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1.0 Introduction

The purpose of this report is to compile data generated during the
initial tests and inspections of the Beneficial Uses Shipping System (BUSS)
Cask. In addition, this report will verify that the testing criteria
identified in section 8.1 of the BUSS Cask Safety Analysis Report for
Packaging (SARP), Reference 4.1, was met.

The BUSS Cask Model R-1 is a type B shipping container used for shipment
of radioactive cesium-137 and strontium-90 capsules to Waste Encapsulation and
Storage Facility (WESF). The BUSS Cask body and 1id are each one-piece
forgings fabricated from ASTM A473, Type 304 stainless steel. The primary
purpose of the BUSS Cask is to provide shielding and confinement as well as
impact, puncture, and thermal protection for the capsules under both normal
and accident conditions

Chapter 8 of the BUSS Cask SARP requires several acceptance tests and
inspections, each intended to evaluate the performance of different components
of the BUSS Cask system, to be performed before its first use. The results of
the tests and inspections required in the following SARP sections are included
in this document:

8.1.1 "Inspection and Testing during Fabrication"

8.1.2 "Visual Inspection before First Use"

8.1.3 "Pressure Testing"

8.1.4 "lLeak Testing"

8.1.5 "Test for Shielding Integrity"

8.1.6 "Thermal Testing"

8.1.7 "Lid Closure Bolt Torque Test"

The tests and inspections required in the following SARP sections were
performed by Sandia National Laboratories (SNL) or the BUSS Cask manufacturer:

8.1.1 "Inspection and Testing during Fabrication”

8.1.3 "Pressure Testing"

8.1.4 "Leak Testing"

8.1.6 "Thermal Testing"

8.1.7 "Lid Closure Bolt Torque Test"

The inspection required in section 8.1.2 "Visual Inspection before first
Use" was performed by Westinghouse Hanford Company (WHC) upon reciept of the
BUSS Cask. The testing required in section 8.1.5 "Test for Shielding
Integrity” was performed by RUST Federal Services (RFS), subcontractor to WHC.
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2.0 Discussion/Summary

Section 8.1.1 of the SARP "Inspection and Testing during Fabrication"
requires that the following tests and inspections be performed:

1) Testing during fabrication verifying that the cask material has
the minimum material properties described in Chapter 2 of the
SARP.

2) Nondestructive evaluation tests given to the cask components after
they were machined to within 0.25 in.(0.64 cm) of their final
configuration, including dimensional and visual inspection,
magnetic and Tiquid penetrant inspection, and radiographic or
ultrasonic inspection.

3) Inspection of the components after their final machining to verify
compliance to the dimensions specified in the SARP.

4) Evaluation of the impact limiter foam during fabrication for yield
strength and density.

Test numbers 1, 2 and 3 listed above were performed by SNL. The results
of these tests are not included in this report, but auditable records (quality
assurance documentation) are maintained at SNL, which document the results of
these tests and certify that the tests have been successfully completed and
the SARP requirements met. This is confirmed by the SNL letter contained in
Appendix A.

The impact limiters were structurally tested (test number 4 above) by
the manufacturer, General Plastics Manufacturing Company. The results of this
testing are included in General Plastics letter 8£202, which is also included
in Appendix A.

Requirements: The yield strength of the foam must be 350 psi(2.4 MPa)
(-0%, +15%) parallel to the foam rise and 300 psi(2.1 MPa)
(-0%, +15%) perpendicular to the foam rise. The calculated
foam density will be nominally from 10.5 to 11.3 1b/ft>.

Results: The yield strength for Timiter S/N $48929-001 was measured
to be 373 psi parallel and 323 psi perpendicular to the
rise. The yield strength for limiter S/N $48929-002 was
measured to be 373 psi parallel and 324 psi perpendicular to
the rise. For Timiter S/N $48929-001 the tare weight was
1,846 1bs, the whole weight was 3,00§ 1bs, and the foam
density calculated to be 10.64 1b/ft”. For limiter S/N
548929-002 the tare weight was 1,845 1bs, the whole weight
was 2,994 1bs, and the foam density was calculated to be
10.54 ]b/ft3. A1l measurements met the SARP requirements.
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Section 8.1.2 "Visual Inspection before First Use" requires a visual
inspection of the packaging. Appendix B includes the initial inventory list
of all system components. Also included is a page of the Westinghouse
Inspection Plan from the first shipment confirming that the impact limiters
were inspected.

Requirements: A1l system components must be available, there must be no
damage to the impact limiters during transport, and the
packaging must be labeled with its model number, gross
weight, and package identification number.

Results: A1l system components and spare parts were documented and
available and there was no damage to the impact limiters.
The following information is contained on the labels:

"BUSS Cask

Model No. R-1

ID No. USA/9511/B (U) DOE
Cask Assembly only: 23,900
w/ Limiters and Skid: 32,600"

The labels are located on the bevelled top edge of the cask
near the 1id and adjacent to the horizontal 1ift lugs. This
labeling information closes out the SARP requirement for
proper package labeling. The results of the initial
inspections met SARP criteria.

Section 8.1.3 "Pressure Tests" requires a hydrostatic pressure test of
the confinement system before the first use of the BUSS Cask. This testing
was performed by SNL. The results are documented in SNL letter 8E176, which
is included in Appendix C.

Requirements: The container must be leak-tested at an internal pressure of
75 psi(0.52 MPa) (50% higher than the maximum normal
operating pressure), which must be held for at least 30 min
with no pressure decrease greater than 1/2 psi.

Results: A pressure of 76 psi was held for 31 min with no detectable
decrease. The results met the SARP criteria.

Section 8.1.4 "Leak Tests" requires a fabrication leak test performed on
the BUSS Cask. The testing was performed by SNL. The corresponding data
sheets and calibration reports which contain the results of this testing are
included in Appendix D.

Requirements: A confinement leakage criterion of 1.0E-4 atm-cm?/s must be
met. Leak tests are required on the cask body, 1id, and
port plugs before use, each meeting the leakage criterion of
1.0E-4 atm-cm’/s. The 1§ak detector sensitivity must be a
minimum of 5.0E-6 atm-cm’/s.

3
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Results: ~ The leak rates were as follows: 1.3E-7 atm-cm’/s helium for
the assembled boundary, no detectable leakage for the 1id
seal, 3.6E-6 atm-cm’/s helium for the lower port, and no
detectable leakage for the upper port. The sensitivity of
the leak detector was 1.0E-9. A1l results exceeded the

minimum requirements.

Section 8.1.5 "Test for Shielding Integrity" requires that the BUSS Cask
be tested before its first use to verify that it provides the required level
of shielding. This testing was performed by RUST Federal Services (RFS). The
results are documented in RFS memo 733027.022, included in Appendix E. The
original data compiled from this testing is included in Reference 4.2.

Requirements: The cask is Toaded with 12 cesium chloride capsules with a
maximum activity of 70.8 kCi each or 16 capsules with a
maximum activity of 53.1 kCi each. The measured dose rates
on the surface of the cask and at 2 meters from the surface
must be less than or equal to 200 mrem/hr and 10 mrem/hr,
respectively.

Results: Initial testing consisted of loading sixteen capsules in the
BUSS Cask. A prototype plug was installed in the upper port
to meet the SARP requirements on the surface and at a 2
meter distance. Documentation from the testing was compiled
in Reference 4.2.

The shielding evaluation was repeated at IOTECH with the
cask loaded with 16 capsules, as documented in Reference
4.3. The maximum dose rate measured on the surface was 70
mrem/hr at the lower port (a permanent shielding plug was
installed in the upper port) and the maximum dose rate
measured at 1 meter from the surface was 1.4 mrem/hr at the
Tower port, as documented by Appendix E. The results were
below the maximum dose rates allowed by the SARP.

Section 8.1.6 "Thermal Testing" requires that a thermal test be
conducted on a prototype cask before its first use to ensure that the cask
will meet the thermal design criteria. Also, the results of this test provide
benchmarking data to validate two thermal model programs developed for the
SARP. This testing was performed by SNL. The results are documented by
Sandia Report SAND87-2715, which is included in Appendix F.

Requirements: Twelve cesium chloride capsules are loaded and, in order to
conduct the test for the highest thermal loading (4.0 kW),
each shall have a thermal power of 333 watts, or capsules
with accurately-known thermal outputs shall be used.
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Results: The capsule heat rates averaged 265 W/capsule. Therefore
. the capsules produced a total thermal heat load of 3.2 kW.
The values predicted by the programs were higher than
measured for the basket, but very comparable in the cask
region. The BUSS cask met the design criteria and the
thermal model programs were validated.

Section 8.1.7 "Lid Closure Bolt Torque Tests” requires that bolt
torquing tests be performed on the 1id closure to validate the relationship
between torque and preload on the 1 1/2 in. diameter 1id bolts. Instrumented
lubricated and unlubricated bolts and a calibrated torque wrench must be used,
and a sensitivity curve for torque vs. preload be developed. Testing was
performed by SNL. The results are documented by SNL Tetter 8E377, which is
included in Appendix G.

Requirements: The torque value must be determined that produces 45,000 1bs
of tension for each bolt.

Results: It was determined that a torque value of 1,250 ft-1bs for
each bolt with Neolube dry-lubricant produces the required
amount of tension. Therefore this value shall be used for
cask assembly operations.

In conclusion, the results from all the initial testing and inspections
of the BUSS Cask met the SARP criteria and the BUSS Cask was released for use.
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Sandia National Laboratories
#. Q. Box $8C0

Managed by Martin Marems Cerpora
Albuquerque. New Mexico 87185-0718 far f.neg u. gy Depanment of Enen‘;pyc ton

H. Richard Yoshimura
Transpenation Systems Analysis

April 26, 1994

E. D. Robbins

Westingnouse Hanford Company
P.0.Box 1979

MS S6-63

Richland, WA 99352

Dear Mr. Roobins:

The purpose cf this jetter is to docurnent the resuits of the acceprance testing performed bv
Sandia National Laboratories (SNL) as described in the BeneZficial Uses Shipring System (BUSS)
Cask Safety Analysis Report for Packaging (SARP). Other acceptance tests described in the
SARP were completed by Westinghouse Hanford Company (WHC),

The BUSS Cask SARP Chapter 8 (Section 8.1, Acceptancs Tests) requires the completion of
specific testing and inspection criteria orior 0 use. SNL ccmpieted the acceprance testing
recutrements for Sections 8.1.1 “inspecton and Testing during Fabricadon.” 8.0.3 “Pressure
Tests.” 8.1.4 “Laak Tests,” 8.1.9 “Thermai Testng,” anc 3.1.7 “Lid Closure Boit Torgue
rests’.

~he records for inspection and testing serrermed curing Zabricarion {quaiity assurance
documentation) as defined in Section 8.1.1 are maintained at SNL. SNL has an auditable set of
fabrication records which confirms completion of this requirement. In addition, the procurement
and fabrication records have been independently audited, and ail discrepancies of the audit were
resolved.

The inital hydrostatic test requirements were performed according 10 Section 8.1.3 of the BUSS
Cask SARP by SNL. SNL decument #8E176 (Anachment 1) confirms completion of this
requircment.

The inidal jeak test requirements were pertormed according o Secdon 8.1.4 or the BUSS cask
SARP by SNL. SNL document #8E177 (Anachment ) contirms compietion of this requirement.

Appendix A
Page 2
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E. D. Robbins

[ 8]

April 26, 1994

The thermal test requirements were performed according to Section 8.2.3 of the BUSS cask

SARP by SNL. SNL document #8E384, SAND 87-2715 (Artachment 3) confirms completion of
this requirement.

The lid closure bolt torque tests were performed according to Section 8.1.7 of the BUSS cask
SARP by SNL. SNL document #8E381 (Attachment 4) confirms compiletion of this requirement.

SNL has previously provided two controlled copies (copy no. 50 and 33) of the BUSS cask
SARP 10 WHC. In addition, SNL wiil provide one adcmonal controlled copy as requestec by
WHEC Waste Encapsulation and qtoraara Facility (WESF). These conuoiled copies wiil te
augmented with SARP Revision #4 uron approval by DOt -HQ (EH-33.2) and the subsequent

issuance of the Cartificate of Compiiance. if you have any cuestions or reguire any additicnal
..oc.unentanon for the BUSS cask. piease contact me on (503) 843-3181.

Sincereiy,

WL ot
H. R. Yoshimura, Acting Manager

Transportation Systems Analysis
Department 6641

HRY:6641:kas
Attachmenits

Copy to:(w/o attachments)

6631 C. Olsen (Qua.hw Assurance)
6641 Day File

6643 D. R. Bronowski

BUSS Cask Fiie
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\ Westinghouse
Hanford Company

P.0. Box 1970 Richland, WA 992382

Decamber 21, 1893 9280768

Mr. R. H. Yoshimura

>

Transportation Systam Technoloagy
Department 6642
Sandia National Laboritories
Albuguergue, New Mexica 28718%
Oezr Mr. Yoshimura:
REJUEST FOR BENEFICIAL USES SHIPPING SYSTEM (BUSS) CASK SAFITY ANALYS:S
REPORT FOR PACKAGING (SARP) DCCUMENTATION
TNe Zursese of fhis Tstiar is %2 reauest Zocumentzcicn Tram Sandiz Mationa!
Liporatories (SHL) stating combietion of tne campiiation and zudi: 97 2Uss
Cask Tabrication Quaiity Assurancs (9A) rzcaras ind campietion 3F 3pecitic
ACIEDTANCE Tests as recuirad in {hapter 8 a7 the BUSS czsk SARP
des:‘nghouse Hantord Co ompany (AHC) is awars that SNL is rzviewing znd

no17‘ng Ttz 3USS czsk QA fabrication records and that an indenendant augit
Nas oeen conduczzd on the records oy SNL to assurs the documentation will
sTanaup to a Nuclear Regulatory Commission {NRC; zuait if conduczad.
°lezze provide carrzsoondencs 2o WHC ST3Ting =hat al: the aborodoriatz JA
Tabricatad rscords are assempied ind maintained at SHL 3o That the 3UST zz:x
€in 2e usad within the raguiraments of “he SARP.

Chapter 8 of the 3USS cask SARP raauirss zhat i specitic acozplancs test Se
succasstully conduciad and QOCJment_n pr‘or t0 transporting radiocac: 1ve
materials with the cask. As per prior agraements with S SNL, ail tests s
being conductad by WHC, excapt for thoss found in Sect<ons 8.1.1 (as st
apove), 3.1.4.1, 8.1.6 and 8.1.7.

rs
a

tad
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Pleasa provide to WHC documentation which states all testing requﬁred in the
s ail

sbove sections are succassfully compieted by SNL, and addres
documentation to myself.

If you have any quesiions or comments please contact me on (209) 372-0001.

Very truly yours,

{J.%——'—‘-’-

£. D. Robbins, Manager
Cesium Return Program
Facility Operations

sir
00E-= - L. 3lajock
2. 3. Chitwood
J. . fzenan
]L - . 0. Zcmine
2. 0. Putoff {w/o attachment;
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COMPONENT NonDESTRUCTIVE EXAMINATION (NDE)
TESTING

Attachment; SNL Letter Dated April 26, 1994

Attachment; WHC Letter Dated December 21, 1993 # 9360768
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Sandia Naticnal Laboratories

P, Q. Box £800

v Managed Sy Marin Manet= Coroo
Albuquercue, New Mexico 87185-0718 far the U. S. Depanmean cf Enargy resion

H. Richard Yoshimura
Transgomnation SVS!BmS ANaiysis

April 26, 1994

£.D. Robbins

Westinghouse Hanford Company
?. 0. Box 1979

VS S6-483

Richland, WA 59352

Dear Vir. Roobins:

The purpese cf this lewer is 0 docurzent e resuits of the acceprance festing performed 2V

Sandia Narional Laboratories (SNL) as descriced in the BeneZicial Uses Shipring Systexm (BUSS)

Cask Safery Analysis Report for Packaging (SARP). Other acespancs tests described in the

SARP were completed by Westinghouse Hanford Company (WEC).

The BUSS Cask SARP Chapter $ (Secton 8.1, Accspance Tests) requires the compiedon of
specific westing and imspection criteria $TIOT 1O us€. SNL compieted te cccsprances testng
requirements or Sectons 8.1.0 “Insgecton anc Tasting during Facricadon” 3.0, *Pressure

P Y
-~ * ST Y T acee Dt te 2 LT o :2 . T aT e Y fe T e
asts.? 8.1.4 “Taai Tess.” 8.0.3 “Taermal Testng,” anc 3.1.7 “Lig Closure 2oir Torcue
Tasts™
LA voha .

The recorcs Zor inspecton and testing performed dunng Zabricaucn (cuallry assurancs
documentation) as defined in Seczon 8.1.1 are maintaines at SNL. SNL has an auditabie set of
‘abrication records which confirms completion of this requirement. In additon. the precurement
and fabrication records have been indegendenty audited, and ail discrepancies of the aundit were
resoived.

The inidai hyZrostatc st requirerments were performed according <o Secton 8.1.3 of e 3LSS
Cask SARP tv SNL. SNL decument #3E176 (Awachment 1) confirms compieton Cr Jus
reguircment.

The initiai leak test requiremerts “vere serformed according 0 Secdon 3.1.< or e BUSS casx

s D

“lagc r@nII{rOrearT
“qis recuirement.

IARD by SNL. SNL document #3E177 - .Anachment ) corfrms comrietion I
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E. D. Robbins

(Y]

April 26, 1994

The thermal test requirerneats were performed according o Sectien 8.2.3 of the BUSS cask

SARP by SNL. SNL document #8E284, SAND 87-27135 (Amachment 3) confirms compietion of
this reguirement.

The lid closure bolt torgue tests were performed according 10 Section 8.1.7 of the BUSS cask
SARP by SNL. -SNL document #3E381 (Anachment 4) confirms completon of this requirement.

SNL has previously provided two conmoiled copies (copy no. 30 and 33) of the BUSS cask
SARP 10 WHEC. In addition. SNL will zrovide one additional controlled copy as requested by
WEC Waste Zacapsulation and Storage Sacilicy ("WESFE). Thaese conwoiled copies will ze
augmented with SARP Revision 24 ugon approval by DCE-ZQ (22-33.20 azc

“ha o "‘:pﬂ bebd

|t e e
S~ e

issuance of the Certificare of Complian

od =S ‘st

if 7ou have znv cuestions or reguire any adciticnal
docurmentaticn “or the BUSS cask. piease contact me on ($02) 345-3181.

Sincareiy,

L L u{@il,.;“_
H. R. Yoshimura, Acing Manager

Transportation Systems Analysis
Derarmment 6641

HRVY:Sod1:kas
Attacamesnts

Copy to:(w/o artacaments)

6631 C. Olsen (Qualiry Assurance)
6641 Day File

6643 D. R. Bronowski

BUSS Cask File
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Westinghouse
Hanford Company

P.Q. Box 1270 Richland, WA 88382

am - 216074
December 21, 19¢3 22607868

Mr. R. H. Yoshimura
Transportation System Technology
Department 6642

Sandiz National Laboritories
Albuguerque, Mew Mexica 8718E

Dezr Mr. Yoshimura:

REQUEST FOR BENEFICIAL U

I £3 SHIPPING SYSTEM /BUSS) CASK SAFITY ANALYSIS
2E30RT FOR PACKAGING (SARP)

DOCUMENTATION

D
[®]

The surcose of ihis Tatiar is o rzguest decumentalicen from Sandiz Mationad
tigerztories (SHL) stating compietion of the compi ition and zudit o7 2USS
c3sk fabrication Juaiiity Assurancs (0A) rscorgs zng comoietion oF Ipectitic
2CCEDTENCE TesTs as reauirsd in Chaptar 8 of the SUSS zask SARP

rd Company (WHC) is awarz that SHL i3 raviewing and
stion recards and that an indenendant audit
has Zesn c3ndu s by SNL To assurs the documentation wilil
' v Commission (NRC) auagit iT conductzd.
aporsers

ndenc2 o WHC stating tha i g ats
S 4 it SHL so that tne 3US

sembied and 1q1n"x €
equirsments of the SARP.

oF o ()
1
m m C)

a
ra
Y

Chaptar 3 of the 8USS cask SARP requires that a
suczzssfully conductad and documentad prior o &
materials with the cask. As per prior agresement
being conducted by WHC, except for those found i
above), 8.1.4.1, 8.1.8 and 8.1.7.

=3
s3T
ss
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Please provide to WHC documentation which states al] testing required in the
dbove sections are successfully completed by SNL, and address ail
documentation to myself.

[T you have any questions or comments please contact me on (209) 372-0001.

