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1.0 INTRODUCTION

This Test Report is in support of TRUPACT-II licensing activities pertaining to the proposed
loading and shipment of compacted drum “pucks” in 55-gallon, 85-gallon, and 100-gallon drum
overpack configurations.

This testing program is intended to demonstrate to the Nuclear Regulatory Commission (NRC)
that compacted drum pucks, when appropriately configured with spacers installed within the
drums in a TRUPACT-II packaging, can withstand the regulatory Hypothetical Accident
Conditions (HAC) 30-foot free drop test described in 10 CFR §71.73 (Reference 1) without loss
of position of the drum overpack lids or a reduction in the axial spacing under the assumed
distances used in the current criticality evaluation. The free drop is onto a flat, essentially
unyielding, horizontal surface with the package striking the surface in a position to maximize the
damage expected.

Two sizes of compacted drums assemblies were tested: (1) 30-gallon pucks inside 55-gallon
drum overpacks, and (2) 55-gallon pucks inside 100-gallon drum overpacks. Of note, the 55-
gallon drum overpacks and 100-gallon drum overpacks will bound the 85-gallon drum overpack
configuration. The ability of the drum overpacks to adequately withstand the above-specified
free drop condition was demonstrated by dropping a TRUPACT-II Inner Containment Vessel
(ICV) assembly loaded with puck-filled drum overpacks. The TRUPACT-II Outer Containment
Assembly (OCA), with its energy absorbing polyurethane foam, is conservatively omitted from
this testing. The puck-filled drum overpacks included three different configurations to determine
the adequacy of using no spacers (baseline), a metal grate spacer, or a grout-filled spacer.

The test plan, test engineering and quality assurance (QA) oversight were conducted by
Packaging Technology, Inc. (PacTec), in accordance with the PacTec 10 CFR 71, Subpart H QA
Program, under the direction of Washington TRU Solutions, LLC (WTS). All tests were
conducted at Westinghouse Engineered Products Department (WEPD) in Carlsbad, New
Mexico. Drops were performed on an unyielding surface (Reference 8). Testing was
documented via video and still photography (see Appendix D) to provide a visual record of
events.

2.0 REFERENCES

1. Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of
Radioactive Material, 01-01-02 Edition.

2. International Atomic Energy Agency (IAEA), Safety Standards Series No. TS-G-1.1 (ST-2),
Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive Material,
International Atomic Energy Agency, Vienna, 2002.

3. WTS Drawing No. 165-F-015-W Rev. NEW, GRATE SPACER, 100-GAL DRUM ASSEMBLY.
4. WTS Drawing No. 165-F-013-W Rev. NEW, GROUT SPACER, 100-GAL DRUM ASSEMBLY.
5. WTS Drawing No. 165-F-014-W Rev. NEW, GRATE SPACER, 55-GAL DRUM ASSEMBLY.
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6. WTS Drawing No. 165-F-012-W Rev. NEW, GROUT SPACER, 55-GAL DRUM ASSEMBLY.
7. Packaging Technology, Inc., 2003, Test Plan for Compacted Drums, TP-037, Revision 0.

8. Westinghouse Electric Co., 1998, Engineering Specification for Drop Test Pad for Type A
Performance Testing, ES-A-001, Revision 0.

9. WTS, 2003, TRUPACT-II Safety Analysis Report, Rev. 20, Section 6.3.1.4, Case D Contents
Model.

10. Packaging Technology, Inc., 2004, DVD, T-2 Compacted Drum Drop.

3.0 TESTPLAN

All testing was conducted in accordance with Tes? Plan for Compacted Drums, TP-037,
Revision 0 (Reference 7). Test spacers were fabricated in accordance with WTS drawings
(References 3 — 6), and other test items were fabricated per the sketches provided in the test plan.
Prior to testing, key characteristics of the test items were verified to ensure that the test items met
drawing and/or test plan design/material/configuration requirements (see Appendix A). Written
data sheets per TP-037 were used and the completed data sheets are included in Appendix B.
Deviations from the plan are discussed where appropriate in this report, and are also summarized
in Appendix C. These deviations were the result of lessons-learned as the testing progressed.

All deviations were approved by the test engineer, QA representative, and WTS witness as
required by the test plan, TP-037, Revision 0, Section 7.0 (Reference 7).

4.0 ACCEPTANCE CRITERIA

The purpose of the compacted drum drop testing was to determine whether adequate spacing will
remain between the top and bottom overpack drum/puck combination in each axial set following
the regulatory Hypothetical Accident Conditions 30-foot free drop test described in 10 CFR
§71.73. The testing included a comparison of the performance of the “no spacer” configuration
with the “grout” and “grate” spacer configurations, with direct measurements used to determine
the axial spacing between the bottom puck in the top overpack drum, and the top puck in the
bottom overpack drum.

