
Department of Energy
Washington, DC 20585 QA: N/A

DOCKET NUMBER 63-001
August 26, 2009

ATTN: Document Control Desk
Christian Jacobs, Senior Project Manager
Project Management Branch Section B
Division of High-Level Waste Repository Safety
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
EBB-2B2
11545 Rockville Pike
Rockville, MD 20852-2738

YUCCA MOUNTAIN - REQUEST FOR ADDITIONAL INFORMATION -'VOLUME 2,
CHAPTER 2.1.1.4, SET 2 AND SET 9; CHAPTER 2.1.1.5, SET 1 - REFERENCES

References:
1. Ltr, Williams to Jacobs, dtd 08/19/09, "Yucca Mountain - Request For Additional

Information - Volume 2, Chapter 2.1.1.4, Set 2 (Department of Energy's Safety
Analysis Report Sections 1.7) - Identification of Event Sequences"

2. Ltr, Williams to Jacobs, dtd 08/19/09, "Yucca Mountain - Request For Additional
Information - Volume 2, Chapter 2.1.1.4, Set 7, Set 8 & Set 9 (Department of
Energy's Safety Analysis Report Sections 1.7) - Identification of Event Sequences"

3. Ltr, Williams to Jacob's, dtd 08/21/09, "Yucca Mountain - Request For Additional
Information - Volume 2, Chapter 2.1.1.2, Set I & Set 2; Chapter 2.1.1.5, Set I & Set 2;
and Chapter 2.1.1.6, Set 1"

The purpose of this letter is to transmit six (6) U.S. Department of Energy (DOE) documents,
not previously provided to the NRC, which were cited in responses to Requests for
Additional Information (RAIs) identified in the above-referenced letters. Three of the
documents contain electronic attachments that consist of complex data files available only on
optical storage media (OSM) and are not appropriate for electronic information exchange
(EIE) iransmittal, but are required by NRC in reviewing RAI responses. The documents and
electronic attachments are provided on optical storage media and will be provided to the
public upon request.

One document' Shielding Calculation for Canister Receipt and Closure Facility I and
Receipt Facility, contains- information that DOE has determined to be Official Use Only
(OUO) information. Such information is exempt from public disclosure under the Freedom
of Information Act and 10 CFR 2.390. This OUO document contains electronic attachments
that are also OUO. The OUO document and its electronic attachments are provided on a
separate optical storage media, appropriately marked OUO.
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Christian Jacobs -2- August 26, 2009

There are no commitments in this letter. If you have any questions regarding this letter,
please contact me at (202) 586-9620, or by email to jeff.williams@rw.doe.gov.

J y .Williams, Supervisor
Licensing Interactions Branch
Regulatory Affairs Division

OTM: SEG-1022 Office of Technical Management

Enclosures (2)
1. Optical Storage Media disk titled, "Shielding Calculation for Canister

Receipt and Closure Facility I and Receipt Facility, 100-00C-WHSO-00600-
000-OOC CACN 001, Official Use Only"

2. Optical Storage Media disk titled, "060-SYC-CROO-01 100-000-OOA, EDF-
NSNF-082, EDF-NSNF-007, EDF-NSNF-029, EDF-NSNF-085"
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cc w/encls:
Bob Brient, CNWRA, San Antonio, TX

cc w/o encl:
J. C. Chen, NRC, Rockville, MD
J. R. Cuadrado, NRC, Rockville, MD
J. R. Davis, NRC, Rockville, MD
R. K. Johnson, NRC, Rockville, MD
A. S. Mohseni, NRC, Rockville, MD
N. K. Stablein, NRC, Rockville, MD
D. B. Spitzberg, NRC, Arlington, TX
J. D. Parrott, NRC, Las Vegas, NV
L. M. Willoughby, NRC, Las Vegas, NV
Jack Sulima, NRC, Rockville, MD
Christian Jacobs, NRC, Rockville, MD
Lola Gomez, NRC, Rockville, MD
W. C. Patrick, CNWRA, San Antonio, TX
Budhi Sagar, CNWRA, San Antonio, TX
Rod McCullum, NEI, Washington, DC
B. J. Garrick, NWTRB, Arlington, VA
Bruce Breslow, State of Nevada, Carson City, NV
Alan Kalt, Churchill County, Fallon, NV
Irene Navis, Clark County, Las Vegas, NV
Ed Mueller, Esmeralda County, Goldfield, NV
Ron Damele, Eureka County, Eureka, NV
Alisa Lembke, Inyo County, Independence, CA
Chuck Chapin, Lander County, Battle Mountain, NV
Connie Simkins, Lincoln County, Pioche, NV
Linda Mathias, Mineral County, Hawthorne, NV
Darrell Lacy, Nye County, Pahrump, NV
Jeff VanNeil, Nye County, Pahrump, NV
Joe Kennedy, Timbisha Shoshone Tribe, Death Valley, CA
Mike Simon, White Pine County, Ely, NV
K. W. Bell, California Energy Commission, Sacramento, CA
Barbara Byron, California Energy Commission, Sacramento, CA
Susan Durbin, California Attorney General's Office, Sacramento, CA
Charles Fitzpatrick, Egan, Fitzpatrick, Malsch, PLLC
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EIE Document Components:

Enclosure 1 Optical Storage Media Disk

100-00C-WHSO-00600-000-00C CACNI partl OUO.pdf 42,739 kB

100-00C-WHSO-00600-000-00C CACN1 part2 OUO.pdf 40,232 kB

100-00C-WHSO-00600-000-OOC CACNlpart3__OUOpdf 35,305 kB

Folder "Attachment G OUO" (for NRC reviewers) ._I

Enclosure 2 Ontical Storage Media Disk

Folder "169137"

[169137] EDF-NSNF-007 Rev2.pdf 47,578 kB

Folder "169138"

[169138] EDF-NSNF-029.pdf 22,250 kB

Folder "184998"

EDF-NSNF-085.pdf 28,296 kB

Folder "185233"

[185233]_060- SYC-CR00-01100-000-O0A w-CACN I .pdf 6,547 kB

Folder "Attachments" (for NRC reviewers)

Folder "186328"

[186328]_EDF-NSNF-082.pdf 26,406 kB

Folder "Attachments" (for NRC reviewers)

Note: These PDF files for supporting responding to Yucca Mountain Repository License Application
RAIs were prepared with Adobe Acrobat Version 8 using the current job options file provided by the
NRC on its website. Some files included in this submittal may have been initially prepared with another
version of Acrobat and another job options file. All files were reviewed using the NRC preflight profile
provided on its website and have been determined to meet NRC specifications in the June 2009 revision
of Guidance for Electronic Submissions to the NRC. As discussed with NRC staff, the addition of
accessibility tagging for compliance with Section 508 of the Rehabilitation Act frequently causes the
preflight to return "fonts notembedded" error messages. Specifically, the content is usually flagged as
unembedded Times-Roman font. The Adobe preflight errors for unembedded fonts have been reviewed
and represent nonprinting and nondisplaying Section 508 tagging information.

Several PDF files for supporting responding to Yucca Mountain Repository License Application RAIs
were created before January 1, 2004 or were created after January 1, 2004 but contain images created
before January 1, 2004. As such, the color and/or grayscale PDF resolution for images may be below
300 ppi, but greater than 150 ppi, which is allowable in accordance with the Section 2.8 of the June
2009 revision of Guidance for Electronic Submissions to the NRC
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EDF No: EDF-NSNF-007, Rev. 2
CWBS No.:. Work Package Title: Canister/Basket Specification

C2.1.07.02.01.02.01 1
OA Affecting: 0• Yes r- No Lifetime Records: 0] Yes [] No

EDFTite: FY1999 DROP TESTING REPORT FOR THE 18-INCHSTANDARDIZED DOE SNF CANISTER

/U UJ

Summary:

EDF-NSNI-007 Revision 0 originally released this report. Revision I supplemented the original release by making
minor corrections to 4 pages. This current revision, Revision 2, adds a new appendix (Appendix !) to decurnent
additional post-drop test canister measurements. Minor changes to several pages (identified by a vertical bar in the
right-side column of a modified page) were also made as follows:

-Cover Sheets, pages I and 3, added Appendix I to the list of appendices
-Part 1.1, page 18, added a clarification note to Table 5
-Part II, page 19, corrected a Table 6 entry to agree with the Appendix E page E-3 measured value
-Part 1I, page 20, modified text to agree with corrected Table 6 entry, added a comment about residual stresees
-Part II, page 36, corrected a Table 17 entry to agree with the Appendix E page E-3 measured value
-Pan 11, page 37, added a comment about residual stresses
-Part I1, page 57, corrected a Table 29 entry to agree with the Appendix, E page E-3 measured value., modified

text to agree with the corrected Table 29 entry
-Added Appendix I to satisfy Deficiency Report 00-NSNF-AU-01 I-DR-002.

The ahove modifirationn do not change the resultq or collusions of fe original EDF. Only the above modified
pages are attached to this EDF-NSNF-007 Revision 2.

The work described in this report was a joint research effort between Sandia National Laboratories (SNL) and the

Idaho National Engineering and Environmental Laboratory (INEEL). The information and data generated at SN!.
was produced in accordance with an approved QARD compliant QA system. The information and data generated at
the INF.EL was produced under an INEEL QA program.

Total Attachments: Attachment Nos.: No. of pages In each: Total Pages:

8 Cover Sheets, pages I & 3 2 20 total pages
Part 11, above listed pages 6
Appendix 1 12

Printed Name Signature Date

Originator Part 1: D. K. Morton .. . /
Part 11 and Appendices (vi./
,A, B, C, E, and I: S.D. Snow / L t IfcI

Appendices D. F, G, and H: T. E. RahI ., ~i~i
Reviewer R. K. Blandford (Rev. 2 changes only) i ./s/Z44,

NSNFP PM)TL T. J. Hill D
NSNFP PSO OE N. S, Mackay

Distribution (Complete package): Project File NSNFP File Uig No.: 4724.11

S. D. Snow, T. P. Rahl, D. K. Morton (5 copies). T. J. Hill (2 copies). B. W. Cadlsen, R. K. Blandford

Distribution (cover sheet only): EDF Log, P0 D. Wheatley
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Totnl Att3chmcnto: Attachment Nos.: No. of pages in each: Total Pages: 

8 Cover Sheets, pages 1 & 3 2 20 toml pages 
Part fIt above listed pages 6 
Appendix I 12 

rr============r==========================r=====================~r====--====~l 
Printed Name 

OrIginator Part 1: D. K. Morlon 
Part U and Appendices 
A. D. C, E. and I: S. D. Snow 

Appendices 0, F. G, and H: T. E. Rnhl 
I~------------~--~ 

Reviewer R. K. Blnndford (Rev. 2 changes only) 

NSNFP PMfTL T.J. Hill 

NSNFP PSO QE N. S. MaCkay 
~-- ------~-----

Signature 

'8<~~.~ 

/.J~ 
j.e.W 

Date 
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II S. D. Snow. T. F.. Rohl. D. K. MOMn (5 cop;es). T. J. Hm (1 oop;es). B. W. Cot.",n. R. K. B'ondfonl 

Distribution (Complete package): Project File NSNFP File 1,(13 No,: 4724.11 
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Engineering Design File Cover Sheet.

NOTE: Click on this link [Form Instructions) to view the instructions for this form.

Page I of I

EDF No: EDF-NSNF-007, Rev. I

CWBS No.: Work Package Title: Canister/Basket Specification
C. 1.07.02.01.02.01 I
QA Affecting: Z Yes El No Lifetime Records: 0 Yes E] No

EDFTitle: FY1999 DROP TESTING REPORT FOR THE 18-INCH
STANDARDIZED DOE SNF CANISTER

Summary:

EDF-NSNF-007 Revision 0 originally released this report. This Revision I supplements the original release by
making minor corrections to 4 pages (identified by a vertical bar in the right-side column of a modified page):

-Part I, page 28, modified one paragraph to satisfy Deficiency Report 00-NSNF-AU-01 1-DR-002
-Part II, page 12, replacedan incorrect coefficient of friction value of 0.05 with the correct value of 0. 10
-Part II, page 33, added a sentence to clarify the post-drop coefficient of friction value used for canister 04
-Appendix B, page B-47, corrected a measurement value.

Only the above modified pages are attached to this EDF-NSNF-007 Revision 1.

Total Attachments: Attachment Nos.: No. of pages in each: Total Pages:

4 Part I, page 28 1 4 total pages
Part f1, pages 12 and 33 2
Appendix B, page B-47 1

Printed Name Signature Date

Originator Part 1: D. K. Morton ,-z-/..

Part II and Appendices
A,B,C, and E: • S.D. Snow

.... Appendices D, F, G, and H: T. E. Rahl "t,'A • It0J
Reviewer R. K. Blandford (Rev. 1 changes only) 1/, S/ ?ZZI 0 k

NSNFP PM/TL T. J. Hill

Remarks:

Distribution (Complete package): Project File NSNFP File Log No.: 4724.11

S. D. Snow, T. E. Rabl, D. K. Morton (5 copies), T. J. Hill (2 copies), B. W. Carlsen

Distribution (cover sheet only): EDF Log

P. D. Wheatley
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EDFTitle: FY1999 DROP TESTING REPORT FOR THE 18-INCH 
STANDARDIZED DOE SNF CANISTER 

Summary: 

EDF-NSNF-007 Revision 0 originally released this report. This Revision 1 supplements the original release by 
making minor corrections to 4 pages (identified by a vertical bar in the right-side column of a modified page): 

-Part I. page 28. modified one paragraph to satisfy Deficiency Report OO-NSNF-AU-OII-DR-OO2 
-Part II. page 12. replaced,an incorrect coefficient of friction value of 0.05 with the correct value of 0.10 
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Executive Summary

During FY1 999, nine 18-inch diameter test canisters were fabricated at the Idaho NationalI
Engineering & Environmental Laboratory (INEEL) to represent the standardized DOE Spent
Nuclear Fuel canister design with various "worst case" internal loadings. Seven of the test 3
canisters were 15-foot long and weighed about 6000 pounds, while two were 10-foot long and
weighed 3000 and 3800 pounds. Seven of the test canisters were dropped from thirty feet onto
an essentially unyielding flat surface, and one of the canisters was dropped from 40-inches onto
a 6-inch diameter puncture post. The final test canister was dropped from 24-inches onto a 2-
inch thick vertically oriented steel plate, and then tipped over to impact another 2-inch thick
vertically oriented steel plate. All drop testing was performed at Sandia National Laboratories.
The nine test canisters experienced varying degrees of damage to their skirts, lifting rings, and
pressure boundary components (heads and main body). However, all of the canisters were
shown to have maintained their pressure boundary (through pressure testing), and the four most
heavily damaged canisters were also shown to be leaktight (through helium leak testing Iperformed at the INEEL). •

Pre-drop and post-drop test canister finite element (FE) modeling was performed at the
INEEL in support of the canister drop test program. All model evaluations were performed using
the ABAQUS/Explicit software. The FE models were shown to have accurately (though at times,
slightly conservatively) predicted the response of the actual test canisters.

I
I

I

Page2of3 

Executive Summary 

During FY1999, nine 18-inch diameter test canisters were fabricated at the Idaho National 
Engineering & Environmental Laboratory (INEEL) to represent the standardized DOE Spent 
Nuclear Fuel canister design with various "worst case" internal loadings. Seven of the test 
canisters were 15-foot long and weighed about 6000 pounds, while two were 10-foot long and 
weighed 3000 and 3800 pounds. Seven of the test canisters were dropped from thirty feet onto 
~n essentially unyielding flat surface, and one of the canisters was dropped from 40-inches onto 
a 6-inch diameter puncture post. The final test canister was dropped from 24-inches onto a 2-
inch thick vertically oriented steel plate, and then tipped over to impact another 2-inch thick 
vertically oriented steel plate. All drop testing was performed at Sandia National Laboratories. 
The. nine test canisters experienced varying degrees of damage to their skirts, lifting rings, and 
pressure boundary components (heads and main body). However, all of the canisters were 
shown to have maintained their pressure boundary (through pressure testing), and the four most 
heavily damaged canisters were also shown to be leaktight (through helium leak testing 
performed at the INEEL). 

Pre-drop and post-drop test canister finite element (FE) modeling was performed at the 
INEEL in support of the canister drop test program. All model evaluations were performed using 
the ABACUS/Explicit software. The FE models were shown to have accurately (though at times, 
slightly conservatively) predicted the response of the actual test canisters. 

I 
-,I, 
:1 
;1 

~ 'I 
: \1. 
',' , , 

~I 

I 
::1 : ' 
,.. j 

..; , 

'~. 
I >::-

:,1 
, it 
,;1 

I 
";1 
JI 
I 

" 

I 



.

I' Page 3 of 3

Contents

P a rt I ........................................................................................................................... P art I - i

P art I ...................................................... Part I- i

IAppendices
I A. Design Draw ings .................................................................................................... A-1

B. Pre-Drop Test Canister Preparation Checklists and Measurement Datasheets ......... B-1

C. Design Sketches of Internal Components .............................. C-1

5 D. Material Data from Tensile Testing ...................................................................... D-1

E. Post-Drop Test Canister Measurement Datasheets and Evaluations .......................... E-1

I F. SNL Drop Tests - Measured Strain Data ..................................................................... F-1

1 G. SNL Drop Tests - Data Interpretation .......................................................................... G-1

H. Calibration Documentation ........................................ H-1

1. Additional Post-Drop Test Canister Measurements ................................................. I-1 i

I 
I· 
I 
I 
I 
'I , 
,I 
I 
I 
I 
I 
.. 