Yery truly yours,

Py 72N

£. D. Robbins, Manager
Cesium Return Program
Facility Operations
sir
2CE-0 - L. 3lalock
R. 3. Chitwood
J. u. Xeenan
;L - L. D. Romine
R. Q. Putatf (w/o atiachment)
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FINAL COMPONENT MACHINING INSPECTION

Attachment; SNL Letter Dated April 26, 1994

Artachment; WHC Letter Dated December 21, 1993 # 9360768
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Sandia National Laboratories

#. C. Box £8C0 Managed by Marin Marie'ta Coroera
Albuquerque, New Mexics §7185-0718 tar v.nag U. &. Degoarment cf Ene:gy fon

H. Richard Yoshimura
Transgoration Systems Anasysis

April 26, 1994

E. D. Robbins

Westngnouse Zanford Company
P.0. Box 1979

MS S6-43

Richland, WA 99332

Dear Vir. Reobins:

The surpose ¢f this lemer is 10 docwrment the resuits 0T ke acceptance testing performad v
Sandiz Nationai L aboratcries (SNL) as descrited in the BeneZGcial Uses Shipring System (BUSS)
Cask Sarety Analysis Report for Packaging (SARP). Other accentancs tests described in the

SARP were compiered oy Westngnouse Hanford Company (WEC).

Tne BUSS Cask SARP Chapter S (Secdon 3.1, Acceptance Tests) reguires the compieton of
ecific testing and inspeczion criteriz gror 20 use. SNL compiered the accertance testng

S

cl

e
w

culrements Zor Sectons $.1.. “Inspecucn anc T esting during fapricatcen.” 8...5 “Pressure
Tests.” 8.1, “Laaic Tests.” 3.0.2 "Tzermai T2sung.” anc 3.1.7 “Lid Closurs 2oiz Terzus
Tests™.

The recorcs Zor inspection and fesung periormed during -abricaticn (cualiny assurancs

documentaton) as derined in Secdon 3.1.1 are maintained at SNL. SNL nas an auditabie set of
fabrication records which conrirms completion of this requirement. In addition. the procurement
and fabrication records have been independently auditeq, and ail discrepancies of the audit were
resolved.

The inidai hydrostatic test requirements were perrormed according 0 Secdon 3...3 of the 3USS
Casik SARP bty SNL. SNL deocument #8E176 (Amachment ) contirms compieton of whis

requircment.

The initai leak t2st requirements were terformed according 0 Secdon 3.1.4 or the BUSS cask
SARP by SNL. SNL documen: #2RE177 /.Anachment 2} cCRIrms ¢omrpienon oI s reg

JTaTr-an
Jg recuarement.
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E. D. Robbins

(o]

April 26, 1994

The thermal test requirements were performed according 0 Section 8.2.3 of the BUSS cask
SARP by SNL. SNL document #3E384, SAND 87-2715 ( Amachment 3) confirms compietion of
this requirement.

The lid closure bolt torgue tests were performed according 10 Section 8.1.7 of the BUSS cask

SARP by SNL. SNL document #8E381 (Antacament 4) confirms compietion of this reguirement.

SNL has previously provided two controlled copies (copy no. 30 and 33) of the BUSS cask
SARP 10 WHC. In addition. SNL will srovide one additional controlled copy as reguestec by
WEC Waste Encapsuiation and Sterage Facilicy (WESE). These controiled copies will e
zugmented with SAR® Revisicn 74 ugron approval 5y DCE-HQ (ZX-33.2) aod the subseguent
issuance of the Cardficate of Comeiiance. of vou have iny guestions or requize any additicnal
Zocumentation ‘or the BUSS cask. piease contact me on {3057 345-3181.

. sda

Sincerety,

e

H. R. Yoshimura, Acting Manager
Transportation Sysiems Analysis
Deparment 5641

HRVY:564d1:kas
Artachments

Copy to:(w/o attachmexnts)

5631 C. Olsen (Qualiry Assurance)
6641 Day Fiie

6643 D. R. Bronowski

BUSS Cask File
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Westinghouse
Hanford Company

P.O. Box 1270 Richiand, WA 923852

' = ' Q350768
Decamper 21, 1903 283768

Mr. R. H. Yoshimura
iransportation System Technology
Department 6842

Sandia National Laboratories
Albuquerque, New Mexico 8718S

Dezr Mr. Yoshimura:

OING SYSTEM (BUSS) CASK SAFITY ANALYSIS
ENTATION

(S |
= U

AEPORT FOR PACKAGING

REJUEST FOR BENEZTCIAL |
( 0

-1
s p
(@]

TA& Jurdose ot R ter 1s U0 rzquest decumentaticn from Sancdia dationzl
-zporatdries {SML) stating compietion of the comoiiation and zugis 27 ZUSZE
Cisk 7abrication Quaiity Assurancez (0A) recards znd compiet-on of igezivic
aCcsotiancs tests as resguirsd in Chantsr 8 of the SUSS czsk SARD.
Westingnouse Hanford Company (WHC) is awars chat SNL is raviewing ind
compiling itis BUSS cask QA Fabricition recards and that an independant audi:
1as tesn conducIzd on the racords by SNL %o assurs the HOCJmentatzon Wit
standup to & Nuciear Regulatory Commission (MRC) auait 7 ccnduc=zd.

Plezss pravide carraspondenca to WHC stating that 371 the approcriatz JA
fabricatad rscaras arz issempled and maintained it SHL 2o That the 3USS zzask
cin te used within the raguiraments of Zhe SARP

Chapter 38 of the BUSS cask SARP rzauirss that a

specitic aczzptancs tsst be
succasstully conducted and documentad prior to transporTting radiocactive
materials with the cask. As per orior agreements with SNL, all tests are
being conductsd by WHC, except for those found in Sec=iaons 3.1.1 (as stated

apove), 3.1.4.1, 3.1.6 and 8.1.7.
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Plezse provide to WHC documentation which states all testing reguired in the
above sections are succasstuliy completed by SNL, and address zll
documentation to myself.

[f you have any gquesiions or comments please contact me on (5Q9) 372-0001.

Very truly yours,

fgfzjgféZZQf:;;;,

0. Robtbins, Managsr
um Refurn Pragram
1ity Operations .

Oy m
U]
th

sir
D0E-40 - L. Blalock
2. 8. Chitwood
g. u. Lesnan
]L - .. 3. Romine
2. 0. Putoff (w/o attachment)
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IMPACT LIMITER STRUCTURAL PROPERTIES
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GENERAL PLASTICS TELEX 989134

FAX (206) 473-5104

MANUFACTURING COMPANY FAX (206) 733105

_ 4910 BURLINGTON WAY/P.O. BOX 9097 Seattie-Renton Area
MANUFACTURING CO. TACOMA, WASHINGTON 98409 (206) 623-2795

50 YEARS OF COMMITMENT (206) 473-5000

TO QUALITY AND SERVICE
September 9, 1992 ReEVIEWED AND ARCEfTey RY
Sandia National Laboratories % fZJq_M, q /l ‘//75

1515 Eubank Bouievard S.E.
Albuquerque, New Mexico 87123

Attention: Richard Yoshimura, Division #6642
Subject: Certificate of Conformance

Reference: Purchase Order #66-7466

Gentlemen:

This is to certify that Part Number $48929 has been manufactured, inspected and tested in
accordance with purchase order requirements. Applicable specifications and drawings called for
by the purchase order are:
Drawing: S48929 and
Specification: BUSS-001, Issue A.

Production control records and test reports covering subject material indicate conformance
with applicable requirements and are on file, available for examination; copies of test reports
and production control records are herein enclosed.

Materiai: General Plastics Mfg. Co.’s LAST-A-FOAM®FR-3710.75
Production Batches #1392 & #1393

Quantity: 2 each P/N S48929, S/Ns S48929-001 & S$48928-002

Respectfully submitted,
GENERAL PLASTICS MANUFACTURING COMPANY

on, Supervisor
Quality Assurance Materials Testing

DBE/de

Enclosures: 2 each Recap Sheet, Compressive Strength Data.
24 each Compressive Strength Graphs per BUSS-001, Issue A(Copies).
6 each Flammability Test Report, 14 CFR 25.853(a) (Copies).
2 each Production Control Records, P/N S48929 as serialized above {Copies).
1 each Certification Package, Subtier Suppliers (Copies).
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MANUFACTURERS AND MOLDERS OF LAST-A-FOAN HICH DENSITY RIGID AND FLEXIBLE POLY URETHANE FOAMS
AND FABRICATORS OF PLASTIC SHEETS FOR AIRCRAFT, INDUSTRIAL CONSTRUCTION SMARINE, NUCLEAR SHIPPING AND MODELING
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GENERAL PLASTICS MANUFACTURING COMPANY

_ P.0. Box 9097, Tacoma, WA. 98409 €20 (¢0)
o 16, 1062 (206) 473-5000 @ @ PY
P.0. NUMBER: 2846t

THIS NUMBER MUST APPEAR ON ALL LABELS, PACKING SLIPS & INVOICES

PUGET SOUND COATINGS SHIPPING ADDRESS: 4910 BURLINGTON WAY
20 ST AVES. TACOMA, WA, 98409
TILE, VA 93616 DOOR
267-3500/TOBY Andsio s Send Invoices to: P.O. Box 9097, Tacoma, Wa. 98409
_ | ) _ .
FOB: 3/p , TERMS: N30
OUTING YUUR TRULL REQ. NO.
PLEASE FURNISH certification that the materiais Unless this box is checked, Washington State Sales Tax is
ﬂ furnished under this order meet all the specifications not applicabie. .
listed below. TAX REGISTRATION NO. C278036069
YA AT AR
ITEM QUANTITY DESCRIPTION SCHEDULE G2 in‘,:
o DS TRt s 1
1 _ SOLVENT CLEAN, ABRASTVE BLAST AND PASSIVATE BUSS X LTS

CASK IMPACT LIMITERS PER SPECIEICATIONS SSPC-SP-1 A3
SOLVENT CLEANING AND SSPC-SP-5. HACE 1. SWEDISH STANDARD i
SA73, WHITE METAL BLAST CLEARING {ATTACHED) =
PICK UP CRATED UNTIS AT GENERAL PLASTICS AND RETURN N
IN SAME CRATES
CONFORM " >
CERTIEY WORK & MATERIALS JIOWSRORK TO STATED SPECIFICATIONS, DATED AND SIGNEVCw ZHA E"
SMALL 1 OZ. SAMPLE OF BEAD MATERIAL TO BE DELIVERED WITH UNIT. 23 ?&__’:{:: =
CALL DAVE EDMONDSON OR CHUCK WILLIAMSOR (206) 473-5000) TO INSPECT URIT AT -;fh: -‘
BEFORE CRATING FOR RETURN SEIPMENT. :; ;.;_:F
CONTIRMING ORDER DO NOT DUPLICATE A e, v
. r Ak 3 ] .é.:g
TN ET
- "4};::-- =
4 'r'-. A ? ‘K.
THIS PURCHASE ORDER IS FOR SANIDA NATIONAL LABATORY PARTS. SANDIA[BRS, e
NATIONAL LABATORY TOGETHER WITH GENERAL PLASTICS MFG. CO. HAS THE LI EZ U
TO VERIFY THE QUALITY OF WORK AND MATERIALS AT ANY PLACE INCLUDINGEIRGIRISI O
PLANT. ) QR Tl
D4 g Zgs

This is a rated order certified for Mational defense use and your HREHHMGD
are required to follow all the provisions of the defense prioritief :
and allocations system regulations (15 CFR 350). 7

DMS RATING:s DX-E2 & DI
i
7,
Z
) 1. 0e8ds
8 & Bt o
QA : £ 1 '.-'.

Prirchase order subject to the
s and conditions on the

reverse side hereof. I‘\,ppzngigx A
a
INTERNAL ROUTING: PG SD-WM-T1-654
[ Plant 1 [J Liquids [J Office v O
D Cutting D QA Floyd Henry, Project Sales Engineer

oA nOPY



' CHANGE ORDER SERSR (‘-H)

2630 DATE  8-10-92 r.C
Sandia Nat'l Labs. ?/N

CBANGE TO:

*ICE USE ONLY:

Original SJ0
SJO Copy
Computer

____shipping Label

Add to both units: §

1) Clean units with DOD-P-15328-

2) Apply’ MIL-P-53022 per MIL-F-18264

3) Apply MIL—C-ZZ?SOD, Fed Std. 595 #36307 per
MIL-C-22751 and MIL-F-18264

Weigh untis after foaming. PROVIDE CERTIFICATION

Ship units_to Puget Sound Coatlngs after foaming for top

coat.”

Ship to Sandia on -8-22-92

7700 G
s s!n{:)(ni vﬁ,‘, . "‘:"\:‘;’Qtwm,‘:bh\;‘w&:'#::';'f:ﬁ&‘é\""':\‘ﬁ:' - R ‘.. ;.‘:-:_" s, Lt .-“;'. : \“;’;*ﬁ:’;’.‘ _ -:‘.w .
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SE202.(y2)

OPY

From:
Address:
Fax:
Telex:

EasyLink:

Phone (voice):

“DFACSIMILE TRANSMITTAL SHERT

GENERAL PLASTICS MANUFACTURING COMPANY

PO. BOX 9097, TACOMA, WA. 98409 USA

(206) 473-5104 (Aﬁto answer direct line)

98-9134 (GENERAL PLASTICS)" _ ’
62-924622

(206) 473-5000

Sender: IF:/Q,QSUV\L QSO/TVUJ . .

[ ~ Y
Pages: [ (Includes this sheet) Date://27/93
Attn: /O-/M OJM//LQ/LU“Q/

To Company__

~

1.

%WC@M@O

Mail Stop :

Fax number:

Message:

7(97 - 5—?/7 Phone(voice):

__Cl&&mm 5 20, 2396Ce %‘%

Add: Services for the BUSS Cask Impact Limiters

1

2)

3

» tWo units suppiied:

clean units with DOD-P-15328
Apply MIL-P-53022 per MIL- E-18264

Apply MIL-C- ~Z2750D, Federal Standard 585 # 36307, per MIL-C-
22781 and MIL-F- 18264

Provide certification to the specified standards.

ARTICLE 2

Add: Additional worlk descrlocu in this Amendment
August 15, 1292,

~ PERIOD OF bEQ:ORM}*CE

to be complete by

|
\)vCixﬁx«J\)ys:f\cx,/ '(jﬁJﬂr\(\cw LY A
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Page 60

\ & \7‘{\ (

i

WHC-SD-WM-T1-654
N S Rev O
l\ (,\? "‘\/;\ '\ /‘GJ"‘ "\




PSC e goa(u3)

Puget Sound Coatings Inc
. 9220 8th Ave. South - Seatte, Washington $8108 « (206) 767-3800 + FAX (206) 767-5817

August 27, 1992 . @©L ii

To Whom It May Concern:

Reference: General Plastics Purchase Order No. 2846CR486
Sandia National Laboratories Purchase Order No. 66-7466

This letter certifies that the Topcoat material meets MIL-C-22750D
and was applied in accordance to the Manufacturers Specifications
and Application Procedures. .

Toby \&rdrews
Project Manager

TA:bc
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C Danicl Boene "

E2(uy)

PAINTS - COPY

Daniel Boone Paints, Inc.
15701 Nelsen Place So.
Tukwila, Washington 98188
(206) 228-77€7

14

v August 27, 1892

Puget Sound Coatings
9220 8th Ave. South :
Seattle, Washington 98108

Attn: Toby
Subject: Letter of Certification:

P.0. 7148 for General Plasti;: P.0.#2846CR486 Sandia Nat'l

Laboratery P.0O. 66746

This is to certify that the following material is of the same
compesition as material which previously has been found to comply
with spgcifications when tested completaly, or that the material
complies with the specification based on complete tests which the

manufactursr has conducted on the particular batch or lot.

Mil € 2275CA Batch #050122 Mfg. May, 1992
Mil ¢ 22750B Batch #080512 Mfg. August, 1992
Sincerely,

/

. {/3.4. Bocne, Secty-Treas.
DANIEL BOONE PAINTS, INC.
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e ‘:’_,g".’_rz_j-;-z_?k,.-qu-_E.’ q_\?— -;‘.ﬁ' '5 bE’B..Q— ;.Q_QI.——_———— P . L :P » a2 |,

T&;aét

Srotective Ccatings, Inc.

' CERTIFICATION B8E 202 (Ux5)

i
“Aircratft, Prote&ivo &
Decorative Finishes”

315 NORTH 2ND AVENUE, KENT, WA 98032-2993 ) TELEPHONE: {208) 854-9330

FACSIMILE: (208) 859-074¢

PAGE: 1
« PUBET SOUND COATINGS INVOICE 8  @1859S4
p' O‘ Box 8@5@5 .
. g§g$TEésHTH RVE. B. 2 DATE @7/29/92
. ’ WA 98108 CUST. PO. % 7@37

JUANTITY UNIT ITEM NO.

- = -

2.008 EACH UESSELS

PASSIVATE DPER- SANDIA SPEC 9904301 ISSUE-"J"
TREATMENT "B", EXCEPT FOR PARA. 3.3.23 '
TEMP. 70 - 100 DEG. F. AND SEC. 3.3.28
TIME 10-15 MINUTES

CLTAN 'UNITS PER DOD-P-15328

APPLY MIL-C=-22750-D, FED-STD-595 #36307 PE
MIL-Y-18264-D AND MIL-C-22751-D PER
MIL-F-18264-D

REF: PUGET SQUND COATINGS P.O. 2846CR486 AND

SNLA P.O. 6€-7466, CHANGE 2

Appendix A
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- - COVERAGE
AUTO. SHOT PEEN ‘ SHOT SIZE fACTUA\L INT. COVERAGE MANUAL SHOT PEEN SHOT SIZE ACTUAL INT. L Qve
A1 TAGH | MAGNETIC INSPECTION PER APPLIED SPECIFICATIONS
— [0 BAKED of FOR ———— — HOUR:
AEJ. TAGH PENE TRANT INSPECTION PER APPLIED SPECIFICATIONS
(0 BAKED of FOR —_—wom————n— HOU®
RECEIVED ACCEPTED REJECTED
—_— e —— (O BAKED f FOR em—e———— - HOUR:
RECE™ ™" ACCEPTED REJECTED
WE CERTIFY that ait materials and procssses used on the parts hsted herein O s&wms :9-20 5AC 881 I
are 35 specilied on the applicable drawings. Physical and/or chemical test reports SATCHE TEATE
are on e ‘or inspecticn. . - | R
-?Ee test 1830145 MEY ‘st oresoll

Wet 1est resw's

T e Gon | e




GEN ERAL PLASTICS MAN UFACTURING COMPAN Y =

BN _ P.O. Box 9097, Tacoma, WA. 9 |
s O SR N "CORYserzrc
- | - P. O NUMBER: 3078 -

THIS NUMBER MUST APPEAR ON ALL LABELS, PACKING SLIPS & INvOICES
'PHILLIPS SCALE CO.; INC.

SMELLIDNTT AVe. SHIPPING -ADDRESS: 4910 BURLINGTON WAY
- SEATILE, WA 98119 TACOMA, WA. 98409
i | | DOOR
2846090 _ Send Invoices to: P.0. Box 9097, Tacoma, Wa. 98409
L . ! FoB: p . TERMS:N® .
ROUTING . B REQ.NO. = "% - =
PLEASE FURNISH certification that the materials Untess this box is checked, Washington State . Sales Tax is
furnished under this order meet ail the specifications not applicable. ESc
listed below. - TAX REGISTRATION NO; C278036069
-m:x '“'mm “ADFSCRIPTION
1 S REHTAL OF 5000/LB PLATFORM SCALE, INCLUDING
_ - o _E:EI_HIEIEATE OL TRUE & ACCURATE WEIGHT
2 | TRANSPORTATION (BOTH VAYS)
CORFIRMING ORDER DO NOT DUPLICATE

—y
|

OHNRON

Y0, TN =19 10} TRS o=}
SRS
! L
B i f\ “,[_‘L
= A
é@% 4

’
By

Purchase order subject to the

terr and conditions on the Appendix A
rev. e side hereof. Page 64
INTERNAL ROUTING: WHC-SD-WM-T1-654

Rev O
[ Plant 1 [ Liquids (] ctiice

[J Cutting [J QA

Flovd Henry, Project Sales EngineerT
Q.A. COPY :




......

-l
3
3

d;
EL
ali

€
%
i
Bl
d
B -
Bl
El
£
3
ke

Seas

f l‘lllllpé SCALE COMP@ @b ‘. :

@mc—zA L CHAS{:LS
Make st Wegin Ws oo, S/N

Inspected By /A/VYL@ g%(// o0 Date D }5&2

This certifies that the above listed device met all Weighing Requirements
when tested on the above date with weights traceable to N.B.S.