The necessary axial drum spacing is defined in the current criticality evaluation presented in the
TRUPACT-II Safety Analysis Report, Rev. 20, Section 6.3.1.4, Case D Contents Model
(Reference 9). In summary, the criticality analysis model includes two cylinders of fissile
material with 0.06 inch thick steel representing 50% of the thickness of the steel in the lid of the
lower puck and overpack drum, 0.15 inch thick polyethylene representing 50% of the thickness
of the TRUPACT-II ICV payload assembly slip-sheet and reinforcing plate, and another 0.06
inch thick layer of steel representing 50% of the thickness of steel in the bottom of the upper
puck and overpack drum. In addition, the contents model also incorporates a 0.50 inch of
separation between the pucks when the packing fraction of polyethylene in the pucks exceeds
70%.
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Therefore, the post drop test evaluation needed to confirm that a total of 0.12 inch of steel, 0.15
inch of polyethylene, and an additional 0.50 inch separation existed following the drop testing.
The test plan provided a means to determine the 0.50 inch spacing, by taking differential
measurements of the facing (top to bottom) axial pucks and corresponding drum pan sections,
obtain a resultant sum, and then subtract the slip-sheet, reinforcing plate, and drum pan
thickness. Acceptance criteria would be met if the resultant spacing exceeded 0.50 inch.
Overpack drum lids may become unattached from their corresponding drum body, but must
remain in relative position over the drum. In addition, the slipsheets must remain between the
pucks in axially adjacent drums.

5.0 DESCRIPTION OF TEST ARTICLES AND FACILITIES

Test preparation, drop testing and dimensional evaluation was conducted at Westinghouse
Engineered Products Department (WEPD), Carlsbad, NM, from February 2 - 5, 2004.

Packaging Technology, Inc. (PacTec) provided project management, contract management and
oversight of fabrication and test services, test engineering and Quality Assurance Engineer
(QAE) support to the subject drop test in accordance with their NRC 10 CFR 71, Subpart H
Quality Assurance (QA) Program. Key test item characteristics were verified by the PacTec test
engineer and QAE prior to assembly of the test articles, as reported in Appendix A. In addition,
a fabrication data package for the WEPD-prepared test articles was completed as required by the
PacTec QA program.

WEPD provided the test facility, drop test pad, crane and personnel to conduct the testing. The
WEPD drop test pad meets IAEA (Reference 2) requirements, as documented by Engineering
Specification for Drop Test Pad for Type A Performance Testing, ES-A-001 (Reference 8).
WEPD fabricated and/or prepared the following test items:

o Modified ICV test articles, in accordance with Section 5.3 of Test Plan TP-037
(Reference 7). Two ICVs were configured: one for 100-gallon drums, the other for 55-
gallon drums. Modifications included the welding of stiffener plates on the bottom of the
ICV to spread the impact load across the bottom and thus simulate the effect of dropping
the ICV inside the Outer Containment Vessel (OCV, as discussed in TP-037, Section
6.2.1). The locking rings were not used; therefore, the lids were welded to the ICV
bodies. The lower aluminum honeycomb spacer was used in the bottom of the 100-
gallon ICV test article, whereas an upper aluminum honeycomb spacer (there is only
approximately one inch difference in axial height between the spacers) was used in the
bottom of the 55-gallon ICV test article. Both ICV test articles utilized a wooden spacer
at the top, which provided a conservatively rigid support to restrain the palleted drum
sets. Standard production pallets and polyethylene reinforcement plates and slip-sheets
were utilized in the test.

s Surrogate drum payload pucks, in accordance with the Test Plan TP-037 (Reference 7).
These concrete/steel pucks were used in the 55-gallon drum test articles to simulate the
size and weight of crushed 30-gallon drum payload pucks.
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100-gallon grate spacers, fabricated in accordance with WTS Drawing No. 165-F-015-W
(Reference 3).

100-gallon grout spacers, fabricated in accordance with WTS Drawing No. 165-F-013-W
(Reference 4).

55-gallon grate spacers, fabricated in accordance with WTS Drawing No. 165-F-014-W
(Reference 5).

55-gallon grout spacers, fabricated in accordance with WTS Drawing No. 165-F-012-W
(Reference 6).

100-gallon removable head drums, prepared in accordance with Section 5.1 of the Test
Plan TP-037 (Reference 7). The drums and their corresponding crushed 55-gallon
payload pucks, known as documented surrogate waste drums (DSW), were supplied by
the Idaho National Engineering and Environmental Laboratory (INEEL). The lids and
bodies were nominally 0.055-inch thick, carbon steel. Drums were clearly marked to
track their position: drums 1L — 3L were in the bottom row; drums 1U — 3U were in the
upper row. Two, 100-gallon drum overpacks (1U, 1L) had only DSW drums installed.
Two, 100-gallon drum overpacks (2U, 2L) had a grated spacer installed at their bottom,
prior to loading DSW drums. Two, 100-gallon drum overpacks (3U, 3L) had a grouted
spacer installed at their bottom, prior to loading DSW drums. See Figure 1 for drum
positioning.

