.1 0.32 0.31 1511 1.0656 1.0323
42 1.1 1.05 0.34 0.32 1511 1.1322|  1.0656
43 1.05 1.1 0.31 0.31 1612 1.0323|  1.0323
44 1.1 1.05 0.32 0.31 1513 1.0656)  1.0323
45 1.1 1.05 0.33 0.31 1513 1.0989,  1.0323
46 1.1 1.06 0.33 0.3 1514 1.0989 0.999
47 1.1 1.1 0.33 0.33 1514 1.0989|  1.0989
48 1.1 1.05 0.33 0.32 1515 1.0989)  1.0656
49 1.1 1.1 0.35 0.34 1515 1.1655)  1.1322
50 1.1 1.1 0.34 0.33 1516 1.1322)  1.0989
51 1.156 1.1 0.33 0.33 1516 1.0989|  1.0989
52 1.1 1.1 0.33 0.33 1517 1.0989|  1.0989
53 1.05 1.05 0.32 0.32 1518 1.0656]  1.0656
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Test Report No. 45918-01

54 1.05] 1.05] 0.32 0.32] 1519 1.0656]  1.0656
55] 1.05 1.05 0.33 0.32 1519 1.0989]  1.0656
56 1.1 1.05 0.33 0.32 1520 1.0989]  1.0656
57 1.05 1.05 0.33 0.33 1520 - 1.0089]  1.0989
58 1.1 1.1 0.33 0.33 1521 1.0989  1.0989
59 1.1 1.1 0.34 0.33 1522 1.1322] _ 1.0989
60 1.05 1.05 0.32 0.31 1522 1.0656] _ 1.0323
61 1.1 1.1 0.36 0.35 1523 1.1988]  1.1655
62 1.1 1.05 0.36 0.36 1524 1.1988] 1.1988
63 1.05 1.05 0.36 0.36 1524 1.1988] 1.1988
64 11 1.05 0.36 0.35 1525 1.1988] 1.1655
65 1.05 1.05 0.36 0.35 1525 1.1988] 1.1655
66 1.05 1.05 036  0.35 1526 1.1988]  1.1655
67 1.05 1.05 0.37 0.36 1527 1.2321]  1.1988
68 11 1.1 0.38 0.37 1527 1.2654  1.2321
69 1.1 1.1 0.35 0.34 1528 11655 1.1322
70 1.1 1.05 0.38 0.38 1528 1.0654]  1.2654
71 1.1 1.05 0.37 0.36 1529 1.2321]  1.1988
72 1.05 1.05 0.37 0.36 1530 12321 1.1988
73 1.05 1.05 0.38 0.36 1530 1.2654 _ 1.1988
74 1.05 1.05 0.37 0.36 1531 1.2321 _ 1.1988
75 1.05 1.05 0.38 0.36 1531 1.2654] 1.1988
76 1.05 1.05 0.38 0.37 1532 1.2654  1.2321
77 1.1 1.05 0.4 0.38 1532 1.332] 1.2654
78 1.1 1.05 0.42 0.41 1533 1.3986] 1.3653
79 11 1.05 0.43 0.41 1533 1.4319]  1.3653
80 1.0 1.05 0.43 0.41 1534 1.4319] 1.3653
81 1.05 1.05 0.43 0.4 1535 1.4319]  1.332
82 1.05 1 0.38 037 1535 1.2654]  1.2321
83 1.05 1 0.42 0.39 1536 1.3986] 1.2987
84 1.05 1 0.41 0.4 1537 1.3653] _ 1.332
85 1.05 1 0.42 0.4 1537 1.3986] _ 1.332
86 1.05 1 0.43 0.42 1538 1.4319]  1.3986
87 1.1 1.05 0.41 0.39 1539 1.3653]  1.2987
88 1.05 1 0.44 0.43 1539 1.4652]  1.4319
89 1.05 1 0.44 042 1540 1.4652]  1.3986
90 1.05 1 0.44 045 1540 1.4652]  1.4985
91 1.05 1 0.44 0.45 1541 1.4652]  1.4985
92 1.1 1 0.42 0.43 1541 1.3986] 1.4319
%3 1.05 1 0.44 0.45 1542 1.4652]  1.4985
94 1.05 1 0.45 0.47 1542 1.4985]  1.5651
95 1.1 1.05 0.48 0.49 1543 1.5984] 1.6317
% 1.05 1 05 0.49 1544 1.665]  1.6317
97 1.05 1 0.54 0.53 1544 1.7982  1.7649
98 1.05 1 0.56 0.52 1545 1.8648]  1.7316
99 1.05 1 0.55 0.53 1546 1.8315  1.7649
100 1.1 1 0.55 0.53 1546 1.8315] 1.7649
101 1.1 1.05 0.55 0.55 1547 1.8315] 1.8315
102 1.05 1 0.55 0.54 1547 1.8315]  1.7982
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103 1.05 1 0.56 0.55 1548] 1.8648]  1.8315
104 1.05 1 0.58 0.56 1549 1.9314] 1.8648
105 1.05 1 0.63 0.58 1549 2.0979] 1.9314
106 1.05 1 0.66 0.61 1550 2.1978]  2.0313
107 1.05 1 0.67 0.62 1551 22311 2.0646
108 1.1 1 0.67 0.6 1551 2.2311 1.998
109 1.1 1.05 0.68 0.61 1552 2.2644] 2.0313
110 1.05 1 0.71 0.69 1552 23643 2.2077
111 1.06 1 0.69 0.67 1553 22977 2.2311
112 1.05 1 0.69 0.67 1554 22977 2.2311
113 1.05 1 0.73 0.71 1554 2.4309] 2.3643
114 1.05 1.05 0.76 0.76 1555 2.5308] 2.5308
115 1.1 1.05 0.76 0.8 1556 2.5308]  2.664
116 1.1 1.05 0.83 0.84 1556 2.7639] 2.7972
117 1.1 1.05 0.82 0.86 1557 2.7306]  2.8638
118 1.1 1.05 0.83 0.9 1558 2.7639]  2.997
119 1.1 1.05 0.83 091 1558 2.7639]  3.0303
120 1.1 1.05 0.82 0.88 1559 2.7306] 2.9304
121 1.1 11 0.84 0.92 1559 2.7972]  3.0636
122 1.1 1.05 0.86 0.95 1600 2.8638] 3.1635
123 1.1 1.05 0.86 0.95 1600 2.8638] 3.1635
124 1.1 1.1 0.87 1 1601 2.8971 3.33
125 1.1 1.1 0.85 0.95 1601 2.8305] 3.1635
126 1.1 1.05 0.82 0.95 1602 2.7306]  3.1635
127 1.1 1.05 0.72 0.9 1602 2.3976]  2.997
128 1.1 1.1 0.73 0.91 1603 [ 2.4309] 3.0303
129 1.05 1.1 0.72 0.88 1604 2.3976] 2.9304
130 1.1 1.1 0.75 0.81 1604 2.4975] 2.6973
131 1.1 1.05 0.76 0.8 1605 2.5308]  2.664
132 1.1 1.1 0.79 0.81 1605 2.6307] 2.6973
133 1.1 1.05 0.89 0.81 1606 2.9637] 2.6973
134 1.1 1.05 0.89 0.94 1607 2.9637] 3.1302
135 11 1.1 0.9 1.15 1607 2.097] 3.8295
136 11 1.1 0.85 1.3 1608 2.8305  4.329
137 1.1 1.1 0.9 1.4 1609 2.997  4.662
138 1.1 1.1 0.9 1.4 1609 2.997] 4.662
139 1.1 1.1 0.85 1.35 1610 2.8305]  4.4955
140 1.1 1.05 0.9 1.45 1610 2.997  4.8285
141 1.1 1.1 0.85 14 1611 2.8305]  4.662
142 1.1 1.05 0.8 14 1612 2.664]  4.662
143 1.1 1.05 0.8 1.35 1612 2.664] 4.4955
144 1.1 1.06 0.8 1.45 1613 2664] 4.8285
145 1.1 1.1 0.8 1.4 1613 2664  4.662
146 11] 1.05 0.8 1.4 1614 2.664]  4.662
147 1.1 1.05 0.75 1.35 1614 24975  4.4955
148 1.1 1.1 0.7 1.25 1615 2331] 4.1625
149 1.1 1.1 0.7 1.25 1616 2.331] 4.1625
150 11 11 0.65 1.15 1616 2.1645] 3.8295
151 1.1 1.1 0.65 1.15 1617 2.1645]  3.8295
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162 1.1 1.05 0.65 1.1 1618 2.1645 3.663
163 1.1 1.05 0.65 1.1 1618 2.1645 3.663
154 1.1 1.1 0.65 1.05 1619 2.1645|  3.4965
165 1.1 1.1 0.65 1 1619 2.1645 3.33
156 1.1 1.056 0.65 0.95 1620 2.1645| 3.1635
157 1.1 1.05 0.65 0.95 1621 2.1645  3.1635
158 1.1 1.1 0.66 0.94 1621 2.1978  3.1302
159 1.1 1.05 0.66 0.9 1622 2.1978 2.997
160 1.1 1.1 0.66 0.89 1622 2.1978|  2.9637
161 1.1 1.05 0.67 0.89 1623 2.2311 2.9637
162 1.06 1.05 0.69 0.88 1624 2.2977|  2.9304
163 1.1 1.05 0.74 0.85 1624 24642, 2.8305
164 1.1 1.05 0.7 0.83 1625 23643, 2.7639
165 1.1 1.05 0.72 0.82 1626 2.3976  2.7306
166 1.1 1.05 0.7 0.81 1626 2.331 2.6973
167 1.1 1.05 0.7 0.81 1627 2.331 2.6973
168 1.1 1.05 0.72 0.82 1627 | 2.3976] 2.7306
169 1.05 1 0.73 0.79 1628 24309,  2.6307
170 1.1 1.05 0.72 0.78 1629 23976 2.5974
171 1.05 1 0.72 0.78 1629 23976  2.5974
172 1.1 1 0.7 0.76 1630 2.331 2.5308
173 1.0 1 0.69 0.75 1630 22977  2.4975
174 1.1 1.0 0.66 0.72 1631 2.1978) 2.3976
175 1.05 1.05 0.65 0.7 1632 2.1645  2.3643
176 1.05 1.056 0.63 0.69 1632 2.0979,  2.2977
177 1.05 1 0.63 0.67 1633 2.0979| 2.2311
178 1.05 1 0.61 0.66 1633 2.0313] 2.1978
179 1.1 1.05 0.59 0.65 1634 1.9647  2.1645
180 1.1 1.05 0.56 0.62 1635 1.8648  2.0646
181 1.1 1.05 0.56 0.61 1635 1.8648  2.0313
182 1.05 1.05 0.55 0.57 1636 1.8315 1.8981
183 1.1 1.05 0.53 0.56 1636 1.7649 1.8648
184 1.05 1.05 0.53 0.54 1637 1.7649 1.7982
185 1.1 1.05 0.5 0.5 1638 1.665 1.665
186 1.1 1.05 0.47 0.47 1638 1.5651 1.5651
187 1.1 1.056 0.43 0.44 1639 1.4319 1.4652
188 1.1 1.05 0.4 0.41 1639 1.332 1.3653
189 1.05 1.05 0.39 0.37 1640 1.2987 1.2321
190 1.05 1 0.36 0.33 1641 1.1988 1.0989
191 1.1 1.05 0.35 0.26 1641 1.1655| 0.8658
|
192 1.1 1.05 0.55 0.54 1642 1.8315 1.7982
193 1.1 1.06 0.58 0.62 1643 1.9314) 2.0646
194 1.1 1.06 0.58 0.62 1643 1.9314| 2.0646
195 1.1 1.05 0.56 0.65 1644 1.8648| 2.1645
196 1.05 1.05 0.54 0.62 1644 1.7982| 2.0646
197 1.056 1.05 0.54 0.62 1645 1.7982|  2.0646
198 1.1 1.05 0.54 0.62 1646 1.7982|  2.0646
199 1.1 1.056 0.54 0.6 1646 1.7982 1.998
200 1.1 1.05 0.53 0.59 1647 1.7649 1.9647




Page No. C-7
Test Report No. 45918-01

201 1.1 1.05 0.51 0.58 1647 1.6983 1.9314
202 1.1 1.05 0.5 0.56 1648 1.665 1.8648
203 1.1 1.05 0.5 0.54 1649 1.665  1.7982
204 1.1] 1.056 0.49 0.52 1649 1.6317  1.7316
205 1.1 1.056 0.48 0.5 1650 1.5984 1.665
206 1.1 1.06 0.48 0.5 1650 1.5984 1.665
207 1.1 1.1 0.47 0.48 1651 1.5651 1.5984
208 1.1 1.1 0.47 0.49 1651 1.5651 1.6317
209 1.1 1.05 0.47 0.49 1652 1.5651 1.6317
210 1.1 1.05 0.46 047, 1653 1.56318| 1.5651
211 1.1 1.05 0.46 0.46 1653 15318 1.5318
212 1.1 1.05 0.45 0.46 1654 1.4985  1.5318
213 1.1 1.0 0.42 0.45 1655 1.3986  1.4985
214 1.1 1.056 0.42 0.43 16565 1.3986 1.4319
215 1.1 1.05 0.41 0.41 1656 1.36563 1.36563
216 1.1 1.056 0.41 0.41 1656 1.3653 1.3653
217 1.1 1.05 0.4 0.4 1657 1.332 1.332
218 1.05 1.05 0.38 0.38 1658 1.2654 1.2654
219 1.1 1.05 0.42 0.43 1658 1.3986| 1.4319
220 1.1 1.05 0.45 0.45 1659 1.4985|  1.4985
221 1.1 1.056 0.45 0.45 1659 1.4985| 1.4985
222 1.1 1.05 0.44 0.45 1700 1.4652 1.4985
223 1.05 1.0 0.42 0.43 1700 1.3986) 1.4319
224 1.05 1.05 0.42 0.43 1701 1.3986 1.4319
225 1.1 1.056 0.42 0.42 1702 1.3986 1.3986
226 1.1 1.05 0.4 0.4 1702 1.332 1.332
227 1.1 1.0 0.4 0.39 1703 1.332 1.2987
228 1.1 1.05 0.39 0.38 1704 1.2987 1.2654
229 1.056 1.056 0.38 0.38 1704 1.2654 1.2654
230 1.056 1.06 0.39 0.39 1705 1.2987|  1.2987
231 1.1 1.05 0.39 0.39 1705 1.2987 1.2987
232 1.1 1.05 0.38 0.38 1706 1.2654 1.2654
233 1.1 1.05 0.38 0.38 1706 1.2654 1.2654
234 1.1 1.056 0.39 0.36 1707 1.2987 1.1988
235 1.1 1.05 0.38 0.36 1708 1.2654 1.1988
236 1.1 1.05 0.38 0.36 1708 1.2654 1.1988
237 1.1 1.05 0.37 0.35 1709 1.2321 1.1655
238 1.1 1.06 0.38 0.36 1709 1.2654 1.1988
239 1.056 1.056 0.38 0.36 1710 1.2654 1.1988
240 1.1 1.05 0.38 0.36 1710 1.2654 1.1988
241 1.1 1.056 0.37 0.35 1711 1.2321 1.1655
242 1.1 1.056 0.36 0.35 1712 1.1988|  1.1655
243 1.1 1.056 0.35 0.34 1712 1.1655 1.1322
244 1.1 1.05 0.35 0.34 1713 1.1665 1.1322
245 1.1 1.05 0.35 0.34 1713 1.1665 1.1322
246 1.1 1.05 0.34 0.33 1714 1.1322 1.0989
247 1.1 1.0 0.33 0.32 1714 1.0989 1.0656
248 1.1 1.05 0.33 0.33 1715 1.0989 1.0989
249 1.06 1.05 0.34 0.33 1716 1.1322 1.0989

Page 5




Test Report No. 45918-01

Page No. C-8

250 1.056 1.05 0.33 0.33 1716 1.0989  1.0989
Start Frequency Step of 2 Hertz
252 1.1 1.05 0.33 0.32 1717 1.0989 1.0656
254 1.1 1.056 0.32 0.31 1718 1.0656 1.0323
256 1.1 1.056 0.32 0.31 1718 1.0656 1.0323
258 1.1 1.05 0.3 0.3 1719 0.999 0.999
260 1.1 1.05 0.31 0.29 1720 1.0323 0.9657
262 1.1 1.05 0.31 0.28, 1720 1.0323 0.9324
264 1.1 1.05 0.3 0.27 1721 0.999 0.8991
266 1.1 1.056 0.29 0.26 1722 0.9657 0.8658
268 1.1 1.05 0.29 0.27 1722 0.9657 0.8991
270 1.1 1.05 0.29 0.26 1723 0.9657 0.8658
272 1.1 1.05 0.28 0.25 1723 0.9324 0.8325
274 1.1 1.056 0.25 0.21 1724 0.8325 0.6993
276 1.1 1.05 0.27 0.25 1725 0.8991 0.8325
278 1.1 1.05 0.28 0.27 1726 0.9324 0.8991
280 1.1 1.05 0.29 0.27 1726 0.9657 0.8991
282 1.1 1.05 0.28 0.26 1727 0.9324 0.8658
284 1.1 1.05 0.27 0.25 1728 0.8991 0.8325
286 1.1 1.056 0.25 0.23 1728 0.8325 0.7659
288 1.1 1.05 0.26 0.26 1729 0.8658 0.8658
290 1.1 1.05 0.26 0.28 1729 0.8658 0.9324
292 1.1 1.05 0.27 0.26 1730 0.8991 0.8658
294 1.1 1.05 0.26 0.27 1731 0.8658 0.8991
296 1.05 1.05 0.25 0.26 1731 0.8325 0.8658
298 1.1 1.05 0.26 0.26 1732 0.8658 0.8658
300 1.1 1.056 0.25 0.25 1733 0.8325 0.8325
302 1.1 1.05 0.25 0.24 1733 0.8325  0.7992
304 1.1 1.056 0.24 0.23 1734 0.7992 0.7659
306 1.1 1.1 0.23 0.23 1735 0.7659 0.7659
308 1.1 1.05 0.22 0.22 1735 0.7326 0.7326
310 1.1 1.05 0.22 0.21 1736 0.7326 0.6993
312 1.1 1.05 0.22 0.21 1737 0.7326 0.6993
314 1.1 1.05 0.2 0.2 1737 0.666 0.666
316 1.1 1.1 0.2 0.2 1738 0.666 0.666
318 1.1 1.1 0.21 0.2 1738 0.6993 0.666
320 1.1 1.05 0.2 0.2 1739 0.666 0.666
322 1.1 1.05 0.2 0.22 1740 0.666 0.7326
324 1.1 1.05 0.2 0.2 1740 0.666 0.666
326 1.1 1.05 0.21 0.21 1741 0.6993 0.6993
328 1.1 0.19 0.2 1742 0.6327 0.666
330 1.1 1.05 0.2 0.2 1742 0.666 0.666
332 1.1 1.1 0.19 0.2 1743 0.6327 0.666
334 1.1 1.1 0.18 0.18 1744 0.5994 0.5994
336 1.1 1.1 0.15 0.13 1745 0.4995 0.4329
338 1.1 1.05 0.16 0.18 1745 0.5328 0.5994
340 1.1 1.05 0.19 0.21 1746 0.6327 0.6993
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342 1.1 1.05 0.21 0.24 1747 0.6993, 0.7992
344 1.1 1.1 0.22 0.24 1747 0.7326]  0.7992
346 1.1 1.056 0.22 0.24 1748 0.7326|  0.7992
348 1.1 1.05 0.22 0.24 1749 0.7326)  0.7992
350 1.1 1.056 0.23 0.24 1749 0.7659  0.7992
362 1.1 1.05 0.23 0.24 1750 0.7659|  0.7992
354 1.1 1.05 0.22 0.24 1751 0.7326  0.7992
356 1.1 1.05 0.21 0.24 1751 0.6993| 0.7992
358 1.1 1.056 0.2 0.23 1752 0.666, 0.7659
360 1.1 1.05 0.19 0.22] 1753 0.6327| 0.7326
362 1.1 1.05 0.14 0.16 1753 0.4662  0.5328
364 1.1 1.05 0.18 0.19 1754 0.5994| 0.6327
366 1.1 1.05 0.19 0.19 1755 0.6327| 0.6327
368 1.1 1.05 0.2 0.21 1756 0.666,  0.6993
370 1.1 1.05 0.2 0.21 1756 0.666,  0.6993
372 1.1 1.05 0.18 0.2 1757 0.5994 0.666
374 1.1 1.05 0.18 0.19 1758 0.5994  0.6327
376 1.1 1.056 0.16 .0.17 1758 0.5328/  0.5661
378 1.1 1.1 0.14 0.15 1759 0.4662)  0.4995
380 1.1 1.05 0.15 0.14 1759 0.4995| 0.4662
382 1.1 1.05 0.15 0.15 1800 0.4995  0.4995
384 1.1 1.05 0.17 0.17 1801 0.5661 0.5661
386 1.1 1.05 0.19 0.19 1801 0.6327  0.6327
388 1.1 1.05 0.2 0.21 1802 0.666  0.6993
390 1.1 1.05 0.21 0.21 1803 0.6993|  0.6993
392 1.1 1.05 0.23 0.25 1803 0.7659|  0.8325
394 1.1 1.05 0.23 0.22 1804 0.7659)  0.7326
396 1.1 1.056 0.24 0.24 1805 0.7992]  0.7992
398 1.1 1.05 0.24 0.24 1805 0.7992|  0.7992
400 1.1 1.05 0.26 0.26 1806 0.8658  0.8658
402 1.1 1.05 0.26 0.26 1807 0.8658  0.8658
404 1.1 1.1 0.28 0.27 1807 0.9324  0.8991
406 1.1 1.05 0.26 0.25 1808 0.8658  0.8325
408 1.1 1.05 0.23 0.24 1809 0.7659  0.7992
410 1.1 1.05 0.25 0.23 1809 0.8325| 0.7659
412 1.1 1.05 0.25 0.21 1810 0.8325| 0.6993
414 1.1 1.05 0.25 0.21 1811 0.8325  0.6993
416 1.1 1.05 0.25 0.21 1811 0.8325| 0.6993
418 1.1 1.1 0.25 0.22 1812 0.8325  0.7326
420 1.1 1.056 0.21 0.2 1813 0.6993 0.666
422 1.1 1.05 0.23 0.24 1813 0.7659| 0.7992
424 1.1 1.05 0.23 0.21 1814 0.7659,  0.6993
426 1.1 1.06 0.22 0.19 1815 0.7326|  0.6327
428 1.1 1.05 0.2 0.2 1815 0.666 0.666
430 1.1 1.05 0.2 0.19 1816 0.666) 0.6327
432 1.1 1.0 0.2 0.19 1817 0.666| 0.6327
434 1.1 1.05 0.19 0.17 1817 0.6327|  0.5661
436 1.1 1.05 0.19 0.17 1818 0.6327|  0.5661
438 1.1 1.05 0.18 0.18 1819 0.5994|  0.5994
440 1.1 1.05 0.2 0.2 1819 0.666 0.666

Page 7




Page No. C-10
Test Report No. 45918-01

442 1.1] 1.05 0.21 0.22 1820 0.6993| 0.7326
|
444 1.1 1.0 0.19 0.19 1821 0.6327  0.6327
446 1.1 1.06 0.19 0.18 1821 ' 0.6327|  0.5994
448 1.1 1.05 0.18 0.18 1822 0.5994  0.5994
450 1.1 1.05 0.19 0.19 1822 0.6327  0.6327
452 1.1 1.05 0.21 0.2 1823 0.6993 0.666
454 1.1 1.05 0.23 0.22 1824 0.7659  0.7326
456 1.1 1.05 0.24 0.22 1824 0.7992 0.7326
458 1.1 1.05 0.25 0.23| . 1825 0.8325  0.7659
460 1.1 1.1 0.27 0.25 1826 0.8991 0.8325
462 1.1 1.05 0.28 0.26 1826 0.9324) 0.8658
464 1.1 1.05 0.29 0.29 1827 0.9657|  0.9657
466 1.1 1.05 0.3 0.29 1828 0.999| 0.9657
468 1.1 1.05 0.32 0.32 1828 1.0656)  1.0656
470 1.1 1.1 0.35 0.33 1829 1.1655 1.0989
472 1.1 1.05 0.41 0.28 1830 1.3653  0.9324
474 1.1 1.05 0.22 0.18 1830 0.7326)  0.5994
476 1.1 1.05 0.25 0.21 1831 0.8325| 0.6993
478 1.1 1.05 0.25 0.24 1831 0.8325  0.7992
480 1.1 1.056 0.25 0.25 1832 0.8325| 0.8325
482 1.1 1.06 0.25 0.26 1833 0.8325  0.8658
484 1.1 1.05 0.25 0.27 1833 0.8325| 0.8991
486 1.1 1.05 0.29 0.31 1834 0.9657 1.0323
488 1.1 1.05 0.35 0.39 1835 1.1655 1.2987
490 1.1 1.05 0.37 0.4 1835 1.2321 1.332
492 1.1 1.05 0.34 0.38 1836 1.1322 1.2654
494 1.1 1.05 0.33 0.35 1837 1.0989 1.1655
496 1.1 1.05 0.31 0.32 1837 1.0323 1.0656
498 1.1 1.05 0.27 0.28 1838 0.8991 0.9324
500 1.1 1.05 0.25 0.26 1839 0.8325  0.8658
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IN<  RUMENTATION EQUIPMENT _.HEET PAGE 10

F 1

DATE: 01/07/97 JOB NUMBER: 45918-00 TEST AREA: DYN LAB

TECHNICIAN: S. GEORGE CUSTOMER:  LOCKHEED MARTIN TYPE TEST: VIBRATION

NO.  INSTRUMENT MANUFACTURER MODEL# SERIAL # WYLE # RANGE 1 ACCURACY 1  CALDATE  CALDUE
1 HARD COPY UNIT  TEKTRONIX 4631 B174940 112119 MULTI MFG 07/23/96 01/17/97
2  TERMINAL TEKTRONIX 4612 N/A 100589 MULTI MFG 03/08/96 03/07/97
3 VIB CONT SYSTEM H/P 5427A366  2120A00409 100291 MULTI MFG 11/22/96 11/21/97
4  AMPL CHARGE ENDEVCO 2735 GR29 092925 GAIN 1.5% 07/24/96 01/20/97
5  AMPL CHARGE ENDEVCO 2735 GS26 096748  GAIN 1.5% 08/22/96 02/18/97
6  OSCILLOSCOPE TEKTRONIX 2213A B013724 101481 60 MHZ x 09/25/96  03/24/97
7 DIG MIR KEITHLEY 179A 480740 108696 DCV .04% 10/29/96 04/25/97
8 ACCEL BRUEL & KJAER 4366 1104925 101755  2KGSV/5KGSK > 4 10/18/96 01/16/97
9  ACCEL ENDEVCO 2213C 3755 081375  1KGSV/2KGSK 5% 11/11/96  02/07/97
10 TORQUE S. RICHMOND M25-1 N/A 112715 25 IN/LBS 5% FS 07/27/96 01/23/97
11 STOP WATCH EXTECH 365530 112296 112296 9HR/SIMIN/S9SEC .5 SEC 08/07/96  02/03/97

This is to certify that the above instruments were calibrated using state-of-the-art techniques with standards whose calibration is
traceable to the National Institute of Standards and Technology.

INSTRUMENTATION %ﬂé) &,@CO’Z%Q) // 7/77

Q.AY

CHECKED & RECEIVED BY /,{// }L///’ﬁ i/ '7 / 17
7 7 7

;/7/77
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FIREPROOF IMPACT LIMITER
AGGREGATE PACKAGING INSIDE
SHIPPING CONTAINERS

United States Government has rights in this invention
pursuant to Contract No. DE-AC05-840R21400 between
the U.S. Department of Energy and Lockheed Martin Energy
Systems, Inc.

BACKGROUND OF THE INVENTION

The invention relates generally to a packaging for ship-
ping containers. Specifically, the present invention relates to
a product for preventing damage to an interior containment
vessel from impacts to exterior shipping containers. The
invention is more specifically related to a product which is
fireproof, castable, crushable, and non-toxic, which provides
protection for nuclear material and/or other hazardous mate-
rials inside an interior containment vessel, when the exterior
container is utilized for shipping of hazardous or radioactive
materials.

Shipping containers with single, double, and triple con-
tainment have been utilized extensively in the nuclear mate-
rials and hazardous waste shipping industry. There continues
a need for a product that provides shock and fire-resistant
material for placement inside the exterior container, to
protect and cradle the interior containment vessel. Ragland,
et al., U.S. Pat. No. 5,658,634, describes a thin laminated
metal foil and nonwoven fiber material that provides insu-
lation for automotive systems. Barger, et al., U.S. Pat. No.
5,626,665, describes a cementitious system which utilizes
low amounts of water plus calcined clay and other materials
to produce high strength cement. MacNeill, U.S. Pat. No.
5,385,873, describes a high temperature resistant material
containing ceramic fibers and inorganic vermiculite to with-
stand the high temperatures within catalytic converters.
Orcutt, U.S. Pat. No. 4,612,046, describes an insulating
composition formed from a mixture of Kaolite™ and amor-
phous quenched slag, to thermally insulate the exposed
surface of molten metal in a cast vessel or furnace vessel.
Householder, et al., U.S. Pat. No. 3,982,134, describes a
container for nuclear materials transport that has on the
interior, a pressure vessel, gamma radiation protection,
insulating material, and neutron absorbing shielding in the
form of beads or globules of water encapsulated in plastic.
The prior art provides for materials that are heat insulating,
shock protective, or radiation shielding when placed in
separate layers into the interior of a nuclear materials
shipping container. These and other materials, when added
to containers, have shortcomings based on the inability to
provide a light-weight, low-cost, heat insulating, shock
protective, and radiation shielding material that can be
castable inside the interior void spaces of a nuclear materials
shipping container. Thus there exists room for improvement
within the art.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a process for
making a product for encapsulating containers for shipping.

It is a further object of this invention to provide a process
for making a product for encapsulating containers of nuclear
materials and/or hazardous materials for shipping.

It is a further object of the present invention to provide a
process of encapsulating a container for shipping.

It is an additional object of this invention to provide a
product for encapsulating containers for shipping that is not
flammable.

10

15

20

25

30

35

40

45

50

55

60

65

2

It is a further additional object of this invention to provide
a rigid product that provides shock and impact protection to
encapsulated containers by compaction of the rigid product.

It is yet a further and more particular object of this
invention to provide a product that insulates an encapsulated
container.

It is yet an additional and more particular object of this
invention to provide a product that serves as a radiation
absorber to reduce the amount of radiation measured at the
exterior surface of the shipping container.

These and other objects of the present invention are
accomplished by a process for making an aggregate product,
and the aggregate product composed of a rigid homogeneous
aggregate material utilizing portland cement and inorganic
vermiculite. The material made by the process is non-
flammable, provides both thermal insulation and impact
protection to any containment vessel that the material sur-
rounds.

The above and other objects of the present invention are
also accomplished by a process of protecting a containment
vessel inside a container for shipping nuclear materials,
comprising the steps of: mixing a portland cement material
with an inorganic vermiculite and water; pouring the mix-
ture into the interior voids of an outer container for shipping;
vibrating the mixture inside the outer container for shipping;
curing the vibrated mixture at ambient temperature inside
the exterior container for shipping; baking the cured mixture
inside the exterior container for shipping at elevated tem-
peratures; cooling the baked mixture to ambient tempera-
ture; welding a cover plate over the fill hole; and assembling
the shipping package.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention’s features and advantage will become
apparent from a reading of the following detailed
description, given with reference to the various figure of
drawing, in which:

FIG. 1 is a view of the aggregate product of the present
invention in a mixing container;

FIG.1a is a view of the aggregate product poured into a
top plug unit;

FIG. 2 is a cross-sectional view of the aggregate product
poured into the exterior container of the present invention;

FIG. 3 is a cross-sectional view of the solidified product
of the present invention inside a double-containment nuclear
shipping container; and

FIG. 4 is a graph of the compressive stress and fractional
volume change when compressive stress is applied to the
solidified product of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In accordance with this invention, it has been found that
a protective material is needed that is fire-resistant and is
crushable to serve as an shock absorbing and impact limiting
material for insertion into the void spaces 5 formed between
the inside walls of a shipping container 1, and the outer walls
of a containment vessel 7 for hazardous and/or nuclear
materials. In accordance with FIGS. 1-4, the preferred
embodiment for the present invention is a fireproof, impact
limiting, homogeneous aggregate material (HAM)3. The
homogeneous aggregate material 3 is in a granular form
when dry, and is in a porable form after water is mixed in
(see FIG. 2), until the mixture is poured into a shipping
container, vibrated and allowed to stand, cure and solidify
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for numerous days, and baked at high temperatures for
numerous days, forming a solid mass inside the shipping
container (see FIG. 3) after a cover plate is welded over the
fill hole.

The homogeneous aggregate material is a combination of
portland cement and inorganic vermiculite. The material of
the present invention does not contain hydrocarbon com-
pounds as does the prior art. Most existing, commonly-used,
internal packaging materials utilized in hazardous and/or
radioactive shipping containers, contain some type of
carbon, or hydrocarbon-based, internal packaging and insu-
lating material which is flammable after the appropriate
combustion temperature is reached during test scenarios.
The internal impact limiting and insulating material 3
(HAM) is placed in the void spaces 5 of an outer container
1 which occur between:

(a) the interior surface 6 of the walls of the outer shipping
container 1;

(b) the walls of an interior encapsulating jacket 6 or
stainless steel liner of material that covers the exterior
surface of the internal nuclear material containment
vessel 7 placed inside the outer shipping container 1;
and

(c) the top lid 29 and top plug unit 21 that seals the upper
portion of the shipping container 1.

The homogeneous aggregate material 3 is also placed in
the void space 5 in the top plug unit 21 of the shipping
container 1. The top plug unit 21 forms an upper barrier for
impact absorption and insulation from the top of the interior
containment vessel 7, then a drum lid 8 is bolted onto the top
of the outer shipping container 1 (see FIGS. 2 and 3). The
lid 8 of the interior containment vessel 7 has separate bolts,
and O-ring seals made of ethylene-propylene material, for
sealing of the lid 8 of the interior vessel 7 onto the interior
containment vessel 7.

The invention provides for utilization of a homogeneous
aggregate material 3 as an internal containment vessel 7
packing or encapsulating material, which solves numerous
problems incurred by the use of hydrocarbon-based pack-
aging materials because the invention is fireproof, shock
absorbent, and castable into any shape, providing additional
safety to reduce the possibility of a worst-case breach of
nuclear material transport containers.

The homogeneous aggregate material 3 is composed of
two main inorganic components. One of the main inorganic
components is portland cement, which is typically com-
posed of: lime, alumina, silica, iron oxide, tetracalcium
aluminoferrate, tricalcium aluminate, tricalcium silicate, and
dicalcium silicate in varying amounts, along with small
amounts of magnesia, sodium, potassium, and sulfur. The
other main component of the homogeneous aggregate mate-
rial is an inorganic vermiculite, which is mixed with the
portland cement.

One type of inorganic vermiculite and portland cement
mixture utilized in tests is commercially available from
Thermal Ceramics, Inc., of Augusta, GA, under the trade
name of Kaolite™ 1600. The inorganic mixture tested was
composed of:

approximately 10% aluminum oxide (alumina),

approximately 37% of silicon dioxide (silica),

approximately 6.7% of ferric oxide,

approximately 1.2% of titanium oxide,

approximately 30% of calcium oxide,

approximately 13.1% of magnesium oxide, and

approximately 2% of sodium monoxide.
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The portland cement and inorganic vermiculite aggregates
form a homogeneous, rigid mass after water is added and the
mixture is allowed to stand in a shipping container and cure
for approximately two days, followed by a high temperature
baking for approximately two days.

