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PARTA - PACKAGEDESCRIPTIONANDOPERATIONS
_.

1.0 INTRODUCTION

1.1 BACKGROUNDINFORMATION

A Waste SluicingSystem(WSS)is scheduledfor installationin
undergroundwaste storagetank 241-C-106(106-C). The WSS will transferhigh
heat generatingsludgefrom singleshelltank 106-Cto doubleshellwaste
storagetank 241-AY-102(]02-AY). Priorto installationof the WSS, a heel
pump and a transferpumpwill be removedfrom tank 106-Cand an agitatorpump
will bp removedfromtank I02-AY.

Specialflexiblereceiverswill be used to containthe pumpsduring
removalfromthe tanks. After equipmentremoval,the flexiblereceiverswill
be placedin separatecontainers(packagings).The packagingand contents
(packages)will be transferredfrom the Tank Farmsto the CentralWaste
Complex(CWC)for interimstorageand thento T Plantfor evaluationand
processingfor finaldisposition.

Two sizesof packagingswill be providedfor transferringthe equipment
from the Tank Farmsto the interimstoragefacility. The packagingswill be
designatedas the WSSP-]and WSSP-2packagingsthroughoutthe remainderof
this SafetyEvaluationfor Packaging(SEP). The WSSP-Ipackagingswill
transportthe heel and transferpumpsfrom 106-Cand the WSSP-2packagingwill
transportthe agitatorpump from I02-AY. The WSSP-I[and WSSP-2packagingsare
similarexceptfor the length.

The SEP, at this time,will only approveuse of the WSSP-]packaqinqto
transferthe heel pumpand transferpump fromwastestoragetank 106-Cto the
designatedstoraqefacility. Designdrawinqsof the WSSP-2packaqinqare
presentlybein_completedand will not be availablefor evaluationin this
SEP. This SEP will be revisedat a laterdate by an EngineeringChangeNotice
(ECN)to approvetransferof eauipment(agitatorpq'_p)in the WSSP-2
packaging. In qeneral..,sugportstudiesand other informationin this SEP will
includedata for both the WSSP-Iand WSSP-2packaqings, In cases where
informationfor the WSSP-2packaqinqis not available,the missinqinformation
will be desiqnatedby use of "TO BE DETERMINED"(TBD).

A PackagingDesignCriteria(PDC)(WHC1993)was developedto provide
packagingdesigncriteriafor boththe onsitetransferand storageof the
removedequipment. Data presentedin the PDC indicatesthat the equipment
(pumps)are a Type B quantityof waste and shouldbe classifiedas mixed
transuranic(TRU)waste for purposesof packagingdesignand transportation
evaluations.

AI-I
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Classificationas bothmixed andTRU waste requiresthatthe packaging
must be designedand evaluatedto meet )ecialstorageacceptancerequirements
at the CWC. Specialpackagerequiremer._for storageat the CWC includetwo
containmentbarriers,20 year servicelife,and 100 mrem/hor lessradiation
dose rate at the surfaceof the package.

1.2 PURPOSEANDSCOPE

This SEP providessafetyanalysesand evaluationsconsiderednecessary
to supporta safeone-timeonsitewaste transfercampaign. The campaign
evaluatedin this SEP consistsof transferringtwo identicalWSSP-]packages
containinga heelpump and a transferpump removedfromtank 241-C-]06. The
scopewill includethe transferof the packagesfromthe Tank Farms to the CWC
for interimstorageand thento T Plantfor processingand disposition.

This SEP has been preparedin lieu of a formalSafetyAnalysisReport
for Packaging(SARP)and demonstratesthat the short-termonsitetransfer
campaignfor the heel and transferpumpswill providean equivalentdegreeof
safetyas would be providedby packagesmeetingthe U.S.Departmentof
Transportation(DOT)safetyrequirements.This fulfillsthe onsite
transportationsafetyrequirementsimplementedin WHC-CM-2-14,Hazardous
MaterialPackagingand Shipping.

AI-2
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2.0 PACKAGINGSYSTEMS

2.1 EENERALINFORMATION

This sectionprovidesa descriptionof the packagingsystemthatwill be
usedto transferand storethe pumpsdescribedin PartA, Section1.0 of this
SEP. Informationpresentedin this sectionwill be evaluatedin Part B of the
SEP to assurethatthe proposedpackagingsystemmeets identifiedcriteriaand
requirements.

The packagingsconsistsof two lengthsof containers(PartA,
Section9.2) that are of identicaldesignand construction.The packagings
are designedto withstandnormaltransferconditionsand accidenttests
describedin PartB of this SEP. The designlifetimeis 20 years in the
environmentof the CWC. The packagingswill only be transferredin the
horizontalpositionand includeadequateliftingattachmentsand tiedown
devices. Shielding,if required,will be installedon the outsideof the
packagingsto limit radiationdose ratesat the surfaceof the packagesto
acceptablevaluesduringtransferand interimstorage.

This SEP will approvetransferof packagesone year fromdate of issue
unlessotherwisedesignatedby issueof an ECN.

2.2 CONFIGURATIONANDDIMENSIONS

The main packagingassemblyconsistsof a long sectionof standardwall
pipe with closureson eachend. The pipingsectionis 52 in. outsidediameter
x 0.375 in. wall thickness. The closureon one end of the packagingis a
solid2 in. thick plateweldedto the end of the 52 in. diameterpipe. The
closureon the oppositeend of the assemblyis a solid_ in. thickplate
boltedto a I_ in. thickring flangeattachedto the end of the 52 in.
diameterpipe. The removableclosureplate is attachedto the ringflange
with sixteenI in. diameterbolts,nuts, and lockwashers. A ½ in. thick
gasketsealsthe boltedplateto the ring flange. Doublecontainmentof the
end closuresrequiredfor storageof the packageis providedby a It in. thick
platewelded insidethe of 52 in. pipe at the weldedclosureend of the
packagingand by a plate assemblyinstalledaroundthe outsideof the bolted
closureend.

Stiffeningrings are installedat intervalsalongthe lengthof the
packagingto support/protectthe packageduringliftingand normaland/or
potentialaccidentconditions. A layerof 3/16 in. thick plate is installed
betweenthe stiffeningringsto form a 1½ in. wide annulusfor installationof
shieldingmaterialalongthe full lengthof the packaging. The shielding
annulusalso providesdoublecontainmentof the waste contentsalongthe
sidewallsof the packagingfor storageof the package.

A2-1
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The overalllengthof the WSSP-Ipackagingcontaineris nominally49 ft,
and the overalllengthof the WSSP-2packagingcontaineris nominally62 ft.

2.3 MATERIALSOF CONSTRUCTION

Materialrequirementsfor the WSSP-Ipackagingsare describedin the
partslist on WestinghouseHanfordCompany(WHC)designdrawingsH-2-83722,
H-2-83723,H-2-83724,H-2-83726,and H-2-83727(PartA, Section9.2). In
general,all structuralcomponentsare carbonsteel. Specifically,the
standardwall 52 in. diameterpipingmaterialand closureend platesare
AmericanSocietyfor Testingand Materials(ASTM)A516 carbonsteel. End
closurebolts and nuts are alloy steelAmericanSocietyof Mechanical
Engineers(ASME)SA307. Gasketmaterialfor sealingthe boltedend closure
connectionsis made of reinforcedflexiblegraphite.

2.4 FABRICATIONMETHODS

Specificfabricationmethodsfor constructionand assemblyof the WSSP-I
packagingsare describedon packagingdesigndrawingsH-2-83722,H-2-83723,
H-2-83724,H-2-83726,and H-2-83727(PartA, Section9.2).

2.5 WEIGHTS

The calculatedmaximumgrossweightof the WSSP-Ipackagewith external
shielding(leadshot) and contents(heelpump) is approximately65,900lb.
The weightof the WSSP-Ipackagewithoutshieldingand with contents(heel
pump) is 28,300lb. The calculatedmaximumgrossweightof the WSSP-2package
with externalshielding(steelshot) and with contents(agitatorpump) is
approximately62,290lb. The weightof the WSSP-2packagewithoutshielding
and with contentsis 32,280lb. The maximumweightof the packagesis based
on installingshieldingmaterialin the fulllengthof the shieldingannulus.

2.6 CONTAINMENTBOUNDARY

The packagingenclosure(pipeand end plates)is the singlecontainment
requiredduringtransferof the packages. The primarycontainmentboundaryis
sealedon one end with a weldedplate and is sealedon the oppositeend with a
boltedplate and gasket. A secondarycontainmentboundaryis providedon the
packagingby installingadditionalplateson each end of the main enclosure
and by installingthe shieldingannulusthe fulllengthof the packaging. Two
pipe fittingsare providedon the outsideof the packagefor ventingand will
be sealedduringtransferof the package.

A2-2
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2.l CAVITYSIZE

The cavitysize of the WSSP-]packagingis 51_ in. diameterby 49 ft
long and the WSSP-2packagingcavityis 514 in. diameterby 62 ft long.

2.8 HEATDISSIPATION

Maximumheat dissipationfromwaste contentsfor the WSSP-]and WSSP-2
packagesis 4.2 Btu/h and 6.2 Btu/h,respectively(PartB, Section7.0). The
heat is consideredto be transferredpassivelyto the environment.

2.9 SHIELDING

Shieldingwill be addedon the outsideof the packagings,if required,
to limitdose rate at the surfaceof the packagesto 100 mrem/hor less.
Shieldingwill consistof leadshot, or otherapprovedmaterial,poured
throughopeningsprovidedon the outsidewall of the "shieldingannulus." If
additionalshieldingis required,layersof solid leadshieldingwill be
installedaroundthe outsideof the packageas necessaryto limitthe dose
rateto acceptablevalues.

2.10 LIFTING DEVICES

Liftingattachmentsare installedon eachend of the packagingand are
suitablefor raisingand loweringa fullyloadedpackagein the horizontal
position. The liftingattachmentsare designedfor use with a specialyoke
assemblyprovidedfor this project.

2.11 TIEDOWNDEVICES

Two specialattachmentsare installedon eachend of the packagingto
secure(tiedown)the packageto a strongback/transportunitprovidedfor this
project. In the eventthe strongbackassemblyis not used to transportthe
package,stiffeningrings installedat intervalsalongthe lengthof the
packagingare providedwith holesthat can be used to attachtiedownsto a
flatbedtrailer.

A2-3
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3.0 PACKAGECONTENTS

3.1 GENERALDESCRIPTION

Contents of the WSSP-1and WSSP-2packages are considered to be three
pumpsplaced in three flexible receiver assemblies. Specific details of the
flexible receiver assembly system is shownon design drawing H-2-79341. The
followingdata relatesto the threepumps scheduledfor removalfrom the tanks
and placedin specificpackagesfor transfer:

WSSP-IPackages:

1, One heel pump locatedin tank 241-C-]06.The physicaldescription
and referencedrawingsare as follows:

Maximumlength: 37 ft - 8 5/64in.
Maximumdiameter: 36 in.
Estimatedweight: 1730Ib

Referencedrawings: H-2-41294
H-2-41297
H-2-41295

2. One transferpumplocatedin tank 241-C-I06. The physical
descriptionand referencedrawingsare as follows:

Maximumlength" 38 ft - 2_ in.
Maximumdiameter: 32½ in.
Estimatedweight: 1000 Ib

Referencedrawings: H-g-It05
H-2-38610
H-2-33461
H-2-69897
H-2-69898

WSSP-2Package:

3. One agitatorpump locatedin tank 241-AY-I01.The physical
descriptionand referencedrawingsare as follows:

Maximumlength: 53 ft - 5_ in.
Maximumdiameter: 42.43 in.
Estimatedweioht: 2000Ib

Referencedrawings: H-2-g5343
H-2-64449

A3-I
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3.2 RADIONUCLIDEACTIVITY

Radionuclideactivityin terms of curie contentis evaluatedin PartB,
Section2.1 and indicatesthatthe WSSP-Iand WSSP-2packagesmust be
transportedas a Type B quantityof waste. Specificallythe totalestimated
curiesof wastematerialattachedto the heel p,_mpis 673.09Ci and is I080
times the effectiveA2.valueof the mixtureof radionuclides,the totalcuries

for the transferpump Is 96 86 Ci and is 254 timesthe effectiveA_ value.
The total activityfor the agitatorpump is 926.8 Ci and is 2450_,mes the
effectiveA2 value for the mixture.

3.3 FISSILE CONTENT

Fissilecontent(ingrams)of the estimatedamountof waste material
attachedto each of the threepumps is evaluatedin Part B, Section2.2. The
evaluationindicatedthat the quantityof fissilematerialattachedto the
heel pump is 11.6g, the transferpump is 1.7 g, and the agitatorpump is
1.8 g. Each packageis consideredas "fissileexempt"sincethe total fissile
contentin each packageis lessthan 15 g.

A3-2
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4.0 TRANSPORTATIONSYSTEM

4.1 TRANSPORTER

The transportersystemconsistsof a specialtruck/trailer/tiltassembly
suitablefor transferof one WSSP-I(maximum34.0 tons) or WSSP-2package
(maximum32.0 tons). Suitableattachmentsare providedon the vehiclefor
securingthe packageto the trailerbed. In addition,a modifiedflatbed
trailerwill alsobe availableif the truck/trailer/tiltunit cannotbe used.

4.2 TIEDOWNSYSTEM

Designof a tiedownsystemis providedto safelysecurethe packageson
the transportvehicleduringtransferto the storageand
processing/repackagingfacilities.A sketchof the tiedownsystemin shown in
Part B, Section6.5.

4.3 SPECIALTRANSFERREQUIREMENTS

I. The speedof the transportvehicleduringwaste packagetransfers
shall not exceed35 mph on straightsectionsof the highwayand
15 mph for curvedsectionsof the highway. The maximumspeedmay
be reduced(as directed)due to adverseweatheror road
conditions.

2. The transporteris consideredas "ExclusiveUse Only"for the
106-Cand I02-AYtransferoperations.Transportingany other
materialnot associatedwith the transferof a WSSP-Ior WSSP-2
packageon the same vehicleis prohibitedfor use with this SEP.
The transportof any materialsother than thoselistedabovewill
requirea revisionto thisSEP or a totallynew SEP.

3. Escortsshallbe providedat the frontand rear of the transport
vehicleduringpackagetransfersto warn and/orcontroloncoming
trafficand to observethe package.

4. Only one pumppackageshallbe transferredduringeach operation.
Removalof the packagefromthe specialstrongback/transporteror
loading/unloadingthe packageonto/froma flatbedtrailershall
only be performedwith the packagein the horizontalposition.

5. The transportvehicleshallstopat all railroadcrossingsthat
havewarninglightsor crossinggates.

6. The waste packageshallbe securedto the transportvehicleusing
the tiedownsystemdescribedin Part B, Section6.5.
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7. The packagesshallnot be transferredat ambienttemperaturesless
than 0 °F and shallnot be transferredduringextremefog
conditions. If ice or adversesnowconditionsexist,the road
shallbe clearedand sandedpriorto transfer.

8. Radiationlevelsat the packageand driverlocationshallnot
exceedvaluesindicatedin PartB, Section5.2 of this SEP.
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5.0 ACCEPTANCEOF PACKAGINGFORUSE

The followingrequirementsshallbe verifiedand/orinspectionsshallbe
performedpriorto use of the packaging:

1. Inspectthe packagingto assurethat it is in good physical
conditionwithoutany visualdeficiencies.

2. Inspectionshall includethe verificationof a QualityAssurance
(QA)acceptancetag.

3. Verifythat boltsdo not have headmarksmatchingthose on the
"SuspectFastenerHeadmarkList."

4. Verifygasketmaterialand geometryare in accordancewith drawing
requirements.

5. Verifyvisiblepaintedsurfacesdo not have scratchesor gouges
exposingbare metal.

6. Verifythat thereare no detrimentalgouges,dents,or scratches
on flangesealingsurfaces.
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6.0 OPERATINGREQUIREMENTS

6.1 GENERAL

Operatingrequirementsprovidedin thissectionof the SEP are
recommendedguidelinesfor usingthe packaging. Specificoperatingprocedures
shall be developedby operationspersonneland shall be approvedby designated
Transportationand Packagingpersonnelpriorto transferof the package.

All applicableinstructionsand proceduresfor onsitetransf,arof the
packagesshall be in compliancewith WHC-CM-2-]4.The approvedSE_ shall be
consideredthe controllingdocumentfor transferof the WSSP-Iand WSSP-2
packagesexceptwhere other applicableWHC requirementsare more restrictive.
Operatingproceduresshall includeinstructionsto assurethatthe packaging
is being used in accordancewith the SEP.

Operatingprocedures,in general,shallcoverthe loadingof the
contentsintothe packaging,loadingof the packagingon the transport
vehicle,and unloadingthe packageat transferdestination(s).Bolt
tighteningspecifications,or referenceto the specifications,for all flanged
connectionsshall alsobe includedin the operatingprocedures.