Load Reading Load Reading Load Reading
B0 1ps 50O 3000 |ps UG Lbs
- /000 Lps 1C00 HO0D L ps L0
200 Lbs OO S00 Lbs §2!

2 /5043

|
|

Next Inspection Date
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IMPACT LIMITER DENSITY CALCULATIONS
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IMPACT LIMITER INSPECTION
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Impact Limiter Inspection is performed upon
BUSS Cask receipt at the IOTECH Facility,
verification that no damage has occurred
during transportation is performed in
accordance with WHC Inspection Plan No.
WI-NRS-1293-115, Item # 4. See Attachment
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JCS NO. N/A PAGE _1  of _6
WHC  INSPECTION  PLAN IMPACT LEVEL SAFETY CLASS
d O O 5
ITEM/DESCRIPTION DWG/SPEC NO. REY ECN NO.
BUSS Cask SARP SAND83-0698 4 N/A
Quality Assurance Check Points TCC-0430
WHC Quality Assurance Check Points WI-NRS-1293-115 N/A
during Loading Operations at IOTECH
Location Initiated by: Date |[Cog. Engineer Date
IOTECH Facility D. D. McAfee . P. T. Saueressig
Northglenn, Co G e Colan :,Z“’L /‘%"/77 ?a«—'q‘/SaMMO% oy/Zo/q/

NOTE: Notify QC prior to start of wor; for each HOLD or WITNESS point !

No. Inspection Step H/W/Y | NCR QC Sign/Stamp

1 | Verify the documents are available for the v
the following tests (Note: Sandia National
Laboratories has a NQAl quality assurance program
in place for verification that the documented
test results met the test criteria):

« heljum leak test,

« structural integrity during first
hydrostatic leak test,

« radiation shielding criteria (inspection item
number 25, WHC will supply the required
documentation).

« Thermal design criteria, and
(Attach copy of letter documenting completion
of acceptance testing).

2 | Verify the acceptance criteria of the periodic v
inspections described in Table 8.2-1,

Chapter 8 are met. (Attach copy of the table and
a letter documenting completion of periodic
inspections and listed expiration date).

3 | Verify a copy of the acceptance test and v
periodic inspections for the BUSS cask are
maintained at the IOTECH facility.

4 | Verify that no damage occurred to the impact v
limiters during transport to IOTECH.
(Inspect oniv for obvious damage such as dents)
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JCs NO. N/A

PAGE _2 of _6

WHC  INSPECTION  PLAN IMPACT LEVEL

Lo Ll L1,

SAFETY CLASS
N/A

NOTE: Notify QC prior to start of work for each HOLD or WITNESS point !

No. Inspection Step

H/W/V

NCR QC Sign/Stamp

5 | Verify the sixteen hole basket is placed in
the BUSS cask fqr loading with cesium capsules.

6 | Verify the upper port bore (radiation shield)
plug is installed in the upper port hole.

7 | Verify the capsule identification numbers

for the capsules loaded into the BUSS cask
sixteen hole basket. (Attach copy of RUST

source loading sheet, WI-NRS-1293-115).

8 | Verify the small ring gauge testing of the
source capsules prior to loading in the BUSS
cask (Attach copy of RUST data sheet,
WI-NRS-1293-115).

9 | Verify the clunk testing of the source capsules
prior to loading in the BUSS cask (Attach

copy of RUST source loading data sheet,
WI-NRS-1293-1158).

10 | Verify the wattage and curie (decayed to
shipment window) content obtained from the
Westinghouse Hanford Company (WHC)
Encapsulation Database System (EDS) are for the
capsuies loaded into the BUSS cask and are
consistent with the shipping papers (Attach
copies of the EDS listing and shipping papers).

11 | Verify the wattage obtained from the WHC EDS
for the capsules loaded in the BUSS cask is less
than 4000 watts (Attach copy of WHC EDS data).
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JCS NO. N/A

PAGE _3 of _6

WHC  INSPECTION  PLAN . IMPACT LEVEL

e P v

SAFETY CLASS

N/A

NOTE: Notify QC prior to start of work for each HOLD or WITNESS point !

No.

Inspection Step

H/W/V

NCR

QC Sign/Stamp

12

13

14

15

16

Verify the following preparations of the BUSS
cask:

. drained of water,
. dried (no visual moisture/dry to the touch
. backfilled with helium.

Witness the installation of the 1id bolts
and the final torquing value of 1250 ft-1bs.

NOTE: Assure that no bolt movement occurs
during the final torgquing sequence. If bolt
movement occurs perform an additional torque
sequence.

Bolt movement occurred [ ] No [ ] Yes

Verify the serial number and the expiration
date of the torque wrench used to install the
1id bolts.

Serial Number:

Expiration Date:

Witness the installation of the upper and
lower port bolts and the final torgquing value
of 60 ft-1bs.

Verify the serial number and the expiration
date of the torque wrench used to install the
port bolts.

Serial Number:

Expiration Date:

v

?
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JCS NO. N/A

PAGE _4 of _56

INSPECTION  PLAN IMPACT LEVEL

O, s,

SAFETY CLASS
N/A

NOTE: Notify QC prior to start of work for each HOLD or WITNESS point !

No.

Inspection Step

H/W/V

NCR QC Sign/Stamp

17

18

19

20

21

22

23

24

25

Verify leak tightness for the sum of>§Ee three
BUSS cask seals is less than 1.0 x 10 atm-cc/sec
leak rate obtained from the NonDestructive
Examination (NDE) [Attach a copy of the NDE

test report]

Verify the 1e§g rate standard used is no greater
than 5.0 x 10" atm-cc/sec and is documented on
the NDE test report and is current.

Verify mass spectrometer system sensitivity is
documentgg on the NDE test report at less than
5.0 x 10 atm-cc/sec.

Verify the installation of the upper and Jower
impact Timiter tapes.

Verify the installation of the four turnbuckle
assemblies between the upper and lower impact
Timiters.

Verify the installation of the tamper seals
on the impact limiter tape plugs.

Verify the installation of the four turnbuckle
assemblies securing the BUSS cask to the
trailer (skid assembly).

Verify the installation of the personnel barrier
by bolting the upper section of the barrier
to the Tower section of the barrier.

Verify the completion of the radiation and
contamination surveys for the exterior surface
of the BUSS cask (Attach copies of surveys from
RUST loading procedures).

v
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JCS NO. N/A PAGE _5 of _6
WHC  INSPECTION PLAN TMPACT LEVEL : SAFETY CLASS

. . e B0 X N/A
NOTE: Notify QC prior to start of work for each HOLD or WITNESS point !

No. Inspection Step H/M/V | NCR QC Sign/Stamp

Radiation surveys meet the radiation
Jevel limits of 49 CFR 173.441 and the SARP:

« less than 200 mrem/hr on the external surface
of the package,

« less than 10 mrem/hr two meters from the
external surface of the package, and

Contamination surveys meet the contamination
control limits of 49 CFR 173.443 for non-fixed
(smearable) contamination on the external
surfaces of the cask:

+ less than 22 dpm/cmzzbeta-gamma, and

« less than 2.2 dpm/cm” alpha

Contamination surveys are taken as described in
49 CFR 173.443.

NOTE: Steps 26 through 30 are for documentation
retention and do not require completion prior
transporting of the BUSS cask.

26 | Obtain the original RUST loading procedures H
Jisted below and attach to this inspection plan.

WI-NRS-1293-112
WI-NRS-1293-113
WI-NRS-1193-108
WI-NRS-1293-114
WI-NRS-1293-115
WI-NRS-1293-116
WI-NRS-1293-117
WI-NRS-1193-118

27 | Verify completion of all data within the RUST v
loading procedures from inspection item 26.

28 | Obtain a copy of the drivers packet and attach H
to this inspection plan.
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JCS NO. N/A PAGE _6_ of _6
WHC  INSPECTION  PLAN IMPACT LEVEL SAFETY CLASS
O, 0 s X, N/A

NOTE: Notify QC prior to start of work for each HOLD or WITNESS point !
No. Inspection Step H/W/V | NCR QC Sign/Stamp
29 | Obtain a copy of the data sheets for unloading H 1

the BUSS cask, inspection of the capsules and

storing of the capsules in the WESF storage

pools and attach to this inspection plan.

E0-100-023, Unload BUSS Cask

£E0-100-012, Operate Go-No Go Gage and Examine

Capsules

E0-906-003, Transfer and Store Capsules
30 | Verify completion of all data within WESF v

operating procedures from inspection item 29.
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' 13Cs NO.  N/A PAGE _1_ of _6
WHC INSPECTION PLAN IMPACT LEVEL SAFETY CLASS
J L D L £ L S F 0
ITEM/DESCRIPTION DWG/SPEC NO. REV ECN NO.
BUSS Cask SARP SAND83-0698 4 N/A
Quality Assurance Check Points TCC-0430 /
WHC Quality Assurance Check Points WI-NRS-1293-115 N/A
during loading Operations at IOTECH .
1]
' i
Location Initiated by: Date |Cog. Engineer Date
IOTECH Facility D. 0. McAfee P. ToSauerassi

Northglenn, Co 2 g EZZ‘ ;é //94 /ﬁ/ = /1’/?/
NOTE: Notify QC prior to start of work for each HOLD or WITNESS point ! |

No. Inspection Step ' H/M/Y | NCR l QC sign/Stamp
1 | Verify the documents are availabie for the ¥ 1 —_——
the following tests (Note: Sandia National T o
Laboratories has a NQAl quality assurance program 2N
in place for verification that the dOCJmented 57/?/9§/Cfp\

test resuits met the test criteria):
+ helium leak tast,

o structural integrity during first
hydrostatic leak test,

« radiation shielding criteria (inspection item
number 26, WHC will supply the required
documentation).

« Thermal design criteria, and
(Attach copy of letter documenting completion
of acceptance testing).

2 | Verify the accaptance criteria of the periodic Y T ]&-7r-"
inspections described in Table 8.2-1, 5;/9'/ L)
Chapter 8 are met. (Attach copy of the table and 7ﬁ/Q:;;

a letter documenting compietion of periodic
inspections and listed expiration date).

e i —
3 | Verify a copy of the acceptance test and v T
periodic inspections for the BUSS cask are
maintained at the .IOTECH facility.

4 VYerify that no damage occurred to the impact | i 4y ! -
| Timiters during transport to IOTECH. ? : |
! {Inspecs onlv for obvious damage such as dents) i

B
B g
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¢ . 01r10/84  12:33 505 844 0244 ORG.= 8320 @002
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date: January 11, 1993

+5: E. R. Yoshimura, 6642

from: David Bronowski, 66843
subject: Performance of BUSS cask hydrostatic and leak tests.

Following is a description of the prccesses follewed ©o perscrm
+nwe annual/fabrication tests of the BUSS cask.

The disassembled cask l1id and body werse thoroughly cleaned. This
included cleaning the lid bolt insert holes with alcchol and
cotton swabs and then f£lushing the noles with deicnized water to
remcve all debris. The cask paylcad cavity was éried and then
wiped dewn with wipers dampened with denatured alcohel. XNo
pasket was installed. ’

mne cask 1id and port covers were assembled with new Heliccflex
seals from the latest order received (PO% AD4059). The peorc
covers: used for the tests were the pair recently fabricatad (P0%
T™p1623). Ona peort cover (serial no. QL) was installeé on the
upper per= of the cask per the cperating manual procedure.

B e e e —————tr

gydrestatic Test
t

The cask was filled with deionized watel o within 6 inches of
she 1id szal surface (approximately 38 gallons). This £i1l
‘haicht: at the apprcximate cencerline cf the uprer pPoI™

penetratisn in the cask cavity.

The cask 1lid was lowered, expelling tie eXcess water. More water
was expelled as the lid jack screws wWere retracted. The lid
bolts were lubricated and installed. (Note: cnly slight
resistance was felt as a result of the water in the insert holes.
No problem with hydraulic leck-up.) The 1id bclts were tightened
to 50 ft-1b following the sequence in the operating manual.
Torzued the bolts to 100, 200, then 600 £t-1bs.

gsefore torquing tc the final 12125 fr-1p valves, cne of the lid
leak test fitting plugs were removed. DPressurized watar was
expelled. At this point the hydreostatic test plumbing assembly
(part no. R38032-100 and a pump) was installed. Installation was
difficult due to pressure in the paylcad cavity.

mne 1id belts were tightened to the sinal torcgue of 1125
per the operating manual preocedure.

h

t-1b
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. BUSS File -2-

ORG.= 8320
January 11, 1993

The hydrostatic test was then performed per the maintenance

manual with satisfactory results. Test documentation is on +the
attached hydrostatic test data sheet.

Next the cask was preparsed for the helium leak test of the
containment boundary. This involved removing the water from the
cask without disassembling the 1lid or upper port cover, as this
would have required the use of another seal(s) upcn reassembly.

The quick connect fitting assembly was removed from the lower
port to allow the water to drain out (using a mating fitting to
oren the valve did net allow water to drain). The payload cavity
was then pumped out with a vacuum pump with a ligquid nitrogen
cold trap in the line. Pumping time was approximately 45 minutes
to remave the water.

Assemblied Containment Roundarv Ieak Test

The cask was placed on twe timbers to raise cf£f the flcor. The
entire cask was "bagged¥ in preparation for the helium leak tes=z.
The bag ccnsisted of a cylindrical shaped tent of heavy gage
plastic approximately 56 inches in diameter and 48 inches tall.
The helium backfill plumbing assexmbly (part no. R35032-C00) was
usad to connect the leak detector to the lower port gquick-connect
valve. One line t¢ a helium supply and another line ts a large

vacuum pump were placed under the bag. The bottom edge cof the
bag was then taped to the floor.

The containment boundary leak test was then performed with
satisfactory results (data sheet attached). Perzmeaticn was noted
during the test and is due to the elastomeric o-rings in th

lower port quick-connect fitting assemkly. The bag was remcved
aftar the test.

Lid Seal leak Test

The lid test plumbing assembly (part ne. R35032-300) was used ts
ccnnect the leak detector to cne of the lid leak tast port

fittings. The helium backfill plumbing assembly (part no.
R35032-000) was installed in the lower pert fitting and connected
tc the vacuum pump, pressure transducer, and helium supply. The
test was ccnducted for a period of five minutes after completing
the helium backfill (backfilling tock 2 minutes). There was no
detectable leak in this seal. Data sheets are attached. The
helium was removed from the payicad cavity afier the teast.
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BUSS File . -3- January 11, 1893

Upper Port Seal Teak Te

The port test plumbing assembly (part no. R35032-200) was used o
connect the leak detector to cne of the lid leak test port
fittings. The helium backfill plumbing assembly (part ne.
R35032-000) was installed in the lower port fitting and connectad
o +he vacuum punmp, pressure transducer, and helium supply.

The test was conductad for a period of five minutes after
completing the helium packfill (backfilling tock 1 minute).
There was ho detectable leak in this seal. Data sheets are

attached. The helium was removed from the payleoad cavity aftex
the test.

lower Port Seal L.eak Test

The uprer port cover was removed and the test port ccver, parT
no. S94924, was installed in its place. The helium backfill

plumbing assembly, partT ne. R315022-000 was attached the the quic
cennect fitting in this cover..

A port cover was assembled for use cn the lower cask pore usinc
; +the remaining cover from PO# 701623 (serial no. 02) and a new

E ceal from PO: AD40SS. The quick-connect valve assembly was
remeved from the lower pcort of the caskx and the port cover
installed per the operations manual procedurs.

an

The test was conducted for 2 pericd of five minutes after
cempleting the helium back£ill (back£illing tock 1 minute).
~nare was no detectable leak in this seal. Data sheets arez

a=+ached. The helium was removed freom the paylcad cavity after
the test.

Ccpv w/enclosures: BUSS Cask TFile

-
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"BI'Jss Cask Maintenance Manual Revision 0, December 1882
STRUCTURAL PRESSURE TEST DATA SHEET
Test Date: AZ-22-52 ' Cask Serial No. Z/ff"/?f///é’
V4 Fd
Hydro Pump Type: X _ Manual Power Operated

Hydéro Pump Mfg. ;ﬁ/‘yr«vu - Model No. HAZ2ALZO

Pressure Gage Mfg. ST G g = Serial Ne. &2 725.>2

Cal Expiration Date: <L-/-77 Gage Resolution ,Z Asrs

New seals in 1id and upper port cover? Z%g (initials)
Cavity filled with demin/deion water? y//é/

Lid and upper port cover bolts properly tightened? /Z/Z
Water at thermal equilibrjum (min T = 2 hours) /Zg

(a«?’c»—f:f"z’/)
Cavity pressure /éﬂfa psig (min. test P = 75 psig)

Test star: time L2F 5 Y
Test end “ime o525
Test pressure held for FZ minutes (wmin. T = 30 minutes)

Cavity pressure at end of test 5 V]
Pressure decay _Z L5

Final Dispositicn:

Acceptable Unaccsptakle /<

Cocmments: ’Sj/.scf TAPT™ T S SVALE L o T Y SRS

CRLTED i SR EIFS & o J P TERC TEETITST NS EN TN Pl D,

-

T T vre e P Z-——xzd.u AT T T il G & T #ﬁ(muy LR P P

Conducted by: £+ /Z/: m/ SR=22~ T2

Da 2
Witnessed by: (.05 ,_Q,Vl ' @/?L
Date
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' _01/19/94 12:33 503 844 0244 ORG.= 8320

@oos
‘Eéss cask Maintenance Manual Revisiocn 0, December 1282
/ -
g STRUCTURAL PRESSURE TEST DATA SHEET
Test Date: ) 2. 2252 Cask Serial No. AVSZf/495i4//Q%
Bydro Pun Type: ___Zf:nanual ___ Power Operated _4/
Hydrc Pump 4fg. ;:Zzyrvﬂa»« Model No. A FAIB
Pressure Gage Mfg. S S B E gserial No. oO%2272

cal Expiraticn Date: 2-/-F73 Gage Resolution 422¢2f74;

New seals in 1id and upper port cover? (ZZ?Zgy (initials)

cavity filled with demin/deion water? ZZZE

1id and upper port cover bolts prererly +ightened? 22@35

water at thermal egquilibrium (min T = 2 hours)'VVZ{Aewzv'AH‘ﬂﬁz s s TR L

/,JD/cdr—..-.‘ﬂ) Pesrw? o# TL J& PG .
Cavity pressure T& psig (min. test P =75 psig)

-

Test start time SO S5

Test end time AR
Test pressure held for EZ/ minutes (min. T = 30 ainutes)
cavity pressure at end of test & A5G

/‘,
Pressure decay -

Tinal Dispesiticn:
Acceptable 7~ Unacceptable

Comments:

-

Conducted by: TZ;Z?iggzgﬂsziggéi? p2-22-52

' Date
witnessed by: (A= 5, ‘,/-;-{Q,-q___,-—ﬁs ' lvf{z2{22

Date
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. _01/18/84  12:55 9505 844 0244 ' ORG.= 8320 . @oor
T TRANSOUCER CALIBRATION REFORT
} ' SANDIA LABS 2414  7/I1/1%%2
| Fa
7 MANUFACTURER  US-GAUGE ‘
8 MODEL 2-100PS1
SERIAL 290792 DATAFILE & 1

TRANSDUCER TYPE DIAL, 64&E

CZRTIFIED 8Y Ds ﬂ[,ddx_/~f’\\t///////EKPIRﬁTION DATE 2/ L/19%3
TEMPERATURE AMBTENT FAZILITY USED  KING

REQUESTING OR&. 8843
COMMENTS: BRONOWSKI.. . MOUNTED IN VERTICAL POSITION

REFERENCE 0IAL GAGE Z DEVIATION

UNITS READING FULLSCALE
PSIG
.1108S6E+@2  .1QQQRE+Q2 -1.090
.2074S4E+02  .20@QQE+02 -.748
.3087SSE+22  .30QQQE+Q:Z -.880
.4QSESLIE+@2  .40000E~02 - .S58
.508S02E+22  .SQQ0QE-I2 -.8¢@
.EQ8522E+32  .60QBQE:0Z -.882
.710€285+02  .7@00QE+QZ -1, Q€2
.811584E+02  .BQQQ0E+0C -1, 188
.813257€+02  .30QQQE-QZ -1.328
; .1Q1320E+03 . 10QQ@QQE+23 -1.320
: .BL1ES4E+A2  .50Q0QQE~22 ~1. 183
! .S27841E+@2  .320QQQE+92 .784
i .237808E+02  .2BQOQE+d2 -.78L
i .B118618+@2  .80QQQE-AZ -1.188
{

R TR
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Silent Power, Ltd.