One preferred embodiment of the process of mixing and
forming the homogeneous aggregate material 3 in an outer
shipping container 1, for protection of the interior contain-
ment vessel 7, includes the following steps in reference to
FIGS. 1-3.

(A) Provide a stainless steel shipping container 1 weigh-
ing approximately 95 pounds and having approximately 5.0
cubic feet of void space 5 between the outer shipping
container 1, and the walls of an interior encapsulating jacket
6 or stainless steel liner, into which an inner containment
vessel 7 is placed. The void space 5 is to be filled with the
wet mixture 35 of inorganic vermiculite, portland cement
and water, for a wet cast weight of approximately 400
pounds.

(B) Mix approximately 122 pounds of inorganic vermicu-
lite and portland cement with approximately 183 pounds of
water slowly in a mixer container 11 until thoroughly mixed
(see FIG. 1).

(C) Place the drum shipping container 1 upside down 13
onto a shaking or vibrating table (not shown). Shake or
vibrate the shipping container 1 at approximately 1.5 to 2
times the wet cast weight (750 pound-force) at 2,000 vibra-
tions per minute, while pouring the wet mixture 35 into the
drum shipping container void space 5 through a bottom pour
hole 15 (see FIG. 2).

(D) Continue the vibrations for a time period of at least
five minutes after the drum of the shipping container 1 is
full.

(E) Shake or vibrate the shipping container 1 at approxi-
mately 750 pound-force at 2,000 vibrations per minute,
while pouring the wet mixture 35 into the bottom pour hole
15 in the bottom surface or bottom head 17 of the outer
shipping container 1, and vibrate for at least 5 minutes after
filling.

(F) While the mixture 35 is solidifying inside the shipping
container 1 (see next step), a similar wet mixture 35 of
inorganic vermiculite, portland cement, and water is poured
into the top plug unit 21, through an opening, into the void
space 23 (see FIG. 1A), while vibrating the top plug unit 21
for at least 5 minutes after filling.

(G) Allow the mixture to solidify within the shipping
container 1 and within the top plug unit 21, over approxi-
mately 24 to 48 hour period, at room temperature. The
temperature of at least approximately 60, and up to approxi-
mately 90 degrees fahrenheit is preferable.

(H) Bake the solidified mixture 31 (FIG. 3), inside the
shipping container 1, and in the top plug unit 21, in a
gas-fired or forced convection fresh air circulating electric
furnace (not shown), over at least approximately 48 hours,
beginning at 200 degrees fahrenheit for approximately 4
hours, and increasing the temperatures by approximately 75
degrees every hour, until approximately 500 degrees is
reached, with baking at approximately 500 degrees for
approximately 36 to 40 hours, for a total bake period of
approximately 48 hours.

(I) Cool the solidified and baked mixture 31 within the
shipping container 1, and within the top plug unit 21, to
approximately room temperature. The finished weight for
the solidified and baked mixture 31 in the shipping container
1 is approximately 245 pounds, and the finished density is
approximately 30 pounds per cubic foot.

(J) Weld a bottom cover plate 25 over the bottom pour
hole 15 in the outer shipping container 1 (see FIGS. 1 and
3).
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(K) Weld the fill hole cover plate 22 over the top pour
opening in the top plug unit 21 (see FIG. 1a).

(L) Assemble the finished shipping container 1 (FIG. 3) in
the following order; load the containment vessel 7 with the
radioactive and/or hazardous materials, seal the containment
vessel top 8, and fasten with bolts, lower the assembled
containment vessel 7 into the interior encapsulating jacket 6
inside the outer containers center void 9 (now filled with
solidified homogeneous material 31, place the top plug unit
21 over the containment vessel 7, install the shipping
container lid 29 with its fasteners 27.

After baking, cooling, and assembly of the shipping
container, the homogeneous aggregate material has approxi-
mately 4-5 pounds per cubic foot of residual water bound in
the solidified material, potentially serving as a neutron
absorbing and heat dissipating component of the homoge-
neous aggregate material 31.

Asecond embodiment for shipping containers utilized for
transport of neutron emitting nuclear materials, is the addi-
tion of natural boron, enriched boron, compounds containing
boron (i.e. boron carbide), or compounds containing
gadolinium, cadmium, europium, hafnium, samarium,
indium alloys, or other neutron absorbing compounds mixed
into the homogeneous aggregate material. The addition of
boron compounds, or other neutron absorbing compounds,
to the mixture before solidification, provides a nonvolatile
neutron absorbing additive to the homogeneous aggregate
material 3. The above described steps of mixing, pouring,
curing, baking, and cooling are utilized, with the boron
compounds, or other neutron absorbing compounds, mixed
into the mixture of portland cement, vermiculite, and water
at the mixing step, before the wet mixture is poured into the
voids of the shipping container. The percentage of boron,
boron containing compounds, or other neutron absorbing
compounds added to the wet mixture is variable and is
dependent on the radioactivity of the materials stored in the
inner containment vessel. As explained earlier, the baked
and cooled homogeneous aggregate material 3 has approxi-
mately 4-5 pounds per cubic foot of water remaining in the
solidified material, potentially serving as a neutron absorb-
ing component of the homogeneous aggregate material 3.

The benefits of the homogeneous aggregate material 3 are
numerous when compared to the prior art. Current packag-
ing and shock-inhibiting materials utilize hydrocarbon- or
carbon-based materials for the interior voids 5 of shipping
containers 1 containing interior nuclear material contain-
ment vessels 7. The carbon-based materials will eventually
burn and release toxic fumes, or may add to the internal
heating of a containment vessel 7 of nuclear materials. The
silicon, aluminum, ferric, magnesium and calcium compo-
sition of inorganic vermiculite and portland cement will not
burn when cured and hardened inside a shipping container 1.
The cured mass of homogeneous aggregate material pro-
vides a castable, non-flammable, packaging material that
serves as a thermal insulator for any enclosed containment
vessel 7 of hazardous chemical and/or nuclear materials. The
cured mass has a very low capacity to store heat, therefore
providing outstanding insulating properties from exposures
to high or low temperatures. The cured mass does not
expand appreciably when heated to high temperatures. The
melting temperature of the cured mass is approximately
2335 degrees fahrenheit, which is higher than the stainless
steel outer container 1 that is typically utilized for transport
of nuclear materials.

Testing results for the solidified, cured, and baked homo-
geneous aggregate material 3 inside a shipping container 1
have verified the insulating capabilities of the claimed
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invention. Testing has subjected stainless steel shipping
containers 1, with an internal containment vessel 7 sur-
rounded by the solidified, cured, and baked homogeneous
aggregate material 31 encapsulated by a ductile jacket 6, to
temperatures of 1525 degrees Fahrenheit at the outer surface
of the walls of the shipping container 1 for over 34 minutes.
The ductile jacket 6 is composed of the stainless steel
interior wall and the exterior wall of the drum shipping
container (see FIG. 2) 1. The maximum temperature mea-
sured on the interior wall 6 of the encapsulated material was
approximately 215 degrees Fahrenheit, with a maximum
measured temperature at the exterior of the containment
vessel 1 of 150 degrees Fahrenheit. The heat is also dissi-
pated by some of the approximate 4-5 pounds per cubic foot
of water left inside the HAM after curing and baking, that
evaporates during the fire test, venting steam away through
vent holes from the interior wall that protects the contain-
ment vessel. Vent holes in the containment vessel 7 and
shipping container 1 are drilled after the HAM 3 is cured,
and fusible plastic hole plugs 33 are placed in the vent holes.
In summary, internal nuclear and/or other hazardous con-
tainment vessels 1 are protected from destructive tempera-
tures at the containment vessel lids 8, which have O-ring
seals which deteriorate over 350 degrees Fahrenheit, by the
homogeneous aggregate material, placed inside the shipping
container 1 and serving as an encapsulating jacket 6 around
the containment vessel 7.

Asecond major benefit is the impact limiting properties of
the homogenous aggregate material 3 when solidified in a
ductile jacket 6 within the shipping container 1, provides a
brittle structure that is frangible when subjected to impacts
(see FIG. 4). As the shipping container 1 is subjected to
impacts, the brittle structure of the HAM fractures, crushes,
and powders, dissipating the force around the interior con-
tainment vessel 7. Because the brittle homogenous aggre-
gate material 3 directs fractures from the impact in many
different directions, the HAM 3 does not delaminate along
one specific plane. The stress-strain curve (see FIG. 4)
shows the energy absorbing capabilities of the brittle struc-
ture of the homogenous aggregate material 3 formed into an
encapsulating jacket 6. Therefore, the encapsulating jacket
6, and the brittle structure of the homogenous aggregate
material 3, provides insignificant pathways for flames, radia-
tion of heat, or hot gasses to reach the internal containment
vessel 7.

A third and less obvious benefit of the homogeneous
aggregate material 3 is that the inorganic vermiculite mate-
rial is non-toxic in a dry condition, and is castable into a
multitude of shapes when water is added, with the final form
being non-toxic also. During curing of the aggregate mate-
rial inside the shipping container 1, and during any thermal
testing for package certification purposes of the shipping
container 1 with the aggregate material inside, the only
offgas formed is water vapor, which is non-toxic. As dis-
cussed above, the cured inorganic mass does not burn, and
no toxic offgasses such as hydrocarbons or tars are formed
when the cured mass approaches its melting temperature.

A fourth benefit of the homogeneous aggregate material 3
is the low cost for the materials, and the low cost to prepare
a rigid mass of the material. Costs of $12.00 to $14.00 per
cubic foot have been calculated for the raw materials, which
is significantly less than current rigid polyurethane foam and
high-density fiberboard insulation utilized for Type-B
nuclear and/or hazardous material shipping containers 1. As
emphasized above, insulating material with hydrocarbon- or
carbon-based materials, such as wood, polyurethane foam,
and high-density fiberboard insulation, are prone to ignite
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above each material’s combustion temperature, which
requires complete removal and cleaning of a container
containing hydrocarbon-based insulation when subjected to
high, ignition temperatures. The invention of homogeneous
aggregate material 3 does not ignite, and will not require
interior cleaning of a container utilizing the material when
subjected to high temperatures up to the material’s melting
point, which is above the melting point of the exterior
stainless steel shipping container 1.

A fifth benefit of the homogeneous aggregate material 3
encapsulated inside a stainless steel shipping container 1 is
the low cost to maintain the shipping container 1. The
organic compounds described earlier for use as impact
limiting and thermal insulating materials tend to age and
breakdown when exposed to severe temperature, humidity
changes, and rough handling, will require periodic replace-
ment. Replacement of the impact limiting and thermal
insulating material generates a recurring maintenance cost
for the life of the shipping package 1. The homogeneous
aggregate material 3 of the present invention, when placed
inside the exterior shipping container 1, has been subjected
to over 42,000 miles of simulated endurance vibration
testing with a fully loaded containment vessel 7. Radio-
graphs have shown that the internal structure of the homo-
geneous aggregate material 3 will fracture, crush, and be
reduced to powder from the endurance vibration and impact
testing. Additional thermal (direct flame or indirect heating)
testing on this container 1 has shown no significant loss of
effectiveness in its impact limiting and thermal insulating
properties, when incorporated with the internal homoge-
neous aggregate material 3. Therefore, there is no projected
cost to replace the internal contents of the exterior shipping
container 1, even if the structure of the internal homoge-
neous aggregate material fractures. There is no appreciable
loss of reduction of properties of the internal homogeneous
aggregate material 3 within the shipping container 1 over the
life of the shipping container 1.

Although the present invention has been described in
considerable detail with reference to a preferred version
thereof, other versions are possible. For example, the mate-
rials of the apparatus may utilize a different inorganic
vermiculite composition, or a similar composition of a
non-carbon based, homogeneous aggregate of materials
which include a solidifying agent such as portland cement.
The percentage of alumina, silica, and other non-carbon
oxide compounds may be varied from the percentages
described above.

The configuration of the inorganic homogeneous aggre-
gate material can be of any shape when solidified, providing
impact protection and crush limitations for any stress on the
exterior shipping container 1 in any direction. The shape of
the material conforms to the shape of the container in which
the material is cured (see FIG. 3). The solidified inorganic
homogeneous aggregate material 3 fills the void spaces 5
between the interior contaminent vessel 7, and the exterior
walls of the outer shipping container 1. The containment
vessel 7 is placed inside the outer container 1 with the top
plug 21 over the containment vessel’s lid 8. By this method
of encapsulating a container 1 with a rigid, nonflammable,
inorganic matrix of crushable material, the internal contain-
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ment vessel’s high hazard materials is protected from tem-
perature extremes and from impacts to the exterior shipping
container 1.

The process mixing and curing steps can be varied by
allowing for additional mixing and vibrating time for the
mixture inside the shipping container 1, and by providing a
longer curing and heating time without detriment to the final
rigid form of the inorganic homogeneous aggregate material
3.

Many variations will undoubtedly become apparent to one
skilled in the art upon a reading of the above specification
with reference to the drawings. Therefore, the spirit and
scope of the appended claims should not be limited to the
description of the preferred versions contained herein.

What is claimed is:

1. A shipping container comprising:

1) an outer container having a wall, a bottom, a dismount-
able cover and a hollow interior;

2) a liner having sides and a bottom being smaller in every
dimension than said outer container;

3) an inner container having a wall, a bottom, a dismount-
able cover and a hollow interior, said inner container
being smaller in every dimension than said liner; and

4) a thermally insulating and energy-absorbing material
disposed between said inner container and said outer
container in all directions, said thermally insulating and
energy-absorbing material consisting essentially of a
mixture of
a) vermiculite;

b) portland cement;

¢) water; and

d) air, constituting a void volume;
said mixture having been dried after being packed between
said liner and said outer container to contain not more than
5 pounds per cubic feet of water and to exhibit a compres-
sive stress no greater than 500 psi over a range of 10 to 40%
compressive strain.

2. A container according to claim 1 wherein that portion
of said thermally insulating and energy absorbing material
disposed between the cover of said inner container and the
cover of said outer container is removable.

3. A shipping container according to claim 1 wherein said
thermally insulating and energy absorbing material has a
density of approximately 30 pounds per cubic foot.

4. A shipping container according to claim 1 wherein said
thermally insulating and energy absorbing material further
comprises a component having a high neutron absorption
cross section.

5. A shipping container according to claim 4 wherein said
component having a high neutron absorption cross section is
selected from the group consisting of boron, boron
compounds, gadolinium, gadolinium compounds, cadmium,
cadmium compounds, europium, europium compounds,
hafnium, hafnium compounds, samarium, samarium
compounds, and indium alloys.

6. A shipping container according to claim 1 further
comprising at least one pressure relief valve in said outer
container.
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Test Report of the ES-2100 Package

ABSTRACT

This test report describes a series of both drop and thermal tests performed on four test
units of the ES-2100 shipping package from December of 2002 through April of 2003.
These tests were performed to ensure compliance with the requirements of Title 10,
Code of Federal Regulations (CFR), Part 71.71, Normal Conditions of Transport
(NCT), Title 10, CFR, Part 71.73, Hypothetical Accident Conditions (HAC), and
International Atomic Energy Regulations for the Safe Transport of Radioactive Material
1996 Edition (TS-R-1), and to document the test activities to be included in the ES-2100
Safety Analysis Report for Packaging (SARP). This package is designed to contain
Uranium oxide powders.



1 INTRODUCTION

Four ES-2100 packagings with surrogate contents were tested to demonstrate
compliance with selected requirements of Title 10, Code of Federal Regulations (CFR),
Part 71.71, Normal Conditions of Transport (NCT), Title 10, CFR, Part 71.73,
Hypothetical Accident Conditions (HAC), and International Atomic Energy Regulations
for the Safe Transport of Radioactive Material 1996 Edition (TS-R-1). The packagings,

each containing steel shot as a surrogate for the actual contents made up the test units
and were identified by numbers TU-1-12/02, TU-2-12/02, TU-3-12/02, and TU-4-
12/02. Hereafter in this report the test units are identified simply by their TU-X

designation.

The test units were initially subjected to a series of drops that involved Normal
Conditions of Transport (NCT) and Hypothetical Accident Conditions (HAC) tests.
After the drop tests were completed, each of the four test units were then subjected to
the thermal test specified as part of the HAC. Section 3 describes the drop tests
performed on the test units. Section 4 describes the thermal tests that these same test
units were subjected to.

Table 1-1 provides a test matrix that summarizes all of the tests performed on
each individual test unit along with the orientation of each test unit when it was dropped

tested.

Table1-1. Summary of physical and thermal testsfor ES-2100 package

Test TU-1 (horizontal | TU-2 (CG-over- | TU-3 TU-4 (CG-
attitude) top-edge (horizontal over-top-edge
attitude) attitude) attitude)
NCT 1.2m (4 X X X X
ft.) drop
HAC 9m (30 ft.) X X
drop
HAC 9m (30 ft.) X X X X
dynamic crush
HAC punch X X X X
HAC puncture X
at CV lid joint
Thermal test to X X X X
800°C (1475°F)
0.9 m (3 ft.) X X X X
immersion




2 DESCRIPTION OF THE SHIPPING PACKAGE

The ES-2100 isa55-gal, stainless steel drum that is 22-1/2 inches in diameter and 34-3/4
inches tall fabricated from 16- gauge, 304 stainless steel. The package has an integral
annular liner that is filled with Kaolite 1600™, a mixture of cement and vermiculite, cast
in place. The stainless steel structural member used to attach the annular liner shell to the
drum forms the base for the 18 threaded studs that are used to secure the drum lid in
place. Insidethe annular liner shell is placed a polyurethane insert that provides some
cushioning for the containment vessel (CV). Four equally spaced vent holes are placed
around the top of the drum to allow for venting of steam generated during a thermal
accident. A top plug, also fabricated from stainless steel and filled with Kaolite 1600™,
sits above the CV and isolates the drum lid from the containment vessel (see Figure 2-1).

i Danotes Kaolte 1500™

Sacurity Seal Lug
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29,20 Fe :‘:I-'CIDL d
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Figure2-1 Cutaway view of the ES-2100 showing surrogate contents of steel shot.

The stainless steel CV is 21-1/4 inches tall, 8-5/8 inches in diameter, and has a
Monel reinforcing nut ring that increases flange strength and also prevents gauling of lid
bolts. The CV is sealed with two ethylene-propylene elastomeric O-rings, the inner one
of which provides part of the containment boundary. The lid is held in place with twelve
3/8-inch bolts. There are no penetrations or fittings into the containment vessel. The
vessd lid is fabricated with a sampling port that allows a pressure check of the gas space



between the two O-rings to determine that the vessel is sealed to DOT operational
requirements.

2.1 PREPARATION FOR TEST UNIT ASSEMBLY

Data sheets documenting information on pre- and post-test activities have been
generated and are presented in the Appendices. All data sheets that refer to TU-1 are
presented in Appendix A. Similarly Appendices B, C, and D contain data sheets that
apply to TU-2, TU-3, and TU-4 respectively.

2.1.1 O-RingLeak Check Test

The O-ring seal of the CV assembly was leak tested using a CALT 5 leak check
system manufactured by Croft and Associates. The leak check was performed on all test
units in accordance with ANSI N14.5-1997 using the manufacturer’s leak testing
procedure for the CALT 5 leak test device. Thetest sensitivity was at least 1x10°ref-
cc/sec. (see Figure 2-2).
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Figure2-2 Checking theleak rate of an ES-2100 containment vessel with a CALT 5leak tester.

The leakage rate resulting from the tests are documented on Test Form 1A,
Assembly of the CV, in Appendices A-D. A summary of the measured leak ratesis given
in Table 2-1.



Table2-1. Measured leak rate for the CV of each test unit.

Drum ID TU-1 TU-2 TU-3 TU-4
L eak Rate, 8.08E-05 6.84E-05 6.28E-05 8.87E-05
std-cc/sec air

2.1.2 Radiography of Test Units

Prior to assembly, each test unit was radiographed to determine if there were any
voids in the Kaolite 1600™ that had been created when that material was cast in the
package. The gamma ray source consisted of 33 curies of Ir-192. The film was 14
inches tall and 17 inches wide. To look in all parts of the Kaolite 1600™ the film was
placed around the outer surface of the drum so that the film overlapped on the ends; the
source was placed in the cavity of the package.

Exposure time was limited to about 50 seconds for the side and bottom shots and
135 seconds for the plug. To cover the entire circumference of the package, 5 separate
pieces of film were required. To cover the entire height of the drum, three rows were
required. Thus, 15 pieces of film were required for each drum. One shot was taken
through the bottom and three films were used to x-ray the removable plug. Thus, it took
19 radiographs to completely examine the Kaolite 1600™ in each drum. Results of the
radiography for the test units were recorded on Test Form 2A in Appendices A-D.

Radiographs of each test unit revealed some small, incidental, cracks in the
Kaolite 1600™ which were located in the thinnest section of the annular liner at the top
of the drum where the steam vents are located (see Figure 2.1). Itislikely that these very
thin gaps were formed as the Kaolite 1600™ cured after being poured. The cracks are
small enough to be of no concern for the thermal test.

The actual radiographs are in the master data file that has been provided to the Y-
12 sponsors.

2.1.3 Application of TemperatureLabels

Prior to assembly, an array of maximum temperature blackout |abels was applied
to 16 locations on each CV and an additional 16 labels were affixed to the inside surface
of each drum. Severa of the temperature labels can be seen on the CV in Figure 2-2 and
an additional number can be seen on the inside surface of the drum in Figure 2-3. Two
more |abels were loosely placed in the middle of the surrogate payload, the stedl shot.

The temperature labels are designed with 16 indicating spots that range from 125°
F to 500° F, in 25° increments. Each label was affixed at a specific location and an
additional strip of Teflon™ tape was placed over the label to ensure it would remain in
place during the thermal test.



Termperature
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Figure2-3 Preparation of drum with affixed temperature labels.

2.2 DESCRIPTION OF TEST UNITS

The test units were full-scale ES-2100 packagings. An aluminum sleeve was
designed to be placed inside the CV which was, in turn, loaded with a mockup of the
Uranium oxide powder payload. This surrogate payload consisted of 460 grit
(approximately 0.04 to 0.07 inches in diameter) steel blasting shot contained in plastic
bags. Figure 2-4 shows the items thet were individually weighed and then placed inside
the drum prior to testing.

All test units had temperature indicators affixed to the CV aswell as the inside
surface of the drum liner prior to assembly for testing. The locations of the temperature
indicators are discussed in Section 4.
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Figure2-4 Internals prior to being placed inside ES -2100 drum.

The vertical seam of the outside drum of all test units was marked with a 0°
vertical reference line and the other three quadrants were marked with a vertical line at
90°, 180°, and 270° as measured around the top perimeter of the package in a
counterclockwise direction looking down onto the top of the package. A horizonta line
was also marked around the circumference of each outer drum at 16-1/4 inches above the
lower edge of the outer drum which defined the center-of-gravity plane of each package.
The intersection of the vertical lines and the circumferential line provided CG “targets”
on each quarter of the outer drum surface.

Results of weighing the components of the package were recorded on Test Form 3
in Appendices A-D. The total weight of each package is givenin Table 2-2.

Table2-2. Test weight of each test unit.

Item TU-1 TU-2 TU-3 TU-4

Test weight, |b. 453 447 449 451




2.3 PACKAGE ASSEMBLY

Before assembly began, the components of each CV was given avisua
inspection, the results of which were documented in Test Forms 1A. The weights of the
various components making up the package was taken and recorded on Test Form 3. The
assembly of each test unit was documented on Test Form 2. These test forms are
presented in Appendices A-D.

An auminum liner was designed to be installed inside each of the four CV’s.
This liner provided the base to wrap two layers of Refrasil insulating cloth so asto
provide athermal barrier between the inner wall of the CV and the steel shot test load.
Thisinsulation is intended to prevent the test load from acting as a heat sink during the
thermal testing. In addition, two discs of Refrasil, sized to cover the bottom inner surface
of the CV, were placed on the bottom inner surface of the CV and two more discs of
Refrasil, sized to cover the top inner surface of the CV lid, were placed on the inner
surface of the CV lid. Once wrapped, the aluminum liner was then placed inside the
CV.

A plastic bag was placed inside the aluminum liner after the liner was installed in
the CV. Approximately 56.7 kg (125 |b) of steel shot was then poured into the plastic
bag. The polyurethane foam was placed inside the drum cavity and the loaded CV was
placed inside the polyurethane foam.

3 REGULATORY DROP TEST REQUIREMENTS

Four test units were subjected to a variety of physical tests required by regulatory
authorities. All four units were dropped 1.2 m (4 ft) as described in the DOT regulations
for NCT test requirements. Two of the four were then subjected to the 9 m (30 ft) HAC
drop test followed by a9 m (30 ft) HAC dynamic crush test as required by the Nuclear
Regulatory Commission under certain conditions. The IAEA regulations require that a
package be tested either with a9 m drop test OR subjected to a9 m crush test, not both.
With this in mind, the other two test units were only subjected to the HAC crush test after
being put through the NCT drop test. All four test units were then subjected to the HAC
punch test. One test unit, TU-1, was dropped a second time onto the punch so asto
impact directly adjacent to the flange of the CV. These drop tests are discussed in more
detail in this Section.

3.1 DROPTESTS

The drop tests were carried out at the National Transportation Research Center
(NTRC) in Knoxville, Tennessee and were conducted by Oak Ridge National Laboratory
staff members of the Transportation Technology Group of the Nuclear Science and
Technology Division.

Asnoted in Table 1-1, all four test units, TU-1, TU-2, TU-3, and TU-4, were
initially subjected to the 1.2 m (4 ft) Normal Cordition of Transport (NCT) drop test. All
NCT drop impacts were made onto the seam of the packages, the area that is considered
the weakest.



The 10CFR-71.73 HAC compliance testing was performed using TU-1 and TU-2.
These two packages were subjected to the 9 m (30 ft) free fall drop test followed by the
9m (30 ft.) dynamic crush test. 10CFR-71.73 requires that the package subjected to the 9
m (30 ft) free fall drop followed by the 9m (30 ft) dynamic crush to be in a position for
which maximum damage is expected in this | atter test. Previous experience and
modeling of the ES-2100 indicated that the side orientation and package center of gravity
(CG) over the top edge are the most damaging orientations for these tests. For the 9 m
(30 ft) dynamic crush test, the portion of the package damaged in the previous NCT and
HAC tests was set on the drop pad and the 500 kg (1102 Ibs) crush weight was dropped
to impact on the opposite (i.e., the undamaged) side, or edge (in the case of the CG-over-
corner test) of the package. (See Figure E19)

The TS-R-1 HAC compliance testing, required by the International Atomic
Energy Agency (IAEA) was performed using test units TU-3 and TU-4. ThelAEA
requires either (not both) a 9m (30 ft) drop or a dynamic crush test be applied to a
package. Previous experience and modeling of the ES-2100 indicated that the side
orientation and CG-over-the-top-edge are the most damaging orientations for these
packages. For the 9m (30ft) dynamic crush test on these TU-3, the portion of the package
that had been damaged in the previous NCT test was set on the impact pad and the 500 kg
(1102 Ibs) crush weight was dropped on the opposite (i.e., the undamaged) side. In the
case of TU-4, the undamaged bottom was placed on the impact pad and the package was
balanced such that the 500 kg crush weight would impact the previously damaged edge of
the lid.

Following the above-noted tests, all four Test Units were subjected to the HAC
punch test. For this punch test, each unit was dropped onto a 15-cm (6-inch) diameter
steel punch in a horizontal attitude so that the impact occurred on the seam of the outer
drum of each package. In addition, TU-1 was subjected to a second HAC punch test in
which it was dropped onto the punch in a horizontal attitude so that the impact occurred
immediately adjacent to the flange of the CV contained within the drum. In practice, the
package struck the punch at the junction of the top rolling hoop and the 0° line (the
seam).

3.1.1 NCT Drop Test Results

Of the four test units that were put through the NCT tests, TU-1 and TU-3 were
dropped in a horizontal attitude from a height of 4 ft. Figure 3-1 shows the drop height
measurement being made prior to releasing the TU-1 package. The outer drum was
dightly flattened along the 0° line. The width of the flattened drum surface was taken at
four different positions: the top ring, the top rolling hoop, the bottom rolling hoop, and
the drum bottom. These dimensional measurements are given in Table 3-1.

Prior to impact, the drum diameter, as measured at the top ring from the 0° line to
the 180° line on the undamaged drum, was determined to be 23-5/8 inches. Following
the NCT drops, this diameter was measured to be 23-1/4 inches on TU-1 and 23-1/4
inches on TU-3 (see Test Form 4 in Appendices A and C).



Figure3-1 Measuring the drop height of TU-1 for the NCT drop test.

Table3-1. Width of flat at specific locations along the height of the drum from NCT test*.

Position Top Ring Top Hoop Bottom Hoop Drum Bottom

TU-1 4-1/4 5-1/8 6-3/16 5-1/4
M easurement,
in.

TU-3 4-5/8 4-11/16 6-1/2 4
M easurement,
in.

* Al dimensional measurements were taken with a ruler whose smallest division was 1/16 inch.

Additional detailed sketches of the damage and measurements to these packages
are given in the Test Form 4 data sheets in Appendices A and C for packages TU-1 and
TU-3, respectively.

Units TU-2 and TU-4 were dropped from a height of 4 feet on their top with their
center-of-gravity positioned directly above the junction of the top edge and the vertical 0°
line of the drum. The angle of the drum prior to release was measured to be 34.6° from
the vertical for both drums. Figure 3-2 shows the drop height measurement being made
prior to releasing the TU-4 package. Also seen in thisfigure is the vertical 180° line
marked on the outside of the package and part of the clamp that was attached to the
bottom of the drum. This hoisting arrangement permitted the drum, with a single-point
suspension, to hang with the CG directly over the top edge.

10




Impacting on the top edge of the package produced a flat area in the top ring of
about 7-5/8 inches and bend down approximately ¥ inch from its original position. The
package then fell over and dightly flattened the bottom when it hit the impacting surface.
Figure 3-3 shows the damage to the top ring, at the 0° line, caused by the impact.

Figure3-2 Measuring the drop height to the top of TU-4 for the NCT drop test.

Because the top ring flattened as well as bent, the diameter of the package
diminished from an original diametric measurement of 23-9/16 to 23-7/16 inches in
package TU-2 and from 23-9/16 to 23-1/2 inches in package TU-4. Additiona detailed
sketches of the damage and measurements of these packagesis given in the Test Form 4
data sheets in Appendices B and D for packages TU-2 and TU-4 respectively.
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Figure 3-3 Photo of the damage to the top ring on the closure of TU-4 resulting from the NCT drop
test.

3.1.2 HAC Drop Test Results

Following the NCT drops of all four packages, test units TU-1 and TU-2 were put
through the 9 m (30 ft) Hypothetical Accident Condition (HAC) drop test. In the case of
TU-1 the package was dropped in a horizontal attitude (the measured angle of the
package prior to the drop was 0.8° from horizontal) and oriented to impact on the 0° line
that had been damaged in the NCT drop.

The setup for the 9 m (30 ft) horizontal drop of TU-1 is shown in Figure 3-4.
Extra light stands seen in the photo were brought in to provide sufficient illumination for
the 500 frames per second high speed motion pictures that were taken of the drop and
impact.

12



Figure 3-4 Photo showing the test setup for the HAC 9-m free drop of TU-1.

Figure 3-5 shows the package, which was rolled over following the impact, to
expose the damage that was caused by the drop test. The view shows the bottom edge,
which wrinkled significantly, and the flattening of the impacted side. Table 3-2 indicates
the widths of the resultant flat that were measured at four different locations along the

height of the package.

Table3-2. Width of flat at specific locations along the height of TU-1 from HAC 9-m free drop test.

Position Top Ring Top Hoop Bottom Hoop Drum Bottom
The 0° side, 8-1/16 9-1/8 11-7/8 11

M easurement,

in.

Note the flat produced at the bottom end of the package is over 35% greater than
the smilar measurement at the top ring. This difference is primarily due to the fact that
the top closure is structurally more rigid than is the bottom and therefore would not be
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expected to deform as much as the bottom in a horizontal impact. The diameter of the
drum as measured at the top ring from the 0° line to the opposite 180° line was measured
to be 22-3/4 inches as compared to the undamaged drum diameter of 23-9/16 inches.

Figure3-5 Results of dropping the TU-1 package from 9-m onto the solid unyielding surface.

In the case of TU-2, the package was hung from a steel bracket clamped to the
bottom rim of the package such that the package hung with its CG directly above the
same top edge of the package that hed initially impacted in the NCT drop test for this test
unit. The angle of the package when suspended was 34.6° from vertical. Figure 3-6
shows the drop test setup for TU-2 once it was raised to its 9 m (30 ft) drop height.
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Figure 3-6 Photo showing the test setup for the HAC 9-m drop of TU-2.

The results of the impact when TU-2 was dropped onto the unyielding target are
shown in Figure 3-7. Note that the top edge crushed down toward the bottom of the drum
producing several wrinkles in the steel outer shell above the name plate that had been
welded onto the package and which helped stiffen the outer shell at that point. However,
the bolt ring helped stiffen the lid and the height of the drum at the 0° line was measured
to be 32-7/16 inches as compared to an undamaged height of 35-1/16 inches. The imprint
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of the impacting surface is clearly seen in the photo on the edge of the ring and the width
of the imprint was measured to be 12-13/16 inches from end to end. In addition, all lid
bolts remained in place.

Figure3-7 Results of dropping TU-2 in a CG-over-corner drop from 9 m.

3.1.3 HAC Dynamic Crush Tests

All four test units were subjected to the dynamic crush test. This test consisted of
placing the test units on the unyielding impact pad and dropping a 500 kg (1102 Ib)
weight onto the package from a9 m (30 ft) drop height.

3.1.3.1 NRC-required crush tests

When a package weighs less than 500 kg, has an overal density is less than
1000kg/n? (62.4 Ib/ft*), and the proposed radioactive contents will be greater than 1000
Az not as special form, the NRC requires the dynamic crush test to follow the 9-m free
drop test. Since these packages weighed approximately 204 kg (450 Ib), TU-1 and TU-2
were both put through the dynamic crush test after being subjected to the 9- m free drop
test.
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Test Unit TU-1 was placed on its side on the impact pad with the 0° line (which
had been damaged in the previous 9-m free drop) down against the steel surface. The
500-kg weight was raised to a height of 9 m above the undamaged 180° line on the drum
and released.

Figure 3-8 shows the damage caused to the 180° line area of the drum as viewed
from the drum top and the 500-kg impacting weight in the background. Note that the
drum is flattened more at the bottom than at the top of the drum demonstrating that the

Figure 3-8 Results of the dynamic crush test as viewed from the top end of TU-1.

top is more rigid and able to withstand a side impact with less deformation than the
bottom. And while most of the damage to the 0° line was received from the 9-m free
drop test, some additional damage was caused by the impact in the crush test. Note the
small tear in the top ring at the 0° side in the lower portion of this photo.

Following the test, the package was set on its bottom and a variety of dimensional
measurements were made. Details are presented in Test Form 6 in Appendix A and are
summarized below.

Table 3-3 presents the measurements of the flattened areas that were produced at
four different locations on the 0° side and the 180° side of TU-1. The flattened
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dimensions on the 0° side shown in Table 3-3 may be compared to similar measurements
noted in Table 3-2 that were made at the same location on TU-1 following the 9-m free
drop, the difference being attributable to the effect of the crush test as measured on the
seam side of the package.

Table3-3. Width of flattened areas at specific locations along the height of TU-1 following the crush

test.
Position Top Ring Top Hoop Bottom Hoop Drum Bottom
The 0° side, 9-5/8 11-13/16 16-1/5 17-3/4
M easurement,
in.
The 180° side, 8-1/4 10-3/4 15 17
M easurement,
in.