55-gallon removable head drums, prepared in accordance with Section 5.2 of the Test
Plan TP-037 (Reference 7). The lids and bodies were nominally 0.046-inch thick, carbon
steel. Drums were clearly marked to track their position: drums 1L — 7L were in the
bottom row; drums 1U — 7U were in the upper row. Six, 55-gallon drum overpacks had
only surrogate pucks installed (1L, 2L, 3L, 4L, 5L, 5U). Two, 55-gallon drum overpacks
had a grated spacer installed at their bottom, prior to loading surrogate pucks (6L, 6U).
Two, 55-gallon drum overpacks had a grouted spacer installed at their bottom, prior to
loading surrogate pucks (7L, 7U). The remaining four, 55-gallon drums were empty (1U,
2U, 3U, 4U), acting as dunnage to maintain the initial drum configuration. See Figure 2
for drum positioning.
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Figure 1 — Pre-Drop Orientation of 100-Gallon Drum Overpacks
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Figure 2 — Pre-Drop Orientation of 55-Gallon Drum Overpacks

As specified in the test plan, all test unit assembly and payload items were weighed with a
calibrated scale in accordance with Section 7.1 of TP-037. Appendix A, Data Sheets 1.1 and 1.2
provides the individual component weights of the 100-gallon test units and 55-gallon test units,
respectively. All individual drum overpack assemblies approached but did not exceed 1,000 Ib,
as limited by the TRUPACT-1I SAR. See Table 1 for a weight summary.

Table 1 — Test Unit Weight Summary

100-Gallon Test Unit
ICV and Related Components 2,962 lbs
6, 100-Gallon Drum Overpack Assemblies 5,680 lbs
Total Test Unit Weight 8,642 lbs
55-Gallon Test Unit
ICV and Related Components 2,948 lbs
14, 55-Gallon Drum Overpack Assemblies 9,962 lbs
Total Test Unit Weight 12,910 lbs

6.0 SUMMARY OF TESTING RESULTS

The following is a summary of the test results, in the general order of their completion. See
Appendix B, Data Sheets, for detailed notes and observations. Approved deviations from the
plan are summarized in Appendix C. Video coverage of the drops is available (Reference 10);
selected digital photos of key points in the testing are provided in Appendix D.

6.1  Preparation Prior to Free Drop Tests

The 100-Gallon and 55-Gallon Test Units were prepared as discussed in Section 5.0 above.
Marks were made on each test unit ICV prior to welding the lid, to specify the correct impact
point for the side drop (see Figures 1 and 2).

Six, 100-gallon drum overpacks were installed inside the ICV of the 100-Gallon Test Unit in a
standard configuration: 3 drums on a lower, polyethylene slip-sheet and restrained by an upper,
flat polyethylene reinforcing plate, and 3 drums on a lower, polyethylene slip-sheet and
restrained by an upper, flat polyethylene reinforcing plate, all wrapped with plastic stretch wrap
to stabilize the assembly on a standard pallet. The orientation of the differently configured
drums, as installed within an ICV, is shown in Figure 1.

Fourteen, 55-gallon drum overpacks were installed inside the ICV of the 55-Gallon Test Unit in
a standard configuration: 7 drums on a lower, polyethylene slip-sheet and restrained by an upper,
flat polyethylene reinforcing plate, and 7 drums on a lower, polyethylene slip-sheet and
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restrained by an upper, flat polyethylene reinforcing plate, all wrapped with plastic stretch wrap
to stabilize the assembly on a standard pallet. The orientation of the differently configured
drums, as installed within an ICV, is shown in Figure 2.

6.2  Thirty Foot Free Drop Tests

Thirty foot free drops of the 100-Gallon and 55-Gallon Test Units were conducted in accordance
with TP-037, Sections 7.2 and 7.3, respectively. For both Test Units, the vertical drop preceded
the horizontal drop, for a total of four drops (two drops for each Test Unit). The ICVs were not
opened between drops. An inclinometer was used to ensure the Test Unit ICVs were square on
the drop pad within 2°. Drop testing temperature ranged from 43°F to 45°F, and wind speed was
essentially calm (less than 5 mph).

For all four drops, the Test Units struck the drop pad squarely, with no significant rolling or
secondary impacts. The vertical drop of the 100-Gallon Test Unit landed at a very slight angle,
but not to such a degree that there was a concern about loss of axial loading in the internal drum
overpacks.

Damage to the Test Unit ICVs was noted in the corresponding data sheet for each drop test
(Appendix B, Data Sheets 2.1 through 3.2). As expected, damage to the exterior of the ICVs
was generally of a buckling nature for the vertical drops, and of a crushing nature for the
horizontal drops. There was no release of internal components and all lid welds remained in
place, thus indicating maximum loading to the drum overpacks (i.e., no excessive loss of energy
attributed to gross failure of the ICV).

6.3  Post-Test Disassembly and Evaluation

Following drop testing, the 100-Gallon and 55-Gallon Test Units were disassembled, with
photographic coverage to document condition of each item upon removal from the ICV (see
Appendix D). In general, the damage to the drum overpacks in both Test Units was severe — the
vertical drop produced significant crushing of the bottom layer of drum overpacks; the side drop
produced significant bending and “curling” of the drum lids to the point that openings were
observed. In no case were any drum lids completely lost. All drum overpack lids remained on
top of their corresponding drum body, albeit with significant openings from the side drop, thus
meeting Section 4.0 criteria for no loss of lid position. In addition, all polyethylene
reinforcement plates and slip-sheets remained in position, with no rips or loss of thickness based
on visual observation.

The bottom honeycomb spacers crushed approximately 20% for the 100-Gallon Test Unit, and
approximately 50% for the 55-Gallon Test Unit. This was determined by comparing the
measured residual height of the spacer after the drop (Appendix B, Post Drop Notes Data Sheet)
with the height provided on the TRUPACT-II drawing of the spacer. As the total weight of the
55-Gallon drum overpack assemblies were roughly twice that of the 100-Gallon drum overpack
assemblies (see Table 1), this result generally indicates that both Test Units produced similar g-
loads to the internals in the drop test.