Attn: M. McNamee

Davy Road, Astmoor

Runcorn, Cheshire

UNITED KINGDOM WA7 1PZ

Solarex

Attn: G. Brawn

630 Solarex Ct.
Frederick, MD 21701

Southern California Edison (2)
Attn: A. Rodriguez

R. Scheffler
2244 Walnut Grove Avenue
P.O. Box 800
Rosemeade, CA 91770

SRI International

Attn: C. Seitz

333 Ravenswood Ave.
Menlo Park, CA 94025

Stuart Kuritzky
347 Madison Avenue
New York, NY 10017

Superconductivity, Inc.
Attn: J. Emerick
2114 Eagle Drive
Middleton, WI 53562

Texas Utilities Electric
Attn: J. Fangue
Skyway Tower

400 N. Olijve, L.B.81
Dallas, TX 75201

United Engineers and Contractors
Attn: A. Randall

700 South Ash St.

P.O. Box 5888

Denver, CO 80217

University of Missouri - Rolla

Attn: M. Anderson

112 Electrical Engineering Building
Rolla, MO 65401-0249

University of New Mexico
Attn: S. Kelly

School of Law

1117 Stanford NE
Albuquerque, NM 87131-1431

University of Wisconsin - Madison
Attn: D. Divan

Dept. of Electrical & Computer Eng,
1415 Johnson Drive

Madison, W1 53706

U.S. Department of Energy

Attn: T. Petersik

Energy Information Administration
EI-531 FORSTL

Washington, DC 20585

U.S. Department of Energy
Attn: M. Gunn

Office of Energy Management
EE-14 FORSTL

Washington, DC 20585

U.S. Department of Energy (21)
Attn: R. Eaton (20)

N. Rossmeissl
Office of Energy Management
EE-142 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn:  A. Landgrebe

Office of Propulsion Systems
EE-321 FORSTL
Washington, DC 20585

U.S. Department of Energy
Attn: G. Buckingham
Albuquerque Operations Office
Energy Technologies Division
Albuquerque, NM 87115

R. Weaver
777 Wildwood Lane
Palo Alto, CA 94303

Westinghouse STC
Attn: H. Saunders
1310 Beulah Road
Pittsburgh, PA 15235

W. R. Grace & Company
Attn: S. Strzempko

62 Whittemore Avenue
Cambridge, MA 02140

Yuasa-Exide

Attn: N. Magnani

P.O. Box 14145

Reading, PA 19612-4145




Yuasa-Exide

Attn: F. Tarantino

P.O. Box 14205
Reading, PA 19612-4205

Zaininger Engineering Co., Inc.
Attn: H. Zaininger
1590 Oakland Road, Suite B211
San Jose, CA 95131

MS 0513
MS 1070
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0613
MS 0214
MS 0735
MS 0752
MS 0753
MS 0753
MS 9103
MS 9054
MS 9018
MS 0899
MS 0619
MS 0100

H. Schmitt (Org. 2000)

R. Bair (Org. 2200)

R. Clark (Org. 2206)

L. Lachenmeyer (Org. 2206)

K. Grothaus (Org. 2222)

D. Doughty (Org. 2223)

P. Butler (Org. 2225) (30)

A. Akhil (Org. 2225)

J. Braithwaite (Org. 2225)

N. Clark (Org. 2225)

G. Corey (Org. 2225)

J. Freese (Org. 2225)

R. Jungst (Org. 2225)

J. Kerr, Attn: A. Phillips (Org. 10214)

D. Arvizu (Org. 6200)

T. Bickel (Org. 6213)

W. Bower (Org. 6218)

R. Bonn (Org. 6218)

P. Falcone (Org. 8111)

W. McLean (Org. 8300)

Central Technical Files (Org. 8523-2)

Technical Library (Org. 7141) (5)

Technical Publications (Org. 7151)

Document Processing for
DOE/OSTI (Org. 7613-2) (10)




BUSS File -3~ February 26, 1993

Lower Port Seal ILeak Test

A new Helicoflex port seal was modified by adding the bleed hole
feature (.067 inch diameter) at the location specified in the
fabrication drawing. Verification was made that the quick-
connect valve was removed from the lower port. The seal was
installed to the port cover (serial no. -01) and the cover
install on the cask. The port cover bolts were tightened to 60
ft-1b. The test cover (part no. S94924) was installed in the
upper port for evacuation and helium backfill of the cask
contents cavity.

The test was conducted for a period of four minutes after
completing the helium backfill (backfilling to 760 torr took one
minute). The measured leakage rate was 3.0E-6 scc/c. This
equates to the N14.5 air reference leak rate of 1.7E-6 scc/s.

The backfill pressure was increased to 50 psig. Measured leak
under these conditions was 1.8E-5 scc/s (5.1E-6 scc/s air). Data
sheets are attached.

Upper Port Seal ILeak Test

A new Helicoflex port seal was modified by adding the .067 inch
diameter bleed hole. The seal was install to port cover serial
no. -02. The cover was installed to the upper port of the cask
and the attachment bolts tightened to 60 ft-lb. The lower port
cover was removed and the test cover (part no. S§94924) was
installed in it’s place for evacuation and helium backfill of the
cask contents cavity.

The test was conducted for a period of five minutes after
completing the helium backfill to 760 torr. There was no
detectable leak in this seal. The test was repeated after
increasing the helium backfill pressure to 50 psig. Again, there
was no detectable leak. Test sensitivity was 1.0E-10 cc/s.

Data sheets are attached.

copy w/enclosures: BUSS Cask file
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¥

BUSS Cask Maintenance Manual Revision 0, December 1992
LEAK TEST DATA SHEET
Test Date <~ C35-75 cask Serial No. 4/)7/7{///&’
Vi rd

Item/Area Tested Lo SZms
(Lid seal, port seal, assembled boundary)

Leak Detector Mfg/Model %cwff:- /4’/7/:7 Serial No. L7/ &<

Pressure Gage Mfg/Model S S 2R Dsceo pE Serial No. 275/ -
EECH PP

Temp Indicator Mfg/Model /&é 24 serial No. SosgoZe?
e Bt B ED P TE S~ g2 08 -Z
standard Leak Mfg/Model Y[ C  om?-& Serial No. gz -</F

Leak Rate of Standard P r ce 222
v

Temperature: Standard 782 F 258 % cask G Z&F

Temperature Corrected Standard Leak Rate pa s -
Leak Detector Background Reading: 2 -90 ﬁ/o ) : 7e-9

Leak Detector Calibration Reading: 2.7 - 7%‘”) =29&-&

Test Cavity Background Reading: 2= '/ﬂvﬁ/ﬁ’) - 22E-7

Tracer Gas Cavity Evac Pressure (if applicable) O rsee

Tracer Gas Backfill Pressure or--Flow—Rate J5E roee /ﬂfﬂ S¢ Dfr/(,/L

Start Time: @%:5¥ Leak Detector Reading: @D éf'?(f‘ﬁ))
Stop Time: _©OF: %5 7 Leak Detector Reading: gcxo’zoa—«p

A
Final Calculated Leak Rate: N DeracTREcs 4.»:——‘//(/ o A & T SES TS

Final Disposition: Acceptable X Unacceptable

Comments: L ERx DET ECT 7oL DT I ED O E PV Y il it Sadd rerPE

S o B ARELER L O WOHeD B iy s E (T neep=p) R FEFE

LEAK BD7Tde PYS DT ED e ,2?5—7 O DT TR, L MPEFFD G

Fton; DErEcroe Mesr BE Ml T/ leE0 By IO, KEpx TeST Filfo

CobiciED W T 7 S OS1G ALy SHCAELL BEEr s lE. TH S TET T

Plco SuonmsZmD s DETEC AT & LETPA

Conducted by: DW 2-25-FF

Date
Witnessed by: A >t elgs ot
Date 2/z3/93
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22-141 S0 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

(Y

AMPAD

YN
X LW Se4C

e LD cqacgmzon So Z2.9&6-6 REsros 2.9Z-1 b/,
Se [vu,d'\/7 Aeradiees 67/ lo Td Co&” g4cresatc

Casw MLackltnp = 210 T b ce /s = BC (Avread)
©95§53.00 RC ehew vatwe Teo /He
138 j Yo
Y B3c GovT
‘qs gc Q007
©954 100 8¢ A~ 60T
9 8o
oq9s5E ‘e? _c FSB T
t3o BC
2956 ~oo &c
.30 86
oqgy?7 ‘oo A
T RCG
0q48® wo gc
220 8G
oqs9 o0 BC

MO DeTertsdlé Leak 41T 4 .fg-aqun'? o= txl.a—éuﬁ-«- &b

Raece 7o SO fste

loovo oV 8¢ s '4‘:(('

-390 Bc- Sv A
jool o0 gC
FY ac-
oo 200 [n Y %
30 YR
Jovd.cv® B¢
139 8¢
jov&l!o? Be
: .30 Be
loos .99 Be
- 30 B¢

No PDetlectugs (4w AT A Je'%.ﬂw'? o~ lx.\d’-?a.ﬁ.cvb

oty ol
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BUSS Cask Maintenance Manual Revision 0, December 1992
LEAX TEST DATA SHEET
Test' Date Z-Z26- 7.5 Cask Serial No. /f//?f///ﬂ
4 7

Item/Area Tested Kowrer Ao
(Lid seal, port seal, assembled boundary)

Leak Detector Mfg/Model frcwr=c /B 2  Serial No. /e 2

Pressure Gage Mfg /Model WES JZ244 - orooodd Serial No. D875/~ F
St

THEPLmrp & O/ & YZ/0P -

Temp Indicator Mfg/Model gﬁCKMAM %2/4 Serial No. Svofzzod
O GE/~SE£E 77~

Standard Leak Mfg/Model Jéwm/ Jo/ Serial No. /F-275

Leak Rate of Standard L %6& =& Sco/fs (fOT + 760 rnes)

Temperature: Standard __J5 7~ 2737 cask &7 5F

Temperature Corrected Standard Leak Rate _£< =-5 sec/5

Leak Detector Background Reading: i

Leak Detector Calibration Reading: _JZ&=3

Test Cavity Background Reading: _ZZ&-/Z

Tracer Gas Cavity Evac Pressure (if applicable) s~ / TLA

Tracer Gas Backfill Pressure sr—Fiow=Rate &5 ro>ro~ [5" Dpsrs, £E ]

Start Time: _/Z:32 Leak Detector Reading: _ZJ&< < s C:%‘ se
Stop Time: _ /5752 Leak Detector Reading: _SLE=-< xfﬁ//:

*/ O-‘

Final Calculated Leak Rate: A&£5 .rcc/ e (7 WA S ot i )

Final Disposition: Acceptable 2§ Unacceptable

comments: AFrevl o rTie TEST ;v/?d I omex fo 2, SfcK fFee FUETlE rRS

ICRESHED g2 S 375, 77? Lo LFTE Sk TED IHE DEFECDA e?7=& wirw

SO LG sl sHE LEFL Wcmt s GETUNED So 7S TAC Lle-E

oD L I aiprcarED) A FLET On THE DorETTRE. THE AEASULED LEFK

Cpr= o7 SOBrG wHAS S bEAL X = S FPE-5 sec/s //cnxlz.ﬁ‘““"""”;/‘aé “%’é‘
A5 TS 2EFBRE

Conducted by: _Z 7% e R Z2Z-75
! Date
Witnessed by: to. /9. 1%,‘412 2 [ee/??
M . Na+n
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BUSS Cask Maintenance Manual Revision 0, December 1992
LEAK TEST DATA SHEET
Test Date 2/2/92 . cask Serial No. LA G50/ /g
va 7 4 7

Item/Area Tested LopEe forr sETL (Coos7 Bt on #—-az)
(Lid seal, port seal, assembled boundary)

Leak Detector Mfg/Model o cwree SASn7/2 Serial No. R2

Pressure Gage Mfg/Model ZKJ 4224&’0/¢00// Serial No. opos/-F

Temp Indicator Mfg/Model JFoc b o S724 serial No. YoodoZo0%P
THER > COSPLE $/n/ PzroEF-2Z Seozee o~ FZIPF~Z

standard Leak Mfg/Model M OFF/-FRF77- 22/ Serial No. _Z45-27F

Leak Rate of Standard _gZ.9£=-8 seof (OF, 26 renc)
Temperature: Standard _ZZ.Z2 v 2277 cask 2R ¥

Temperature Corrected Standard Leak Rate 7 7e-8 :c/%‘

Leak Detector Background Reading: <= '

Leak Detector Calibration Reading: A<= - / 7 S-S pos—ra=7 i

Test Cavity Background Reading: L Se=/Z

Tracer Gas Cavity Evac Pressure (if applicable) 2K 7oee

Tracer Gas Backfill Pressure -er—Flew-Rate— 722 reee [/ o T S DA fj

=
Start Time: 4/‘ 4 Leak Detector Reading: / 55’&7/ 0546/%29/,&9
Stop Time: /%53 Leak Detector Reading: _/ 3 &/ 2

Final Calculated Leak Rate: /!/? DETE crPEe S LEsa

Final Disposition: Acceptable K Unacceptable

comments: LFrEl s 7ipl TERT Wi D TRek SHCELT L Yt Con)

T & Bk [Tt o FEESSLEE 4T et EL o O[S /G IO

Pegamarr, TS 757 flfo LSSLeTED e DEreCT AL €

LEFK., Fe=s7 IO S s Ty T PSS //éF—vﬂﬁ?crqyﬁ%

el

conducted by: W F2-7Z
i
Witnessed by: Z A 3/2L93

Date

10.1.10 Appendix D
Page 21

WHC-SD-WM-T1-654

BV O




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

().

AmBaD

3lef1s  UppeR PoRT S Lpaw Terr

< = _om’b/o > 12.7¢-

~€
@{«l'— 5’~‘75Xt0"9*(l 4 o352 (2,2.,7_ 26,7)) : 7.7KL9 ooy,
CaL (eay Fie 388e, CROAT J"/z«,/73

-1
Bacid Gl = .5 Xvo © Seesy

(4472 @ SUrT Pl L ss
i Rc gD e
14l oo RBe 7od
s Be 730
wtl tqay Bo Re 7¢o
lagq ;o0 Bo "
‘30 RG
1450 (o0 Qe
14 80 30 B¢
1% y1.00 3o
‘30 B¢
/4s2.c0 B¢
4 30 B~
laa¥3: 00 B¢
“ 30 B¢ $ rmvfeg
Fol o g7 psi
14 5400 Lo 18 Pycc
%0 B¢ Y- XtY/
14<8 eo BC 4o
Y- Ga Jo -
1es¢ 00 B
i.Y) B¢
1485700 BG-
$39 B Appendix D
g Y. 0o BG Page 22
»30 B¢ WHC-SD-WM-TI1-654
12 Xu B4 36 Qﬁ.\/o
230 B¢
1y00 0o 2¢
‘30 BC~ S wmavty

. A6 5ﬁ44/i 3/7,/73




PRIMARY STANDARDS LABORATORY CERTIFICATE

Sandia National Laboratories, Albuquerque, New Mexico 87185

File No. 8888

LEAK-HELIUM

Vacuum Instrument Corporation
Model No. OM-6

Serial No. 06-019

Property No. None

Submitted by: Sandia National Laboratories
Organization 6323

Certified: December 19, 1991
Expires: June 19, 1992

TEST RESULTS
At 24.13°C the helium leak rate is 1.18x10-10 moles/s [2.65x10-6 cm3/s
STP (0°C, one atm)}]. If this gas leak is used at other temperatures (T),
a temperature correction must be applied as follows:
QT o
QTl [1 + A (T - T1)] where TL = 24.13°C
Temperature Coefficient (A): NONE DETERMINED/*C
This temperature correction is applicable if this device is to be used
within + 5° of the reported temperature. If the device is to be used at
other temperatures, the Primary Standards Laboratory should be consulted.
The uncertainty in the calibrated leak rate is estimated to be no greater

than + 15% of stated value at stated temperature. It is recommended that
this leak be allowed to vent while not in use.

ooty £ bor
Technical Consultant: "Maftk

S. Benner, 4343

Certified by:j ﬁ?ﬁé/ Harns, 4343

Copy to:

4343 File

6323 (2)
Appendix D
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PRIMARY STANDARDS LABORATORY CERTIFICATE

Sandia National Laboratones. Albuquerque, New Mexico 87185

File No. 3836
LEAK-HELIUM

Varian

Model No. 0981-F8473-301
Serial No. 71F-373
Property No. None

Submitted by: Organization 6323
Certified: November 19, 1991

Txpires:  #ay 15, 1555
TEST_RESULTS

At 26.67°C, the helium leak rate is 4.00E-12 moles/s [8.96E-8 cm3/s STP
(0°C, one atm)]. If this gas leak is used at other temperatures (T), a
temperature correction must be applied as follows:

Qr = Qr1[1 + A(T - T1)] where Tl = 26.67°C
Temperature Coefficient (A): 0.0352/°C

This temperature correction is applicable if this device is to be used
within #5°C of the reported temperature. If the device is to be used at
other temperatures, the Primary Standards Laboratory should be consulted.

The uncertainty in the calibrated leak rate is estimated to be no greater
than £15% of stated value at stated temperature. It is recommended that
this leak be allowed to vent while not in use.

Note: Control curve value reported.

Technical Consultant:é?grlﬂetzger, 4343
/

-

Certified by: F.-Burns, 4343

Copy to:
Organization 6323 (2)
4343 File
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TRANSDUCER CrLIBRATION REFORT

faineFal TUREF MES

MODEL 122AA-10B0AE )
SERIAL 787514 DATAFILE & 4

TRANSDUCER TYPE DIiAL GABE ¢ -

CERTIFIED BY FR,quéi4hv¢cziu4:~ EXPIRATION DATE 8/ 1/1953

TEMPERATURE 74 FACILITY USED  BARATRON

REQUESTING ORG. 6643

COMMENTS: BRONOWSKI; CAL'D WITH POR-D-1 SER. 78751-BA:

VERTICAL POS.. STEM DOWN; NGO ADJUSTHMENTS.

REFERENEE DIAL 6A6GE % DEVIATION

UNITS READING READING

TORR
.S@0QORE+DZ  .S50400E+B2 .800
. 1QOOGOE+B3  .1@@7OE+@3 .700
. 15DOQOE+0G3  .150BOE+R3 .533
.200000E+03  .20092E+03 .450
.25Q000E+03  .251@0E+03 . 420
.300060E+03  .30110E+03 .387
.350000E+@3 .35100E+03 .285
.400000E+B3 .40180E+03 .250
.450000E+03  .45090E+03 .200
.500000E+03  .50070E+R3 .140
.G50000E+03  .S5040E+03 .073
.E000Q0E+03  .BOO30E+03 .050
.650000E+@3  .65Q00E+03 0.000
.700000E+03  .699B0E+@3 -.029
.750000E+03  .748SOE+23 -.067
.BODOORE+D3  .79920E+03 -.100
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. | Sandia National Laboratories
Standards Laboratory Certificate Aouueraue. New Mexico 67185

File No. 2414
THERMOCOUPLE READOUT

BECKMAN
Model No. 412A
Serial No. 90040209

Submitted by: 6323

Certified: November 25, 1992
Expires: May 25, 1993

This instrument was tested at selected points across its range for
compliance to the temperature vs mV values listed in IPTS-68. Tests were
preformed for the thermocouple type, range, and accuracy listed below:

Type Range Accuracy

K -100 to 1370 deg C +/- 0.5 deg C

This instrument was adjusted to be within the above accuracy. It is
probable that this instrument will remain within the above accuracy for
the certification interval.

Note: This accuracy statement applies only to the above instrument and
does not include the thermocouple used in your measurement.

Metrologist: J. J. LaMarr, 2414

éﬂz?%&‘”’“
Certified by: J. M. Simons, 2414

TLC1/JJL
5/12/92

Appendix D
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o | Sandia National Laboratories
~ Standards Laboratory Certificate buauerase, New Mexico 871

T HETE A7 C P P E
TR AED TE AT

File No. 4148
THERMOCOUPLE TYPE K

UNKOWN
Model No. 20' PROBE
Serial No. 92108-2 >

Submitted by: 6643

Certified: May 7, 1992
Expires: May 7, 1993

Tests preformed over the temperature range of -95 to 650 deg F show this
thermocouple to be in agreement within +/-(4 deg F or .4% of rdg) of the
values published in IPTS-68.