Diameter measurements were also made on TU-1 following the crush test. These
measurements were made between the 0° line and the 180° line as well as between the
90° line and the 270° line at three different height locations on the package. The
measurements are noted in Table 3-4 and are compared with diameter measurements that
were made on an undamaged package.

Table 3-4. Diameter measurements at specific locations along the height of TU-1 following the crush
test.

Position Top ring Middle Drum bottom

Diameter between 21-1/8 19-5/8 15-7/8
0° - 180° line,
inches

Diameter between 23-15/16 23-11/16 23-1/16
90° - 270° ling,
inches

Undamaged 23-5/8 22-5/8 22-1/4
package diameter,
inches

Test unit TU-2 was tested by setting it on the impact pad in the CG-over-corner
attitude that it had been dropped in from 9-m and discussed in Section 3.1.2. To do this
the package had to be balanced on its edge with its already damaged top end resting on
the impact pad and the bottom of the package in an upward position. To balance the
package, two thin nylon cords that were anchored to the impact pad were attached to a
strap that had been tightened around the diameter of the package. These cords could be
adjusted in length to get the package to balance properly. Figure 3-9 shows the test setup
after the package had been balanced and just prior to the release of the 500 kg steel plate.
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Figure3-9 Test setup for the dynamic crush test of TU-2.

A plumb bob attached to the end of a 9-m steel wire and taped to the middle of the
underside of the steel plate can be seen suspended right above the desired point of impact
on the corner of the package. The plumb bob is also used to obtain the correct drop
height for al 9-m drop tests.

The impact of the steel plate produced a flattened surface on the edge of the
bottom of the package and increased the flattened area on the top of the package that was
sitting on the impact pad.

The damaged area of the bottom of the package is shown in Figure 3-10. The

damage extends from the bottom rolling hoop to almost the middle of the bottom of the
package. That flattened dimension is approximately 14 inches.
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Point of irapact of 500
kg weight

Figure 3-10 Damaged bottom of TU-2 resulting from the dynamic crush test.

The damaged area of the top of the package is shown in Figure 3-11. This
damage is much less due to the heavier structural membersin the lid area. Note that in
this photo there is a dight change to the originally straight 90° line drawn on the side of
the package starting at about the top rolling hoop. The angle was measured to be
approximately 7° from its original vertical position and was caused by the compression of
the steel drum at the top rolling hoop at the 0° line at the time of impact of the steel plate
on the package. This compression, in turn, caused the entire top of the package to bend
dightly. The physical damage to the lid area is rather minor. Details of the damage are
sketched on Test Form 6 in Appendix B.

20



Figure3-11 Damaged top of TU-2 resulting from the dynamic crush test.

3.1.3.2 IAEA-required crush tests

The HAC impact tests required by the IAEA for packages weighing less than 500
kg specify that they will be subjected either to a free-drop test from 9 m or they will be
subjected to a crush test identical to that required by the NRC. Test units TU-3 and TU-4
were not exposed to the 9-m free drop test but, following the NCT test, were subjected to
the HAC crush test.

Test unit TU-3 was placed on the impact pad with the 0° line down resting against
the steel surface of the impact pad. The 0° line identifies the area that had beendlightly
flattened in the NCT drop test of this unit, as discussed in Section 3.1.1. For this crush
test, the 500-kg weight was raised to a height of 9 m above the undamaged 180° line on
the drum and released. Figure 3-12 shows the damage to the lid end resulting from the
impact.

The impact caused the package along the 180° line to be flattened and increased
the flattened surface aong the 0° line that had been resting on the surface of the impact
pad. Table 3-5 presents the measurements of the flats that were produced at four
different locations on the 0° side and the 180° side of TU-3. The flat dimensions on the
0° side shown in Table 3-5 may be compared to similar measurement s noted in Table 3-1
that were made at the same location on TU-3 following the NCT 4-ft drop test. The
measurement data for this crush test were recorded on Test Form 6 in Appendix C.
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Figure 3-12 Results of the dynamic crush test asviewed from the top end of TU-3.

Table 3-5. Width of flattened areas at specific locations along the height of TU-3 following the crush

test.
Position Top Ring Top Hoop Bottom Hoop Drum Bottom
The 0° side, 10 11-3/4 14 15-3/4
M easurement,
in.
The 180° side, 7-7/8 10-1/2 15 16-3/4
M easurement,
in.

Diameter measurements were also made on TU-3 following the crush test. These
measurements were made between the 0° line and the 180° line as well as between the
90° line and the 270° line at three different height locations on the package. The
measurements are noted in Table 3-6 and are compared with diameter measurements that
were made on an undamaged package.
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Table 3-6. Diameter measurements at specific locations along the height of TU-3 following the crush
test.

Position Top ring Middle Drum bottom

Diameter between 21-1/4 19-7/8 17-1/4
0° - 180° line,
inches

Diameter between 23-15/16 23-5/8 22-7/8
90° - 270° line,
inches

Undamaged 23-9/16 22-5/8 22-1/4
package diameter,
inches

TU-4 was readied for the crush test by setting it on the impact pad in the CG-
over-corner attitude. To do this the package had to be balanced on the impact pad.
However, contrary to the positioning arrangement used in testing the TU-2 package (in
which the already damaged lid was set on the impact pad) this package was arranged with
the undamaged bottom placed on the impact pad and the damaged top end in an upward
position where it would receive the direct impact of the steel plate. To balance the
package, two thin nylon cords that were anchored to the impact pad were also attached to
a strap that had been tightened around the upper part of the package. These cords could
be adjusted in length to get the package to balance properly. This arrangement is shown
in Figure 3-13.

Figure3-13 Setup for thecrush test for TU-4.
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Note that the edge of the top ring that had been damaged in the NCT drop tests
discussed in Section 3.1.1 and shown in Figure 3-3 is at the top of the photo in Figure
3-13 and is positioned to be impacted by the steel plate in the test.

Figure 3-14 shows the resulting damage to the top of the package following the
impact of the steel plate on the package. The impact caused the steel drum at the 0° line
and the top rolling hoop to buckle and fold. Thisis a structurally weaker area caused by
the presence of the rolling hoop in the drum. The impact also caused the top lid of the
package to crush along the 0° line with the result that this side of the drum shortened
dightly.

Figure 3-14 Results of the dynamic crush test asviewed from thetop end of TU-4.

Figure 3-15 shows the damage caused on the bottom the package that had been its point
of balance on the impact pad. The crush is much more severe than was produced on the
top, shortening the height of the package on the 180° line more than occurred on the 0°
line. Table 3-7 presents the length of the 0° line and the 180° line and compares those
dimensions to the height of an undamaged package.

Table3-7. Height of the TU-4 at specific locations following the crush test.

Drum 0° Line 180° Line Undamaged package

Height, inches 31-5/8 28 35-1/16
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Note that in Figure 3-15 the 270° line appears to be dightly bent at the top rolling
hoop. This angle was measured to be 4°. Thisisinteresting since this is the same area
that TU-2 produced a bend in the drum as aresult of the crush test, but TU-4 was set up
on the drop pad upside-down from the position of the TU-2 test unit. The difference in
the angles produced (7° for TU-2 as compared with 4° for TU-4) is understandable since
the TU-2 test unit underwent a 9-m HAC free drop test and thus sustained more damage
prior to being subjected to the crush test.

By -

Figure 3-15 Results of the dynamic crush test as viewed from the bottom end of TU-4.

3.1.4 HAC Puncture Tests

All four test units were subjected to the HAC dynamic puncture test and TU-1
was dropped twice. In this series of tests each package was positioned so its lowest
surface would impact the punch in a horizontal orientation. Each package was raised to a
height of 1 m (40-inches) above a 15-cm (6-inch) diameter steel punch that had been
bolted to a steel impacting surface of the inside drop pad at the NTRC. With the
exception of the second puncture test performed on TU-1, each was aligned with the
center-of-gravity of the package directly over the punch and then dropped.

TU-1 had previously been dropped in a horizontal attitude on the 0° line from 9 m
and then subjected to a crush test with a 500 kg steel plate being dropped onto the bottom
edge at the 180° line. This produced two flattened surfaces in opposite sides of the drum
that were not parallel, but dightly wedge shaped (see Figure 3-8 of Figure E20in
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Appendix E). Thus when the flattered lower surface was placed on the horizontal floor,
the top surface was loped at a 7.7° angle. When this package was raised to 1 m above
the punch, the angle on the top surface was measured to be 7.5°, which meant that the
bottom was within 0.2° of being horizontal. The package was then dropped onto the
punch.

The resulting impact produced an indentation in the side of the steel drum, but did
not puncture it (See Figure 3-16). The damage was observed to cover a circular-shaped
area approximately 23 cm (9 inches) in diameter. A straightedge was laid across the
indentation along the 0° line and the depth of the indentation was measured to be about
1.4 cm (9/16 inch). The diameter of the drum was measured from the center of the punch
mark and the 0° line to the 180° line and found to be 18-7/8 inches. The original
diameter of the drum was about 22-1/2 inches. The dimensional data for this test was
recorded on Test Form 7 in Appendix A.

Figure3-16 Damage produced in the first puncture test of TU-1.

Following the first punch test that impacted on the 0° line, TU-1 was rotated 180°
around its longitudinal axis and subjected to a second puncture test. Again, the package
was adjusted so the flattened lower surface was horizontal but the impact would occur on
the 180° line at a point which was about 10-5/8 inches from the top of the package, just
adjacent to the location of the flange of the inner containment vessel. When this package
was raised to 1 m above the punch, the angle on the top surface was measured to be 7.3°,
which meant that the bottom was within 0.4° of being horizontal. The test unit was
raised and dropped onto the punch.
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The resulting impact produced an indentation in the side of the steel drum, but did
not puncture it (See Figure 3-17). The damage was observed to cover a circular-shaped
area approximately 27.3 cm (10-3/4 inches) in diameter. A straightedge was laid across
the indentationaong the 180° line and the depth of the indentation was measured to be
about 1.3 cm (1/2 inch). The diameter of the drum was measured from the center of the
punch mark and the 180° line to the 0° line and found to be 18-7/8 inches. The origina
diameter of the drum at the top rolling hoop was 23-3/8 inches. The dimensional data for
this test was recorded on Test Form 7A in Appendix A.

Figure3-17 Damage produced in the second puncture test of TU-1.

TU-2 was subjected to the puncture test by orienting the package horizontally
such that the impact would occur on the 0° line and in line with its center-of-gravity. In
this case the package had been previously dropped on its top edge and subjected to the
crush test in that same CG-over-corner orientation. These edge impacts left the middle of
the package at the 0° line relatively undamaged. The package was raised 1 m above the
punch and then dropped.

The resulting impact produced an indentation in the side of the steel drum, but did

not puncture it (see Figure 3-18). The damage was observed to cover a dlightly oval-
shaped area with amajor diameter of approximately 23 cm (9 inches) and a minor
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diameter of about 22 cm (8-5/8 inches). A straightedge was laid across the indentation
along the 0° line and the depth of the indentation was measured to be about 1.6 cm (5/8
inch). The diameter of the drum was measured from the center of the punch mark on the
0° line to the 180° line ard found to be 53.5 cm (21-1/16 inches). The original diameter
of the drum was about 22-1/2 inches measured at the same location. Data for the punch
test of TU-2 is given on Test Form 7 data sheet in Appendix B.

Figure 3-18 Measuring the indentation produced in the puncturetest of TU-2.

TU-3 had previously been dropped in a horizontal attitude on the seam (line 0°)
from 9 m and then subjected to a crush test with a 500 kg steel plate being dropped onto
the 180° line. This resulted in the two flattened surfaces produced in the sides of the drum
that were not paralel, but dightly wedge shaped (see Figure 3-12). Thus when the
flattened lower surface was placed on the horizontal floor, the top surface was sloped at a
7.1° angle. When this package was raised to 1 m above the punch, the top angle was
adjusted and measured to be 7.1°, which meant that the bottom was horizontal. The
package was then dropped onto the punch.

The resulting impact produced an indentation in the side of the steel drum, but did
not puncture it (See Figure 3-19). The damage was observed to cover a circular-shaped
area approximately 25 cm (10-inches) in diameter. A straightedge was laid across the
indentation along the 0° line and the depth of the indentation was measured to be about
1.3 cm (1/2-inch). The diameter of the drum was measured from the center of the punch
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mark and the 0° line to the 180° line and found to be 19-1/4 inches. The original
diameter of the drum was about 22-1/2 inches. Data for the punch test of TU-3 isgiven
on Test Form 7 data sheet in Appendix C.

Figure3-19 Damage produced from previous tests plus the punch test of TU-3.

TU-4 was subjected to the puncture test by orienting the package horizontally
such that the impact would occur on the 0° line and in line with its center-of-gravity. In
this case the package had been previously dropped on itstop edge in a NCT test and
subjected to the HAC dynamic crush test. These edge impacts left the middle of the
package at the 0° line relatively undamaged. The package was raised 1 m above the
punch and then dropped.

The resulting impact produced an indentation in the side of the steel drum, but did
not puncture it (see Figure 3-20). The damage was observed to cover a dightly oval-
shaped area with a major diameter of approximately 24 cm (9-1/2 inches) and a minor
diameter of about 22 cm (8-5/8 inches). A straightedge was laid across the indentation
along the 0° line and the depth of the indentation was measured to be about 1 cm (3/8-
inch). The diameter of the drum was measured from the center of the punch mark and the
0° line to the 180° line and found to be 55.6 cm (21-7/8 inches). The original diameter of
the drum was about 22-1/2 inches.
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Figure 3-20 Damage produced from previous tests plus the punch test of TU-4.

Data for the punch test of TU-4 is given on Test Form 7 data sheet in
Appendix D.

30



4 THERMAL TESTS

The thermal testing of the ES-2100 was performed in the gas fired Furnace, No.
3179, at the Alstom Power Facility in Chattanooga, Tennessee. The furnace has an
approximate volume of 2640 ft3 with six burners that have the capability of producing up
to 2 million BTUshour each. The furnace has one thermocouple controller and an over-
temperature thermocouple.

As discussed in Sections 4.1 and 4.2, prior to the beginning of the HAC thermal
testing, the furnace was properly characterized and each test package was pre-heated.
Thermocouples were attached to both the furnace and the test units in order to prepare for
the thermal testing. Temperature indicators were also attached into and on each test unit,
as previoudly identified in Section 2.3.1, and placed into each bag of blasting shot that
served as a surrogate payload.

41 FURNACE SETUP

Prior to the beginning of the thermal testing, the furnace was characterized for
temperature and heat recovery times. In order to monitor the temperature and heat
recovery times, twelve thermocouples were installed on the furnace walls and door, three
thermocouples were installed on the 11’ x 7’ steel plate that lay on the floor, and two
thermocouples were attached to the test stand that was welded to the steel plate. The
distribution of these thermocouplesisindicated in Figure 4-1, Figure 4-2, and Figure 4-3
respectively. The furnace soaked at temperature of 1550 °F for 24 hours prior to begin
the thermal testing. After the first test, the furnace allowed to soak for at least 60 minutes
prior to the next test. The furnace controller temperature was continuously monitored on
the furnace strip chart.

To minimize the cooling effect on the furnace, workers practiced loading and
unloading test packages to and from the cold furnace to assure that the furnace door
would not remain open more than 90 seconds. The longest time the door was open
during the thermal testing was 73 seconds.
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Figure4-1 Installation of thermocouple under retainer clip.

Figure4-2 Testing thermocouple after installation.
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Figure4-3 Thermocouplesinstalled and ready to put into furnace.

4.2 PACKAGE SETUP

Asidentified in Section 2.3.1, Application of Temperature Labels, and as
indicated in Figure 2-3, all test units were assembled with numerous temperature labelsin
preparation for thermal testing.

Additionally, al of the test units were preheated to over 38°C (100°F) by placing
the four test unitsina6'x 6 x 6 environmental chamber. The environment chamber
was heated by a torpedo-type kerosene space heater which is controlled by a mechanical
bulb thermostat with a control range of 100°F to 200°F. The temperature in the
environmental chamber was set at 66°C (150°F) for approximately 24 hours and then a
minimum of 41°C (105°F) for at least the next 24 hours. The specific temperatures and
durations have been documented as an appendix to this test report.

Six thermocouples were attached to the exterior surface of each package after
preheating. Metal retainer clips were welded to the drums as shown in Figure 4-1 to hold
the thermocouples in place. The thermocouple tips were inserted underneath the metal
clips, and the wrapped around the metal clips. In order to eliminate any radiant viewing
factor between the thermocouples and the furnace walls, the tips and meta clips were
covered with a ceramic coating.
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43 HAC THERMAL TESTING & RESULTS

4.3.1 HAC Thermal Testing

Thermal testing required that the package be exposed to an 800°C (1475°F)
thermal source or greater for a minimum of 30 minutes. No test unit was loaded into the
furnace until 13 of the 15 thermocouples on the furnace walls and the two attached to the
support stand reached a reading of 800°C (1475°F). All packages were placed in the
preheated furnace on the support stand positioned with the long axis horizonta, the
package lids facing the right wall of the furnace (when facing the furnace door), and the
drum side-seam (0° on the package) facing down. The thermal test for each test unit did
not begin until the furnace thermocoupl es recovered to a temperature above 800°C
(1475°F) and five of the six thermocouples on the package had attained a temperature of
at least 800°C (1475°F). The packages were exposed to the radiation environment for a
minimum of 30 minutes and the temperature recording was set to record data every 30
seconds. Figure 4-4 shows TU-3 asiit is about to be unloaded from the furnace.

Figure4-4 Removing TU-3 from Furnace.

Each test package was removed from the furnace and placed on a stand where it
was not exposed to artificia cooling. All packages were allowed to cool naturally to
room temperature. All data concerning the thermal testing of each test unit was recorded
on Test Form 8A.



The furnace was alowed to reheat for a minimum of one hour between each
individual test. Between tests, the furnace controller temperature data recorded
continuously on the strip chart.

4.3.2 Thermal Test Reaults

As previoudly stated, thermocouples were attached to both the furnace and test
units for monitoring purposes. Figure 4-5 through Figure 4-12 indicate the temperatures
the furnace and test units experienced as each test was performed.

A description of the results for each test unit is provided below. Table 4-1
provides the maximum temperature readings from specified areas within the ES-2100
package. The results from all temperature labels are recorded on Test Form 8D for each
test unit.

Table4-1. Maximum Temperature Label Readings per ES-2100 Components

Test Max. Temp. Max. Temp. on Max. Temp Location of Max Temp.
Unit# | Inside Surrogate | Outside of CV Insde ES-2100 in Drum
Material Drum
1 150° F 175° F 500° F Bottom of Plug@180°
& 270°
2 150° F 175° F 500° F Bottom of Plug@180°
3 175° F 225°F 500° F Bottom of Plug@90°
& 180°
4 150° F 175° F 475° F Bottom of Plug@180°

TU-1 - Asaresult of the thermal testing of Test Unit #4, the highest temperature
inside the surrogate material was 150° F. All temperature labels around the outside of the
CV were exposed to 175° F heat. With respect to the range of temperatures encountered
inside the ES-2100 drum, the temperature range varied from 175° F at the bottom of the
drum to 500° F on the bottom of the plug and at the 180° to the 270° locations. After Test
Unit #1 was removed from the furnace, it was placed on atest stand to cool naturally.
After afew minutes from being removed from the furnace, smoke was notice venting
from the TID holes and a smell of burning foam was noticed. Subsequently, a brownish
orange liquid seeped from the bottom TID attachment hole.

TU-2 - Asaresult of the thermal testing of Test Unit #4, the highest temperature
inside the surrogate material was 150° F. All temperature labels around the outside of the
CV were exposed to 175° F heat. With respect to the range of temperatures encountered
inside the ES-2100 drum, the range varied from 175° F at the bottom of the drum to 500°
F on the bottom of the plug at the 180° location. The results from all temperature labels
are recorded on Test Form 8D. After Test Unit #1 was removed from the furnace, it was
placed on atest stand to cool naturally. After twenty minutes from being removed from
the furnace, smoke was noticed venting from the TID holes and stopped after
approximately 40 minutes. A smell of burned foam was also noticed. Approximately one
hour after the package was removed from the furnace, a brownish orange liquid began
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seeping from the bottom TID attachment hole and stopped approximately 40 minutes

|ater.
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11:30:00

1600

1500

1400

1300
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1100

11:30:00 11:35:00 11:40:00 11:45:00 11:50:00 11:55:00 12:00:00 12:05:00 12:10:00 12:15:00 12:20:00

Package #2

@ Package 2_1
Package 2_2

Package 2 3
~ Package_2_4
X Package 2 5
® package 2 6

11:40:00 11:50:00 12:00:00 12:10:00 12:20:00 12:30:00

Time of Day

Figure4-7 Package TU-2 Thermocouple Temperature Curves.

Furnace During Package #2

Time of Day

@ Furnace_1
Furnace_2
Furnace_3
> Furnace_4
X Furnace_5
® Furnace_6
+ Furnace_7
= Furnace_8
= Furnace_9
Furnace_10
Furnace_11
Furnace_12
> Furnace_13
¥ Furnace_14
© Furnace_15
Furnace_16
= Furnace_17
= Furnace_18

4 MinimumTemp

Figure4-8 Furnace Thermocouple Temperature Curves During Burning of TU-2.
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9:40:00 9:45:00 9:50:00 9:55:00 10:00:00 10:05:00 10:10:00 10:15:00 10:20:00 10:25:00 10:30:00

9:45:00

Figure4-9

Package #3

4 Package_3 1
Package_3 2

Package_3_3
X Package_3 4
X Package 3 5
® Package 3 6

10:00:00 10:15:00 10:30:00 10:45:00

Time of Day

Package TU-3 Thermocouple Temperature Curves.

Furnace During Package #3

Time of Day

4 Furnace_1
Furnace_2
Furnace_3
X Furnace_4
X Furnace_5
® Furnace_6
+ Furnace_7
- Furnace_8
— Furnace_9
Furnace_10
Furnace_11
Furnace_12
~ Furnace_13
2 Furnace_14
© Furnace_15
~ Furnace_16
- Furnace_17
— Furnace_18

4 MinimumTemp

Figure4-10 Furnace Thermocouple Temperature Curves During Burning of TU-3.
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1200

1100

Package #4

13:45:00 14:00:00 14:15:00 14:30:00 14:45:00

Time of Day

Figure4-11 Package TU-4 Thermocouple Temperature Curves.

Furnace During Package #4

13:35:00 13:40:00 13:45:00 13:50:00 13:55:00 14:00:00 14:05:00 14:10:00 14:15:00 14:20:00

Time of Day

#® Package_4 1
Package_4_2

Package_4_3
X Package_4 4
X Package 4 5
® Package_4 6

& Furnace_1
Furnace_2
Furnace_3
» Furnace_4
X Furnace_5
® Furnace_6
+ Furnace_7
- Furnace_8
= Furnace_9
Furnace_10
Furnace_11
Furnace_12
“ Furnace_13
¥ Furnace_14
© Furnace_15
+ Furnace_16
=Furnace_17
=Furnace_18

¢ MinimumTemp

Figure4-12 Furnace Thermocouple Temperature Curves During Burning of TU-4.
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TU-3 - Asaresult of the thermal testing of Test Unit #3, the highest temperature
inside the surrogate material was 175° F. The highest temperature recorded on the
outside of the CV was 225° F. The temperature was recorded at the top of the CV and
locates 90°, 180°, and 270°. With respect to the range of temperatures encountered inside
the ES-2100 drum, the range varied from 200° F at the bottom of the drum to 500° F on
the bottom of the plug and at the 90° and 180° locations. The results from all temperature
labels are recorded on Test Form 8D. After Test Unit #3 was removed from the furnace,
it was placed on atest stand to cool naturally. Immediately after being removed from the
furnace, smoke was noticed venting from the TID holes and stopped after approximately
39 minutes. A smell of burned foam was also noticed and a brownish orange liquid
began seeping from the bottom TID attachment hole.

TU-4 - Asaresult of the thermal testing of Test Unit #4, the highest temperature
inside the surrogate material was 150° F. All temperature labels around the outside of the
CV were exposed to 175° F heat. With respect to the range of temperatures encountered
inside the ES-2100 drum, the range varied from 225° F at the bottom of the drum to 475°
F on the bottom of the plug and at the 180° location. The results from all temperature
labels are recorded on Test Form 8D. After Test Unit #3 was removed from the furnace,
it was placed on atest stand to cool naturally. Approximately twenty minutes from being
removed from the furnace, smoke was noticed venting from the TID holes and stopped
after approximately 35 minutes. A smell of burned foam was also noticed.

4.4 POST-HAC CONDITIONSTESTING

After cooling for several days, the test packages were disassembled and inspected.
The post-thermal weights of each test unit, top plug, and containment vessel were
recorded on Test Form 3. The drums were disassembled and photographed for record.
Each test unit was visually inspected, and the condition of the package and any
observations were recorded on the test forms and photographs.

All four CV units underwent leak and immersion testing that were recorded on Test
Form XX. The CV O-rings were successfully leak tested to an operational leak check
(<1x10°3 ref-cc/sec). As shown in Table 4-2 no lesks were indicated.

Table4-2. Post Test Measured leak rate for the CV of each test unit.

Drum ID TU-1 TU-2 TU-3 TU-4
L eak Rate, 9.33E-05 7.22E-05 1.03E-04 1.68E-04
std-cc/sec air

All CVswere immersed under a head of water of at least 0.9 m (3 ft.). The
exterior of each CV was dried. After the immersion test, a fitting was installed in the lid
of each CV and a leak checked to <<1X10 ref-cc/sec using a helium leak test apparatus
was successfully performed on the entire containment boundary of each CV. Figure
4-13 through Figure 4-16 show the He leak rate curve for each test unit. No leaks were
indicated.

40



He Leak Rate

TU-1

1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06
1.00E-07

1.00E-08

1.00E-09
0:07:12 0:10:05 0:12:58 0:15:50 0:18:43 0:21:36

Time

Figure4-13 He Leak Rate Detected vs Time for TU-1.

He Leak Rate

TU-2

1.00E+00
1.00E-01
1.00E-02
1.00E-03
1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09
0:07:12 0:10:05 0:12:58 0:15:50 0:18:43 0:21:36

Time

Figure4-14 He Leak Rate Detected vs Time for TU-2.
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TU-3
1.00E+00 T T T T
1.00E-01
1.00E-02
o 1.00E-03
©
X 1.00E-04
.
9 1.00E-05
[¢}]
T 1.00E-06
1.00E-07 /‘/,/v*/*
1.00E-08 fv
1.00E-09 L
0:07:12 0:10:05 0:12:58 0:15:50 0:18:43 0:21:36
Time
Figure4-15 He Leak Rate Detected vs Time for TU-3.
TU-4
1.00E+00 T T T T
1.00E-01
1.00E-02
@ 1.00E-03
<
X 1.00E-04
<
9 1.00E-05
(]
T 1.00E-06
1.00E-07 //ﬁ“”"
1.00E-08 /
1.00E-09
0:07:12 0:10:05 0:12:58 0:15:50 0:18:43 0:21:36
Time

Figure4-16 He L eak Rate Detected vs Time for TU-4.

The CVswere then opened. The CV contents were examined and found to have
no evidence of water leaking past the seal.
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TESTFORM LA Test Plan TTGTHES-2100-02 Rev. |
ASSEMBLY OF THE CV Teat Unit _T{g-1= {a.‘:}.ﬁn
Test Location NTRC R, L-110

VERIFIED TASKE

CV test unit serial number. (0 S ICKG

\M&Z . Al contamment vessel (V) compoments have been visually inapected to enswro they are present and

in good condition.
w‘!i P Tempermture indicators have been afficed o the surface of the CV a8 indicated Figere 3.2 and on Test
Form &0

The contniner and lid have been clearty marked as “ TU- f 7

Lom
MEL_ Mone of the temgerature indicalors indicate exposers (0 a temperziure m the measured range.

T A vertical line has been marked on the side of the contabner and lad with a perssanent markes to indicats
alignment the fwo companents

7 Eﬁ The OV O-rings and senaling surfaces have beee inspected for defects and found acceptable.

IM /f;;ml inzukstion c_ll:lth was applied to the i@'ﬂt t::f the CV. _j,;&./ﬁ cht" & M nu%%*{

M _'_lzti;-!ﬂi;ﬂ!ﬁﬁ steel sleeve was inseried after the Refrasil gloth wna\_mw‘“‘ ot “‘r”%&""
B e prilpatpow
Twe (2) temperiure lahels arz in the center of the shot

W& The alumamum sheeve, wenghing ﬁ pounds with the Refrasil. was instalicd m the CV. Steel shot
weighing | 03  pounds was installed inside the aluminem slecve,  The shot plus the weight of the sleeve weighs 125 |
pounds. The plastic beg containmg the shol has been closed with stranded tape and the bag has been trimmed leaving 1 uu:h; of
excess bag.

‘*?ﬁm 2 The lid has been instalbed on the contsiner and the previously apphed vertical markings align. The washars
anil bolts have been installed. The snital woegue of the bolts was 9 + 1 ft-lbs, and npplied i the sequence
clched on the OV Lid. & second torgque of the bolts was applicd at 18 + | fi.-lbs A redorgue of 15+ 1
ft.-lbs. was agaie apgpleed. All torque as applied was in the sequence stohed on the CV Tid, Ambient

temperature at chodare B ,.i_'f C "F
Torque weench # &0 806 76 Calibration Expirstion Date o =) f/03

‘w_ﬁ;hﬁa The OV assemnbly hos been leak tested with the CaltWs per the Mooufacturer's estructions Mamel,
Leak Tester Cert. # A0 a0¢ A8 E  Eapiration Bm:@fé&; Leakage '.’atun:ﬁﬁfml-‘gym air
wy Murk the top of the ©F lid with 0, 90, 180 and 270-degree locations with a permanent marker.
ﬁ[ The CV assembly has been weighed and the weighi has been reconded on Form 3.

M e Photographs of the assemibly have been taken®*.

w)bopust i v

and comments are correct.

[ earmify that, the abovg tasks heen performed and that the observar
| W@ﬁﬁé 1ohetes

Testang Technician
Al grhartiygraphe'moyics shall br unigooly identefiod with Tes: Ui dete and time 1o ensure tkat the proper sequesee n be feconstnarisd.




TEST FORM 2 Test Plan TTGTP/ES-2100-02 Rev, | ;’é’
AR

ASSEMBLY OF TEST PACKAGE Test Unit TW-4 L

Test Location NTRC Rm 1110

VERI TASK

The exienior of the drum has been cl ked “TU-_I' ;
o Record the drism serial mmbmm

Each urcthane foam insert has been clearly marked “TU- [

The center-of-gravity markings have been applied 1o the dram

a5 showm
= Mark the 0, 50, 180, 270 degres locations on the Drum Lid, =
Top Plug, and the inner and outside walls of the drum with

a permanent marker. The “0™ locafion is the vertical,

outside-wall seam of the dram. JIJ" V& .y{;-zf

The plastic Leak Check port plug has been removed

The OV assembly has been loaded into the drum with the

0 degree rotated ard aligned with the ) degree location
i on the drum.

The Drum Top Plug was weighed and the weight has been
recorded on Form 3.

w The Dram Top Plug has been loaded into the drum with the

O degree rotated and aligned with the 0° degres location
on the drum.

“Z&iﬁé The Drum Lid with no gasket has been installed with the

0 degree mark rotated and aligned with the 0° degree mark
on the drem.

MiA A securify seal has been attached to the drum.

% The drum lid washers are placed over the lugs and the dram lid

nuts were minally installed and torque 1o 10 + | fi-lbs, The
nuts were then tightened a second time to a torgue of
10+ 1 fi-Ibs. No torque sequence is required to be followed.

Torque wrench # JO/0 8263 & Calibration Expiration Date J2-#-03

LM The test package assembly hos been weighed and the weight recorded on Form 3.

Photographs of the assembly hove been taken®.

have been performed and that the observations and 15 BIE COTTECH,
LA /02 2 oz
Testing Technician Diafe Wimess te

*All photographs'movics shall be uniquely identified with Test Unit, date and dme o ensune thad r seguEncE can ke reconsoucied,

A-3




TEST FORM 1A Test Plan TTGTP/ES-2 100, Rev,2
RADIOGRAPH DREUM LINER Teast Uit TH-1 -3 /02
Tust Location _Ze00 7 @ ol

VERIFIED TASK
The test unit has been clearly marked “TU-__
Record the test unit serial number: £ EQ Eﬁ

Record the histary of the dnam, i.e. as built dropped, ic. @ = lecation ef £ilm
arcund Sidid af

HEEW% e — 1 Le g4 AT
Drate test umit is mdiographed: f&{iéi_‘{? 2

* Still photographs are 10 be taken a5 indicated below:
Three rows [top (T, middle (M) and bottomiB)] of five
pistures per row were faken and numbered T1-T3,
M-S, and Bl - BS, Three pretures of the Drom

Top Plug (P} were taken and numbered P1-P3, One
picture of the bottom was taken and numbsred 51,

1R RRK

BT View oF Bomom Hiem

[
P e L e
Isi | Il i 1

1 { i b — - —— — =

| |

| \“--.\ : : WIDDLE |
e e 1 £ ;
Toe Deum Plue Botrom —

(8} =
_Miew pi 3 faws or Brems

Comments:

1 cartify that the pbovpdaskgshove been performed and that the ohservations and commens are comest,
WM 18/10, o)  2faloe
A

| Testing Technleian Datc
*all plsoingrupha’movies sholl be unigeely identifed with Test Usil, dals and limw 1o ensure thal B prosr sequence cae be
rECansEucied
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TEAT FORM 3 Test Plan TTGTRES-2100-02 Rev. |

COMPOMENT WEIGHTS T Ut T =)= [ 2Ok
Test Locatgn WTRC Em, L=| 10
PRE-DROP TEST WEIGHTS EQST THERMAL TEST WEIGEHTS
PART NAME WEIGHT BY DATE PART MAME WEIGHT BY

DATE M
©V {lid ahudﬁ"| Goloits. Tl £3fejba
CV mass {skar) 3 e, M ﬁEA’lr_éi?'?

CV sleave 23 the ‘M L;?ég

OV astembly [T s M{ ﬁr[q,? Y assenbly 19 we JHS §ax
. Drum isolation Foam /% s, Al ;}é[_ﬁﬂ Drum sclation Foam {3 _ibs. Y56 =/1/3

Dirum Top Piug 33 15 TPEK RO prum Top Prug IR Eﬁs ﬂ o3

Test packnge Ass'y ﬁ:ﬁ.w IGtfed  Tenpuciagedsty G L ﬁ_ﬁﬂ[—-ﬁf}'

EQUIPMENT

PRE-DROP TEST: POST THERMAL TEST:

Seate: X503 2 el Expirtion Date: (5 fﬂlﬂﬁ &nl::ﬁw Expiration Dute: =% "'E_‘f

hecuraey: = | 1he i _LIL
S:ﬂz:m}_ﬁ% Expirasion Dase: /2 3 Scale: ‘ ’ BZIZ2  Expiraion Dwe EE"‘,J_"’;L Q}

Accirsey: + { { b Accumey: £ ‘.Lj,'ﬁg_
Comments ¥ JOTE TJe=r - !,3 2 ¢ 7E 1w kil F.ih 4 EetpuidE -D i
gt 0 £ TR 11 Fbas MDEE T BE WEIGHED : o Ees
Gty TG E TR : = a; KEy Sa,

= L frdin Hidl. s =
e Wi PAC WS IBG, s e \eER. BAS 1M = G W
EQUEEMERT A S Low hs By COMPoueEnT L8 EHED  SERMCETE |
SFTEL. THERMWMAL, TESTING ., JIF ik iV

| gartify thet the abowe tsks have been performed and that the, valiome and GONEments ane GFrect.
estang Technician ‘f e 5 - ﬂ/i‘.:m
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TEST FORM 4 Test Plan TTGTRES 210002 Rev, |
I.2m {4 i) FREE FALL DROP Teat Unit i = v
Test Location MTRC Lndoor deop pad B L-150
VERIFIED TASK

__ﬂ____ﬁnll and vedoo cameras are Al o Lake plu:m: and Sketch Dirop Setup Here Fl,_,.ﬁ'-f -DEGP

videa of the drop

l‘i__'h#' Dhotogrighs of the aringements for the drop have been taken .
190 —
Mﬂni:udu of the Test Unit shall be D_Db {eomputed anple) '

Tolerance = 3 ¢ " 2T -
ensured ortitude of the Test Unit .6 &
avel |Lul‘|'||.'ttr3lr-|_':-ﬁt'ﬂ F_\p. Date ‘1- L o S L
e Test Unit has been nused so that the lowest point is

1.2m {4 fit) above an essentially unyielding, korizantal

lmipact surface.
_h;_"g ezauring device & v Bk 4!
mbient temperanure ot the dme of the west
cciefE

Waﬁl The Test Unit was dropped from o minimam of L2 (4 fi) x
é/ e the drop pad I i AT

Videos® of the drop were made
'“M____Elmlngnlphs‘ of the resulting damage were taken Sketch Package Damage Here

Agg T _ft ']
Tof WoP 5 3" T Mehouded

"— ¥

o

Testinge Doeage Db;:r'r':ur‘i'mtﬁ:“ SEE  PROT GRMMS -
g

Eoma woof L b "
B riee] LR e L B S kY
L0JOT o by
- 10®
Tof wigw
Comments;

[ certify that the above tasks hove been performed and that the observations and comments are cormect.

mé fb:iﬁi’- 9/.{?% s 2/ 1 foa.