Section 7.4 of test plan TP-037 provided a detailed procedure for differential measurement of the
top-to-bottom axial spacing between the drum overpack payload pucks. An attempt was made to
utilize this procedure, starting with the 100-Gallon Test Unit’s top drum with grated spacer
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(drum 2U) and top drum with grouted spacer (drum 3U). Appendix B, Data Sheets 4.2 and 4.3,
reports the measurements. It became apparent, due to the non-uniform damage caused by the
side drop, that the differential measurement technique of the test plan would provide ambiguous
results. This was especially the case for the “no spacer” drums, as the tops and bottoms suffered
significant non-symmetric bending damage.

Therefore, an approved modification to the test plan was implemented, to take direct
measurements of the spacers themselves. Both Test Unit’s grate and grout spacers suffered only
superficial damage from the tests (e.g., slight bending of plate; spalling of grout). As noted in
Appendix A, both the grout and grate spacers remained at or near their as-fabricated height of
0.9 to 1.1 inch (slightly exceeding the nominal 0.89 inch dimension given by the drawings), with
no significant change observed from the pre-drop measurements.

Further direct measurements were made on the drums to determine high-low heights for the
lower drum rows (see last page of Appendix B). Also, measurements were made to determine
“coining effects” and distances of the internal payload pucks from the top of the drums. It was
apparent, from the measurements and observations, that the “no spacer” drums nested together in
the vertical drop to the point that residual spacing of greater than 0.5 inch could not be assured.
For example, the payload puck in the lower 55-gallon “no spacer” drum (drum 5L) was
essentially in contact with the inside surface of the drum lid.

The conclusion was drawn that either the grate or grout spacers should be used to ensure
adequate axial spacing under HAC, for both the 100-Gallon and 55-Gallon configurations. The
post-drop condition of the spacers (no change in height after drop), combined with the intact
drum lids/bottoms, slip sheets and reinforcing plates, indicates that the design criteria of Section
4.0 would be met. Greater than 0.50 inch additional spacing can be assured with the spacers, as
the thickness of the spacer’s steel pan (nominally 0.1345 inch, References 3 - 6) provides the
steel thickness assumed in the criticality analysis (0.12 inch, minimum, Reference 9) and the
remaining thickness of the grout or grate insert to the pan (nominally 0.75 inch, References 3 - 6)
provides 0.25 inch more than the 0.50 inch minimum additional separation that is required by the
criticality analysis (Reference 9).
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APPENDIX A

- Test Item QA Verification Data and
Post-Drop Spacer Height

(2 SHEETS TOTAL)
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. . Loed Qu LC.DZ’ .00_’ pue z/nq/.r
) ;;."oda}-‘_}r cp-086 Dua ALG foy

Project 20307, Quality Categorization of Drop Test ltems, January 27, 2004, Page 2 .
' 1" Mie MO-03L pw 2/19/% :

- 3 Aot M Mo - 03T Do S/afey
Test Item Characteristics for Veriﬁcationﬂ“wu P urperg A'H‘wD’”P-
HTest ltem 54 1]3 " Reference i3] 1K s 2 - TaxetvI Characterislics 10 be Vernied ser ok ki arrs b a e
55-Gallon WTS Drawing | 1. Plate diameter; 18.00-n (Y, (1S, +¥FGOE— 15-7/,0* u ,?,n/jr.‘{,ss
Grate 165-F-014-W « | 2. Plate height: 0.89-In < .aze = | 7 w/p > 3y* G
Spacer +-| 3. Plate thickness: 10-ga . t 3% ' . .08
v ~ | 4. Grate diameter; 16.5-In+7/
5. Plate material: by CMTR % te e
6. Grate material: by CMTR or COC or similar data V"ﬁd
1-| 7. Grate dimenslons: % x 1/8-In bearing bar, ¥-in cross bar”” l.o~1.1
«| 8. Welds In place— . )
55-Gallon WTS Drawing v | 1. Plate diameter; 18.00-0 =€ Vs 18V ~ 172 755 - 1% 712
v Grout 165-F-012-W | 2. Plate height: 0.89-In . ¢1o ~ (/.zolg,o lo Ajper 7""“”':.».
Spacer | 3. Plate thickness: 10-ga.—
4, Grout material: by CMTR or COC or simllar data l.o=t.1
| 5. Verlfy 7-day cure Pourcs Mo [ul som ;
100-Gallon | WIS Drawing o | 1. Plate diameter: 26.00-in 2¢ .= - z¢ & bppes g3 LERE
Grate 165-F-015W | 2.Plate helght: 089-n 1.0 ~ | .o S0 w/ Ave 5457 (
Spacer t-1 3. Plate thickness: 10-ga . [>2 a-1.»°
v ~1] 4. Grate diameter: 24.5-n 2«4, 5~ :
5. Plate material: by CMTR H&u - ool
6. Grate material: by CMTR or COC or similar data suE /2 /5"
—| 7. Grate dimensions: % x 1/8-In bearing bar, ¥%-In cross bar «—
| 8. Welds In place «—
100-Gallon .| WTS Drawing | 1. Plate diameler:26.00-in z¢.o - 2¢ 7% -
] Grout 165-F-013-W ] 2.Plateheight: 0.894n .ae =} 025 .. . .. .. . ..o |Teat Ens.
Spacer ~| 3. Plate thickness: 10-ga «
4. Grout material: by CMTR or COC or similar data KIM
| 5. Verlfy 7-day cure gowsel Jast +on 97‘}/04—
Modified TestPlanTP- ¢ 1. Reinforce plate height: 10-In at side, 1-Inatcenter (o “ & | 4 .
TRUPACT- | 037,Figures A 2. Relnforce plate thickness: 3/84n  — — | QAEL
ey 10& 11 «| 3. Reinforce plate radius: 34-In LR
o +1] 4. Configuration of reinforcement correct; welds in place afq /o
«1 5. Lifting devices In accordance with Options 1 or 2 or WTS
1 epproved equivalent; any welds full length, ¥-in fillet minimum
| 6 Internal components to ICV (e.g., honeycomb, pallet, etc.)
correct and In serviceable condition
65-Gallon TestPlan TP- +{ 1. Body 18-ga minimum .o4L
Drums 037, Section +{ 2.LKd 16-ga minimum .oY¢
v 52 3. Meets UN Spec: by COC or simlilar data
v] 4. Confirm drums ere In good condition (no significant damage,
holes, or rust) -
100-Gallon TestPlan TP- | 1. Obtain body and lid thickness for records , 055 /. 655
v | Drums 037, Section  +~| 2. Confirm drums are in good condition {no significant damage,
5.1 holes, or rust) and include compacted drum payloads
Payload TestPlan TP- ~| 1. Diameter: 18-In (verify sample) , =
v/ | Welght 037, Figure 4 —{ 2. Helght: 7-1/4 to 7-1/2-In (verify sample) 7 /1. - T 772
Pucks | 3. Weight: 235 to 240 Ibs, may be verlfied collectively when
loaded In drums
ICV Wood Test Plan TP- /| 1. Center height: 11-1/4-in
Spacer 037, Figure 13 «~| 2. Side height: 8-7/8-In sloped to 7-7-8-In
V4 ] 3. Center to slde: 20-1/2-In
1 4. Square: 48-In on a side
] 5. Diagonal length: 26-13/16-In
/{ 6. Dimensloned lumber centered on ¥%-In plywood