I
~· 

I, 
I 
I· 
I 
I 
I 

Page 3 of3 

Contents 

Part I ........................................................................................................................... Part I - i 

Part II .............................. : ......................................................................................... Part II - i 

Appendices 

A. Design Drawings .......................................................................................................... A-1 

B. Pre-Drop Test Canister Preparation Checklists and Measurement Datasheets .......... B-1 

C. Design Sketches of Internal Components .................................................................... C-1 

D. Material Data from Tensile Testing .............................................................................. D-1 

E. Post-Drop Test Canister Measurement Datashe,ets and Evaluations .......................... E-1 

F. SNL Drop Tests - Measured Strain Data ..................................................................... F-1 

G. SNL Drop Tests - Data Interpretation .............................................. ~ ........................... G-1 

H. Calibration Documentation ............................................... : .......................................... H-1 

I. Additional Post-Drop Test Canister Measurements ........................................................ 1-1 



I

I
I

Author. D. K. Morton
Checked By: S. D. Snow and T. E. Rahl

Date: March 16, 2000
EDF-NSNF-007 Part I Page i of iii

PART I

PROGRAMMATIC HIGHLIGHTS OF ACTIVITIES
ASSOCIATED WITH THE DROP TEST PROGRAM

FOR 18-INCH DIAMETER REPRESENTATIVE
STANDARDIZED DOE SPENT NUCLEAR FUEL

CANISTERS

I 
I 
I 
I 
I 
il 
I, 
I 
I 
,I 
I 
I 
I 
I 
,I 
I 
I 
I 
I .. 

Author: D. K. Morton 
Checked By: S. D. Snow and T. E. Rahl 

PART I 

Date: March 16, 2000 
EOF-NSNF-007 Part I Page i of iii 

PROGRAMMATIC HIGHLIGHTS OF ACTIVITIES 
ASSOCIATED WITH THE DROP TEST PROGRAM 

FOR 18·INCH DIAMETER REPRESENTATIVE 
STANDARDIZED DOE SPENT NUCLEAR FUEL 

CANISTERS 



Author: D. K. Morton Date: March 16, 2000 1
Checked By: S. D. Snow and T. E. Rahl EDF-NSNF-007 Part I Page ii of iii

ACKNOWLEDGMENT

In addition to the faithful and consistently excellent work performed by Mr. Spencer 3
D. Snow and Mr. Tom E. Rahl, the author would like to acknowledge the many INEEL
personnel who helped plan, build, examine, and test the nine test canisters used for
this effort. Special acknowledgement is given to Mr. Lyle Powell (welder), Mr. Gary L.
Powell (welder), and Mr. Stan K. Jacobson (heavy equipment operator) for their skills
and dedication to the project, without which this effort would not have been successful. ,

Author: D. K. Morton 
Checked By: S. D. Snow and T. E. Rahl 

ACKNOWLEDGMENT 

Date: March 16, 2000 
EDF-NSNF-007 Part I Page ii of iii 

In addition to the faithful and consistently excellent work performed by Mr. Spencer 
D. Snow and Mr. Tom E. Rahl, the author would like to acknowledge the many INEEL 
personnel who helped plan, build, examine, and test the nine test canisters used for 
this effort. Special acknowledgement is given to Mr. Lyle Powell (welder), Mr. Gary L. 
Powell (welder), and Mr. Stan K. Jacobson (heavy equipment operator) for their skills 
and dedication to the project, without which this effort would not have been successful. 

I 
I 
I 
I 
I 
'I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 



I Author: D. K. Morton Date: March 16,2000
Checked By: S. D. Snow and T. E. Rahl EDF-NSNF-007 Part I Page III of ill

I PART I CONTENTS

ACKNOWLEDGMENT .................................................................................................... Ii
PART I CONTENTS ....................................................................................................... III
1. PROGRAM OBJECTIVES ......................................................................................... 13 2. BACKGROUND ........................................................................... ....................... 3
3. SCOPE OF WORK .................................................................................................... 4
4. PHASE I - MATERIAL PROCUREMENT ................................................................. 4
5. PHASE II - FABRICATION AND EXAMINATION EFFORTS ................................... 5

5.1. Testcanisters ................................................................................................ 5
I 6.5.2. Internals ............................................ m . .... ............................................ 6

PHASE III - CANISTER ASSEMBLY AND DROP TEST PREPARATIONS ..... 7
7. PHASE IV - DROP AND PRESSURE TESTING AT SNL ...................................... 24
8. PHASE V - POST-DROP TEST ACTIVITIES ......... 8

8.1. Canister 18-15-00-01 .................................................................................. 32
8.2. Canister 18-15-06-02 ................................................................................... 34
8.3. Canister 18-15-90-03 ................................................................................... 35
8.4. Canister 18-15-45-04 ................................................................................... 35
8.5. Canister 18-15'80-05 ................................................................................... 40
8.6. Canister 18-10-90-06 .................................................................................. 45
8.7. Canister 18-10-90-07 ................................................................................... 458.8. Canister 18-15-PW-08 ................................................................................ 488.9. Canister 18-15-PP-09 .................................................................................. 50

9. PHASE VI - FINAL REPORT AND DOCUMENTATION PACKAGES .............. 52
10. CONCLUSIONS ................................................................................................... 62
11. REFERENCES ................................................................................................ 53

I 
I 
I 
I 
I 

"­
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Author: D. K. Morton " 
Checked By: S. D. Snow and T. E. Aahl 

PART I CONTENTS 

Date: March 16, 2000 
EDF·NSNF·Q07 Part J Page iii ot ill 

ACKNOWLEDGMENT •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 11 
PART I CONTENTS ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 111 
1. PROGRAM OBJECTIVES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 
2. BACKGROUND ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 3 
3. SCOPE OF WORK •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 4 
4. PHASE 1- MATERIAL PROCUREMENT .................................................................. 4 
5. PHASE 11- FABRICATION AND EXAMINATION EFFORTS ................................... 5 

5.1. Test, canisters ...................................................................................................... 5 
5.2. Internals ............................................•................................................. , ................ 6 

6. PHASE 111- CANISTER ASSEMBLY AND DROP TEST PREPARATIONS ••••••••••••• 7 
7. PHASE IV - DROP AND PRESSURE TESTING AT SNL ...................................... 24 
8. PHASE V - POST-DROP TEST ACTIVITIES ......................................................... 28 

8.1. Canister 18-15-00-01 ......................................................................................... 32 
8.2. Canister 18-15·06-02 ......................................................................................... 34 " 
8.3. Canister 18·15-90-03 ......................................................................................... 35 
8.4. Canister 18-15-45-04 ......................................................................................... 35 
8.5. Canister 18-15,;,80-05 ......................................................................................... 40 
8.6. Canister 18·10-90-06 ......................................................................................... 45 
8.7. Canister 18-1 0-90·07 ......................................................................................... 45 
8.8. Canister 18-15·PW·08 ................................................................................... ; ... 48 
8.9. Canister 18-15-PP·09 ........................................................................................ 50 

9. PHASE VJ- FINAL REPORT AND DOCUMENTATION PACKAGES .................... 52 
1 o. CONCLUSIONS ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 52 
11. REFERENCES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••• 53 



U Author D. K. Morton Date: March 16, 2000
Checked By: S. D. Snow and T. E. Rahl EDF-NSNF-007 Part I Page 1 of 55

£PART I

PIOGRtAMIMAC T IGHLU1TSOF ACMfES ASSOCIATED WrffH ThE

DROP TETPROGRAM FOR 11&H4CH 0AE

R REPRES5IFAT1V STANOARDOM DOE SPEWF NULXEAR FUEL. CANISTERSS

I1. PROGRAM OBJECTIVES

The National Spent Nuclear Fuel Program (NSNFP) developed the standardized3 Department of Energy (DOE) spent nuclear fuel (SNF) canister (Reference 1). This
canister design incorporates an energy-absorbing skirt (Figures 1 and 2) that deforms
on impact during accidental drop events, providing a significant amount of protection to
the actual pressure boundary or containment system of the canister. This deformedI skirt can even be removed (cut off) if necessary without disrupting the canister
containment, enhancing the canister's ability to still fit into other containers. The skirt
helps to protect the canister containment system in virtually all accidental drop events
excluding the horizontal (flat) impact orientation and various potential puncture events.

Figure 1. Close-up of 18-inch Canister Drop-Resistant End Design
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Figure 2. Section View of 18-Inch Canister Design

One of the goals of the NSNFP for fiscal year 1999 (FY99) was to demonstrate the
canister's robust design by drop testing a number of combinations of representative
canisters (hereafter called test canisters) and contents [Internals plus simulated (non-
radioactive) SNF] that most significantly challenged the canisters from a containment
viewpoint. Canister and Internals deformations were not important with respect to SNF
criticality for this drop testing effort. Proposed internal geometries were reviewed to
select the internals that would result in the worst possible damage on canister
containment. Carbon steel material for the internals was utilized rather than ductile
stainless steel to increase possible damage to the test canisters. Even the orientation
of the internals within the canisters was specified in order to inflict maximum possible
damage to the containment system of the test canisters. All possible situations were
adjusted to inflict the most damage to the test canisters during their drop tests. The
test canisters contained a number of weld joints that did not receive any post-weld heat
treatment. Even the pipe used to fabricate the test canister bodies and skirts was
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longitudinally welded pipe. If a problem were to develop, the weld joints would be a
logical first location to check. If desired, seamless pipe can be used but this test effort
used welded pipe to demonstrate that the welds are adequate. Hence, the main focus
of the drop testing, performed at Sandia National Laboratories (SNL), was the
demonstration of maintaining a containment system, regardless of the impactIorientation of the canister.

The secondary objective of the drop testing effort was to determine the ability to
adequately predict the structural response of the test canisters and certain intemals
due to the drop testing. Using finite element methods and fully plastic analyses, pre-
and post-test analysis predictions were completed and comparisons made (Part II of
this report). This effort not only provides validation of the unique computer models
developed but also allows increased confidence in prediction of canister responses to
situations not specifically tested.

Other program objectives included (1) demonstrating that the canisters could
indeed be fabricated as indicated on program drawings, making improvements where
possible to improve the fabrication effort, (2) demonstrating that the canister internals5could be easily loaded into the canister, confirming that during actual use, the internals
identified could be easily loaded using remote handling techniques, (3) gaining insights
into the use of ultrasonic examination for the final closure weld with a permanent
backing ring, and (4) clearly demonstrating the magnitudes of the resulting
deformations so that it could be determined if, after being dropped, the deformed
canisters could be loaded into other containers, if necessary. These other containers
could include an interim storage canister, a transportation cask, a repository waste
package, or a larger standardized DOE SNF canister.

i 2. BACKGROUND

3 During FY98 and the first month of FY99, the NSNFP funded both small- and full-
scale drop testing efforts. These initial drop tests (References 2 and 3) were
preliminary and scoping in nature, performed to give initial insights into the adequacy of
the proposed canister design. The FY98 effort culminated in the successful drop
testing of full-scale simulated canisters from 30 feet onto a hardened surface (two-inchthick steel plate placed on a thick concrete slab). Successful puncture testing was

accomplished during the first month of FY99 by dropping simulated canisters 40 inchesI onto an essentially rigid, six-inch diameter bar. These preliminary tests performed at
the Idaho National Engineering and Environmental Laboratory (INEEL), although
limited in number and drop orientation, demonstrated that the proposed standardizedIDOE SNF canister design was indeed robust and could survive 10 CFR 71.73(c) (1)
and (3) (Reference 4) type testing and still maintain a containment system. With the
success of the preliminary drop testing, the NSNFP felt justified in proceeding with a
larger testing effort that would provide qualified drop test data results acceptable to
itself, DOE, and regulatory agencies.

During the remainder of FY99, the NSNFP funded the effort to fabricate, at the
INEEL, nine full-scale representative standardized DOE SNF canisters. These test
canisters (loaded with carbon steel reinforcement bars to represent SNF) were drop-
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longitudinally welded pipe. If a problem were to develop, the weld joints would be a 
logical first location to check. If desired, seamless pipe can be used but this test effort 
used welded pipe to demonstrate that the welds are adequate. Hence, the main focus 
of the drop testing, performed at Sandia National Laboratories (SNL), was the 
demonstration of maintaining a containment system, regardless of the impact 
orientation of the canister. 

The secondary objective of the drop testing effort was to determine the ability to 
adequately prediCt the structural response of the test canisters and certain internals 
due to the drop testing. Using finite element methods and fully plastic analyses, pre­
and post-test analysis predictions were completed and comparisons made (Part II of 
this report). This effort not only provides validation of the unique computer models 
developed but also allows increased confidence in prediction of canister responses to 
situations not specifically tested. 

Other program objectives included (1) demonstrating that the canisters could 
indeed be fabricated as indicated on program drawings, making improvements where 
possible to improve the fabrication effort, (2) demonstrating that the canister internals 
could be easily loaded into the canister, confirming that during actual use, the internals 
identified could be easily loaded using remote handling techniques, (3) gaining insights 
into the use of ultrasonic'examination for the, final closure weld with a permanent 
backing ring, and (4) clearly demonstrating the magnitudes of the resulting 
deformations so that it could be determined if, after being dropped, the deformed 
canisters could be loaded into other containers, if necessary. These other containers 
could include an interim storage canister, a transportation cask, a repository waste 
package, or a larger standardized DOE SNF canister. 

2. BACKGROUND 

During FY98 and the first month of FY99, the NSNFP funded both small- and full­
scale drop testing efforts. These initial drop tests (References 2 and 3) were 
preliminary and seoping in nature, performed to give initial insights into the adequacy of 
the proposed canister design. The FY98 effort culminated in the successful drop 
testing of full-scale simulated canisters from 30 feet onto a hardened surface (twO-inch 
thick steel plate placed on a thick concrete slab). Successful puncture testing was 
accomplished during the first month of FY99 by dropping simulated canisters 40 inches 
onto an essentially rigid, six-inch diameter bar. These preliminary tests performed at 
the Idaho National Engineering and Environmental Laboratory (INEEL), although 
limited in number and drop orientation, demonstrated that the proposed standardized 
DOE SNF canister design was indeed robust and could survive 10 CFR 71.73(c) (1) 
and (3) (Reference 4) type testing and still maintain a containment system. With the 
success of the prel!minary drop testing, the NSNFP felt justified in proceeding with a 
larger testing effort that woulc:f provide qualified drop test data results acceptable to 
itself, DOE, and regulatory agencies. 

During the remainder of FY99, the NSNFP funded the effort to fabricate, at the 
INEEL, nine full-scale representative standardized DOE SNF canisters. These test 
canisters (loaded with carbon steel reinforcement bars to represent SNF) were drop-



Author: D. K. Morton Date: March 16, 2000 1
Checked By: S. D. Snow and T. E. Rahl EDF-NSNF-007 Part I Page 4 of 55

tested at SNL during the summer of 1999 and returned to the INEEL for post-drop test 1
examinations and leak testing. !
3. SCOPE OF WORK

In order to achieve the program objectives, many activities had to be accomplished 3
before and after the actual drop testing occurred. At the INEEL, these activities
included purchasing proper materials, fabricating the test canisters using best practices
possible, fabricating the internals using appropriate practices, assembling and 3
preparing the test canisters for drop testing, and shipping the test canisters to SNL.
After SNL completed their drop testing efforts, the test canisters were shipped back to
the INEEL for post-drop test examinations and leak testing. Many of these activities
were discussed in a NSNFP test plan document (Reference 5).

With the available funding, only nine test canisters could be fabricated and drop
tested. Therefore, the test program was planned so as to obtain as many insights asUI
possible. The scope of work necessary to achieve the desired qualified drop test data
results considered the following six phases: 3
1. Phase I was the procurement of materials.

2. Phase II was the fabrication and examination of both the test canisters and the I
internals at the INEEL.

3. Phase III was the assembly of the test canisters and the intemals and the 5
preparation of the assembled test canisters for the actual drop tests.

4. Phase IV was the actual drop testing and the post-drop pressure testing performed
by SNL.

5. Phase V was the post-drop test examinations and additional leak testing activities
that occurred once the test canisters were shipped back to the INEEL. I

6. Phase VI was the generation of the final report that documents all of the activities,
provides insights into the prediction capabilities of the finite element analyses
performed, and provides the work packages and the SNL report to the NSNFP to
complete the documentation of the FY99 activities.

4. PHASE I - MATERIAL PROCUREMENT

The first phase of this more rigorous drop testing effort was to procure the materials n
necessary to fabricate the canisters, the internals, and the representative SNF.
Basically, 316L stainless steel was purchased for the canisters while carbon steel was
utilized for the internals and reinforcement bar (hereafter called rebar). The only
exception for the internals was the material obtained for the simulated High Integrity
Cans (HICs) (Reference 6) which utilized 316L stainless steel.

The 316L stainless steel canister material that was purchased satisfied the I
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV)
Code, Section III, Division 3 requirements (Reference 7). Material certifications and 3
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tested at SNL during the summer of 1999 and returned to the INEEL for post-drop test 
examinations and leak testing. 

3. SCOPE OF WORK 

In order to achieve the program objectives, many activities had to be accomplished 
before and after the actual drop testing occurred. At the INEEL, these activities 
included purchasing proper materials, fabricating the test canisters using best practices 
possible, fabricating the internals using appropriate practices, assembling and 
preparing the test canisters for drop testing, and shipping the test canisters to SNL. 
After SNL completed their drop testing efforts, the test canisters were shipped back to 
the INEEL for post-drop test examinations and leak testing. Many of these activities 
were discussed in a NSNFP test plan document (Reference 5). 

, With the available funding, only nine test canisters could be fabricated and drop 
tested. Therefore, the test program was planned so as to obtain as many inSights as 
possible. The scope of work necessary to achieve the desired qualified drop test data 
results considered the following six phases: ... 

1. 

2. 

3. 

4. 

5. 

6. 

Phase I was the procurement of materials. 