Testing Technician litngss

*all phunugrophesrmeiis dall e uniguely deeiifiad with Tesi Unit, dase sed tims to sresre et i propes sequssce Gain be pesomtneciod.




TEST FORM &5
9m (30 ft) FREE FALL DROEP

VERIFIED TASK

iU
il

The Test Unit has been preparad in accordance with
the Test Plan Forms 1 and 2 are complete amd the
pre-test weights are recorded on Form 3.

5till , video and high speed camaras are sedup to ake

photos and video of the drop

Photographs of the arrangements for the deog have
besn mken.

Ambient emperature of the tesr:  °C, F0 “F)
at the time of ; v

L

The angle of the Test Unit is gf" as specified in
Figure 4. 3 i

The measured drop angle is _&. B

Measuring device: 31— 05— 5T/
Calibration expiration date: & 0 3

The Test Unit haz betn raised so that the lowest point

is 3672 Yabove an essentially unyielding, borizontal
impact surface. .
Measuring device: MMM
Calibrotion expiration date:

The Test Unit was dropped m free fall from a minimum
of Sm (30 1) onto the drop pad,

Videos and high speed films* of the diop were macde
Photographs* of the resulting damage wene (aken

s

Testing Darmage ﬁhmwnl:inn_s:
Remon’ KX geGAL

R CTA AT A7 253 T
Tof doof ‘i'f"ﬂ'” MorpeeEiee a3

Comments:

Test Plan TTGTIES-2100.02, Rev.2
Test Unit {ed=h = lﬂﬂﬂ-
Test Location: NTRC Outside Drop Pad

/o fi2fo2

Sketch Test Setup Here M

VB —
EYy -
. T
{7 P
ﬂﬂ' EF A

Skeich Package Darnage Here

2]
™

A-7




TEST FORM 6 Test Plan TTG/TPES-2100-02, Rev.
9m {30 ft) DYMAMIC CRUSH TEST Teat Unit YL~ |~ 2f 62
Test Location: NTRC Cutside Drap Pad

VERIFIED TASK

The Test Unit has bean prepared in accordance with keteh Test Setup Below
the Test Plan, Forms 1 and 2 are complets and the

pre-test weights are recorded on Form 3.

Still , video and high speed cameras are setup o take

photes and video of the drop

Phosographs of the amangements far the drop have £

been taken.
AL Ambient wperane EE hetest _ °C,( 2°F)
é‘f at the time of Jf

% The tost unit has been placed on an essentially enviclding "=
sucface in the enentation shown in Figure 5§ . PLATE
The measured drop angleis €.0 .
Measuring d.cvicc:&!f-;v'.ﬂgp -5
Culibration expiration date: _ &-0Q 3

%é The 500kg (1100 1) steel plate has been taised so that the - 180°
lowest point is 307 %bove the highest point on the tasr

unit and the CG of the Crush Plate is centered over the CG oy [rud
of test unit + 4 in.

Aé Measuring device: _TTG % mumeasursment wirs
L}/&f The stee] plate was released 10 fall onto the test unit froma

ﬁr[ height of at least S {30 i),
z% ‘ Videos and high speed films® of the drop were made

Photographs® of the resulting damage were taken
(L]

REE

Pt

‘?"% TYPICAL
5 ﬂ‘/ o &
23 I < — 23 ¥
y - — SRR ¢
}‘_ i ﬂ’;"ﬂ Erl
23 Np — o — 2%
a3 P —le " oy ——T Y
sl il e o I e 22V e
o
Testing Damage Observations & Comments: .
Dikensond WELE TAKER ACPDeS
HE DAMACET  HobkT e

e s il el S S i e i

I c:rﬂ;m have heen performed and that the observgiions and comments are correct.
W' %éi _W / 0.

* { Teating Tecknician a Witnes e
*Ail phatographbs’mavies shall be unigmely sdestified with Test Unit, date ord time t0 ensure thet the proper soq can be cled.
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A9 f6

Test Flun:T".’filTP.'ESJ!(;)-{ﬁ

TEST FORM 7 , Bev.d
1 m {40 in) PUNCTURE DROP Teat Uit [M-—]—|€Ul—
Test Location: NTEC, Instde Drop Pa

-1.7"

VERIFIED TASK | B%f; Mg ;4:',, E”f-;. 5

Lj_?_’éﬂt/ The Test Umt bas besn prepared in accordance with Sketch Test Sftup Here
the Test Plan, Forms 1 and 2 are complete and the __+C:E| DM
prestest weights are recorded on Form 3, 1

Still, video and high speed cameras are sewup fo take

phote and video of the drop.
L‘M:J Ambient emperature of the west: __°C, (TLF)
. at the time of | *1C P4
g4/ Ol 17 ealeg  DRuM
The test drop angle of this wnit is __ %" as specified SOl
by Figure Af_ﬁ_

T e e, St ity
Measuring device; - A

Calibration expiration date: £ o3

The Test Unit bas been rassed so that the lowest point
i5 _\ e abowe the stE:I bar,

| W‘- Ll
210"

Tl

Pl £ F 7

-

A

vy

Skewch Package Damaps Here

- ; et
?‘."[l’.‘élﬁu.l:mg_ dewice: [
Calibration expiration date: - Wfﬁm
o
PEPREsso i
Testing Darmage {)hscwatimu:w_%ﬁm A-A !:um DRULM
e e T VR T = T 7 £ 4ot 52 ,
TMECT A % § ;_ A1
Jo— o o
= o ——HD 1 |e%
Ny L = [ e _|_ | e A fia
- zie” debt ol d

*or

Lwen Bou

PLate 15 Bated Dowh W
0 L3

ET.E.;; TOEC

[ 4-
1)

¢ —CAL. ExP
W 0 Fupc

[N

; ;&LTS
s MA36/03

I certify that the gho ks have bes
77 : f/

LTesting Techmician 4 Dark
*A Nl plosagragshe movies sball be wgquely idenndied with Test Usil, date and time 1 easure thal dhe proper

perfiormed and that the observations and comnents are correct.

sduishce dan be edindbucied. |

A-9




f-ﬂér? o

TEST FORM 7 A Test Plan- TTGR TR ES-2100°02, Hev.2
1 m {40 in) PUNCTURE DROP Test UnitTU- | - 3o

Teat Lecation: NTRC, !mﬁ Ed g
m-‘i" JAL Ly =1
VERIFIED TASE | Bi’ﬁﬁ e b _.28°

ti}_‘—ﬁ_ﬂ The Test Unat bas been prepared in svcordancs with \\ Sketch Test Here
e : [
the Test Plan, Forms | and 2 are completz and the .k Az D

pre-test weights are recorded on Form 3. ] | l‘::"!'_.-""" Lib
|

Zrill, video and high d comeras are s o take
high spe= g 276"

-
w Ambient temperature of the test: _ °C, {_/a°F) /V( 1 _ 13}
25

at the time of 4128 T-
%4 - Dfur !}.

The test drop angle of this unit is ﬂ;i"" ?; specified Borlom vy I e

by Figure <. p .

The measwred drop angle is ﬂﬂ!l; t

Measuring dewvige:
Calibratson expiration date: *

LM# | The Test Unit has been raised 5o that the Jowes| point t B4
5§ m__ above the steel bar, Sketch Package Damage Here s

Measuring device: 211 "Q% 4 - 500 0%
Calibration expiration date: o3

phote and video of the drop. -

I}' } -|> !QJ-H"
F
i
[l
BN
/,-i\ LR m’!{-"
- cemee” T W,
oF peuwd A= M e
TS DM
L5 =4 ey oLuTs . BaolTs
aﬁ‘%;;g:%m%ﬁﬁhtﬁ ORE /203
LL 1507 IS - BepCPOy | 1 fmEly  yobnaf

I cenify thet the abope ¢ have begn performed and that the observatjons and comments are correct.
T Y, Dot 2 e

1 Testing Téchnician 4 Date Witness Dhaie
*All phosagrapka’movies shall be uniguely dennifhed witls Test Uned, dise and bome 30 ardune thal the proger segquence can he reconstrunied.
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TEST FORM 84 Test Plan
THERMAL TESTING Test Uni

Test lmﬁﬁnnw

VERIFIED TASK

Jf
E/’T The Test Unit has Been prepared in accordance with the Test Plan, Forms 1A and I are complete and 1he
pre=lest weights are recorded on Form 3,

H_'_fj_ All thermocouples have been installed on the exterior of dnsm. furmce and test stznd in

j’q7f sccordace with the Test Plan, Figares . amd

All thermacougles have been surveyed to ensie they are working, {Any malfunctions or srratic perfarmance
will bet addrassed in the comments section below.)

EF}_ The thermocauple recordens) is set 1o read every 30 seconds.
*Photegraphs of the arrongemenis for the test have been taken.

;;Eﬁ The test package has bean prehe mm@r%[mp“}'].
[l ing device:
e el B o 51 By

{ 75 Furnace hos reached the minimizm soak poims ternperature of 800 °C (1475 *F), and has soaked at 1his
temperiiure for a minitoum of 8 boars, The famace set potol temperatre kos been sdjusted o
{4 a¢ least one hour prio? t each 1est,

Time: E f ,Enn" Thate:; i L 7
7‘ s 5 H24C] o 2
) The unit has been placed in the furnace, en the suppont stand, with the damaged area up at-

Tﬂ“-‘ﬂZﬂm'Pm Date: E Zm Oipen fuarmace door time: E ﬁ seconds

[ i 5 Tlee 31 nunube timesd test bepan when 5 ot of & test unit thesituscouples reached the tes Imup-ua:m nd'
B0 ST (1475 °F), as specified in the test plan.

¢ B w2 BB 25

Tmmedintely following the dmed cest (minimum of 30 mimates at 800°C) the 1080 unit is taken out of the
fomace anda:llnwed? caol hl)flil:.-
o Bl

T :n’Mlmpm Diate Efﬂ@ .-’.:rdh:erltT mm.re Cy %?d?‘
_.'{r fff; Ib:unnsmppwuummg{ﬂm}a:_‘,{fb_f_% it 1:||:| ijft

179

Comments:  Crrginal strip chort paper record rom furnace controller 18 ingluded in fest records

The thermocouple recarder shall be set to record the internal thermoeoeples al 15 mrinuie intervals Tor a leas
12 hours,

I mdﬁ; Vi TnE i been performed and that the nh servations QITIMENts are r:m-mcl
lal 7)) 253
- ]

Testing Technician i o
&1 g #rall he unig |dmI|I'|u|J widh Test Unit, dmtn-.durmhmu that fhet pevipier sequende \.mhqmu:m

TTCTRES-INH-02 Rew, 2 12700002 1]
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TEST FOBRM 5D
TEMPERATURE INDICATOR READINGS

Test Plan

Test Unit T (=1 = 126 v

Test Location

A visissl inspection of sach tenperature indicatar on the ES-2100 package consisting of those indicatoss inside the OV stainless
sizel shot, omsede the OV, and en the ES-2100 dnem Tiner shall be made, The values of the blackeuts which oceurred shall be

recorded below, Dimensions identified under the “Height™ column arz the dimensions from the bonom of the CV or douem Liner
b the: botomt of the temperature indicators,

RECORD BLACKOUT TEMPERATURES AT THESE LOCATIONS

ES-21M TEMPERATURE INDICATOR NUMBER LOCATION CHART

Figure 3.2 ~ INSIDE OF CV, STEEL SHOT TEMPERATURE /&, 12*

e

17 | 1 JIFLFF 2 frarF
Figure 3.2 - ON THE DUTSIDE OF THE ES-2104 CV
Ruw/ oe a0® 1807 PR
Height, inches
i AT g o - B S \}sF B E
a2 | 7 iaxF 3 a2 F 3 (9. F 10 o A
i U pagF 12 5yF 13 j» F 13 3 57F
Tap 15 o °F 18 34 °F 17 g °F 18 s E
Figure 3.3 - ON THE INSIDE OF THE ES-2100 DRUM INMER LINER
Raw! [ [Tg L8P I
Height, inches
Botom 19 3% F | 10 zZeo°F 2t g=xs °F 2.z °F
5 3 3125 °F M =50 °F 25 LzaF O
123 3T ez °F Wy °F T .  °F 0. 2 FF
" Ledge I Lzs °F 32 3pp F | 33 dep F g F |
Plug Botom 35 gz < F 36475 F | 37 Sea °F # 500 °F

Comments: % Torwan geed Ao dotd. 3 wtens
m_%_m.qmﬁmﬂu

s

1 vertify that the above tasks have been pecformed and that the observations and comments ard correst

oA

Testing Te

Yfoe/or

Date

* il photographs'movies shall be uniquoely identifled with Tese Unit dave and time to ensare thn

TTGTWES-2 100u02 Ray. 1 L3102

12

A-12
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TEST FORM 13 - OPERATIONAL LEAK TEST Test P £5-2192
Tet Unie TP =(-12faz
VERIFIED TASK
Past Assembiy Leak Test _ PosiTesilesk Tet %

= A beak pest in accondanee wish the CALTS Mamnulactwer™s Instructions Misual was perfarmed an the OV
masgmbly,

Leak Tester Cemo 2 Expivation Date: Leakuge Vil ref-co'sc am
FeTs [ }4 [ Amach CALTS Priniout Here |
T 3600% H Py T Sae Pajnteat

= Vem3® 298K {”m"“m”}rl—mim
JMmin, o \TI®K  T2K
J600
Gilmin

2142 mBar 1B 6178 wiBar

b g}g enid * 4 96667 'Iﬂll'.!i”ﬂ‘“?; IUIHJ"EWJ”!I
e min | (25 "C+IPK (2% Ce2I0K

— o/ s

Lrm F-m cmil * 4 96667 [g Eﬂm_l.i‘ﬂﬂm i

& min 2%% "k 298 K
H4.{1205¢ LA0OT 1%
Lr= ff,ﬁlflffre;—- el see

Cinmmanis

lsavee been performed and that the observations and

pes will be umiguely muﬂihd wﬁtﬂunhﬂtﬂmﬂwmh ﬂummmh

A-13




Fysten Date THU 67 JUN 1990 19:22:09
CALT Ha: 98921 Trarsducer rhor 835279
Daus since last calibration:—S5¢ f'..l?-q‘g

QRHL
CALTY = Usrsion UL.43

Fressure D

Lt

o
LEAKAGE TEST s

Tast, Soforence ot
Lesign-Serial Hoat
Conment.s
Interspace Ualumes
Settling Timed
Test Duration:
Tamperature?
Temperature ratiof
P Pakist

Fass Rate (SRM
Allowable 5P =

CIesea
FIL3-30a3
Lid Seal
5.333 es
3 mains

& mins
"C
1.008
1.58a

L. 9E-94 bar ccrzec
=17 moar

e RESLUILTS e
Prassurs mbar Date Time

GLmass ST5.ET
Shartt 1974,.24 B7 JUN 199@ 15328311
Finalt 1967.7% 87 JUN 1999 19s34siy

Leskage Rate: 3.8E-85 bar corsec

PRASS

SLanderd conmditionsl
Temperaturel I9%C
Up stresn pressured 1913 moar
Town stream pretiure!l 2 nbar

i Q_wm 2503
(Tes )

AL,

(Superuisar)

iﬁ“"m

A-14




Appendix B

Data Sheetsfor TU-2
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TESTFORM LA Test Plan TTGTHES-2100-02 Rev. |
ASSEMBLY OF THECV Test Unit Tul=2- [0 2
Test Location WTREC Bm, L1180
TASK

CV test unir serial mjmhrr:ﬂagl ]

Al containament vessel (CV) comporents have been visaally inspected to ensure they are present and
in good condition.

Temperature indicators have been affixed o the surface of the CV as indicated Figure 3.2 and on Test
Form 613

Moae of the tamperature indicatcrs indicate expojure Lo 8 temperafure in the measured range.

The conainer and lid have been clearly marked ag = TU- £ "

Eﬁé%é&ﬁ

A vertical line hag been marked on the side of the conainer and lid with 8 permanent marker to indicats
ail@mmtru ihe Two components.

M}"_IZ'_ The CV O-rings and sealing surfaces have been inspected for defects and found scceptable,
M F~ Refrasil imsulstion cloth was applied o the inside of the OV
HepeThe sininless steel sleeve was inserted after the Refrasil clotk was insalled.-
M Two (1) temperaare labels are i the center of the shat.
The aluminum slesve, weighing 2% pounds with the Refrasil, was installed m the CV. Steel shot

“‘Gtxhh!g f{?ﬂ___ pounds wis installed ingide the aluminum slesve,  The shot plus the weight of the sleeve weighs 125 + |
pounds. The plassic bag contwining the shot hus been closed with stranded tape and the bag has been trmmesd lzaving | inche of

encess bag,

(M__ The lid has been installed en the container and the previously applied vertical markings align. The washers

and baltz have been matalled. The initial orgue of the bolts wes @ + | fi-lbs, and applied in the sequence
etchied ap tke CV hid. A second torque of the bolts was spplied at 18 £ | f.-Tbe. A redorguz of 18 + 1
ft.The. was again applied. ﬂalurqu: sapplmd was ino the sequence ctahed an the CV lid. Ambient
temperature at closure is Jf Ciled

Tarque wrench # 0/ CZ8 2L2L Calibration Expirstion Date LQZ{[{
“Méi_ Ths CV assrmbly has base esk tested with the Cals per the Mamutucaure's lstrctons Manugl
137jox Leak Tester Cort # 41200288 Expiration Dute: ﬁﬁ gﬂ,‘ﬁ Leakage Vil i&’gud-cc.rm air
Mark the top of the CV lid with 0, 90, 180 and 270-degree locations with a permansil markes.
The CV assembly has been weighed and the weight has been racorded on Form 3.

Photographs of the assembly have been taken®

' -@r eV wi ot Londil ;B Fimaded C 1

; £/
T certify that the aboyi tasks have btmpcr[umm&mg?

Testing Techuician
"All prowgraphetevies shall be unicpazly identifial with Test Upt, dale sad time o seeuns that Bag proper segqeence can be recoasiruzned.




TEST FORM 2 Test Plan TTGITP/ES-2100.02 Rev, |
ASSEMBLY OF TEST PACKAGE Test Unit T -2= [3f0 2
Test Location NTRC R, L-110

WERIFIE TASK
The extenar of the drum has been clearly marked “Tu-_*.
Record the drum serial rumber: © 3 0 8¢
Each urethane foam insert has been clearly marked “TU- ™

The center-of-gravity markings have been applied to the drum

as shown,
B Mark e 0, 90, 150, 270 degree locations on the Drum Lid,
Top Plug, and the inner and outside walls of the drurm with
a permanent marker. The *0** location is the vertical,
outside-wall seam of the drum "-jjj’ :134‘_.44
The plastic Leak Check port plug has been remaoved
ﬁ' The CV assernbly has been loaded into the drum with the
0 degree rotated and aligned with the 07 degree location
o0 the drum

? ﬁ The Drum Top Plug was weighed and the weight has been

recorded on Form 3,

%ﬁL The Drum Top Plug has been loaded into the drum with te
{ degree rotated and aligned with the 0" degree location

f on the dum
The Drumn Lid with no gasket has been instalied with the

1 degree mark rotated and aligned with the 0° depree mark
on the drum,

fld : A security seal has been atached 1o the drum.
—'ﬂ_@ﬁé The drum Jid washers arc placed aver the lugs and the drum lid

rists were initially installed and torgue to 10 + 1 fi-Ths. The
mits were then tightened a second time to o torque of
10 £ 1 fi-fhe. Mo torgue sequence is required to be Follawed,

Torque wrench # ‘fDiﬁ' 3 ek Calibration Expiration Dah;f‘it %[Q i
L@ The test package assembly has been weighed and the weight recorded en Form 3,
Photographs of the #ssembly have been taken®,

askg have been performed and that the obs : iond and comments are correet,

/, , ” ,/%fd@, (24e/or
Testing Technician Wi Dhate
* Al phoograplhsmovies shall be unigecly idelified with Test Ui, dan nd time to snsre teat the groper sequence can he fecesirucied
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TEST FORM 24 Test Plan TTGTHES-2 100, Rev.2

RADIOGRAPH DEUM LINER Test Unt T -3—260 2
Test Location [e AT
Jol
VERIFIED TASK o

The test unit has been clearly marked “TU-___ "
(M Record the st unit serial number: ﬂgﬂﬁ f
‘7@ Record the history of the deum, i.e. as built dropped, etc, @- location of Lilm

afcund Side af
A e,

g 2040 et Ao My sesed
M : Dlate test wnil is I“'jj'zg‘api‘ndiwl

?ﬂﬁ/{ * Snll phetogruphs are to be taken os indicated below:
Three rows [fop {T), middle (M) and bottamiB)] of fve
pictres per row were taken and numbered T1-T5,
WL1-hi3, and BI - B3, Three picteres of the Drum

Top Plug (P) were taken and numbered P1-P3. One
picture of the bottom was taken and oumbered 51.

-] e e et |
o™ o )
F"J]Z/"" - ==L e R 3
by | ! 23] = !
| ; | R Gl "
| | i
|\ | . ;
R ) WDOLE =i l
i e Wl o N 4 | __J;
Vit of B foe : I
Toe Deum PLuc Borom ! b
-Lof DRues Fove &) m=—e——
A [=1.

Comments:

—m

2] %ﬁ’@? 2 /e joz
Testing Technician i Witness Datg
Lenoe can be

*4 |l phologrophs’movies shall be unigwely sdentifisd with Test Linit, dote sed nee 0o sgurs that the proper
recansnCied
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TEST FORM 1 Teat Plan TTGTRES-2100-02 Rev, |
(=]

COMPONENT WEIGHTS Tes Unit 7 =2 =/
Test Location NTRC Rm. L-110
RE-DROF TEST W POST THERMAL TEST WEIGHTS
PART NAME WEIGHT BY DATE PART NaME WEIGHT BY

DATE y
iwfbarre
eviingtoty ok m ad ,—‘gé(&‘l

TV mass: [shot) 102 ine Bl 13002

W slesve F3 its 7}&/ e

OV assembly 190 ibe ST (275, oV ussemibly {19 s %5 g‘ﬁ" a3
S Drum islstion Fowm W= ‘?kﬁlﬁff%@' Drum isolution Foam /5 the, m- O3

Drum Top Plug La:aﬁ"ﬁf ﬂéﬁ} D Tap Plug Zne 4 o3

Testpackage Ase'y T 1 gng M!lﬁ&ﬂ? Tiest package As3'y 41%513; 55 _"fﬂf@

EQUIEMENT

FRE-DROP TEST: POST THERMAL TEST:

Seale R 502322 Expination Due: S/ /803  sale Expiration Dase: )
Aceoracy: + | . Assaracyt x

Seake: Expiration Dote; Seale: Espiration Date:
Accuracy * Accuricyt +

1 ety that the nbw: s have been pumtmcd and that Ihe abiong'and mm.nmn.:ls are carrect.

Testing Technician



TEST FORM 4 Test Plan TTGTRES-2100:02 Bev. 1
1.2m {4 ft) FREE FALL DROP Test Unic T4 -0 - 1'1'-'01.
Test Location NTRC [ndaor drop pad Rm L-110

VERIFIED TASK [loSam  f2/nf6 >

LWM Still und video cameras are sensp to take photos and Sketch Drop Setup Here
widen of the ih':q.r
L

w&z_ Photographs of the arrangements for the drop have been tuken
Y
“nd Atiitude of the Test Unitshall be I4LL,  (computed angle) e rj

Tolerance +
Measured antitude of the Test Unit 3572
Level rumbsr ) -006-21 Exp Date L-03
W ‘Test Unit has been raised so that the lowest point is

1.2 {4 ft) abave an egsentially unylelding, horizeatal Tl
impact surface. e L
Measuring device ;
%__ﬂmamm: temperaure 2t the time of the test I
*CeT °F)
i’
ﬂi— ; I ? e &
iﬂ_;é____..——ﬂn Test Unit was dropped from e manimuen of 1,2m (4 ) i 34:,{,
anto the drop pad _l_
ideas* of the drop were made mﬁ:ﬁﬁﬂl
el ¥ Phategraphs™ of ihe reseling damage were taken Skeich Pa-ch J-.'lm age Here
Testing Demage Obsenalions:
23 %, UMDRMAGED
e | i
Tt HiEW
Comments;
o
I cerify that the above tasks have been performed and that the absecvations and mrnlﬁm. H{
R Syne

e 2
& WitneRs Tiase

*a|| phi e pv'snics dhall be wniquely denciled wits Test Uni, date ond sime (o ensue that the proper soquenco <o by meoeiocsed

Tesimg Technician




VERIFIED

YEE

il

Testing Damage Observations

TEST FORM 5 Test Plan TTGTRES=2100-02 Rev, |
Test Unit T -2~ 1
Test Location NTRC Ouwdoor drep pad

S (30 fif FREE FALL DROP

TASK

The Teat Unit kas been prepared in accordance with
the Test Plan. Forma 1 amd 2 are complete and the
pre-deop test weights are reconded an Form 3.

5till video snd high speed cameras are setup
Photographs of the arangements for the drop have been taken

Phetographs of the amangements for the drop have been taken
Ambient ::mpmm;;fm: test: C_41'F)
at the time of 14T am

The test d‘tz_iigle‘ of this upit is 3, as specified

ity Figeey <

The messured drap mgl:iﬂsﬁ_&
Measuring devics; (1 = - 50|
Calibration cxpiration date: & - Q%

The Test Linit las been raised so thar the bwest point
lhjﬂ_ﬁ?{ ahove an esseniially unyieiding, horizontal
impact suriace

Mlensunng device: _TTG 9 m megsurement wire .

Thi Test Unit wag dropped in free fall from a minimwm of
Qe {30 ft) oo the drog pad

Videos and high speed (il ms™ of the drop were mede
Phatagrephs® of tke reguling d2mape were tiken

i)

Sketch Test Setup Hers Li lfm [ =
El
DEu -
-P.-‘
lofs

-

gh Pachape Daumage Hers

an

T

Camrnents:

27

-l

-l-?_“_‘blf-::'
L"'} 0 N
Hn

i

oo viea)

I eertify that tha & % have armed and rhat the ﬁ I5 pre correst.
Vel . ee{ g /son

Testing Technigian

“ail phatograpl

Wimess

ies shaH be by wchertiflad witk Test User, dane sad Hme i escune thar the proger seqeare o be mm.:mn:ud




TEST FORM & Test Plan TTGTRES-2100-02, Rev.?

9m (30 ft) DYNAMIC CRUSH TEST Test Unit T A-Z -}
Test Location: NTRC Cutside Drop Pad

VERIFIED TASK

Mé The Test Unit has been preparad in accordance with Sketch Test Setup Below

the Test Plan. Foatns | and 2 ase complet and the
pre-test weights are recorded on Form 3.
Mﬁé_ 5till, video and high speed cameras are setup 1o take
photos and video of the drop
?ﬁ E Photographs of the arrangements for the drop have

!." been taken.
% i Ambient temperatare of the test: __=C, dj_‘F]
Lse

at the ime of -1
M The test unit has been placed on an :sswﬂja y un}ntldlng SO
surface in the orentation show r: ALATE Am
The measured drop angle is 1 ._,“#i
Measuring device: S -dok - S0}
Calibration expiration dafe: __ 0 3 qo°

Mﬁ/ The S00kg (1100 1k suul plate lsas been raised so that the /
loweat pokt :s,iﬂ 2" ghove the highest point on the tes:
witit and the CG of the Crash Plate is centered over the CG
of test unit + 4 in

Meusuring device: _TTG 0 m measurement wire 7 7
m The steel plate was relegsed to fall oneo the test uait from a LT E T
Teight of at least 9m (30 fi)
Videos and hugh speed films* of the drop were made
it Photwgraphs® of the resulting damage were 13.1;:... DAMAGED folncd : .

270" of L q0
23" A\y

1 R
EEFTILMI&;' {,“h +c& -

] "z ,;f -

e
4% 1

b

ViiEL: OF bavPcen o of SkewhPackage Damage Here 0"

278

Testing Damage Observations & Comments;
:Dﬁi‘%_&tﬁhf_w&ﬁMEE_? ﬁ%m_w
COMNEE & " Ao opl LD wps AGRRET DEOP FAD

A AMENeOr 5 ACSUCATE bOoM  Peloo Gomoia dwef wn femioh oF
nﬂarrtrlm Je PrT THE DPMIA BOMTM Does KT EXTEND TS
_ CewmRLINE OF DEUM, e

e Wi have been performed and that the observations and comments ane correct,
safrsbe KL Lagpur~ <2/uton
Date

1 Testing Technician Wimess
*aH photogrophs' movics shall be uniquely identified with Test Liail, date and time 1 essure thal The proper seGueion 0@ e recorsineed.

B-8
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TEST FORM 7 Test Plan: TTGTEES- E%D{ Rev.?
| m {40 in) PUNCTURE DROP Test Unit TU - Z-12/6 5
Test Location; NTRC, Inside Drop Pas

VERIFIED TASK e¥e
‘.1’1,“'_3_@__! The Test Unit has been prepared in avcordance with Sketch Test Setup Hege
the Test Plan. Forms | and 2 are complets and the | Lda DeM
2 E
4 pre-teat weights are recorded on Form 3. -‘-{ _ﬁ"'z-""# LiD
[ @ Sull, video and high speed cameras are setup o take
phiote and video of the drep. + 270®
M_gég Ambient temperamre of the tesi: _ *C, {7 DF) | o
at the nme uflﬁ?’? ﬂ/ | T 2
il ! E DeuM
The test drgp angle of this unit is{flucl? as specified BoTtom i | e
by Figure ﬁ
The measured drop angle is d__g___ i
Measuring device: 31 i~oo% =50
: il Calibration expiration date: _b-0 % *
W o "'he TP-'H Uit hag been raized 20 that the lowest poimt
l'h above the ﬁ bar, Sketch Pockage Damage Here
'\r!r.nsu.rmg deweee: I'!\-'-L-. g i
Culibration expimation date: _—=—— B (WT=TTHY
q.u o ___ _“1_|-ﬂm M‘“‘""
Testing Damage CFhservationg: I | 1‘
j | = "‘{f ™= I
©) o
R I
A A
D
5’}, T
S — _ ¥ DEPRessinl
A= b VT TR

Gt B Bk, Ve 15 Born Dowt) /b bt GOUG. s

ting Technician
*Al phowgmpha'movies shall be uniguely slencifiad wiih Test Unil dane snd time o anene (hal fhe proper seqeenes can be -mﬂmwd

B-9




TEST FORM 54 TestPlan
THERMAL TESTING Test Unit T, —2
Test Location /6.7

TARK

The Test Linit has becn prepared in azcordance with ihe Test Plan. Forms LA aad 2 are complede and the
pre-test weights are recorded on Form 3.

All thermacouples lave been mstalled on the extertor of drum, firmsce and 125t stand in
aceordance with the Test Plan, Figures and

M R —

ALl thermocouples havee been sirveyed to ensure they are working, {Any malfunetions ar ermatic performsnce
will be addressed in the comments section helow. |

The thermuocouple recarder(s) is set 1o read every 30 seconds.

*Fhotographs of the arrangements for the 1est have been taken

The test package bins been prehented io over 38 'C (100 “F). gf‘;}' & ' T
Mensuring devics: m&lﬂﬁ?! fe] 'ﬂf- :}}’f!’;}*ﬂ é’i‘f .j,é-’
Calibration expiration date: =

Fumace has reached the minimum sonk point temperature of 800 °C (1473 °F), and has soaked at this_
erature for a minimum of 8 hours. The famace ser point temperaione bos been adjugled e %% °C

s

{_/ A4CF) at least one hour prior 1o each test,

s {2 it v Zﬁg‘/?’j I, 32 _odaoyr Gy -
The umit has been placed in the fumace, on 1_|1-.-aupport stane, with the damaged area up at: I
"Tirne: mm;:m Date: b = 1 '{:’j} Open frnace door time: (o2 /' seconds

The 31 mimute timed test began when 5 out of 6 test unit thermocouples reackiod the test tempernture of
BODC {1475 °F), as specified in the test plan.

- f
T:m:.'! 1' E 7 ampm D &&_./'Z"{ﬁf g ﬁ;': m ﬂff l?qu
Immediarely following the timed fest {minimom of 20 sinutes at 800 2C) the test enit i taken out of the

furnace and allowed to coal namralky. IE'. fz{;’aﬂ'ﬁ;
Time; | ZLE :!Bm’pm Data: %Z‘E-Qj Ambient Teroperature M0 @:ﬂ_ﬁ_ ,A%E.
The unit stopped outgassing (flames) at mg{;ﬁ?ﬁ%{g@ﬁﬁz%w 7
mimutes, o) i 7 }
The thermocoupie recorder shall be set to rmﬂﬂlﬁl th:u%ples at 15 manste irﬂg‘mfa fioe a Jeuegg
54
B

12 howrs.

v
t:'omulx:_ Drig:mﬂl atrip chart Ermﬁmﬂ from Mnnf.féqmlln i i:Lcl?ﬁd:d il:!.l'l:il records @q’r’;‘% ¢

TTGTHES-FIM-00 Rav, 2 1210632002 10

B-10



A visual irspection of each tlemperature mdicator on the ES-2100 package consisting of those indicators insade the OV stainkess

TEST FORM 8D
TEMPERATURE INDICATOR READINGS

Test Plan

Test Unit T2~ 2
Test Locaion

ateel shot, outside the OV, and on the ES-Z100 dram liver shall be made. The values of the blackouts which occurred shall be

recordid below. [Hmensions identified under the “Height” colurmn are the dimersions from e bomem of te ©V or drm liner

1oy e battam of fhe emperature indicators.