6.2 INSTALLATIONOF PACKAGECONTENTS

The waste contents(seePartA, Section2.2.2)will be placedin the
packagingcontainersat the I06-Cand I02-AYTank Farmlocationspriorto
transferto the CWC. Installationof the flexiblereceiversin the packaging
containersshouldincludethe followingsteps:

I. Place the packagingin the specialstrongbackassemblyprovided
for this project,and raisethe packagingto the verticalposition
in accordancewith DOE-RL-g2-36,HanfordSite Hoistingand Rigging
Manual (RL ]993).

2. Place the flexiblereceiverin the packagingin accordancewith
DOE-RL-92-36,HanfordSiteHoistingand RiggingManual (RL ]993).
Assurethat approvedabsorbentmaterialhas been placedin the
flexiblereceiverand/orthe packagingto absorbat least twice
the amountof expectedfreeliquidsthatmay be presentin the
waste contents.

3. Lowerthe package(packagingand contents)to the horizontal
positionin accordancewithDOE-RL-g2-36,HanfordSite Hoisting
and RiggingManual (RL 1993)and place a spacerin the packageas
requiredto preventmovementof the contentsduringtransfer.
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4. Installthe two top closureplateson the packagebeingcareful
not to damagethe gasketmaterial. Tightenbolts on the closure
platesusingthe tighteningsequenceand torquingrequirements
providedin the fieldprocedures.

5. Verifythat the radiationdose rateat any contactsurfacesof the
packagedoes not exceed100 mrem/h. If thisdose rate is
exceeded,additionallead shieldingmust be installedto reduce
the dose rate to acceptablelimitsprior to transferof the
package. Verifythatthe surfacecontaminationdoes not exceed
limitslistedin the followingtable (WHCRadiologicalControl
Manual,WHC-CM-]-6):

'"''' "_, ,, , , ,, i i

Nuclide Removable Total (Fixed
(note I) (dpm/100cmz) + Removable,)

(note2) (dpm/100cm_)
(note 3)

I I III I I

U-natural,23SU,Z3SU,and associateddecay 220 alpha 5,000alpha
products. .

Transuranics226Ra _2SRa Z3°Th,Z2BTh, 20 500
zmlpa' 227Ac' _25i, 1_91 ,

T_I,a_3_iZ32Th,9°Sr, ZZ3Ra,Z2+Ra,Z32u,1261, 200 ]000
,,,

Beta-gammaemitters(nuclideswith decay 1,000 5,000
modes otherthan alpha emissionor beta/gamma beta/gamma
spontaneousfission)except"+Srand
othersnoted above. Includesmixed

fissionproducts containin 9 9°Sr. .
Tabte notes:

1. The vatues in this table appty to radioactive contamination deposited on, lout not
incorporated into the interior of the contaminated item. Where contamination by both
atpha-and beta/genres-emitting nuctides exists, the ttmits established for the alpha-and
beta/gamma-emitting nuclides apply independently.

2. The amount of removable radioactive rater|at per 100 cm2 of surface area shoutd be
determined by swiping the area with dry fitter or soft absorbent paper, white app[y|ng
ax)derate pressure, and then assessing the amount of radioactive mter|at on the swipe w|th
an appropriate instrument of known efficiency. For objects w|th a surface area tess than
100 cm_, the entire surface should be swiped, and the activ|ty per unit area should be
based on the actua[ surface area. Except for transuranic e[emnts, 228Ra, 227Ac, 228Th,
230Th, 2]lpa, and atpha emitters, it is not necessary to use swiping techniques to measure
removabte contamination revels if direct scan surveys ind|cate that the toter res|duat
contamination revers are below the yatues for removabte contamination.

3. The revers my be averaged over 1 m_ provided the mximum activity in any area of 100 cm2
|s tess than three times the vatues in the Tabte.
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6. If the packagewill be transportedin the specialtilt/trailer
assembly,installthe packagetiedownson the specialtilt/trailer
per instructionsin Part B, Section6.5. Fully inspectand
releasethe packagefor transpnrt.

7. If the packagewill be transportedin a separatetrailer,follow
steps listedin PartA, Section6.3.

6.3 LOADINGTHE PACKAGEONTOSEPARATEVEHICLE

l. Prepare an analysis to indicate the actual center of gravity of
the package and total gross weight based on the packaging, waste
contents and shielding (if required) installed on the outside of
the package. Prepare and approve a plan to safely lift the
package in the horizontal position. The WSSP-]package containing
the transfer pumpweighs approximately 27,000 lb without
shielding. The WSSP-1package containing the heel pumpweighs
approximately 28,300 lb without shielding. The WSSP-2package
containingthe agitatorpumpweighsapproximately32,300Ib
withoutshielding.

2. Liftthe packagein the horizontalpositionand placethe
packagingon the approvedtransportvehiclein accordancewith
DOE-RL-92-36,HanfordSiteHoistingand RiggingManual(RL 1993).

3. Installthe packagetiedownson the separatetrailerper
instructionsin PartB, Section6.5.

4. Verifythat the radiationdose rate at any contactsurfacesof the
packagedoesnot exceed100 mrem/h. If this dose rate is
exceeded,additionallead shieldingmust be installedto reduce
the dose rateto acceptablelimitspriorto transferof the
package. Verifythatthe surfacecontaminationdoes not exceed
limitslistedin the table in PartA, Section6.2,number 5.

5. Fully inspectand releasethe packagefor transport.

!

6.4 UNLOADINGTHE PACKAGE

1. Verifythat the dose rate at the surfaceof the packagedoes not
exceed100 mrem/hand that surfacecontaminationdoes not exceed
limitsshown in the table includedin PartA, Section6.2, step 5.
Inspectthe packageand determinethat it is acceptablefor
storageand/orprocessingof the contentsat the designated
facility.
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2. Preparean analysisto indicatethe actualcenterof gravityof
the packageand total grossweightbasedon the packaging,waste
contentsand shielding(ifrequired)installedon the outsideof
the package(seePartA, Section6.3,step I for details).

3. Removethe tiedownsand preparethe packagefor rigging.

4. Verifythat surfacecontaminationof the packagedoes not exceed
limitslistedin PartA, Section6.2, Item5.

5. Providea suitablecraneand riggingto safelyliftthe specified
loads and transferthe packagehorizontallyto the storageor
processfacilityin accordancewith DOE-RL-92-36,HanfordSite
Hoistingand RiggingManual(RL 1993).
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7.0 QUALITYASSURANCE

7.1 INTRODUCTION

QA requirements for packaging and transport sy_;temsdescribed in this
SEPare based on a short-term transfer campaign of specific package contents.
In addition, it is not the intent of this SEPto approve reuse of the
packaging after removal of the specific contents (equipment) described this
SEP. Under these conditions, an extensive QAprogram that would normally be
provided in a SARP(for long-term use of packaging) is not considered
necessary for this short-term transfer campaign. However, a QAplan or
specificset of instructionsare considerednecessaryto assurethat the
packagingand transportsystemsare acceptablefor their intendeduse.

Verificationsshall be made to assurethatthe followingrequirements
were includedin the QA plan or set of instructionsand that these
instructionswere followedto controlthe design,and fabricationof the
packaging:

1. Design,materialprocurement,construction,testing,verification,
and otheractivitiesfor the packagingcontainerwere in
accordancewith, or equivalentto, WHC-CM-4-2,QualityAssurance
Manual.

2. Approvalrequirementsassociatedwith the analysis,design,and
fabricationof the packagingcontainerand componentswere in
accordancewith WHC-CM-3-5,DocumentControland Records
ManagementManualand were properlydocumented.

3. The assignedsafetyclass3 of the packagingand safetyclass3 of
the packagingcomponents(PartA, Section9.3)were in accordance
with requirementsof ManagementRequirementsand Procedures(MRP)
5.46, WHC-CM-I-3.

4. All requiredinspectionsand testingof the packagingswere
properlydocumented.
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8.0 MAINTENANCE

Preventivemaintenanceshallbe perfo,'medon the packagingduringthe
20 year designlifetimeas requiredto preventdeteriorationof the packaging.
Preventivemaintenanceshallconsistof inspection,repairand/orreplacement

i of parts,and repainting

A8-]



WHC-SD-TP-SEP-024 Rev.0

9.0 APPENDICES

9.1 REFERENCES

RL, ]993,HanfordSite Hoistingand RiggingManual,DOE-RL-92-36,
U.S. Departmentof Energy,RichlandOperationsOffice,
Richland,Washington.

WHC-CM-]-3,ManagementRequirementsand Procedures,WestinghouseHanford
Company,Richland,Washington.

WHC-CM-]-6,WHC RadiologicalControlManual,WestinghouseHanfordCompany,
Richland,Washington.

WHC-CM-2-14,HazardousMaterialPackagingand Shipping,WestinghouseHanford
Company,Richland,Washington.

WHC-CM-3-5,DocumentControland RecordsManagementManual,Westinghouse
HanfordCompany,Richland,Washington.

WHC-CM-4-2,QualityAssuranceManual,WestinghouseHanfordCompany,
Richland,Washington.

WHC, 1993,PackagingDesignCriteriafor Transferand Disposalof Equipment,
Tank241-C-I06Waste SluicingSystem,WHC-SD-TP-PDC-015,Westinghouse
HanfordCompany,Richland,Washington.
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9.2 DRAWINGS
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9.2.1 WSSP-1PACKAGING

Drawing Number Revision Sheet T_le
I III II I I

H-2-B3722 O 1 52 in. Diameter Transport Assembly Top Cap
,,, ......... ,

H-2-B3723 O 1 52 in. Diameter Transport Assembly Top Funnel
, . ,,. , , ,,. , , , , .,,= ,

H-2-83724 O 1 49 ftx B2 in. Diameter Transport Assembly - Main Assembly
, , ,, , ,,, ., ,,,

O 2 49 _ x 52 in. Diameter Transport Assembly - Pipe Assembly
,, , , ,. , .=

O 3 49 ft x 52 in. Diameter Transport Assembly - Details and Sections
,, ,, ., . ,,.,, ., ,,,,, ,, ,,.

0 4 49 ft x 52 in. Diameter Transport Assembly - Annulus Detail

O 5 49 ft x 52 in. Diameter Transport Assembly - Flange Details
I= ,., ,,,

0 6 49 ftx 52 in. Diameter Transport Assembly - Details
I' ' ' "'

O 7 49 ft x 52 in. Diameter Transport Assembly - Internal Stop
, ,, ,. , ,

O B 49 ft x 52 in. Diameter Transport Assembly - Internal Stop
, , ,, , ,, ,,

0 9 49 ftx 52 in. Di_,meter Transport Assembly - Internal Stop
,, ,, , . ,, ,, ,,, ,, , ,,,, ,, ,,, ,

H-2-83726 O 1 49 ft x 62 ft x 52 in. Diameter Transport Assembly - Arrangement
, , , ,,, ,

0 2 49 ftx 62 ftx 62 in. Diameter Transport Assembly - Arrangement
,,

0 3 49 ftx 62 ftx 52 in. Diameter Transport Assembly - Arrangement
,, ,, ,,. ..

H-2-B3727 0 1 52 in. Diameter Transport Assembly Blind Range
, ,,, , ,, , , , ,.=, ,,

I

11
4

,|
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"14. Dis$ribuIi_ (imtu{le tiN, NSIW, and no. of _!u). _ ./ IE_ ST/_I_

Bellomy, J. R. (Ill) $6-12 1 P_ _ _f'/"_ / I--c"
Calmus, D.B. G2-03 1 ,_=_.,u",,@ "_'_ / OFFICIAL RELEASE _'11_
Crow, S.R. G2-03 1 _-</_. _-o<_ / BYWHC
Mackey. T.C. S2-03 I __ _,,/-oo /
Peterson, T.K. S2-03 ] DATEJUNO8
Shiraga, S.S. NI-40 1 _,_/__--oo /

____J':_--,_-".,_ 5(, - I_! I .....
A-71;;00-01_-2 (06/_1 ;EFO_

A.7900-013-1 106/_
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See attached page.

(Irk one)

,..,_ [] ,._+t_,,,.:_,. [) _o_,._.o,o.i.,+o. [_] o.i_ _.o.o.i,,io. IX)
13b. Justi'f+cntion DetaiLs

The changesare to correcterrorson the drawingswhich were identifiedduringthe
validationof the redlinedrawingsto the releasedH-2 drawings.

iiiii i

1_. Dtstributt_ (+_Lude nine, _iM, Ind _. _ _pi_) IEL_ STAPlP

Bellomy,J. R. (Ill) $6-12 1 Sta.#l S5-59 1 +-_-.'

Crow, S.R. G2-03 1 Sta.#3 S2-05 1 -+'-----tI&JBYWHC _,_
Lesser, K.R. G7-50 ] Sta.#4 R1-29 1
Mackey, T.C. $2-03| S_." T_-_0_ DATEJUL22lgg4
Peterson, T.K. $2-03 ] Sta.#6 T2-03 1

A-7900-013-2 (_/92) _F095

A-7900-013-1 108/S2)
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11. E_
ENGINEERING CHANGE NOllCE COhrT'INUAllON SHEEr !

h,, 3 of 3 | W-320-2g

1. Changethe chamfer callout in Detatl 5 on Dwg. H-2-B3724,Sht. 3:

CHANGETO: 45"x2", 4 PL _ 45"x2", 2 PL

2. Changetwo of the radius callouts in Section D on Dwg.H-2-83724, Sht. 3.

CHANGETO; R 2 1/2", 4 PL HAS." R 1/2", 2 PL

CHANGETO: R 3", 4 PL WAS." R 3", 2 PL

3. Changethe pipe callout in Detail 2 on I)vg. H-2-83724, Sht. 5.

_HANGETO: PIPE, 2 ]/2"_x 3 1/4 LONGASTH,A53 SCH40

WAS." PIPE, 2 1/2"£Ix 3 1/4 LONGASTH,A36 SCH40

4. Changethe material callout in Assembly3 on Dwg.H-2-83722, Sht. I.

CHANGETO: PLATE1" THICKASTMA516, GR70 ORASTMA36

PLATE]" THICKASTHA615, GR70 ORASTMA36

5. Changethe material callout in Detail A on Dwg.H-Z-83727, Sht. l.

_HANGETO; PL 3/4" THICKASTNA516, GR70 ORASTHA36

WAS." PL 3/4" THICKASTMA615, GR70 ORASTHA36

A-7320-036.2(11/8_) (EF) GEF094
Engineerfng_a._geNot(ceContinumt|onSheet
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GENERAL NOTES (UNL.CSSC:,_R,',,S_S_'C_F,_m
|. TO't"RANCING IN FRACTIONS ART. FRAC i,I/I_

TOLE._NCING IN CECIMAL kR( PER A_';SI YI4.S_-_I2 0[C xX +O1, XXX ¢ 005,

. 2. REUOV[ ALL BURRS /_IO SHA,qP £0G[S.

PLATE |/4 ° THICK

ASTY A_8 .3, TEYPLATE HOLrS FROM FI.ANGE RING 0ETAIL I|. SH[ET 50_" H-2-83724.

HIG_ SOL;OS E;_)X'Y COATING (5-_ Y!L TH_CX). FOLLOYIEO 't_TH I COAT OFAMZRCOAT 450HS, ALIPHATIC POL_JRCTHAN. tz MIL THICK). PAINT BOLT HOLES
I AS WELL AS POSSibLE. FINAL COLOR SHALL BE BEIGE.

/ FW,.ATE 3/_ TH_C_

/ ASTI,4 AJ5 / LCCATIOh 5. WEI.._ AND INSPECT PER AWS 01.1. VT ALL WELDS FINAL. PASS.

,..ACE 3/IB 7, SURFACE PREPARAIION SI-_L BE iN AcCOROANC[ WITH SSPC-SP-6,

"1/ SEE NOTE f BY GRIT BLAST. PROTECT FIJ_GE SEAL SURFACES.

I[ I/2 _ THICK _-SE[ NOT[ 7 8. ALL S_ECIIrICATiONS SHALL MEET THE FOLLOWING REVI_IGNS:
._A_8 00 NOT PAINT THIS SURFACE

_) ASTM A_6/A38M-92
_'/15 _ 9. MATER_AL SHALL e[ M_J_KE0 SUCH TMAI" ff IS TRACEABLE TO THE CHEMICAL ANALYSIS

& MECH,_NICAL TEST REPORTS.

_ SECTION ,o H_TNumBERT_,_ oF_,T.:R_,_sHA_eE_,_T_NEOSCALE: 3"-I'-0" 11. 0OCU_ENT ALL WELDING ON K[H 0433 FORM.
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i /"FASTEN ..;TTACHME'_T A.SSE.V.-_LYTO

/ST_O,',G2_.C:< WG_ T'_O HEX H_O
/.-.CL;'S I-_UNC-2Ax3-1/4"L. AST_! A_2 =, 2 _L

_¢:'.- H_2__3717 /I";) FL._T ,VAS_'-E_. F._36 1 RECr.)