Phase" was the fabrication and examination of both the test canisters and the 
internals at the INEEL. 

Phase III was the assembly of the test canisters and the internals and the 
preparation of the assembled test canisters for the actual drop tests. 

Phase IV was the actual drop testing and the post-drop pressure testing performed 
bySNL. 

Phase V was the post-drop test examinations and additional leak testing activities 
that occurred once the test canisters were shipped back to the INEEL. 

Phase VI was the generation of the final report that documents all of the activities, 
provides insights into the prediction capabilities of the.finite element analyses 
performed, and provides the work packages and the SNL report to the NSNFP to 
complete the documentation of the FY99 activities. 

4. PHASE 1- MATERIAL PROCUREMENT 

The first phase of this more rigorous drop testing effort was to procure the materials 
. necessary to fabricate the canisters, the internals, and the representative SNF. 
Basically. 316L stainless steel was purchased for the canisters while carbon steel was 
utilized for the internals and reinforcement bar (hereafter called rebar). The only 
exception for the internals was the material obtained for the simulated High Integrity 
Cans (HICs) (Reference 6) which utilized 316L stainless steel. 

The 316L stainless steel canister material that was purchased satisfied the 
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) 
Code. Section III, Division 3 requirements (Reference 7). Material certifications and 
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certificates of compliance were obtained for the stainless steel materials. These were
purchased following Quality Level 3 requirements, per the INEEL (LMITCO) Quality
Assurance (QA) Program (Reference 8). Eighteen-inch nominal diameter, schedule
40s, SA-312 pipe (longitudinally welded), 3/16- and ½-inch thick SA-240 plate
(including the flanged and dished pressure vessel heads), and SA-479 round bar (2-
5/8-inch diameter) material was purchased for the canister fabrication effort. The SA-
312 pipe was purchased using the normal material specification defaults. This included
the requirement that each pipe length be hydrotested to 600 psig. This was done as a
proof test for the pipe and the longitudinal seam weld. Eighteen ASME flanged and
dished heads were purchased, made from SA-240 plate such that the head thickness
was a nominal 3/8-inch thick. All of the stainless steel 316L materials were required to
be annealed and pickled. All of these items passed the receiving inspection performed
by the INEEL's quality receiving group. Appendix D contains more details on the
stainless steel materials purchased.

3 A-36 carbon steel plate was obtained for fabricating the 2-inch thick impact plates
located inside of the canisters (considered part of the internals). For the remaining
internals such as the spoked-wheel baskets, the sleeves, and the simulated5Shippingport fuel bundles, A-36 plate and angle, A-500 Grade B structural tubing, and
A-1 06 Grade B schedule 80 pipe were used. The rebar material was A-61 5, Grade 60
and was used to increase the test canister weight and represent the SNF. The
simulated HICs (Reference 6) were fabricated from 5-inch nominal diameter, schedule
40s, welded SA-312, type 316L stainless steel pipe. Appendix D contains more details
on some of the carbon steel materials purchased.

I 5. PHASE II - FABRICATION AND EXAMINATION EFFORTS

5.1. Test canisters

£The fabrication and examination of the test canisters were performed at the INEEL
under a Quality Level 3 effort with enhancements in order to as closely approximate
nuclear vessel construction as possible. The actual fabrication of the test canisters
was not subject to the NSNFP QA requirements. Although the INEEL does not have an
UN-stamp", welders qualified to the INEEL Weld Program (Reference 9) that invokes

ASME Section IX (Reference 10) procedures and nondestructive examination
personnel qualified to procedures which conform to the requirements of SNT-TC-1A
(Reference 11) were utilized. Fabrication and examination procedures from Section III,
Division 3 of the 1998 Edition of the ASME B&PV Code were used as guidance.
Appropriate INEEL Weld Program welding procedures were invoked. A combination of
manual Tungsten Inert Gas (TIG) and manual pulse metal arc (wire feed) welding
techniques per INEEL welding procedures S2.0 or S6.9 were utilized. Proper marking
of the heat numbers on specific components and also the marking of assembly
numbers on the finished components maintained material traceability. All of the
pressure boundary welds existing before loading the test canisters with internals were
volumetrically examined using radiography testing (RT) [per LMITCO examination
procedure TPR-4970 (Reference 12)] and liquid penetrant (LP) examinations [per
LMITCO examination procedure TPR-4975 (Reference 13)] of the final pass. Appendix

*I B contains examination results from the RT and LP examinations. A non-conformance
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certificates of compliance were obtained for the stainless steel materials. These were 
purchased following Quality Level 3 requirements, per the INEEL (LMITCO) Quality 
Assurance (QA) Program (Reference 8). Eighteen-inch nominal diameter, schedule 
40s, SA-312 pipe (longitudinally welded), 3/1S- and *·inch thick SA-240 plate 
(including the flanged and dished pressure vessel heads), and SA-479 round bar (2- . 
5/8-inch diameter) material was purchased for the canister fabrication effort. The SA-
312 pipe was purchased using the normal material specification defaults. This included 
the requirement that each pipe length be hydrotested to SOO psig. This was done as a 
proof test for the pipe and the longitudinal seam weld. Eighteen ASME flanged and 
dished heads were purchased, made from SA-240 plate such that the head thickness 
was a nominal 3/8-inch thick. All of the stainless steel 31SL materials were required to 
be annealed and pickled. All of these items passed the receiving inspection performed 
by the INEEL's quality receiving group. Appendix D contains more details on the 
stainless steel materials purchased. 

A-36 carbon steel plate was obtained for fabricating the 2-inch thick impact plates 
located inside of the canisters (considered part of the internals). For the remaining 
internals such as the spoked-wheel baskets, the sleeves, and the simulated 
Shippingport fuel bundles, A-3S plate and angle, A-500 Grade B structural tubing, and 
A-lOS Grade B schedule 80 pipe were used. The rebar material was A-615 t Grade SO 
and was used to increase the test canister weight and represent the SNF. The 
simulated HICs (Reference S) were fabricated from 5-inch nominal diameter, schedule 
40s, welded SA-312t type 31SL stainless steel pipe. Appendix D contains more details 
on some of the carbon steel materials purchased. 

5. PHASE 11- FABRICATION AND EXAMINATION EFFORTS 

5.1. Test canisters 

The fabrication and examination of the test canisters were performed at the INEEL 
under a Quality Level 3 effort with enhancements in order to as closely apprOximate 
nuclear vessel construction as possible. The actual fabrication of the test canisters 
was not subject to the NSNFP QA requirements. Although the INEEL does not have an 
"N-stamp", welders qualified to the INEEL Weld Program (Reference 9) that invokes 
ASME Section IX (Reference 10) procedures and nondestructive examination 
personnel qualified to procedures which conform to the requirements of SNT-TC-1A 
(Reference 11) were utilized. Fabrication and examination procedures from Section III, 
Division 3 of the 1998 Edition of the ASME B&PV Code were used as guidance. 
Appropriate INEEL Wel~ Program welding procedures were invoked. A combination of 
manual Tungsten Inert Gas (TIG) and manual pulse metal arc (wire feed) welding 
techniques per INEEL welding procedures S2.0 or SS.9 were utilized. Proper marking 
of the heat numbers on specific components and also the marking of assembly 
numbers on the finished components maintained material traceability. All of the 
pressure boundary welds existing before loading the test canisters with internals were 
volumetrically examined using radiography testing (Rn [per LMITCO examination 
procedure TPR-4970 (Reference 12)] and liquid penetrant (LP) examinations [per 
LUITeO examination procedure TPR·4975 (Reference 13)] of the final pass. Appendix 
B contains examination results from the RT and LP examinations. A non-conformance 
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report (Appendix B) was issued when a portion of one longitudinal seam weld (part of
the pressure boundary) was examined using RT. Indications included: "aligned
rounded indications ranging from approximately 0.050 to 0. 150 inches separated by
0.040 to 0.375 inches. Approximately 25 indications in a 6-inch length of weld. Several I
of the rounded indications have linear tails extending from the indication. Linear
indications up to . 100 inches in length." These indications were near the bottom head. I

However, since the pipe had been subjected to the 600 psig hydrotest, the pipe
was accepted on an "as-is"' basis. This piece of pipe became part of the canister that
was ultimately labeled 18-15-80-05. [This test canister had, after drop testing, the most
deformation of any weld made by the INEEL (during slapdown) and this canister also
had the highest pre-test predicted strains.] The assembly numbers were also used to
identify the radiographs generated. All of these efforts were documented in LMITCO
work order package #6839 (Reference 14) as the test canisters were being fabricated
and examined.

During the fabrication and examination efforts, certain improvements were I
recognized that would make the canisters easier to fabricate and examine. Although
limited, these changes were mainly associated with a slight geometry change of the
plug thread plate and the elimination of requiring radiography examination for the welds
attaching the skirt to the vessel head and the lifting ring to the skirt. The ASME B&PV
Code, Section III, Division 3 requires these structural attachment welds to be examined
using liquid penetrant.

The test canisters fabricated were 18-inch nominal diameter and were either 10 or
15 feet long (nominally). Appendix A contains the canister drawings. The entire I
canister exterior is fabricated using 316L stainless steel. The test canisters themselves
were fabricated mainly at the INEEL's Central Facilities Area (CFA) machine and weld
shops. One item noticed during fabrication was that the full penetration weld attaching U
the lifting ring to the skirt caused the remaining skirt beyond or outboard of the lift ring
to pull radially inward. This initial inward curving basically "controls" the deformation of
the skirt during a drop accident event. Rather than deforming outward, the skirt most I
assuredly will now deform inward during drop events, especially the 00 or vertical drop.

5.2. Internals I
By definition, the internals were components placed into the canisters. The

function of most of the internals Is to orient the SNF inside of the canister and to
prevent excessive SNF movement during canister movement situations. The desire is
to load the SNF so that the total center-of-gravity is at or near the centrold of the m
canister. Internals consisted of both the upper and lower two-inch thick impact plates, I
a full cavity length 3/16-inch thick sleeve (where used), the most potentially damaging
SNF basket referred to as the spoked-wheel basket (Figure 9), and any spacer plates
necessary to properly position the SNF or the two-inch thick impact plates. Appendix C U
contains the detailed design sketches used to fabricate the internals. All of these
internals were made of A-36 carbon steel plate or A-106 Grade B schedule 80 carbon
steel pipe.

I
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report (Appendix B) was issued when a portion of one longitudinal seam weld (part of 
the pressure boundary) was examined using RT. Indications included: "aligned 
rounded indications ranging from approximately 0.050 to 0.150 inches separated by 
0.040 to 0.375 inches. Approximately 25 indications in a 6-lnch length of weld. Several 
of the rounded indications have linear tails extending from the Indication. Linear 

, indications up to O. 100 inches in length." These indications were near the bottom head. 

However, since the pipe had been subjected to the 600 psig hydrotest, the pipe 
was accepted on an "as-Is" basis. This piece of pipe became part of the canister that 
was ultimately labeled 18-15-80-05. [This test canister had, after drop testing, the most 
deformation of any weld made by the INEEL (during slapdown) and this canister also 
had the highest pre-test predicted strains.] The assembly numbers were also used to 
identify the radiographs generated. All of these efforts were documented in LMITCO 
work order package #6839 (Reference 14) as the test canisters were being fabricated 
and examined. 

During the fabrication and examination efforts, certain improvements were 
recognized that would make the canisters easier to fabricate and examine. Although 
limited, these changes were mainly associated with a slight geometry change of the / > 

plug thread plate and the elimination of requiring radiography examination for the welds 
attaching the skirt to the vessel head and the lifting ring to the skirt. The ASME B&PV 
Code, Section III, Division 3 requires these structural attachment welds to be examined 
using liquid penetrant. 

The test canisters fabricated were 18-inch nominal diameter and were either 10 or 
15 feet long (nominally). Appendix A contains the canister drawings. The entire 
canister exterior is fabricated using 316L stainless steel. The test canisters themselves 
were fabricated mainly at the INEEL's Central Facilities Area (CFA) machine and weld 
shops. One item noticed during fabrication was that the full penetration weld attaching 
the lifting ring to the skirt caused the remaining skirt beyond or outboard of the lift ring 
to pull radially inward. This initial inward curving basically "controls" the deformation of 
the skirt during a drop accident event. Rather than deforming outward, the skirt most 
assuredly will now deform inward during drop events, especially the 0° or vertical drop. 

5.2. Internals 
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By definition, the internals were components placed into the canisters. The I 
function of most of the internals is to orient the SNF inside of the canister and to " . 
prevent excessive SNF movement during canister movement situations. The desire is 
to load the SNF so that the total center-of-gravity is at or near the centroid of the I 
canister. Internals consisted of both the upper and lower two-inch thick impact plates, 
a full cavity length 3/16-inch thick sleeve (where used), the most potentially damaging 
SNF basket referred to as the spoked-wheel basket (Figure 9), and any spacer plates I 
necessary to properly position the SNF or the two-inch thick impact plates. Appendix C . 
contains the detailed design sketches used to fabricate the internals. All of these 
internals were made of A-36 carbon steel plate or A-1 06 Grade B schedule 80 carbon I 
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IThe sleeve, employed on five of the canisters, was intended to separate the
spoked-wheel basket and rebar from direct contact with the canister wall. It was
suggested that, during a drop event, contents with sharp edges or points might initiate
a crack on the canister wall. If that crack were to propagate through the wall, then the
containment would be breached. However, with a sleeve separating the contents fromfthe actual canister wall, a potential crack could initiate in the sleeve but have no
mechanism to propagate into the canister wall. It is expected that all canisters with
contents having possible "sharp" edges or points would have an internal sleeve for this
reason. The sleeve physically provides the margin of safety that is desired to be
maintained in the canister design.

For the two 10-foot canisters, special internals were used (Figure 10). One test
canister contained two simulated Shippingport fuel bundles placed side-by-side into the
canister without any sleeve. These simulated SNF elements were fabricated by
welding four A-36 3x3x3/16 angles onto the outside corners of A-500 7x7x3/8 structural
tubing. The other 10-foot canister contained simulated HICs. The design and purpose
of the HICs is currently identified in NSNFP report DOE/SNF/RD-004 (Reference 6).

-SA-312 welded stainless steel pipe was used to fabricate the HICs, including SA-240,
316L, 1/2-inch thick endplates.

Since the internals have not been identified as needing to perform any safety
related function, such as criticality spacing control, the techniques used to fabricate
them were not as rigidly documented as for the canisters. However, qualified INEEL

- • welders and inspectors were again utilized. Appropriate INEEL Weld Program welding
procedures (S2.0 and C3.4) were also invoked using manual TIG (for the simulated
stainless steel HICs) and shielded metal arc welding techniques (for the remaining
carbon steel internals). All welds were inspected using liquid penetrant techniques on
the final pass. All of these efforts were documented in the LMITCO work order package
#6874 (Reference 15) as the internals were fabricated and examined.

The two-inch thick impact plates (Figure 3) that fit inside of the canisters were
machined at the INEEL's Test Reactor Area (TRA) under LMITCO work order package
#6839. The plates were machined to a shape (Figure 4) that corresponded to theIinterior dimensions of the top and bottom dished heads. The machining permitted a
greater area of contact and better load distribution during potential accidental drop
events while still having a flat area for the SNF and other internals to rest on during
loading. INEEL Test Area North (TAN) personnel fabricated the remaining internals.

m 6. PHASE III - CANISTER ASSEMBLY AND DROP TEST PREPARATIONS

Once the test canisters and internals were fabricated, all of these items were
* transported to the Water Reactor and Research Test Facility (WRRTF) at TAN. The

South High Bay in Building 640 was used to assemble the canisters and make test
preparations. This activity was performed under LMITCO work order package #9554
(Reference 16). Where appropriate, still pictures and videotape of the test canisters
and internals were taken, showing-how the canisters were loaded, welded, tested,measured, etc.
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The sleeve, employed on five of the canisters, was irtended to separate the 
spoked-wheel basket and rebar from direct contact with the canister wall. It was 
suggested that, during a drop event, contents with sharp edges or points might initiate 
a crack on the canister wall. If that crack were to propagate through the wall, then the 
containment would be breached. However, with a sleeve separating the contents from 
the actual canister wall, a potential crack could initiate in the sleeve but have no 
mechanism to propagate into the canister wall. It is expected that a" canisters with 
contents having possible "sharp" edges or points would have an internal sleeve for this 
reason. The sleeve physically provides the margin of safety that is desired to be 
maintained in the canister design. 

For the two 10-foot canisters, special internals were used (Figure 10). One test 
canister contained two simulated Shippingport fuel bundles placed side-by-side into the 
canister without any sleeve. These simulated SNF elements were fabricated by 
welding four A-36 3x3x3/16 angles onto the outside corners of A-SOO 7x7x3/8 structural 
tubing. The other 10-foot canister contained simulated HICs. The design and purpose 
of the HICs is currently identified in NSNFP report DOE/SNF/RD·004 (Reference 6). 
SA·312 welded stainless steel pipe was used to fabricate the HICs, including SA-240, 
316L, ~-inch thick endplates. 

Since the internals have not been identified as needing to perform any safety 
related function, such as criticality spacing control, the techniques used to fabricate 
them were not as rigidly documented as for the canisters. However, qualified INEEL 
welders and inspectors were again utilized. Appropriate INEEL Weld Program welding 
procedures (S2.0 and C3.4) were also invoked using manual TIG (for the simulated 
stainless steel HICs) and shielded metal arc welding techniques (for the remaining 
carbon steel internals). A" welds were inspected using liquid penetrant techniques on 
the final pass. A" of these efforts were documented in the LMITCO work order package 
#6874 (Reference 15) as the internals were fabricated and examined. 