RECORD BLACKDUT TEMPERATURES AT THESE LOCATIONS:

ES-2100 TEMPERATURE INDICATOR NUMBER LOCATION CHART

Figure 3.2 - INSIDE OF CV, STEEL SHOT TEMPERATURE @ 12*

| FOF |

FATT TR0

Figure 3.2 — ON THE OUTSIDE OF THE ES-21080 CV

Raw r [ o FTg 7
Hekght, inches
Bottam 1 e F 4 |5 °F s (3¢ °F 6 |35 °F
42 7 |35 °F & g4 °F 9 a4 °F 10 jg5°F
6.3 Il |7 °F By3L oF ENTYE 14 138 °F
Top 15 |\ F 635 F | 7173 °F 18 35 °F
Figure 3.3 —~ ON THE INSIDE OF THE ES-210{) DRUM INNER LINER
How! [ a0’ 1807 IHF
Heiglht, inches
Battom & z2q °F 20 za4F 21wzl F T 225 °F
g B 29 °F 2 z50 °F 3 250 F I 2zy F
12.7 3T 225 F B a5e °F Wy oF 0 w2y °F
1" Ledpe g 125 °F 3 43¢ F 3 335 F T
| Flug Bottom 35 2g="F 36 -39 & °F T 502 °F B YLp F
Comments:

1 certify that the above tasks have been performed and that the shservations and comments are comesct.

AL St 41t

TTOTRES-210007 Rev: T 12/ 0NI002

Wit
*All phologrephsivayies shall he uniquedy ideniified with Test Ui, daie ond See w enan: |
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TEST FORM 13 - OPERATIONAL LEAK TEST Test Plan ES-200C
Teu UnsT 0 2= 12062
VERIFIED TASK
Poxt Assembly Losk Test Post Tt Lask Tt D%

=L A ek teat in accordance with the CALTS Manufactorer's Instructions Manual was performed on the OV

Leak Tester Cert.#  Expiration Date: Leakage Valug: ref-Geaee mr
Ty Attach CALTS Printout_Here
JM'H'Px[ﬂ n]"f i Ser Printent
Vem3* 2089 K [P‘Im }_ﬂ,
Lr= Hasg
]ﬁmt”mam TI°PK T2»K e
sl min

A3 mbar AT T
Ly S LT cmi3*4.96667 mls,zsﬂﬂpm_ 1013.25MBars
_ L min |25 °C+2TPK (25 C+IIPK

1

Lo 7 o3 *496667( | 69T aom  1.6% T laaim e tade
b min | 299K 299 °K
§MIYOTS - =L

Lr = 1228 ref — o fsec

Cimimwtnils

1 cerify that the above tasks have been perfinmied and that the ohservations snd corTect.
S Tkl gpoths.
catimg Duale
*All photogra sk il

il b wimiagiaely ideintifiad with teat uiit, date and time 9o s St thie proper sequence cun be
reconstcied
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System Date SAT 92 JUN 1999 Lit37i3w
CALT Hot 052 Transcucer kot SIS279
Days since isat calibration S /-J7-a0%

ORML
CALTS — Usraion Ul.43

FPressciress Do
e LEAKAGE TEST =@

Test Feference Hal CIZSEEL
Design-Sarial Was: FI13/3017
Comment: Lia Seal
Interspace Uolumel S.417 cc
Settling Time! 5 mins
Teat [arationt & mins
Tepperaturel 29°C
Temperatur+ ratic: |.000
¥ ratig: 1,008
Pass Rate (SLR)}T L.0E-84 bar coc/aec
Bllouabie IF 1 =IT nbar

Acrkecte RESLILTS s
Pressure moar DataTime

Btmosl 988,29
Starti 171,37 B2 UM 199 11:33:09
Fimalt ITLL.92 @2 JUM 1998 11rad@:50

Leakage Rate! I.7E-07 bar cosssc
FRASS

Standard conditions:
Temperature: 29C
o stream pressurel 1817 moar
[awn stream pressured 8 mbar

B-13



Appendix C

Data Sheetsfor TU-3
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TESTFORM la Teat Plan TTGTPES-2100-02 Rev. |

ASSEMBLY OF THE CV Test Unit 714 =2 =/ 3/0 2
Test Locstion WTRC Rm. L-110

VERIFIED TASK

Wﬁ{ W test unit serial mmrﬁg%‘f‘s

Mﬁé Al containment vessel (CV) comgonents have been visuslly inspscied to ensare they ane present and
in good conditicn.

\_}?ﬁ%j ) Temperature indicators have been affioed o the surface of the CV as indicated Figurs 3.2 and on Tess
Form 61

"?‘ffé{ Mone of the tempernfure indicators indecute expokine b & lemperarure in the measured range.

M The container and lid kave been clearly marked az = TU- 37

A vertical line has been marked on the side of the contairer and lid with a permanent markes to indicate

ignrmant the Two componants.
lﬂﬁz The CV O-rings and ssaling surfaces have been inspected for defects and found acceplable.

= Refrasil insulation cloth was applied to the inside of the CV.
me staintess steel sleeve was inserted after the Refrasil cloth was installed.
Twao {1) temperanure labels are in the center of the shod.

The aluminum sleeve, weighing ﬂf: pounds with the Refrasil, was instelied in the CV. Sieel shot
weighing £/ pounds was installed inside the aluminum sieeve. The shot plus the weight of the sleeve weighs 125+ 1
pounds. The plastic bag contsining the shot has been closed with stranded tape and the bag has been trimmed leaving | inche of

excess bag,

h&_ﬂ_ The lid has besn installzd on the container and the previously applied vertical markings alige. The washess
and boits have been ingtalled. The initial torque of the balts was # = | ft.-fbs. and apphied in the saquence
etched on the CV Lid. Aa:mnﬂlurmxufhbohswapplmd.ul 18 4 1 fi.-Ibs. A re-toeque of 1B + 1
fi.-los. was again applicc. All torque s applied was in the sequence etched on the CV lid. Amaient
tempernture at closure is O e FFL g

Torque wreneh# /0 2 & 26 2.6 Calibration Expiration Date 12704 /03
b{ The OV assembly has been leak tested with the Calt8S per the Manudfacrurer's [nstructions !u'hml.al
r"ﬁp’p Leak Tester Cert. 8] BOIABE  Expirstion Date: ﬁ{[jm Leskage Value: &2 Eﬁcwm air
M bark the wop of the CV 1id with 0, 90, 130 and 2 70-degree Jocations with a permanent marker.

WM The CV assembly has bean werghesd amd the weight has been recarded on Form 3.

o
M P‘I‘mmnph&]ﬂfﬂl: nssembiy have been takan*

m-nu.l and ; sturvamns and mm:nta Abe corract.

that the bl
..... fl?é 2 ag 2 lotfor ref7/02

“:lu-ﬂ:mnghru:mn $
*allp sivies shall ba ly "‘wnhTulLFrumedmmmmm | the priper sequencs CIN he reconsinecned.

i B ——— —— Cr S e B L




TEST FORM 2 Test Plan TTGTEES-2100-02 Fev. 1

ASSEMBLY OF TEST PACKAGE Test Unit TW -3~ 13f02
Test Losation NTRC R, L1117
VERIF TASE
M The exterior of the drurmn has been glegrly “Tu._"

Record the drum serial number:
Each urethane foam insert hes been clearly marked . "
The center-of-gravity markings have been 2pplisd to the daum
s showm
"w_ Mark the 0, 90, 180, 270 degree locations on the Drum Lid,
Tap Plug, and the inner and ouside walls of the drum with
( a permanent marker. The "0 location is the vertical,
putside-wall seam of the drum. S ¥ 12 41
The plastic Leak Check port plug hos been semoved
The CV assermbly has been |oaded into the drum with the
() degree rotated and aligned with the 07 degres location

on the drum,
W The Drum Top Plug was weighed and the weight has heen
recorded on Ferm 3.
The Drum Tap Plug has been loaded into the drum with the
0 degree rotatzd and aligned with the 0 degree location
M on the drum,
The Drum Lid with no gasks has been installed with the
0 degree mark rotated and aligned with the 0" degres mark
on the drum,
A security s2al has been attached to the drum.
L—MZ The drum lid washers ace placed over the lugs and the drun lid
muts were initially installed and torgue o 10 £ [ ft-lbs, The

muts were then tightened & econd time o a torgque of
10 = | fe-lbs. No torgue sequence is required o be Followed,

Torque wrench 4 2/0 I EIE T £ Calibration Expiration Daze /2 -F-af
The test package assembly has been waighed and the weight recorded or Foms 1,

Phowgraphs of the assembly have been mken®,

Comments i .....
1 cemity that the abo have been performed and that the observgtions and porments are cormeet.
b (aflofos : Iedolos
Testing Technician [ Witme: Draee

*All phitographa/mosses ghall be uniquely idmatificd with Tes: Usit, cam end time @ ensure that the proper | A B ied.
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Commens:

TEST FORM 24 Test Plan TTGTRES-2 104, Rew 2
RADIOGREAPH DRUM LINER Test Unit TE -S04
Test Locanon 3¢/ 7 £ DA
TASE

The test unit has been clearly marked “TU-___"

Record the test unit senal number; !:]j' 471

Record the history of the drum, i.¢. as built dropped, ete. @' location of £ilm

around Sdd af
At i,

Date test unit is radiographed: @’f 'E" 2{5’?

* Sull photographs are 1o be taken as mdicated below:
Theee rows {top T, middle (M) and bottam{B)] of five
picmres per row were taken and membered T1-T3,

M 1-M5, and Bl - Bi. Three pictures of the Dinum

Top Plug (P} were taken and numbered P1-P3. One
pieture of the Bottom was taken and numbered S1.

7 s ionsants

| o R -
oo Top | 1
L i 1 L I
l | T l‘ I |,_ e e e B
|\ : 'l | I*

N _ MIDOLE ==

1Pz sl Teyt oo R e !
Vigw of Proms Foe ‘ |
Top Deum_Plut Eum:;n g M,

_VMigw o 3 Rows or Broms

I certsfy that the above disks have been performed and that the observations and comments arz corrext.

Te SIEIgv Technician

2L LD 12/10/s2

Witness Dtz

fé‘éfﬂﬁ:’

*All phosographe'mosses ghall be umiquety identi fled wids Test Unat, date and tine to snsure thot the proper sequenoe oo be

recoastmuoiad
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TEST FORM ]

COMPONENT WEIGHTS
ERE-DROF TEST WEIGHTS
PART NAME WEIGHT BY  DATE
DATE b
oV (54 & boay ™ bbb s, W 120 o>
TV mass (shat} 104 ws. mdld @ﬁ@i
OV shesve T wnhd 48

Test Plan TTGTHES-2100-02 .1

Test Unit Ti/-3 - /2/m 3
Test Location NTRC Km. L-114

POST THERMAL TEST WEIGHTS

PART MAME

[ —— {9 ws. &ﬂr i/ R T e—

*- D isolation Feam /3 e ,f&é&ﬂ Drum isclation Foam
Dipin Tap Plug 3f !ﬂ% fﬁ-’l{ CX  Drum Tap Plug

Tes package Aus'y MIM.M fr}}.’ﬁﬁ;ﬁl Test package Ass'y

WEIGHT BY

4l s % _{é,/

173 e

(4]
a3

3 e fﬁi ?/ 3

ﬂi&;. R

EQUIFMENT
PRE-DROP TEST: POST THERMAL TEST:
Scale; W@ AIAS  Expiration Date: f{Fs Seabe: Exparation Dase:
.*uccm:qc: + I “'JI AdGuracy. +
Seale: Expiration D Seube: Exparation Date:
Accurocy + Aocumcy: *
m, 5‘\ il leud OetoueE, e U
-FBNH L # i ra]m'.'s- EPRPATELy. BITh e
iy VT l.eahq Pres O .n_l.'.i SErMBELEY (gl T 'ﬂ.
[hE Y- e e =... W EE HAS LAWED THE SEPAEAT] £l
PAHENT |15 wEIGHED DA

1 certify that the above ks have been performed and that the
M 17l 4fos-

Testing Technicion Diake

ations nd comments ang corresl
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TEST FORM 4 Tast [lan TTGTRES-2100-02 Bew. 1
I.2m (4 R} FREE FALL DROP Test Unit Tu-3- 1302
Test Location MTRC Indoor drop pad Rm L-110
VERIFIED TASK g3, /@O
EEQ.# Saill and video cameras are senap to take phoves and Skeich Drop Setup Here FJ—’HF D:Eﬂp

videe of the drop

&é! Photopraphs of the arrangements for the drop have been taken

W# Aststude of the Test Unit shall be ﬂ-‘ﬂa [compated angle) ! SD' 5

Tolerance = 2 270° _
sured sttinade of the Test Unis ©.8° s
.I":- Level number3i-ooe-st4 Exp. Date L-0% I — e X
M The Test Unit has been raised so that the lewest point is

1.2 (4 1t} gbove an essentially unyielding, horzantal

impact sarface. ;
seasuring device 4
Armbaent emperaiure al the tane of the esg:

*Cifal °F)
The Test Linit was dropped from 2 minimum of 1.2m (4 )
anta the drop pad . 5
:ML Videos® of the drop were made '
%__ Phodographs® of the resuliing darmage were taken Skatch Package Damage Here

b8

Testing Damage (¥ r.: J-ﬂ\ui
Ty A VWL VT T w ot

TOP toof A=Y & ber wehoudan
FoThM #ioaf  (-¥2" & veT mEehSufes

L EX = I5s
%‘1 _Tof el

Cominents:

I cerrify that che abave tasks have been performed and that the abservations and commema 2re corredt.

/’Jérfa:r %_ﬁ% el o
Witnes Date

*all phoiograptsimosies sall be uniquely identifled with Test Unit. dove mnd time w0 emwre thai ihe proper sequence can be moonsinosted

Tasting Technician




TEST FORM & Test Plan TTGTRES-2100-02, Rev.2
4m (30 fi) DYNAMIC CRUSH TEST Test Unit TW-3-14H o2
Test Location: NTRC Outside Drop Pad

VERIFIED TASK

The Test Unit has bezn prepared in accordance with Sketch Teat Semp Below
the Test Plan, Forms 1 and 2 are complete and the
pre-iest weights are recorded on Form 3.

Saill . video and high speed cameras are sefup o take
photos and video of the drap
Photographs of the arrangements for the drop have

o
been taken
Ambient lemperature of the test: __ °C, &;’_‘:‘F} //
at the time of J0 G g

The test unit has been ploced on an essentially unyielding ST i
surface in the orientation shown in Figure 3 PLArTE

The rwasured drop angleis & # Jon
Measuring device: Il - 006 - ST
Calibration expiration date: & -3

“The $00kg {1100 1b] steel plate has been raised so that the — 180"
lowest point is 30" 12" above the highest point on the test j i .
unit and the CF of the Crush Plae is centered over the CG = 219

of test unit + 4 in, |I_ .
Mensuring device: TG S m measurenment wise =Jm?
The steel plate wes released to fall onto the test unit from a N B TR R
height of a4 least 9m {30 [},

Wideos and high speed films* of the drop were made
Photopraphs* of the resulting damage were taken

; 7% ¥ TYPICAL

Testing Damsge Doservattons & Comments: - a
DiMEDsions 11

I cextify that the o tasks have been performed and that the abservations and cos

2 2 for

" Testing Technician Brate
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TEST FOBRM 7 Test Plan: TTGTRES-21 m‘?{é
| m (40 in) PUNCTURE DROP Test Unit T3~ p{n:»
Test Locatwn: NTRC, Insids Drop Pad
1¥imal pace~ 14

VERIFIED TASK 18% Masstned gl 1.1
M The Test Unit has bezn prepared in accordance with \—'\ Sicotch Teat #etup Hers

&ES‘IH'.“' :m-mﬂ un:;m‘e;m]smandﬂx , [ EY D
plD- =1 'ﬁ"ﬂ.gii ATE TECOT Ofl DO 2. D
[T |&«+=" "

wﬂ( Sull, video and high speed cameras are setup o take
photo and video of the drop. —f" 270°

[Mél Amibient tempersture of the test: ___°C, (1] *F) /V

at the time of § -

o
L 4 g i DM f
The test deop angle of this unit isﬁﬁh ‘a-i specified Fotlom ] | o
by Figure
The measurzd d-.l:lp anghe is Q_‘Pﬁ-_"ﬂ[ i
T s -
'y Calibration expiration date: *

The Test Unit has been raised so that the lowest point I

is |y above the steel I:l':}_ Sketch Package Damage Here DEsM

Measuring deviee g S p 4

Calibration expization date; == 2B Xy

Q'D“ _— _--"'!q..l__._q_-ru

’1::1;:1: Damagﬂ Clh'sm".rah-nns SM v LY ! ‘|. I

Y: it 5 A |- - )

4 1
6 oF EER- (N SO = [ RARN L
TP A T A
_ L e

Py A Va peceession

— W Bt

Comments: Bae 5 ﬂg;rgg Dousht [N Tag¥ EULTS
A€E TOEQUE TO Joo Fi- V- 280k = th; ME“W_H 115."_{:-3

Testang Techaician
=4 || poingragte mavees shall be umiquoly idinified with Test Unil, date and time 1o ensurs That the proper ség

C-8




TEST FORM 8a Test Flan
THERMAL TESTING Tes1 UruT —

Test LnLam%
TASK

The Test Unit has been prepared in accordaace with the Test Plan. Forms 14 and 2 are conplete and the
pre-fest weights are recorded on Form 3.

All thermocouples have heen instalied on the exterior of dnom, furnzce and test stand in
secordance with the Test Plai, Figuees ., , . and

All thermacouples have besn surveyed to ensure they are working. (Any malfunctions ar ermatic performance
will b addressed in the conmmenis section below,|

The thermocouple recorden(s) is set to read every 30 seconds,

*Photographs of the arrangements for the test have been taken,

The te3s package has been prebeated to over 38 °C (100 °F)

Measunng device: o re‘?‘g}""‘ﬁf e it; e
m._mmur’m—l—'?—ﬂmdm Y pter) Bomnee CHEET 6
Furmace has reached the minimum soak point termperature of 800 °C (1475 °F), and has soaked a1 this

temperature for a minimum of § bours. The (urnsce set point femperatare has been adjusted 1o b
{ “F] nt least one hour prios o each test.

Time: ﬁ_‘ﬁ_ ampm Dae: "rj_ﬁ--'z :j'ir' j_:j.
The unit has been placed in the furnace, on the support stand, with the damaged area up at
??/ ; Tt {‘{_ ; ?.ﬂn&l’pm Date: H = ’.'T.—f;"/'.?ﬂpm farnace daor time: Q ; seconds

The 31 pminute timed test began when 5 out of 6 test unit thermocouples reached the test temperature of
BOD C (1475 “F), as specified in the fest plan.

Tm::_'-f_‘i__l"_'}fmpm Date: §=Z4~C

L} c’q‘

f%_ Immedintely following the timed test {minmuom of 30 mmytes at 800 °C) the 1t wnit 1 tken out of the
furnace and allowed to cool manerally, jgy;{}' ney {E:“ (24—
Time: JO7 Tampm  Date: = Amblent Temperatre “E‘ ,XC' ?
The unil stopped oulgassing (fames) a1 : outgassing burnout lapsed time was
EHITTELS o

,;_ { ;}_ The thermocouple recorder shall be ser 1o record the internal thermocouples at |5 munute mervals Tar an least
12 heomrs.

[ -:er;%thm e thave lﬂ;h have been performed and that the ohaery m:nhs Are correcl

Al L e "J'l/l 3 f':-)
echnidian Date ‘-".’mr.éa
*All photagraphs'mavies shall he uniquely identificd with Tosi th.ﬁwm'idﬂmummmmmwpmpﬁmqmumhmmmﬂ

TTGETHES-2100-02 Rev. 3 13/ 1002003 10



TEST FORM 3D
TEMPERATURE INDICATCOR READINGS

TestPlam__
Testlinit T2 =5 — lz?f!—r

Tast Lacation

A wasual inspection of each temperature irdicator on the BS-2100 package conswtg of those indicators inside the CV ammiees
steel shot, cutside the CV, and on the ES-2 100 drum liner shall be made. The values of the blackouts which occurred shall e
rocorded below. Dimensions identified undes the “Feight” cofumn are the dimensions from the battem of the OV o¢ drsm liner
tor the bottarn of the femperataee indicators,

RECORD BLACKOUT TEMPERATURES AT THESE LOCATIONS:

ES-2100 TEMPERATURE INDICATOR NUMBER LOCATION CHART
Figure 3.2 — [NSIDE OF CV, STEEL SHOT TEMPERATURE @ 12"
12 ] I f—y °F | 2] 71'{;‘T
Figure 3.2 - ON THE OUTSIDE OF THE ES-2100 CV
Haow! o oo 1EO* 27er
Height, inches
Bodem I N9 °F 4 133 °F 312y °F 6 \pa °F
4.2 T (g 8 |35 °F 9 |34 °F 1§ |357°F
16.4 1l (3 °F 12 j9°F 13 225 °F 14 225 °F
Top 15 195" F 16 7224°F 7 225 °F 15 225 °F
Figure 3.3 - ON THE INSIDE OF THE ES-2100 DRUM INNER LINER
Huw/ o &g 150 27
Bartom ¥ 2400 °F MW 7 zy °F 1 224 °F 2 Z2Zy{°F
] Fi 1-1-{' °F 24 -!_:Tg *F 3 2_1_.{ F 6 F ] °F
12.7 7 w2y F ¥ g gn °F 9 e °F i 2.5 °F
1" Ladne 3N q2s °F 3 agp”F N e °F M gps °F
Flug Setom 3B 25 °F 0 e F | W 4 °F il goaF
Comments:

Icemfy that the above tasks have heen performed and that the ohservations and comments are cormest

s

r seguene can he recarsiniczed

4/36/03

Dare

TTGTPES 210002 Rew: T 1271w 2]

11

C-10
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TEST FORM 13 - OPERATIONAL LEAK TEST Teu Pl FS-2100

Test Unie T/ =3= 12/0a
VERIFIED TASK

Post Assembly Lesk Tet Post Test Leak Test g

A lzak test in acoondinee with she CALTS Manufacturer's Instrictions Mansial wis performed on the OV

isgernibly

gk Tester Care. 8__ Expiration Date: Leakage Valise: tef-colsec e
__rn (n PI ol Aftzch CALTS Printow_Here

3600* H = Py n 5',“_ Pl-q.n“-u_‘!'

Ir=

&l min

s F45T om3® 496567
L min

957 cm3® 4 96667

Vem3*298°K [ Plamm Flmm]"f‘ﬂ_‘rm
sgppe Mmin, . \TIK  T2°K

(1.5 miar {987 LémBar
mBar mBar
1013 2smBar, | 10132 /E_

(25 "C+IN°K (325 "C+IT3°K

= ¢/ sen

L}

br = :
e il

(LB am _ 192G aim)|
299 K _grgok Y el

H 5171BL155w pope 22w =
-4
Lr= 1.0308%fer - ccruee

Limmments:

C-11



Systen Date THU @7 JUN 199 1538190
CALT Mot 0892 Transducer Ho: 539279
Daus since last calibration: 525 {703

ORHL
CALTS = Meraton Ul.43

Pressure Drop
e LEREKARAGE TEST sk

Tosh Bedsronce Mot
Design-Serial Hos:
Commentt
Intespace Ualumet
Settling Timed
Test Durstion:
Temperat.urad
Terperature ratiol
i Pabiat

Pas= Rate (SLRMt
Bllowanle 5P 1

CI938al
FI13-I84T
Lig Seal
9.497 ce
9 mins

o minms
Fc

1. 009
L.0da

1. E~-94 hEr colasc
=19 moar

s RESLUILTS
Prassure mbar

e b
DatesTine

Frmos: 973.8%

Star-tt 1358,.55 97 JUN 1990 19:85:07
Finall 1953.86 27 JUN 199@ 19:01:Z7

Leskage Rater J.5E-41 bar corsec

FARSS

Standerd condltionsd
Tanpersluret I9C
Up stream prefsured 19LT mbar
Down streMM pressurel @ abar

Sigh

(Tes =y

Dates o-3-Q2

el lappion Lo

C-12



Appendix D
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TEST FORM 1A Test Plan ?'T‘G-'TP'.-’ES-EIII}H-I:}ZE-:. i
ASSEMBLY OF THE CV Teat Unit T3 8~ = [2.fn-a__
Test Locatian NTRC Bm. L-110

VERIFIED TASK
_ﬁ £V test unit serind number;,_ & 3L &5

é g All gonginment vessel {CV) components have been visually inspected to ensure they are prosent and
in good condition

;’ES Temperaiure indicators have been affixed o the surface of the CV s indicated Figere 3.2 and on Tast
Form 60,

Mone of the tampesature indicators indicate xposwre (o 4 temperatare in the measured nnge.

gfsﬁﬁﬂ_ The container and lid have been clearly marked as " TU- _‘f‘.

?&'_5 A vertical line has been marked on the side of the container und lul with 2 permanent marker o ndscare
alignment the bwn components

i’@.’:’f_ The TV O-rings and sealing surfaces have heen inspected for defects and found acoepiable.

z:;" ﬁs *R.-:Fr-ml insulation cloth was applied ta the inside of the CW,
_a'éﬁ_ ¥ The stainless steel slesve was inserted after the Refmsil cloth was installed.

;g{é' 5_ T (2} temperatare labels are in the center of the shol
__ffé_g._ The alurminuem slesve, weighing f._ﬂ_ﬂ poumls with the Refrasil, was inscalled in the CV, Stesl shot
weighing /0y pounds was ingtalled ingice the alemmom gleeve.  The shot plus the weight of the sleeve weighs 125+ 1
powsnds. The plastic hag containing the shot hag been closed with stranded tape and the bag has been mrimmed Jeaving 1 inche of
encoss bag
if g T The lid has been installed on the contazer snd the previcusly applied vertical morkings align. The washers
and hals have been installed. The initial torque of the belts was % + | ft-lbs. and applied i the sequence

atched an the OV 1. A second muqueol‘&ulmﬂg was applied st 18+ 1 ft-lba. A re-torque of 18 # 1

fLolbs. was again apphed. All rguse a3 apploed wag m the sequence atehad on the OV lid. Ambient
temperature ar closure iy CC(EFET)

Torque wrench # S oy 0 2 ¥ 20 2 G Calibsation Expiration Date l’;/l{r‘_‘f_flfj
@ﬁ; ,-'ail';!ﬁn]he CV asserbly has been leak ested with the Cales$ per the Manufacnsrer's Inssructons Mamsal.
i o f ,U "5
Lesk Tester Cert. #M 380 288 Eepiearion Dute: B/ 807 Leakage vahe: B, § Tsivecisec air
ﬁ—g Mark the top of the CV lid with 0, 90, [80 and 270-degree locations with a permanent matkes.
ﬂ The CV agsembly has been weighed and the weight has been recorded on Form 3.

_ﬂ Photographs of the assembly have been tken®.

Comments:_/ fﬁ_,l_ QWM 112.-;,-'.".|;Jw,/5£¢:?¢ﬁ5-4'f (3 MW o

tasky have besn performeed and that ge o yoniE and comments are correct.

f%éﬁ-* Mﬁ:

Testing T:chmun 1e Fmess
*All photegraphu/mendes sall be aniguely deseifod with Test U, duie sod me o sssine that fhe peoper sequence can be recomstrusied.




TEST FORM 2 Teat Plan TTGTHES-2100-02 Rev. 1

ASSEMBLY OF TEST PACKAGE Test Unit 11y ~f=12/02
Test Location NTRC B, [-110
VERIBIRD TASK

The exterior of the drum hos been clearly marked “TU-_".
: Record the drum senal number: £8 ©
i L Each urethane foam insert kas been clearly marked "'I'I.J-%‘
o The center-of-gravity maskings have been applied to the drum
a5 shomm.
Mark the @, 90, 180, 270 degres locations on the Dram Lid,
Top Plug, and the inner and outside walls of the drem with
& permanent rmarker. The “0" location 35 the vertial,
4_,? outside-wall seam of the drm ’_;j;ff uiﬁqﬁ-’p
The plastic Leak Check port plug has been removed
The CV asserbly his been boaded into the dram with the

U degree rofated ond aligned with the 0° degree location
on the doum.

The Drum Top Plug was weighed and the weight has been
recorded on Form 3.

Tae Drmm Top Plug has been loaded into the drum with the
0 degree rotated and aligned with the 0" degree location
on the drum.

The Drum Lid with no gasket hos been installsd with the

0 degree mark rotated and aligned with the 0° degres mark
on the deum,

NiA 4 Asecwrity seal has been attached o the drum
M}% T drum lid washers are placed over the lugs and the drum lid
nuts were mitially instaibed and weque 1o 10 + § fL-lbs, The

nuts were then tighteeed a second fime o 2 torque of
10+ L fi-lbs. Mo torgue sequence is required to be followed.

Torque wrench # _§ 0 ,{Q&ﬁ&ée:g Calibsation Expiration Diaie i?‘l i ,{'G_'?}
E !iﬁf' i'__ The test package assembly has been weighed and the weight recorded on Form 3.
Lﬂ_d Photographs of the assembly have been taken®,

Comments:

-

| cenify that Mw have been performed and that the observggions and comments are comect.
%ﬁ 12/t iﬁﬂ%ﬁ& 27
Drale Date

Tﬁ:ﬂiug Technician Wi
*All photograp bsimovies shall be unuely identi fied with Test fmiz, date and time 4o eesure that the proper seguemcs can be reconsEnached,

D-3



TEST FORM 24 Test Plan TTGTHES-2100, Rev.2
EADIOGRAPH DRUM LINER Test Unat T4 - f I3
Test Location Fay 7 & ot

WERIFIED TASK

The test unit has boen clearly marked “TU.__

Record the test unit s=nal WFM?
LMAZ Record the history of the drum, i.e. as built dropped, stc. @'lﬂ'iq:t!m ek Lilm

Around Sde ok
History; z@ % # %_ et wie
M Drate test unit is radmg;a.;ﬂm] @% {'5

MH"@'[ * 5l photographs are to be taken as indicated below:
Thres rows [top (T, middle (M) and bottam(B)] of five
pictuses per row were taken and numbered T1-T3,
bi1-K3, and Bl - BS. Three pictures of the Drum
Top Flug (P) were taken and numbered P1-P3, One
picturce of the bottom was taken and numbered 51,

| R |
TN e
{ E L (T
Fy | il
L%, | /| -
L T
Vigw oF f} Toe : I
Toroun B B~ f

View pf 3 Aiws oF Perens

Comrments:

centify that the gbovedasis have been performed and that the observations and comments are correct.
%M“?;ﬁ - B2)iefer
Date

Testing Technician Wilness

*Al1 phito@eaphaimovie shall beunlquel:, itangifisd with Tast Linit, 22 ead tene 1o enpure that the

Fquencs ¢anbe
recnnstn bed

D-4



TEST FORM 3 Test Plan TTG/TR/ES-2104-02 Rev, I

COMPOMENT WEIGHTS Test Unit-4t - 4= |1
Test Loeation NTRC R, L Jm

PRE-DROPF TEST WEIGHTS POST THERMAL TEST WEIGHTS
PART NAME WEIGHT BY  DATE PART MAME WEIGHT BY
DATE

CV (lid & bady) Ols e HS g lo

CV mass (shat] 207 g, .ﬁg 1 for

CV gleeve 2w G 12006

CV ussembly L91 aws. ZES 12/ CV assembly i"ij_fa; JE
¥ Drum isolation Foam /3 ihs. JBS 12/bfor DamisoltionFoam 3 b, _ﬁf
Drum Top Plug SN o, PN 1 ?I,'f,# L}f‘rﬁ.’l Drum Tap Plug B3 _ﬁié
Test packige Ass'y ﬂfﬁs-tﬁ_ﬁ {3 M0 /0 Test package Assy ‘ﬁm WS

EQUIPMENT

PRE-DROP TEST: POST THERMAL TEST:

Scabe;X 523 S22 Expiration Diie: g'ﬁ:’a‘f-" IJ"'I 0% Scale Experation Date:
Accuracy: + / -tf'{r/" - Accuracy: +

Scale: Expiration Duafe: Seale: Expiration Date:
Aguracy: + Acgurucy: * —_—

m.}'ﬁ'_ i
b LEORERTE LY

-—

» i -';-ﬂ z
.E'-"""""“ﬂ 'F%

1y

/o

itk
g

| certafy thai the al Thﬂu‘eb&eﬂ performed and th atiops and comments nre correct.

safinfi o 5. (v o
¢ D 55 Diate

T:aun,g Technician

D-5



TEST FORM 4 Test Plan TTGTMES-2 10002 Rev. |

1.2m {4 ft) FREE FALL DROP Test Unit Tu-4- 1202
Test Location NTRC Indoor drop ppd B L-110
VERIFIED TASK Kﬂﬁf}ﬂﬂ-
M’f,{ Still und wideo cameras are setup 1o take photos and Sketch Dirop Setup Hers

video of the drop

L‘3'/9'1/l_§ g Phamograpls of The astangements for the drop have besn taken
l"}"-".I'a[i-F,r Artitede of the Test Uit shall be 34‘_ E B feomputed angle]
Toberance = 2
i M E M asured attinide of the Test Unit 3575
Lewve | nuimber JH - oote= Tl E:.p. [ate {-;p. - C'fp
The Test Linit has been raised so that the lowest paint is
22 (4 fi} above an essemially unyelding, horizomal I
b

impact surface.
leasuring device - 4-"-,:-,\511_ RALLE ? LI
G mibient temperaire ot the time of the test: | j—" ¢
SO} | l_
Crzrdrrzaa

wﬁf o The Test Uit was deopped from & eninimns of 1. 2m (4 1)
anto the drop ped

M‘M * of the drog were made
Skerch Package Damage Here

“'}hﬂlﬁf Fhosographs® of the resulting damage were taken
7%
Testing Damags Observations: DAMBGE O LD o*
B TR Cupl oty T
"

28 %0 UDhARGED

Comments
& 21118
_tméﬁw%l_\
qilE Amd GO
DRam

I certity that the nbowve tasks have bees perfocmed and that the chaervamons and comme

S10E

f%é;’{éi P24 E 1/ ae
i Winess Drare

muely seatified with Test Unin, daie and time in ensure @ai the pooper sequence can be recorsaniched.

Testing Technician

*a10 phain grapbsmovies shall ke




TEST FORM & Test Flan TTC/TPES; 2100-07 Rev. |
Ym (30 ) DYNAMIC CRUSH TEST Test Unit T = 4;-,}&&
Test Location NTRC Ouidoor drop pad

YERIFIED TASK
Sketch Test Secup Hose
The Test Unit has bee o prepared in sccordance with
the Test Flan, Fermé | and 2 are complefe ard the
pre-trop test weights are recorded on Form 3.
5till, video and high speed cameras are setup to ke
plmws and video af the i:h'nl;l
Photographs of the srrangenients for the drop have been taken

Ambient temperatre of the 1est 0L (43 F)

at the time of 1 5%
The test it has been placed on an egsentially unyieliding surface

in the oriemiation shown in Figare
\'_Illﬁﬂ- The angle of the Test Unitis _ * as spesified par
- The measured drop angle is 3 A SFEEIRY
_ DR

Mepasuring device:
Calibration sxpiratson date:

ﬂ The m;_:g (1100 b} sreel plate has been radged 50 that the bowest point i

[H _ above the higes! point on the Test Unit and the CO of the q6
Crush Plate is centered over the Test Linit Ol +4 in
blansuring device: _ TTG 9 m medsuremenl wire . '*‘

BEAL L

The seeel plate was released to fall onso the Test Unit frem &
Herght of an beast Bm {30 ft)

Videos and high speed films* of the drop were made
Photograghs® of the resulting damage were tken TEr v irrrryd

ur
Sketch Packape Damsge Hers

Testing, Damage Observations:

e See  KTACHED SHeeT

r:u.m:ﬁmgggfm_,ﬂg_ﬂ s e o) DAMAGED Cofpled oF
that the above tacks have been perfommed and that the observas W:mﬂct
WE adb Mol (201342 M D %&zj,[:ﬂa (:3efA
b

Teating Technictan Dt Winess
*AR plotographsimevies shall be miguely dentified with Test Unit, dae and s 10 2 powe thal the proper sequence cus be recastiucoed.