'Apply tolerances &s speclfied In corresponding reference document, otherwise consider dimensions

as nominal.

PacTec

file:

TR-017 RO.doc
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Summary of Post-Drop Spacer Heightl

Spacer Type Pre-Drop Heights (inches)® Post-Drop Heights (inches)’
Average, for top and bottom spacers | Range, for top spacers only
55-Gallon Grate 0.920-1.000 0.90-1.05
Spacers
55-Gallon Grout 0.900 - 1.020 0.90-1.00
Spacers
100-Gallon Grate 1.000 - 1.050 1.00-1.10
Spacers
100-Gallon Grout 0.900 — 1.025 1.00-1.10
Spacers

'Raw measurement data shown in previous page of this appendix, dated 2/4/04.

*Significant figures vary depending on type of measurement instrument used.
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Test Plan for Compacted Drums TP-037,Rev. 0
December 2003
DATA SHEET 1.1 — Component Weights, 100-Gallon Drum Overpacks
Instrumentation Records®
(‘Av( CakQ LCD-AOO'] 7/(5 /oif
Load CellScale Description Serial Number Calibration Due Date
N /4 N /A N A
Lood Cell'Scale Description Serial Number Calibration Due Date
N /A NAA N /A
Lood CellScale Description Serial Number Colibration Due Daie
ICV Component Weights (Ibs)
53% o3z 71 80 176 2963
Lid Body Upper Spocer Lower Spacer Pallet = ; Acmpsm Total Assembly
Lower Row, Drum Overpack Weights ¢(Ibs) .....3.31434eeTs
705 144 780 23249
Without Spacer. No 1 With Grased Spacer, No 2 With Groused Spucer. No. 3 Tota!
i Upper Row, Drum Overpack Weights (Ibs)
B 704 94-7 Jooo 233
Vithout Spocer, No. | Witk Graied Spacer, No 2 With Grouted Spacer, No. 3 Total
Test Engineer and Witness Records
A A= Riclord T Switly 2/3/04-
Tist Engineer Signature . Printed Name Date
P e Ko, King 2/3)ey
Witness Siencture Printed Noowe = Date
Notes:
O If multiple load cells/scales arc utilized, denote the corresponding component(s) that each
load cell/scale was used to measure.
@ Drum overpack weights include the weight of a 100-gallon drum, documented surrogate
waste (DSW) drums, and a spacer (if used).
Page A-2
Jfile: TP-037 RO
Page B-2

file: TR-017 RO.doc
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Test Report for Compacted Drums