I, _) (,) (3

\ CK TH FOUR HEX F;E_O BOLTSl"m FL_
\ BOLTS |-BUNCI2,_x3-I/2"L. ASTM A325 2 PL, UNOER,

_'-SEE H-2-83717 1"= FLAT wAS-ER. ASTM F436 I REQO SEE N(

UNOER HEAO OF EACH BOLT. 4 PL. PLAN (,9. coN,_SEE NOTE 4

SCALE: 1/2" = I'-0"
HEX PLUG.

-- ASTM AIO._
20 REOD SI

i.,ll."

PICK POtNr FOR UFTING I

CONTAINER W_EN NOT I

C AN'ACHED TO STRONG-BACKI

* I (,o-_ FOR 49' CONT_NER)BOLTS ATTACHING CONTAINER

TO STRONG--BACK--._. _ _,.

_ d, I1_ , /, ,/,_,.
_P____ ___A _ L.... _ _ __,_; ,- _

STRONG-BACK (H-2-83717) _1E

_UPPUEC) _f 7
TRAILER \

'SEE H-2-B3717 MANUFAC'PJRER .-.---J

ELEVATION {,_"c_._
SC,_.E;ilZ" = _'-o"

A

i I:''='°_°' ' I ' I , i :
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GENERAL NOTES (u._sso_R'_,SEsPEc,r:ED)
I. THPE,ADED FASTENERS SHALL BE COATED WITH A THIN COAT OF NICKEL NEVER

SEIZE _INS-IEO OR LOCTITE C. THEN TORQUED TO (SEE NOTE 2) IN F

R _I BE PER AISC. SP,cC'FICATIONFOR STRUOTUR;.LJOINTS USING ,.&325OR A490
JOLTS FROM V.V_U_,L OF STEEL CONSTRUC_CN. ALLOWABLESTRESS DESIGN. 9TH
EDITION. 1 1/2"a BOLTS SW_LL B£ INSTALLEDUSING TURN--OF-NUT T!GHTENING

(_ _ (_- _ _ _ = METHOD, AS SPEC'.FIED IN 8(d). TIGHTENJOLTS TO SNUG TIGHt CON01TION,

SHALL NOT BE LUE]RICATEOB_ONO THE AS 0ELIVERED CONOITION AS
SPECIFIED IN B(a).

,&.THE FOUR CONTAINER ATTACHMENT ASSEMBUES SHALL BE BOLTED TO THE
• STRONG-mACK WITH I-BUNC-2A HEX HEAD BOLTS /_ND I-BUNC-2B HEX

NbTS. ?'HE BOLTS AND NUTS SHALL 8E FULLY TIGHTENED AFTER THE CONTAINER E
IS IN PLACE AND PJLLY BOLTED TO THE CONq';JNERAI3"ACHMENT ASSEMBLY BY

ATTAC-.VENT ASSEMBLY TO SHIELDING FILLER R D PAINTED USING THE TURN OF THE NUT ME'i'HOOPER AlSO STEEL CONSTRUCTIONMANUAL.
_CX _,ITH SIX HEX HEAD PLUGS SUPPORT 9TH EDITION.
-8UNC-_3-1/4"L. /L_TM A3Z5 2 PL SEE NOTE 9
T WASHER. F4J6 1 REDO
_EAOOF EACH BOLT. 2 PL 5. SHIELD WlTH LEAO (Pb) SHOT OR STEEL SHOT. SHIELDING SHALL BE FIELD INSTALLED PER
E 4 WHC-SO-TP-SEP-024.

HER) B. USE DRUM PLUG (McMASTER-C,,,ARR.#90fgTII) FOR SYSTEM TEST AND TRANSPORT ONLY.

._N_T_ T50 / .--'-, 2
ASME 16 It (44"-3" FOR 62' CONTAINER
_ NO,: 5 = 7. STORAGE AND SHIPPING OF CONTAINER SHALL BE AS FOLLOWS:

THE 49' CONTAINER SHALL BE SUPPORTED OURING STORAGE AT COLUMNS 2. 4. 5.
I i 6, 8. 10, 12. AND 13. DURING TRANSPORTTHE 4g' CONTAINER SHALL BE SUPPORTED

_:= AT COLUMNS 2 AND 13.THE 62' CONTAINER SHALL BE SUPPORTED 0UR|NG STORAGEAT COLUMNS 2. _. 6, B.

I RED PAINTE0 I0. 12, 14, ANO 16. DURING TRANSPORTTHE 62' CONTAINER SHALL BE SUPPORTED
]SUPPORT COLUMNS 2 ANO IS.
_SEE NOTE g

B. CONNECTIONS OF THE 49' CONTAINER TO THE STRONGBACK AND SECTION A SHOWN IN

THE PLAN AND ELEVATIONOF THE 4g' CONTAINERARE THE SAME FOR THE 62' CONTAINER O

9, FOR ALIGNMENT OF THE CONTAINER AND StRONG-BACK IN THE VERTICAL
POSITION THE RED PAINTED SUPPORT ON THE TOP OF THE CONTAINER SHALL
BE IN LINE WITH THE SHIELDING FILLER PLUGS• THE RED PAINTED SUPPORTS

_i: ATTACHINGTHE CONTAINER TO THE STRONG-BACK.

SEE NOTE 8 IO. AUGN_ENT OF CONTAINER WITH STRONG-SACIK AT ASSEMBLY:
LONGITU01NALCENTER LINES OF THE CONTAINERAND StRONG-BACK SHALL BE

UFTING EQUAL + I/8".
CONTAINER WHEN NOT "-,N"-.

ATTACHEOTO STRONG-_ACK 11. ALL SPECIFICATIONSSH,a,LLMEET THE FOLLOWINGREVISIONS:

A3S/A36M-92
ELEVATION (62"CONTAINER) AIOS/AID,SM-g3

A194/194./w- g..lo
SCALE: 1/2" = 1'-_ A_25-g3

F436-93
_. M.gOM-93

PfCK POINT FOR LIFTING ASI 6/A516M-go
HEX PLUG, 2NPT. 1.50# CONTAINER WHEN NOT A671-890ASTU A_ 05 ASME 16. I•1
16 REO0 SEE NOTE 5 ATTACHEDTO STRONG-BACK C

=.' J= • '= _ sEE,To_,

, ---t IQ' I _

-"" ":, " L- .%

'HER) _ L;:

WNC-SO-W320-r'0A-O01 ISUFPOR_NG DOC

H-2-83731l LIFTING __A_la _ SW WlLL{S,C_ " U,S. DEPARTWENT OF ENER(;Y

H-2-837_i -_-_ O_ATOP rv.m _'_"'_ _'_ _'_'_wI ,./'_W_
.-2-e_ _r O,ATOP,V,,NE_ ===,. e_,,c,_l1-9,:49'& 62'x 52" DIAMETER *
.',-s_,,.i ;2"0==AI*AS_.E_BL,II I ! III ! J "_ TI:: ]TRANSPORTASSEMBLY
.H-2-_S' s,uPPOR.T '_ "'! ,,_i--l--_._,,,.,,,,,,.,,"_ ' I ARRANGEMENT'"""_' I .... ._ " [TI '_ _" _" _ 2_o_'j _o_ 2 83726n_,. I _ _,s,oNs .,,I ,, -- , I

'G *_t.CE,t:_ILITYLISt ...... NEXT US¢O ON END .!TEU........ C_OFILt B08,37_..5._ _C_OI:OOE0OS 5J-C32:_20O:SS ,,-,6" I ,,-_,=SHOWN I_,7.._,q-'27 I'_.,_I =,3. I

l _ l 2 [_r3_'-' !_'_"_ _" ,11 19-20 1
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!...... . I , l ' I
1

:_ 52' CONTA;NER, _/ 49" CONTA;NE_F

i

!

i E /---HEX HEAD BOLT. 1-8 UNC-2A X 2" LONG,
; /ASTM A307, GR. B
I _WA.SHER. FLAT I', ASTM F-_,36

_WASHER. SPLIT-LOCK 1", ANSI B18.21.1
4 EACH REQUIRED FOR (H-2-83723)
TORQUE SNUG TIGHT

/-_-'--FUNNEL (REF H-2-83723)
/USE SAME BOLTING SURFACE

-- s/ AS BLIND FL,WGE

t I /------P_JNT EDGE OF LIFTING LUG
I I / AND THREE CUSSL'TS WfTH/ RED PAINT ANO I_NO COATS

OF RED ENAMEL ANY MFGR

t i - /

i t ,-

_ ASTM A307. OR. BWASHER. FLAT I". ASTM F-436
! WASHER. SPUT-LOCH: 1". ANSI 818.21.1

I I 16 EACH REQUIRED FOR (H-2-83727)

m

e,

_-_ TOP CAP (REF H-2-83722) COVERS

--" BLIND FLANGE

i, I/ 8UNO FLANGE. (H-2-83727)

FLEXITALUC, NO. SR 31655
-- REOUIRED FOR (H-2-83727)

-- HEX HEAO BOLT, 3/4-10 UN 2), X 2 1/4" LONG.

ASTkl A.307 GR. B
WASHER. FLAT 3/4" ASTM F-436
WASHER, SPUT-LOCK 3/4" ANSI 818.21,1

B 24 EACH REQUIRED FOR (H-2-83722)

SEE NOTE I
i GASKET 55 OO X 52" tO X 1/4" THICK

3/4."
FLEXITALUC. NO. SR 316SS
REQUIRED FOR (H-2-83722)

i TEMPLATE HOLES FROM (H-2-8372_)

i

i -- _ DETAILSr_E: 3" = !'-0"
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USE 17-TON SHACKLE FOR

(CROSBY, P/N '_01EG'i.,.) l
I

USE FOR I I , USE FOR
• TIEDOWN TIEOOWN,
ONLY ONLY NUT, HE,_VYHEX I 1/2-6 UNC-2B.

• A.STU A19-{.GR 2H
SEE NOTE 5 I REQUIRED, 4 PL

/----------=NEX HEAD BOLT 1-I/2-6 UNC-2A X S 1/4" LONG
/ ASTM A325, TYPE t.W/ 2 I/4" THREAD

/ I REQUIREO,4 PL SEE NOTE 3
I-3 / t I/2" _' FL._TWASHER. ASTM F436.

_2 REGD. I UNOER HEAD OF BOLT
AND I U,".OERNUT. 4 PL

HEAD BOLTS I-BUNC-2A ASTM A325, TYPE I.

/ 1 REQUIRED. 24 PL. SEE NOTE ¢

/ 1'= FLAT WASHER,ASTM F435. 1 REQUIRED,
E_ UNDER HEA_ OF BOLT

NUT, HF'AVYHEX 1-SUNC-2B ASTM A194 CR 2H
! RECUIREO. 24 PL, PR._,'!OUSLY INSTALLED
IN NUT CUPS ON STRCNG_.,CK (H-2-8,.37'(7)

USE DRUM PLUG (_IcMASTER-CARR. 1190119TI) FOR CCHT_NER

TRANSPORT. USE CARBON COMPOSITE FILTER (NUCLEAR FILTER
TECHNOLOGY INC..UODEL #NUCFIL 016. DIA 2", "_04STAINLESS STEEL
UD AND HOUSING,FLOW RATE >tO00 ml/Min). FOR STORAGE.

I

DETAILSCALE: FULL SIZE

: m _,.

FOR GENERAL NOTES SEE SHEET I
W'LL,S _ U.S. DEPARTUE,<IT OF ENERGY

.Tm,w _4"rJ_..._ !£,./_V we=bnq.,=u=tMonf_'dCo,r_O,omy m

=,-;_sE,,cu_,,-9,49'-62' X 52" DIAMETERI, l , III I I I ' -
,ii _ ' ' _ _ TRANSPORT ASSEMBLY I

TITIr :_I_"VI$_0M5 _ " i
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ASSEI_,
! SCALE:I/Z"

O

a

I _ I 17 TON SHAC_:LE

iI C _L_ A'r[ACHMENT POINT

L-:--------------

_ ,i SEE OWC H-2-83731

B

NOTE: EMPTY CONT_NER WAY BE uF'TED
FROM TIEGOWN LUGS SHOWN iN

SECTION "A" ON SHE-_-';" 2.

I
t

(_ SECTION
A

SCALE:! ° = I '-G'



- II

WHC-SD-TP-SEP 024 Rev. 0

I

_ ........-.-
.....---

|_ _IAX ALLO'_ABLE ANGLE FRC_.I H_RIZONT,.'_L

"/ _ I FOR LIF'T_NG CgNTAJNER

ILY (.9"cc,.;_._R)
I'-0" NOTE: USE IO" MAX AwNOLE FRONI

HORIZONTAL FOR 62' CONTAINER

FOR GENERAL NOTES SEE SHEET I
I:""' $',YWILLIS Jl 7"_,.l.j U.S. CEPARTIN,IENT OF ENERGY

I_'_""em-o_' "-_'i49-62' X 52 DIAMETER

I _ I " _ _ _' _ -- -- I I _ I I ARRANGEMENT

'*W_MG r_*c,_,LalLsl_" LIST I_,t.r. '_S(_ c, , . c;11.¢. =_08,_725C ,c-_t_coo[ " SOS 5:_,SD2:12.SS J,"__ . i_t.,.._ c-.,'-:,": ','.';l ' Ir._,' 711-'27 T_..r_ ._ _'

i I ' i , i=0 '' ,1=''0" J, A9-22 .___j___i
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P
15 • 22._"

/Z _ _ _ --

E

_,_, _/
x_.., ./Y

ASTM A516. GR 70
D

BLIND FLANGE SIDE Vl
SCALE: 1 1/2" = I'-0 ° SCALE: 1 I/2"

C

2 WZ'.

l ,_1_____i._-I R2"
!

t I 3/1_ THRU FOR
8 I12 TON SHACKLE.
REF H-2-B372G

R_"

B

,.3/4"THICK
_'_TM A615, GR 70
OR ASTM A,36

DETAIL-- SC--_-E:3"= l'-O"
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GENERAL NOTES (UNLESSC:','E:.',':'SES_EC_;'::;
_.TOLE_NC:;,G_NF_CnONS ARE:

FR#C ± 1/16.
TOLERANCING _N 0ECIMAL ARE PER ANSI Y14 5U-32

:_ DEC XX _:.01, XXX + .CO_, A,NLR '-- I".

2. ALL _ACH!NEO SURFACES 125// IN ACCORO-'NCE WITH A;_SI B._ i.

_.). (L-_I'EST RE'I).
v

3. REMGVE ALL BURRS A_O SHARP E2GES.

U;"

4. ALL MACHINE,:) TOOL R .03 MAX.

5. WEL0 A_0 [NSPECT PER AWS 01 1. VT ALL WELD e. n,_AI. PASS.
WELm_ER OUALCFICATION A,NO '¢,'ELD_:,GPR_CE:_I:E3 _E R ASME SEC.T;C_,

Ix ARE AN APPROVED SUBSTITUT,CN

\ 6 UARK PER HS-BS-0015 TY=E B, :N LCC...%T:ON P;O_CA,ED
US;NG I" HIGH BLACK CFARACTERS.

0WG NO. & RE','NO ...

7. SURFACE PREPARATION SHALL BE IN ACCORO_.'_CE WITH SSPC-S;-8.
-/ BY GRIT BLAST. PROTECT FLANGE SF-_L SURFACES.

r

B. PA:NT ALL EXTERIOR SURFACES PER FEOE_L SPEC BELOW, WITH I Z'NC-RICH
CHROMATE FREE PRIMER COAT TT-P-5_40, FOLLC',vEO WITH 2

TOP COATS TT-E-48gH. COLOR S_LL BE YELLC,V. MIN 0RY FILM
THICKNESS SHALL BE 4.5 MiL. PAINT BOLT HOLES AS WELL ._3 POSS3LE

9. TEMPLATE HOLES FROM FLANGE R,',NG DEraiL 11, SHEET 5 CF H-Z-a]724

10. ALL SPECIFICATIONS SHALL MEET THE FOLLO',_:';,_R_IISIONS:

ASTM A3_J/A38M-g2
A.STM A.616/A518M-_0

11. MATERIAL SHALL _E _ARKEO SUCH THAT IT _S TRA.C-T_A_3LETO tHE CW,E._IICAL

ANALYSIS & MECHANICAL TEST REPORTS.