Te=r o TU-4- IJ.Ié:'J-

Tizr Ben b (oosrose)
“kETeh oF Dimace KesuTs

HAm o8 Ceyse tesT

2’ 15# /—a‘f wm g 2
a2
28 | (ga” P T
L = ;[:’; l[&ﬁi 51#;11 s

/<j' ‘-"Jﬂﬂiﬁ‘l&&ﬁi 7

N |

e

(ST

oot 4

Ve of Uheaagen Face
_Rorictn Coued.

XceTion oF Lo '

D-8




2 gf 7 /03
TEST FORM 7 Test Plan: TTGTRES-2100-02, Rev.2
[ m {40 in) PUNCTURE DROP Test Unit k-4~ 2oL
Test Location: NTRC, Tnaide Drop Pad

L3
VERIFIED TASK 18%
lﬁﬁd__ The Test Unit has been prepared i accordance with \\ Sketch Test Setup Here
the Test Plan, Foems | and 2 are complete and thz _F“;‘- DEsM
pre-test weights are recorded on Form 3. VEoE oy o
I =T b
ztﬁfﬁf_ Suill, video and high speed comeras are getup to take ;
photo and video of the drop. + 210"
‘ﬂ}gﬂ Ambien: temperatare of the tes: _ *C, (T L*F) o
at the time of 22356 I.
\_1‘[%1 . i DU
The test drgp angle of this urnif 5 0 as specified BoTinM l | e

by Figure * _:f,-___.

The measured drop angle = vl_:_:; . £
Measuring device: -0y — 549

Calibration expiration dats: _fa- 0 4 * E I w

MJ__ Thea Tear Uit has been rassed o that the lowest point |
is _if‘"_ above the steel bajr: Skeich Puct;gslﬂamnge Herz
Measuring device: N S7iCk gl
Calsbration expuration date; _—— H %‘L
4 e s Vi
Testing Damage Observations: | i
DEysn TR e S8 T ”
Lochrun  ghie Dia - o 7yl 8%
T PR | & L .7 — Lt E =
) = AT ' -
M PACT e A A
1B — 2

o D Rurd

S R— ’ T SubeE
i o *ﬁ#g‘:

— — SO %H‘ iﬁﬂ'

A-A N BRwm

Carmments; ¥ Pl Pk, B 15 BoTed Dows w/ g[-_-imcu. BoLr TS

_TORGUE TO Joo 'TFLE_-_.,'IFQEM{E.@ENEH W-4804 —ChL. ExF DAE: T1/26/03
_WBET— ChmME (Y oF finG ol

Tentify that thy nbove'taskgfave been pecformed and that the ohservagions and 0Ls are CprTect.
Pl 3 wéh % 2. hatfl \/2¢/b3
i

{ Testing Techaician . Wimess  © F Dale
"All phatographe/musvies shall be sniquely ident fied with Test Lindl, date and sire L énsure thet the proper ssquence can be reconsaucied.

D-¢



TEST FORM 8A Test Plan
THERMAL TESTING Test Unit 7
Test Location

VERIFIED TASK

ﬂri The Test Unit has been prepared in accordance with the Test Plan. Forms 1A and 2 are complete and the
pre-test weights are recorded on Form 3.

All thermocouples have been installed on the exterior of drumn, furnace and test stand in
accordance with the Test Plan, Figores - , and

2 FEF All thermecouples have been surveved to ensure they are working. {Any malfunctions or erratic performance
will be addressed in the comments section below.)

% The thermocouple recorder(s) is set to read every 30 seconds,

f? *Photographs of the arrangements for the west have been tken,

The tegt package has been preheated to over 38 °C (100 =F). M # ﬁf

Measuring device: “@ﬂ '_‘&p%li? il
Ca.ti]:l:z!:inu ;;':::‘r:rinn e 5"&."} {9” JV'I?WF

Furnace has teached the minimum soak point temperature of 800 °C (1475 “I), and has soaked at this
temperanise for o minimuem of § hours. The fumace set point temperature has been adjusted to b &
"] at least one hour prior to cach fest.

o (35 e oue ADECT (375 cpen 5

The unit has been placed in the furnace, on the support stand, with the damaged area up at:

: Time: __%u’pm D:m:m'} Open furnace door time: é: i scconds
rh.

The 31 mimite limed test began when 5 out of & test ynit thermocouples reached the test temperatare of
#0040 (1475 °F), as specified in the test plan,

! 7y .
Trme: E 74 ',Z'n.-"ptm Dam:_ﬁ:’ﬂ} 267; ;6Jm}}?
E 'i / Irmmediately followmg the timed test (minimum of 30 minutes at 500 ) the test unit is ken oot of the
furnace and allowed to cool aaturally.

i Time: fﬂ_fiawﬂpm Date: L d’.’i“ﬁj Ambient Temperzture "Cg__Eff,_:_i?F.}

The unir stopped oulgassing [Aames) at . i ":‘/;53'5‘5 ‘hurnour fapsed time was 2
miniss . [ 79 ouTgads rng- 5% I5CF oW Jorerw Dy
% fﬂf The thermacouple recorder shall be set o record the internal thermocouples at 15 minute intervals fior a1 least F

12 hours.

Compents:  Original steip chart paper recond
’ “ a [ S

'l

furnace contraller 1% meluded in test records
5 e ety

‘e been performed and that the obscry vl gormiments are corvepr,

7 Fl k]
LS 4128 P3
4 Witness ate

* ALl phatcgraphsmovics shall be uniquely identified with Test Unit, dase anad e ta ensure that B proper sequence can Be reconstrusiod.

TG TIVES-2100-02 Bev. 2 L2A100HI0 10

D-1C



TEST FORM 3D Tast Plan
TEMPERATURE INDICATOR READINGS Test Unit Tul=ef ~ |z./1,
Test Location

A vizual inepection of each temperature indicator on the ES-2100 package consisting of those indicators inside the OV stainless
stezl shot, outside the OV, and on the ES-2100 drum liner shall ke made. The values of the blackouts which ocewrred shall be
recorded below. Dimensions identified under the “Height™ column are the dimensions from the bottam of the CV or dram lioer
to the bottom of the temperature indicators.

EECORD BLACKOUT TEMPERATURES AT THESE LOCATIONS:

E5-1100 TEMPERATURE INDICATOR NUMBER LOCATION CHART

Figure 3.2 - INSIDE OF CV, STEEL SHOT TEMPERATURE (g 12"

12 1 & °F 2 477 F
Figure 3.2 - ON THE OUTSIDE OF THE ES-2100 CV
Row/ il ope B0 FR
Helght, inches
Bottem 3 35 °F 4 125 °F 5 OF4F 6 |3&°F
42 7T 1¥5F § 1LPS°F 9 |PSF 10 | 25°F
168 Il 335" °F 121 F+5 °F 13 (F5 °F i 14 29 °F
Top | 15" g F | 16 |38 °F By EELCF [ I8 178 °F
Figure 3.3 — ON THE INSIDE OF THE ES-210) DRUM INNER LINER c
Raow/ i o° 1807 2F T
Height, inches
Bottom 19 22% °F 20 w2y °F 11 g% °F 23 325 F
3 23 2 °F 4 I AK°F 5 LaE°F 6 2R§F°F
Z7 7 125 °F 1% 2 25°F I8 5o F 0 3 F
1°T Ledpe 3 255 F | 12 ZFso °F 33 49 ¢F i+ Sas °F
Plug Bottom ¥ agSF | 36 »4§p°F 3 &gy F 3 gep °F

Comments: Lﬁlﬂlﬁ Qe‘&é "‘ff’lq fﬂ};

1 cerufy that the above tasks have been performed and that the ebsarvation: and comments are correct,

Tesiing Tec

*Alk photogmphs/mevies shall be uriquely identified with Test U, date s ime o esure that gl proper sequenes can be recengngel

TTGTRES-L1H-02 Rev 11271072002 1

D-11



TEST FORM 13 - OPERATIONAL LEAK TEST Test Plan £5-7 (@0

TeatnicT =4~ 12 /62
VERIFIED TASK
Post Assemibly Leak Test Post Test Leak Test 2%
ale:ﬂ?hmﬂmucuﬁmﬂﬁmsmﬁmmW-mumw
A5 .
Leuk Tester Cen, & Expiration Dase: Leakage Valuc: ref-co/ses aie
Lr= L [ﬂ-ﬂ —ocisee SR '
3600% H*Ps\TE T Sae pruteot
Fem3* 298°K Plamm  P2aim
Lr= = -
AMmin, [n*x TTK ]"f e
i min
[ [138¢mBar 13 2é. ThBar
1013 25 mBar, lmlzswf
Sigl em3® 496667 et atim eI

& min (28 °C +2T3PK | 25 ‘C‘+I‘?!]’K

ik 1 i i S
~ 58 omy*496667( 1.2 Lowm _ .90/, wm}'/_w‘,#
_ & mn | 278 Kk _217°K

Y.729%12 o  ocooo3TTEZ
Lr= 1, bIRIO yof - celsee

Comnme il

lmufylhl.hlbnwﬂshmhutpﬂﬁmudmdﬂwdtm&mudz' e cormet.

‘ﬂll phntnp'qﬂnfmmrﬂl be umiquely lhﬂ'nd with sest umit, date snd time to ensure that the proper sequence cun by

D-12



Systes Date SAT B2 JUN 1998 11i:1S:S5
CALT Ho! 8852 Transsucer Mot 835278

Daas simce last calibrabtiont Bio- f"-’?“ﬂ._’!

oL
CALTS = Usrsion ULl.43

Presswure Drop

woe LEAKAGE TEST

g

Test Feference Mol
Design-Serial Hoal
Comment.
Irterspace Uolumes
Sethling Times
Test Duration?
Temperaturel
Temperaturs ratiol
w ratios

Pa=s Rate (SLR)t
2llowshls 5P 2

CIFseal
FI13-308%
Lid Seal
5.18%1 cc
3 mins

& mina
="c

1. 988
1909
L.OE=@4 bar co/sec
=19 mbar

s RESLILTS  sobow

Pressure mbar

DaterTime

Atmos: S80.%7
Startcs
Final:

195604 B2 JUN L99@ 11:26:28
1926.29 82 JUH 1998 11:32:29

Loakage Rate! &,1E-97 bar co/sec

PFR=S

Standard conditicoral
Temperstursl 25°C
Up stress pressure! 1817 mbar
Down atrean preisure! @ noar

514:9&1‘&;&( pate: F£2C Q3
iTes -

Sigt

D-13




Appendix E

Additional Photos of TU-1 Tests



Package Prepar ation

FigureE 1. Weighing CV with aluminum sleeve and steel shot.

Polyurethane top

FigureE 2. CV lid with Refrasil disk and Polyurethane top.



Figure E 3. Closed containment vessel (CV) showing temperature labelsand leak check port

Figure E 4. Temperature labels on the bottom of the CV.

E-3



Teraperature labels f'{—

sl

FigureE 6. View of open TU-1 package with CV in place.



FigureE 7. Top view of TU-1 with the top plug in place.

FigureE 8. Torquing the bolts on TU-1lid.

E-5



Normal Condition of Transport (NCT) Tests

Pt gy ST g L]

PRRAN WRILIT] SRRy
EIR ey
BT W 1y, gy




Figure E 11. Top end view of damage to TU-1 on the 0° line — package has been rolled 180°.

Figure E 12. Bottom end view of damage to TU-1 on the 0° line — package has been rolled 180°.



Hypothetical Accident Condition (HAC) 30-ft Drop Test

Figure E 13. End view of TU-1lid after the HAC 30-ft drop on the 0° line.

Figure E 14. Close up of damagetothelid area.

E-8



Figure E 15. End view of TU-1 bottom after the HAC 30-ft drop on the 0° line.

FigureE 16. Closeup of damageto the bottom area.



Figure E 18. View of damage on 0° line from bottom end.

E-10



Hypothetical Accident Condition (HAC) Crush Test

500-kg weight

o

N\

Figure E 20. Resultsof thecrush test on thelid end with 500-kg weight impacting on the 180° line.

E-11



FigureE 21. Close up of damageto thelid end on the 180° line from the crush test.

Figure E 22. Close up of damagetothelid end on the 0° line from the crush test.

E-12



X . 4 3 . E !“ .. I-I- i
Figure E 23. Detail of damagetothelid at the 0° line after the crush test.

E-13



Area of darnage shown
in Figure E.25.

Figure E 24. Results of the crush test on the bottom end with 500-kg weight impacting on the 180°
line.

Figure E 25. Detail of damage to the bottom end of TU-1in the area identified in Figure E.24.

E-14



Hypothetical Accident Condition (HAC) Punch Test

= :# s nﬂh
Figure E 27. Measuring the drop height of the TU-1 package above the punch.

E-15



5200 Tt pyn ey Test
DRaOp HEIG T, G

AU E. m}mzﬂﬂ‘ml.
DATE; DECEMBER 17, 2002

Figure E.29. Side view of the damage from a drop on a punch over the CG on the 0° line.

E-16



Figure E.30. Melted foam oozing from the package after Thermal Test.

E-17



Appendix F

Additional Photos of TU-2 Tests
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Package Prepar ation

FigureF 1. Contentsof TU-2 package.

Figure F 2. Weighing the CV, Al sleeve, and surrogate payload (steel shot).

F-2



TU-2-12/02
S/N: 03017 r

: F = . ! -#’ +
-, ~ : “.ﬂ F R
Figure F 4. Bottom of CV for TU-2 with temperature labelsin place.

F-3



FigureF 6. Lowering the CV into TU-2.

F-4



FigureF 8. Insertion of thetop plug in the TU-2.

F-5



FigureF 9. Torquing the boltson TU-2.

Figure F 10. Weighing the completed TU-2 package.

F-6



Normal Condition of Transport (NCT) Tests

FigureF 11. Preparing TU-2 for a CG-over -corner drop

FigureF 12. Measuring the drop angle on the bottom of TU-2.

F-7
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FigureF 14. View of the drop test of TU-2 at the moment of impact.
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Figure F 15. Damagetothelid end from the NCT CG-over-corner drop.

FigureF 16. Top view of damage to the lid from the NCT CG-over -corner drop.

F-9



FigureF 17. Close-up of damage to edge of the lid from the CG-over-top-corner drop — front view.

Figure F 18. Close-up of damage to edge of thelid from the CG-over-top-corner drop — side view.

F-10



Hypothetical Accident Condition (HAC) 30-ft Drop Test

F-11



Figure F 22. Close-up of damageto thelid area.

F-12



Figure F 23. Closeup of damageto thelid area from the HAC 30-ft drop at the 0° line.

Figure F 24. Close-up of damagetothelid area from the HAC 30-ft drop at the 180° line.

F-13



Hypothetical Acc
J

ident Condition (HAC) Crush Test

5001 kg weight

FigureF 25. Set-up for the crush test with TU-2 balanced on edge of lid and held with nylon cords.

Figure F 26. Measurement of angle of drum bottom prior to drop.

F-14



Figure F 27. Aligning the 500 kg weight to the bottom edge of TU-2.

500 kg weight

s,

Figure F 28. Damage to the bottom edge of TU-2 after being hit with the 500 kg crush weight.

F-15



Point of impact of 500
kg weight

Figure F 29. Close-up of damage to the bottom of TU-2 at point of impact.

Figure F 30. View of TU-2lid followingthe HAC crush test.

F-16



FigureF 31. Close-up of damageto lid of TU-2 following the crush test.

F-17



Hypothetical Accident Condition (HAC) Punch Test

Figure F 32. Removal of the name plate in preparation for the punch test of TU-2.

Figure F 33. Removal of name plate completed.

F-18



Figure F 34. Positioning TU-2 over the punch.

F-19
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Figure F 35. Measuring the height of TU-2 above the punch.
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Figure F 36. Damage to TU-2 from the drop onto a punch over the CG on the 0° line.

F-21



Figure F 37. Measurement of the indentation caused by the punch test.

Figure F 38. Damage to TU-2 from the punch test as viewed from the top end of the package.

F-22



Figure F 39. Thermocouples attached to TU-2 just prior to placing into the Furnace.

Figure F 40. TU-2 during removal from the Furnace.

F-23



Figure F 42. Removing TU-2 from the Furnace.
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Appendix G

Additional Photos of TU-3 Tests



Package Prepar ation

Figure G 1. Contents of TU-3 package.

: ¥ : ’ "_... -
DA T TN

Figure G 2. Weighing the CV, Al sleeve, cap, and surrogate payload (steel shot).



Figure G 4. Leak testing the sealed CV.



Figure G 6. View of open TU-3 with CV in place.



Figure G 8. Weighing the completed TU-3 package.



Normal condition of Transport (NCT) Tests

Figure G 10. Measuring the drop height of TU-3.
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Figure G 12. Bottom end view of damage to TU-3 on the 0° line — package has been rolled 180°.



Hypothetical Accident Condition (HAC) Crush Test

Figure G 14. Resultsof the crush test on thelid end with the 500-kg weight impacting on the 180°
line.



Figure G 15. Close up of damageto thelid end on the 0° line from the crush test.

Figure G 16. Damage to the bottom end of TU-3 from the crush test —the 180° lineis on top.



Figure G 17. Close up of damageto lid end of TU-3 along the 180° line.
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Hypothetical Accident Condition (HAC) Punch Test
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Figure G 18. Measuring the drop height of TU-3 prior to dropping on the steel punch.
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Figure G 19. Measurement of indentation caused by the punch test of TU-3.
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ES2100 1.3 PUNCH TEST
DR HELGHT: 40 1%

ATITUDE: HUHI?JU.-'\'I'-H

DATE: BECEMBER 17, 2002
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Figure G 21. End of TU-3 Thermocouple attached.
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Figure G 22. Furnace Door opened to remove TU-3 from Furnace.

Figure G 23. Removing TU-3 from Furnace.
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Figure G 24. TU-3 removed from Furnace cooling.
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Appendix H

Additional Photos of TU-4 Tests
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FigureH 3. Sealed CV for TU-4 with temperature labelsin pl ace.
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FigureH 5. Preparation of TU-4 containing temperature labels and ready to accept the CV.
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FigureH 7. View of open TU-4 with polyurethane top in place above the CV.
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FigureH 8. View of open TU-4 after top plug has been set in place.
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Normal condition of Transport (NCT) Tests

FigureH 10. Readying TU-4 for the NCT drop test.
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FigureH 12. TU-1 at the moment of impact.

H-8



FigureH 13. Damageto lid end from the NCT CG-over-corner drop.

FigureH 14. Top view of damageto thelid from the NCT CG-over-corner drop.



FigureH 15. Close-up of damage of the lid from the CG-over -corner drop — left side view.
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FigureH 16. Closeup of damage of the lid from the CG-over -corner drop —right side view.
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Hypothetical Accident Condition (HAC) crush test.
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FigureH 18. Close-up aligning the 500 kg crush weight above the TU-4 package.
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FigureH 19. Overall setup for the dynamic crush test on TU-4 package.

H-12



FigureH 21. Sideview of TU-4 lid following the HAC crush test.
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Initial crush weight
irnpact point

Figure H 23. View of damage to the bottom of TU-4 from the crush test.
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FigureH 25. Detail of the damage to the bottom of TU-4 from the crush test.
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Hypothetical Accident Condition (HAC) Punch Test

FigureH 26. Alignment of TU-4 package over the punch.

S-2100 H—# PUNCH TEST

DROP HEIGHT: 40 IN
ATTITUDE: HORIZONTAL

A\TE: DECEMBER 17, 2002

FigureH 27. Measuring how close TU-4 isto horizontal prior to the punch test.
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FigureH 28. Measuring the drop height above the punch.
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FigureH 30. Damageto TU-4 from the drop onto a punch over the CG on the (° line.
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FigureH 32. Closeup of punch damage to TU-4 caused by the punch test.
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FigureH 33. Closeup of thermocouple on side of TU-4.

Figure H 34. Close-up of thermocouple on lid of TU-4.
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FigureH 35. TU-4 being inserted into the Furnace.

H-21



- Y12

OAK RIDGE
Y-12
PLANT

MANAGED BY

LOCKHEED MARTIN ENERGY SYSTEMS, INC.
FOR THE UNITED STATES

DEPARTMENT OF ENERGY

UCN-13672 (2 11-97)

A
(9N
N
Cx

GAB1296-2

VIBRATION TEST REPORT
OF THE ES-2M SHIPPING PACKAGE

September 3, 1997

PATENT CONFIDENTIAL INFORMATION
THIS DOCUMENT CONTAINS PATENTABLE SUBJECT
MATTER AND IS DISCLOSED IN CONFIDENCE BY LOCKHEED
MARTIN ENERGY SYSTEMS, INC., UNDER 35 USC §205. THIS
INFORMATION IS NOT TO BE DISCLOSED, USED, OR
REPRODUCED WITHOUT PRIOR WRITTEN PERMISSION OF
LOCKHEED MARTIN ENERGY SYSTEMS, INC.

Prepared for the
Y-12 Plant Defense Programs

Nuclear Packaging Systems

by
Gerald A. Byington
- Engineering Division
Y-12 Machine Design
Oak Ridge, Tennessee 37831-8200

LOCKHEED MARTIN ENERGY SYSTEMS, INC.
for the
U. S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400

This document has been reviewed by a Y-12 DC/
UCNI-RO and has been determined to be
UNCLASSIFIED and contains no UCNI. This review

does not clearance for Public Release.
' Deke:_27/3¢ k4



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government naor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal lizbility or responsibility for the accuracy, campleteness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manu-
facturer, or otherwise, does not necessarily constitute or imply its endarsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.




ISSUE DATE: 9/3/97

VIBRATION TEST REPORT
OF THE ES-2M SHIPPING PACKAGE

Prepared for the
Y-12 Plant Defense Programs
Nuclear Packaging Systems

by
Gerald A. Byington
Engineering Division
Y-12 Machine Design
Oak Ridge, Tennessee 37831-8200

managed by
LOCKHEED MARTIN ENERGY SYSTEMS, INC.
for the
U. S. DEPARTMENT OF ENERGY
under contract DE-ACO05-840R21400

APPROVALS
Name ., Organization Date
Z 24/ 7

. Stumpfl Nuclear Packaging Systems 4

widl /? ) > / 3/ J 2
M. R. Feldman Engineering o

A 7/ /77

G. A. Byington Mechanical Engineéring

GAB1296-2 September 3, 1997 iii






10.

11.

CONTENTS

Page

ABSTRACT .. e e e e e e e e e e 1
INTRODUCTION ...ttt ittt te et ittt ittt teeeneaeaeeannenennns 1
REGULATORY REQUIREMENTS . ... . ittt ittt ittt ittt enneannn 1
GENERAL DESCRIPTION OF TESTING . . . ... ittt i it it it i i i eee e 2
DESCRIPTION OF TEST UNIT 4 . ... ittt it ittt et it ietenen 2
VIBRATION TESTS ..ttt ittt tite it einenteeneeesnseseeneeneneneesnenss 11
6.1 NATURAL FREQUENCY VIBRATION TEST .. ... ... .00t 14
6.2 RANDOM VIBRATION TEST .. ... . i it i i et et e e i ean 17
6.3 POST-VIBRATION TESTING DISASSEMBLY . . ... .. ittt it iiiiiei i eann 17
6.4 VIBRATION TESTING BREAKAWAY TORQUE COMPARISON . ............... 21
BAC TESTING . ... ittt i it ittt ittt et neeeenenesnenennennnnnas 21
7.1 HACIMPACT TESTING .. ..ttt ittt ittt it teetneeennnneneaeanns 21
7.2 THERMAL TESTING .. ...ttt ittt ittntoeeneanesennnneens 25
721 FURNACESETUP ... ..ciiiiitiittitineeensaoeennnannsnnneenn 25

722 PACKAGESETUP ... ..t titiiiiitenrntosnaoasanenanannsns 25

723 HACTHERMALTESTING ........ciiiititiinnrnnennnnnnnnanas 35

7.3 POST-THERMAL HAC .. ... ittt tiittinteitnenneenennensnns 39
HAC TESTING RESULTS AND COMPARISONS .. ..... ... iiiiiiiiiiniinnennnn 40
TESTING SUMMARY AND CONCLUSIONS ... .uiietteeeerenneeeennnnnansess 41
SUPPORTING INFORMATION .. ... it iiiiiettnenenteneenenoesenensnscnnnes 41
10.1 PHYSICALTESTFORMS ......c.ititiiiiiieiireenneecanenennacnnnns 41
10.2 TEST PHOTOGRAPHS AND MOTIONPICTURES ..........citieiennnnnn 41
REFERENCES ... ... ittt ittt tetsoseenseneneeaaoasnssanasononsnss 42

GAB1296-2 September 3, 1997 iv






Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 7.1
Figure 7.2
Figure 7.3
Figure 7.4
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10
Figure 7.11
Figure 7.12
Figure 7.13

Table 8.1
Table 8.2

Page
ES-2M Vibration Test Package . ... .......c. .ttt neininnenenn. 4
ES-2M, Test Unit 4 PCV Temperature Indicator Locations . . . ... ................. 5
ES-2M, Test Unit 4 Drum Inner Liner Temperature Indicator Locations . ............. 6
Mockup Test Weight . . . .. ... i i e e 7
Test MOoCKUD . ..o vt i e et e e e e 8
ES2M Aluminum Packing Parts .. ... ....... . 0.ttt 9
ES-2M Vibration FoamInserts ... ......... . 0.0ttt 10
SST Transport Vibration Envelopes® . . ... ..o ... 12
Vertical Vibration Setup . . . .. ..t ittt it e i e e e e e e e e, 13
Natural Frequency Testing: Average Shaker Table and Drum Lid Peak Accelerations . . . . . 15
Natural Frequency Testing: PCV Lid Peak Accelerations . ...................... 16
Vertical Axis Vibration Shaker Table Input Accelerometer (A1) ................... 18
Random Vibration at the Drum Lid Accelerometer (A2) . .............c0ovvuun... 19
Random Vibration Testing: PCV Peak Accelerations . . . ....................... 20
ES-2M Unit 4, 9-m (30-ft) Free Fall SideDrop .................. ... 23
ES-2M Unit 4, 1-m (40-in) Puncture Drop . . . . . .. .. ..o ittt i i e e 24
Furnace Container Support Pier Locations . . . ... .. ... iviennnininnennennnns 27
Furnace Side Wall Thermocouple Locations . . .. ..............ccovvvunee..... 28
Fumnace Floor and Roof Thermocouple Locations . ..............ccvvviveen... 29
Furnace Door and Back Wall Thermocouple Locations . . . ... ....vvveeneennn .. 30
Measured External Drum Temperatures for ES-2M and ES-2LM Preheat . ............ 31
Analytical External Drum Temperatures for ES-2M and ES-2LM Preheat . ... ......... 32
Analytical Prediction of PCV O-Ring Temperatures for ES-2LM Preheat ............. 33
ES-2M Unit 4: Outer Drum Thermocouple Locations .. ............c0ievuenn. 34
ES-2LM Unit 4: Furnace Temperatures ... ...... ... oveuoenseornonsonsans 36
ES-2LM Unit 4: Outer Drum Temperatures . ............coceuettennenncnnnns 37
ES2LM Unit4: OuterDrumClose-Up . ....... ...ttt rieeenennnnns 38

TABLES

Page
Drum Liner Blackout Temperature Indicator Readingsin °F ..................... 40
PCV Blackout Temperature Indicator Readingsin °F . .. ... .................... 40

GAB1296-2 September 3, 1997 _ v



APPENDIX A

NCT VIBRATION TEST FORMS
Test Forms Page
Vi Assembly of The PCV/SCV . ... it i i i e it e et s e e A-2
V2 Assembly of Test Package . ... ..... ...ttt i it iititiaeaeeneeennnnas A3
V3 Component Weights . . ... ...ttt ittt ittt ittt ieteennnnannnnas A4
v4 Fastener Torque History . ... ... .ottt ittt ittt iniaennnnns A-S
V5A  Natural Frequency Vibration Testing . . ... ... .0ttt aninennnnn. A-6
V5B Endurance Vibration TeStNZ . . ..o v vt vttt n it ien it tetenenenenneeeenennnnens A-7
V6 Post-Vibration Package Disassembly . ........ ...ttt A-8
APPENDIX B
HAC TEST FORMS

Page
1A Assembly of the PCV/SCV . .. .. i i it it ettt etneeneennns B-2
2 Assembly of Test Package . .. ......oiiiiieiiiieiii it iieeteeearannannanes B-3
2A Radiographof Drum Limer . . . .. ..o it ittt ittt ittt ittt ettt te e B4,
4 9-m(30-ft) Free Fall Drop . . . . o ot i ittt ittt i it ittt seteeenaenenenens B-5
5 1-m (40-in) Puncture DIop . . . o v v v it ittt i e e ettt e B-6
6A Thermal TeStAE . .+ o o o vttt ittt it ittt aeteteeaeeetneaneneeensnsseneensas B-7
6C Post-Thermal Testing InSpection . . .. .. c.cv vttt ittt ittt ieeiereosetaasanonnas B-8
6D Temperature Indicator Readings . . ... .. ... .ttt it enenennnns B9
7A 0.9-m (3-ft ) Immersion Testand PCV Disassembly ................ .. 0 i B-10

GAB1296-2 September 3, 1997 vi



1. ABSTRACT

This report describes the testing performed and results obtained based on the "Vibration Test Plan of the
ES-2M Shipping Package,” GAB1296-1', and the additional testing found in the "Test Plan of the ES-2LM Shipping
Package,” GAB0197°. These tests were preforined on the ES-2M (medium) shipping package in January and February
of 1997. This testing is part of the testing program which demonstrates compliance with the requirements of Title
10, Code of Federal Regulations (CFR), Part 71.71, Normal Conditions of Transport (NCT), and Part 71.73,
Hypothetical Accident Conditions (HAC) for the ES-2M shipping package.

2. INTRODUCTION

Two vibration tests were performed on the 225-kg (495-1b) ES-2M test unit 4 with a mockup payload of two
21.3kg (47-1b) steel cylinder weights in stainless steel convenience cans. The mockup represents a 16.7-cm (7-in)
tall right annular cylinder with an outside diameter of 12.7 cm (5 in) of cast uranium that weighs up to 20 kg
(44.1 1b). These tests were designed to verify that the shipping package would function properly and would not
vibrate its fasteners loose or damage the containment on the primary containment vessel (PCV) during NCT. The first
test was to detect at what frequencies the package received the most damage. The second test was an endurance test
meant to simulate the life of the shipping package. The vibrations generated from both tests were such that the
Kaolite® 1600° impact limiter was cracked. The cracking was first discovered by a tapping on the stainless steel skin
with a wrench. The ES-2 drum was then radiographed and it was determined that the Kaolite impact limiter was
shattered, though in place, in several places. The effect of the shattered Kaolite impact limiter on the ES-2M shipping
package during the HAC was then ascertained. To determine this, test unit 4 was subjected to a 9-m (30-ft) side drop
and a 30-minute thermal test. Test unit 4's thermal testing results were then compared to the earlier ES-2M test unit
1.9-m (30-ft) side drop. This comparison was to determine if a PCV temperature increase was generated due to the
vibration induced cracking of the Kaolite impact limiter. The package preformed well, with a slight temperature
increase on the drum liner and PCV judged to be within the realm of experimental error.

All testing was completed successfully. This test report was combined with other testing to verify compliance
of the ES-2M* (medium) and the ES-2LM® (large, medium) shipping package with 10CFR Part 71.71 and Part 71.73.
Reference to this report was included in the joint ES-2M, ES-2LM shipping package Safety Analysis Report for
Packaging (SARP).

3. REGULATORY REQUIREMENTS

A package used for the shipment of fissile material must be designed and constructed, its contents be limited,
and it must be tested to ensure (1) that there will be no substantial reduction in the effectiveness of the packaging, and
(2) that the package will be subcritical in accordance with provisions in 10 CFR §71.55(d), §71.71, §71.55(d)(4),
§71.55(¢), §71.73, and §71.71(a). As required in §71.71(a), Normal Conditions of Transport, “Evaluation of each
package design under normal conditions of transport must include a determination of the effect on that design of the
conditions and tests specified in this section.” This evaluation must include section §71.71(c), “Conditions and test-(5)
Vibration normally incident to transport.”

GAB1296-2 September 3, 1997



4. GENERAL DESCRIPTION OF TESTING

The ES-2M test activities were conducted to ensure compliance with the regulatory requirements. A worst case
interpretation of this regulation was made for the ES-2M. This interpretation preformed two vertical vibration tests
from 10 to 500 Hertz on the shipping package. The first vibration test was a discrete 0.96G sinusoidal vibration test
that stepped the frequency from 10 to S00 Hz. This natural frequency vibration test detected the frequencies that
generated the package’s worst vibration loads. The second test was a random vibration (colored noise) endurance test.
Test unit 4 was monitored inside the drum with a SnapShock-4000° G-load recorder on the top of the primary
containment vessel (PCV). Test unit 4 was monitored outside the drum with a uniaxial accelerometer on the lid
flange and shaker table. The package was disassembled to download SnapShock-4000 data from the top of the PCV
lid after each vibration test. During disassembly of the drum, the drum lid loosening torques were recorded. After
all vibration testing was completed, the PCV was leak tested and disassembled with the loosening torque recorded.
The inside condition of the PCV was documented. The drum and PCV fasteners’ loosening torques were compared
before and after the test package was vibrated.

The integrity of the Kaolite impact limiter was a concern after the vibration testing. A tap test was used to
detect if the vibration testing changed the Kaolite. Further review at the Oak Ridge National Laboratory (ORNL) was
conducted. The ES-2M drum was radiographed, and it was determined that the lower half of the Kaolite impact
limiter inside the drum was shattered, though in place. The only way to prove the effectiveness of the shattered
Kaolite as an insulating impact limiter was to test for HAC. HAC testing consisted of a 9-m (30-ft) side drop, a 1-m
(40-in) puncture drop, a 30-minute 800°C (1475°F) thermal test, a PCV leak test, and a PCV 0.9-m (3-ft) water
immersion test. To isolate the vibrations’ effects on the impact limiter, test unit 4 HAC testing results were compared
with other ES-2 test units that endured similar HAC testing.

The results from the testing described above were detailed in this report based on the supporting information.
This information was recorded on test forms and in computer data loggers. Videotape, high speed and still cameras
were used to record the testing and document all phases of the testing. The test forms were transcribed to the
computer forms at the end of this report. The logged computer data was used to generate charts presented in this
report. Wyle Laboratories in Huntsville, Alabama performed the vibration testing for the ES-2M and provided a test
report’ of their effort.

5.  DESCRIPTION OF TEST UNIT 4

The ES-2M test unit 4, also known as the x-ray unit, was first built to verify the radiography equipment used
to inspect each ES-2 drum before and after physical testing. Some parts of this assembly have been marked with both
names and others are simply marked “X-ray Unit". However, all parts represent the same container. The test unit
4 (shown in figure 5.1) weighed 225 kg (495 lbs) and was built for the NCT vibration testing and then rebuilt for the
HAC drop and thermal testing. The assembly of ES-2M test unit 4 was per drawing M2E801136A056, Rev-A®, with
additional special testing components added for each test. The vibration testing used a SnapShock-4000 peak G-load
wireless recording device. The SnapShock-4000 was attached to the top of the ES-2M PCV, and accelerometers were
attached to the drum lid and on the shaker table at Wyle Labs. The SnapShock-4000 and accelerometers were removed
after the vibration testing was finished. To determine the package's performance during thermal testing, temperature
indicating labels (Tempilables)® were attached to the outside surface of the PCV (figure 5.2) and to the inside surface
of the drum liner (figure 5.3). To display compliance during the HAC testing, six thermocouples were attached to
the outside drum surface prior to thermal testing.