The two-inch thick impact plates (Figure 3) that fit inside of the canisters were 
machined at the INEEL's Test Reactor Area (TRA) under LMITCO work order package 
#6839. The plates were machined to a shape (Figure 4) that corresponded to the 
interior dimensions of the top and bottom dished heads. The machining permitted a 
greater area of contact and better load d.istribution during potential accidental drop 
events while still having a flat area for the SNF and other internals to rest on during 
loading. INEEL Test Area North (TAN) personnel fabricated the remaining internals. 

6_ PHASE 111- CANISTER ASSEMBLY AND DROP TEST PREPARATIONS 

Once the test canisters and internals were fabricated, all of these items were 
transported to the Water Reactor and Research Test Facility (WRRTF) at TAN. The 
South High Bay in Building 640 was used to assemble the canisters and make test 
preparations. This activity was performed under LMITCO work order package #95S4 
(Reference 16). Where appropriate, still pictures and videotape of the test canisters 
and internals were taken, shOWing-how the canisters were loaded, welded, tested, 
measured, etc. 
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Figure 4. Cut-Away View of Canister End
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Table 1 contains information regarding the number of test canisters, their unique
identifiers, lengths, test weights, internals configurations, and the reasons for each
specific test. This test matrix information was developed in order to achieve as much
insight as possible into the structural response of the test canisters subjected to an
accidental drop event. Again, the major goal of this entire drop test effort was to
demonstrate (via the post-drop pressure and leak testing) that the test canisters could
indeed maintain containment after being drop tested.

Table 1. Canister information
Canister Nominal Desired Total Canister
Label Length Impact Weight Internals

t 0 6,033 Sleeve and Worst case internals with
lbs. spoked-wheel sleeve at multiple impact

basket angles

5,948 Sleeve and Worst case internals with
lbs. spoked-wheel sleeve at multiple impact

basket angles

1 15 0 1Sleeve and Worst case internals with
lbs. spoked-wheel sleeve at multiple impact

basket angles

1 15 0 1Sleeve and Worst case internals with
lbs. spoked-wheel sleeve at multiple impact

basket angles

5,965 Sleeve and Worst case internals with
lbs. spoked-wheel sleeve at multiple impact

basket angles

3,802 Simulated Round-shaped internals and
lbs. High Integrity simulated HICs response

Cans without sleeve

2,997 Simulated Margin test with sharp-edged
lbs. Shippingport internals directly impacting on

Fuel Bundles canister interior without sleeve

Initially 0° Determine actual response toI5t nitialy0 5,972 Spoked-wheel proposed accidental drop during18-15-PW-08 15 feet then tip over Detrmne.ctalaesonset
for puncture lbs. basket canister loading scenario

18-15-PP-09 15 feet Puncture 6,085 Spoked-wheel Demonstrate puncture-
lbs. basket resistance

Before the actual loading of the canisters began, personnel qualified under the
NSNFP [per NSNFP PMP 2.04 (Reference 17)] recorded a number of dimensional and
weight measurements, obtaining basic "as-built" information about each canister
component. This information was recorded on data sheets that identified each canister
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Table 1 contains information regarding the number of test canisters, their unique 
identifiers, lengths, test weights, internals configurations, and the reasons for each 
specific test. This test matrix information was developed in order to achieve as much 
insight as possible into the structural response of the test canisters subjected to an 
accidental drop event. Again, the major goal of this entire drop test effort was to 
demonstrate (via the post-drop pressure and leak testing) that the test canisters could 
indeed maintain containment after being drop tested. 

Table 1. Canister information 
Canister Nominal Desired Total Canister 

Test Purpose 
Label Length Impact Weight Internals 

6,033 Sleeve and Worst case internals with 
18-15-00-01 15 feet 0° spoked-wheel sleeve at multiple impact 

Ibs. 
basket angles 

5,948 Sleeve and Worst case internals with 
18-15-0S-02 15 feet SO spoked-wheel sleeve at multiple impact 

Ibs. 
basket angles 

5,995 Sleeve and Worst case internals with 
18-15-90-03 15 feet 90° spoked-wheel sleeve at multiple impact 

Ibs. 
basket angles 

5,995 Sleeve and Worst case internals with 
18-15-45-04 15 feet 45° spoked-wheel sleeve at multiple impact 

Ibs. basket angles 

5,9S5 Sleeve and Worst case internals with 
18-15-80-05 15 feet 80° spoked-wheel sleeve at multiple impact 

Ibs. 
basket angles 

3,802 Simulated Round-shaped internals and 
18-1 0-90-06 10 feet 90° 

Ibs. 
High Integrity simulated HICs response 
Cans without sleeve 

2,997 Simulated Margin test with sharp-edged 
18-10-90-07 10 feet 90° Shippingport internals directly impacting on 

Ibs. 
Fue,l Bundles canister interior without sleeve 

Initially 0° 5,972 Spoked-Wheel 
Determine actual response to 

18-15-PW -08 15 feet then tip over proposed accidental drop during 
for puncture 

Ibs. basket canister loading scenario 

18-15-PP-09 15 feet Puncture 
S,085 Spoked-wheel Demonstrate puncture-
Ibs. basket resistance 

Before the actual loading of the canisters began, personnel qualified under the 
NSNFP [per NSNFP PMP 2.04 (Reference 17)] recorded a number of dimensional and 
weight measurements, obtaining basic "as-built" information about each canister 
component. This information was recorded on data sheets that identified each canister 
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by both the unique test canister identifier and the asser, y numers used r
fabrication. Component and material traceability was antaredby ot h I
assembly was used for each test can ster The accuracy o' a rer e I
on the measunrng device being used( Measurements oota nec us ,g a tape measure
had an estimated +1/8 -1/8 inch accuracy (Tae measres ,/ere no, cai late
Micrometer and caliper measurements nad a +0010 -00tinchacGuacy fergrn I
measurements had an accuracy that depended on the dad range nvo rec F
loads (less than 1000 lbs ), the accuracy was 5 as For beaver oads re& th r I
or equal to 1000lbs.), the accuracy was v 10 s Greateracc.racyofa Imeasurements was attained where possible Measurement de ces ,,ere ca rate at
theINEEL and weretagged withunique dentfy g .ners Dewa sa econAppendix B3 3

The actual oading of the canister interna s took p ace n aetnocca as'-
order to obtain the necessary "as-buit" informat on and to docment the oac g II
process. Due to the importance of positioning the nterna s q orentator I
respect to the desired impact point, qua ied NSNFP aersonre d rected eche aeacemen
of all internals. An overhead crane was used extensvey dur rhe cad g of eac 5
canister Typically (for the five canisters 18-!5-00-01 throug !8-!5-80-05. he tw-
inch thick lower impact plate was first installee ay owe ,g i÷ r'e ottam can ,e
assembly. The threaded eye bolt and sling were removed usjng a ong-nand ed too
developed specifically for that removal process. Note that me treaoed oe II
eyebolt was drilled through the entire impact alate thickness (F gure 5i Ths perm tted
access to the canister interior for pressure and leak test ng During actua usage th s
also permits water drainage if necessary an andaccess to me nter or f v sua nspect o !
were desired. (Note that the design drawings also spec fy sma grooves tha ca' ne
machined into the curved surfaces of the mpact p ates. This can e done wret 3
desired to enhance water drainage out through the threaded pug open ng
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by both the unique test canister Identifier and he assembly numbers used during 
abrication. Component and matenal traceability was main alned by no Ing whiCh 

assembly was used for each test canister The accuracy of measureme ts depended 
on the measuring device being used. Measurements obtained using a ape measure 
had an estimated + 1/8 / ·118 Inch accuracy (Tape measures were no calib a ed.) 
Micrometer and caliper measurements had a +0 010 / -0.010 inch accuracy. Weigh 
measurements had an accuracy hat depended on he load range involved. For lighter 
loads (less than 1000 Ibs ). the accuracy was +/. S ibs. For heavier loads, (g ea e ha 
or equal to 1000 Ibs.). the accuracy was +/- 10 Ibs. Grea er acc acy of all 
measuremen s was attained where possible. Measuremen devices were calibrated a 
the INEEL and were tagged with unique iden ifYlng numbers. De ails are contained In 
Appendix 8 

The actual loading of the canIster Internals took place in a methodical asn lon 111 

order to obtain the necessary lIas-buil " information and 0 doc ment he loading 
process. Due to the importance of positioning the in ernals In unique orlen a ions w 
respect 10 the desired impact pOint. qualified NSNFP personnel dlrec ed e placemen 
of a/l internals An overhead crane was used extensively durtng he loadmg 0 each 
canister TYPically (for the five canisters 18-15-00-01 through 18-15-80-05). he wo­
inch thick lower impact plate was first ins ailed by lowertng it I 0 the bo om cantS er 
assembly. The threaded eye bolt and sling were removed uSing a long-handled 001 
developed specifically for that removal process. Note that he hreaded hole for the 
eyebolt was dnlled through the entIre Impact plate thickness (Figure 5). This permitted 
access to the canister Intenor tor pressure and leak est lng. During actual usage, his 
also permits water dr inage If necessary and access to he In erlo If visual Inspec ons 
were desired. [Note that the design drawings also specify small grooves ha can be 
machined into the curved surfaces of the Impact plates. This can be done w e 
dosired to enhance water drainage out hrough the threaded plug opening.) 

Figure 5. Clo up of Cut-Aw V 
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Next the 3/16-inch thick sleeve (Figure 6) was owered nto the can ster tt rested
on the top flat surface of the lower impact pate At thisme, when requ rec,
positioning lugs were welded to the can ster nside wall through the s'eeve (Figure 7)
By holding the sleeve in position the other nterna!s, namely the spoked-weel basket
could also be held n the desired position for the drop test! Then the spoked-weel
basket was lowered into the canister bottom assembly (-nside the sleeve) ano also
rested on the top flat surface of the lower impact plate. Atnough the p pe material used
for the canisters was not perfectly round (as one wourd expect Ourng actua usage)
the impact plates, sleeves, and spoked-wheel basKets a oaded with exceptioral ease
and did not require any force to position them. The dimensons specdfed o tne
engineering sketches were correctly spec f ed to a ow easy loading yet stiI prov de
adequate space for the SNF The remote loading of tnese nternals can indeed be
performed with ease. The only recommended change woI-d be to sholer te sleeve
so that it doesn't overlap with the top head assernbIy backing r-ng (see Appendix A
drawings). In this way, the backing ring would still protect the canister ins de wall from
impacting internals and there would not be any i-terference between the backing ring
and the sleeve while the top head assembly is being positioned for final welding
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Figure 6. Sleeves
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Next the 3116·inch thick sleeve (Figure 6) was lowered into he canister It res ad 
on the top flat surface of the lower impac pIa e At thiS ime, when required, 
positioning lugs were welded to the canister inside wall, through the sleeve (Figure 7). 
By holding the sleeve in position, the other Internals. namely the spoked-wheel basket 
could also be held In the desired position tor the drop tes . Then he spoked· wheel 
basket was lowered Into he canister bottom assembly (inside he sleeve) and also 
rested on he top flat surface of the lower impac pia e. AI hough he pipe material used 
for the canisters was not perfectly round (as one would expec dUring ac ual usage). 
the Impact plates, sleeves, and spoked·wheel bas ets all loaded wi h excep ional ease 
and did not require any force to pOSition them. The dimensions specified on he 
engineering sketches were correctly specified 0 allow easy loading ye still provtde 
adequate space for the SNF. The remote loading of hese in erna's can indeed be 
performed with ease. The only recommended change would be 0 s orten he sleeve 
so that it doesn't overlap with the top head assembly bac ing rln (see Appendix A 
drawings). In this way, the backing ring would still protec e cani er inSide wall from 
impacting Internals and there would not be any in erference been he backing ring 
and the sleeve while the top head assembly is being pos; ioned for final elding. 

Figure 6. SI ev 
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Figure 7. Positioning Lugs

For the remaining four canisters, the loading sequence was very sm tar Canisters
18-15-PW-08 and 18-15-PP-09 were loaded ust ike t,-e other 15-footers out w thou
sleeve. Since these canisters were being puncture tested, c was decided to per'orm
those tests without a sleeve This was done in an effort to achieve a worst case
situation since the sleeve would more likely help the canster resist the effects of the.
puncture,

The two ten-foot long canisters were also loaded without sleeves However, the
spoked-wheel baskets were not used on the ten,-footers 18-0-90-06 had seven
simulated HICs placed into the canister A sleeve was not consiered necessary s nce
the round shape of the HICs does not create a situation where large ocalized stra rs
could occur, as would be the case with the spoKed-wheel internals: For caister 16.10-
90-07, the initial NSNFP plan was to pad !wo Sh pp ngpor fuel bundles sire-;y-side
into a canister (Figure 8). The dimensions of Che Shipoingport fue. bund es woud no?
allow a sleeve to be installed into the canister However the NSNFP later decided
based on critical y concerns, to only pad one Sop ng~on fue bande peC car sterSince the canisters and internals had already been fabricated when this change
occurred, the dec sion was made to proceed wCt, tne test as org nay planned
Instead of testing what was initially cons derec to be a uncaue loading sce~ar o
because a sleeve would not fit, this test w~as treated as a demons~traton of safet,
margins because the simulatec Sh ppingpor! fuel oundles would bear directly o'n tie
test canister pressure boundary materia, along two separate i es nearly the ft4eg
of t he canister, during at horizontal mpact or ontat on'
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For the remaining four canisters, the loading sequence was very similar. Cantsters 
1S-1S-PW -OS and 1S-15-PP·09 were loaded just like the other 1S·footers but wIthout a 
sleeve. Since these canisters were being puncture tested, it was decided to perform 
those tests without a sleeve. This was done In an effort to ach,eve a worst case 
situation since the sleeve would more likely help the canister resist the effects of the. 
puncture. 

I 

I 

The two ten-foot long canisters were also loaded without sleeves However, the 
spoked-wheel baskets were not used on the ten-footers. 18-10-90-06 had seven I 
simulated HICs placed into the canister. A sleeve was not considered necessary since 
the round shape of the Hies does not create a situation where large localized strains 
could occur, as would be the case WIth the spoked-wheel Internals. For canister 18-10. 
90-07, the Initial NSNFP plan was to load wo ShipPIngport fuel bundles slde.by-side 
Into a canister (Figure 8). The dimensions of he ShiPPingport fuel bundles would no 
allow a sleeve to be installed into the canister However, the NSNFP later decIded, I ' 
based on criticality concerns; to only load one ShIPPingport fuel bundle per cal"lster. 
Since the canisters and internals had already been fabrica ed when this change 
occurred, the decision was made to proceed WIth the test as originally planned 
Instead of testing what was initially conSidered to be a uniQue loading scenar 0 
because a sleeve would not fit, this test was treated as a demonstration of safety 
margins because the simulated ShiPPingport fuel bundles would bear directly on ,e 
test canister pressure boundary matenal, along two separate lines nearly the full le"lgth 
of the canister, during a horizontal impact orientation 
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Figure 8. Simulated Shippingport Fuel Bundles (Canister 18-10-90-07)

After the fabricated internals were loaded into the test canisters. the rebar was
loaded. Care was taken to properly orient the internals and rebar with respect to where
the test canisters were designated to impact during the drop tests. Figures 9 and 10
identify the internals configuration for each test canister ac-dd how lhe rebar was
positioned, Whenever the most significant impact ocurred on a canister skirt, the
canister internals were positioned to cause the most potential damage to the caniter
containment, and the canister was marked so that the initiat impact occurred on the
longitudinal weld seam of the skirt. Whenever the most significant impact occurred on
the canister pressure boundary, the canister internals were positioned to cause rhe
most potential damage to the canister. and the can ster was marked so that the Int- aimpact occurred on the longitudinal weld seam of the canister pressure boundary For
the two test canisters being subjected to puncture tests (18-15-PW-08 and 18-15-PP-
09), rebar was omitted from that local puncture region on order to permit as muc
canister deformation as possible. This is clear.y illustrated in F gure 11

For canister 18-10-90-06 with the simulated HICs, the bottom simulated HIG
(aligned with the canister longitudinal we'd seam) was left empty while aI o he 0 hetsimulated HICs were filied with rebar (F gure 12) Th s would produce more damage nthe bottom simulated HIC. Finite element predict a s were also made 'or these spec.
internals in order to ascertain how to best determine accurate internals deformations
After loading the rebar into the simulated HICs, ý- nch-thick endplates were welded
into all seven of the simulated Hfls, including the empty one IF gure 13), Except for
the two canisters subjected to puncture testing and the canister with the simulatec
HICs, the goal was to always uniformly distribute the rebar placement across the
canister (Figure 14),

Author: D. K. Morton 
Checked By: S. D. Snow and T. E, Rahl 

Date March 16. 2000 
EDF·NSNF·OO7 Part I Page 13 of 55 

Figure 8. Simulated Shippingport Fuel Bundles (Canister 18-1()"90-o7) 

Atter the fabricated internals were loaded into the test canisters, the rebar was 
loaded. Care was taken to properly orient the internals and rebar with respect to where 
the test canisters were designated to impact dUring the drop tests. Figures 9 and 10 
identify the internals configuration for each test canister and how the rebar was 
positioned. Whenever the most significant impact occurred on a cantster skirt, the 
canister internals were positioned to cause the most potential damage to the canister 
containment, and the canister was marked so that the initial impact occurred on the 
longitudinal weld seam of the skirt. Whenever the most significant impact occurred on 
the canister pressure boundary, the canister internals were poSitioned to cause the 
most potential damage to the canister, and the canister was marked so that the initial 
impact occurred on the longitudinal weld seam of the canIster pressure boundary, For 
the two test canisters being subjected to puncture tests (lS-1S-PW -os and lS-1S-PP-
09), rebar was omitted from that local puncture region in order to permit as much 
canister deformation as possible. This is clearly illustrated in Figure 11 . 