12. Hr..AT ,NUMBER TRACE.ABIUTY 0F MATER'AL S_AL. =.E MAINTAINEE).

13. 0OCUMENT ALL WELDING ON KEH 0433 FC.:.M

ZW
I"-0"

Sw WILLIS I_")%',b _ U.S. DEPARTMENT" OF ENERGY

I I ; I I I I a"'" _'""c""' 52" DIAMETER

i_ TRANSPORT ASSEMBLY

III I" -- 2 -- _ 372 _ _.'_RAN_E,,E'_r =_,-,,,,NG!\,1 _ I _, _ i _ II _ _ _ _ -- I I I t BLIND FLANGE

TITLr _EFt_CNCI'S ,_',1 _ 2oog_-_'__" 2-83727
........... - ..... ,.................. - -_

} ' i _ I _ I=_ I-='_" I, A9-23 Jill
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9.2.2 WSSP-2PACKAGING(TBD)

NOTE: DRAWINGSFOR THE WSSP-2PACKAGINGWILL BE PROVIDEDAT A LATERDATE
BY ISSUEOF AN ECN AGAINSTTHISSEP.

A9-24
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9.3 SAFETYCLASSASSIGNMENT
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Westinghouse Internal
Hanford Company Memo

i , i

From: Radiation Physics and Shielding 22570-HJG-g4-005
Phone: 6-3765 H0-35
Date: January6, 1994
Subject: TANKS 106-CAND I02-AYEQUIPMENTPACKAGINGDOSE CONSEQUENCE

ANALYSISFOR SAFETYCLASSASSIGNMENT

To: D.B. Calmus G2-02

cc: J.G. Field G2-02
J. Greenborg H0-35
R. t. Simons H0-35
S. R. Gedeon H0-35
HJG File/LB

References: InternalMemo 22570-HJG-g4-o01,H.J.Goldbergto D.B.Calmus,
"Tanks106-Cand I02-AYEquipmentPackagingDose Consequence
Analysis",7 October1993

The followinganalysisis a modificationof the analysisreferencedabove
thatwas developedto supportevaluationsin the SafetyEvaluationfor
Packaging(SEP)for the I06-Cproject. The presentanalysisis to facilitate
the assignmentof a safetyclassificationto the packages. The releaseis
assumedto be an unmitigatedreleaseand thus 100% of the inventorieshave
been assumedto have beenreleasedin the accidentscenario. In addition,
the onsiteworker has been assumedto be 100 m fromthe accident. These
criteriawere made to conformto WHC-CM-6-1;SectionEP-I.4Rev. 1,
"StandardEngineeringPractices;SafetyClassification".

In the previousanalysisthe wastewas in a solidcrystallineform. As per
WHC-CM-6-I,100% of thismaterialwas assumedto be releasedfromthe
shippingcontainer. In orderto ascertainthe fractionin the respirable
rangethat becomesairborne,the materialwas assumedto be in a powderform
when released. Since the timeof the originalanalysis,severalquestions
have arisenwhich will be discussedbelow.

It can be arguedthat 100% of releasefromthe shippingcontainerdoes not
imply 100% releaseof the materialfromthe pump surface. This materialwas
washedwith a 3,000psi water spray. While it was decidedthat no credit
would be taken for the cleaningeffectof thisspray process,it can easily
be arguedthat any materialthat remainson the pump afterthis treatmentis
relativelyfixed. It bogglesthe mind to imaginethat materialthat is so
fixed could be completelydislodgedby a fall of a meter or so fromthe
shippingcontaineron the back of a truck.

Hanford Operations and Engineering Contractor for the US Department of Energy
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In addition,only a fractionof these crystalswould be crushedto a powder
that is resplrable(_ Ip). An analysisof an FFTFassemblycame to the
conclusionthat,at most, onlyabout 10% of the fuelwould be powderedby
being crushedbetweena transportvehicleand a concretefloor. I can dig
this numberout of the literature,but in the timeavailablefor this
epistlenecessitatesthat I must relyon my memory.

I would think that, if an accidentwere to occur,the pump slidesout of the
damagedcontainer,and a portionof it is crushedby the overturnedtruck,a
conservativeestimateof that portionof the attachedcrystallinematerial
that is removedfromthe pumpmight be 50%.

Of this material,it is alsoquiteconservativeif we assumethat half of
that releasedmaterialis crushedintoa powderof a respirablesized
particles. The restwill be in the formof largercrystals. While I do not
havevery much experiencewith thismaterialand its formon removed
equipment,I do recallreadingreportsaboutthe removalof the air lance
fromthe ]OI-SYtank.

In that operation,large chunksof material,some solidand some in a more
liquidform, fellto the ground. Fromwhat I readof the solidsin that
case it is extremelyunlikelythat crystalsof that sizewould have become
airbornein lessthan a tornado. In additionit takesan activeimagination
to imaginea nostrilcapableof inhalingsuch chunks.

Thus, I would not find it difficultto estimatethat 25%-30%of the material
were to be releasedto the groundin the form of particlesthat are
respirable. To this inventory,the previouslyappliedairbornefraction
would be availablefor inhalationby personsstandingI00 m from the
accidentsite. With thesechangesin the parametersof the problem,the
doses to a workerand to the maximallyexposedindividualare as follows;

A9-27
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Thus, it would seem that all of the packagesanalyzedare in safetyclass
three. This conclusionis basedon safetyclass criteriapresentedin EP
1,4 indicatingthat estimatedreleaseslessthan 0.5 rem for offsiteworkers
and greaterthan 5 rem for onsiteworkersare safetyclasstwo and releases
less than 5 rem to onsiteworkersare safetyclassthree.

CONCURRENCE:
HarveyJ. Goldberg JessGreenborg,Manager
PrincipalEngineer RadiationPhysicsand Shielding
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CHECIQ.I_rFORCALCULATIONREVIEWANDAPPROVAL

Document Reviewed (Complete reference) Tanks 106-C and |OZ-AY EauiDm_nt

Packaatna Shteldino Analvst_ for Safety Clas_ Asslanment_ ......

Author(s) Harvey Goldbero

CHECKLIST FOR CALCULATIONR[VIEW
Yes No N/A

general Considerations

[ ] [_ Problem completely defined.

Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.
Data used tn calculations explicitly stated in document
Data checked for consistency with original source Information
as applicable.

[ ] [ ] Mathematical derivations checked including dimensional
consistency of results.

]_ [ ] [ ] Models appropriate and used within range of validity or use
outside range of established validity justified.

_] )] [ ] Hand calculations checked for errors.._ Code runstreams correct and consistent with analysis documen-tation./

J ] [ ] _ Code output consistentwith input and with resultsreported
in analysis documentation.

_tj/[ ] [ ] Acceptability on analytical
limits results applicableand

supported. Limits checked against sources.

_ I I [ ] Safety marginsconslstentwlth good engineeringpractices.[ ] Conclusionsconsistentwith analyticalresults and applicable

_/_ limits.
] [ ] Results and conclusionsaddressall points required in the

problem statement.

Reviewer Name: Stephen R. Gedeon
(printor type)

Technical Reviewer Approval Date

Note: Any calculations, comments, or notes generated as part of this
review should be signed, dated and attached to this checklist.
Such material should be labeledand recorded in such a manner as
to be intelligibleto a technicallyqualifiedthird party.
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PARTB- PACKAGEEVALUATION

1.0 INTRODUCTION

I.I SAFETYEVALUATIONMETHODOLOGY

Part B of this SafetyEvaluationfor Packaging(SEP)will identifyand
evaluateacceptancecriteriaconsideredapplicableto a short-term,waste
transfercampaignof the WSSP-Ipackageand will evaluatethe adequacyand
acceptabilityof the WSSP-Ipackagingand transportationsystemsdescribedin
PartA of this SEP. As noted in Part A, Section.l,0 of this SEP, information
requiredfor a full evaluationof the WSSP-2packa9in.qis not availableat
this time. In caseswhere informationfor the WSSP-2is not availablein this
part of the SEP it will designatedby "TO BE DETERMINED"(TBI)).

The SEP will demonstratethatthe short-termonsitetransfercampaign
will providean equivalentdegreeof safetyas would be providedby packages
meetingthe U.S. Departmentof Transportation(DOT)/U.S.NuclearRegulatory
Commission(NRC)safetyrequirements.Methodologyused in this SEP to
evaluatethe WSSP-Ipackagingand transportsystemwas as following:

A. Methodologyusedto evaluatethe acceptabilityof the packagesfor
safeonsitetransferswas to first,determinethe probabilityof
an accidentduringtransfers,and second,determinethe estimated
releaseof radioactivematerialsfollowingan assumedaccident
condition. The resultsof the studieswere comparedto approved
risk acceptancecriteriafor onsitetransfersat the HanfordSite.
This approachreliedon approveddose consequencelimitslistedin
WHC-SD-TP-RPT-O01,Reporton EquivalentSafetyfor Transportation
and Packagingof RadioactiveMaterials(WHC1994). Three accident
probabilityrangesare listedin the equivalentsafetydocument
(incredible,credible,and probable). Eachaccidentprobability
range has a maximumonsiteand offsitedose releaselimit. For
the shortmileagerequirementsevaluatedin this SEP, the
probabilityof an accidentduringtransferof all three packages
was determinedto be "incredible"(lessthan 10"6/yr).Reference
to the equivalentsafetydocumentindicatedthat the applicable
dose releaselimitsfor accidentsin the incrediblerange of
eventsis 25 rem/yrto an offsiteindividual.This information
was then comparedto resultsof a dose consequencestudy to
determineif estimatedreleasesfollowingdesignatedaccident
conditionswere withinthe acceptablereleaselimitsof the
equivalentsafetydocument.

B. Specifictestswere selectedto providea basis for evaluationof
packageparametersfor normalconditionsof transferand
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ide_itifiedaccidentconditions.The specifiedtestswere
simulatedand were evaluatedby analysis. In caseswhere the
probabilityof an accidentwas consideredincredible,only testing
for norr_alconditionsof transferwere consideredin this SEP.

C. Methodologyusedto assurethat the largelong-lengthpackages
describedin thisSEP will not leakcontentsduringnormal
conditionsof transferconsistedof evaluatingresultsof package
drop test data. Evaluationof the droptest data consistedof
assuringthatthe integrityof criticalpackagecontainment
componentswould not be impactedfollowingthe simulateddrop
tests. As noted,developmentof extensiveleak testingcriteria
associatedwith hypotheticalaccidentconditionswas not evaluated
due to the incredibleprobabilityof an accident.

1.2 EVALUATIONSUMMARYANDCONCLUSIONS

Evaluationof the followingsafetyconcernsrelatingto the designand
transferof packagesfor this short-termtransfercampaignindicatethatthe
proposedpackaging/transportationsystemfor the WSSP-Ipackageis considered
safe for the intendeduse.

An accidentfrequencyassessmentof WSSP-Ipackagetransferredover a
specificroute fromthe TankFarmsto the CentralWaste Complex(CWC)and from
the CWC to T Plantwas conductedand indicatedthat an accidentduring
transferis not consideredprobable(incredible-lessthan 10"6/yr).This was
based on transferringthree packagesa total of 21 miles.

A doseconsequencestudyshowsthat radiationdose ratesand the release
of radionuclidesthatmay spillin the incredibleevent of accidentwill not
exceedapprovedrisk acceptancelimitsof 25 rem/yrto an offsiteindividual.

Conditionsrelatingto normalhandlingof the WSSP-Ipackageswere
evaluatedand determinedto be adequate. Simulatedtestingperformedto
evaluatenormaltransferconditionsincludefree drop,vibration,pressure,
and penetrationtesting. Resultsof the drop testanalysisindicatedthat the
WSSP-Ipackageswould survivea droptest at the designatedheight(s)without
unacceptablephysicalimpairment. In addition,the drop testresults
indicatedthatthe integrityof criticalclosurecomponentswould not be
impacted.

Containmentof the WSSP-Ipackagecontentsduringnormaltransfer
conditionswas evaluatedbased on resultsof the drop test and was determined
to be acceptablefor the statedconditionsof handlingand onsitetransfer.
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Shieldingevaluationsindicatedthat sufficientshielding(if required)
can be installedon the outsideof the packageto limitcontactdose rates to
100 mrem/h. Thiswill meet the radiationdose raterequirementsfor both the
transferand storageof mixedtransuranic(TRU)waste.

The tiedownsystemdesignand analysiswas evaluatedand determinedto
be adequateto assurethat the packageswill be properlysecuredto the
vehicleduringtransfers.

A structuralanalysisof the WSSP-]packagingindicatedthat lifting
attachmentson the packaginghave sufficientstrengthto safelylift a fully
loadedpackagein the horizontalposition.
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2.0 CONTENTSEVALUATION

2.1 CHARACTERIZATION

Certaincharacteristicsof radioactivematerialsmust be identifiedand
evaluatedto assurethat the contentsof a packagecan be safelytransported.
Three major concernsrelatingto transportingradioactivematerialsare as
follows:

I. The effectiveA2 value (A2e)of the materialmust be calculatedto
determineif th_ packagemust be transportedas a Type A or Type B
quantityof material. If the packagecontentsare a Type B
quantityof radioactivematerial,a SafetyAnalysisReportfor
Packaging(SARP)or SEP is requiredto approveonsitetransferof
the package. For a descriptionof A2 valuesof individual
radionuclidesand calculationsof the effectiveA2_of mixturesof
radionuclidessee 10 CFR 71, AppendixA.

2. The quantityof fissilematerials(normallyin grams)must be
calculatedto determinedif the packagecontentsmust be
classifiedfor transportas "fissile"or "fissileexempt." If the
contentsare "fissile,"a criticalitystudymust be performed.
See 10 CFR 71.4, 71.52,and 71.55for definitionof fissile
materials.

3. The corrosivepropertiesof the radioactivematerialsmust be
identifiedand evaluatedto assurethat the contentsare
compatiblewith the packagingmaterials.

Methodsused in thisSEP to determineif packagecontentsare Type A or
Type B consistedof developingtablesto indicatethe estimatedcuriesof
radioactivematerialsattachedto the equipmentand then comparingthe
estimatedcurievaluesto acceptableTypeA limits.

Table B2-Iwas developedto indicatethe activityof radionulclides
estimatedto be attachedto eachpump. The activityin curiesis shown for an
estimatedI_in. thick film of wastetank materialattachedto specificareas
of each pump. This is consideredthe "worstcase"waste thatwill be attached
to the pumps and will be used throughoutthis SEP to assurethat packagingis
properlyevaluatedfor the intendeduse. Informationused to develop
Table B2-I is shown in the PackagingDesignCriteria(PDC) (WHC1993).

TablesB2-2,B2-3, and B2-4were developedto determinethe effective
A2evaluesfor the mixtureof radionuclidesattachedto each type of pump. As
noted above,if the totalcuriesof wastematerialattachedto each pump is
greaterthan the effectiveA2evalueof the mixture,the waste equipmentmust
be transferredas a Type B quantityof waste.
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Table B2-I. RadionuclideActivityfor Waste Equipment.

106-C EquiFNne_F-'- ' 'I02-AYEquipment '

Radionuctides Iteet Pump Transfer Pump (C|) Radionuc[ides Agitator Pump
(Ci) (Ci)

227AC 2.41 E-04 3.46 E-05 241Am 5.69 E-01

241Am 7.82 E-01 1.13 E-01 14C 3.10 E-05

243Am 5.70 E- 03 8.20 E- 04 242Cm 1.60 E- 09
I',, ,,, ,

14C 5.35 E-05 7.70 E-06 244Cm 1.97 E-02

242Cm 3.00 E-03 4.32 E-04 60Co 1.60 E-06

244Cm 3.58 E-02 5.17 E-03 137Cs 1.53 E-01

60Co 3.10 E-01 4.47 E-02 154Eu 1.60 E+O0

137Cs 1.35 E+02 1.94 E+01 1291 3.70 E-05

154Eu 2.14 E+O0 3.07 E-01 238pu 3.56 E-02
i

1291 2.14 E-05 3.08 E-06 239'240pu 1.13 E-01

59Ni 2.19 E-02 3.16 E-03 125Sb 3.09 E-01

63Ni 2.49 E+O0 3.57 E-01 79Se 1.70 E-04

210pb 8.03 E-05 1.16 E-05 90Sr 9.24 E+02

21%o 5.36 E-07 7.70 E-08 99Tc 7.8 E-04
,,

238pu 1.16 E-01 1.67 E-02

239pu 6.42 E-01 9.25 E-02

242pu 1.07 E-04 1.54 E-05

226Ra 1.33 E-03 1.93 E-04

125Sb 1.52 E+O0 2.19 E-01

79Se 2.54 E-04 3.66 E-05
,

90Sr 5.30 E+02 7.63 E+01

99Tc 3.75 E-02 5.39 E-03

233U 1.52 E-05 2.16 E-06

234U 9.1 E-05 1.31 E-05

235U 3.4 E-06 4.97 E-07

236U 1.8.t E-06 2.64 E-07

238U 8.25 E-05 1.19 E-O5
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Table B2-2. Effective A2 -- 106-C Heel Pump.
, -1 i r , , i i ,, i ill I ii

Radionucticle Limit (Ci) Heel Pump (C|) filIlll I I I i II

227Ac 0.003 2.41 E-04 3.5B E-07 0
,, i i

241Am 0.008 7.82 E-01 1.2 E-03 0.145
, • . ,, ,

243Am 0.008 5.70 E-03 8.46 E-06 0.001
. , ,, , i..