Each 21.3-kg (47-1b) test weight (figure 5.4) was placed in a convenience can as shown in figure 5.5.
Figure 5.1 shows the vibration test package, which consisted of two content mockups (figure 5.5) and an aluminum
spacer ring (figure 5.6) on top of each mockup, as well as a long aluminum liner (figure 5.6) protecting the PCV
(figure 5.2). The stainless steel medium containment vessel, also called the ES-2M PCV (figure 5.2), has two
O-rings. The inner O-ring is the containment boundary, and the outer O-ring is use to check the inner O-ring's seal.
GAB1296-2 September 3, 1997 2



The stainless steel PVC also had the SnapShock-4000 attached to the center of the PVC lid by two #6 screws. The
PCV and foam inserts (figure 5.7) were placed inside the drum (figure 5.3) under the top plug and drum lid. The
foam top insert had a 2 X4-in rectangle clearance hole cut for the SnapShock-4000 sensor.

The ES-2 drum was made out of a modified stainless steel military standard 216-liter (57-gallon) drum,
commonly called a 55-gallon drum, with an inner liner and a top flange. The void between the drum wall and the
inner liner was filled with Kaolite 1600, a fireproof, inorganic, light-weight, cast refractory, thermal insulating, and
impact limiting material . The same refractory was cast inside the stainless steel sheet metal shell to make the top
plug. This drum was first radiographed in June of 1996 to document the “as manufactured” state with no noticeable
cracks. On 1/17/97, the drum was radiographed after both vibration tests were completed. Many cracks were visible,
with one large crack that appeared to split the drum horizontally half way up. The lower corners seemed to have been
shattered into small pieces like a homogeneous cloud. After drop testing on 1/23/97, additional radiography showed
the drum liner had some additional cracking and deflection around the impact locations. However, all radiography
sessions showed that, although cracked, the Kaolite 1600 was still in place. Each of these radiography sessions was
recorded on videotape for record keeping purposes. Additionally, Test Form 2A was generated to document the
findings of the radiography sessions. This form was filled out after the drop testing and before the thermal testing

and is included in this test report.

Test forms from the vibration test plan of the ES-2M shipping package and the HAC test plan of the ES-2LM
shipping package were recorded during the testing. Some of these test forms had the same number, so a "V* was
added to the front number of the vibration test form number. Test Form V1 was used to record the assembly,
torquing, and pre-test leak testing of the PCV. Test Form V2 was used to record the assembly, torquing, and labeling
of the ES-2M unit 4 shipping package. Test Form V3 was used to record the weight of each component in the ES-2M
unit 4 shipping package for both the vibration and HAC testing. Test Form 1 was used to record the assembly,
torquing, and leak testing of the PCV before HAC testing. Test Form 2 was used to record the assembly, temperature
indicator application, torquing, and center of gravity sticker location of the ES-2M unit 4 shipping package. Test
Form 2A was used to record the radiographing of the drum liner after the vibration and drop testing. The other test
forms support the testing as detailed in this report.
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ES-2M Vibration Test Package
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Figure 5.1

GAB1296-2 September 3, 1997

(Al



ES-2M, Test Unit 4 PCV
Temperature Indicator Locations
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ES-2M, Test Unit 4 Drum Inner Liner
Temperature Indicator Locations
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Mockup Test Weight
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Figure 5.4

GAB1296-2 Scptember 3, 1997



Test Mockup

CONVENIENCE
CAN

N

—— TEST WEIGHT
(FIGURE 5.4)

Figure 5.5
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ES-2M Aluminum Packing Parts
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ES-2M Vibration Foam Inserts
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6. VIBRATION TESTS

These vibration tests ensured compliance with the requirements of Title 10, CFR, Part 71.71, Normal
Conditions of Transport Effects of Vibrations. A worst case interpretation of this regulation was made for the ES-2M.
This interpretation preformed two vertical vibration tests from 10 to 500 Hz on test unit 4. The first vibration test
was a natural frequency test that swept the frequencies from 10 to 500 Hz to learn at what frequencies the package
received its worst vibration loads. The second test was a random vibration endurance test that lasted for about 42
hours. The random vibrations for the test were defined by DOE's Safe Secure Trailer (SST) Transport Vibration
Envelope' vertical axis Power Spectral Density (PSD), as shown in figure 6.1. A line defined by
"PSD=0.0132/FREQ" went through the SST PSD maximum peak values to define the normal conditions of transport.
The power spectrum generated by the NCT random vibration line was an overall rms level of 0.2276G(rms). Since
this random vibration was to be an endurance test, the tested power spectrum levels were multiplied by 4.17 times
(6.2 decibels). The tested power spectrum was "PSD=0.23/FREQ". This PSD line generated an overall rms level

of 0.95G.

The 6.2 dB random vibration power increase over the SST power spectrum compares with MIL-STD-810D,
Transportation Vibration for a Category 1 Common Carrier Environment, using the method 514.3 testing with an
overall rms level of 1.04G(rms). MIL-STD-810D specifies a test time duration of 60 minutes for each 1000 miles
traveled in a common carrier. Using this mileage rate as an estimate, the ES-2M went through a fully loaded
simulated 42,000-mile road test on a common carrier. The random vibration test should generate comparable damage
to the ES-2M as generated by 42 fully loaded 1,000-mile trips on a common carrier.

Each of the vertical vibration test setups was the same as shown in figures 5.1 and 6.2. Test unit 4 was
clamped to the shaker table by two 1-inch threaded rods. Each threaded rod was connected to a 1 X5-inch aluminum
bar over a wooden 2 X4 that spanned over a plywood square placed on top of the drum, as shown in figure 6.2. One
accelerometer (A1) was on the input base of the shaker table, one accelerometer (A2) was on the drum flange lid, and
a 110G SnapShock-4000 peak G-load data recorder was on the top center of the PCV’s lid. The SnapShock-4000
sensitivity was set by a 320Hz noise filter for each test. The SnapShock-4000 recorded the G-load all of the time,
but only saved either data from the peak positive or negative G-load at the end of each recording period. The
maximum number of records in the SnapShock-4000 is 4086. The recording period can be set over a wide range of
time. For the ES-2 testing, two settings were used: 33.6 seconds for the natural frequency test, and 2.24 minutes
the random vibration endurance test. The SnapShock-4000 collected vibration data that included the date, time, and
the peak G-load for each programmed time span. Wyle Laboratories recorded the test date, time, frequency, and G-
load of the input to the test unit 4 mounted on a shaker table. Overall, the following information was gathered: date,
time, input PSD at the shaker table, reaction PSD at the drum lid, the frequency, and the reaction peak G-load at the
PCV's lid.

The testing generated many accelerations greater than 13Gs up or down on the vertical axis, thus overloading
the SnapShock-4000 G limit. The SnapShock-4000 accuracy is uncertain once the G-load recorded is overloaded.
The SnapShock-4000 data was downloaded to a personal computer (PC) by its infrared data link after each test was
completed. The SnapShock-4000 peak G-load data recorder on the PCV lid of test unit 4 was used to record the peak
G-load during both vibration tests. The SnapShock-4000 was reset before and after each test. To reset the
SnapShock-4000, the drum lid was opened and the fastener breakaway torques were recorded on Test Form V6, the
SnapShock-4000 data was downloaded to the PC. After the data was verified, the SnapShock-4000 was reset and
started and the test package was reassembled.

GAB1296-2 September 3, 1997 11
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6.1 NATURAL FREQUENCY VIBRATION TEST

The natural frequency test recorded on Test Form VSA was about 4 hours long. This test identified which
frequencies generated the highest vertical vibration impact loads on the ES-2M. Accelerometers Al and A2, with the
SnapShock-4000, recorded data while the test package was held at each discrete frequency for about 34 seconds and
then stepped to the next frequency. Each frequency (from 10 to SO0HzZ) received sinusoidal acceleration of 0.96Gs.
The frequency step size was 1Hz from 10 to 250Hz. At 250Hz, the frequency step size was increased to 2 Hz as the
frequency scanning continued to 500Hz. The 0.96G sinusoidal acceleration was selected based on the power spectrum
density root-mean-square (rms) acceleration to be received during the random vibration testing of 0.95Grms. An
average of the positive and negative peak accelerations was plotted to show this data. Accelerometers Al (at the
shaker table) and A2 (on the drum flange lid) were plotted in figure 6.3. The A1l shaker table accelerometer shows
an average acceleration of 1.06Gs through most of the frequencies. Accelerometer A2 on the drum flange lid showed
a maximum average acceleration peak of 3.12Gs at 124Hz and 3.92Gs at 140Hz.

As shown in figure 6.4, the absolute value of PCV lid measured SnapShock-4000 G acceleration data were
also plotted with the data modified based on inverting the 320Hz noise filter. After 200Hz, the signal to noise ratio
was too high so that only noise was being amplified. Above 200Hz, the plotted, increased G-loads are not correct.
The largest PCV lid accelerations occurred from 10Hz to 28Hz at a level of about 13Gs. From 28Hz to 42Hz, the
acceleration level dropped to about 4Gs and stayed almost constant through 70Hz. From 70Hz through 90Hz, the
acceleration level fell to about 1.8Gs then stayed almost constant to 140Hz. From 140Hz through 190 Hz, the
acceleration level fell to about 0.8Gs, where it remained. This clearly shows that the lower the frequency, the more
acceleration force to which the PCV is subjected.

GAB1296-2 September 3, 1997 14
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6.2 RANDOM VIBRATION TEST

The second test was a random vibration endurance test recorded on Test Form V5B that lasted for about 42
hours. Using MIL-STD-810D as a guideline, this random vibration test simulated the damage to the ES-2M that
would be generated by 42 fully loaded 1,000-mile trips on a common carrier. The force levels were multiplied more
than 4.17 times (6.2dB increase) from the maximum peak values obtained by the power spectral density (PSD) plot
for the SST transport vibration envelope in the vertical axis, as shown in figure 6.1. The random vibration test
applied all frequencies from 10 to 500Hz at different force magnitudes continuously for the 42-hour duration of the
test. The vibration setup was checked at the beginning, in the middle, after an unscheduled stop, and at the end of
the test. In the middie of the night a power surge brought the shaker table off-line for about one hour. The random
vibration endurance test was restarted from that point, with the extra time added to the test. Each vibration setup
check generated a plot of both accelerometers, Al and A2. These plots showed little change throughout the test. A
sample PSD plot taken at the end of the test is shown for accelerometer A1 recorded at the shaker table in figure 6.5,
and accelerometer A2 recorded at the drum's lid in figure 6.6.

All frequencies were applied continuously during the random vibration endurance test. Therefore, the high
G-loads seen at the lower frequencies of the natural frequency vibration test were continuously present. The
SnapShock-4000 data recorder (with a + 10G range) started recording the G-loads for the random vibration test on
the PCV at approximately +15Gs every 2.24 minutes. The positive peak channel slowly fell to 11.1Gs where the
SnapShock-4000 failed at a false positive value of 11.1Gs. The SnapShock-4000 still recorded the negative peak
values up to 20Gs, with most of the readings near -13Gs (see figure 6.7). The sound generated from the random
vibration endurance test was consistent with the sound generated during the low frequencies of the natural frequency
vibration test. Sections of both tests were recorded on videotape.

6.3 POST-VIBRATION TESTING DISASSEMBLY

After the vibration tests were completed, the package was disassembled with the drum loosening torques
recorded on Test Form V6. Cameras were used to take still pictures, and videotape was used to record the physical
condition of the package during disassembly. The temperature inside the drum for test unit 4 was about 95°F, while
the testing room was about 55°F. A brass pipe plug that was in the leak check port vibrated loose. The loose plug
bounced around the PCV flange, making circles on top of the foam tube insert. The threads on the brass plug were
worn off by the vibrations. The brass plug is not part of the package’s containment system. It was used to preserve
cleanliness of the screw threads and the leak test port during testing. The ES-2 drum was tapped with a wrench to
determine soundness of the Kaolite impact limiter after the vibration testing. The tap test found that the tapping sound
at the bottom of the liner directly below the PCV was dull. The dull sound suggested that the impact limiter was
cracked and/or not in contact with the inner liner at that location. At ORNL the ES-2 drum was radiographed, and
it was found the Kzolite 1600 in the lower drum had shattered, but was still in place. The real time radiography on
1/17/97 also included the ES-2LM test units 5, 6, 7, and 8. These were documented on a videotape and digital
pictures to become part of the official test record.

The PCV O-ring was leak tested to a value of 9.0 X 10 std-cc/sec in air as recorded on Test Form V6. PCV
disassembly fastener breakaway torques were recorded on Test Form V6. The lid was removed and pictures of the
PCV contents were made. The inside of the PCV's lid showed a wear pattern indicating that it was only hit by the
aluminum liner on its outer edge. The welds inside the bottom weldment of the PCV have a small weld seam buildup
on them. This weld seam buildup at the bottom head and top flange ground & ring into the aluminum liner. The
aluminum grinding generated fine dust inside the PCV. The dust pattern inside the PCV lid indicated that the
mockup weights did not appear to have hit the PCV lid. The upper end of the top stainless steel convenience can was
not damaged. All other stainless steel convenience can ends with a mockup weights on them were destroyed by the
mockup weights pounding on them. Still pictures and videotape were used to record the physical condition of the
stainless steel can ends that had been damaged.
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6.4 VIBRATION TESTING BREAKAWAY TORQUE COMPARISON

During assembly, a breakaway torque history table was generated on Test Form V4 when the drum lid
fasteners were torqued to 120+ 10 in-1b (10+1 ft-lb) and removed three times. The average assembly history
breakaway torque values for the 18 fasteners were 82.2, 88.1, and 87.8 in-lb. The average post-vibration breakaway
torque values (recorded on Test Form V6) after shipping to the testing lab, the natural frequency testing, and the
random vibration endurance testing were 84.2, 83.3, and 85.6 in-lb, respectively. The average post-vibration testing
drum lid fastener breakaway torques were between the maximum and minimum breakaway torque values generated
during the average assembly breakaway torque history preparation. Therefore, the vibrations did not affect the drum
lid fasteners’ breakaway torque.

During assembly, a breakaway torque history table was generated on Test Form V4 when the PCV fasteners
were torqued to 215 + 10 in-Ib (18 + 1#t-1b) and removed three times. The average assembly history breakaway torque
values for the 12 fasteners were 182.9, 173.3, and 167.5 in-Ib. The average of the post-vibration PCV fastener
breakaway torques (recorded on Test Form V6) was 167.9 in-lb. The post-vibration testing PCV fasteners’ average
breakaway torque was between the maximum and minimum breakaway torque values generated during the average
assembly breakaway torque history preparation. Therefore, the vibrations did not affect the PCV fasteners’ breakaway
torque.

7. HAC TESTING

After the vibration testing was completed, the ES-2M test unit 4 was tested to 10 CFR 71.73, HAC, from
January through March of 1997, with ES-2LM test units 5, 6, and 7. Test Forms 1 and 2 were taken from the HAC
ES-2M test plan' used in July of 1996. Test Forms 2A, 4, 5, 6A, 6C, 6D, and 7A were taken from HAC ES-2LM
test plan®. The assembled weight recorded on Test Form V3 was 224.5 kg (495.0 1b). Test Form V3 was also used
to record the package’s 4.1-kg (9-1b) loss of weight due to the thermal testing at Lindberg Heat Treat in Solon, Ohio.
Test unit 4 had the SnapShock-4000 removed from the PCV lid and new O-rings installed in preparation for drop and
thermal testing. The PCV O-ring seal was leak tested to a value of 1.8 X 10 std-cc/sec in air, as recorded on Test
Form 1. The PCV and the drum shown in figures 5.2 and 5.3 had the temperature labels installed. The post-vibration
ES-2M test unit 4 was subjected to a 9-m (30-ft) side orientation free drop, a 1-m (40-in) puncture free drop, a
30-minute 800°C (1475°F) thermal test, and an 8-hour 0.9-m (3-ft) water immersion HAC testing.

7.1 HAC IMPACT TESTING

All drop tests were conducted on an essentially unyielding drop test pad located at ORNL’s 2000 Area. The
drop test pad is constructed from a 10.2-cm (4-in) thick steel plate on top of a 0.9-m (3-ft) diameter reinforced
concrete column that reaches down to bedrock. The procedure followed for the 9-m (30-ft) side drop free fall test
was recorded on Test Form 4. Puncture drop test for ES-2M test unit 4 was conducted at the same drop area with
a 15-cm (6-in) diameter steel bar welded to the drop pad plate. The steel punch bar was at least 20 cm (8 in) long,
and the top edge radius was smaller than 0.6 cm (0.25 in). The top of the punch bar was placed horizontal. The 1-m
(40-in) free fall puncture test was recorded on Test Form 5.

Unit 4 was first dropped on its side at a measured angle of 0.2° from a distance of 9 m (30 ft) onto a flat,
essentially unyielding surface (Figure 7.1). The impact of test unit 4’s side drop was absorbed with almost no bounce
as compared with other ES-2 side orientation drop tests. The drum's side was deformed along its axis, generating
a flattened trapezoidal impact section of 21.6 cm (8.5 in) at the top and 26.7 cm (10.5 in) at the bottom of the drum.
The drum lid did not lose any fasteners. A wrinkle formed on the drum lid, but no welds were ripped on the nut plate
reinforcing ring. The lid was still firmly attached to the drum, with no visible separation or rips (see Test Form 4
for a sketch of the damage from this drop). The test unit was puncture tested in a position for which maximum
damage was expected (Figure 7.2). The selected location was the center of gravity over the solid steel punch bar, with
GAB1296-2 Scptember 3, 1997 21



the damaged side receiving the puncture impact. The puncture drop was at a measured angle of 0.5° and at a distance
of 1 m (40 in) onto the upper end of the solid steel punch bar. The impact of the punch's center was 42.5 cm
(16.75 in) from the lid. The indentation generated an average surface depth of 0.97 cm (0.38 in). See Test Form 5§
for a sketch of the damage from this drop.

After the impact testing, the package was radiographed to determine the extent of the damage caused by the
impact testing. The results of this inspection were recorded on Test Form 2A. Each crack found during the
radiography and described on Test Form 2A was a three dimensional curving shape. The real time radiography on
1/23/97 also included the ES-2LM test units 5, 6, 7, and 8. These were documented on a videotape and digital
pictures to become part of the official test record.
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7.2 THERMAL TESTING

Thermal testing of ES-2M test unit 4 was conducted at the same time that ES-2LM thermal testing was
performed. The description below includes furnace setup, package setup, and the HAC thermal testing.

7.2.1 FURNACE SETUP

The thermal testing was conducted at Lindberg Heat Treat in Solon, Ohio, using furnace #639 with the
package on support stands (piers) as shown in figure 7.3. A trial thermal test was conducted on a mockup package
before testing test unit 4. This trial thermal test was to characterize the time and temperatures required for the furnace
to recover the lost heat from the package’s thermal load generated by the door opening and loading the package. A
total of 26 thermocouples was installed in the fumace as shown in Figures 7.4, 7.5, and 7.6. The test package support
stand (shown in Figures 7.3 and 7.6) had two thermocouples attached. The approximate location of test unit 4 in the

furnace during testing is shown in Figure 7.3.

The support stand was attached to the funace floor before heating. Before heating the furnace, Lindberg's
employees practiced loading and unloading a test package in the cold furnace to assure that the furnace door would
not remain open more than 90 seconds during loading. Thermal test data was recorded on Test Form 6A for each test
unit. This data shows that the amount of time the door was open during loading was 45 seconds.

The fumnace temperature controller's accuracy is +2.8°C (+5°F). Temperature data was recorded from the
furnace’s control as thermocouple 26F. The average temperature of the 26 furnace thermocouples in furnace #639
was about 14.5°C (26°F) higher than the furnace controller's set temperature. The temperature range of the 26
furnace thermocouples during the thermal test was +22.2°C (+40°F) from the average furnace temperature. A
minimum of 8 hours before the beginning of all thermal testing, the furnace was turned on with a set-point
temperature of 871°C (1600°F). At least one hour before the beginning of each individual thermal test, the furnace
set-point was adjusted to 871°C (1600°F). The furnace control temperature strip chart or data recorder ran
continuously for at least an hour before and during each thermal test.

7.2.2 PACKAGE SETUP

Each test unit was preheated to over 38°C (100°F) by placing ES-2M unit 4, along with ES-2LM units 5,
6, and 7 in a 6-ft cube heated environmental chamber. The environmental chamber is a welded steel frame with
fiberglass insulation panels. The environmental chamber was heated by a torpedo type kerosene space heater
controlied by a mechanical bulb thermostat with a control range of 100°F to 200°F. It was heated from the bottom
with four floor register vents located around the perimeter and an eight-inch manual damped center venting stove pipe.

The packages were preheated for more than five days before the thermal testing began. The preheat
thermocouple temperature data for the test units was measured on the top center of two drums and recorded on a Fluke
data logger (figure 7.7). A computer thermal analysis'? of the predicted temperatures was plotted with the measured
data from figure 7.7 as shown in figure 7.8. Figure 7.8 shows that the predicted temperature of the top center external
drum skin temperature is about 5°F higher than the measured temperature at 120 hours. This preheat temperature
prediction accuracy was deemed acceptable based on previous experience with the ES-2M unit 3 preheat’ This
thermal analysis was also able to predict the preheated temperatures of the ES-2LM PCV shown in figure 7.9. The
thermal analysis showed that at 126 hours (49 hours @ 150°F and 77 hours @ 115°F) that the temperature of the
ES-2LM drum top center and the PCV temperatures were within 0.5°F of each other. Using this logic, the PCV for
the ES-2LM and the ES-2M test unit 4 was estimated to have been about 110°F when it was thermally tested. The
approximate preheat time for test unit 4 was 49 hours at 150°F and was held at 115°F for an additional 94 hours.
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After preheating, test unit 4 was removed from the preheat environmental chamber. During this handling
water was observed pouring out of the drum lid around the lid security seal lug. The water most likely got into the
drum when drop testing in the rain on 1-22-97. Most of the water was poured out during the package before the
thermal test. Because the package was not opened and wiped dry, some water adhered to the internal surfaces of the
package. After draining the package, test unit 4 was weighed with scales at Lindberg Heat Treat in Solan, Ohio to
detect the pre-thermal test weight as recorded on Test Form V3. The final package preparation included welding on
six external thermocouples (1P through 6P) placed per figure 7.10 and verification of the thermocouples’ operability.
To eliminate any radiant viewing factors between the thermocouple tips and the furnace walls, the tips and attachment
tip plates were covered with a ceramic coating'.
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ES-2M Unit 4:
Outer Drum Thermocouple Locations

& 90°

LID SECURITY LU
NEAR WELD SEAM

2

MARKED DEGREE
LOCATIONS WITH A
PERMANENT MARKER

270°

& WELDED THERMOCOUPLE
TIP PLATE LOCATIONS

17.36"

u
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7.2.3 HAC THERMAL TESTING

Thermal testing data was recorded on Test Form 6A for test unit 4. At least one hour before the beginning
of testing, the furnace set-point was adjusted to 871°C (1600°F). Test unit 4 was loaded into the furnace after all
functioning thermocouple temperatures in the furnace walls and support stand were reading 800°C (1475°F) or
higher. Test unit 4 was placed in the preheated furnace on the support stand positioned with the long axis horizontal.
As shown in figure 7.3, the package lid was toward the furnace door, and the damaged side (or 90° as marked on the
test unit, see figure 7.10) of the package was facing upward.

During the testing of test unit 4, the thermocouple temperature data recorder was set to record every 30
seconds. The 26 furnace thermocouples (1F to 26F) temperatures are plotted in figure 7.11. This package took
approximately 11.3 minutes to get 5 of the 6 external thermocouples (1P to 6P) more than 800°C (1475°F), which
was test time zero. Figure 7.12 shows the outer drum thermocouple temperatures. A close-up thermocouple
temperature plot in figure 7.13 shows that the temperature at 6P, the drum lid top thermocouple began to fall at
1350°F. This phenomenon was observed in every thermal testing of the ES-2 and was probably due to air and water
held in the cast refractory of the top plug. The top plug has a vent hole on the top center plate. As the drum heated
up the plug bumed away and the hot air, water vapor, and steam was vented below the drum lid at the thermocouple
location. This vented gas cooled the P6 thermocouple for almost 14 minutes during the testing. Once time zero was
obtained, the furnace set temperature was adjusted to keep the external package thermocouple temperatures above
1475°F. These furnace adjustments ranged from a low of 849°C (1560°F) to a high of 877°C (1610°F) and are
recorded on Test Form 6A. The temperature effect of the furnace adjustments on test unit 4 can also be seen in figures
7.11 and 7.13. The package was exposed to the radiation environment for 31 minutes after time zero, for a total time
in the furnace of 42.3 minutes.

The external drum thermocouples were disconnected shortly after the package was removed from the furnace.
The test unit was allowed to cool for more than 20 minutes in front of the furnace before it was moved to a cooling
rack. At both locations the test unit was not exposed to artificial cooling. Since the inorganic thermal insulating and
impact limiting material is fireproof, the thermal testing caused no combustion of packaging materials. No visible
damage was generated due to the thermal testing. As documented on Test Form V3, the package lost 9 pounds of
weight due to the thermal testing. The weight loss was determined to be due to water in the cast refractory, which
was vaporized during thermal testing, and this was consistent with all other ES-2 thermal testing.
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7.3 POST-THERMAL HAC TESTING

After cooling over night, test unit 4 was disassembled and inspected. Testing damage was recorded on test
forms and with photographs and videotape. The post-thermal weight of the test unit was recorded on Test Form V3.
Test unit 4 was visually inspected, and the condition of the package and any observations were recorded.

The drum lid was removed with some difficulty. The drum lid's rolled edge was pushed against the nut and
stud number 10 at the impact location of 90°. Since a wrench could not remove this nut, it was cut off with a power
grinder. The rest of the nuts were removed with their breakaway torques ranging from 70 to 175 in-lbs. A pry bar
was used to disengage the drum's false wire and the lid's rolled edge. Once the lid was off, most of the top plug's
paint markings were observed to have been removed by steam. As discussed in section 7.2.3, some steam was
generated when the cast refractory in the top plug was heated. The ES-2M history has shown that the top plug’s vent
hole on the top center plate vents about 0.5-kg (1.25-1b) of water as steam.

The visible damage to the top plug and drum liner was due to being bent out of shape from the drop testing.
The top plug had to be pried out of the drum. As shown in the photographs and drawings, (available on request) these
parts had imprints of the PCV hitting the drum liner. No visible weld rips or holes were observed on the drum liner
or the PCV from the drop testing. The parts had no tar deposits, smoke, or heat damage.

The maximum blackout Tempilable temperatures for test unit 4 were recorded on Test Form 6D. The
Tempilable temperatures for the drum liner ranged from 200°F to 225°F, and on the PCV outside surfaces the
maximum temperatures ranged from 150°F to 175°F. No Tempilables were placed inside the PCV due to the
vibration damage to the test mockups packaging material. The temperature labels from Test Form 6D for the ES-2M
test unit 1 and ES-2I.M test unit 5 are shown below in section 8 for comparison. Both unit 1 and unit 5 had been drop
tested in a similar orientation (side drop). Thus, comparisons between these units and unit 4 (vibrated then side
dropped) are valid.

The PCV from test unit 4 underwent leak and immersion testing that was recorded on Test Form 7A. The
PCV O-rings was successfully leak tested to a value of 1.6 X 10”std-cc/sec in air. The PCV was immersed under a
head of water of at least 0.9 m (3 ft), (actual measurement of 64.5 inches) for not less than eight hours (actual
measurement of 8 hours and 3 minutes) and in a horizontal position on the immersion fixture. After the PCV was
dried with paper towels, it was opened. The PCV screw removal torques were recorded on Test Form 7A and ranged
from 125 in-Ib to 180 in-1b with an average of 153.3 in-lb. All holes were still aligned, and each screw weat back
into place without binding. No evidence of water leaking into the PCV past the O-ring seal was observed, as no water
was found inside the containment vessel. All of the parts went back into the package for return shipment to storage
after drum studs numbered 1 and 17 were also cut off to get the lid back on the drum.
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8. HAC TESTING RESULTS AND COMPARISONS

An array of maximum temperature blackout labels was used to determine information about the performance
of the ES-2 packaging system. The temperature labels used for thermal testing were in 25°F increments from 125°F
to SO0°F. Each of the test packages in this comparison received the same HAC testing, including the 9-m (30-ft) side
drop free fall test. The temperature labels from the ES-2M test unit 1 and ES-2LM test unit 5 were compared with
the vibration test unit 4. The comparison tables shown below are for each test unit's drum liner and PCV.

Some temperature labels’ arrays were in slightly different locations for each test unit, but the readings are
comparable. For ES-2LM-5, the 1" ledge temperature label readings were next to the large containment vessel's
flange, where the insulation is about 3 inches thick. All other temperature label readings on the drum liner were
located where the insulation is about 5 inches thick. The average 5-inch insulation drum liner maximum blackout
temperatures for test unit 1 (208°F), test unit 4 (220°F), and test unit 5 (223°F) show small differences. These small
temperature differences are assumed to be within the tolerances of the testing.

The PCVs also had some temperature label arrays with differing locations. ES-2M test unit 1 had the
temperature label arrays placed inside the PCV, while labels for ES-2M test unit 4 and ES-2LM test unit 5 were placed
outside the PCV. Other thermal differences were attributed to the ES-2M and the ES-2LM having different packing
arrangements and mockup loads during testing. The average PCV maximum blackout temperatures for test unit 1
(150°F), test unit 4 (183°F), and test unit 5 (167°F) show small differences. While test unit 4 did have a higher
average temperature at the PCV, this is not necessarily indicative of decreased performance due to vibration testing.
Units 1 and 4 were of similar configuration, but the temperature indicating labels on unit 1 were inside the PCV,
while those on unit 4 were outside the PCV, which would explain the higher average temperatures found on unit 4.
Units 4 and 5 were of dissimilar configuration, as unit 5 was an ES-2LM unit which contains an additional
containment vessel outside of the PCV. The effect of heat abatement due to the extra containment vessel would be
substantial, thus explaining the higher temperatures found on unit 4.

Table 8.1 Drum Liner Blackout Temperature Indicator Readings in °F

Drum Angle Locations " 0° |90° |180°R707| 0° |90° |180°R70°|| 0° |90° |180°R2707] 0° |90° |180°R70°]| 0° |90° [180°270

Row Height from Bottom" 0.0" (Bottom) 5.0 12.7° 1° Ledge 23.2"° (Plug Bottom)

Test Unit Templ.lblel"l 2 |3 |4l 5|67 |8)9|10]|11]|12)]13|14|15/16] 17| 18|19

20
ES-2M-1| Side Drop ||zoo 200 | 200 |N/Af| 225 | 200 | 200 2001| 200 {200 | 200 | 2001) 225 [200 | 175 | 225}| 225 | 225 | 225 | 225
ES-2M+4 VirblSideDroJ N/A |[N/A IN/A N/—AHZZS 2251225 225| 200 | 250 | 200 ﬁSl 225 [N/A | 225 | 200} 200 | 225 | 225 | 225

225

ES-2L.M-5| Side Drop |[N/A|225 |225 225"225 225|225 225| 200 | 225 | 225 225|300 N/A | 300 | 225} 225 | 225 225
Temperature Indicators Locations are slightly different for each Test Unit, Data Taken from Test Form 6D

Table 8.2 PCV Blackout Temperature Indicator Readings in °F

Drum Angle Locations || 0° |90° [180°R70%)| 0° |90° 180’270'“ 0° 190° [180°R70°| 0° |90° |180°R70°|| 0° |90° |180° 70

Row Height from Bottom 0.0" (Bottom) 4.0 10.5° 17.0° 21.44" (Lid Bottom)

TestUnit [TempLable #|| 1 | 2 | 3 |4} S |6 |7 | 8]l 9 |10]|11 |12} 13|14 |15 | 16| 17 |18 |19 |20

ES2M-1 | Side Drop || N/A |[N/A|N/A IN/Af 150 | 150 | 150 | 1504 150 | 150 | 150 | 150]| 150 | 150 | 150 1504 150 | 150 | 150 | 150

Test Unit | TempLable #]] 1 | 2 | 3 |4 S |6 |7 |8 9 |10|11 l2| 1314|1516
ES-2M-4 |[Virb/Side! N/A |[N/A [N/A [N/AJ| 175 | 175 [ 175 | 175 175|175 | 175 l75| 200 [ 200 | 200 | 200
ES-2LM-5| Side Drop || N/A |N/A|N/A [N/A]| 150 | 175|175 | 175 175|150 | 150 ld[ 175|175 | 175 | 175

Temperature Indicators Locations are slightly different for each Test Unit, Data Taken from Test Form 6D
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9. TESTING SUMMARY AND CONCLUSIONS

The vibration testing was a demanding test that simulated the transportation of a fully loaded ES-2M over
the road for approximately 42,000 miles on a common carrier. Without any padding, the testing destroyed the
package’s convenience cans and shattered the drum's Kaolite impact limiter (though shattered, the Kaolite did remain
in place), but it did not shake loose any fasteners. The drum's shattered Kaolite impact limiter worked well as an
impact limiter, with no drum lid fasteners breaking loose and almost no bounce from the 9-m (30-ft) side drop. The
drum's confinement design pinned the lid and top plug into the drum, making it difficult to remove the containment
vessel.

The cast refractory Kaolite impact limiter performed well as the drum's thermal insulator. The blackout
temperature indicator tables have shown that the vibration damage in the Kaolite did not substantially reduce the
thermal protection to the PCV. The maximum PCV lid blackout temperatures on test unit 4 was 200°F, which is well
below the maximum O-ring operation temperature of 300°F for 1000 hr'¢,

After being subjected to two strenuous “normal” condition vibration tests, the ES-2M test unit 4 passed all
phases of HAC testing. It is concluded that the testing performance of the ES-2M shipping package has met the
requirements of Title 10, CFR 71.71(c)(5).

10. SUPPORTING INFORMATION

Test unit 4 was reassembled and shipped to Y-12 for storage as a record of the test. The test data that
supports the testing documentation shall be maintained as part of the master file, Vibration Test Report of the ES-2M
Shipping Package, GAB1296-2. This test data shall be maintained as long as the package certification is active.

10.1 PHYSICAL TEST FORMS

The data to substantiate the discussions above for the four test units was hand recorded on individual sets of
the appropriate test forms. Test forms V1 through V6 were taken from the Vibration ES-2M test plan'. Test forms
1 and 2 were taken from the HAC ES-2M test plan' used in July of 1996. Test forms 2A, 4, 5, 6A, 6C, 6D, and
7A were taken from the HAC ES-2LM test plan®. This data was transcribed to the blank spaces on these forms as
required, with the originals filed with the master file for these tests. When the information was not available, the
blank lines on the forms were filled with “N/A.” An example of this occurs where the forms ask for tool or instrument
certification information and the device described was not used in the test or the information was not available. The
completed and signed test forms were included in the master file, Vibration Test Report of the ES-2M Shipping
Package, GAB1296-2.

10.2 TEST PHOTOGRAPHS AND MOTION PICTURES
Many color photographs, videotapes, and high speed motion pictures of the tests were made according to the
Vibration Test Plan of the ES-2LM Shipping Package, GAB0196-1. These photographs, videos, and pictures are

available on request. Additional records, such as charts, certifications, drawings, and computer data files etc., were
filed with the master file of Vibration Test Report of the ES-2M Shipping Package, GAB1296-2.
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VERIFIED
_ v
VvV

— N/A

_ VvV

Comments: _1) The PCV had no weld seam.

Test Plan _GAB1296-1
Test Unit ES-2M Unit4
Test Location: _9201-1, Y-12

TEST FORM V1
ASSEMBLY OF THE PCV/SCV

TASK
The container serial numbers: PCV/SE¥ _12000

All containment vessel (PCV/SE€¥) components have been dimensionally verified to comply with drawing
specifications.

Temperature indicators have been affixed to the interior surface of the PCV/SEV as shown in the attached figure.
(No temperature indicators are required on prototype for normal conditions testing.)