For canister lS-10-90-06 with the simula ed HICs, the bottom sImulated HIC 
(aligned with the canister longitudinal weld seam) was left empty while all of the other 
simulated HICs were filled with rebar (Figure 12). ThiS would produce more damage in 
the bottom Simulated HIC. Finite element predictIons were also made tor these spec fic 
internals in order to ascertain how to best de ermine accurate internals deforma ions 
After loading the rebar into the simulated HICs, Y2-inch-thick endplates were welded 
into all seven of the simulated HICs, including the empty one (Figure 13). Except tor 
the two canisters subjected to puncture testIng and the canister wi h the simulated 
HICs, the goal was to always uniformly distribute the rebar placement across the 
canister (Figure 14). 
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After each test canister was loaded, the top impact plate and spacer plates (where
necessary) were positioned. Figure 15 shows an example of the impact plate and
spacer plates properly positioned. Next, the top head assembly was positioned ontoI
the bottom canister assembly. After a quality examination checked for proper
alignment, TAN personnel then completed the final closure weld that sealed each test
canister. Manual TIG welding using INEEL weld procedure S2.0 was utilized for the
final closure welds.

Using a manually adjustable lifting fixture, each test canister was then vertically3
lifted out from the scaffolding used for loading. This lifting fixture (Figure 16) had two
plates that extended out and engaged underneath the lifting ring on the test canister.
The lifting ring functioned as intended, safely lifting each canister. The canisters were5
then positioned horizontally across large concrete blocks onto wooden cradles to
prevent rolling. These 2 ft. x 2 ft. x 6 ft. concrete blocks (weighing approximately 3600
lbs. each) also provided a significant personnel safety feature while the loaded
canisters were being worked on, examined, and measured. Figure 17 shows a typicalI
setup where canisters were positioned on the concrete blocks.

As indicated in the canister drawings contained in Appendix A, the final closureI
weld incorporates a permanent backing ring. The backing ring has four distinct
purposes. First, it provides a guide to aid in the installation and final alignment of the
top head during final assembly. Second, the presence of the backing ring allows the
full penetration butt weld to be made easier, especially since the weld will have to be
made remotely. Third, the backing ring helps to protect the canister inside wall and
final closure weld from impacting internals. Finally, the presence of the permanent£
backing ring also helps protect the SNF inside the canister during the welding of the
final closure weld.3
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After each test canister was loaded, the top impact plate and spacer plates (where 
necessary) were positioned. Figure 15 shows an example of the impact plate and 
spacer plates properly positioned. Next, the top head assembly was positioned onto 
the bottom canister assembly. After a quality examination checked for proper 
alignment, TAN personnel then completed the final closure weld that sealed each test 
canister. Manual TIG welding using INEEL weld procedure S2.0 was utilized for the 
final closure welds. 

USing a manually adjustable lifting fixture, each test canister was then vertically 
lifted out from the scaffolding used for loading. This lifting fixture (Figure 16) had two 
plates that extended out and engaged underneath the lifting ring on the test canister. 
The lifting ring functioned as intended, safely lifting each canister. The canisters were 
then positioned horizontally across large concrete blocks onto wooden cradles to 
prevent rolling. These 2 1t. x 2 ft. x 6 ft. concrete blocks (weighing approximately 3600 
Ibs. each) also provided a significant personnel safety feature while the loaded 
canisters were being worked on. examined. and measured. Figure 17 shows a typical 
setup where canisters were positioned on the concrete blocks. 

As indicated in the canister drawings contained in Appendix A. the final closure 
weld incorporates a permanent backing ring. The backing ring has four distinct 
purposes. First, it provides a guide to aid in the installation and final alignment of the 
top head during final assembly. Second. the presence of the backing ring allows the 
full penetration butt weld to be made easier, especially since the weld will have to be 
made remotely. Third, the backing ring helps to protect the canister inside wall and 
final closure weld from impacting internals. Finally. the presence of the permanent 
backing ring also helps protect the SNF inside the canister during the welding of the 
final closure weld. 
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Canisters 01 through 05

Sleeve

Canister Body

Rebar

Spoked-Wheel Basket

Canisters 08 & 09

Weld Seam

Figure 9. Cross-Section of Test Canisters 01 - 05, 08 and 09 Internal Components
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Canisters 01 through 05 

Sleeve 

Spoked-Wheel Basket 

Canisters 08 & 09 

Figure 9. Cross-Section of Test Canisters 01 • 05, 08 and 09 Internal Components 
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tioning

Canister 06

\",.-Simulated High
Integrity Can

-Canister Body

Rebar

'Simulated Shippingport
PWR Fuel Bundle

Canister 07

Weld Seam 7

Figure 10. Cross-Section of Test Canisters 06 and 07 Internal Components

Author: D. K. Morton 
Checked By: S. D. Snow and T. E. Rahl 

Positioning 
Lug 

...... WeldSeam 

empty volume 
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canister 06 

Rebar 

Simulated High 
Integrity Can 

Simulated Shippingport 
PWR Fuel Bundle 

Canister C11 

Figure 10. Cross-Section of Test Canisters 06 and 07 Internal Components 
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Figure 11. Empty Slot in Spoked Assembly (Canister 18-15-PP-09)

Figure 12. Six Loaded HICs and One Empty HIC (Canister 18-10-90-06)
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Figure 11. Empty Slot In Spoked Assembly (Canister 1S-15-PP-(9) 

Figure 12. Six Loaded HICs and One Empty HIC (Canister 18-10-90-(6) 
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Figure 13. HICs End Plates In-Place and Welded (Canister 18-10-90-06)
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Figure 14. Uniform Rebar Distribution (Canister 18-15-80-05)
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Figure 13. HICs End Plates In-Place and Welded (Canister 18.10-90-06) 

FIgure 14. Uniform Rebar Distribution (Canister 18--15 .. 80-(5) 
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Figure 15. Impact Plate and Spacer Plates (Canister 18-10-90-07)

Figure 16. Manually Adustable Lifting Fixture for Test Canisters
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Figure 15. Impact Plate and Spacer Plate (Canlater 1&-10-90-07) 

Figure 16. Manually Adu table lifting Flxtur for T t Canl tars 
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Figure 17. Canisters Positioned on Concrete Blocks

Volumetric examinations of the final closurO we wds were planned using uraso c
testing (UT) methods (Figure 18), After a substantial number of ndicatons [pe•
I Ml TCO examination procedure TPR-4974 (Reference 1 8) were recorded by tne UT
examinor, a significant portion of the closure welds were ground r orn the fisl fe test
canisters (18-15-00-01 through 18-15-80-05) However, during this jaorious grinding
process, few if any actual defects were noticed After re-wedai-g these canisters, the
U I examiner indicated problems in the exact same locat ons as before This resut was
truly surprising and the validity of the examination process beng ut- zed was
questioned Additional efforts to determine the valid ty of the UT ,i2ications wtre
made: however, no clear assurances were provided that the apparent UT indications
were actually valid or significant. There was spevat_ on that the backng rng was
cxusing some sort of misinterpretation of the UT read rgs especia[y s4nce thS

lalibration standard used did not inc ude a backirg rng In additiOn all of th-e t a UT
examinations used just a 45 -beam transducer, After consultat ons w th anot'e,r'spector with higher qualifications (Level l11j both 45 and 60 -beam transducers wNere

!iod to clarify the interpretations of the UT exam na or's

Based on the known abilities of tne weade's beSeg used ana tre maqy ns~grtsgained from the re-welding effort, the true capabil ty of the welds to take the an't c pared
drop test loads was not deemed to be a concerr Tnerefore it was dec ded to rap
(ie o determine and note the location of any sign ficant UT incicat ons around the f-
circumference of the weld) two separate test ca', ster cosure weds lcaflsters 18t5
80-4) and 18-10-90-06) and proceed with the drop test preparatons The 'esults of
these two "mapping" examinations are contained in Append x B The f na closure weld
for canister 18-15-80-05 was deemed to sat sTy the TPR-4974 crtera but the weld for
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Volumetric examinations of the final closure welds were planned using ultrasonic 
testing (Un methods (Figure 18). After a substantial number of IndIcations (per 
lMITCO examination procedure TPR-4974 (Reference 18)) were recorded by the UT 
examiner, a sIgnificant portion of the closure welds were ground out on the first five test 
canIsters (18-1S-00-0 1 through 18-1S-80-0S). However, during this laborious grinding 
process, few if any actual defects were noticed. After reMwelding these canisters, the 
UT examiner indicated problems in the exact same locatIons as before. ThiS result was 
truly surprising and the validity of the examination process being utilized was 
questioned Additional efforts to determine the validity of the UT Indications were 
made: however, no clear assurances were proVided that the apparent UT indications 
were actually valid or signifIcant. There was speculation that the backing ring was 
caUSing some sort of misinterpretation of the UT readings, especially since the I 
calibration standard used did not include a backing ring. In addttion, all of the Initial UT 
examinations used just a 4So·beam transducer. After consultations with another 
Inspector with higher qualifications (level III), both 4So and 60 -beam transducers were I 
tried to clarify he Interpretations of the UT examina 'ons 

Based on the known ab/littes of the welders being used and 1he many .nsigh s 
gained from the re-welding effort. the true capability of the welds to take the anticipated 
drop test loads was not deemed to be a concern. Therefore, It was decided to "map 
(I e., determine and note the location of any Significant UT indicattons around the full I 
Circumference of the weld) two separate test canister closure welds (canisters 18-1S-
80-0S and 18-10-90-06) and proceed wIth the drop test prepara Ions. The results of 
these two "mapping" examina ions are contained in Appendix B. The final closure weld 
for canister 18-1S-80-0S was deemed to satisfy he TPR-4974 critena but the weld for 
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canister 18-10-90-06 did not, After the drop tests were completed, these same twowelds would then be re-examined using both UT and RT, This would provide a C anceto obtain a very interesting set of comparisons between UT and RT examnations o'welds with permanent backing rings

Figure 18. UT Inspection in Progress

A threaded plug was incorporated into both the top and bottom head of each testcanister, The threaded plugs are optional design features, The threaded p ugs allowfor access to the canister interior This design feature provided many optional usesFluids or gases can be either added or released from the canister interior For
example, as previously mentioned with respect to the two-.nch th ck impact plates,water can be drained from the canister interior if necessary. Due to uncerta'n0iesregarding the generation of hydrogen gases during interim storage the plugs can beeither installed or left uninstalied, providing opt:ons to the user, However he hreadedplugs are expected to be installed prior to transportation o the repostory. In addctioaccess is possible through these plugs for visual inspections using remote fiber opticcameras,

Figure 19 shows an installed threaded plug on one of tne test can-sters Thereason for installing the bottom head threaded plug on the tes* canisters was to createa worst case situation with respect to the deforming skirt potentra Iy httg the extendedthreaded plug assembly. The reason for installing the top head threaded p ugassembly in the test canisters was to still orovide a means to perform pressure and ea'testing, The bottom threaded plug was sea -welded n piace w.)e hoe t'op readthreaded plug was not seal-welded to ma nta n access to the caister inter or,
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canister 18-10-90-06 did not. After the drop tests were completed, hese same wo 
welds would then be re-examined using both UT and RT. This would provide a chance 
to obtain a very interesting set of comparisons between UT and RT examinations of 
welds with permanent backing rings. 

Figure 18. UT 'nap etlon In Progre 

A threaded plug was Incorporated into both the top and bottom head of each est 
canister. The threaded plugs are optional design features. The threaded plugs allow 
for access to the canis er interior. This design feature provided many optional uses. 
Fluids or gases can be either added or released from the canister interior. For 
example, as previously mentioned with respect to the two-inCh thick impact plates. 
water can be drained from the canister interior If necessary. Due 0 uncertainties 
regarding the generation of hydrogen gases during interim storage, the plugs can be 
either installed or left un installed, providing options to the user. However, the threaded 
plugs are expected to be installed prior to transportation to the reposl ory. In addition, 
access is possible through these plugs for visual inspections using remote fiber optiC 
cameras. 

Figure 19 shows an installed threaded plug on one of the tes canisters. The 
reason for installing the bottom head threaded plug on the test canisters was to crea e 
a worst case situation with respect to the deforming skirt potentially hitting the extended 
threaded plug assembly. The reason for installing the top head hreaded plug 
assembly in the test canisters was 0 still provide a means to perform pressure and leak 
testing. The bottom threaded plug was seal-welded in place while he top head 
threaded plug was not seal-welded to maintain access to the canister interior. 
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Figure 19. Installed Threaded Plug in a Top Head

At this stage, pneumatic pressure tests (50 )sig a r held steady foI one hv-r at
ambient conditions) were performed to assure that a' of the test can sters prowcef
containment prior to the drop tests The pressue tests folowed these fve steps

1 After each test canister nad been D- repare-,, e can sler was pacec nsde a
facility so that the canister could attan a steady-state temperature Once a
canister achieved a steady-state temperatre the can ster was pressJr zed
to 50 psig

2 The pressure test lasted at least one !ou r durat or alter a connectons
were tightened to prevent leakage andc a steady press•,re hac oeen
achieved t

3 If leakage (50 psig pressure not capao e of' be ng he a steady for on~e rouu}
was3idcated, all attempts were rrade to e mratea sourceso eakage

other than the can-ster tseif Thegoa wastoe mna'e ea ngcorrecton
so that if any eakage were present it voudbeatnIbDaD e or'4ytoe
canister

4 During trie nqour-long pressure tet tre can sterswhere not suo~ectetoa*o D
s gn ficant temperature charge that woud afect the a&;c racy oCt)
pressure test

I
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At this stage. pneumatic pressure tests (50 pSig air held steady for one ho~r at 
ambient conditions) were performed to assure that all of the test canisters provIded 
containment prior to the drop tests. The pressure tes s followed these five steps' 

1. After each test canister had been prepared, the can 'ster was placed Inside a 
facility so that the canister could attain a steady .. sta e temperature Once a 
canister achieved a steady-state tempera ure, the canister was pressurized 
to 50 pSlg. 

2 The pressure test lasted at least one hour In duratton a er all connec ions 
were tightened to prevent leakage and a steady pressure had been 
achieved. 

3. If leakage (50 psig pressure not capable of being held steady for one hour) 
was Indicated. all attempts were made to eliminate all sources of leakage 
other than the canister Itself. The goal was to ellmlna e leaking connections 
so that If any leakage were present , It would be attributable only to he 
canister 

4. During the hour·long pressure tes , the canisters were not subjected to any 
significant temperature change hat would af ect the accuracy 0 he 
pressure test. 

I 

I 
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5. A pressure drop of no more than 0.5 psig over the one-hour test duration
was acceptable.

The results of the pressure tests clearly indicated that no measurable pressure loss
was experienced by any of the canisters.

The canisters also needed to be marked in various locations in preparation of the
drop tests. These marks would permit before- and after-drop-test measurements to be
taken at the same locations. Qualified NSNFP personnel utilized a variety of markers
or tools to perform this task, including etching tools and permanent markers. Marking
was based on tape measurement accuracy. Final total weight and "as-built"
dimensional measurements were taken while the canisters were still positioned across
the concrete blocks. The two ten-foot long canisters when loaded weighed
approximately 3,000 and 3,800 lbs. (18-10-90-07 and 18-10-90-06 respectively) and all

i seven of the fifteen-foot long canisters weighed approximately 6,000 lbs. when loaded.
Appendix B contains all of the data sheets that identify the measurements taken at this
time.

il Final labeling of each canister was achieved by painting large black and yellow
labels on each canister. This was done to make canister identification easier and to
provide labeling that could be read in the videotapes and still pictures taken. Figure 20
illustrates this labeling. Finally, as a backup to the large painted labeling, each top and
bottom canister lifting ring was etched with the exact same label as that painted on the
main canister body. Each canister was labeled using a unique sequence of
alphanumeric characters with an AA-BB-CC-DD format. AA represented the nominal
diameter of the test canister in inches, which for this series of testing, was always 18.
The BB characters reflected the nominal length in feet of the test canister, either 10 or
15 for these test canisters. CC indicated the desired impact orientation in degrees,
with 0 representing a vertical drop and 90 representing a flat or horizontal drop. In
cases where there was not an impact angle but a puncture type test, the CCU represented alpha characters that indicted the type of puncture test. For the two test
canisters that were affected, PP represented the 40-inch drop onto a six-inch diameter
puncture post. PW represented the potential scenario of dropping a canister while
loading the canister into a repository waste package or transportation cask or other
similar larger container. Finally, DD was an additional numerical identifier that was
necessary to achieve a unique canister number. For this series of test canisters, the
DD was simply numbers 01 through 09.
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5. A pressure drop of no more than 0.5 psig over the one-hour test duration 
was acceptable. 

The results of the pressure tests clearly indicated that no measurable pressure loss 
was experienced by any of the canisters. 

The canisters also needed to be marked in various locations in preparation of the 
drop tests. These marks would permit before- and after-drop-test measurements to be 
taken at the same locations. Qualified NSNFP personnel utilized a variety of markers 
or tools to perform this task, including etching tools and permanent markers. Marking 
was based on tape measurement accuracy. Final total weight and "as-built" 
dimensional measurements were taken while the canisters were still positioned across 
the concrete blocks. The two ten-foot long canisters when loaded weighed 
approximately 3,000 and 3,800 Ibs. (18-10-90-07 and 18-10-90-06 respectively) and all 
seven of the fifteen-foot long canisters weighed approximately 6,000 Ibs.when loaded. 
Appendix B contains all of the data sheets that identify the measurements taken at this 
time. 