14C 60 5.35 E-05 7.90 E-O8 0
,, , , i,

242Cm 0.2 3.00 E-03 4.45 E-06 0
,,

2i_4Cm 0.01 3.58 E'02 5.32 E-05 0.0053
, , ,

60C0 7 3.10 E-01 4.60 E-04 0
, ,

137Cs 10 1.35 E+02 2.00 E-01 0.020
, . . , i

154Eu 5 2.14 E+O0 3.17 E-03 0
, ,, , ,

129! 2 2.14 E-05 3.17 E-08 0
. ,, ,, ,,

59Ni 900 2.19 E-02 3.25 E-05 0

63Ni...................100 2.49 E+O0 3.69 E-03 0

210pb 0.2 8.03 E-05 1.19 E-O7 0

21%o 0.2 5.36 E-07 7.80 E-IO 0
.... , ,

238pu 0.003 1.16 E-01 1.72 E-04 0.0574
.... ,

239pu 0.002 6.42 E-01 9.53 E-04 0.476

U , , ,,242p 0.003 1.07 E-04 1.58 E-07 0

226Ra 0.05 1.33 E-03 1.57 E-06 0
L

125Sb 25 1.52 E+O0 2.20 E-03 0
.,

79Se N/A 2,54 E- 04 0 0
, .... ,.

9()Sr 0.4 5.30 E+02 7.87 E-01 1.9(>8
.... ,

99Tc 25 3.75 E-02 5.50 E-05 0
, , . . ,

233U 0.1 1,52 E-05 2.2 E-08 0
,

?"34U 0.1 9.1 E-05 1.3 E-07 0
, , ,L , ,,, , , ,

235U 0.2 3.4 E-06 5.0 E-O9 0
, ,, ,,,

336U 0.2 1.83 E-05 2.6 E-09 0
. ,, ,.J ,

328u o.,,. EOS 122E 0
' _ ,L • "I, ,

TOTALS 67"3.09 1.00 2.673

I i I II I I I IL II IIIII I

EFFECTIVE A2 0.373
............. ' .... I ' ....... ,' ,

Note: The effective A_ value is 1/2,673 = 0.373 Ci. The total curies are greater than the effective
A,_ value; thereTore, the new transfer pump must be transferred as a Type B quantity of waste.
Tl_e total activity in terms of A2 is 673/0.373 = 1804 A2.
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Table B2-3. Effective Az -- IOG-CTransfer Pump.
, , , i ii i , ,

Radionuctide A_ Limit (Ci) Transfer Pump (Ci) fi fj/A 2

227Ac 0.003 3.46 E-05 3.49 E-07 0
. ..... , ,,,,, ,

241Am 0.008 1.13 E-01 1.10 E-03 0.142

243Am 0.008 8.20 E-04 8.30 E-06 0.001

14C 60 7.70 E-06 7.70 E-08 0

242Cm 0.2 4.32 E-04 4.36 E-06 0

244Cm 0.01 5.17 E-03 5.20 E-05 0.005
.,, , .

60Co 7 4.47 E-02 4.5 E-04 0

137Cs 10 1.94 E+01 1.96 E-01 0.019
....

154Eu 5 3.07 E-01 3.1 E-03 0

129I 2 3.08 E-06 3.1 E-08 0

59Ni 900 3.16 E-03 3.19 E-05 0

63Ni 100 3.57 E-01 3.6 E-03 0

210pb 0.2 1.16 E-05 1.16 E-07 0

21%o 0.2 7.70 E-08 7.7 E-IO 0

238pu 0.003 1.67 E-02 1.68 E-04 0.056

239pu 0.002 9.25 E-O2 9.3 E-04 0.476

242pu 0.003 1.54 E-05 1.55 E-07 0
--

226Ra 0.05 1.93 E'04 1.9 E'06 0

125Sb 25 2.19 E-01 0.0022 0

79Se N/A 3.66 E-05 0 0
,

90Sr 0.4 7.63 E+01 7.71 E-01 1.929

99Tc 25 5.39 E-03 5.45 E-05 0
, , , , , , ,,,

233U O. 1 2.16 E- 06 2.2 E- 08 0

234U 0.1 1.31 E-05 1.16 E-07 0

235U 0.2 4.97 E-07 5.13 E-09 0
i

236U 0.2 2.64 E-07 2.72 E-09 0

238U UNLIM. 1.19 E-05 1.22 E-07 0

TOTALS 96.86 1. O0 2.62

EFFECTIVE A2 0.381
..... ,

i

Note: The effective A_ value is 112.62 = 0.381 Ci. The total curies are greater than the effective A2
value; thereforl_, the transfer pumpmust be transferred as a Type B quantity of waste. The

total activity in terms of A2 is 96.8610.381 = 254 A2.
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Table B2-4. Effective A2 -- 102-AY Agitator Pump.
, ,, , T .,, ,. , , , i , , ,

Radionuclides AziL_rit Agita_c°ii Pump f, f,/A z
241Am 0.008 5.69 E-O] 6.13 E-04 0.076

. , ,

14C 60 3.10 E-05 3.34 E-08 0
, . , .,. ,., ,,, ,, .,l ,, , ., "

24ZCm 0.2 1.60 E-09 1.73 E-12 0

2_Cm 0.01 1.97E-02 2.12E-05 0.0021
,,, ,, , , ,,,

6°Co 7 1.60 E-06 1.73 E-O9 0
. ,., , , , , , , .. i,,

137Cs 10 1.53 E-O] 1.65 E-04 0

154Eu 5 1.60 E+O0 1.72 E-03 0.00034
,, .,.,

129I 2 3.70 E-05 3.99 E-08 0
, , , ,, ,,, ,, , .,, ,

238pu O.003 3.56 E-02 3.8 E-05 O.0128
, , ,, ,, , ,, , , ,

_9'24°pu 0.002 1.13 E-01 1.22E-04 0.060
, ,, ,, ,, , , , , ,,, ,

12sSb 25 3.09 E-O] 3.33 E-04 0
.... ,,, ,, , LI ''

79S.e N/A I.70 E-04 0 0 ....

9°Sr 0.4 9.24 E+02 9.97 E-01 2.49
,, ,,,, , , ,..... i , , .........

99Tc 25 7.8 E-04 0 0
, _ ,, , , ,, , , ,, ,,, ,,,, , , , ,, ,,

TOTALS 926.8 I.O0 2.64
II IIIIInIIII I III I

EFFECTIVEAp . , .........,.....0.378

Note: The effective A_ value is 112.64 : 0.378 Ci. The total curies are greater than the effective
At value; there¥ore, the agitator pumpnaJSt be transferred as a Type B quantity of waste. The
t_taL activity in term of A2 is 926/0.378 = 2450 A2.

In the three casesshown,the totalestimatedcuriesof materialin the
packagecontentsis greaterthan the effectiveA2evalueof the mixtureof
radionuclidesindicatingthat all threepumpsmust be transferredas a Type B
quantityof waste. The A2evalue for a mixtureis equal to 1/2 fi/A2where fia
fractionof activityof nuclidesin the mixtureand Az is the appropriate
Type A curie limitfor each nuclide.
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Fissilematerialspresentin the waste are 238Pu,239pu, 233U,and Z3Su.
The quantity(grams)of each componentof fissilematerialis basedon the
totalcuriesof eachcomponentdividedby the specificactivityof each
component. Table B2-5 was developedto determinethe totalgrams of fissile
2_!terialsin eachDackage evaluatedin thisSEP. The specificactiv1,_>,of

UxiS 17 Ci/g,?'39puis 6.2 X 10"zCi/g,Z33Uis 9.5 X 10.3Ci/g and "_U is10TM Ci/g.

Table B2-5. Fissile Content.

Equipment

Cur i es Grams Cur i es Grams Cur| es Grams Cur i es Grams
I

Hee[ Pump 1.2E-01 0.007 6.4E-01 10 1.5E-05 .0016 3.4E-06 1.62

Transfer Pump 1.7E-02 0.001 9.2E-02 1.50 2.2E-06 0.0002 5.0E-07 0.24

Agitator Pump 3.6E-02 0.002 1.1E-01 1.80 N/A N/A N/A N/A

As shown in Table B2-5,the totalquantityof the radionuclides
estimatedto be attachedto the heel pump is 11.6g, the transferpump is
1.7 g, and the agitatorpump is 1.80g. Radioactivewaste is exemptedfrom
fissileclassificationif the totalquantityof fissilecomponentsare less
than 15 g (49 CFR 173) in each package. Underthe conditionsstatedabove,
waste packagescontainingany one of the threepumpswill be consideredas
"fissileexempt." Based on the "fissileexempt"classification,a criticality
studywill not be performedas partof this SEP evaluation.

The corrosivecomponentsare consideredto be the non-radioactive
chemicalsin the waste contents. These chemicalsare the hazardouscomponents
that resultedin classificationof the materialsas "mixedwaste." Two
conditionsshouldbe consideredwith referenceto the potentialcorrosive
propertiesof thesechemicals:

1. Materialsin undergroundradioactivewaste storagetanks are
neutralizedto a 10 pH or higherto preventcorrosivereactions
with the carbonsteeltankmaterials.

2. The chemicalsare normallyin a liquidphase in the tank and will
normallybe washedoff by sprayingthe equipmentduringremoval.

For purposesof evaluatingthe packagesfor transport,the potential
corrosionof packagingmaterialsfromthe estimatedminutequantityof
non-radioactivechemicalsthatmay remainattachedto the solidwastematerial
is consideredinsignificant.It shouldalsobe notedthat absorbentmaterial
will be includedin the packageto absorbany free liquids. Thiswill prevent
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directcontactof liquidswith the packagingmaterialsand tend to preventor
delay any potentialcorrosivereactionsthatmay impactthe packageduringthe
specifiedservicelife.

2.2 CONTENTRESTRICTIONS

Sincethis SEP approvesthe transferof specificpackagecontents,
genericrestrictionsof the contentsare not consideredapplicable. However,
by definitionof the SEP document,contentsthatexceedestimatedweights
and/orradionuclidelimitscannotbe transferredunderthe SEP unlessan
EngineeringChangeNotice (ECN)is issued. The maximumamountof curiesfor
each radionuclideestimatedto be attachedto each type of equipmentis shown
in Table B2-I. The estimatedmaximumquantitiesof fissilematerialsfor each
type of equipmentis shownin Table B2-5.

2°3 CONCLUSIONS

Packagecontentsas characterizedin the wastegenerationstudy shown in
Part A of the PDC document(WHC1993)and evaluatedin this sectionof the SEP
are consideredto be properlyidentifiedand sufficientlyanalyzedto be
consideredacceptablefor evaluationin this SEP.
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3.0 RADIOLOGICALRISK EVALUATION

3.1 INTRODUCTION

Packaging and transportation systems were evaluated to determine if
calculated radiological releases that may occur during transfer of the
packages are considered to be within acceptable radiological limits listed in
WHC-SD-TP-RPT-O01,Report on Equivalent Safety for Transportation and
Packaging of Radioactive Materials (WHC]994). Results of an accident
frequency assessment and dose consequence study were used as the basis for
analyzing and comparing identified risks to the approved risk acceptance
criteria.

3.2 RISK ACCEPTANCECRITERIA

Specificrisk acceptancecriteriafor onsitetransfersof materialat
the HanfordSite is shown in the Reporton EquivalentSafetyfor
Transportationand Packagingof RadioactiveMaterials(WHC1994);however,for
purposesof evaluationsin thisSEP, specificcriteriadata from the
referenceddocumentare shown in Table B3-I below:

Table B3-1. Risk AcceptanceCriteria.

, , , ,, ,....... _, , ,,

Accident AnnualAccident Dose Limits Dose Limits
Condition Frequency OnsiteWorker Offsite

Individual
I LII I I II I I III I IIIIII II III II I I II I I II II I

Incred.i..ble < 10.7 N/A N/A

Incredible 10"7,to < 10.6 N/A 25 (EDE)

Credible 10.6to < ]0.3 .5/15/50 0.5./1.5/0.5

Probable 10.3to I ..... 0.2/0.6/2 O.01/O.03/0.1

3.3 ACCIDENTFREQUENCYASSESSMENT

An accident frequency assessment (Part B, Section 3.6) was performed to
determinedthe probabilityof an accidentfor the short-termtransfercampaign
describedin this SEP. Resultsof the accidentfrequencyassessmentindicated
that the short-termmilageof this campaignprecludesthe activityfrom
fallingwithinthe credibleor probablefrequencyrangefor accidents. That
is, the annualaccidentfrequencyfor this transfercampaignwas calculatedto
be 1.77x I0" indicatingthatthe probabilityof an accidentis considered
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incrediblefor the onsitetransferof the three packagesdescribedin this
SEP. As noted in Table B3-],only radiationreleaselimitsto an offsite
individualare consider@dapplicablefor a calculatedannualaccident
frequencyof 1.77x 10".

3.4 DOSECONSEQUENCEANALYSIS

A dose consequenceanalysis (see data sheets Part B, Section 3.7) was
performed to assess the results of a radiological release of material to an
offsite individual from a package in the unlikely event of an accident. Data
sheets indicated that an offsite individual would be subjected to the
following dose rates for an accident with an estimated 20%release of
radioactivematerials.

Table B3-2. Expected Dose Consequencesfrom Equipment Shipping Accidents.
i ,,,, i, r, , , , ,,, ' ,, ,,, ,,

Package Contents Dose to Offsite Individual

EDE Organ
I I I II

106-C Heel Pump 0.019 O.18 BoneSurface

106-C Transfer Pump 0.0026 O.026 Bone Surface

102-AY AQita,tor Pump 0.023 0.26 Bone Surface,,,,,,, ' , ,, " , '' , ,, _ '"' _ 'l i

3.5 RISK EVALUATIONAND CONCLUSIONS

The calculated0.019rem releasefor the heelpump,0.0026rem release
for the transferpump, and 0.023rem releasefor the agitatorpump are well
withinthe 25 rem limitfor incredibleaccidentconditionsshownin Table B3-I
(acceptablereleaselimitsat the HanfordSite). The conclusionsof this
evaluationare that the identifiedradiologicalrisks associatedwith the
short-termtransfersof radioactivematerialsin the WSSP-Iand WSSP-2
packagesdescribedin this SEP are consideredto be acceptable.
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3.6 ACCIDENTFREQUENCY
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PUMPTRANSPORTFROMC ANDAY TANKFARMSTO CENTRALWASTECOMPLEXANDT PLANT

1.0 INTRODUCTION

This report contains an accident frequency assessmentfor transferring
packages containing contaminated equipment removed from Tanks 106-C and 102-AY
to the Central Waste Complex (CWC)and eventually to T Plant for
treatment/processing. The analysis assumesthat each package will be
transferred separately. To perform the analysis, an estimate must be madeof
the distance that will be travelled and then apply the site data for vehicle
accident frequencies which are based on this distance.

2.0 APPROACH

The approach that will be used in this analysis is to develop an event
tree that definesall of the eventsrequiredfor an accidentleadingto a
possiblereleaseof radioactivematerialin the transportof waste packagesby
trucks. The eventtreemaps transportationaccidentsequencesresultingin
radioactivereleasesby consideringa seriesof questions. Thesequestions,
alsocalledtop events,appearacrossthe top of the tree. The decisionsor
"branch"pointsunderthese top eventsare describedand discussedin the
paragraphsthat follow.

3.0 TRAVELDISTANCE

The pathway selected for this analysis has the vehicle leaving the C
tank farm and going Easton 7th Streetto BuffaloAve. Turn Southon Buffalo
Ave. to 4th Street. Leavingthe AY tank farmwill put one on BuffaloAve.
also. Turn West on 4th Streetand followstraightto the 200-W area. When
one goes throughthe West main gate,one will be on 20th Street. Follow20th
Streetto BeliotAve. and turn Northon BeliotAve. FollowBeliotAve to 23rd
Street. Turn West on 23rdStreetto DaytonAve. On Daton Ave. turn Southto
the CWC. Fromthe East areaC farm, it is 6.8 miles to the CWC. Fromthe
West area AY tankfarm, it is 6.6 miles. It has beenestimatedthat it is an
additional0.25miles fromthe CWC to T plant. Therefore,the totalmileage
for each trip is 7.05 and 6.85miles each. This is the distancethat will be
used in this study. It will not be useddirectlyin the event tree
development,but the resultsof the genericeventtreewill be multipliedby
thesemileagesto determinethe frequencyof the potentialaccidents. The
firstevent of the eventtree, SHIPPINGACTIVITY,will be assigneda frequency
of one (seeFigures3-1 and 3-2 for pathwaydriven).
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Figure3-1. Transportationof PumpsFrom AY to AX (200East).
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Figure 3-2. Transportation of Pumpsto 200 West.
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4.0 HANFORDVEHICLEACCIDENTSTATISTICS

Hanfordsite-specificdata, ratherthanWashingtonState statistics,
were used to developaccidentfrequenciesand probabilities.WashingtonState
statisticsrepresenta significantlydifferenttransportationenvironmentthan
the HanfordSite becausecommercialtransportationhas littleinfluenceon its
operatingconditionswhileHanfordon-siteshippingis highlycontrolled.