Under normal use conditions it is probable this thermocouple will remain
within the above accuracies for the certification interval.

metrologist: J. J. LaMarr, 2414

Y

Certified by: R. L. Crabb, 2414

t£1c29:JJL
1/30/92
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Appendix E: Test for Shielding Integrity
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mm Nuclear Remedial Services Operations
;

RCS/SSHS Memorandum RCS memo 733027.022
Date: May 18, 1994
To: Paul Saueressig, WHC ' Location: Denver

From: Ben Poff, OHST,K {% Location: Denver

Subject: BUSS Cask Survey - Test for Shieiding Integrity

The information included in this memorandum provides the radiological survey data required
to document the shielding performance of the BUSS Cask containing 16 cesium 137
capsules. A copy of RUST survey #051894-02 is attached providing documentation of the
survey. Below is a summary of the findings.

RADIATION LEVELS

Location Dose Rate on Contact  Dose Rate at 1 meter
Top (Lid) 40 mRem/hr 1.3 mRem/hr
Sides 10 mRem/hr 0.6 mRem/hr
Bottom 0.9 mRem/hr 0.3 mRem/hr
Upper Port 11 mRem/hr 0.3 mRem/hr
Lower Port 70 mRem/hr 1.4 mRem/hr

Dose rates taken on the upper and lower ports were obtained following installation of the
thermal shields. The indicated dose rate(s) indicated for the "sides" are maximum levels
found in the vicinity of the lifting trunnions. Map "A" of the attached survey provides a
visual representation of the maximum radiation levels detected during the survey. Map "B"
of the attached survey provides information on the characteristics of the detected radiation
"heam" associated with the open bolt holes and test ports.

/brp
cc: File
J. Stevens, PM Appendix E
D. Higgins, PS Page 1
J. Harverson, RE WHC-SD-WM-TI-654

Rev' O
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Unlimited Release '
Arinted September 1588

A Full-Scale Thermal Test and
Analytical Evaluation of the Beneficial
Uses Shipping Sysiem Cask
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2ancia Naticns: Lazsrulenas
Llbucuercue, Mew Maexice 37 125 inc L.vermora IRlidorma G230
tar tme Unitea Statae Dezartment st Snaercy

uncer Cantract SE-ACT2-TETRPOCTES

;; .':‘ .........
: ;;_: } !:N ’: .“
. . o
- e s Appendix F
= S Page 1

WHC-SD-WM-T1-654
Rv O




15:08 505 544 0244 ORG.= 8329
+
SANDST—27153 Distribution
TTC—767 Category UC—1T1
Uglimited Relezse ’

Printed September 1988

TI

- -3
fiefiniai

A Fuil-Scaie
i aiuat

Anzlyiica

T TN o
saime L. Mova
- : oy - : e A Sl
LIZTSTOCGLION Sysiams Loavalgument 2ng [28Uing Livisicn
- N L
Swehalg L. ~Kau
—_- . L ; U
Tluie Meszanies and Hes: Trazsfer Division 11

=ancia National Lapaorarories
Albuguergus, NM 37185

Absiract
A thermal test of the Beneficial Uses Shipping System (BUSS) cask cantaining
irradiation source capsules was conducted to verify a two-dimensional axisymmertric
thermai model deveioped for the Safety Analysis Report. The BUSS casicis a Type B
package deveioped to transport irradiation sourse czpsules of cesium chiarice or
stwontum fluoride to commerciaily licensed food and pharmaceuticai irradiaring
{acuities. The unmiqueness af this Test is thar it wes performed on an internaily
instrumentad. full-scaie czsk with acmial radicactive capsuies. This rasulzed ‘n more
realistic systam temperatures than thcse ocwained if Reatars wers used 2 simuidte the

large zarmma zource. [n acdition, the chermai test srovides nenchamars Aata [or Jrther
thermal coqes.
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Nomenclature

Ao Surface area of the m surface

AL Surface ares of the n surfuce

A, Heat-transfer surface ares, 2= 1, (H - Nt)
G, Specific heat of the cask body

aT Temperature change of the cask body

dt Time interval

Fon Shape factor from surface m to surface n (Rerf. 1}
b Convec:ive heat-transfer coefficient

H Heighr of the cylinder
i
k

() Medified Bessel function of the first ¥ind and order 2
TYermal condurtivicy
K.() Modified Bessel function of the second kind and orcer

(5]

X Yass of tte casi body

m Fin performance factor (2h/kui*

N Numbper of fing

q. — Totai convective heat-tTapsier Tate

Qs Convecsive heat-transter rate for the fin surfaces

a, Convecrive heat-tzansier rate for the unfinned surface
r. Fiegiticus fn racius, . + W2

r. Radius zt in 2d3e

.
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Lemperatie of
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he Iin wp
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A Full-Scale Thermal Test and
Angziytical Evaiualion of the
Beneficial Uses Shipping System Cask

1. Introduction

A fuil-scale thermal test was conducted on the
Zeneficial Uses Shipping Syztem (RUSS) cask to
verify a two-dimensional axisvmmetric ther=al model
developed for the Safery Anaiysis Report (SARP).?
The thermal test comzisted of loacding the instru-
mented 2USS cask with 12 cesium chioride capsules
and of monitoring the system temperatures continu-
cusiy for 10 days. Since the energy deposition as the
resuit of gzmma absorpticn cannot De easily simu-
lated with neaters. actual zadicactive capsuies werz
used, This resuitec iz mare resliscc system temper-
stures than those octzined i heaters nad Deen Used o

' s Lo .
! yn g agrea 5 e -
J2¥Te Z2IDMIN2 30U, ATET cQIiTietion of

2 racicacTive decay of the mdivizuzl oz
iuies was —ezsurec.
Ths hermal =oegdsi wos deveicged
Tnitzezisment ttermal code Gy TELAN.” The therma

TRSY 2nC ToCel DIQVICE UUNIGEISTENAINg O TN 21I2Ct O

air zaps Jocated Hetwesn c2si comporenls) on ine
averzil Zesr-Tarnsier process. and vaildatz the ade-
quacy of the boundary concitions used %o approxi-
=at2 the teat tmangfer rom a Jnned surface. The test
and =odei results aiso verify the gzamma energy
depositicn profile hat was caiculated using a finite-
eiement wanspor: ¢ode. Ang, fSnaily, the thermali test
provides benchmark data for fumire thermai codes w0
e useq in ths apaiysis of auciesr Tansporiation
systems.

Because Q/TRAN is a fairly new code, anotzer
thermal modei was developed using tte Systems
Integrated Mumericai Differencing Anaiyzer code
(SINDA).' Rasuits from SINDA were comparsd o
G/TRAN to validate the §/TRAN resujiz. Thi
port ursmarizes the results secorced Trom the ther-
mal test and compares them with temperatuces sal-

culated Zom the two thermal moadeis.

2. Background |

-
. =173

The ZUSE cask was developed at

Zopal Laberztories in supvers of the US T

~

<

sTTnoiumm doriQe tom ne vasta —Icansdaticon
Storage magiiizy WESTY ap Sarcore Wacninoron, o
SWrage? o SCLLLY WY LSL) AT anIora, v ESZiZZRCnh. o]

comrerciaily licensed ood and prarm=ceusical irra-
dlating facdities. The goal of the ZUSS cack deveicp-
=er: cregzam s w0 obtain DOE and Nucieer Jeguia-

sary Commission (NRC) reguiatory approvai of tte

-

cesigm. A ‘uil-scale prototype of ke BUSS cask azc
nancling equipment wasg {abricated anc 2ssemitied
‘cr operational testing (Figure 1),

-
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Figure 1. Fuil-scaie prototype of th

e BUSS cask and handling equipment
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3. Description of the
Cask

The BUSS cask is a “dry” cask that uses an inert
gas in the cask cavity as a cooling medium. There is no
forced circulation of the gas. A schematic of the BUSS
cask is shown in Figure 2. The ferritic cask body is a
one-piece, forged structure with nickel piating. This
type of fabrication improves heat conduction in the
BUSS cask body as comparsd to a composite struc-
ture, which introducss zaps and interfaces berween
dissimilar materials,

3AGXET WiTW
CAPSULE IMSICE
N

TURNBUCXLE * -
4 8EQ'D

PR 2
RN s

_{ﬁ\\\\_/ 2N,
-0 a . :
R - TAUMNICH

"‘4"\ 3&AL TRy ¢

N . Iask zgoY

| er)

IMPACT LiMITER
Figure-2. Zxvioded view of the BUSS eask

The cask body has an outer diameter of 137.5
and is 124.5 ¢z high. It has a cylindrical cavity 31.4
cm in diameter and 38.4 c= long. The wails and end of
the cask body are at least 33 <= thick.

Eleven circumferential fins, 10.2 cm in height, are
located on the cuter cylindricad surface of the sk to
promote heat transier Tom the cask body to the
ampient air. The fins, an integrai nonwelded pars of
the container walls, are compiete except whers por-
tions are removed :c enabie attachment of the trun-
nions ang lifting fixtures.

Tae soiid-stainiess-steei basket is 31.1 cm

-

¢
-
L.

2]

hasiker =0 house the racdioaczive capsules. Four Sasiers

(4., 8-, 12,

digmeter and 3A.2 cm high. Holes are bored in the

16-aoie) wers designed a ailow =he
transport of a scecific aumber of capsules scoarding
10 their thermal puwer levei,

Impac: limiters are attached o asch =nd of the
cask o reguce large foress induced on the cask bv an
accident. Thev are made of poivurethane Soam en.
caseq in stainiess steei.

4. EXperimental
Apparatus

4.1 Test Hardware and
Instrumentation

Sixty-four Chromei-Alumei (Tvpe-K) thermoccu-
ples were used ta monitor cask temperarurss durizg
the tzst The thermocouples were protected by 2
magnesium oxide insuiation and ar Inconpel sheath

0.158 ¢z in diamerer. The cailbration (=9.75%/°C)
of ail thermocouples was verifiad bV 2 esmpariscn
method using 2 tube furmace”

The caiibration procedure censiszes of —easuring
(1) the net thermal slectromotive force (em?) of the
thermecouple Ddeirmg calibrated (ffem ambient 1o
630°C) at 12 calibration poizts, ard (2) the tzmpera-
ture of esc= caiitration point ¥ith a Tvpe S referance
*hermocouple. In addition, zefore and after insteils-
ton of ail thermoczupies, a resistance cheek and an

operatianal test were serisrmed. An Autedata-i
: .cgger Fit2 wo magmetic tive rzesrders was

G m mamiran vha cla e ang]
G SONILST L2 thermolCut:

-

. wile i
[
.~

Taermicesupies ware ziaced on the cask sogv, tke
J2-noie Sasker. and tRe Two imawiaror emg-czpz. Th
sidcement of the tRermocouzies within the
srovided data for zxdal anc radiai tempsrature pra.
flies. The axiai lacations for the t=ermiceauries on the
cask Dody were seiected o correspond o the sieva-
tons of tha interzal thermocoupies. The externai
tnermoccucies on the cesk tody provided cizcumiar.
antial tamrperatuse profiles at three elevations and
axial surfacs temperatures at Jour locatians.

The basker was insrumented with 25 thermccau-
ples (Figure 3). The capsuie hojes at 45°, 135°, 295°
and 315° were inscumented with three thermoccu-
ples each at the indicstad sisvations, The centeriine
of the basket had two thermocscuples. The remaining
12 thermocoupies were placed at three cifferent eie-
vations in verticai grooves on the perichery of the
sasker. The thermocoucie leads were routed %o :he
0P of e basker and burgisc (Figure 4. The wires
were secured 10 the 100 of t2e hasket With nichrome
IS, taking care 0 ansure thar <he wires 1mg
sonnec:ars 2id noc intarfere with instailation of the
source zacsuies. ZxTension wires wvers ~oonecsed o
e thermocturie leads anc routad sur the 20tiom
sors.
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Figure 2. Laocations of -se <hermcccuries on the
basket

Thermocougie locations on the cask Bogy are
shown schematicaily in Figure 3. The cask was insTu-
mentad Witk 20 thermoccuples internaily and I8
‘hermocoupies extermaily. The thermocoupies were
spot-weiced in piace at differsnt sievations on the
‘nteriar surface of the cask, with the leads routed o
the hoctom of the cask and out the bottom port. The
exterior thermocoupies were spot-weided between
fins.

To provide a worst-case situation in terms of cask
temperatures, the top and bottom of the cask were
imsulated with preconstructed insulating end-caps.
The insulators are low-cartion-stesl sheils, with an
outer diameter of 132.2 ¢m and a height of 124.5 em.
They are filed with moderate-density (128 kg/m™)
Shrous insulation. Each end.cap insulator was instru-
mented with one thermocoupie. Two thermccounies
srere used to measure the environmental szmperature.
Figure § shows the relative size of tae insulators and
how thev ft on the cask body. Construction details
are givan in Appendix A

4.2 Calerimeter Descripticn and
Operation

r r—C T : . - . vy b
T o SWESTE cailorimeter was used L

snergy oulpul ‘rom the racioactive cecay of
individuai czpsules. The calerimster is shown iche-
maricaily in Tigure 7. It is constwucted of 304 stainiess
ccaei. excent for the lead shieid and fibergiass inst ia-

beed] S
ien.
The {nmer tank contxizs the cziori
water, Durizg operation. t2e tznk s filec wid
5 The 2z 3BA
z nnes ozl
maimraing 2 unilgromm otemiTeraiuse

-
Sae .
s

—efore 'TiS ] in th2 calorimelar, thg consie
: - S o ~ :
Eoguengs g w~aitrs IS —~:. I nmee it

Sy e -

-eactes steedy szate within the water, the czpsule is
quickiv ttansferred 0 Ine caiorimetcr. The rata at
which <he waler temperature rises within tne caiorim-
ater is reccrded for 30 =in.

Aftar =g tampersture dara are ccilected, 2
sapsule is removed from the calorimeter ifthe racis-
aceive decay of another capsuie IS W De meas 1reqd, he
saiorirneter s refiiled with water 2°C o 3°C coaler
+ban the ambient air temperatire, and the procegure
is repeated. Reference § detaiis the caiibraticn and
aceuracy (—3i0% to 3%) of the WESE calorimeter.
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5, Test Procedure

Before the hot—cell operations (l.e., the BUSS
+hermal test) started, a model of the BUSS cask and
basket was fabricated for training and verification of
the remote-nandling operations for the capsule. The
BUSS cask model was fabricated from roiled, miic-
steel sheets (Figure 8). The interior of the modei
(Figure 9) included a mockup of the basket and the
thermecouple connectors. The hot-cell operators used
tne model, in a hot-ceil simulator, for training iz
csmote hardling of the source capsuies with the
accentric lock-lifting device (Figure 10).

Figura 5. Cask Sody with insulatars

—CIMMON
REFERENCE LGG ___ <0 o0 e oip LOQ
\ .
SEMINERALIZED . =2 IR Wh
WATER=— |, - NS L ~alfl SPARGE

== = -
///( N e o Figure 8. Modai of the BUSS cask fabricated for

e waaaTaN operational test and training

Zewniss /( — L. sutEn ThE, l
JeurERALZED | @ /ﬂ!—f;) The fuil-scaie thermal test was conducted at t&
l.\“ i N

=& |l | Rockwell Interpationai Hot Laboratory (RIEL; iz
LQ ! /Eg'f;“ [Ty e ek 3anta Susanna, Caiifornia. The ficor pian of RIEL is
\ =

-

i e = ST OLING ST

. shown in Figure 11. The test was performed in =0T

g

I - . . . . P .. . -ty 0
‘ B ean swiELo (T1L.1, whose pnysicai dimensices were 4.2 = K 2w
s=e|llE Se pRySICAl dumensir <

\\\') VEZE r:ﬂ! Y o % 2.2 m The BUSS cask wiil te trunsportec i3 2
R e = o = : : oy Lo

= gl 50 A THRER Tane Sorizontal configuration (Figure L), However, Jecause

PN 1 Enip hem : . ) X i

R ‘ = A of the larze size of the cask ind the ciiicuuries .o
) txl EE NS \\ . ; -

o= 5(\\__—-__-—_-/ 2 N -oRram sataung the cask within the ot csill the 2L3= o558

N e was tested in the verticai pesition.
\‘\ pus = // The datz acouisition systesm was mcved hrougt
] =z -~

-be cperation gailery anc siaced fust autside he 2CT
zeil (Figure 12)

12). All Instumentaticn wirss were rouiec
Figure 7. WEST capsute caioTimerer




from the recording system into the cell through a
shielded “through-tube.”

ceil. Then, a transportation cesk carryving the 12
cesium chioride capsules was moved through the
service gallery into the ceil and placed near the RUSS

Once the cell was secured, the lid of the transpor-
tation cask was removed remotaly by using the in-ceil
crane. The basiets were removed from the transpor-
lation cask, and esch capsule was visuaily inspected
and smear-surveyed to assurs that it was Ses of
removabie contamination. The 12 cesium chioride
capsuies then wers unicaded remotely from the trans-
coriation cask and joaded into the instrumented
ZUSS casic. Figure 12 shows the BUSS cask lcaded
with the 12 cesium chiorice capsules.

Cnce the BUSS cask was lcades. the lid was
olacec on iz The -ansporiztion casi was removed
Irom the ceil, and the top end-cap imsuistor was
—oved intg the ¢ell and instailed.

The two thermceoupies used to monitar ke cail
amperature wers gdraped frem the top insulating
and-cap (Figurs 14). The ZUSS casi: temperarures
ecordad continucueiy for ~1i0 days. Waen the

al test was completsd, the thermsi enmerzy cz.

Figure 9. Interior mockup of the BUSS cask

The cask and enc-c2p insulators were meved ato
e s .

she ceil through the sernce vailer usin;

-
PECIORERIPIT ARSI Peaic S S

gel, and Sollom

R L IR N T
olaged o2 Dol

~aa® L

mag e, ian s A -
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the use of the capsule

fiqure 10. Qperater "raining in
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6. Experimental Results

6.1 Czalorimetry Resuits

Sasad on posttest culorimetry resuits,” the -ap-
sule neat rates averaged U653 W/capsule. Therelore,
the 12 capsules produced 2 totai thermal heat load in
the cask of ~3.2 kW, The radiocnuciide content of the
cesium chloride cupsules was estimauted to range from

33 to 60 kCi/capsule. Table 1 summarizes the
calorimetry results.

Tabie 1. Calorimeter test results

Racionuciide

Calorimetry
Capsule Content Dacay Eeat Date
Numpzer (xCh (W) Tested
C43 53.02 277.09 11/01/83
7 34.14 2548.25 11/04/85
C3s 38.62 279.62 10/30/85
C7s 533.8¢ 237.33 20s30/85
c7T 32.23 252,43 10/31/85
(C33 32.37 251.24 12/04/85
Tlld 3488 250.72 11/01/85
cLt 30 253.31 20/21/85
Ci:g 3874 054.86 10/31/83
12 38.71 284.52 10/20/83
w20 32.37 252.19 11/04/85
ca 34.98 262.25 11/01/85

Figure 15 s a schernatic of the location of the
capsuies within the inztrumented baskern

6.2 Transient Temperature
Results

In Figure 16. the temperatures at {ive incations
through the midplane of the cask are piotted for the
thermocouple station iocated at 123° (Figures 2 and
5). The recorded temperatures at the other thermo-
coupie stations along the midplane were similar and
differed by -a maximum ol unly 22°C. Thus. the

:amperatures at the midplane were essentiallv uni-
form.

ORG.= 8329 ’
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The resuits in Figure 16 show a more rapid
increase in the temperature of the basket (the top
three curves) than in the cask body. The basket
temperature rosa to 120°C in the frst few hows. In
the same time period. the surface tamperature of the
cask had not chanped. In sszence, the air gaps sepa-
rating the capsules from the basket and the basket
from the cask body had decoupied the thermal re-
sponses of the cask body and the basket. Asa result,
the cask surface did not indicata internal tempera-
Lures until many hours had clapsed. The thermocou-
ple at the centerline of thc basket vecorded the
highest temperature, However, the maximur svsem
temperalures occur in the cesium chloride capsulies.
=hich were 20t instrurzented for the test.

A1 -Rermocuuple data obtained during the test
are incluced in Agvendix B. The oscillations in the
curves are due 10 extrunesus noise produced dY 3ur-
rounding high-voitage mechanical equiprzent.

6.3 Steady-State Resulls

Qready state was reached aiter ~26 hr (Figure
18). “I'he steadv.state lermperatures are given in Fig-
gre 17 as a ‘unction of tze longitucdinal distance {rom

-he botzom of -he hasket ta the top of the cask. These

temperatures are averaged vaiues srom the four cir-
cumferential thermocoupie statians (Figures 3 and 3j.