Test Plan for Compacted Drums

TP-037, Rev. 0
December 2003

DATA SHEET 1.2 - Component Weights, 55-Gallon Drum Overpacks

Instrumentation Records®

Load Celt LCD~087 $/19/04

Lood Cell'Scale Description Seriol Number Calibration Due Date

NIA PIA N/A
Load CetlScale Descriprion Serial Number Calibration Due Date

pA N P4
Load Cell/Scale Description Serlal Number Calibrarlon Dwe Date

ICV Component Weights (Ibs)
5g2 1991 14 ¥5 L948

Lid Body Upper Spacer Lower Spacer Total Assembly

Lower Row, Drum Overpack Weights %(1bs) Ciastading Fstipatects

490

760 769 766
I¥uhout Spacer, No. | Without Spacer, No. 2 Without Spacer, No. 3 Without Spacer, No. 4
- 970 984 494 6303
Without Spacer, No. 3 With Grated Spacer. No. 6 With Grouted Spacer, No. 7 Toial
Upper Row, Drum Overpack Weights €(Ibs)
5 5y 51 Ly
Wn No ! "WPH No.2 J’W No. 3 @B’W No. 4
114 a19 117 PSS 3159
WWithout Spucer. No. 3 With Graied Spacer, No 6 With Grouted Spacer, No. 7 Total
Test Engineer and Witness Records
//,;é’v*‘{— Rictmnt T Shith 2 /3/04
/ Test Engineer Signature - Printed Name Date
o A Kot Kins 2{3/s
Witness Signature Printed Name™~> Date

Notes:

@ Ifmultiple load cells/scales are utilized, denote the corresponding component(s) that each

1oad celUscale was used to measure.

Q@ Drum overpack weights include the weight of a 55-gallon drum, surrogate pucks (if used),

and a spacer (if used).

Page A-3
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Test Plan for Compacted Drums TP-037, Rev. 0
December 2003

DATA SHEET 2.1 - Test 1 with 100-Gallon Drum Overpacks,
30-Foot Vertical End Drop

Pre-Test Records
Record the Drop Conflguration Using the Space Below

30

Drop Height
—> Soumy
-4
. o
/8 18~ sente Nl JTrsy TLonginadinal Angle
Ul woomy (07 = hortzontal)
N/A
Circumferential Angle
(0° = down: see Figure 8)
Test Records
1/ foy
LT O -2 myh 945 Am
Ambient Temperature ('F) Amblent Wind Speed/Direction (mph) Test Time (Mh:mm:se)
Post-Test Records
Record Visidle Damage Using he Space Below Record Additional Comments Below or on a Separate Page
e Droms Buckeled Side pax 125 * o+
I S
"y > siele, l/..?f\.u7 5 L/ Cormen
. p° ’l“'( welAs cvncued.
8° 7.5
—~— 17,975
J, west

Test Engineer and Witness Records

A/ jtlﬂt Rt T Snittn, 2,/4 ioq.

Tést Engineer Signature Printed Name
T Keuil Kk =/ /oy
Wimess Signature Printed Name Daite
Pagc A-4
file: TP-037 RO
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Test Report for Compacted Drums

Test Plan for Compacted Drums TP-037,Rev. 0
December 2003

DATA SHEET 2.2 -~ Test 2 with 100-Gallon Drum Overpacks,
30-Foot Horizontal Side Drop -

Prc-Test Records
Record the Drop Configuration Using the Space Below

—>5mTh 30
Drop Height
Tep
. [
O wet 'fo,n et O
3 Iudinal Angl
lysthom fupat ply o rortonsy.
O <
Clreumferental Angle
(0" = down: see Figare 8)
Test Records
2 454
45° o-2 mph [>: A0 am
Ambient Temperature ('F) Ambient Wind Speed/Direction (mph) Test Time (hh-mm 33}
Post-Test Records
Record Visible Damage Using the Space Below Record Additional Comments Below or on a Separate Page.
[e— Z4 ,—'( " 4
— 2t X32" damage Zuae
— —_
= Dl’/"ﬂ‘) 1> ¢e (-o/g:i’ : —-{V"‘
p) ¥ .
q ?{" S /‘}‘-.m'\ CE- o ))1,‘1# llae
l e brolon greldy
¥

~inpeet

Test Enginecr and Witness Records

//(// 7@_( Rictasl T Spithn 2/4 /o4

jul Eru;ﬁnr Signature Printed Name Date
. e
D N Kevis el 2/q /o
Rimess Signanure Printed Nome Date
Page A-S
Jile: TPO37 RO

TR-017, Rev. 0
March 2004
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Test Report for Compacted Drums

Test Plan for Compacted Drums TP-037,Rev.0

December 2003

DATA SHEET 3.1 — Test 1 with §5-Gallon Drum Overpacks,
30-Foot Vertical End Drop

Pre-Test Records

Record the Drop Configuration Using the Space Below

—> T 30”7
Drop Height
fays
o’
Lorgindinal Angle
{0° = horizonial)
N/A
Circumferential Angle
(0" = down see Figvre 9)
Test Records
24 [N
© — -
('("‘ \- DD bl le -v3 A2,
Amblent Temperature (°F) Ambient Wind. M’Dllu-zim (mph) Test Time (hh.mm:ss)
Post-Test Records
Record Visible Damage Using the Smcc Below Record Additional Comments Below os on a Separate Page

B“\cku bt ? 4\‘7»{ SHMT e,
- ;,.ht"\o"‘
17 \%7

{, 1ye at damedde

"1\'rOVL‘\v/4 Mo broves. txlls
1 P Test Engineer and Witness Records
5“)C
R A Ristad T2 S 2/4/oa
T JestEngincer Signature Printed Name Date
(\(‘—-' ,\":..“ ‘(ﬂ\’ls_‘ ’}/IM( :/‘(/ﬁ\(
Wimess Sienature Printed Name Date
Page A-6
file: TP.037 RO