Due to a computersystemupgrade,it is not possibleto separatemileage
by vehicleclassprior to 1992. Therefore,a singleaccidentrate for all
classesis developedby dividingthe numberof truckaccidentsby the total
truckmiles. The occurrenceof 114 reportableaccidentsover 26.0million
miles resultsin an accidentrate of 4.38E-06accidentsper mile. See
AppendixA for a list of the accidentsand AppendixB for the mileage. This
frequencywill be assignedto the secondevent,REPORTABLE,on the eventtree.

The HanfordSite had 114 reportabletruck accidents(GrossVehicle
Weightover 8500 pounds)over a periodin which 26.0millionmiles were
driven. The U.S. Departmentof Energyrequiresaccidentswith $500or more
damagebe reported. A proposedchangeto WHC-CM-I-13may increasethe amount
to $5,000. Of theseaccidentsonly thirty-one(27.2percent)resultedin
majordamage in which an undesiredradioactivereleasecouldoccur. This
probabilityor percentagewill be appliedto eventthree,DAMAGELEVEL,on the
eventtree. (Twowere rollovers,twenty-threewere collisions,one was a
randomfire,and five occurredon icy roads). Ratioswill be used on the
fourthevent,ACCIDENTTYPE, to dividethe 31 major accidentson the event
tree. The remainingeighty-threewere minor "fenderbenders"or accidents
involvingspecialvehiclessuch as firetrucksand cranes.

Commercialtrucktransportationdata showsthat secondaryfires occur in
approximatelyone percentof all truck accidents(Clark,1976). Vehiclefires
can damagethe cargoand allowradioactivereleases. Cargoenvironmentscan
range fromminor thermalexposureto severethermalexposure. The fifth
event,SECONDARYFIRE,will be evaluatedusingthe one percentdata.

The finalevent,PACKAGE,on the eventtreeevaluatesthe proposed
packaging. Based on the packagingdesigncriteria,WHC-SD-TP-015,Draft,the
heel pump locatedin tank 241-C-I06weighs1730Ibs., the transferpump in
tank 241-C-I06weighsIO00Ibs., and the agitatorpump in tank 241-AY-102
weighs2000 Ibs.. The packagesfor thesepumpswill be analyzedfor a drop of
one foot. The packageswill be tieddown to the vehicle. The tiedown
assembliesused to securethe packageto the transportvehicleshallbe
designedand evaluatedto assurethe tie-downassembliesused to securethe
packagingagainstmovementin any directionhave the aggregatestaticbreaking
strengthof at least] I/2 timesthe weightof the package. The speedof the
transporttrailershallnot exceed35 mph on straightsectionsof the road and
15 mph on curvedsectionsof the road duringwastetransfers. This
informationwas used to estimatethe packagefailuredue to the randomfire
stressor collisionat 5.0E-03,and 5.0E-02due to a rollover. These values
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appearon the eventtree. In the case of the randomfire, it is presumedthat
the firewill be initiatedon the tractorand not the trailerwhere the load
is. If it is observedby the driveror escort,therewould be time to stop
the vehiclebeforethe tiedownsmight failpreventingthe packagefrom falling
off the trailerand possiblybeingdroppedbeyondthe one foot testing
criteria.

4.1 EVENTTREEEVALUATION

Elevenaccidentsequencesare definedby the eventtree. Six of these
resultin no release. It shouldbe notedthat itwas assumedthat the
transferwould not take place on icy roadconditions.Three sequencesresult
in a release,and two more resultin a fire release. One of the combinations
of releasesis causedby a randomfirewherethe fire is not controlledbut
the packagingremainsin tact or the packagingfailsdue to the fire
controlled. The accidentfrequencywherethe packaginghas failedis I.g2E-]O
per mile and resultsin a release. The next set of two sequencesresultingin
a releaseis initiatedby a collision. The collisionwith no fire but with a
packagingfailurehas a frequencyof 4.38E-Ogaccidentsper mile, and the
collisionwith a secondaryfire has a frequencyof 4.84E-09per mile. The
finalseriesis initiatedby a rolloveraccident. Whenthere is no fire the
frequencyis 3.80E-Ogper mile and 7.88E-10per mile with an uncontrolled
fire. Summingthe threeaccidentswithouta fireresultsin a frequencyof
8.37E-Ogaccidentsper mile. When this is multipliedby the worst case
distanceof 7.05miles resultsin an accidentfrequencyof 5.90E-08per
transfer. The two accidents with a firereleasesum to 9.61E-Ogaccidents
per mile. Again using 7.05miles,resultsin a frequencyof 6.77E-08per
transfer.

5.0 SUMMARY

The sum for the worst case accidentsas definedby the maximummileage
for both with and withouta fire are lessthan the annualcriteriafrequency
of 1.0E-06per transportand thereforeno furtherrestrictionsare required.
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APPENDIXA

CASENUMBERSANDBRIEFDESCRIPTIONSOFHANFORDTRUCKACCIDENTS
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CASENUMBERSANDBRIEF DESCRIPTIONSOF HANFORDTRUCKACCIDENTS

t " Ro[[over
¢- collision
* - Fire
I - Icy Conditions

DATE DESCRI PTION

1. 01104183 I Snow plow truck skidded on ice and struck private car white removing snow

2. 01119/8:3 Main gate struck truck while being driven to garage for repairs

3. 02129183 Truck struck 2' riser while backing from area

4. 03/24/83 ¢ Foot slipped off clutch due to existing back injury, truck struck barrier post

5. 04/21183 Paint stripper struck private car While backing up during point activity

6. 05112/83 Fuel truck backed into Courier; driver did not monitor before backing

7. 05/]1/8.3 Post on fire truck caught against gate whilo exiting; bent fence post

8. 05/31183 Fire truck damagP.dwhen driver negotiated right turn from station

9. 06108/83 Truck struck parked vehicle whi te backing from buitding

10. 06/25/83 Grab handles were torn off fire truck as it was driven through narrow lane

11. 06/28/83 Spray truck backed into building while refueling in confined area

12. 07/15/83 Pickup struck pole white being driven in reverse; damaged door panel

13. 07/16/83 Driver of dump truck released brake and rolled into 2nd dump truck

14. 07/20/83 Sample truck struck steam line in unspecified occurrence

15. 07/23/83 Top of fire truck damaged when exiting before door had completely opened

16. 12/15/83 Fire truck struck telephone pole while moving in reverse; operator error

17. 01/21/84 / Truck damaged while turning off icy road to deliver store material

18. 01/21/84 / Tractor/trailer jack-knifed on icy road; damaged cab and equipment

19. 01/26/84 Truck damaged White backing up to loading dock; struck post

20. 02/24/84 Backing into unloading door; struck government car and private car

21. 02/29/84 Truck pulled out of parking lot and struck fire hydrant; inattentive driver

22. 11102/84 PUD truck backed into bump post and fire cabinet; congested area, no spotter

23. 02/01/85 / Truck slid out of control and struck gate post; snow-covered road

24. 02125/85 Water wagon struck utility pole and caused failure of ventilation fan

25. 04125/85 Truck backed into parked private vehicle; congested area

26. 05/08/85 :_ Struck private car during 3-car collision in construction area; no signs

27. 05/24/85 Truck rolled down incline and struck dump truck; brake not set

28. 07/19/85 Protruding doors on truck struck parked van While being backed in tot

29. 09/04/85 Tractor trailer struck parked private vehicle in congested parking tot

30. 09/09/85 Pickup struck corner of badge house while pulling out from road side
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31. 09/20/85 Fire truck struck large rock white being becked from confined area

32. 11105/85 Fire truck struck telephone pots when driver attempted to repos_tion truck

33. 01/10/86 Fire punter struck rail on matt bridge while attee_ting to exit

_. 03114186 Lugger struck back of truck cab White being loaded

35. 04/10/86 1' Truck tipped over When rear Wheels rotted off driveway depression

36. 06/25/86 Truck struck steel post while backing to turn around

37. 07/01/86 Fuel tank struck partially covered valve handle while backing tractor

38. 08/05/86 Truck turned too short on narrow orm-tane bridge and struck corner rail

]9. 09/11/86 Truck rourcJed corner end struck protruding roof sup_x_rt beam; driver error

40. 12/22/86 Truck crane struck traffic light while being raoved to equip_t shops

/+1. 02/19/87 * Lift bucket hydraulic fluid leaked and ignited

42. 04/16/87 _ Truck overturned When driver lost control White attempting to retrieve keys

43. 07/12/87 Open coepartment on fire truck struck door frame when driven from station

44. 07/]1/87 Truck contacted riser and damaged urKJercarriage

/+5. 08/11/87 Truck struck end dan_ged section of boom crane white being becked

/+6. 04/22/88 Truck struck light pole while being becked from driveway

/+7. 04/26/88 Truck contacted overhead piping and damaged cargo during delivery

/+B. 05/04/88 Pickup struck pole while being backed, damaging both vehicle and guy wire

49. 09/30/88 Truck struck post when driver misjudged turning radius

50. 12/22/88 Truck drove under steam line and totally destroyed air conditioner on top

51. 12/29/88 :_ Private car damaged when driver lost control whi te swerving to avoid GMC

52. 01/05/89 Truck struck post and fire hydrant after crossing inclined railroad tracks

53. 01/20/89 :¢ Truck struck metal post, breaking fiberglass on hood and denting burper

54. 02/07/89 Vehicle struck railroad crossing sign while being backed to access roadway

55. 03/03/89 Netat detector on bed of truck struck overhead steam line during delivery

56. 04/21/89 Truck struck against vehicle while being backed in parking tot

57. 06/15/89 Truck struck parked private vehicle when driver failed to monitor area

58. 07/17/89 Truck hoist l-beam severed power tins when driver misjudged distance

59. 08/21/89 Truck struck roll-up dock door when operator failed to fully open door

60. 11/17/89 Truck struck parked private vehicle while being backed from driveway

61. 04/02/90 Vehicle's tire tread separated while en route, striking fender and panel

62. 05/29/90 Truck rotted and struck private vehicle when driver failed to secure brakes

63. 07/11/90 Van struck partially closed door while being driven into fire station

64. 07/15/90 :_ Fender of private vehicle was struck by van crossing intersection

65. 08/07/90 :¢ Door of towed unit hooked bunter of pickup, initiating /+-vehicle accident

B3-13



WHC-SD-TP-SEP-024 Rev. 0

66. 0812.]190 Truck with idle set too high shot backwards and struck private vehicle

67. 09/26/90 Private vehicle backed and caught door

68. 10/14/90 Backed into pole

69. 11108/90 Hit lay another vehicle going in reverse

! 70. 11/26/90 ¢ Mit by private vehicle

71. 12/19/90 Backed into post

72. 01/11/91 / Slid through intersection and hit private vehicle

73. 02/20/91 Boom crushed top of truck

74. 02/22/91 Backed into by another vehicle

75. 02/28/91 Drove vehicle into hole

76. 0]/01/91 Backed into pole

7"f. 0]/07/91 Hit unclerground radiation marker

78. 04/11/91 Backed into forklift

79. 04/24/91 ¢ Private vehicle ran red light and broadsided van

80. 05/13/91 Open door caught on building

81. 05/17/91 Private vehicle putted in front of government vehicle

82. 06/25/91 Lift ran into dun_ster and pallet hit truck

85. 07101191 Vehicle backed into another vehicle

84. 07/06/91 Door caught shop door, en_toyee hit gear

85. 07/09/91 Backing private and goverrlment vehicles collided

86. 07/11/91 Vehicle scrapod gate

87. 08/10/91 Backed into phone pole

88. 08/16/91 Ctippc, d road block

89. 09/19/91 Backed into by water truck

90. 09/21/91 ¢ Hit by deer

91. 09/28/91 ¢ Ran into telephone pole

92. 10/01/91 ¢ Hit fence swerving to avoid vehicle

9]. 10122/91 ¢ Hit by private vehicle

94. 01/22/92 ¢ Hit another goverrlnent vehicle

95. 02/28/92 Backed into another government vehicle

96. 0]112192 Bumper hooked hand rail upright when backing vehicle

97. 04/01/92 ¢ Unknown cause, Repair left box and right tail lan_. Repair cost - $1,819

98. 04113/92 ¢ Hit by private vehicle

99. 04/25192 ¢ Struck deer

100. 05/07/92 Backed into pote
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101. 05127192 Backed into pole

102. 06101192 $ Government and private vehicles cot tided

103. 06105/92:1: Unknown cause, Repair front grill, I:unpar, and hood. Repair cost - ll,730

104. 06115192 Backed into pole

105. 07/13/92 Backed into post - gas pedal stuck

106. 07/15192 :_ Truck slid into fence

107. 07/1B/92 ¢ Turned too sharp and hit another government vehicle

108. 08/09/92 Rear ended by private vehicle

109. 08/21/92 Backed and scraped another government vehicle

110. 10/09/92 Nit IX)St with door

111. 10120192:1: Hit steel (RR track) post

112. 11/05/92 :t. Collided with private vehicle

113. 11117/92 ¢ Nit deer

114. 12/07/92 Nit by another government vehic|e
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APPENDIXB

SUMMARYOF MILESTRAVELLEDAT HANFORDBY GOVERNMENTVEHICLES
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Summaryof Miles Travelledat Hanfordby GovernmentVehicles

_,,,,,. i , ,r. , .,,,,,,....... ,I ,,, i,,,i,,,,I ,,,, ,.i_ ,,,II I, I I I ,Table B.] TotalMilea_leand AccidentRate- iii I ii iiii iiiI i( Iii ii ii FII' i iii1111 !l'!'l " I III ' III I IIIII [ i _ -'

Year Mileage Accidents AccidentRate
(Accidents/miIe).

I
,,.,,,,,,

Total I Major Total Major
II'l' III ' ' I ..... l"r i HI I ...... I I ! II I I' III III II " III III _ I II I IIqI I ,, U

198.3--1991 24,753,416 93 20 3.8x10 "6 8.1x10"7
2.5xi07

r , ,, J,, , ,,,,,,, , ,, I , i. . .

Igg2 1,249,617 21 11 1.7xlO"s 8.8x10"6
1.2xi06

I , ,i i .i,i ,, ,, ,, ,, ,, i , i i' _ i, i ,7 i ..... : _ _ - i !! ,, i,, ._

Total 26,003,033 114 31 4.4x10 "6 ] .2x10"6
2.6x107

'" , , ' , ,,i , ,,, " ,, , , i ,,_ _ , , , ,, ,,
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SAFETYANALYSISANDIEGULATIOH knual illtC-Cll-1.-3!
PItOCi_JP.£S Section WP-6.2

Appindix A, REV 0
Page ! of 2

TECHNICALPEER ILEYIEWSANDHIEDOPtk'YIl_S Effective Bate Hatch 31. 1992

(IgiCrJ.IS'l"FOIt TECHNICALPEEl ItLrVILrW
(Sheet I of 2)

A. Document Reviewed: (tnclude complete reference--author, addressee,
letterbeok number, tttle or description of calculation, document number,
and date, as eppliclbll):'/Te_Potl_"lr_rl"lOP _ _(_ R_S_,.T._,I_,J'_ "7_wPt-)#C

e. Scopeof aevtev: _,_/_,,_,,-,e" ,#'_,,.'_/-

C. Yes No* N_

/ Accident scenarios developed in a clear and logical
manner.

_ _l I _/Ki Necessary ass.tiDeS explic|tly stated and supportS.

Computer codes and data files documented.

Data used in calculations explicitly stated in document.Data checked for consistency with original source
tnfomatton as applicable.

[_] [ ] ( ] Mathematical derivations checked Including dimensional
consistency of results.

[ ] [ ] [_] Hodels appropriate and used within range of valtdtty or
use outside range of established validity Justified.

[ ] ( ] _(] Hand calculations checked for errors. Spreadsheet
results should be treated exactly the same as hand
calculations.

[ ] [ ] [X] Software input correct and consistent with document
reviewed.

[ ] [ ] _X] Software output consistentwith input and wlth results
reported in docmnent reviewed.

_'t_ _] [ ] [ ] Limlts/crlterli/guidellnesapplied to analysis results
are appropriateand referenced.
Limits/crlterla/guidelineschecked against references.

( ] [ ] _] Safety margins consistent with good engineering
practices.

_) [ ] [ ] Conclusions consistent with analytical results and
applicablelimits.