None of the temperature indicators indicate exposure to a temperature in the measured range.
The containers, lids, mockup, and inserts have been clearly marked as “ ES-2M _ , Unit 4 ."
The PCV/SE¥ O-rings, O-ring glands, and sealing surfaces have been inspected for defects and found acceptable.

Foam inserts and mockup have been weighed and weights have been recorded on
form 3.

ES-2M LID

LEAK
The Alum. inserts and mockups have been inserted into the PCV, the lid installed "%" |,
with the leak port aligned as close to the PCV weld seam as possible, mark the lid
alignment with a permanent marker.
Torque the screws to _216 _+ 12 in-lb(_18 +_ 1 ft-Ib) in the sequence
shown at right. Ambient temperature at closure __°C (_70 °F).

Torque wrench # _M101993 Expiration Date _12-97

The PCV assembly has been leak tested to one of the following

procedures (___) O0-R-031 (F) or (_¢_) NPS-R-001.

Leak Tester Cert. #_34__  Expiration Date See Comments =~ Leakage Value
1.6x10% std-cc/sec air

The SCV assembly has been leak tested to one of the following

procedures ( ) OO-R-031 (F) or (___) NPS-R-001.

Leak Tester Cert. #

std-cc/sec air

Expiration Date Leakage Value

The PCV/SE¥V assembly has been weighed and the weight has been recorded on Form 3.

Thermocouples have been attached to the exterior surface of the PCV/SEV if this unit is to obtain time-temperature
data. These thermocouples have been surveyed to ensure they are working, which has been noted on Form 6B.

* Photographs of the assembly have been taken.

—2) The Calt-5 No, 34 with transducer No, 1393/000 was last tested 50 days ago on 10-23-96,

I certify that the above tasks have been performed and that the observations and comments are correct.

Stephen McTeer 12-12-96 G. A. Byington 12-12-96
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper scquence can be reconstructed.
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TEST FORM V2 Test Plan _GAB1296-1

ASSEMBLY OF TEST PACKAGE Test Unit _ES-2M Unit-4

Location: _9201-1, Y-12

VERIFIED TASK

v The drum has been clearly marked “ ES-2M , Unit -4 _.”

CENTER OF GRAVITY MARKING

b ———————

(4 Record the drum serial number: __12002

N/A The center of gravity targets have been applied to the drum

as shown.
<\§ T il EE )
v Each insulation insert has been clearly marked “ ES-2M , \/ //
Unit_4 _.” i !
[ The insulation inserts were weighed together and the \ % , : x
weight has been recorded on Form 3. % /ﬁ | 1503 1
£ i 4 \) ©G LOCATION
__ ¥ The lower and middle insulation inserts have been loaded \/ ( / ; \

into the drum. :
—V _ The PCV/SE¥ assembly has been loaded into the drum, ;\\ \\\\\

with the seams aligned.

V¥  The top insulation inserts have been loaded into the drum.

N/A The gap between the top insulation inserts and the top of the drum is

Y The drum lid with NO GASKET has been installed, mark the lid alignment with a permanent marker.

(4 The drum lid nuts were installed and torqued to __120 +_ 12 in-lb, following the sequence shown on
TEST FORM V4.

Torque wrench # __M101993 Expiration Date __12-97
— N/A A security seal has been attached to the drum.

— ¥  The test package assembly has been weighed and the weight recorded on Form 3.

(4 * Photographs of the assembly have been taken.

Comments:

Srum liner,

I certify that the above tasks have been performed and that the observations and comments are correct.

Stephen McTeer 12-12-96 G. A. Byington 12-12-96
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM V3 Test Plan ___GAB1296-1
COMPONENT WEIGHTS Test Unit _ES-2M Unit-4
Test Location: _9201-1, Y-12
PRE-TEST WEIGHTS
PART NAME WEIGHT BY DATE  PART NAME WEIGHT BY DATE
Upper Assem. Mockup _47.0 1b _SMM _ _12-10-96
Lower Assem. Mockup __47.0 1b _SMM_ 12-10-96
ES-2M Alum. inserts ~27.0b _SMM  _12-10-96
ES-2M assembly 1875 1b _SMM  _12-12-96
SEV inserts _NA b _NA ______
§EV¥ assembly NA Ib _NA WEIGHT's at
Drum insulation Foam __15.1 1b _SMM  _12-10-96
Drum Top Plug — 4501 _SMM  _12-10-96 Test Unit Before Thermal 499.5 1b _SMM _2-4-97
Test Unit Ass'y @Y-12 _495.0 b _SMM  _12-10-96 Test Unit After Thermal 4905 Ib _SMM _ _2-5-97

EQUIPMENT
PRE-TEST:

Scale # M-80562
Accuracy +

Scale # _M-80254

Accuracy +

Comments:

Expiration date .

Expiration date 10-97

POST-THERMAL TEST:

Scale #

Expiration date
05 b
Expiration date

Accuracy +
Scale #

Accuracy +

I certify that the above tasks have been performed and that the observations and comments are correct.

Stephen McTeer 12-12-96 G. A. Byingion 2-5-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM V4 Test Plan _GAB1296-1
FASTENER TORQUE HISTORY Test Unit _ES-2M Unit-4
Test Location: _9201-1, Y-12
VERIFIED TASK

v The drum lid nuts shall be installed and torqued to _10 +_1 ft-1b, then removed. Make sure each fastener is
replaced in it's original location. Repeat this process three times recording the breakaway torque for each nut on
the table below. The Drum lid shall be removed with the nuts loosened in the sequence shown below.

Record breakaway torque for each nut in in-lb orft-th(circle one), Torque wrench # _M-101993  Expiration Date _12-97 ‘

DATE|TIME|SCREW | 1 | 2 |3 (4 |5 |6 |7 | 8|9 |10|11 (12|13 |14 |15][16]| 17 18_ Ave
#

12/12 (11:00| First |80 | 80 | 80 | 80 |80 (100|70 |75 [ 80 |80 |75 [ 85 | 85 |85 |90 { 85 | 80 | 90 {82.22
12/12 | 11:10 | Second (80 [ 80 [ 75 |80 |90 |80 |75 | 85 |90 [ 90 | 80 | 90 | 90 | 90 |100]/100]|100|110/88.06
12/12 1 13:00 | Third |80 [ 80 |60 |80 |90 |90 | 80 | 80 [ 90 [ 90 | 80 | 90 | 90 [110(100|100| 90 |100/87.78

[ The PCV lid screws shall be installed and torqued to _18 +_1_ft-1b, then removed. Make sure each fastener is
replaced in it's original location. Repeat this process three times recording the breakaway torque for each screws
on the table below. The PCV lid shall be removed with the screws loosened in the sequence shown below.

Record breakaway torque for each screws in in-1b orft=th(circle one), Torque wrench # M-101993  Expiration Date _12-

DATE | TIME |SCREW | 1 2 3 4 5 6 7 8 9 10 11 12 | Ave
#

12/11 | 13:00 | First 200 | 190 | 190 | 180 | 120 | 180 | 180 | 180 | 195 | 200 | 200 | 180 |[182.9
12/11 | 13:10 | Second | 170 | 170 | 175 | 165 | 160 | 180 | 160 | 170 | 190 | 185 | 185 | 170 [173.3
12/11 { 13:20 | Third | 160 | 170 | 170 | 180 | 160 | 170 | 170 | 170 | 165 | 165 | 165 | 165 |167.5

DRUMLID X

LID SECURITY SEALLUG | EAK -
NEAR DRUM WELD SEAM ES-2M LID

180° 0°
-3
MARK FASTENER NUM
AND LOCATION ON
LID AND FASTENER
270° WITH A PERMANENT MA
2
Observations:
I certify that the above tasks have been performed and that the observations and comments are correct.
Stephen McTeer 12-12-96 G. A. Byington 12-12-96
Testing Technician Date Witness Date

*Ali photographs/movies shall be uniquely identified with test unit, date and time 10 ensure that the proper sequence can be reconstructed.
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TEST FORM V5A Test Plan _GAB1296-1"
NATURAL FREQUENCY VIBRATION TESTING Test Unit ES-2M Unit-4
Test Location: Wyle Labs Huntsville, Al

VERIFIED TASK

v Before the testing the Drum lid was removed with the nuts loosened in the sequence shown on Test Form V4, record
this data in the table on Test Form V6 in the Post-Ship row.

Y To verify the data generated by the SnapShock-2000 G-load sensor during the Test Unit's transport to test location,
download the data to a PC. Document the, PATH \ FILENAME.EXT of the data file, the total time data was
generated, and the data collection time span (Bin Size).

Path \ Filename.Ext C:\SNAP\Y12 2WYL. TXT  File Size 287286 _  File Date & Time _01/06/97 08:49:54 pm
Unit:_0594  Print Threshold is _0,000000 to 0,000000 Filter: 320,000 Hz  Rate: 2,24 Minutes =~ Bin Total: 4085
Total time: _6.5Days ~  START DATE & TIME: 12-12-96 09:07:41  END DATE & TIME: _12-18-96 17:27:57

—_ ¥ _  Before the vibration testing set the SnapShock-2000 G-load sensor Bin Size to _33,6 seconds .

— ¥ Verify the data collection time span (Bin Size) of the SnapShock-2000 G-load sensor is properly set and the
SnapShock-2000 G-load sensor was SWITCHED ON.

—V ___ Reassemble the drum and torque the drum lid nuts to 10 +_1 ft-Ib, follow the sequence shown on Test FormV4.
Torque wrench # _M101993  Expiration Date __1-97

¥ _ Start the natural frequency vibration testing, Sweeping the frequency from _10 to 500 Hz at a G-Load for each
frequency of _0.96 G's Dwelling on each frequency.for _34 seconds  and the Start time 2:52:54 GAB time .

—V  After testing remove the Drum lid with the nuts loosened in the sequence shown on Test Form V4, record this data
in the table on Test Form V6 in the Post-NF row.

— V¥ After testing download the SnapShock-2000 G-load sensor data to a PC. Document the, path\Filename.ext of the
data file, the start time data was generated, and the total time data was generated.

Path \ Filename.Ext _C:\SNAP\WYLENF.TXT = File Size 174758 _ File Date & Time _01/08/97 10:34:28am
Unit:_0594  Print Threshold is _0,000000 to 0,000000 Filter: 320,000 Hz  Rate:33,6 Seconds =~ Bin Total: 2482
Total time: _23,13 Hours ~ START DATE & TIME: 01-07-97 21:10:49  END DATE & TIME: 01-08-97 20:18:53

V' *Photographs and videotaping have been taken of the vibration testing and setup.

I certify that the above tasks have been performed and that the observations and comments are correct.

G. A. Byington 1-8-97 M. R. Feldman 1-8-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM V5B Test Plan _GAB1296-1
ENDURANCE VIBRATION TESTING Test Unit _ES-2M Unit-4
Test Location: ‘Wyle Labs Huntsville, Al

VERIFIED TASK
Y Before the vibration testing set the SnapShock-2000 G-load sensor Bin Size to _2,24 minutes .

v Verify the data collection time span (Bin Size) of the SnapShock-2000 G-load sensor is properly set and the
SnapShock-2000 G-load sensor was SWITCHED ON.

(4 Reassemble the drum and torque the drum lid nuts to _10 +_1 ft-Ib, following the sequence shown on Test
Form4. 1o rque wrench # _M-101993 Expiration Date __1-97

__ ¥ Start the 40 hour endurance vibration testing of random frequencies from _10 to 500 Hz . Use an overall rms
acceleration G-Load of _0.96 grms _ over all of the frequencies. Record the Start date and time _1/8/97 10:46:06am
the stop time _1/10/97 7:37:51am_ and the testing duration 41:58 hr:min .

(4 After testing remove the Drum lid with the nuts loosened in the sequence shown on Test Form V4, record this data
in the table on Test Form V6 in the Post-EV row.

[ After testing download the SnapShock-2000 G-load sensor data to a PC. Document the, path\Filename.ext of the
data file, the start time data was generated, and the total time data was generated.

Path \ Filename.Ext _C:\SNAP\WYLEEVT1.TXT  File Size 82712 File Date & Time _01/10/97 07:57:40 am
Unit:_0593 ~ Print Threshold is _0,000000 to 0,000000 Filter: 320,000 Hz  Rate:2,24 Minutes ~ Bin Total: 1203
Total time: _44.87 Hours = START DATE & TIME: 01-08-97 10:46:06 END DATE & TIME: 01-10-97 07:37:51

——V __ *Photographs and videotaping have been taken of the vibration testing setup.

I certify that the above tasks have been performed and that the observations and comments are correct.

G. A. Byington 1-10-97 M. R. Feldman 1-10-97

Testing Technician Date Witness Date
*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM V6 Test Plan _GAB1296-1"
POST-VIBRATION PACKAGE DISASSEMBLY Test Unit _ES-2M Unit-4
Test Location: ‘Wyle Labs Huntsville, Al

VERIFIED TASK

v Following the vibration test the Drum lid was opened and examined to determine if any damage had occurred. The
Drum lid was removed with the nuts loosened in the sequence shown on TEST FORM V4. Note the security seal
Lug near the drum weld seam as reference point for nut numbering on TEST FORM V4.

Record breakaway torque for each nut in in-lb orft=th(circle one), Torque wrench # _M-101993  Expiration Date _1-97
DATE|TIME | SCREW | 1 21314 |5|61]7 8|19 (|10]|111]12 -13 14 | 15|16 |17 | 18 | Ave
#
1/7/97) 8:25 Post- [ 65]|80)190|75]190|60 |80 |65]90]|95|80|9 |90 (95859095 |100(84.17
Ship
1/8/97| 8:10 |Post-NF | 80 | 90 | 80 |85 |90 |70 [ 80 |70 |90 [ 80 | 80 |85 |85 |85 {90 |90 |80 | 90 |83.33
110/97] 7:30 |Post-EV |80 | 80 |75 |90 |85 |75 |85 |75]185|90 |85 |90 |80 |90 |90 [100]|90 | 95 |85.56

[ The post-vibration inspection and data recording remove the PCV assembly from the package and leak test to one
of the following procedures (___) OO-R-031 (F) or (_¢_) NPS-R-001.

Leak Tester Certification # M-201287  Expiration Date __N/A* Leakage Value _9,0%10% std-cc/sec air
* L eak tester was just refurbished at the factory on 10/23/96.

—V¥ Following the vibration test, the PCV assembly was opened and examined to determine if any damage had occurred.
The PCYV lid were removed with the screws loosened in the sequence shown on TEST FORM V4. Note Leak Port
as reference point for screw numbering on TEST FORM V4,

Record breakaway torque for each screws in in-1b or-ft=th(circle one), Torque wrench # _M-101993  Expiration Date _1-97

DATE | TIME | SCREW | 1 2 3 4 5 6 7 8 9 10 11 12 | Ave
#

1/10/97| 8:56 | POST | 170 | 165 | 170 | 160 | 170 | 180 | 160 | 170 | 170 | 175 | 165 | 160 |167.9

(4 Photographs have been taken of the opened PCV to show the amount of damage.

I certify that the above tasks have been performed and that the observations and comments are correct.

G. A. Byington 1-10-97 M. R. Feldman 1-10-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.

GAB1296-2 September 3, 1997
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VERIFIED

Test Plan _GAB(0796-1
Test Unit ES-2M Unit4
Test Location: _9201-1. Y-12

TEST FORM 1
ASSEMBLY OF THE PCV/SCV

TASK
The container serial numbers: PCV/S5€V _12000

All containment vessel (PCV/S€¥) components have been dimensionally verified to comply with drawing
specifications.

Temperature indicators have been affixed to the interior surface of the PCV/SE¥ as shown in the attached figure.
(No temperature indicators are required on prototype for normal conditions testing.)

None of the temperature indicators indicate exposure to a temperature in the measured range.
The containers, lids, mockup, and inserts have been clearly marked as “ ES-2M _, Unit -4 __."
The PCV/SEV¥ O-rings, O-ring glands, and sealing surfaces have been inspected for defects and found acceptable.

Foam inserts and mockup have been weighed and weights have been recorded on
form 3.

The Alum. inserts and mockups have been inserted into the PCV, the lid installed %",
with the leak port aligned as close to the PCV weld seam as possible, mark the lid
alignment with a permanent marker.

Torque the screws to _216 +_12 in-lb(__18 +_ 1 ft-Ib) in the sequence
shown at right. Ambient temperature at closure ____°C (_70 °F).

ES-2M LID

Torque wrench # _M101993 Expiration Date _1-97

The PCV assembly has been leak tested to one of the following

procedures (___) OO-R-031 (F) or (_¢_) NPS-R-001.

Leak Tester Cert. # _34 _  Expiration Date _See Comments = Leakage Value

_1.8%10°% std-cc/sec air

The SCV assembly has been leak tested to one of the following

procedures ( ) OO-R-031 (F) or () NPS-R-001.

Leak Tester Cert. # Expiration Date Leakage Value std-cc/sec air

The PCV/SE¥ assembly has been weighed and the weight has been recorded on Form 3.

Thermocouples have been attached to the exterior surface of the PCV/SE¥ if this unit is to obtain time-temperature
data. These thermocouples have been surveyed to ensure they are working, which has been noted on Form 6B.

Photographs of the assembly have been taken.

ago on 10-23-96,

I certify that the above tasks have been performed and that the observations and comments are correct.

Stephen McTeer 1-17-97 G. A. Byington 1-17-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 2 Test Plan _GABQ0796-1

ASSEMBLY OF TEST PACKAGE Test Unit ES-2M Unit-4

Location: _9201-1, Y-12

VERIFIED TASK

1-17-97 The drum has been clearly marked “ ES-2M , Unit -4_." CENTER OF GRAVITY MARKING

1-17-97 Record the drum serial number: _ 12002

AN

1-22-97 The center of gravity targets have been applied to the drum
as shown.

_1-17-97  Each insulation insert has been clearly marked “ ES-2M , ﬁ
Unit_4 ."

A —

NN RN

—N/A* _ The insulation inserts were weighed together and the
weight has been recorded on Form 3.

1803 in
CG LOCATION

Y

2227

into the drum.

v The PCV/SE¥ assembly has been loaded into the drum, <
with the seams aligned. \&\ \\
fo8

4 The top insulation inserts have been loaded into the drum.

1 )

|

//i
4

i

V

v The lower and middle insulation inserts have been loaded { 7
i

——N/A __  The gap between the top insulation inserts and the top of the drum is
v The drum lid with NO GASKET has been installed, mark the lid alignment with a permanent marker.

(4 The drum lid nuts were installed and torqued to __120 +_ 12 in-Ib, following the sequence shown on
TEST FORM 4.

Torque wrench # __M101993 _ Expiration Date __1-97
N/A A security seal has been attached to the drum.

__N/A*  The test package assembly has been weighed and the weight recorded on Form 3.

__V___ Photographs of the assembly have been taken.

I certify that the above tasks have been performed and that the observations and comments are correct.

Stephen McTeer 1-17-97 G. A. Byington 1-17-97

Testing Technician Date Witness Date
*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 2A Test Plan _GABO197
RADIOGRAPH OF DRUM LINER Test Unit ES-2M Unit-4

Location _ORNI, Waste Management Bldg, 7824
VERIFIED TASK

Y Record the drum name “ ES-2M__, Unit _4 .” SKETCH OBSERVATIONS

v Record the drum serial number: __12002

v Record the history of the drum, ie. as built, dropped, etc.
History _ VIBRATION, 30 FOOT SIDE DROP at 90°
_on the drum lid.
V' Record the start date and time of the radiograph.
Start Date _1/23/97  Start Time _1:09pm

v * Videotape the Drum Liner rotating with the drum serial
number and the drum name on the videotape.

v * View the Drum Liner and record any observation on the
sketch to the right and with a digital photograph. Check
the locations numbered on the sketch.

Digital Approximate Reference Picture
Photograph Drum Angle Location
Number Location With Videotape Time
17 90° 13:28
18 135° 13:29
19 _9p° 13:36

19
in the | f the li Small crack found in tt
Photo #19, -+ [<
I certify that the above tasks have been performed and that the observations and comments are correct.
Sherry E. Williams 1-23-97 M. R. Feldman 1-23-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 4

Test Plan _GABQ197

9-m (30-ft) FREE FALL DROP Test Unit ES-2M Unit4

VERIFIED TASK

1-22-97 The Test Unit has been prepared in accordance with the
test plan. Forms 1 and 2 are complete and the pre-test
weights are recorded on Form 3.

1-22-97 Still, video, and high-speed movie cameras are set up
to take photographs/movies* of the drop testing.

1-22-97 Photographs* of the arrangements for the drop have

been taken.

—1-22-97  Ambient temperature of the test: ___°C (S7_°F)
at the time of _10:00 am .

_1-22-97  The Test Drop Angle of this unit is _0.0 ° as defined
by figure _to the right .

The Measured Drop Angleis _0.2 °.
Measuring device ProSmart Level Exp. Date _N/A__

—1-22-97  The Test Unit has been raised so that the lowest point
is _30 ft above an essentially unyielding, horizontal
impact surface.

Measuring device # __N/A Exp. Date _N/A

—1-22-97  The Test Unit was dropped from a minimum of 9 m
(30 f2) oriented as shown at right onto an essentially
unyielding, horizontal impact surface.

1-22-97  Video/high speed movies* of the drop were made.

__1-22-97  *Photographs of the damage resulting from the drop
have been taken.

Testing Damage Observations: _Small amount of Kaolite dust was
. E . | the ski

welds,

No nuts or washers were lost,

Test Location: __ ORNL Test Site

PRE-DROP TEST UNIT ORIENTATION
(Indicate tolerance on orientation)

e 18.03 invem]

DROP ANGLE

9m
(308)

Wizzzzzzzzzzzzzzzz722777)

Looking at Bottom of the Drum

270°

Top [23.62]23.62[22.87(23.62| 8.5

Bot [ N/A|N/A |N/A|N/A|10.5

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 1-22-97 G. A. Byington 1-22-97

Testing Technician Date

Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 5 Test Plan _GABQ197
1-m (40-in) PUNCTURE DROP Test Unit ES-2M Unit-4
Test Location: __QRNIL Test Site

VERIFIED TASK

1-22-97 The Test Unit has been prepared in accordance with
the test plan. Forms 1 and 2 are complete and the
pre-test weights are recorded on Form 3.

1-22-97 Still, video, and high-speed movie cameras are set up
to take photographs/movies* of the drop testing.

1-22-97 Photographs* of the arrangements for the drop have
been taken.

1-22-97 The steel puncture bar is no greater than 15 cm (6 in)
in diameter and no less than 20 cm (8 in) long, with
the corners having a radius of no more than 6 mm DRUM ANGLE 90°
(0.25 in), and resting on an essentially unyielding, ON BOTTOM
horizontal impact surface.

_1-22-97  Ambient temperature at the time_2:05 pm  of the
test: 6.0in ——=—

°Cc ( 5Q OI:’). Dia. 1
—1-22-97  The Test Drop Angle of this unitis __ 0.0 ° as L
defined by figure _attheright . 8.0in

The Messared Drop Angle s —0.3-" iz 2z
Measuring device ProSmart Level Exp. Date N/A (Show tolerance on orientation)

PRE-DROP TEST UNIT ORIENTATION
~=—18.03 i

1™
(40.0in

1-22-97 - The Test Unit has been raised so that the lowest point MAIN PUNCTURE LOCATION
is 1 m or (40 in) above the steel puncture bar.

Measuring device #_AMSE-1000  Exp. Date_N/A_ . f
- S-2M

__1-22-97  The Test Unit was dropped from & minimum of 1 m UN|T-4 13J-75

(40 in) onto the steel bar.
1-22-97  Video/high speed movies* of the drop were made.

—_N/A _ Photographs* of the damage resulting from the drop
have been taken.

Testi b ions:
esting Damage Observations 0.38

Comments:

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 1-22-97 G. A. Byington 1-22-97

Testing Technician Date Witness Date
*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.

GAB1296-2 September 3, 1997 B-6



TEST FORM 6A Test Plan _GABQ197
THERMAL TESTING Test Unit ES-2M Unit4
Test Location: _Lindberg Heat Treat, Solan, OH

VERIFIED TASK

2-4-97 The test plan calls for _NA _ thermocouples attached to the Test Unit primary containment vessel (or inner
container if only one), _NA__ thermocouples attached to the Test Unit secondary containment vessel, _ 6
thermocouples attached to the Test Unit drum, __26 _ thermocouples in the furnace, and __ 2 furnace
thermocouples attached to the test stand.

2-4-97**  The test package has been preheated to over 38 °C ( 100 °F).

2-4-97 The test package weight has been recorded on Test Form 3 and thermocouples have been attached to the Test
Unit as shown in Figure 4.5.

2-4-97 Thermocouples and test stand have been installed in the furnace as shown in Figures 7.3, 7.4, 7.5, and 4.6.
_2-4-97 _ Photographs* of the arrangements for the test have been taken. )

—2-4-97 Al thermocouples have been surveyed to ensure they are working. (Any malfunctions or erratic performance
will be addressed in the comments section below.)

2-4-97 Furnace has reached the minimum soak point temperature of 800 °C ( 1475 °F), and has soaked at this
temperature for a minimum of 8 hours. The furnace set point temperature has been adjusted to °C
(1600 °F) at least one hour prior to each test.

Date _2-3-97 Time _ 6:45pm

_2-4-97  The thermocouple recorder(s) is (are) set to read every 30 seconds.

—2-4-97 _  The unit has been placed in the furnace, on the support stand, with the damaged area up at:
Date _2-4-97  Time _10:42:30 am _ Open furnace door time: _45 _ sec.

— ¥  The 31 minute timed test began when 5 out of 6 Test Unit thermocouples reached the test temperature of 800°C
(1475 °F) as specified in the test plan.
Date _24-97 = Time _10:53:45am

(4 Immediately following the timed test (a minimum of 30 minutes at 800 °C) the Test Unit is taken out of the

furnace and allowed to cool naturally. ’

Date _2-4-97  Time _11:24:45pm__ Ambient Temperature °C (562 _°F)

¥ The unit stopped outgassing (flames) at _11:24:45 pm__; outgassing/burnout lapsed timewas __ Q0 .

— NA  The thermocouple recorder shall be set to record the internal thermocouples at 15 minute intervals for at least 12
hours.

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 2-4-97 M. R. Feldman 2-4-97

Testing Technician Date Witness ’ Date
*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 6C Test Plan _GABQ197 =~
POST-THERMAL TESTING INSPECTION Test Unit ES-2M Unit-4
Test Location: _Lindberg Heat Treat, Solan, OH
VERIFIED TASK

__2-5-97  Following the thermal test and after cooling, the test package was weighed, and the weight recorded on Form 3.

2-5-97 The drum, hd nuts, and studs have been vxsually examined to determme the extent of the testmg damage

2-5-97 The camera(s) are set up to take photographs* and videotape of the damage due to testing.
2-5-97 Open the Test Unit and record the damage generated by removing the drum lid.

Observations: __Lid came off relatively easy, a pry bar was required,

2-5-97 The Top Plug Assembly has been removed and visually inspected to determine the extent of impact and thermal
damage. Record the temperature indicator blackout reading on Test Form 6D.

_# 2 Stud was bent over during the Top Plug removal,

N/A The SCV assembly has been removed and visually examined for damage. Record the temperature indicator
blackout readings on Test Form 6D.

Observations: _Not in the ES-2M
N/A The SCV assembly has been weighed and the weight recorded on Form 3.
—N/A __  Use Test Form 7B for the SCV post thermal leak check, immersion, and disassembly.

_2-6-97  The PCV assembly has been removed and visually examined for damage. Record the temperature indicator
blackout readings on Test Form 6D.

Observations:__No visible damage.
——N/A____  The PCV assembly has been weighed and the weight recorded on Form 3.
_2-6-97  Use Test Form 7A for the PCV post thermal leak check, immersion, and disassembly.

_2-7-97 _ Open the polyethylene bag containing the oxide mockup stainless steel shot. Record the temperature indicator
blackout readings on Test Form 6D.

_2-7-97  All loose parts shall be placed in separate polyethylene bags, marked “_ES-2M_, Unit _4_," taped closed, and
prepared for storage with the test package.

_2-7-97  Mark and reassemble the test package for shipment.
_2-7-97 _ *Photographs of the damage resulting from the testing have been taken.

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 2-7-97 G. A. Byington 2-7-97
Testing Technician Date Witness Date

*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 6D Test Plan _GABO197
TEMPERATURE INDICATOR READINGS Test Unit ES-2M Unit4

Test Location: _Lindberg Heat Treat, Solan, OH

A visual inspection of each temperature indicator on the ES-2M package consisting of; the outside the PCV, and the ES-2 drum
liner shall record the values of the blackouts which occurred below:

RECORD BLACKOUT TEMPERATURES AT THESE LOCATIONS:

ES-2M TEMPERATURE INDICATOR NUMBER LOCATION CHART
ON THE INSIDE THE PCV, STAINLESS STEEL SHOT TEMP. @ 12"
12 1 NA °F 2 NA °F
(Figure 5.2) ON OUTSIDE OF THE ES-2M CONTAINER PCV
Row 0° 90° 180° 270°
Height
Bottom 1 NA °F 2 NA °F 3 NA °F 4 NA °F
4.2 5 175 °F 6 175 °F 7 175 °F 8 175 °F
16.8 9 175 °F 10 175 °F 11 175 °F 12 175 °F
Top 13 200 °F 14 200 °F 15 200 °F 16 200 °F
ON INSIDE OF THE ES-2L CONTAINER SCV
Row 0° 90° 180° 270°
Height
Bottom 1 NA °F 2 NA °F 3 NA °F 4 NA °F
4.0 5 NA °F 6 NA °F 7 NA °F 8 NA °F
10.5 9 NA °F 10 NA °F 11 NA °F 12 NA °F
17.0 13 NA °F 14 NA °F 15 NA °F 16 NA °F
Top 17 NA °F [ 18 NA °F 19 NA °F 20 NA °F
(Figure 5.3) ON THE INSIDE OF THE ES-2 DRUM INNER LINER
Row 0° 90° 180° 270°
Height
Bottom 1 NA °F 2 NA °F 3 NA °F 4 NA °F
5 5 225 °F 6 225 °F 7 225 °F 8 225 °F
12.7 9 200 °F 10 250 °F 11 200 °F 12 225 °F
1 Ledge 13 225 °F 14 NA °F 15 225 °F 16 200 °F
Plug Bottom 17 200 °F 18 225 °F 19 225 °F 20 225 °F

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 2-7-97 G. A. Byington 2-7-97

Testing Technician Date Witness ) Date
* All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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TEST FORM 7A Test Plan _GABO197"
0.9-m (3-ft) IMMERSION TEST Test Unit ES-2M Unit4

AND PCV DISASSEMBLY Location: Lindberg Heat Treat, Solan, OH
VERIFIED TASK

2-6-97 The post-thermal inspection and data recording remove the PCV assembly from the package and leak test to one
of the following procedures (___) O0-R-031 (F) or (_¢/__) NPS-R-001.

Leak Tester Certification # _34 _  Expiration Date_NA _  Leakage Value 1.6 X10®  std-cc/sec air

2-6-97 Following the leak test, the PCV assembly was taken to the water tank located (_H,O Quench tank in front of
furnace #638 ) where it was immersed under a head of water of at least 0.9 m (3 f¢ or 1.3 psig) to highest point
of PCV assembly for a period not less than 8 hours.

ES-2M, PCV

Measured water depth ____ 64,5 inches
Measured water Temperature __ 57,8 °F

DateIn _2-697 Timeln _12:492pm
Date Out _2-6-97 Time Out _8:45pm

2-7-97 Following the immersion test, the PCV assembly was opened and
examined to determine if any damage had occurred. The PCV lid was
removed with the screws loosened in the sequence shown to the right.

Record breakaway torque for each screws in in-Ib oroft=th-, Torque wrench # M101993
Expiration Date _1-28-98

1 2 3 4 5 6 7 8 9 10 11 12
150 140 125 165 150 160 140 180 140 150 175 165

Average Loosening Torque | 153.333

2-7-97 Photographs* have been taken of the opened PCV to show the amount of water inleakage.

___ ¢  Returnto Test Form 6C.

I certify that the above tasks have been performed and that the observations and comments are correct.

S. M. McTeer 2-7-97 G. A. Byington 2-7-97

Testing Technician Date Witness Date
*All photographs/movies shall be uniquely identified with test unit, date and time to ensure that the proper sequence can be reconstructed.
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ES-2M Vibration Testing 1/10/97

Containment Vessel with vibration G-load recorder on CV Lid




ES-2M Vibration Testing 1/10/97

Turning on the vibration recorder before the testing




ES-2M Vibration Testing 1/10/97

ES-2M on the Vibration Table during testing




ES-2M Vibration Testing 1/10/97

Removing the Drum Lid after testing




ES-2M Vibration Testing 1/10/97

Metal Dust under the Drum Lid after 44 hours of testing
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ES-2M Vibration Testing 1/10/97

Top Plug after vibration testing show metal dust and some wear spots




ES-2M Vibration Testing 1/10/97

Top Plug after vibration testing show metal dust and some wear spots




ES-2M Vibration Testing 1/10/97

Top Plug after vibration testing show metal dust and some wear spots

M2E801136 AO10




ES-2M Vibration Testing 1/10/97

Bottom of the Top Plug showing metal to metal wear after testing




ES-2M Vibration Testing 1/10/97

Top Foam after testing




ES-2M Vibration Testing 1/10/97

Bottom of Top Foam after testing




ES-2M Vibration Testing 1/10/97

Containment Vessel after testing




ES-2M Vibration Testing 1/10/97

After testing the Leak Check port plug is loose and vibrated off its threads

%




ES-2M Vibration Testing 1/10/97

Removing the Containment Vessel after testing




ES-2M Vibration Testing 1/10/97

Removing the Containment Vessel after testing
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ES-2M Vibration Testing 1/10/97

Inner Liner and Foam Tube after testing




ES-2M Vibration Testing 1/10/97

Bottom of Foam Tube after testing




ES-2M Vibration Testing 1/10/97

Inner Liner after testing showing some metal wear at the bottom




ES-2M Vibration Testing 1/10/97

Leak Testing the CV after testing




ES-2M Vibration Testing 1/10/97

After testing shows where the Aluminum tube bounced into the bottom of CV Lid




ES-2M Vibration Testing 1/10/97

After testing shows only where the Aluminum tube bounced into the bottom of CV Lid

>




ES-2M Vibration Testing 1/10/97

Opened CV after testing




ES-2M Vibration Testing 1/10/97

Top Aluminum spacer removed after testing




ES-2M Vibration Testing 1/10/97

Top can removed without the bottom head after testing
:.' .!J




ES-2M Vibration Testing 1/10/97

Top can damage to bottom head crimp after testing




ES-2M Vibration Testing 1/10/97

Top test weight after testing




ES-2M Vibration Testing 1/10/97
Aluminum tube removed after testing




ES-2M Vibration Testing 1/10/97

Aluminum tube removed after testing




ES-2M Vibration Testing 1/10/97

Top test weight after testing




ES-2M Vibration Testing 1/10/97

Top test weight after testing




ES-2M Vibration Testing 1/10/97

Bottom of top can after testing




ES-2M Vibration Testing 1/10/97

Bottom of Top Can after testing




ES-2M Vibration Testing 1/10/97

Middle Aluminum Spacer after testing




ES-2M Vibration Testing 1/10/97

Top of Bottom Can after testing




ES-2M Vibration Testing 1/10/97

Top of bottom test weight after testing




ES-2M Vibration Testing 1/10/97

Bottom test weight after testing




ES-2M Vibration Testing 1/10/97

Bottom test weight after testing




This photo shows the top plug of one of the tested DPP-2 packages. Due to the damage
from the CG over corner drop and crush test, the top plug had to cut out of the package in
order to extract the containment vessel. This photo shows that even after undergoing the
full suite of drop, crush and thermal tests, the Kaolite in the plug, although it is cracked
and broken, remains in solid form and within the plug liner.
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