The results in Figure 17 show large temperatule
gradients {rorz the bottom to the center af the basket.
The gradients were less Tom the center %@ the zop of
+ha sasket The high-temperature gradients in ihe
lower haif of the basket resuit from the contact of the
capsules with the surface of the pasket and the
contact of the lower surface of the basket wath the
cask bady (Figure 4). The bottom of the cask bndy
orovides the pats of least resistance and prorootes
neat conduction in the longitudiral direction. The air
space between tae cask lid and the basket accentuates
this effect by acting as an insulator. The convective
beat loss from the top of the basket is minimal
compared to the conductive heat loss through the
nottom of the basket. The steady-state temperatures
of the cask in Figure 17 are uniform from the bortom
ta the top of the cask.

6.4 Shielding Data

Cursory gamma adiation measuremients at the
surface of the cask were made with a Geiger counter.
The peak dose rate was 160 mremshr at the tcp port.
The notzom port and :xe lid deit acles {without the
soits inserred) read T3 mremshar and 30 mrem/ar,
respectiveiy. The dose rate aiong the samuindar of the
nackage surface was <25 mrem/hr.

30
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Under normal transport conditions, the purts will

be covered with s drain plug and a thermal cover.

Consequently, the dose tate at the pors will be

considerably less than reporzed 2bove.
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7. Thermal Analysis

7.1 Description of Thermal
Analysis Codes

The thermai response of the BU 38 cask was
avaluated with state-of-the-art, fnite-algment =oc-
eling technigques (Q/TRAN) and with pre- and
postprocessing software (PATRAN‘;.? Becsuse
Q/TRAN is a fairly zew code. another thermal medel
was developed using Systems Intagrated Numericai
Differencing Analyzer (SINDA). Resuils from SINDA
and the experimentai data will be used to validate the

Q/TRAN code.
7.1.1 Q/TRAN-PATRAN

- - 5

oped Dy T Al Sockennacn wf PDA

Costa Mesa, Califcrmia. The pma
transier probiems using a caminais
ner=ork appreach and the dnite-ais
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Q/TRAN was integrated into PATRAN, a finite-
element modeling program. Linking capabilities be-
tween Q/TRAN arnd PATRAN include both pre- and
postprocessing, nilowing graphic display of meshing
schemes and thermai results. The Q/TRAN.PATRAN
link uses finite-siement theory to transiatc the mesh
data (with second.order truncation arzor or linear
eiements) intg a Snite-difference (resistor/capaciter)
thermal analysis.'® The link exaccly maps the higher-
order, finite-element difference scheme, as opposed to
usiny a getwork approximation to the finite-siement
mesn Thereiore, Q/TRAN-PATRAN offars the ca-
pacity to increase the compiexity of the model over
pravious compuzer ccdes. improving the ability to
predics zhe response of nuciear shipping ca2sks in
varyingz thermal envircnments.

7.1.2 SINDA-HEATMESH

The thermai model SINDA uses the finite-
difference m=chod 0 soive probiems zoverned DY
diffusion-zype =guatioms. These squations are moc-
eled 9V a lurmred-paramerer repressatation and are
seived by 2 ganeral thermal apalyzer usicg a resistor-

ienp waTmEARY ta T Fipme
CAC3CIWCT NeTWOrN icniere. [ lle llnite-

12001 - PN IR TS 599

grence gTic

mcar mmrm i smmemireap e
nerazed Witk the cImTuter ozce

L@ meclumm el stugied 3 2lvited (nto &Ik
2.4Co Tart s 4rmgag N0 noiad SoLnis T Crml toe

W e s vaew

- ——y -

-~

122 mesk. Szal MMESE.T] calcdiates
Zeormersic 2ata 3uch as ziemenct voiums, nocal CoCT-
dinaces. 2nd conduction gaths o ootain the conduc-
iance vaiues Serween ncdes. The code also provides a
graphics package 2 plor “he mesd, the mogal zeiet
ioeations, anc the conduction paths Detween nodal
Doints.

7.2 Description of Thermal
Model

From the geomerric description of the casic
PATRAN was uysed %0 Tenerate a Iwo-dimcensional

Jer
(r,®) finita-eiement mesan. Because of symmetry, only
sae-aighth of the casic was modeled. Figure 18 shows
she mesh used {or she Q/TRAN thermal modgei. Tanie
2 gives the dimensions of the cesium chioride capsule,
inner zng outer sladcing, and alr Zaps.

A siratiar mesn was sroduced Sor the SIMDA

tnermat wmodel, TRe 55T RAN audal puints are lo-

- . . T va . .
lated Brs T02 TmEeSn unNes . rigure Lo intersect, anag
- . . . . .
- - sooN g M - -y . - . » s
wel ToJiles ICQAL SCINTD are lgeoted af iy Zeoniellic

<enter o1 ine gnic volumes

Pees--

Table 2. Basket geometry of the cesium
chioride capsule

Dimension

{em)
Capsule radiug 2.62
Ipner cladding wail +hickness 0.24
Alr zap berween inner and outer clad- 0.2

ding
Alir gap between capsule and basket 0.31
Capsule length £0.10
Qurer ciadding wall thickness 3.28
o AN N
CHLIADE A NN NN
~A0—

Al GAPS - A SaSx waLL

3 oza -
A
=
< "9~
)
-
5 - -
"MA Cap ITUMETRT LNE
- ‘Q 2 g 4Q 3ig 33

X=A XIS (eml

Flgure 18. GQ/TILAN fxite-siement mesh

7.2.1 Internal Mcde!

In the moded, ail aiz zaps were maceied as annuil.
The air gaps are located Serxeen (ke cask wall anc
the basket, ke basiet ang the capsule, ang the outer
and inner capsule cladding. Heat ‘Tansfer scross the
gaps was assumed t0 accur only hy conduction and
radiation.

The thermai load of cesium-i37 (2635 W/capsules,

| o
ke radicnuciide of cesiurm calorice. wes dlsirgutaz
throuzhout the intezior corzions of the cack hased -n
<Xe energy 2enositicn prefile caicuiated wirn 2 three-

dimensionai., Snits-elerment sarticie Transport coos
{adgizicoal derails in Refl 2). Azeut 309 sf ine lecuy

anergy 8 TaAnsperTac 2 and

Tl tC angc JLSortec Ty ne CIZTTuLE
JLacals

ORIV RE-4

fa

- '~ s rmeis el Thg cace af
, e J3BKer, and N2 CGsK Vel L2 38T o

the nest ceieascc curing tie racioactive ey At
cesiurs-137 is cezcaited within the cesium chierice.

so wasls LOCludie Sae

Appendix F
Page 20 R
WHC-SD-WM-TI-654 =
Rev O




v.2.2 Boundary Conditions of the
urface of the Cask

Energy is dissipated from the external surface of
the cask by [ree convection erd thermal radiation.

Convection neat transfer is enhanced by 11 annular

fins. They ere 10.2 cm lonyg, avenly spaced on 5.1-¢m
centers. aod are of non-uniform cross seetion. They
taper 3° {rom tke Dase to 2 1.3—cz flat edge at their
tp.

The fins were modeled as annular, with a rectan-
guiar profile. Fin thickness was assumed to be 1.3 ¢,
conservative because less surface ares is available for
neat dissipation.

With the fns n sldee, the comvective heat-
sransier rata from the cosk susface is

Qe = Qr— Yo-

~~

-

a '-aat_--q,-_,.‘ 1

La mear-irzmsier rate izom the fins is given Oy

“e heat-transier rate if e antire {n

Seates

N . Lo
37 e 2ase -gmceratirs, anc 51

LM —_—
P L =

=4

T o nest Tansier Joomm The ziarninned suriace. Sa

s

2y = 28571 = T - 3
Hepce, :upstitution 3f Zgs (2D and (8) ineo Zq (1)
sieids

.. N
Qe = 2x2(T - T

Nnirs =130 + (3 = Nt} z., .4

Tin eificiency 7> was calculated using

T
L B, T osar
., N ; . - N ’ \‘-
limroKume,) = X (mrl{mr,) |
1 f<‘1
LI e ? 7 \'K”"’""" B
LA TITA e R, T JEX S 222 P92 3 IR =2 DY) H
eing monsarwative vajues Jor the thermai conguc:
dvicy of steed 123 Wim 20%. the sonvective heat-
aa

transfer cootficient (§ W/m* °C), and the appropriate
physical dimensions of the fin, we caleulated the fin
eificiency as defined in Eq (8) to be 0.30.

All valuss needed to detarmine tie convective
portion of total heat transfer are known; thus, Eg (4)
is applied as a comvection boundary condition to the
two-dimensicnal thermal model.

The cavity formed by two adjacent fins (Figure
19) was mcdeled as a diffuse zray encicsure with a
nonparticinating medium. The {ins were assumed %0
e rectanguiar, 10.2 cm long, 1.3 ¢ thick, and spaced
2.2 em apart. The total energy dissipated by thermal
-adiation is given by

an = Qenassure — Gfin-tipr (8)

~here the srergy leaving te enciosure was sxoressed
as

r—d 2] fdanind faatt
C(LE—T,—.) d\'.ﬂ—".,,,) \
_ 1 =/ ] -
Qeaciosurs R Vo
R St~ b e
.
wosre
- N . -
T, =ttt T SmT s
- - P e =l Y Ao =
- PO Tt VRS AT e Qldifem e T
~ : - K ~ie s
Lo apergy .22ving RS TR UD S SRVER oF

Qlnio = ~i7 (T = T i e — 1. 3
All vaiues of amissivities levconta, ang e Were
asgumed 5 te 3.3
Qecause the fins zre long and siender, and steel
has a igh thermal cancuczivicy, i is assurned tze fins
are at unifors temgperature aqual o the temperature
of the cask surface: _

~ -
- = .

_m
L2

(=Te=Ts

Thus, Zas (7) and (8} can e combined into Eq (&)
0 approximate the sharmai radiaticn dissipated v
~he 28K 3UTIace.

Te fing were nct expicdy modeieq. .

Auger sacius was enicuigted and 1sed in IR

.
medei o acgount ior tme 2dces thermai mass 3 N8

“ oy
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C e g

8. Comparison of
Experimenal and
Analytical Resuits

8.1 Steady-State Resuits

Figure 20 shows a comparison of the radiai stezgy-
state ‘emperature discributions for the experimentai
reswts and the caiculated vaiues from Q/TRAN ing
SINDA. The predicred vaiues were higher in :he
dusket than the measured vaiues: however, the recuits
compared weil in the cask region. The diserenys

<4 cunc
waAT QU2 10 the thermal modeis’ conservative 3

tiorz of uniferm annuiar air zaps zerwesn cask cam
scrnents. and o tne omission af axisi heat Sow.
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During the experiment, the air gaps were not
annular and the capsuies were in contac: with the
basket. To account for the contac: resistance between
the capsule and the basket, an effective thermal
conductance was specified for the air zacs. The best
agreement between the experimental and caicuisrad
values was found when the air-gap conductancs was
increased by a factor of 2. Incressing the air-zap
conductance aiso impraved the ccmparison berween
the Q/TRAN and SINDA resuits (Figuze 21).
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The results in Figures 20 and 21 show that
QINDA predicts higher basket and capsule tempera-
tures than Q/TRAN. However, hoth SINDA and
Q/TRAN agree weil in the cask region, and the twos
models follow the same temperature pehavior. The
QINDA thermal model did not incluce the fins at the
surface of the cazk body. Instead. a boundary terarer-
ature condition was specified that was equal to the
experimental value

8.2 Transient Resuits

Tor the transient anaiysis, the air-3ap conduc-
ance was increased by a~<aczer of 2 T0 account far the

contac: resisance and the ~opannuiar air gzos Se-
sween the sapsules anc the Lasker. Because the initial
terperatares of the capsiles wers 1ot kmown, it was
assumed that initial capsuie temperajures were those
prediczed by the steady-state apaiysis {Section 8.1}
aith apnuiar aic gzaps. The initiai temperature of the
raar of the BUSS Cask system was the ampient level
of 20°C. Figure 22 shows zood correiation Detween the
reansient resuls srediczed Sv Seth = séais, T

o r
722 % e re-

suizs 2isg snow that ihe Temperatule ar the source

: immealzialy

FRE Y al Kt

el -
Tl earind cas= = owuls

because of the large temperature gradients between
the capsule and the swTounding basket and cask. As
the hasket and cask begin to beat up, the lemperature
gradients begin to decrease, which causes the capsule
to Heat up onoce again.

Figure 23 snows 2 comrarison of the experimental
cesuits and she caicuiated vaiues from Q/TEAN. In
+he eariier part of the anaiysis, Q/TRAN predicms
siightly higber temperatures than the experimental
temperatures. However, poth the experimental and
eaiculated vaiues follow the sare temperature benav-
ior and agree exTemely well during <he latier pare of
the apaiysis. The discrapancy serween the calcuiatec

and measured vaiues durin thp early zart of e

soiution is mest likely due o e discretization ersor
and :he wncersainty in Wne ‘pizial conditioes for =e

source capsuies. The discretization error in the

in e soiu-
<ion is due %o repiscement of cortinuous domain ¥

-~g giscrete model with ZInite capacitazce. As the

soiution acproaczes the steady-state vaiues, the erTor

-

associated with the use of Anite capacitarce anc
ameersaizTy in the initial concitions ig reduced, Thus,
shg Giscremancy SeTWeen Ine sniguigred ind the —ez.
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.3 Ccerziional Stari-Up Curve

The coicuinted und ineasured wansient wermud
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responses wiil be used w assist in verifying proper
loacing of the capsujes n the 3USS cask. Sefore
shippicg radioactive mareriai, the shipper must en-
sure that the package and its contants satsty the
requirements of the Cartificate of Compiiancs and the
Sarery Analysis Report. Troicaily, steady-state thez-
Jai messursments are taken [0 veriy proper thermai
loading of the cask. However, the ther=ajly massive
BUSS casii requires many hours o reack steady-siate
conaitions. The BUSS cask thermal lest and analiysis
show that if the ambient environment concitions are
well-defined, the transient surface temperature of the
cask =r be predicisg with confidence. Thus, an
equation wasg deveioped. using the thermai test data.
1o predict the cask thermal load. given ihe :urfaca
iammperature it a particuiar ume.

To derive the mathemartical ~4uatlion, we 2ansic-
arad the cask bedy o e of infinite "*rduczivitv, and
LA.I’.ZZ‘.LL\ At 3 umrr‘r"x "E!:'ZU(:Z'?.T.L'C "‘1 -,

., . Ceriormung
in anergy daiance on th

casik haay vields

2 = Queres = Seenv ™ Qrae e

inc zziculated sTansienmt racuits, ccu

|20

& The feas _::GC' c2d 3" ne agsuies

e arsule

i he inmer susface of the sask, ana
ergy stored by ke cask bocy. The rigat
sideof =g f°) 's the zeat icss (rom the extermai suriace
of the cask ov {ree convection and ther=ai radiacizn.
Zguation (8), Jor 2 smail sime intervai, can ze re

e 3s

-
dow”

q = MC,(dT/dr) = 2.4,(T = Ta) - (10

In Eg (10), the radiation term has been linesrized
and combined with the convection term. Taus, the
parameter h. represents a giocal heat-iransfer coeffi-
cene, If ail the parametars in Zg (10), exeept T and -,
are constant, then Eq (10) can be rransformed into a

{irst-order differential sguation wnose soiution s =t
the form

ree

Tl =T, =Claxpi{=cui—q - = 1

~
<.

wners (. s an integraticn CnNSIERI. - S tne IvIiem
smaracsaTiztic Ume defined I3
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and R is the lumped cask surface thermal resistancs
defined as

-

L
R=—-. 3
ik (13)

The constant C, is salved from the initiai condition
T = Toatr = 0. {14}
1£ it is assumned that the initisl tamperaturs of the

casi is at the ambient temperature (T, = T then
+he constant C, from Zq (11) is

(@]

= —q- R (1)

Substituting C, into Tq (11) zives the resuit

T(7) =qR [ 1 ~ exp(— ~/w)] = Ta. (16)

TSe numerical vaives of B and w were determined
by periorming 3 lessi-square fit of the thermal lesy

s~

data to Zq {18}. Figurs 24 shows the recuits of =5 (18},

e o= 21T 31 _= snnfIacs ; iF
e w o= 417 nrand /R = 3.0 /e, Taererors, U
-mp measurec surizce terorerature o lng

significantiy less iZam tnal =redigiac IICm

—
: * -~
[peteihag - 3.—....\--—... Lh'dbse e
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e

when g ‘s equal o the maxizuw= alipwed neat!l
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9. Summary and
Conclusions

A full-zcale thermal test was successfully con-
ducted on the BUSS cask. The thermal test was
designed to verify a +wo-dimensional axisymmetsic
@Q/TRAN thermal model deveioped for the SARP?
Because Q/TRAN is a fairly new thermal ccde. an-
other thermal model using SINDA was also gdeveloved
and the results were compared with Q/TRAN results
and experimental data.

The predicted steady-state vaiues rom both ther.
=l codes were higher in the basket than the =e2-
sured values; however, the resuits compared weil in
the cask region and cthus vaiidataed the beundary
conditions used to approximate ise heat tTanster
Zom a Snned surface. When the cilective conguc-
samce in the air gap 'was incressed to accounmt eT ety
contac: resistance between the capsuies acd the bas-
ket, and the omission of axial heat tzansier, compar-
‘con of the baskev’s experimental and caiculated
steady-state resuits soowed good agrsement. We
<hererore canciude that. as a resuit of the corservative

TVaw
N - . . ) L N .
-y . 1 - v~ oo
zszumplicns ol e thermal anaivsiz, e 2cilal

-am czmoeraiurse Wil e eonsiderazi lower than th2
. ." . : i ‘:A-.): -
repozzed vaiues in ine AL
. DITST pasic th 2 s maf amE anal
L LIS CESXK tearmpmat asl acc PIC

siaar 17 ek oy

thag F -he armoient anvironment oc Sitiops are wetl

Spfined. the Transient surfacs mUeratile of the czsX
can he grediczad with confidencs. T-picaily, steacy-
state thermal measursments ars taken 20 verl

proper thermai lcading of the casik during = rmal
operation. However, the thermaily massive 3USS.
casi requires many hours 0 reach steedy stata. T.aus.
an sguation ¥as deveioped using the thermal est
data o predicz the cask thermal load, given ==e
susfaca temperature at a particuiar time. That aqua-
tion, coupled with normal acministrative conwois.
provides a simpiistic, cost-eifective, and radundant
merhod to verify the cask ttermal load.
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Sar}dia National Laboratories

P. O. Box 5800

Managed by Martin Mariettta Corporation
Albuguerque, New Mexico 87185-0718 SU. 8 i

for the U. S. Department of Energy

H. Richard Yoshimura
Transportation Systems Anaiysis

May 18, 1994

Dewey Robbins

Westinghouse Hanford Company
P. O. Box 1970

MS S6-63

Richland, WA 99352

Subject: Revised Lid Bolt Torque Value for Beneficial Uses Shipping System (BUSS) Cask
Dear Mr. Robbins:

As stated in Section 8.1.7 Lid Closure Bolt Torque Tests in the BUSS Cask Satety Analysis
Report for Packaging (SARP), we have performed torque tests to validate the relationship between
torque and preload on the 1 1/2 inch diameter A-286 lid closure bolts. This relationship is based
upon a simplified formula described in Section 4.1.3 in Chapter 4. Containment.

Based upon our tests. (DBID:8E381 and 8E377), it is required that a torque value of 1250 ft-lbs be
used for the lid closure bolts when using nuclear grade Neolube lubricant. This torque value
replaces the value of 1125 ft-lbs specified in Chapter 7 of the SARP. EH33.2 (Robert Towell and
Peter Turula) has been informed of our test results and the revised torque value and has concurred

with the requirement. We have agreed to update the lid boit torque value in the next revision of the
SARP.

Please call me if you have any questions (305) 845-8131.

Sincerely.

~ ]
‘,\\l-‘lé' _0}&\-\“.*"»—
H. R. Yoshimura, Acting Manager

Transportation Systems Analysis
Department 6641

HRY:6641:kas

Copy to:

6631 C. Olson {Quality Assurance)
6643 D. R. Bronowski

BUSS Cask File

6641 H. R. Yoshimura
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date: July 14, 1993

to: BUSS Cask File

.:ZZ;Z4;;:EZégi;zz>«a¢=h<ﬁﬁzfézéfi?

from: D. R. Bronowski, 6643
subject: Test Results: BUSS Cask Lid Bolt Torgque Versus Preload

Results of torque versus preload tests performed indicate that a
torque value of 1250 foot-pounds be used for cask assembly
operations. The BUSS cask safety analysis report for packaging
(SARP) requires a lid bolt load of 45,000 per bolt to obtain and
maintain an acceptable seal. Tests were performed in July of
1987 to establish the correlation between applied torgque and
resulting locad for the operational BUSS cask 1id bolts.