* All "NO" responsesmust be explainedbelow or on an additionalpage.
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SAFL_rYANALYSISANDULULATION Ilanuel iltlC-Cli-6-32
WORKPROCEDURES Sectlon HP-6.2

Appe_ttx A, n(V0 Ir
Pige 2 of 2

TECHNICALPEER REVIEWS_ ltiliOP ItEV%ISIS Effective kte March 31, 1992

CHECKLISTFOR TECHNICAL"PEIR REVIEW
(Sheet Z of 2)

iX] [ ] [ ] llesults and conclusions address i111 points required tn
the problem statment.

[ill [ ] tm Review calculations, comments, and/or notes are attached.

(_] [ ] Dociient approved (t.e., the reviewer afftris the
technical accuracy of th4 doc_l_nt),

[ ] [ ] IX] Traceability

COMMENTS(Add additional signed and dated pages, if necessary):

...... ,,-,_"_-__..__ .____...,t,,..___ 7._ _ _ o,
• /

- f - • / "- . 7-./._,,_.__.2_._ _z'--_.,- -___,'-__ ....

f_,//)._/__....,-..,->_.__.I/_-__,,,_...,_-_.,.,-7_
• .._i_l.'_,'..,__ _,_'_.,_-%,,_7..j_ ..

,sr,._ _ l_,_l__v ,,,_<'._, Iols/sa
/_u ff'k o _,. " P/qY_

.... ..-/
Re_lewer (PrintedNtme and Signature) Date

7-_a,,'-/,4-.<_ ,,_,l_'.,¢'_s
• * Any calculations, colnents, or notes vhtch the reviewer feels should be

part of the review record should be signed, dated and attached to thts
checklist. Such mitertal should be labeled and recorded tn, such a manner as
to be intelligible to a technically qualified third party.
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3.7 DOSECONSEQUENCEANALYSISDATASHEETS
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Westinghouse Internal
Hanford Company Memo

From: Radiation Physics and Shielding 8D530-HJG-94-024
Phone: 6-3765 H0-35
Date: August 3, 1994
Subject: TANKS106-C AND]02-AY EQUIPMENTPACKAGINGDOSECONSEQUENCE

ANALYSIS

To: D.B. Calmus G2-02

cc: J.G. Field G2-02
J. Greenborg H0-35
HJG File/LB

The Problem

The introductionof a waste sluicingsystemin tanks 106-C and I02-AYhas
necessitatedthe removaland disposalof two pumps from I06-Cand one pump
from I02-AY. These pumpswill be shippedfromthe 200-Eastarea to the
CentralWaste Complexin the 200-Westarea and thenceto T-Plant. An
analysiswas performed(22570-HJG-g4-oo1)toascertainthe expecteddoseto
the most exposedworkerand to the hypotheticalworst case farmer. Since
that time it has been ascertainedthat the probabilityof the postulated
accidentis less than 10"6/yr.Thus, onlythe dose to the maximallyexposed
off site individualneed be used. This reportis an extractionof the
necessarydata from the originalreportwhich is appendedfor comoleteness.

The Analysis

The dimensionsof the pumps in centimeters,are given in WHC-SD-TP-PDC-O]5
as follows;

106-C I06-C I02-AY
Heel Pump TransferPump AgitatorPump

MaximumLength 1,149 1,164 1,630
MaximumDiameter 91.5 80.5 107.8

The above citeddocumentalso documentsworstcase estimatesof the isotopic
inventoryassuminga 0.32 cm thick layerof wasteon eachof the pumps._

These are tabulatedbelow;

Henford Operations and Engineering Contractor for the US Department of Energy
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..... rl0
, ,, , , i

Iu ......Radionocl deInventorywasteEquipmentiii i i i"" '''

Isotopes I06-C , ]02-AY

Heel Pump TransferPump Agitator

..,,,,, ,, , , (Bq) ,. (Bq) ,,,, . Pump (Bq) -

ZZ7Ac 8.92E+06 1.28E+06
,, , .

241Am 2.8gE+]O 4.]8E+09 2.]IE+10
,, ,,

2_3Am 2. l 1E+08 3.03E+07
,, ,, ...... , ,, ,,,

137_Ba* 4.73E+12 6.79E+] ] 5.36E+09,,,

Z1°Bi* 1.98E+04 2.85E+03
,,,

14C 1.g8E+06 2.85E+05 I.15E+06
, ,,,, , ,

242Cm 1.11E+O8 1.60E+O7 5.g2E+O1
,, ,,J , ,,

Z44Cm ]. 32E+09 ]. 91E+08 7.29E+08
,,, ,,,

6°Co 1.15E+I0 I.65E+09 5.92E+04
,,,,

137Cs 5.00E+12 7.03 E+]1 5.66E+09 ii

IS4Eu 7.92E+10 1.14E+10 5.92E+10
,.,

1291 7.92E+05 1.14E+05 ].37E+06
,,

59Ni 8.]OE+O8 I.17E+08
,.,, , , , .

63Ni 9.2IE+10 ].32E+I0
,.,,.

Z_9Np* 2.1]E+O8 3.03E+07

21°pb 2.97E+06 4.29E+05
......,

Z1°Po 1.g8E+04 2.85E+03
, ....... ,

238pu 4.29E+09 6.18E+08 I.32E+09
i,

ZZ9pu 2.38E+10 3.42E+09 4.]8E+09"*
,, ,,.,.

Z42pu 3.96E+06 5.70E+05

Z26Ra 4.92E+07 7.14E+06
, ,

125Sb 5.62E+10 8.10E+09 1.14E+10

79Se 9.40E+06 1.35E+06 6.29E+06
,.

9°Sr ].96E+13 2.82E+12 3.42E+13
, ,

_Tc I.39E+09 I.99E+08 2.89E+07
,, , ,,

l zsmTe* ]. 38E+]0 1.98E+og 2.80E+Og

Z27Th* 8.92E+06 ].28E+06
,.,.
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I .......... . .............. ,, , ,, , ,, : ,,,,,• RadionuclideInventoryfor Waste Equipment(Cont.)
ii '1 i ii iii i | i ' ' "_ "1 iii i ' ' ' "........ ,, u '

Isotopes ...... !06-C ..... ]02-AY

Heel Pump TransferPump Agitator
................ (Bq) (Bg)....... PumP (Bq)

Z33u 5.62E+05 ].88E+05
, ,, , ,, , , , ,, • , ,,,,,

Z34U 3.37E+06 4.85E+05
,,,, , , , , , , ,

Z3SU 1.26E+05 1.84E+04
, , ,,,,, , , , , ,,i , , , i

Z36U 6.77E+04 9.IOE+03
, , ........... ,,,,,,

23SU 3.06E+06 4.37E+05
,= ,, , ,, , ,

9Oy* 1.96E+13 2.82E+12 3.42E+13
,,, ,,,,,,, ,, = ,, ,, , , ,

Q

These isotopeswere not in the originaltable but are daughtersof listed
isotopes.

**Thiswas listedas _9/Z4°Pu.The entireinventorywas modeledas Z39puas
the ALIs for these two isotopesare identical.

After the calculationshad beenperformed,the activityfor Z33Ufor the 106-
C Transferpump was foundto be incorrectin the listprovided. However,
the value used is higherthan the correctvalue and it's influenceon the
doseswas so small that it was decidedthat redoingthe calculationswould
not be calledfor. In addition,the daughtersof the uraniumwas not
includeddue to its small influenceon the answer.

The computercose GENII (December1990)was run on a desktoppersonal
computer. The releasewas assumedto havehappenedin the 200-West. As
statedin your correspondenceof 30 July 20% of the materialis assumedto
be releasedto the environment.Of this amount,1.2 x 10.3of this amountis
assumedto be airbornewithinthe respirablerange. This figurewas gleaned
from "AerosolsGeneratedby Free FallSpillsof Powdersand Solutionsin
StaticAir" (NUREG/CR-2139[PNL-3786])by Sutter,Johnson,and Mishima. The
dose to the worker is multipliedby an arbitraryfactorof 30 to compensate
for the factthat the dose is calculatedat 100 m ratherthan at I m.

The maximallyexposedoffsiteindividualis assumedto be 11.3 km to the
west of a postulatedaccidentin the 200 West area.
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, ,,l II

ExpectedDose ConsequencesilFromEquipmentil
.ShippingAccidents _

Doseto Farmer(rem)

EDE Organ
, , ,,, im,, , ,,, , _, , , i if , i , i,, ,,

106-C 0.019 0.]8
Heel Pump ........... Bone Surface

]06-c 0.0026 0.026
Transfer BoneSurface

Pump ..

I02-AY 0.26
Agitator 0.023 Bone Surface

Pump .......

CONCURRENCE"
HarveyJ. Goldberg Jess Greenborg,Manager
PrincipalEngineer RadiationPhysicsand Shielding
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Sample Input Deck

...................... Program GENII Input File ....... _............. 8 Jut 88 ####
TitLe: 106-C Heel Pump - Dose to Farmer

\GENII\ch-f.in Created on 09-07-1993 at 08:13
============================== Default ========== ===========================
F Near-field scenario? (Far-field) NEAR-FIELD: rmrrowty-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,

MaxinIJmIndiv(_l data set used multiple s(tes
CompLete CompLete

TRANSPORTOPTIONS============ Section EXPOSUREPATHWAYOPTIONS===== Section
T Air Transport 1 F Finite plume, external 5
F Surface Mater Transport 2 T Infinite ptume, external 5
F Biotic Transport (near-field) 5,6 F Ground, external 5
F Waste Form Degradation (near) 3,& F Recreation, external 5

T InhaLation uptake 5,6
REPORTOr=IONS======================= T Drinking water ingestion 7,8
T Report AEDE only T Aquatic foods ingestion 7,8
F Report by radionuclide T Terrestrial foods ingestion 7,9
F Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

INVENTORY ......................... ":::::::::":::::::::::::::::::::::::::::::::::::::::::::::::::::::::::"'::::::;; ;; ;; ;; ;; ;; ;; ;; ;; ;; t@_ ;; ,, .. ;.., ......................... ,,..... ......... ...... .. ........ . ...................................

4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq)
O Surface soil source units (1- m2 2- m3 3- kg)

Equilibrium question goes here

........ I .... Release Terms...... I .......... Basic Concentrations ......... I

Use when; transport selected ; near-field scenario, optionally ]
........ i ....................... i ....................................... i
Release _ Surface Buried I Surface Deep Ground Surface I
Radio- IAir Mater Waste ]Air Soil Soil Mater Mater

=_ nuc[ide i/yr lyr /m3 i/m3 /unit /m3 /L /L i

C 14 5.6E-05
N159 2.2E-02
N]63 2.5E+00
SR90 5.3E+02
Y 90 5.3E+02
TC99 3.8E-D2
SB125 1.5E+00
I 129 2.1E-05
CS137 1.4E+02
EU154 2.1E+00
PB210 8.0E-05
P0210 5.4E-07
RA226 1.3E-03
AC227 2.4E-04
PU238 1.2E-01
PU239 6.4E-01
PU242 1.1E-04
AM241 7.8E-01
AN243 5,7E-03
CM242 3.0E-03
CM244 3.6E-02
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........ i .... Derived Concentrations .....
Use when I measured values are known

Radio- 1Plant Product Water Food

nuclide i/kg /kg /L /kg

1 Intake ends after (yr)
50 Dose ca[c. ends after (yr)
0 Release ends after (yr)
0 No. of years of air deposition prior to the |ntake period
0 No. of years of irrigation water depositi¢|n prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATIONDOSE) ;_;_____

0 Definition option: 1-Use population grid in file POP.IN
0 2-Use total entered on this Line

NEAR-FIELD SCENARIOS_;;;/_/_/_/;/_:/_//_/_/_!_/_/;/_/_/_/_:_:_:/:/_/_///_/_/_;;

Prior to the beginning of the intake period: (yr)
0 When was the inventory disposed? (Package degradation starts)
0 When was LOIC? (Biotic transport starts)
0 Fraction of roots in upper soil (top 15 cm)
0 Fraction of roots in deep soil
0 Manual redistribution: deep soil/surface soil dilution factor
0 Source area for external dose modification factor (m2)

=====================================================================================TRANSPORT......................................................................................................................................
====AIR TRANSPORT............ _================ ....... SECTION 1=====

O-Calculate PM I0 Release type (0-3)
3 Option: 1-Use chi/Q or PM value _F Stack release (T/F)

2-Select MI dist & dir I0 Stack height (m)
3-Specify MI dist & dir I0 Stack flow (m3/sec)

0 Chi/Q or PM value tO Stack radius (m)
6 MI sector index (l=S) _0 Effluent temp. (C)
11300.0 MI distance from release point (m)lO Building x-section (_)
T Use jf data, (T/F) else chi/Q gridlO Building height (m)

====SURFACEWATERTRANSPORT==========================SECTION2=====
0 Mixing ratio model: O-use value, 1-river, 2-lake
0 Mixing ratio, dimensionless
0 Average river flow rate for: NIXFLG=O (m3/s), MIXFLG=I,2 (m/s),
0 Transit time to irrigation withdrawl location (hr)

If mixing ratio model > O:
0 Rate of effluent discharge to receiving water body (m3/s)
0 Longshore distance from release point to usage location (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface water body (m)
0 Average river width is), MIXFLG=I only
0 Depth of effluent discharge point to surface water (m), lake only

====WASTE FORMAVAILABILITY==========================SECTION3=====
0 Waste form/package half life, (yr)
0 Waste thickness, (m)
0 Depth of soil overburden, m

====BIOTIC TRANSPORTOF BURIED SOU:C:================:::TION 4=====
T Consider during inventory decay/bu_lo_Jp period (T/F)?

T Consider ckJring intake period (T/F)? i 1-Arid non agricultural............. 2-Humid non agricultural
0 Pre-lntake site condition. ! 3-Agricutturat

EXPOSURE_____-______

====EXTERNALEXPOSURE================================SECTION5=====
Exposure time: _ Residential irrigation:
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0 Ptume (hr) i T Consider: (=/F)

0 Soil contamination (hr) I 0 Source: 1-ground water0 Swimming (hr) E-surface water
0 Boating (hr) I 0 Application rate (tn/yr)
0 Shoreline activities (hr) I 0 Duration (mo/yr)
0 Shoreline type: (1-river, Z-take, 3-ocean, 4-t|dal basin)
0 Transit tim for release to reach aquatic recreation (hr)
1.0 Average fraction of time submersed in acute cloud (hr/personhr)

====I=======ON=======================================SECTION (_===
8766.0 Hours of exposure to contaminationper year
0 O-No resus- 1-Use Mass Loading 2-Use Armpaugh IiKx_et
0 pension Mass Loading factor (g/¢_3) Top soil available (cm)

====INGESTION POPULATION=============================SECTION7=====
1 Atmospheric production o_finition (select option) :

0 O-Use food-weighted chi/Q, (food-sec/m3), enter value on this Line
1-Use popu|ation-Meighted chi/Q
2-Use uniform production
3-Use chi/Q ar_/ production grids (PRODUCTIONMitt be overridden)

0 Pop_Jtation ingesting squatic foods, 0 defaults to total (person)
0.0 Population ingesting drinking Mater, 0 clefaults to total (person)
F Consider close from food exported out of region (clefautt=F)

Note below: S* or Source: O-none, l-grour,d Mater, 2-surface water
3-Derived concentration entered above

==== AQUATIC FOODS/ DRINKING WATERINGESTION=========SECTION8====

F 5att water? (default is fresh)

USE TRAM- PROD- -CONSUMPTION-
? FOOD SIT UCTION HOLDUP RATE
T/F TYPE hr kg/yr da kg/yr DRINKING WATER
.... ....... ... . .... .. ...... ..... ,.........................

T FISH 0.00 O.OE+O0 1.00 40.0 0 Source (see above)
T MOLLUS 0.00 O.OE+O0 0.00 6.9 T Treatment? T/F
T CRUSTA 0.00 O.OE+O0 0.00 6.9 1.0 Hoto_Jp/transit(da)
T PLANTS O.O0 D.OE+00 0.00 6.9 730.0 Consun_tion (=/yr)

====TERRESTRIAL FOOD INGESTION=======================SECTION9=====

USE GROW -'IRRIGATION-* PROD" -'CONSUMPTION--
? F000 TIME S RATE TIME YIELD UCTION HOLDUP RATE
=/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr
.............. .... .. ..... ..... ....... ...... ......

T LEAF V 90.00 0 0.0 0.0 1.5 O.0E+O0 1.0 30.0
T ROOTV 90.00 0 0.0 0.0 4.0 O.0E+O0 5.0 220.0
T FRUIT 90.00 0 0.0 0.0 2.0 O.0E+O0 5.0 330.0
T GRAIN 90.00 0 0.0 0.0 0.8 O.0E+O0 180.0 80.0

====ANIMAL PRODUCTION:::::::::::::::::::::::::::::::::: 10====

---HUMAN.... TOTAL DRINK ............. STOREDFEED..............
USE CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR-
? FOOD PJ_TE HOLDUPUCTION CO=TAN FRAC- TIME S RATE TIME YIELD AGE
T/F TYPE kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/,_3 da
................................. .... .... . .......... ..... .....