Final labeling of each canister was achieved by painting large black and yellow 
labels on each canister. This was done to make canister identification easier and to 
provide labeling that could be read in the videotapes and still pictures taken. Figure 20 
illustrates this labeling. Finally, as a backup to the large painted labeling, each top and 
bottom canister lifting ring was etched with the exact same label as that painted on the 
main canister body. Each ca'nister was labeled using a unique sequence of 
alphanumeric characters with an AA-BB-CC-DD format. AA represented the nominal 
diameter of the test canister in inches, which for this series of testing, was always 18. 
The BB characters reflected the nominal length in feet of the test canister, either 10 or 
15 for these test canisters. CC indicated the desired impact orientation in degrees, 
with 0 representing a vertical drop and 90 representing a flat or horizontal drop. In 
cases where there was not an impact angle but a puncture type test, the CC 
represented alpha characters that indicted the type of puncture test. For the two test 
canisters that were affected, PP represented the 40-inch drop onto a six-inch diameter 
puncture post. PW represented the potential scenario of dropping a canister while 
loading the canister into a repository waste package or transportation cask or other 
similar larger container. Final/y, DO was an additional numerical identifier that was 
necessary to achieve a unique canister number. For this series of test canisters, the 
DO was simply numbers 01 through 09. 
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Figure 20. Example of Canister Labeling

After this the test canisters were oadec onto a atbed traier and trucked to SNL

Material testing was also performed dur ng tns phase A though matera
certif ications were obtained for the materai S used o fabricate the canisters, the actua
stress-strain relationship was not accurate y known Therefore mted mateora IeStir
was completed to more fully defino appropriate strain behavior for the canister
materials utilized. CFA test persorne usng a calbrated tens le testng mach ng
performed this testing. The materia testing data reports contained in Appendax D
indcate the type of machine used and ts ca bration data as weC as t actual resut5

from the tensile tests completed

7. PHASE IV - DROP AND PRESSURE TESTING AT SNL

SNL, operating under a QA program based on N 1A-1 Reference 19) has a
ongoing, qualified drop test ng program p ace that nas beer t: ze1 o4 neo
organizations, including the Departmen, t of Defense t he U S Nucear Regulatory
Cotmmission, the Department of Energy, and others Tnis fac ity contains an
essentially unyielding flat surface capable of droop ng very a'ge test spec mers wp t
approximately 80,000 pounds) from heights ,p tu 100 feet Sma er ters car be 'a Sod
to amost a 700-foot drop height. The,' moce instumentatior cata acq. Sit on syster(MIDAS) is a self-contained data acqu.s tion fan :it tnat can produ~ce ,'u y qual fecd data'
docurienitation, Records of equipment parameters and peromance ca1 'e ,rdd

prov ding a computer-generated audt trail
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After this, the test canisters were loaded onto a fla bed trailer and trucked to SNl. 

I 

Material testing was also performed during this phase. AI hough matenal I 
certifications were obtained for the materials used to abrica e he canis ers, he actual 
stress-strain relationship was not accurately known. Therefore, limited matenal testing 
was completed to more fully define appropriate strain behavior for the canister 
materials utilized. CFA test personnel using a calibrated tensile testing machine 
performed this tes Ing. The material testing data reports contained in Appendix D 
Indicate the type of machine used and I s calibration data as well as he actual results 
from the tensile tests completed. 

7. PHASE IV - DROP AND PRESSURE TESTING AT SNL 

SNL, operating under a OA program based on NOA-1 (Reference 19), has an 
ongoing, qualifIed drop testing program In place that has been u lfized by numerous 
organizattons, including the Department of Defense, the U S Nuclear Regulatory 
Commission, the Department of Energy, and others. This faclh y contains an 
essentially unYielding flat surface capable of dropping very large test specimens (up 0 
approximately 80,000 pounds) from heigh s up 0 100 feet. Smaller j ems can be raised 
to almost a 700-foo drop height. TheIr mobile ins rumenta Ion data acquisi Ion sys em 
(MIDAS) IS a self-contained data acquisl Ion faclli y that can produce ully qualified data 
docum ntahon. Records of eqUlpmen parameters and performance can be produced, 
providing a computer-generated audit trail 
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SNL was provided a Statement of Work (Reference 20) that outlined the NSNFP
requirements for this nine-canister drop testing effort. SNL responded with a test plan
(Reference 21) that identified their proposed test procedures and a quality document
(Reference 22) that described the quality assurance efforts associated with the testing.

SNL received the nine test canisters on May 4, 1999. Any canister movement
activities were to be performed so that excessive or undue harsh treatment of the
canisters was prevented. The goal was to attribute any damage received by the
canisters to the drop testing only. SNL spent the rest of May and most of June making
pre-test measurements and applying the instrumentation as indicated in Reference 21.
The actual drop testing (Figure 21) began June 23 and finished June 30, 1999. Post-
drop pressure testing was performed on July 1, 1999 and post-drop measurements
began later in July. The canisters were loaded onto a flat bed trailer July 20, 1999, and
trucked back to the INEEL.

Testing is a process where individuals plan as best as possible to achieve the
desired objectives. However, at times, events take place during testing that are simply
not anticipated. That is simply the nature of testing. SNL was able to fully execute
their intended test plan and the results obtained were extremely valuable to the
NSNFP. However, SNL was not able to precisely hit the intended target point on a
number of canisters. The main cause of not hitting the desired targets was the
excessive tension in the tag lines used to align some of the test canisters before the
actual drop. Table 2 lists the canisters and whether or not the intended target was
achieved. If not, the magnitude of discrepancy is provided. Although it can be seen
that SNL did not hit the "precise target" on a number of the canisters, the test results
obtained were still good.

Seven test canisters were dropped from 30 feet onto an essentially unyielding flat
surface. One test canister was dropped 40 inches onto an essentially rigid 6-inch
diameter, 24-inch high bar. These tests duplicated the drop tests specified in 10 CFR
71.73 (c) (1) and (3). The last remaining test canister was tested per NSNFP
specifications. It was dropped two feet onto a 2-inch thick plate (18 inches high and 36
inches long) positioned vertically for an initial impact, and then left to tip over andi impact another 2-inch thick plate (12 inches high by 96 inches long) positioned
vertically, approximately 2 meters (78 inches center-to-center) away from the first plate.
See Figure 22 for additional test details. This last test was developed to demonstrate
what could occur if an actual standardized DOE SNF canister were accidentally
dropped while being loaded into a repository waste package (or a transportation ca,sk
or interim storage canister).
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SNL was provided a 'Statement of Work (Reference 20) that outlined the NSNFP 
requirements for this nine-canister drop testing effort. SNL responded with a test plan 
(Reference 21) that identified their proposed test procedures and a quality document 
(Reference 22) that described the quality assurance efforts associated with the testing. 

SNL received the nine test canisters on May 4, 1999. Any canister movement 
activities were to be performed so that excessive or undue harsh treatment of the 
canisters was prevented. The goal was to attribute any damage received by the 
canisters to the drop testing only. SNL spent the rest of May and most of June making 
pre-test measurements and applying the instrumentation as indicated in Reference 21. 
The actual drop testing (Figure 21) began June 23 and finished June 30, 1999. Post­
drop pressure testing was performed on July 1, 1999 and post-drop measurements 
began later in July. The canisters were loaded onto a flat bed trailer July 20, 1999, and 
trucked back to the INEEL. 

Testing is a process where individuals plan as best as possible to achieve the 
desired objectives. However, at times, events take place during testing that are simply 
not anticipated. That is' simply the nature of testing. SNL was able to fully execute 
their intended test plan and the results obtained were extremely valuable to the 
NSNFP. However, SNL was not able to precisely hit the intended target pOint on a 
number of canisters. The main cause of not hitting the desired targets was the 
excessive tension in the tag lines used to align some of the test canisters before the 
actual drop. Table 2 lists the canisters and whether or not the intended target was 
achieved. If not, the magnitude of discrepancy is provided. Although it can be seen 
that SNL did not hit the "precise target" on a number of the canisters, the test results 
obtained were still good. 

Seven test canisters were dropped from 30 feet onto an essentially unyielding flat 
surface. One test canister was dropped 40 inches onto an essentially rigid 6-inch 
diameter, 24-inch high bar. These tests duplicated the drop tests specified in 10 CFR ' 
71.73 (c) (1) and (3). The last remaining test canister was tested per NSNFP 
specifications. It was dropped two feet onto a 2-inch thick plate (18 inches high and 36 
inches long) positioned vertically for an initial impact, and then left to tip over and 
impact another 2-inch thick plate (12 inches high by 96 inches long) positioned 
vertically, approximately 2 meters (78 inches center-to-center) away from the first plate. 
See Figure 22 for additional test details. This last test was developed to demonstrate 
what could occur if an actual standardized DOE SNF canister were accidentally 
dropped while being loaded into a repository waste package (or a transportation ca,sk 
or interim storage canister). 
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Figure 22. Canister 18-15-PW-08 at End-of-Test Showing the Vertical Impact Plates

Table 2. ACCm

Canister Label
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18-1 5-1 02

Iracy of Canister Imcft
Target

Achieved

Very Close

Yes

Discrepancy

About 1 2 from vertica1

8-15.90-03 No .b-ut 24 rotation about the canistef longituinal axi$

-- -4-0 Yes ------ 
----

8-15-45-04 Yes { '

8 10-90-06 No About 24 rotatico at-out the can ster longrtudinai axis

8-!090-0 7 j No I About I 9 rotation about the canister longitudJinal axis

About -1 from ierical and about m rotton aout the .n*,-er

•-il -j 5hW-8"N

I !~~~~~~on itudinat ax s.............
.................... • Aout '•. r h toward~s the lower head and about 1 4 4- t<• of h8-15-PP-09 No - toniudnvldsa

An accurake s~ondary impact was very difficult to ach eve for the speific 'est
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Figure 22. Canist r 18-15 .. PW-oa at End-of· T t Sho n9 th V rt cal ct Plates 

18·1S-QO. 0 1 Very Close About 1 no from vertical 

18-15-06-02 Yes 

18-15-90-03 No About 24° rotation about lhe calli er longitudinal axis 

18·15-45-04 Yes 

18-15·80-05 Yes 

lS-10-90-06 No About 24° rotation about the canl er longitudinal axis 

I 18-10-90-07 No longitudinal axIS 

lS· 15-PW ·OS- No Ion bout the canister 

1S-1S·PP·09 No 
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All nine of the test canisters adequately survived the drop tests from a deformation I
standpoint. All nine of the test canisters were able to pass the pressure test, holding 50
psig of air pressure steady for one hour without any visible loss of pressure.

There were a few highlights that occurred during the drop testing at SNL. Canister
18-15-00-01 dropped 30 feet, bounced a couple of times, and then remained standing.
This result was surprising but did indeed reflect the accuracy with which SNL dropped I
this particular canister and also how uniformly the canister was loaded at the INEEL.
The puncture post canister, 18-15-PP-08, impacted the six-inch diameter bar twice
before it rolled off the bar. However, the 24-inch long bar was welded to a larger plate 3
with large eyebolts welded to the plate. These eyebolts were used to lift the puncture
bar into position. After the test canister rolled off the bar, the canister impacted one of
the eyebolts, resulting in a second (but unintentional) puncture test. The result was
another significant "dent" but no containment system concern. Finally, test canister 18-
15-80-05 was dropped from an 80-degree orientation in order to achieve the slapdown
effect. The videos taken by SNL clearly show an increased rotational acceleration of
the top portion of the canister just prior to top head impact. Slapdown was achieved.

SNL's final report (Reference 23) was provided to the NSNFP. 3
8. PHASE V - POST-DROP TEST ACTIVITIES 3

The nine test canisters arrived back at the INEEL for post-drop examination and
testing on July 22, 1999. The canisters were unloaded at the TAN-640 South High Bay
at WRRTF (Figure 23). As with the initial loading and unloading activities prior to the
drop tests, the loading and unloading activities after the drop tests were intended to
prevent excessive or undue harsh treatment of the canisters such that any damage
received by the canisters could be attributed to the drop tests only.

The post-drop examination and testing activities included helium leak testing of the
four worst damaged test canisters, detailed measuring of all the deformed test canisters
and recording the information onto data record sheets, cutting open all the test
canisters, and making brief visual observations of the internals and inside surfaces of
the test canisters. NSNFP qualified personnel (per Reference 17) completed the visual
observations. Other non-destructive examinations were performed by INEEL qualified
NDE personnel. All of these efforts were documented in LMITCO work order package
#14578 (Reference 24). 3

Once the test canisters were back at the INEEL, the canisters were placed
horizontally across the same concrete blocks in an effort to duplicate the conditions
when the pre-drop test measurements were recorded. Various examinations were I
made to better understand the structural response of each test canister during its drop
test and how the test canister geometry changed. Many of the measurements taken
were identical to those taken prior to the drop tests. As with the pre-drop I
measurements, these post-drop measurements were taken using calibrated measuring
devices (except the measuring tape), using the same measuring tolerances, and
recorded on similar data sheets. These post-drop data sheets are included in Appendix i
E. These examinations and measurements were typically canister specific due to the
varying structural responses.
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All nine of the test canisters adequately survived the drop tests from a deformation 
standpoint. All nine of the test canisters were able to pass the pressure test. holding 50 
psig of air pressure steady for one hour without any visible loss of pressure. 

There were a few highlights that occurred during the drop testing at SNL. Canister 
1S-15-00-01 dropped 30 feet, bounced a couple of times, and then remained standing. 
This result was surprising but did indeed reflect the accuracy with which SNL dropped 
this particular canister and also how uniformly the canister was loaded at the INEEL. 
The puncture post canister. 1S-15-PP-OS. impacted the six-inch diameter bar twice 
before it rolled off the bar. However. the 24-inch long bar was welded to a larger plate 
with large eyebolts welded to the plate. These eyebolts were used to lift the puncture 
bar into position. After the test canister rolled off the bar. the canister impacted one of 
the eyebolts, resulting in a second (but unintentional) puncture test. The result was 
another significant "dent" but no containment system concern. Finally, test canister 18-
15-80-05 was dropped from an SO-degree orientation in order to achieve the slapdown 
effect. The videos taken by SNL clearly show an increased rotational acceleration of 
the top portion of the canister just prior to top head impact. Siapdown was achieved. 

SNL's final report (Reference 23) was provided to the NSNFP. 

8. PHASE V - POST-DROP TEST ACTIVITIES 

The nine test canisters arrived back at the INEEL for post-drop examination and 
testing on July 22, 1999. The canisters were unloaded at the TAN-640 South High Bay. 
at WRRTF (Figure 23). As with the initial loading and unloading activities prior to the 
drop tests. the loading and unloading activities after the drop tests were intended to 
prevent excessive or undue harsh treatment of the canisters such that any damage 
received by the canist~rs could be attributed to the drop tests only. 

The post-drop examination and testing activities included helium leak testing of the 
four worst damaged test canisters. detailed measuring of all the deformed test canisters 
and recording the information onto data record sheets, cutting open all the test 
canisters. and making brief visual observations of the internals and inside surfaces of 
the test canisters. NSNFP qualified personnel (per Reference 17) completed the visual 
observations. Other non-destructive examinations were performed by INEEL qualified 
NDE personnel. All of these efforts were documented in LMITCO work order package 
#1457S (Reference 24). 

Once the test canisters were back at the INEEL, the canisters were placed 
horizontally across the same concrete blocks in an effort to duplicate the conditions 
when the pre-drop test measurements were recorded. Various examinations were 
made to better understand the structural response of each test canister during its drop 
test and how the test canister geometry changed. Many of the measurements taken 
were identical to those taken prior to the drop tests. As with the pre-drop 
measurements, these post-drop measurements were taken using calibrated measuring 
devices (except the measuring tape). using the same measuring tolerances, and 
recorded on similar data sheets. These post-drop data sheets are included in Appendix 
E. These examinations and measurements were typically canister specific due to the 
varying structural responses. 
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Figure 23. Truck Backing into TAN 640 South High Bay

None of the deforming sk rts toucLed the pressure boundary' or Cicpra nrer't syster'
of the test canstersdurngtheirdrop test •g *ri drg te exier dedthreacedoPost-drop •nspect ors clearly ind cated that tne deform ing skrirs provwded 'her r~e'i ec
energy-absorbing funct~on Post-drop ND[ examnanntions of cer~a nsk~tsdd o rQe i'.'
try cracks or mateial tearng, even on sk rts that were subjected to s(gn-cart
deformation (See F gure 24) The pressure Doundary or containment system or 2 rTrcanisters did not experience extreme deformat ons The most S gnficant change rn ar y
outer diameter of the pressure boundary was on test canister 18-15-90-03 Thatcanister's maximum deformed diameter Wfter dopping was s ght1ylessthan 19 nches

The canisters that had the most significarit damage were chosen, to be he •.T atested At first, two cansters were thought to nave been adequate y damagec to
undergo helium leak testing However, a~ter second con'sideration t was dec dec to
test the four most damaged test can ses Tnis woJ d not only mnm ze COrrs eve,a very limited number of canisters be ng leak testec but more can sters wou d cover a
wider range of can ster impact angles The can sters chosen for he urn ea~ test rr
were 18-15-00-01, 18-15-45-04, 18-15-80-05 ndi !8-15-PP-09 The leak testhng effort
(Figures 25 and 26) utilized procedure TPR-4976 (Reference 25) wh ch tes oacki to tre
ASME B&PV Code, Sect on V, Articdo 10 (Reterernce 26) A full vacuum was pu ec
inside the test canister and the outside surface wvas 'bagged" in order to perm t a 99)•
pure helium environment to exist on the outs de s ;rf ace o' the test can ster Trhe
acceptance crteria of leaktignt or 10" std cc sec eack rate are diSCuSsed ipnte ANSI
N14 5 standard (Reference 27) Tme resuts o• tre ea• test rg {Append x E) ra uatec
that a helium leak rate of less that 10 std cc secw~as ach eyed Note thathe U S
NRC recognizes leak rates of this magn tude to ,effect a ea~t gnt corntar nmer' Ssitem
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None of the deforming skirts touched he pressure boundary or con alnmen system 
of the test canisters during their drop testing. Including he extend d threaded plugs. 
Post-drop inspections clearly Indicated that he deforming skirts prOVided their In ended 
energy-absorbing function Pos -drop NDE examinations of certain skirts did no reveal 

ny cracks or material tearing. even on skirts that were subjected to signiflcan 
deformation (See Figure 24) . The pressure boundary or containmen system of all nine 
canisters did not experience extreme deformations. The most slgnrficant change In any 
outer diameter of the pressure boundary was on test canister 18-15·90-03. That 
canister's maximum deformed diameter after dropping was slightly less than 19 Inches 