TR-017, Rev. 0
March 2004

-
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Test Report for Compacted Drums

TR-017, Rev. 0

March 2004
Test Plan for Compacted Drums TP-037,Rev. 0
December 2003
DATA SHEET 3.2 ~ Test 2 with 55-Gallon Drum Overpacks,
30-Foot Horizontal Side Drop
Pre-Test Records
Record the Drop Configuration Using the Space Below
— 4
— S s o
Drop MHelght
’/v s T ,‘\/ —_— D ’
£ bt Longitudinal Angle
1‘-«/...4’,5 (0" = korizonal)
a 4
Circumferennal Argle
{1 = down: see Figure 9)
Test Records
2/ o /o v
s’ F O-5 mrn 112 &M
Amblent Temperature (°F) Ambient Wind Speed/Direction {mph) Test Time (hh-mm-s1)
*F- Post-Test Records
Recond Visibl¢ Damage Using the Space Below Record Addltional Comments Below or on a Separate Page
3-«:%&&.4 bottam Al o Su V=
W_.f,__é No b tatds
< . ,
Druh AQS l)ﬂ(j -\:, 72/\1.
/ % { Test Engineer and Witness Records
[ 23
, .
Ay NA— Aoctvert T Sud 2/4/04
ﬁm-'nms«namn Printed Name Date
‘K:—a——-"x: Weuwie Ko 2]y /sy
Witmess Sienature Printed Name ~J Date
Page A-7
file: TPL37 RO
Page B-7

file: TR-017 R0.doc
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Test Report for Compacted Drums

TR-017, Rev. 0

CONTINUATION DATA SHEET Page_[ of_|_

posT Drep Motes

Test Record

s ama ) 27 o ¢

Obsenalds on Lol [C Vs

° A“ [o’lj S"‘“h VA e d M l’(‘LCC,

» Al dv/‘m ,l-’(l vemamed on 1\’/ of- ;f? NI/(LX\M J*"K"‘( '

* Residunl bt of loo-gal Litiom howsyeobib =
o Residaed Lt of SS-sal boftan L“”@“"g =

Test Engineer and Witness Records

(7{///&?7‘ Rictarl T7 ShH,

v Test Engina-‘r Signature Printed Name

i Weur Koo

Witness Signature Printed Name [

Nove* This form is not part of Test Plan TP-037: it is for continuation of TP-037 data sheets as necessary

March 2004
2.257
6.s°
2404
Date
2/ 1 [
Dute
Page B-8
file: TR-017 R0.doc
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Test Report for Compacted Drums

Test Plan for Compacted Drums . TP-037,Rev. 0
December 2003

DATA SHEET 4.2 - Axial Measurements, 100-Gallon Drum Overpacks

with Grated Spacers
Instrumentation Records
" .
12 Hei Wt Cooee Heau-oo) 2/3 /05
Linear Measu¥ement Device Description Serial Number Calibratrion Due Dare
........................... Bottom Drum, Puck Inside Drum (in) [sce Step 1 in Figure 14] ... vueercenvencenienne
Asial Measurement No | Arial Measurement No. 2 Ariol Measurement No. 3 {4) Average

........... sessansssnense BOtOM Drum, Puck Outside Drum (in) [see Step 2 in Figure 14] .....ocueeeveeeveccenene

Axial Measurement No. 1 Arxiol Measurement No. 2 Axlal Measurement No 3 __(B) Averaze
........................... Top Drum, Puck Inside Drum (in) [see Step 1 in Figure 15].....ccoeecrrnvecenecese

Y.G25 $.320 (.,625 S.4233

Arxial Measurement No. | Axiol Measurement No 2 Asial Measurement No. 3 {C) Awerage
eessnsesmessonserensies Top Drum, Puck Qutside Drumn (in) [see Step 2 in Figure 15] cuceceeencesceesernnee

-‘
3.9, &I 3.8 4,22 . 3.99
Axic! Measurement No | Axial Measurement No. 2 Arlal Measurement No 3 {D) Average
Total Axial Spacing (in)
(A) Bottom Drum with Puck lnside Drum - (8) Bouom Drum with Puck Outside Drum (E) Bottom Drum Upper Spacing
3.9 it 2/?;01— r.yx3 sl
5.4333 _ da @5l AR T ey
{C) Top Drum with Puck buide Drum (D) Top Drum witk Puck Ouiskle Drum {F) Top Drum Lower Spacisg
+ =
Botiom Drum rSpacing ' {F) Top Drum Lower Spacing Totol Azinl Spacing

Test Engineer and Witness Records

K/m&j Y TN 2/ cli/o 4.

J Test EngineerSignature Printed Name

A e Ko Wl 2/ /oy

Wimess Sienatire Printed Name Date

Page A-9
Sfile: TP-017 R0

March 2004
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2
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Test Report for Compacted Drums

Test Plan for Compacted Drums

TP-037, Rev. 0
December 2003

DATA SHEET 4.3 — Axial Measurements, 100-Gallon Drum Overpacks

with Grouted Spacers

Instrumentation Records
Linear Mrasurement Device Description Serial Number Culibration Due Date
........................... Bottom Drum, Puck Inside Drum (in) [scc Step 1 in Figure 14] ...occerennenseennenae
Axlal Measurement No. | Axial Measurement No 2 Acial Measurement No 3 {A) Average

......................... Bottom Drum, Puck Outside Drum (in) [scc Step 2 in Figure 14]

.........................