Results of this testing indicate that a torque of 1250 foot-
pounds be applied to the lid bolts for normal operations as this
is the value required to achieve average bolt loads of 45,000

pounds. This value is based on bolts lubricated with Neolube No.
1, dry film lubricant.

Test results yield a calculated coefficient of friction of
approximately .22 versus to assumed value of .20 stated in
Chapter 4 of the BUSS SARP.

Tests were performed following a formal procedure, Test Plan:
BUSS Bolt Torque Versus Tension Tests. This tests series 1)
established a torque required to produce the desired 45,000
pounds, and 2) performed multiple runs to observe repeatability.
Four different sequences were performed, three with various types
of lubricant and one without lubricant. Attached is the
working/lab copy of the test plan including data printouts,
calibration data, and test fixture drawings. It should be noted
that while the test program was abbreviated for selected
lubricants, sufficient data was acquired regarding Neolube
lubricant to make a reliable determination.

enclosures: Working copy of test procedure, BUSS-BTT.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Introduction
Purpose

The purpose of this document is to define a series of torgue
versus tensicn tests for the closure bolts of the Beneficial
Uses Shipping System (BUSS) cask. The objective is to obtain a
reliable correlation between bolt torgquing forces and the
resulting tension on the bolt. In addition, the changes in bolt
tension for a given torque will be measured resulting from the
use of various lubricants (or a lack of lubricant) on the bolt
threads. Also the effect of the various lubricants on bolt

thread wear or damage after numercus torguing cycles will be
investigated.

A tension, or preload, of 45,000 pounds per bolt is required to
obtain the design clamping force. The precise torgue to which
the 1id bolts must be tightened to obtain the desired tension is
difficult to calculate due to the unknown friction cocefficients
in the various contact areas of the bolts. The results of these
tests should yield a reliable torgue value in order to consis-
tently obtain the desired bolt tensicns. The test will also
give an indication as to the durabilityv of the bolts and inserts
in operation using various types of lubrication.

Scope

The test plan for the BUSS bolt torgue versus tension tests will
serve the follecwing functions:

- Define the Quality Assurance level and documentaticn reguire-
ments for the tests.

- Identify responsibilities of the individuals involved in the
test.

- Detail the fixture configuration to be tested.
- Define the instrumentation used in the tests.

- Detail test set-up, general reguirements, and test procedure.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
2.0 Responsibilities , '
Task Leader - H. R. Yoshimura, 6323

The Task Leader shall have overall responsibility for all aspects
of the testing. He shall establish the testing regquirements and
general procedures. He shall be responsible for approving test
feasibility and for approving the Test Plan. He is also respen-
sible for approving any changes to the Test Plan.

Test Engineer - J. L. Moya, 6323

The Test Engineer will work with the Task Leader to establish
test requirements and general procedures. He shall have the
resoonsmblllty for approving the Test Plan for technical content
and for assuring proper implementation of the Test Plan for the
tests. He shall be responsible for reviewing the test data.

Test Coordinator - D. R. Bronowski, 6323

The Test Coordinator will work with the Task Leader and the Test
Engineer to establish the test requirements and general proce-
dures. He shall be respcnsible for preparing the test procedure,
for the design, fabrication, calibration, and assembly of test
hardware. He shall be responsible for scheduling and conducting
the tests, and collecting the test data.

Quality Assurance Coordinator -J. M. F. Sena, 6323

The 6320 Quality Assurance Coordinator shall verify that the Test
Plan is in accordance with the requirements of the 6000 QAPP and
approve it for use. He is respcnsmble for verifying calibraticn
and assembly of test hardware. He will provide lndenendent
assurance that the Test Plan is implemented and the *equlred
documentation is obtained and recorded. He shall be responsible
for maintaining the test data in the program file. In the event
of a nonconformance, he has the authorlty to stop the testing
activity until the nonconformance is corrected.

Test Facility Coordinater - L. R. Dorrell, 7544

The Test Facility Coordinator of the Modal and Structural
Mechanics Division will calibrate the bolt force sensors for use
in the tests. He will also operate the egquipment teo record the
data during the bolt torgue versus tension tests.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Quality Assurance

Activities described in this procedure will follow gquality as-
surance policies outlined in the Organization 6000 Energy
Programs Vice Presidency Quality Assurance Program Plan (QAPP).
The QAPP states the policies governlng the activities affecting
the quality of products and services performed by SNL
Organization 6000.

The BUSS bolt torgque versus tension tests are designated as
Major, Level II. Two independent peer reviews will be performed
for the Test Plan. Test log books and data will be contrclled.
The Test Plan will be controlled and documented in accordance
with EPI-XI-I, "Test Procedure Content and Control".

Any changes to the Test Plan are to be explained in writing and
signed by the Task Leader and/or the Test Engineer and approved
by the Quality Assurance Cocrdinator. Changes will be documented

per EPI-V-1 on an Interactive Procedure Generation Form and
attached to this procedure.

Doccumentation Requirements

Still 35 mm photographs shall be taken to visually record the
testlng events. The completed copy of this procedure shall be
filed in the Q. A. Records Storage Facility along with the

calibration records, inspection reports, and the data from the §
acquisition system.

Test Fixture Description

The test fixture to be used for all tests is illustrated in
Figure 1. The fixture bottom is a representation of the stain-
less steel BUSS cask body. Installed in the bottom are two
threaded inserts identical to those used in the BUSS cask. The
material used is 304 stainless steel, and the finishes of the
mating surfaces match those of the BUSS cask.

The fixture top models the 1id of the BUSS cask. It is also made
of 304 stainlees steel, and the mating surfaces have been
finished the same as those on the BUSS 1lid. The thickness of the
fixture top has been decreased to offset the thickness of the
force sensors. This assures the same amount of bolt threaded
into the inserts.

The bolts used are operaticnal type A-286 BUSS cask lid bolts.

The bolt force sensors are the bolt tension measuring devices.
They are essentially hollow, compression lcad cells that operate
by use of internal strain gages. The force sensors will be
calibrated using a load/tension machine which has a current NBRS
traceable calibraticn.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Fiqure 1. Test Fixture Configuration

BUSS LID BOLT LARGE WASHER

FORCE SENSOR SMALL WASHER

INSERT FIXTURE, TOP

| SN

3/4 INCH BOLT FIXTURE, BOTTOM
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

The fixture assembly will be bolted to an immovable base for the
test. The bolts will be tightened using a torque wrench which
has been calibrated.

The output signal from the force sensors will be recorded on a
data acquisition system whose electrcnic signal measuring equipm-

ent has been calibrated with egquipment whose calibration is NBS
traceable.

Test Program Description

The test program will consist of a series of four tests, each
composed of two parts.

The first test will use nuclear grade Neverseez brand lubricant
cn the threads of the two bolts. The first part of the test
(Part A) requires incrementally tightening the bolts to obtain a
torque value which produces the desired 45,000 pounds of tensicn
in each bolt. The bolts will be loocsened and then retightened in
the same sequence a second time. Based on data from this part of
the test, a specific torgue value will be chosen which should

" consistently produce 45,000 pounds of tension.

The second part of the test (Part B) will consist of numerous
tightening trials to the torque value selected from Part A of the
test, with the maximum tension being recorded for each trial.

The test fixture will then be disassembled, cleaned, and
inspected.

The second test in the series will be conducted using nuclear
grade Neolube brand lubricant on the bolt threads. The processes
for Parts A and B of the test are the same as for the first test,
with the exception that the torgque values selected to obtain the
45,000 pound tension may differ.

The third test in the series will be conducted using a spray on,
dry molybdenum disulfide (moly) lubricant on the boit threads.
The processes for Parts A and B of the test are the same as for
the first test, with the exception that the torgque values
selected to obtain the 45,000 pound tension may differ.

The fourth test in the series will be conducted without the use
of any lubricant on the threads of the bolts. Once again, the
processes for Parts A and B of the test are the same as for the
other tests, with the exception that the torque values selected
to obtain the 45,000 pound tension may differ.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Mechanical Inspections

A pre-test inspection of the bolts will be made by the Mechanical
Measurements and Calibration Section, 7485-3. This inspection
will consist of measuring th2 width of the thread tooth at the
pitch diameter. Specifically, these measurements will be made on
the tenth and fifteenth tooth of the thread at a radial location
marked for repeatability. The inspection reports and any
polaroid type photos taken by the optical comparator are to be
attached to the working copy of this procedure. >

A mid-test inspection will be made if the tensions produced in
Part B, trial 8, of the test are more than 30 percent lower than
the original target tension. These same bolts (and inserts)

are to be used to complete the Part B of the test regardless of
the result of the inspection.

A post test inspection of the bolts will be made after the
completion of Part B of every test.

Any bolt whose post test inspection which shows measurable wear
of the threads will be replaced prior to any subsequent tests.
Since the inserts cannot be easily inspected, the assumption will
be made that they have weorn an amount approximately equal to the
bolts, and will be replaced at the same times.

Bolt Force Sensor Calibration Procedure

The force sensors must be calibrated before use in the tests.
Figure 2 illustrates the fixture configuration to be used for
calibration. The calibration will be perZormed by the Test
Facility Cocordinator of the Modal and Structural Mechanics
Division 7544 using a lcad/tension machine which has a NBS trace-
abple calibration. This calibration information is amaintained by
organization 7544.

Each force sensor will be calibrated by using a BUSS 1id bolt in
tension to put the force sensor in compression. The calibration
is to be performed in increments of 5,000 pounds to a final load
of 50,000 pounds. This calibration is to determine the sen-
sitivity per unit load for each sensor to obtain a readout in
rounds. Copies of the calibration sheets are to be attached to
this procedure.

Bolt Torgque Versus Tension Test Procedure

Materials and Equipment

3USS bolt torgque fixture, top; Drawing Yc. S83605 Issue A
3USS bolt torgue fixture, bottom; Drawing No. S83606 Issue A
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

BUSS 1id bolt; Drawing No. S66574 Issue A (2)

BUSS insert; Drawing No. S66575 Issue B (for replacements)
Bolt force sensor; Lebow Model No. 3711-1500 (2)
Torque wrench, calibrated, 2000 lb-ft capacity

Bolt, 3/4 in. x 6 in. long (6)

Neverseez lubricant, nuclear grade, No. NGBT-16
Neolube lubricant, nuclear grade, No. 1

Molybdenum disulfide lubricant (dry moly), spray type
Alcohecl base solvent

Freon and chlorothene degreaser

Kimwipes

Test Fixture Assembly

Clean the mating surfaces of the top and bottom with solvent and
Kimwipes. Bolt the top and bottom to an immovable base as shown
in Figure 1 using the six 3/4 inch bolts. Tighten these bolts
to a2 minimum of 50 lb-ft.

Clean the top surface of the fixture using solvent. Locate the
small washers of the bolt force sensors over the 1-1/2 inch
holes in the fixture. Place the force sensors on the small
washers. Record the serial number of each force sensor (as it
relates to the locations marked on the fixture) on Part B cf the
data sheet for the test. Place the large washers on top of the
force sensors with the bevel feature facing up. Note: Figure 1
details the proper locations of these washers. Lubricate the
threads of the bolts with the proper lubricant for the par-
ticular test as listed below.

Use a small amount of lubricant to cbtain a thin, even laver on
the threaded section of the bclt only:; do not get lubricant
under the head of the bolt as this could change the fricticn at
this location and thus change tension readings.

Test No. 1: Nuclear grade Neverseez

Test No. 2: Nuclear grade Neolube
Test No. 3: Dry molybdenum disulfide

Test No. 4: No lubricant

Record the serial number of each BUSS lid bolt (as it relates %o
the locations marked on the fixture) on part B of the data sheet
for the test. Insert the bolts though the force sensors and

fixture top, and thread into the inserts in the fixture bottc
Leave the bolts loocse.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Figqure 2. Force Sensor Calibration Set-Up

BUSS LID BOLT FORCE SENSOR

V//&-J//

A\
/ \

LOAD/TENSION MACHINE 3 INCH PULL BAR
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Attach the signal wires of the force sensors to the data ac-
quisition system. Set the proper excitation voltage and

sensitivity per unit load obtained from the calibration of the
sensors and balance the systen.

Test Procedure - Part A

While the bolts are still loose, record the output readings from
the force sensors. Record the readings on Part A of the data
sheet for the test. (These data will alsoc be recorded by the
acquisition system.) Using the calibrated torque wrench,
tighten each bolt to a torque of 100 lb-ft. Record the readings
on the data sheet and with the acquisition system. Torgque the
belts to 200, 300, and 400 1lb-ft, continuing to record the
readings at each step. Use engineering judgement to determine
further torque values based on results obtained thus far. 1If
the last tension value is substantially below the required
tension of 43,000 pounds, continue increasing the value in 100
1b-£ft increments; if it appears that an increase of 100 lb-£t
would substantially surpass 45,000 pounds tension, increase the
torqgue value by only 50 lb-ft. The objective is to obtain the
the lowest torgue value within a 50 lb-ftf increment which sur-
rasses the required 45,000 pounds. :

fter reaching the desired tension, completely loosen the bolts.
Perform the entire sequence a second time using the same torgue
value increments if possible. Again, the results of each incre~
ment must be closely observed to obtain the lowest torque value

within a 50 1b-ft increment which surpasses the recuired 45,000
pcunds.

Carefully examine the results of both trials of the two bolts %o
obtain a torgue value commen to both trials which meets the

45,000 pound tension criteria. This value will be used for Par<
B3 of the test.

Test Procedure - Part B

Loosen and remove the bolts from the fixture. Using the same
type of lubricant as in Part A of the test, reapply as necessary
to cbtain a thin, even layer on the bolt threads. If no
lubricant was used, (Test No. 4) clean the threads with solvent.
Loosely reinstall the bolts into the fixture, using care to
locate each bolt into the same hole it was removed from. Re-
balance the force sensors for the start of the test.

Using the torgue wrench, tighten each of the bolts first to 100
1b-ft, and then to one-half of the final torque value estab-
lished by Part A of the test. No readings are to be taken at

these steps. Tighten the bolts to the es+tablished £inal torcue
value.
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Record the tension measurement on the Part B data sheet for the
test (trial 3) and with the data acquisition system.

Completely loosen the bolts and record the readings with the
data acquisition system only. (These zero readings are a check
of the force sensors.) B

Repeat the process of tightening and recording, and then locsen-
ing and recording twice more (trials 4 and 3).

Remove the bolts from the fixture and relubricate (or reclean)
as before.

Continue the test by re-installing the bolts and repeating the
process of tightening and recording, and then loosening and
recording. Pause after trial 8 to relubricate (or reclean) the
bolt threads. Check the last tension value obtained and compare
it to the 45,000 pound target value: if it is less than 35,000
pcunds (approximately 78 percent of criginal), clean the bolt
threads thoroughly and perform a mechanical inspection as
detailed in Section 7.0. After this inspection, lubricate the
threads with the appropriate type of lubricant for the test,
assemble and continue the torquing cycles.

Pause after cycle 11 to relubricate (or reclean) the bolt
threads.

After completing trial 14, remove the bolts for cleaning and
inspection.

Post Test Cleaning and Inspection

Thoroughly clean the threads of the bolts and inserts with
sclvents and spray type freon and chlorothene degreasers. This
is extremely important after Test No. 3, in preparation for Tes<
No. 4 where no lubricant is used; even a slight residue of
lubricant from the previous test could adversely affect the
results of the unlubricated test. If there is any doubt of the
cleanliness of the threads for Test No. 4, replace both the
bolts and the inserts prior to conducting the test.

Visually inspect the threads of the bolts and inserts for
damage. Record any galling, scratches, or abnormal wear on the
post Test Observation Sheet for the test. Also inspect for and
record damage to the underside of the head.

Inspect the bolt threads as detailed in Section 7.0.

e -

1f any damage or wear exists, the damaged bolt and its respec-
tive insert are to be replaced prior tc any subseguent tests.

If any inserts are replaced, mark the used inserts with iden-
+ifiers as to location and te<+/<}
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TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS -
TEST 1 - PART A Lubrication: Neverseez
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| 22752 1] | oo | 5 78 L |
| sse= | ZBoo | Foess |
% T LA I I Foo | zr5o> |
| Frosz ||| ieee | zpirs
| HEITs5 Ly SrEe | ZsSLL
! LedT& -, | ARoLy
L Lol Lty zse | AT




DPELD - BEZ77(is )

Force Sensor Neo. :;7577

Resistance Check

Force Sensor No. 5;77727

| Pre-Test | Post Test
| Input | Qutwnut! Input | Qutput

12081207 7/ 1o

Digital Multimeter

Pre-Test | Post Test |
Input | Output| Input | oOut»ut|

/205 \120.5 | s 702! 120 7

BUSS-BTT
Page 15
Rev. A
TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 1 - PART B Lubrication: Neverseez
sorque determined from Test 1 - Part A: . /30O 1b-ft
1 LOCATION A [ LOCATION B |
- TRIAL NO. | TENSTON 1b | | | TRIAL No. | TENSION 1b |
| l I B | |
| 3 | oL | L 3 | IS F2F
N |
| . Wizzany | A s
l | o ! 1
| 5 | #ELES | | 5 | S o222 |
L | sz D . seois |
( N | |
o gsrer T T o
| ;  Sirsz | 1] . | Srozz |
|
| . ALsez |1, | A< zro |
l | [ | l
| 10 AL GL I 10 | 6425?/45253 ;
Y | gsess LT | gzoro |
| [ I T l
— 12 A os | P 12 Aﬁj T 2o
~ l o b I l
13 L PE ) L] 1 13 | ESERS
. | |
i 14 | AL 755 | f | 14 | AL o
l
Bolt Serial No. T 7 | Bolt Serial No. 7 &<
l
|
|
|
|
|
l
|

N

Manufacturer ~=> —s o=y Mcdel No. /77

Expiration Date &S-/7-&87 gerial No. /S5H£57

/-
- T
Torgque Wrench /’“2’ Z o>
Sves- 0 TTE oo ? oL TETZS
: _ . ; P STl Cas
Manufacturer«iggég¢éiu4f Model No. XAz ,_(22061/19 ‘
. Sz R~ 2T o LrED T2
- PP . g Y. ~ D =l
Cal. Exp. Date 7~ =2&F Serial No. SAferer=2355 PSS ToOrRSEET Y
s -8 P2 S mT
——
Appendix G
Page 17
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DPEILD: 3:.?77(/é/
BUSS-BTT
Page 16
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Post Test Observation Sheet

Test 1 - Neverseez Lubricant

Record any visible damage to the bolts:

Record any visible damage to the inserts:

O

Reccrd any operational problems:
L s @/ﬂ T TR uE et s SES T T Fo= //VAC'cc/,eﬂ e
AT Lo e (f?C?G‘uaan./booup SE A S VEC D o

COAr PR, ons s F orme Tl s S T P o i

TES T s el = LS G TS S ARG O OO Lo iy
fFor rofRes oo - oo, 7—a,eau =r POe—-/_?ao o TS PTF T

Vi~ A PROTO sHoosk. ~o. 6925‘ -~ AT ST hr ff"""o —hed
Test oer;.ormed and inspections made by: / > b — 4
Tesg orcl Date
( 75@@1
Test performance verified by'\ 7-2-37
Q.A. Coordlﬁator Date
Appendix G
Page 18
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DELD  BEF77(17)

BUSS-BTT
Page 17
Rev. A
TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 2 - PART 2 Lubrication: Neolube

1 LOCATION 1 | LOCATION 2 |
| Trial 1 | Trial 1 |
| TORQUE 1b-ft | TENSION 1b | | | TORQUE 1b-ft | TENSION 1b |
[ l [ : | I
| 100 | oL L] 100 | T/ Z I
| | : (R | |
’ 200 | & lZ L] 200 | Boss |
| | PP l l
! 300 | /75 L]l 300 | S S EZE 1
l l bl | !
l 400 | AP S& L] 400 | A TPs o z
| l 1 | i
| S | I 222 L]l Soo | Sz 7L |
| | Pl ! |
| Zo \ 2/ L] D 2 | G |
| | P | l
L oo | 2277 0 T2 | IS SE
| | I |
 Boe | zrzes 1l mes | 2222, |
| | [ | |
1 Foz | 2725 1 | oo | oo
! S oo 2 ; Lo P { } i . { FE S oS Jl
| S oD | RTL S |11 J S oo | 7S |
|| P oo | FSsos L | 1 Alo= | HZA52 t o
| /S Foe | == Pl == | HZ e 2 | g
| [LtFoo | A2z R | So#se ' =
| Trial 2 Py Trial 2 | ©° =
! _TORQUE 1lb-ft | TENSION 1b f | ] TORQUE 1b-ftf | TENSION b | X4F0
| AEevse AT 1] | I 278
1 100 | SO7E L] 100 L A2 L 2554
l | [ l | <&
1 200 | soF7 L] 200 | PP=7 =
| | (R | |
| 300 | 2223 L1 300 | SIS !
| | Pl | |
i 400 | 525 Lol 400 | SEozd !