The canisters that had the most Significant damage were chosen 0 be heltum leak 
tested. At first, two canisters were thought 0 have been adequa ely damaged to 
undergo helium leak testing. However, a. er second considera lon, I was decided to 
test the four most damaged test canis ers. ThiS would not only minimize concerns over 
a very limited number of canisters being leak ested, but more caniS ers would cover a 
wider range of canister impact angles. The canisters chosen for helium leak es Ing 
were 18-15-00-01. 18-15-45-04, 18-15-80-05. and 18·15-PP-09. The leak testing e to 
(Figures 25 and 26) utilized procedure TPR-4976 (Reference 25) whIch ies back 10 he 
ASME 8&PV Code. Sec ion V, Article 10 (Re erence 26). A full vacuum was pulled 
Inside the test caniS er and the outside surface was "bagged" in order to permIt a 9900 
pure helium environment to eXist on he ou Side surface of he es canis er. The 
acceptance cnteria of leaktight or 1 O·~ s d cclsec leak ra e are discussed In the ANSI 
N14 5 st ndard (Reference 27). The results of he leak es Ing (App ndlx E) Indicated 
hat a helium leak rate of less that 10" s d cc sec was achieved. Note ha he U S. 
NRC recognizes leak rates of thiS magnitude 0 reflect a lea rght conta lnmen system. 
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Figure 24. CG-Over-Corner Drop (6 degree) - Canister 18-15-06-02
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Figure 25. Pulling a Vacuum on a Test Canister During Helium Leak Test Activities
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Figure 24. CG-Over-Corner Drop (6 degree) - Canister 18·15-06-02 

Figure 25. Pulling a Vacuum on a Test Canister During Helium le-ak Test Activities 
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Figure 26. Helium Leak Test In Progress

After the post-drop measurements and the heliur leak testing were completed. the
test canisters were cut open (Figure 27) in order to examine the condition of the
internals, the rebar, and the interior surfaces of the test can sters

After the canisters were cut apart, the two final closure webcs prevyous y UT
examined and "mapped" (canister 18-15-80-05 was accepted and can ster 18-10-90-Gb
was rejected) were UT examined again by the same person. No changes n ,he resu ts
of the UT examinations were noted. These welds were then RT examined in order to
gain more insights on UT versus PT capabi1ities The results indicate (Appendix E)
that both of the final closure welds (including canister 18-10-90-06) were acceptab e
per TPR-4970 (Reference 12) criteria. A phone conversation with the examiner
clarified that, although canister 18-15-80-05 was difficult to interpret due to the Dacking
ring and that "info only" was indicated for weld acceptance, the examiner coul d see ,ot
any indications in the radiograph. This suggests that the UT methodology used for
these closure welds needs improvement. The longitudinal weld seam that was
previously RT examined during canister fabrication (Section 5 of this report) was RT
examined after the drop test. Appendix E contains that examination record anc no
changes were observed Finally, the butt wemd adjacent to the longitudina wed .vas
also RT examined after the drop test This butt wed had been prey-ously PT examined
during canister fabrication and had obviousl passed With t s most recent RT
examination, the weld was still acceptable, From th s stoa! amount of data a would
appear that the drop tests had little degradation effects on the sta n ess steel welds

Additional material testing was performed after the test canisters returned to the
INEEL Material used for the vessel heads was not previously tested ano the only
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After the post-drop measurements and the helium leal< testing were completed, the 
test canisters were cut open (Figure 27) in order to examine the condition of the 
internals, the rebar, and the interior surfaces of the test canisters. 

After the canisters were cut apart, the two final closure welds previously UT 
examined and "mapped" (canister 18-15-80-05 was accepted and canister 18-10-90-06 
was rejected) were UT examined again by the same person. No changes in the results 
of the UT examinations were noted. These welds were then RT examined in order to 
gain more insights on UT versus RT capabilities. The resut s indicate (Appendix E) 
that both of the final closure welds (including canister 18-10-90-06) were acceptable 
per TPR-4970 (Reference 12) criteria. A phone conversation with the examiner 
clarified that, although canister 18·15-80-05 was dIfficult to interpret due to the backing 
ring and that "info only" was indicated for weld acceptance. the examiner could see not 
any indications in the radiograph. This suggests that the UT methodology used for 
these closure welds needs improvement. The longitudinal weld seam that was 
previously RT examined during canister fabrication (Section 5 of this report) was AT 
examined after the drop test Appendix E contains that examination record and no 
changes were observed. Finally, the butt weld adjacent to the longitudinal weld was 
also RT examined after the drop test. This butt weld had been previously RT examined 
during canister fabrication and had obviously passed. With this most recent AT 
examination, the weld was still acceptable. From thIS small amount of data. it would 
appear that the drop tests had little degradation effects on the stainless steel welds. 

Additional matenal testing was performed after the test canisters returned to the 
INEEL. Material used for the vessel heads was not previously tested and the only 
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material available was obtained from one of tne reaos used in the test canisters T~o
material from the bottom head in canister 18-15-PW1-08 was used since •t was no
significantly strained dur ing !s drop test. Ths m atera testing (as reious yCs, se
n Section 6) was performed using a calibrated tensle test ng macmne Athougb
material certifications were obtained for the read mater s, the actual stress-stra
relationship was not accurately Inown Tyerefore onceagan mtedmaera swas completed to more fully define appropr ate st~a ne dhv o- 'or the head mater a

util zed. The material test -g data resort s cora eo nAppendxD

Figure 27. Cutting Apart A Test Canister

The subsections below provide h -- ghghts of the post-crop contion of each test
c n ster, Additional detai s can be found r Anpeno x E However t s mportant to
dfiferentiate between damage to the canister sir, ad damage to the canister pressure
boundary (or containment system)• The sk- ras incorporated nto the canister Cs gr"to act as an energy-absorption device and s yrfcant ceformaton s expected Yet skr
deformation does not necessariy affect the cotanment function o'he canster More
Tiportant is deformation of the can ster ps • boundary s

containment system function of te car ster

8.1 Canister 18-15-00-01

This test canister was dropped from a ver•,ca o• ent:at on 30 feet orto treessenit uy unyielding surface Figures 28 aid 29 snow ,he ootro i 0 ooft,

cadnister, especially the deformed skirt Tne srt orotected he canister oressureboundary as expected• The top oort on of'h can ster was •ot damaged s nce tre test
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material available was obtained from one of the heads used In the est canisters. The 
material from the bottom head in canister 1S-15-PW -OS was used since It was no 
significantly strained during its drop test. This matena! testing (as previously discussed 
In Section 6) was performed uSing a calibrated tensile testing machine. Although 
material certifications were obtained for the head matenals, the actual stress-straIn 
relationship was not accurately known Therefore once again, limited matenal testing 
was completed to more fully define appropriate s raIn behavior for he head ma enal 
utilized. The material testing data report IS con a ned In Appendix D. 

Figure 27. Cutting Apart A Test Canister 

The subsections below provide highlights of the post-drop condition of each test 
canister. Additional details can be found in Appendix E However, it is Important to 
differentiate between damage 10 the canister skirt ard damage to the canister pressure 
boundary (or containment system). The sk rt was Incorporated tn 0 the canister design 
to act as an energy-absorption device and slgrlflcant deformation IS expected. Va skirt 
deformation does not necessarily affect the containment function of the canIs er. More 
Important is deformation of the canister pressure boundary ThiS d rec Iy affec s he 
containment system function of the can ister 

8.1. Canister 18-15-00-01 

ThiS test canister was dropped from a vert ical orientation 30 feet onto the 
essentially unyielding surface. Figures 28 and 29 show he bot om portion of the 
canister, espeCially the deformed skirt. The skirt protec ed he canister pressure 
boundary as expected. The top portion of th iS canister was no damaged Since the test 
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canister remained standing vertical after the drop test The internals showed no
recognizable damage

Figure 28. Bottom End View of Canister 18-15-00-01

Figure 29. Bottom Side View of Canister 18-15-00-01
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canister remained standing vertIcal after the drop test. The internals showed no 
recognizable damage. 

1 -15-00-01 

Figure 28. Bottom End VI w of Canister 18-15-0().()1 

18-1 5-00-01 

Figure 29. Bottom Sid VI w of Canl ter 18-15-00-01 
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8.2. Canister 18-15-06-02
fhis yost can ster was dropped from a 'center-of-jrawt /-ove•-:e-cor•n

' entatioon (approximately 6 degrees from vertica 30 feet onto the essert a
unyielding surface, Figures 30 an( 31 show tne bottom por or of the car ster
especia y the deformed skirt The ski Drotectec tre Dressue bouncary o t~e tes
cansster as expected. The toppoionofthecansterwasorys gntyde'ormec
(F gure 32) as it fell over after the rn ta rpact T ternasrowecr'orecoerz:e
damage
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IFigure 30. Bottom End View of Canister 18-15-06-02
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Figure 31. Side View of Canister Bottom 18-15-06-02 I
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I 

This test can ister was dropped from a "center-of·gravlty-over·the-corner' I 
orientatIon (approximately 6 degrees from vertical) 30 feet onto the essentially 
unYielding surface. Figures 30 and 31 show the bottom portlor of the can"ster, 
especially the deformed skirt The skirt protected the pressure boundary of the tes I 
canister as expected, The top portion of the canIster was only sl ghtly deformed 
(Figure 32) as it feU over after the Initia l Impact The internals showed no recognizable I 
damage. 

Figure 30. Bottom End View of CanIster 18-1 5-06-02 

Figure 31 , Side View of Canister Bottom 18-15-06-02 
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Figure 32. Top End View of Canister 18-15-06-02

8.3. Canister 18-15-90-03

This test canister was dropped from a horizontal orientation 30 feet onto the
essentially unyielding surface. Figure 33 shows the bottom portion of the canister end
while Figure 34 shows the top end portion of the tes, canister The skirt ends deformed
very little. Most of the deformation occurred in the mid-section where the can-ster body
flattened along the point of impact and the body ovaiized to a maximum diame er of
slightly less than 19 inches. The internals were somewh•at deformed but could eas y
still carry out their intended function of separating the SNF and keeping it adequa'eiy
positioned. Figure 35 is a cut-away view of the internals without the rebar The drop
test missed impacting the longitudinal weld seam on the test canister body

8.4. Canister 18-15-45-04

This test canister was dropped from a 45-degree orientation 30 feet onto the
essentially unyielding surface. Figures 36 and 37 show the bottom portion o' the
canister while Figures 38 and 39 show the top portion of the canister- Both he top an
bottom skirts deformed, especially the bottom skirt. However, the skrt s'-* absorbed
much of the impact energy and significantly reduced the damage t-,a co d have
potentially occurred to the canister pressure boundary The test canister had a
noticeable bow over the entire canister length after the drop est. The -terals showed
no recognizable damage with the exception of the 2-inch thicK impact pates tha' ere
slightly deformed (Figure 40) in the local area of the impact point. However they could
still perform their intended function.
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This test canister was dropped from a horizontal orientation 30 feet onto the 
essentially unyielding surface. Figure 33 shows the bottom portion of the canister end 
while Figure 34 shows the top end portion of the test canister. The skirt ends deformed 
very little. Most of the deformation occurred in the mid-section where the canister body 
flattened along the point of impact and the body ovalized to a maximum diameter of 
slightly less than 19 inches. The internals were somewhat deformed but could easily 
still carry out their intended function of separating the SNF and keeping it adequately 
positioned. Figure 35 Is a cut-away view of the internals without the rebar. The drop 
test missed impacting the longitudinal weld seam on the test canister body. 

8.4. Canister 18-15-45-04 

This test canister was dropped from a 4S-degree orientation 30 feet onto the 
essentially unyielding surface. Figures 36 and 37 show the bottom portion of the 
canister while Figures 38 and 39 show the top portion of the canister. Both the top and 
bottom skirts deformed, especially the bottom skirt. However. the skirt still absorbed 
much of the Impact energy and significantly reduced the damage that could have 
potentially occurred to the canister pressure boundary. The test canister had a 
noticeable bow over the entire canister length after the drop test. The internals showed 
no recognizable damage with the exception of the 2-lnch thick impact plates that were 
slightly deformed (Figure 40) in the local area of the impact point. However. they could 
still perform thei r intended function . 
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Figure 33. Bottom End View of Canister 18-1 5-90-03

Figure 34. Top End View of Canister 18-15-90-03
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Figure 33. Bottom End View of Canlater 18-15 .. 90,.()3 

Figure 34. Top End View of Canister 18-1 5-90"()3 
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Figure 35. Cut-Away of Internals Without Rebar for Canister 18-15-90-03

Figure 36. Bottom of Canister 18-15-45-04
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Figure 35. Cut-Away of tnternals Without Rebar for Cantater 18-15-9()..()3 

18·15-45-04 

Figure 36. Bottom of Canister 18-15-45-04 
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Figure 37. Bottom End View of Canister 18-15-45-04

Figure 38. Top End View of Canister 18-15-45-04
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Figure 37. Bottom End View of Canister 18-1545-04 

\ 8-15-45-04 

Figure 38. Top End View of Canister 18-15-45-04 
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18-15-45-04

Figure 39. Top Side View of Canister 18-15-45-04
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Figure 40. Impact Plate Showing Slight Deformation
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Figure 39. Top Side View of Canister 1&-15-45-04 

Figure 40. Impact Plate Showing Slight Deformation 
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8.5. Canister 18-15-80-05

This test canister was dropned from an 80-dgree -irear norizorta) or e~ta• 3
'eet onto the essent aly uny eld ng surface F gues 41 3F(J 42 snow the bottoi pofl
of the can ster whi e Figures 43 arc 44 show the top por oF of the test ca4 ster S ce
the slapdown effect was achdeved the top port or of the canite' pressre nornca'
was more damaged than the bottom This testcanster experencecthemos Oa
to tre canister pressure boundary, especally fo' the weds made at te INLEL. Tet'•
head to canister body weld was s gn1f cantiy hatened dug s apdown F gures 45 ant
46) and the dished porton of the head had a notice boe o,,ge at 'he slaou pa
ocaton near where the skirt was welded onto te read The spoýed-wiee tas~et
r*ternal for this test canister showed the most s gn fant camaje o a' oý "he testcanisters However, that damage was not that s grfcnt Tr'ee oft~'espQo~%essowe
some deformation due to the rebar 3 mpacting the spokes Fgure 47 shows t e soo e
most damaged. Some slight deformation oU the spoke snotceab e Aowgt,'ata,•-e
spoke, two of the Hntermittent welds (near the top ord} cracked Fgure 48 sKo/v '•ose
two welds and Figure 49 shows a close-up of one of ore cracked weds The 2 rew

thick impact plates were slightly deformed at tne point of mpact b&t were s
perform their intended function

I

Figure 41. Bottom End View of Canister 18-15-80-05
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This test canister was dropped from an 80-degree (near hOrizontal) onenta lor 30 
eet on 0 the essentially unYielding surface Figures 41 and 42 show he bo om po 10 

of the caniS er while Figures 43 and 44 show the top port ion of he es can is er SI ce I 
he slapdown effect was achieved. the top portion of he canis er pressure boundary 
was more damaged than the bottom This test canister experienced the mos damage 
to the canister pressure boundary. especially for the welds made at the INEEL The op 
head to canister body weld was significantly fla tened dUring slapdow (Figures 45 and 
46) and the dished portion of the head had a noticeable bulge a he slapdown Impac 
location near where the skirt was welded onto the head. The spoked-wheel baske 
In ernal for this test canister showed he most sign I Ican damage Oi all 0 .he est 
canisters. However. that damage was not that significant. Three of he spokes showed 
some deformation due to the rebar Impacting the spokes Figure 47 shows he soo e 
most damaged. Some slight deformation of the spoke is noticeable. Along t a same 
spoke, two of the Intermitten welds (near the top end) cracked. Figure 48 shows those 
two welds and Figure 49 shows a close-up of one of the crac ed welds. The 2-lnch 
thick impact plates were slightly deformed at the POint of impac but were s III able 0 
perform their Intended tunc ion. 