Axlal Measurement No. 1 Axial Measurement No. 2 Axial Mearurement No. 3

6.l 6.3 6.2

.............................. Top Drum, Puck Inside Drum (in) [see Step 1 in Figure 15].

6.2,

Axial Measurement No. 1 Axial Measurement No. 2 Axrial Measurement No. 3

{C) Averape

............................ Top Drum, Puck Outside Drum (in) [see Step 2 in Figure 15)

Y, 4.5 L4

4.6

Axial Measurement No. | Axial Measurement No. 2 Axlu! Measurement No 3 {D) Average
Total Axial Spacing (in)
_— =
(4) Bottom Drum with Puck tnside Drum (8} Bot:om Drum with Puck Outside Drum (E) Botsom Drum Upper Spocing
£.2 - 4.6 - l. &
(C) Top Drum with Puck Inside Drum (D) Top Drum with Puck Outside Drum (F) Top Drum Lower Spacing
+ =

Test Engineer and Witness Records

(E) Boitom Drum Upper Spacing (F) Top Drum Lower Spacing Total Avial Spacing

AL Ricasl T Suitn

/o4

Aest Engineer Signature Printed Nome
— « . -
N R Wi Wi 2-/‘( /“‘(‘
Witress Sienature Printed Name [d Date
Page A-10
Jile: TPDITRO

TR-017, Rev. 0

March 2004
order;
3
k’
Page B-10
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APPENDIX C
Deviations from Test Plan

(1 SHEET TOTAL)
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Test Report for Compacted Drums

CONTINUATION DATA SHEET Page_{ of |

Moks 3 ModFications fo TesF Plam

, Test Record
o Used 1§, F7avs leaytyelds 0n [00-~gal ICV. elis lacper Tan

3 (2 Wg-Ya)., Fult ©° fus weld ferytty on SS-5uf /CV.
o (elded (f*u.u.) boTlom Spneer iy s, ~1905) eV

- Ss’jﬂl baﬂof‘l S/QCEK' ;S ‘id‘tcl% a fv/) “”"’7(“"5 5/‘1“/“}'
Si'1s on clips (not cripped M),

o For~ ax| Meq)wmb/ drums were Cat cloge~ Then S”[’LQ ')

o hsed pmraimmn axAl peaswerad fom datn /,-e.#}/ Then i
2 more @ A-120°

s pffor ewd, of Top 52k s Gand spracess F L5l axeal
Measwersls, e Adecnted fo Mue dvect™ peajurmmad oF
fhk“uﬂ! of all Sce”S ()’5)'/@,«/), The “‘no Space~*
Ceses went ambisions andlom AFERU Fo prarue a5 ST
clrep senenlly pesilied i VEy usn=unlhurm Adeflechis,

® WEPD RA did rot tante Ardn] Mensuverunts per el
Fraveler, WTS auluonzed Poclec. QAE fo Fase Meanurcusds,

42{(4 &9 Soevew A- Penae 0z-0f-04

Test Engineer and Witness Records

g/ﬁ Rictinpl T2 StacTn 2/¢/04

fﬁl Engincer Signature Printed Name Dare
R Kevi XKinl 2 /4 foy
Winess Signature Printed Name - Date

Note: This form is not part of Test Plan TP.032 it is for continuation of TP-037 data sheets as necessary

TR-017, Rev. 0
March 2004

Page C-2
file: TR-017 RO.doc
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APPENDIX D
Test Photos

(26 SHEETS TOTAL)

TR-017, Rev. 0
March 2004
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Figure 10 — 100-Gallon Drums
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Figure 18 - Installation of 100-Gallon Test Drums on Pallet'with Reinforcement Plate and Slip
Sheet
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Figure 38 — Post Drop Condition of Upper 100-Gallon Drum Layer
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Figure 40 — Typical Coining Effect in Bottom of Upper Layer 100-Gallon Drum
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Figure 41 - Post Drop Condition of Lower 100-Gallon Dmni:l;,ayéli‘ |
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Figure 42 — Post Drop Condition of Lower 55-Gallon Drum Layer
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Figure 44 — Measuremeht of Lower Drum Height Reduction

file

Page D-23
TR-017 R0.doc



Page D-24

March 2004
TR-017 R0.doc

.

TR-017, Rev. 0

file

=} o
2 k=
.."u. ...u
o ol
. =]
[s) o3
O &)
by St
o . O
[$] QO
Q- <
(=9 Q
N wn
= [
=3 =
-8 &
R G)
-9 ¥
w. =}
5 A
,,,w w
B =™
g 8

46 - Typ

igure

_F
Figure

Test Report for Compacted Drums

) )y Iy Iy L) Iy Iy L)y oZly Loy )y Ly oy ) DD oy ) T4y L)




——
'

[

Test Report for Compacted Drums | TR-017, Rev. 0
March 2004

B

S

{72

b
\
H
i

(

-
.
l
—

I

S

(

Figure 48 — Direct Measurement of Spacer Heights
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Figure 52 — Position of Payload Puck iﬁ Lower Drum
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