l
l Soe = I 72 i % } Soo I Beoz i
| Lo } /G 2Z i % l coo W7 o4 |
| s 2oz L o | zEros
R R
§ Fow I =X f I | Fo o |\ e |
| S L= | s v/ [ o &= | = o/ [
! / o (D | ;5-&70 i [ ! /Cgp | /0_?03 i
i /S 2o | = o S 2 S ‘ T L |
| S P o | Lo ST Lo ST e i & e ST |
‘! ye oo ! AP T05 f { ] T 27 i I79/E

/L S o LA 7/ Pz s/ Es 7




r————-—————-——-———'————-——————

| DELD &S&E 57 7 ( /S

Belt Serial No. Z;Qﬁj?
Force Sensor No. :57§?§:

Bolt Serial Neo. 252941

Force Sensor No. .S /H0

‘ BUSS-BTT
| Page 18
Rev. A
TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 2 - PART B Lubrication: Neolube

Torque determined from Test 1 - Part A: . /E?E7C7 1lb-ft
| LOCATION A R LOCATION B |
| TRIAL NO. | TENSION 1b | | | TRIAL NO. | TENSION 1b |
L, Vg UL e
| 4 | Aozzs | % | 4 | ress |

| s N Hores V1 s | gz

T | dosozr 11 1 | gzesz |
| ; W AR ; | sss27 |
| 8 | AP705 | { { 8 | sz
L s lAoprg L L . | AFsEl
| 10 | L/ LS | i 1 10 l 6755;?5%f/ |
l» 11 l AZ57/5 i } } 11 § LSS
} 12 } ‘4Q¢%{QCZ7 i { f' 12 § Js==22/ |
| 13 } L7232 | % { 13 i Lofs |
L FESPEE L e T

|
|
i How T7F eiaiaiesd Frod

| Pre-Test |  Post Test Pre-Test |  DPost Test |

|
| Tnout | Output! Input | Output|
2/ S\ SO ) 705

Digital Multimeter

Incut | Output! Tnput | outputl

ooz 2ozl JWZ | /0.2

|
I
|1
|l
|

Manufacturer AK;;5V4¢FY' Model No. ,/)7;7
Expiration Date S=+.7-5 7 Serial No. /S5 T

Torgque Wrench

Manufacturer .:z::;fj'4V/ Model No. 7 & ~/oo2F

cal. Exg. Date 7~f-FF Serial No. S~ - 772

Appendix G
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PErp. . B8E377(/7)
BUSS-BTT
Page 19
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
Post Test Observation Sheet

Test 2 - Neolube Lubricant

Record any visible damage to the bolts:

Record any visible damage to the inserts:

Record any cperational problems :
v, DE DA ERENCE i~ TS T EEAADGS Goers BEmrror =L AL

EEL B, CATELD WS P AERS s o T S NS OL e Lol T RL -t
Zer T socario~ f RS Tyms //4/4{&5) s THRAED

. . / ;. 7
Test performed and inspections made by: —7:;%?>;z;i;ou4w i /”‘452;7

Test Coon}nator Date
Test performance verified byC£<imu§:d%:j7;0dl 7 75
. |Coordinator Date

Appendix G

Page 21
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DD S=F77(2e)

BUSS-BTT
Page 20
Rev. A
TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 3 = PART A Lubrication: Molybdenum
I LOCATION 1 | LOCATION 2 |
| Trial 1 o © Trial 1 |
| TORQUE 1b-ft | TENSION 1b | | | TORQUE lb-ft | TENSION 1b |
| | SR I I |
I 100 | S<=35 L | 100 | Sosf |
| | |1 | I
I 200 | s 227 L] L 200 B
I | |1 I I
| 300 \ o/ P L] 300 \ Z/SF |
I | Pl I |
I 409 \ S5/ 7 L]l 400 | S E I
I . | : | I
1 Foo | S S oL I } lL oo | S S ZP2=L
| I |
L oo | peze L oo o>
|
| e o E 4 E { l oo } LS E
I | | I I
| LBoo | zrres (| oo | zres, |
I I 11 . I
| Fo o |25 2Z 1 oo | ZrofZ |
\_wwee | zopr L T oo
| v I FE€53<Z Pl SO | FTROZE |
| /2 oo | el L] | Poo | S22/ |
| ST | AOESLZ f1 sreo | R |
I ey, | T [ | | SfFoo | S 2LLo |
I 2 =Z2 Trial 222278 LIl 235 Trial 2 22207 I
| _TORQUE 1b-ft | TENSION 1b | | | TORQUE 1b-ft | TENSTON 1b |
I I Pl ! |
| 100 I 5 Fs o L] 100 ! TS 7 j
| I I I I
| 200 | TS5 L]l 200 | S575Z | 9
I | [ I | B
I 300 . FFA Ll L 300 P57 -
I I [ I | &
I 400 | 2558 L | L 400 | S Ro5E L <
| | ’ [ I |
I Soo | jgs)7 L] Soo | /S /FSB |
f soo A} S JLE D {If oo ; S P23 E
Lo | zossy UL oo T o ass
| So o | RZ2Z 7 & Pl & oo | 55 F<Z I
| oo |\ 2522/ LyoL oo | oz I
| SO D [ fooFS L] SO o e | FE A [
ey \ FZ 5 L] S oo | Fres/ |
| /2o | LS P s/ZXee | I= |
I /fPoo | & L L [ T2 | Foo I
: S REOO | 7y 5L [ == R T F = !
| /5o ! AL P, = Lo /S0 |  FZo/& I
i i) | LTS D Pl /5Ee | ATOoOT7 :
’ S5 D2 | AL L7 P e, i I T :

fev ©

WHC-SD-WM-TI-654
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DELD: é?é?£?7’7(fa{)
BUSS-BTIT
Page 21
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 3 - PART B Lubrication: Molybdenum

Torque determined from Test 2 - Part A: . /4552257 1b-£ft

| LOCATION A | ! ! LOCATION B |
| __TRIAL NO. | TENSION 1b | ] | TRIAL NO. ! TENSION 1b |
I | T | |
I 3 | I8 Fcc || | 3 | A5 Z/F L
| = Tezecs | || I |
| 4 =% R 4 | n
| | T=s S | |
I 5 | S o TP P = | I
| | [ R I |
I =) ] | | ] 6 | 1
| I N | !
| 7 | Lol 7 | !
| | I ! |
I 8 | Loy 8 I !
I | P I I
| 9 | L] 9 I !
| | [ . I I
| 10 | ] ] | 10 } |
| | A B '
I 11 I t | L1 Appendix G
- I ! I Page 23

I 12 I L 1l 1 WHC-SD-WM-TI-654
| A v O
! 13 | | ! ! 1 FE
| | [ I |
! 14 ! | B 14 | |

|
3olt Serial No. €25 | Bolt Serial No. _42&

I
Force Sensor, No. S/ 57 | Force Semsor No. _2/7Z
L uSeer A, LEros | Threer Al EToe
Resistance Check |

|
| Pre-Test | Post Test I Pre-Test { Pcst Test |
| Input | Output! Tnput | Output!!| Input | Qutput! Input | Output!
| | |- I [ | I I |
/207 1 ) 206 [ - 1 /202 /20 3 | |
Digital Multimeter
Manufacturer Kgxf/a.éy Mcdel No. S 77

Expiration Date S-/3-87 gerial No. /5 #5335

Torgue Wrench

/'/ —
Manufacturer A9~ 5~/gModel No. ]

Cal. Zxp. Date 9’5’7-0007 Serial No. Tsds ~ T




Do 5:’:'_?77(2_2_/
BUSS-BTT
Page 22
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
Post Test Observaticn Sheet

Test 3 - Molvbdenum Lubricant

Record any visible damage to the bolts:

Record any visible damage to the inserts:

Record any operatiocnal problems:

,Z//V" il J PLER o & KNS b D g D FAT D=

FAO2 e TRGLs  FEYrS wor OErroparsED

Test performed and iniggetions made by:-;Z> g ;/4"—;L2Léi7

Test Coordinator

Date

Test performance verified by:

Q.A. Coordinator Date

Appendix G

Page 24
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?éﬁﬂW9cwm»ua>7@wmmM&he
TR R e PR o

DErp BEZ77{27)
/"J’aﬁ’/bmﬂv_ /d—aoa‘—‘—pﬁ:— BUSS-BTT
pf&/ﬂ)cfﬂéé Vo 2t 0’J‘_)/ — AT T Cim s, Page Zl-A

Rev. A !
=T P2 #-‘4;6L¢—¢Q2 Lerat ont )Z &bcj;ékans;za—'aﬁJ€7/ 7.
TEST PLAN: BUSS BCLT TORQUE VERSUS TENSION TESTS 37’3’57'
TEST 3 - PART B Lubrication: Molybdenum

Torque determined from Testj - part A: . /BSOS 1b-ft

Bolt Serial No. . £-77

NSEZL T  R° >Er/5.
Force Sensor No. S /&£

Bolt Serial No.

Force Sensor No.

Resistance Check

| LOCATION A Lo LOCATION B |
| TRIAL NO. | TENSION 1b | '{ | TRIAL NO. | TENSION 1b |
| | I B | |
| 3 | A EFe | 3 | |
| l l l |
| 4 | LT/ B0 | { % 4 | L
| | (I l |
1 5 | 4/ Foe ] 5 I |
[ | | | | |
1 5 | FEB oo | } | 6 | I
| | P | |
| i ! 4?7567 | ! ; 7 | ‘
l | I | |
| 2 . Fo Lo 8 1 !
[ | I l !
! 9 \ L0570 || ] 9 : |
| l [ | |
| 10 | FE58sbo | | ] 10 I |
l l I l l
%,, 11 | FsrAo | g 11 ! t
| » [t | |
L 12 | g 7o L] 12 | |
| | I B | |
I 13 | fssoo Lo 13 | |
| | I B | l
l 14 | AL Lo 14 : !

l

!

|

[

l

5

|

|

I Pre-Test | Post Test | 11 Pre-Test | Post Test |
Tnput | output{ TInput Cutyut!i! Input Qutrut] Input | Output!

1

|

| | I | [ N | l
‘ I | | [ I I |

Digital Multimeter

Manufacturer Model No.

Expiration Date Serial No.

Torque Wrench _—
7 P2 tEE o S Chpf L SPUTD = - CARL I TR 7o —

Manufacturer Model No. VEFTL s ALE D

Cal. Exp. Date Serial No.

Appendix G
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PELD EEF7 7(24)
- BUSS-BTT
Page 22 -A
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS

Post Test Observation Sheet

est 3 - Molvbdenum Lubricant

Record any visible damage to the bolts:

Record any visible damage to the inserts:

Record any coperational problens:

MO = E B Pty PR Fms G o P D, ;maagagw'zﬁzggga;;
ar-d P /s avrliPgmas P E Tl Chf oA PD e S T T ot

R Eomdt Cn BT G T O ms D T ~/§¢9;9 A=77/¢Lg_qp:

e—\/,' // !
Test performed and inspections made by: ,£42?ZZ;? ) =7
Test Coordinator Date
Test performance verified by:
Q.A. Coordinator Date
Appendix G
Page 26
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DEID- 35—?77(25)

BUSS-BTT
Page 23
Rev. A
a TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
TEST 4 - PART A Tubrication: None
I LOCATION 1 | LOCATION 2 I
| Trial 1 [ 1 | Trial 1 |
i TORQUE lb=-ft | TENSION 1b -} | | TORQUE 1lb-ft | TENSION 1b |
| | I | I
| 100 | Fseo L]l 100 ! il
{ | i1 I I
| 200 | sfF o L] 200 ! |
l I [ | |
I 300 | Sorso L] 300 | |
| | [ . | I
| 400 | S/ B0 L | 1 400 I |
I . I Pl I |
| s o° | Se22o L I 1
I I [ | I
| &2 S FFoo L]l I !
| I
| oo | 2/ os | I | | !
I | [ | |
I Bo2 | 2L IFC L] I | i
| 7o | Z72/92 Lol I |
I [o2< | _Zoveoe L] | |
| /s ee | 280> Py I I
I /2o | s 322 Lo I 1
I A | S7&E&2 Pl I |
I /£ oo | LOD2PO Lol | i
L /e | #zez° Pl | |
| [éo2 | Jreo8o L] I
| Trial 2 | 1 Trial 2 |
| TOROUE 1b—ft | TENSION 1b | | | TORQUE 1b-ft | TENSION 1ib |
I I Pl | I
I 100 | L7722 L] 100 | |
| | borod | I
| 200 | S 72Reo L]l 200 l l
I | |11 | |
| 300 I Bs o= L] 300 | |
I I I I |
! 400 | A 2Ze L] 400 | |
| | P I |
| so° \ /3750 || | | 1
| | I
l geo2 I S /L O I I I i I
| |
| voo | sotfe ) | I
| I Py
I oo | Ro8¥¢ L Appendix G
| goo | RELERCO Lol nge 27
" jf’j | §§§fd L] WHC- SD-WM-T1-654
e | o
| sLo2 | P LL O I I I Rev ©
Nz 75260 T | I
| /#Fo0 i L2sd0 Ll | |
| /Tee | FeZZo C I
| 1 !




DELD: ZEZ77(26) -
BUSS-BTT
Page 24
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
Tubrication: None

TEST 4 - PART B

Torque determined from Test & - Part a: . /S S ©

1b=-ft
| LOCATION A I LOCATION B |
[ __TRIAL NO. | TENSION 1b | | TRIAL NO. I TENSICN 1b |
l l I I |
x 3 | S PZz20 | | | 3 1 1
| | S B l |
| 4 | AZZoo L] 4 | |
l | [ f |
| 5 | Ho2FT || 5 1 |
| | [ i |
: 6 | H/REo | | 6 | |
| | [ l l
Il 7 | &80 | | | 7 | |
| | S | l
: 8 | S 7o | | | 8 | l
T i [ l |
l 9 | TS HLoo 9 1 z
| | [ | I
1 10 I FLEe2o | P 10 i |
| | I B | l
! 11 | S5/Z20 || 11 | :
x | [ . | l
| 12 | IS8/ | 12 I !
| | [ I |
i 13 | Q35220 | | | 13 | |
| l I | |
| 14 | e 14 | t
|
Bolt Serial No. @#=0O% | Belt Serial No.
EFr-o& |
Force Sensor No. $/LC | Force Sensor No.
|
Resistance Check |
I
| Pre-Test ] Post Test [ Pre-Test [ Post Test |
| _Input | Output]| Input | Output|{|| Input | Outnut| Input | Outputl
| [ . | | [ 1] | I ! l.
1 | | i Pl | [ ! !
Digital Multimeter
Manufacturer Medel No.
Expiration Date Serial No.
Appendix G
Torque Wrench Page 28
_ WHC-SD-WM-TI-654
Manufacturer Mcdel No. ngrc3
Cal. Zxp. Date Serial No.




. ' DELD:EBE 577 (27,
BUSS-BTT
Page 25
Rev. A

TEST PLAN: BUSS BOLT TORQUE VERSUS TENSION TESTS
Post Test Observation Sheet

Test 4 - No Lubricant

Record any visible damage to the.bolts:

Record any visible damage to the inserts:

Record any operaticnal prcblems:
S?Ehﬁafljeyf—a/%; e~
SASID T A A

A oBD ST o7 EFPEH TR AL

v / p ~
Test performed and inspections made by: 22?215?7 =577
Test Coordinator Date
Test performance verified by:
Q.A. Coordinator Date
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DPEID EEFIE(1)i 2

LoeD CTLLTCALT é RATIONRECARD C DETI: Q4-nTonT

TP T R T E N AVIR LT | TveTICE. AspoAdose

MrG. Bl MODZo: 2770 -7508 STRIAL NIL R T

el DL S2ITY 500

el TILL 23TANCE 27

TEILAD IACITaTIn 4,21 o

ST al iz VITY: 224 RS

CALIBRATED IN  TENSIOM  ON THE 300000 PAUMD R&HET I5 - o

JCTNG THE HP9336A DATA HLOUIJLTLDV SYSTEM (DRSY -

TENSION ¢+) LOADING SHOULD PRODUCE ‘INCREASING +-» -, 273
COMPRESSION (=) LOADING,SHOULD PRODUCE DECREASING -/ [.77i7TE
STUOTTINITY OSSED TO OCALT_LATT TULISeTIn el
eIzl SRIDGE .. . (OUTPUT. MEASURED MEHSUhtJ INDIUATIL DEvialIow Fion
_7aD QUTPUT “%  CHANGE * " guTPUT ENS 3AD 2F0UIED LOAD

_POONDE . VOLTS. ;;m;_vggjg_ % 3 V/yﬁ__-_EZZV(}Q_ POUNDS  POUNDS PERCE:

“5000

.
o

\_..AA

RN RS ) -.A.

“ig0t oocw ocrf"

Y 50tean B0

Q02064

- e o

.JOOOOO

,o_éo.o'ooov~ oq:

0050

:OO?ZSSQ ooogéf”

.(”31921
90254
L302130

D
y -

'990

250
000 L02ss RGO

[

J00.8278 25.02%a ST

‘.“J‘"J . :..- .‘4_:;‘. _‘:.V:“~
S <7 < .=
" (g - -

Appendix G

Page 30
WHC-SD-WM-TI-654
R@ﬁ/d)

P TP

7': 3 ez

‘0003”42

.‘nn' o
B!

DA

.
17




: - A LIE AP S5 e (O <~
) DRTA

Appendix G
Page 31
WHC-SD-WM-TI-654

E@;/ O

— . - Eemm  mh S oy —~— -—— =~ e




_ o o L PEZD: BEZ2I()er 2

¢ 04-09-87
fa-na-ga

(0aD CELL CQETBRQT;DN RECORD

LRLLZNAZD BY DIV el

[ Lwn)
A

m=y
DT

i
t
(RN
S

MG, LEBOW MODZ_: =70 =150 TISIAL WDL Thal

CDRD IEl ‘~rﬁf'° Toolu _tE

LOAD CZL R )‘:TPN J6 gRME

BERIDGE E(”*‘A* ON: S.%% TULLTS

NOMZIMAL JUTPUT: TLITOU O MIL_INILTEONCLT i To__ o srals
NOMIMAL SENSTITIVITY: BTS00 WISRIUSU TS UG T SRLND

CALIBRATED IN TENSION DN THE 10000C  PGUND RANGE OF UTMZ
iTPT _HN ._){ |k..1 (D(;‘IS\‘I -I)v

USING THE HP9836A DATA ACQUISITION SYST

TENSION (+) LOADING S DULD PRODUCE INCREASING (+) QUTPUTS.
. ..» ;COMPRESSION . (-) LOADING SHOULD PRODUCE DECREASING ¢-) QuUTPUTS.

e W B e A B e e e - e e B - -

Y 2 DR TS 2 oo
PYat PR R U O R R [t

PPLIED .
LOAD
vDDyNDSﬁ

. OUTPUT  MEASURED MEASURED INDICATED. DEVIALION FROM
_"CPANGE qUTPYT SENS LOAD APPE-TED: LOAD
IIVELIS T vy _WV/V/1b_ - POUNDS - - POUNDS::PERCEN

.00, 000000 »uOP

3300 99,3600 S :bvf‘aoor 30
0 ouTeT Qf;f'? 232007 0246 U iog y BRI T
T30.001228 0002652 000248
‘5030 0.002333  00.001855 000.37°6 90.0747

2307 7.003029 00.002487  000.2832 30,004 SUBIT 7 o000 .t

25044 2.00Z6483 DO.O0311S 300 . 3240 5. 5C4as 28 as 13 P -
SR J.00a283 20903738 100 TSRl a0 as Tt Sa Sa GG T

SIGUT L UWeRAl GG.00836% apo . iTTe e ceo TIST it anan e

Iy gz -
Z72E 1 Tl - s -,
e -

R viglh -
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' poL. -
SER I I Selih g
Pl i | Y 5 Bl
SRt = Alme -5 2000y
Sl LTOUT, MU/Y.,  1.2443 1.2368
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