Figure 41. Bottom End VI w of Cenl tar 18-15·80..05 
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Figure 42. Bottom Side View of Canister 18-15-80-05

Figure 43. Top End View of Canister 18-15-80-05
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18-15-80-05 

Figure 42. Bottom Sid VI w of Canister 18-1S-eO-OS 

Figure 43. Top End View of Canlst r 18-15-80-05 
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Figure 44. Top Side View of Canister 18-15-80-05
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Figure 45. Cross-Section of Canister 18-15-80-05 at Flattened Region
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Figure 44. Top Side View of Canister 18-15-80-05 
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18-1 5-80-05 

Figure 45. Cross-Section of Canister 18-15-80-05 at Flattened Region 
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Figure 46. Top Third of Canister 18-15-80-05

Figure 47. Spoked-Wheel Basket of Canister 18-15-80-05
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Figure 48. Spoked-Wheel Cracked Welds
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Figure 49. Close-up of Cracked Weld
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Figure 48. Spoked·Wheel Cracked Welds 

Figure 49. Close-up of Cracked Weld 
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8.6. Canister 18-10-90-06

This test canister was dropped from a horizontal orientation 30 feet onto the
essentially unyielding surface. Figure 50 shows a representative end view of the
canister, highlighting the slightly deformed skirt. The most damage occurred in the
middle section of the canister where the canister body flattened along the point of
impact and the body ovalized to a maximum diameter of approximately 18-5/8 inches.
The drop test missed impacting the longitudinal weld seam on the test canister body.
The simulated HICs were inside this test canister. All of the simulated HICs had a

= slight bow over their entire length due to the 90-degree impact. The one simulated HIC
that was left empty was indeed flattened and is shown in Figure 51. The mid-section
maximum measured diameter on this empty simulated HIC was 6-11/16 inches and the
minimum diameter was measured as 3-15/16 inches.

j. 8.7. Canister 18-10-90-07

This test canister was dropped from a horizontal orientation 30 feet onto the
essentially unyielding surface. Figure 52 shows a representative end view of the
canister, highlighting the slightly deformed skirt. This test canister experienced even
less apparent damage than 18-10-90-06. The most damage occurred in the middle
section of the canister where the canister body flattened along the point of impact and
the body ovalized to a maximum diameter of approximately 18-1/2 inches. This
canister deformed a smaller amount than 18-10-90-06 due to the different internals' configuration and the lighter total weight of the test canister. The drop test missed
impacting the longitudinal weld seam on the test canister body. The internals for this
test canister were the simulated Shippingport fuel bundles. Figure 53 shows the
resulting deformation of these pieces. Note that the corners were ground down during
canister loading to allow the backing ring on the top head assembly to properly fit.
Since these internals represented a specific fuel bundle and not a basket design, the

,3 deformations were not a major concern to this drop test effort.
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This test canister was dropped from a horizontal orientation 30 feet onto the 
essentially unyielding surface. Figure 50 shows a representative end view of the 
canister, highlighting the slightly deformed skirt. The most damage occurred in the 
middle section of the canister where the canister body flattened along the point of 
impact and the body ovalized to a maximum diameter of approximately 18-5/8 inches. 
The drop test missed impacting the longitudinal weld seam on the test canister body. 
The simulated Hies were inside this test canister. All of the simulated Hies had a 
slight bow over their entire length due to the 90-degree impact. The one simulated Hie 
that was left empty was indeed flattened and is shown in Figure 51. The mid-section 
maximum measured diameter on this empty simulated Hie was 6-11/16 inches and the 
minimum diameter was measured as 3-15/16 inches. 

8.7. Canister 18-10-90-07 

This test canister was dropped from a horizontal orientation 30 feet onto the 
essentially unyielding surface. Figure 52 shows a representative end view of the 
canister, highlighting the slightly deformed skirt. This test canister experienced even 
less apparent damage than 18-10-90-06. The most damage occurred in the middle 
section of the canister where the canister body flattened along the pOint of impact and 
the body ovalized to a maximum diameter of approximately 18-1/2 inches. This 
canister deformed a smaller amount than 18-10-90-06 due to the different internals 
configuration and the lighter total weight of the test canister. The drop test missed 
impacting the longitudinal weld seam on the test canister body. The internals for this 
test canister were the simulated Shippingport fuel bundles. Figure 53 shows the 
resulting deformation of these pieces. Note that the corners were ground down during 
canister loading to allow the backing ring on the top head assembly to properly fit. 
Since these internals represented a specific fuel bundle and not a basket design, the 
deformations were not a major concern to this drop test effort. 
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Figure 50. End View of Canister 18-10-90-06
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Figure 51. Flattened Empty HIC

Author: D K. Morton 
Checked By' S D Snow and T. E Aahl 

Figure 50. End View of Canister 18-10-90-06 

Figure 51 . Flattened Empty HlC 
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Figure 52. End View of Canister 18-10-90-07

,0

Figure 53. Simulated Shlpplngport Fuel Bundles After Drop
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Figure 52. End View of Caniste, 18-1()"90-07 

Figure 53. Simulated Shippingport Fuel Bundle. After Drop 
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8.8. Canister 18-15-PW-08

This test canister was dropped from a ver ca oi era or 2 'eet oto a rc v
vertically onented 2-inch thick plate(represert+P• a"ge ci a reoos tory waste
package or other similar component) ThJ. test cd e was W3$eO a owed ,o t p
onto another essentally rigid and verlca ly -r ered 2+ < -K o ate rep.eser r;•- "
other edge of the waste package or oter (e w c•Tpo 'e't F g 3'4 snows ire tes. is o'
the nhintia impact on the skirt. The sk rd was~ ide~ed •poxrO "•are y +. F+cr Fgc 3re•
snows the damage done to the test ca•- ster D~d du ' 're se r da'r1 r-P-ActT
damage was n~ot ceable but not very sign f vr' F'e I c n r ] :•m!ete t t•ssecondary impact potnt was measwred as tpp' x ite y ie-5 8 res e .

-ndent of approximately 1-38 ,nhes Tre c;es r e 2- +' awere relatively sharp since these eoges were ,A) !•ou a Iew' (" -ou-aea Cc were
"as-receved i The top portion of th s tes (an s'er 'rpacted re essent a y unye or;

surface at the position where a welded-or Jng ug h d beer aacea Tns tt' rWa r"a
mrpact resulted in the localized deformat or of the 'oo s rt s ow"" r F gue 56 The
uniqueness of this deformation was due to a r-a eye vaw cec-or" t g attacec
to the skirt at the point of the third impact Tfs test caniste rac oaaed rno t a
spoked-wheel basket without a sleeve and reaa was rot p acec a acer! to the des rc
mpact location. The spoked-wheel basket rece ved or y m ocal zed defor'at o'
(Figure 57) to one of the spokes adjacent to .- e mpact locat o I
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Figure 54. Deformation on Canister 18-15-PW-08 Skirt Due to Initial Impact I
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This test canister was dropped from a vertical orren atlon 2 fee on a a rtgld and 
vertically oriented 2-inch thick plate (representing an edge of a repository waste 
package or other similar component). The es cants er was hen aI/owed to tiP over 
onto another essentially rigid and vertically orten ed 2-fnch Ick pia e (rep esen ing e 
other edge of the waste package or other componen ). Figu e 54 shows he resul s a 
the initial Impact on the skirt. The skirt was Inden ed approxlma ely Y2 -InC Figure 55 
shows the damage done to the test canister body due a he secondary Impact ThiS 
damage was noticeable but not very slgnlflcan The mlntmal diameter at hiS 
secondary Impact pOint was measured as approximately 16-5 8 Inches, resulting I an 
Indent of approximately 1-3/8 Inches. The edges on both of t e 2- lnch hick plates 
w re relatively sharp Since these edges were not ground down or rou ded but were 
"as-received". The top portion of thiS tes caniS er mpac ed he essentially unYielding 
surface at the position where a welded-on II Ing lug had been placed. This third main 
Impact resulted in the localized deformation of he op skirt shown In Figure 56. The 
uniqueness of this deformation was due to a "pad eye" (welded-on It ,tng lug) a ached 
a the skirt at the point of the thtrd Impact. ThiS es caniS er had loaded in 0 i a 

spoked-wheel basket without a sleeve and rebar was not placed adjacen to he desl ed 
Impact /ocatlon The spoked-wheel basket received only minor localized deforma Ion 
(Figure 57) to one of the spokes adjacent to he impac location. 

Figure 54. D formation on Canister 18-15-PW-08 S Irt Due to Initial Impact 
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18-15-PW-08

,/l,

Figure 55. Secondary Impact Damage to Canister 18-15-PW-08

Iý

Figure 56. Top Skirt Deformation of Canister 18-1 5-PW-08
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Figure 55. Secondary Impact Oamage to Cant tar lS. 1&-PW-oS 

Figure 56. Top Skirt Oeformatlon of Canister lS-15-PW-oS 
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Figure 57, Localized Deformation of Spoked-Wheel Basket From Canister 18-1 5-PW-08

8.9. Canister 18-15-PP-09

This test canister was dropped from 40 nones onto a six- nch diameter pf.nc'e
bar Th is test dup icated that specified in 10 CFR 71 73(c) 3} The mpa-ttarJet wa
the center-of-gravity of the test canister This orentaton woulO Droduce the rost
deformation to the canister body, However, the dro+ test actually mpacted aboot -
rch more toward the lower head and about 1-1 4-ino off of tne longitudina wed
seam. F gures 58 and 59 show the resu ts of this puncture test Damage to the test
canister body was significant. The post-drop reasurements dindcare that the esL. r!)
puncture deformation was approximately 2-34 nohes rno the canister Both the top
aId bottom portions of the canister were wrtually undamaged due to the shon ,a o tre
essentially flat unyielding surface of the rop pad, However after mpact. the test
canister rolled off the puncture bar, impact nq an eye bolt used to ft the punctre ba,
assembly, As indicated earlier in Sect or 6 this test canister was loaded wth a
spoked-whee! basket only (no sleeve) and w- h no rebar adjacent to t1e react po
(Figure 60) The resulting damage to the spoked-Nveei basket was ve'y rnma P •
edge of the one spoke in the vicinity of the punct ire impact had a s ighi mark that
resembed a rub mark. The damage was so slig['t tht it was very Fard see The
interior surface of the canister wrere the purcture occuDred aso snows t a
r~oticeabie damage. except in the mmedate area of toe puncture car deforati Y
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Figure 57. local/zed Deformation of Spoked·Wheel Basket From Cantster 18.15-PW..Q8 

8.9. Canister 18-15-PP .. 09 

This test canister was dropped from 40 Inches onto a six-inch diameter puncture 
bar. This test duplicated that specified in 10 CFR 71.73 (c) (3) The impact target was 
the center-ot-gravlty of the test canister. ThIs orlen atton would produce the mos 
deformation to the canister body. However, the drop test actually Impacted about 1 r 
inch more toward the lower head and about 1-1 ·4-lnch oH of the longitudinal weld 
seam. Figures 58 and 59 show the results of this puncture test. Damage to the test 
canister body was sigmflcant. The pos -drop measurements Indicated hat t"'e (esul 'ng 
puncture deformation was approximately 2·3/4 Inches Into the canIster Both the top 
and bottom portions of the canister were virtually undamaged due to the short fall to tf'le 
essentially flat unyielding surface of the drop pad However. after Impact. the test 
canister rolled off the puncture bar, impacting an eye bolt used to Itft he puncture bar 
assembly. As indicated earlier in Section 6, this test canister was loaded With a 
spoked-wheel basket only (no sleeve) and WI h no rebar adjacent to the Impac po nt 
(Figure 60) . The resulting damage to the spoked-wheel basket was very mlmmal The 
edge of the one spoke In the vicinity of the puncture Impact had a slight mark that 
resembled a rub mark. The damage was so slight that I was very hard see. The 
interior surface of the canister where the puncture occurred also shows It tie It any 
noticeable damage, excep in the immediate area of the punc ure bar deformation 
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Figure 58. Damage at Point of Impact on Canister 18-15-PP-09

r

18- 15-PP-09

Figure 59. Side View of Damaged Canister 18-15-PP-09
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Flgure 58. Damage at Point of Impact on Can ter 18-15-PP-09 

18- 15-PP-09 

Figure 59. Side View of Damaged Cant ter 18-15-PP-09 
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Figure 60. Internals Arrangement of Canisters 18-I5-PW-08 and 18-15-PP-09

9. PHASE VI- FINAL REPORT AND DOCUMENTATION PACKAGES
m~e la~st phase of the FY99 effor rnc ,ce; •I 1te ;enerat on of a 'na "eoorti

report) oy NSNFP qualified personnel trnat ad~dresses at of the assoc ated act v e
especia ly the computer pred ction efforts (2, s .,b' rt rg the tr;ee INEEL work Or •.•
packages to the NSNFP, and (3) suom ttng te c. merat or gered 9y $NL'oeport rg on all of their associated ef'eols to phys ca / perform the d'op tests ?1
pressure tests, and the pre- 3rd post-droo mas •remeni act '. tes at t e SNL

fne (omputer code ABAOUS Exp c~ t Re ease 5 8-1 Re'erence 28F '4s y.the finite element modelingy However thns cornuter ceoe already existed at the
INEEL Therefore, thevalidation and vetcatIO process oescr oed r NSNFP PM19 01 Computer Software Managemert {Re~e-er '>ce 29) startedi at step 5 of t
"Acquired Software' section for ABAQUSExp ct T -eassoc atedpaandc3
vi datr'ie repors for ABACUS ExpI c t are efoe' .es 30 a C 31

10. CONCLUSIONS

N •r~e test canlisters were fabricated us• ~oes p'a ' es poss he a•'c , ', F•]t
ASME B&PV Code, Section I11, av sor'3as g •ae Th eser e test can rs YG eV
drop teted at SNLontoaresentai y ,r /edn e Se£er o' 'e* es'
canisters were dropped from a 30-foot drop hr The rema rng~wo car ster ,e1epuncture drop tested from shorter drog 'e ghs After fhe tests a rna' cavsers 'wr
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Figure 60. Internals Arrangement of Canisters t Q·15-PW..oQ and 18.1 5-PP"()9 

9. PHASE VI - FINAL REPORT AND DOCUMENTATION PACKAGES 

The last phase ot the FY99 effort Included (1 ) he generation of a flna report (this 
report) by NSNFP qualified personnel that addresses all of the assOCIated actIVIties. 
especially the computer prediction efforts. (2) sub", ttlng he three INEEL work order 
packages to the NSNFP. and (3) submitting the documen a ion generated by SNL. 
reporting on a/l of their aSsociated ef orts to physically perform the drop tests. the 
pressure tests. and the pre- and post-drop measurement ac IVI ies at he SNL 

The computer code ABAQUS/Explicit Release 5 8·1 (Reference 28) was used for 
the finite element modeling. However. thiS computer code already existed at the 
INEEL. Therefore. the validation and vertflcatlon process. desCribed in NSNFP PMP 
19 01 Computer Software Management (Reference 29) started at step 5 of he 
"Acquired Software" sec Ion tor ABAQUS Expltc . The aSSOCiated plan and actual 
validation reports for ABAQUS/Expliclt are References 30 ard 31 . 

10. CONCLUSIONS 

Nine est canisters were fabricated uSing "best practices possible ' and uSing the 
ASME B&PV Code, Section III, DiviSion 3 as gUidance. These nine est canisters were 
drop tested at SNL onto an essentially unyielding fla surface. Seven of he test 
canisters were dropped from a 3D-foot drop height. The remaining two canisters were 
puncture drop tested from shorter drop heights After he tes s. all nine canisters were 

I 
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Iable to hold 50 psig of air steady for one hour without loss of pressure. Four of the
most heavily damaged canisters were also helium leak tested and demonstrated to
have leak rates less that 10.7 std cc/sec. These results clearly show that the design of
the standardized DOE SNF canister is robust and that its containment system remains
functional even after an accidental drop event. In addition, these nine test results
provide adequate validation of the capability of computer analyses to predict the
structural response of these canisters under a wide variety of situations not necessarily
tested.

11. REFERENCES

1. Preliminary Design Specification for Department of Energy Standardized Spent
Nuclear Fuel Canisters, DOE/SNF/REP-01 1, Revision 3, Volume I and II, August
17,1999.

2. S. D. Snow and T. E. Rahl, Analytical Evaluation of Preliminary Drop Tests
Performed to Develop a Robust and Drop Resistant Design Concept for the
Standardized DOE Spent Nuclear Fuel Canister, EDF AMG-06-98, September 30,
1998.13. S.D. Snow and T. E. Rahl, Analytical Evaluation of Preliminary Puncture-Drop

Tests Performed to Develop a Robust and Drop Resistant Design Concept for the
Standardized DOE Spent Nuclear Fuel Canister, EDF AMG-01 -99, June 17, 1999.

. 4. Code of Federal Regulations, Title10, Part 71, January 1, 1998 Edition.

5. Test Plan for Preparing Representative Standardized DOE Spent Nuclear Fuel
Canisters for Drop Testing and Post-Drop Examination Activities, DOE/SNF/PP-
015, Revision 0, May 12,1999.

6. High Integrity Can Design Input Document, DOE/SNF/RD-004, Revision 0,
September 1998.

7. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,
Section III, Division 3, 1998 Edition.

8. Requirements Document for Lockheed Martin Idaho Technologies Company

t Quality Assurance Program, PRD-101, Revision 2, April 1, 1998.
9. INEEL Weld Manual, Volumes 1 and 1 A, Revision 42 and Volume 2, Revision 5.3,

October 28, 1998.
10. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,

Section IX, 1986 Edition, A87 Addenda (for S2.0) or 1989 Edition (for S6.9).

5 11. American Society of Nondestructive Testing, Recommended Practice No. SNT-

TC- 1A, 1980 Edition through 1992.

12. LMITCO Technical Procedure, Radiographic Examination, TPR-4970, Revision 0,
August 19, 1996.

I 
I 
I" 
I 
I 
I 
I 
" 

J 
I 
-,-' 

I 
I 
I 
I 
I" 
I 
t 
I 
" 

Author: D. K. Morton 
Checked By: S. D. Snow and T. E. Aahl 

Date: March 16,2000 
EDF~NSNF·007 Part'l Page 53 of 55 

able to hold 50 psig of air steady for one hour without loss of pressure. Four of the 
most heavily damaged canisters were also helium leak tested and demonstrated to 
have leak rates less that 10.7 std cc/sec. These results clearly show that the design of 
the standardized DOE SNF canister is robust and that its containment system remains 
functional even after an accidental drop event. In addition, these nine test results 
provide adequate validation of the capability of computer analyses to predict the " 
structural response of these canisters under a wide variety of situations not necessarily 
tested. 
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