T BEEF 80.0 15.0 0.00 0.00 O.O0 90.0 0 0.0 0.00 0.80 0.0
T POULTR 18.0 1,0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0
T MILK 270.0 1.0 0.00 0.00 0.00 45.0 0 0.0 0.00 2.00 0.0
T EGG 30.0 1.0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0

............. FRESHFORAGE............
BEEF 0.00 45.0 0 0.0 0.00 2.00 100.0
NILK 0.00 30.0 0 0.0 0.00 1.50 0.0
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0 2 106-C and IO?-AY Equipment Packaging Shielding Analysis
One Meter from the 106-C Heel PumpRetease

&[NPUT NEXT=l, ]GEOM=3, NTHETA=15, NPS]=9 e DELR=5.0,
NSHLD=I, JBUF=I, ]PRNT=OOPTION=l,
X=100.62, T(1)=0.620,
ME]GHT(487)=2.41E-04, WEIGHT(496)=7.82E-01,
WE]GHT(SOS)=5.7OE-03, WEIGHT(451)=S.35E-O5,
WE]GHT(504)=3.0OE-03, WE]GHT(500)=3.58E-02,
WEIGHT(472)m3.10E-01, WEZGHT(335)=1.35E+02,
WEIGHT(336)=1.28E+02, WE]GHT(415)s2.14E+O0,
WEIGHT(290)=2.14E-05, WE[GHTCSO8)u8.03E-05,
WEiGHT(484)=5.36E-07, WElGHT(492)=1.16E-01,
WEIGHT(493)=6.42E-01, WEIGHT(k92)=4.9TE-04,
WE]GHT(485)=1.33E-03, WEIGHT(269)=1.SZE+O0,
WEIGHT(O27)=2.54E-04, WEIGHT(O82)=S.30E+02,
WEIGHT(OB4)=5.3OE+02, WEIGNT(141)=3.7'SE-02, &

1 SOURCE9 1.6
One Meter from the 106-C Transfer Pump Release
&INPUT NEXT=l, IGEOH=3, NTHETA=15, NPSI=9, DELR=5.0,

NSHLD=I, JBUF=I, IPRNT=O, OPT|ON=l,
X=100.62, T(1)=0.620,
WEIGHT(487)=3.46E-05, I_E]GHT(496)=l.13E-01,
WEiGHT(5OS)=8.2OE-04, WE]GHT(451)=7.70E-06,
WE]GHT(504)=4.32E-04, WE]GHT(500)=5.17E-03,
WEIGHT(472)=4.47E-02, WE]GHT(33S)=l.94E+01,
WE]GHT(336)=l.B4E+01, WE]GHT(415)=3.07E-01,
_/EIGHT(290)=3.08E-06, WEIGHT(508)=l.16E-05,
WE]GHT(484)=7.70E-08, WEIGHT(492)=1.67E-02,
WE]GHT(493)=9.25E-02, WE]GHT(492)=l.54E-05,
WEIGHT(485)=l.93E-04, WE]GHT(269)=2.19E-01,
WE]GHT(O27)=3.66E-05, WE]GHT(O82)=7.63E+01,
WE]GHT(O84)=7.63E+01, WE]GHT(141)=5.39E-03, &

1 SOURCE9 1.6
One Meter from the 102-AY Agitator Pump Release
&|NPUT NE×T=I, IGEOM=3, NTHETA=15, NPSI=90 DELR=5.0,

NSHLD=I, JBUF=I, |PRNT=O, OPTION=l,
X=100.62, T(1)=0.620,
WE]GHT(496)=5.69E-01, WE]GHT(451)=3.10E'O5,
WE]GHT(SO4)=I.6OE-09, WE]GHT(500)=l.97E'02,
WE]GHT(472)=l.60E-06, WE]GHT(33S)=l.53E'01,
WE]GHT(336)=l.45E-01, WE]GHT(415)=l.60E+O0,
WEIGHT(290)=3.70E-05, WEIGHT(492)=3.56E'02,
WE]GHT(493)=l.13E-01, WEIGHT(269)=3.09E-01,
WE]GHT(O27)=l.?OE-04, WEIGHT(O82)=9.24E+02,
WE[GHT(O84)=9.24E+02, WEIGHT(141)=7.80E'O4,&

1 SOURCE9 1.6
bAT'S ALL PHOLQUESIIllllt

&INPUT NEXT=6, &
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4.0 CONTAINMENTEVALUATION

4.1 INTRODUCTION

Evaluationsin this sectionare providedto assurethat the packaging
containmentsystemis acceptableto withstanddesignatedconditionsduring
normalonsitetransfersof the package. The packagingcontainmentsystemis
describedin PartA, Section2.5.

4.2 NORMALTRANSFERCONDITIONS

For normalconditionsof transfer,the containmentsystemshall
withstanda simulatedI ft drop of the packagefrom a horizontalpositiononto
a 12 in. thick steel reinforcedconcreteslab. Evaluationof the simulated
drop will verifythat materialstresseswill not exceedyield stressesat
criticalstructuralor closurelocations.

Normalvibrationof the packageduringtransferwill be evaluatedto
assurethat the packageis capableof withstandingthe expectedmovements.

Packagingshallbe evaluatedto determinethe effectsof a reductionin
externalpressureof 3.5 psi absoluteand a increasein externalpressureof
20 psi absolute.

A penetrationtest shallbe performedon the packageto determinethe
effectsof the hemisphericalend of a verticalsteelcylinderof 3.2 cm
diameterand 6 kg mass droppedfroma heightof I m. The steel cylindershall
be droppedonto the exposedsurfaceof the packagewhich is expectedto be
most vulnerableto puncture. The long axisof the axis of the cylindermust
be perpendicularto the packagesurface.

Testingand evaluationsfor normalconditionsof onsitetransfersshall
considerthe effectsof transferringa packageat ambienttemperaturesbetween
-10 °F and 115 °F.

4.3 CONTAINMENTEVALUATIONANDCONCLUSIONS

Evaluationsto assurethat the WSSP-Ipackagingcontainmentsystemis
acceptablefor safetransferof the pump packageswas based on resultsof
NormalTransferConditiontestinganalyses(PartB, Section6.4),resultsof a
radiologicalrisk evaluation(PartB, Section3.0) and a gas generationstudy
(PartB, Section8.3).

Resultsof the simulatedfreedrop, vibration,penetration,and pressure
tests indicatedthatthe WSSP-Ipackagewill not lose integrityof the

B4-I



WHC-SD-TP-SEP-024 Rev. 0

containmentbarrierduringnormaltransferoperations.Result;of similar
testingfor the WSSP-2packagewill be determined(TBD)and included..inthis
SEP at a laterdate by issueof an ECN.

Resultsof the risk evaluationindicatedthat a releaseof the WSSP-I
packagecontentsis extremelyunlikely,and if a releasewas made, the dose
consequencewould not exceedacceptableHanfordSite limitsshown in Part B,
Section3.0, Table B3-] for an incredibleaccidentassessment.

Resultsof a gas generationstudy (PartB, Section8.3) indicatedthat
hydrogengas build-upin a packagecontainingthe heel and agitatorpump could
exceed5% (for "worstcase"wastematerialattachedto a pump)withinthe
twentyyear servicelifeof the packaging. To preventthe possibilityof
hydrogenbuild-upin excessof 5%, the flexiblereceiverassemblyand the
packagingfor the heel and agitatorpumpsare fittedwith approvedfilters.

Conclusionsof this evaluationare thatthe packagingcontainmentsystem
for a WSSP-Ipackageis consideredacceptableto safelycontainradioactive
materialsfor normalconditionsof transferidentifiedin this SEP.
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5.0 SHIELDINGEVALUATION

5.! INTRODUCTION

Evaluationsin this sectionare providedto assurethatthe packaging
designis adequateto providesufficientshieldingof the packagesduring
designatednormalconditionsof transfer. Since the packageswill be
transferredto the CWC for storage,the lowestacceptabledose rateat the
surfaceof the packagesfor eithertransferor storageof the packageswill be
consideredthe controllingdoserate for evaluationsin this SEP. A shielding
analysiswas completedto supportevaluationsin thisSEP and is shown in
Part B, Section5.4.

5.2 SHIELDINGREQUIREMENTS

Shieldingshall limitthe dose rateon the surfaceof the packagesto
200 mrem/h and 10 mrem/hat I m from the vehiclefor transferof the packages.
For storageof mixed TRU waste,the dose rate on the surfaceof the packages
shallbe limitedto 100 mrem/h. Shieldingmaterialshallbe securedto the
packageas _eq,Jiredto withstandnormalconditionsof transfer. The dose r'_t_
at the vehicledriverlocationshall not exceed2 mrem/hduringtransfersof
t!_epackage.

To assurethat the lowestidentifiedshieldingrequirementsof
100 mrem/hcan be met at the surfaceof the package,the packagingdesign
shall includeprovisionsto installsufficientshieldingmaterialon the
outsideof the packageto limitdose rates to 100 mrem/hor less. The design
shall also includeprovisionsfor remoteinstallationof the shielding
material.

5.3 SHIELDINGEVALUATIONAND CONCLUSIONS

A shleldinganalysis(PartB, Section5.4)was performedto determine
the thicknessof solidlead requiredon the outsideof the packagingto reduce
dose rates to less than 100 mrem/hat the surfaceof the package. The
analysiswas based on "worstcase"waste materialattachedto a pump in the
packagingcontainers. Considerationswere made for the approximatelocation
of pumps with respectto the ends of the packagingcontainerto assurethat
the dose rate limitswere not exceededfor the totallengthof the packaging.

Resultsof the shieldinganalysisindicatedthat the packagecontaining
the I02-AYagitatorpump will probablynot requireshielding,the package
containingthe I06-Ctransferpumpwill requirea maximum0.125 in. thick
layerof solid lead shieldingand the packagecontainingthe I06-Cheelpump
will requirea maximum0.75 in. thick layerof solidlead shielding. If lead

_ shot is used as the shieldingmaterial,the shieldingthicknessshouldbe
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increasedconservativelyby a factorof 1.54. If steelshot is use, a factor
of 4.6 shouldbe appliedfor the increasedthicknessof shielding. Thiswould
resultin a maximumrequiredleadshot thicknessof 1.155in. for the WSSP-I
packagecontainingthe heelpump and 0.190 in. for the WSSP-Ipackage
containingthe transferpump. The maximumrequiredthicknessusing steel shot
is 3.45 in. for the WSSP-Ipackagecontainingthe heelpump and 0.57 in. for
the WSSP-Ipackagecontainingthe transferpump.

Consideringthatthe annulusfor shieldingis I_ in. thick and that the
pumpswill be rinsedduringremovalfromthe tanks,the packagingdesign is
consideredto be more than adequateto assurethatthe dose rateson the
surfaceof the packagecan be limitedto 100mrem/h. Thiswill satisfyall
requirementsfor +ransferand storageof the packagesexceptfor dose limits
at the driverlocation. Dose limitsat the driverlocationbased on the
estimatedlocationof the packageon the transportvehicletractorwere
evaluatedin the shieldingreportand indicatedthat actualdose rateswill be
less than 2 mrem/h. Thiswill be verifiedin the fieldpriorto transferof
the packages.
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5.4 SHIELDINGANALYSIS
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Westinghouse Internal
Hanford Company Memo

From: RadiationPhysicsand Shielding 22570-HJG-93-019
Phone: 376-3765 H0.-35
Date: September 7, 1993
Subject: TANKSI06-C AND102-AY EQUIPMENTPACKAGINGSHIELDINGANALYSIS

To: D.B. Calmus G2-02

cc: J.G. Field G2-02
J. Greenborg H0-35
HJG File/LB

The Problem

The introductionof a waste sluicingsystemin tanks I06-Cand I02-AYhas
necessitatedthe removaland disposalof two pumpsfrom I06-Cand one pump
from ]02-AY. These pumpswill be shippedin stainlesssteel cylinderswhich
are themselvesencasedin largerstainlesssteelcylinders. The space
betweenthe two cylinderswill be filledwith lead shot.

This analysiswas performedto ascertainif the absorbeddose rate at the
surfaceof the outer cylinderdoes not exceedImSv/h(100mrem/h).

The Analysis

The dimensionsof the pumps in centimeters,are given in WHC-SD-TP-PDC-015
as follows;

106-C 106-C I02-AY
Heel Pump TransferPump AgitatorPump

MaximumLength ],]49 I,]64 1,630
MaximumDiameter 91.5 80.5 I07.8

The aboveciteddocumentalsodocumentsworst case estimatesof the isotopic
inventoryassuminga 0.32 cm thick layerof waste on each of _he pumps.
These are tabulatedbelow;

Hanford Operations and Engineering Contractor for the US Department of Energy
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, f r i , " , ' ',T , i ,,, I" ii i

I IRadionuclideInventoryfor Waste Equipment
l I'I' " | m ' ' ' ' I ,, , t I I ' I ' ' ' ' " I" 'I gIllIn I I I I i i ii i , ,i!ill

Isotopes I06-C , . 102-A.y ....,

Heel Pump TransferPump Agitator

, ,, ,(Bq)....,, (Bq),, , Pump,(Bq) ,,,

ZZTAc 8.92E+06 1.28E+06
, ,. , , , , .. .... i

Z41Am 2.89E+10 4.18E+09 2. ] 1E+10
, , • , , • ,, ,, , , ,, ,,, ,

243Am 2. ] ]E+O8 3.03E+07
,, , , , ,, ,, , , , ,, , , ,, ,

13?'roba* 4.73E+12 6.79E+11 5.36 E+09
, , , ,, , , , , ,, , ,,

14C ].98E+06 2.85E+05 1.]5E+06
,.,. , , , . ,., i

Z4ZCm 1.]]E+08 ].60E+07 5.92E+01
,, ,, ,,,, , , , i

Z44Cm 1.32E+09 1.91E.08 7.29E+08
,. ,.,, ,,,,. , . ,, i

6°Co 1.]5E+]0 1.65E+09 5.92E+04
, ., ,., , , .,

137CS 5.OOE+12 7.03E+II 5.66E+09
j. , ,, , ,,, , , , ,.,, ,

IS4Eu 7.92E+10 1.14E+10 5.92E+10,,. , ,

1291 7.92E+05 1.14E+05 1.37E+06
,, .... ,.

SgNi 8.]OE+O8 1.17E+08
, ,, , , , ,

63Ni 9.21E+10 ].32E+I0
, . . ,

21°Pb 2.97E+06 4.29E+05
,, , , ,, , ,,,,

Z1°Po I.98E+04 2.85E+03 _,. , , ,m ,,, , ,.

_SPu 4.29E+09 6.18E+08 ].32E+09

Z39Pu 2.38E+I0 3.42E+09 4.18E+09"*
,,, ,,, ,,,,. , , , ,,

Z4ZPu 3.96E+06 5.70E+05
, ,

ZZ6Ra 4.92E+07 7.14E+06
,, , ,. n. ., ,.., , , , . l

IzsSb 5.62E+10 8.IOE+09 I.]4E+I0
, , , ,,, , , ,,,, . , , , , ,

_Se 9.40E+06 1.35E+06 6.29E+06
. L , ,, " ' ''

9°Sr 1.96E+13 2.82E+12 3.42E+13
, L , , '" ' "'"

_Tc 1.39E+09 1.99E+OB 2.89E+07
, , ,., ,,l ,

9Oy* 1.96E+13 2.82E+12 3.42E+13

Theseisotopeswere not in ti_eorig'naltablebut are daUghtersof listed
isotopes.

•* This was listedas _9/24°pu.The entireinventorywas modeledas Z39Puas
- a conservativelimitfor the shieldingstudies.
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The problemwas run utilizingthe programISOSHLDon a Craymainframe
computer. The hardwarewas modeledas a cylinderof waste of density
p=].2 g/cm3, surroundedby a cylinderof air, two shieldingcylinders,and a
steel cylinderwhose thicknessequaledthe sum of the two package_. The
shieldingcylinderswere run as an innercylinderof leadand an udter
cylinderof air. The thicknessesof thesetwo cylinderswere variedfrom
all air to almostall lead. In all cases,the thicknessof these two
cylinderscombinedremainedthe same. The exposureratewas taken at the
centerof the lengthof thesecylindersat the outer surface.

The Results
,, , ,,,,, ' :

ISOSHLDResults
Resultsare in rem/hrratherthanthe Sv/hr requiredby WHC
'l i i '' ii

LeadThickness 106-C 106-C I02-AY
,,,,.

(cm)
Heel Pump TransferPump Agitator

Pump jrl,

No Lead 1.130 0.1458 0.07419
,, .,. , ,,

0.5 0.5840 0.0741 0.03631
,,,.

1.0 0.3036 0.03800 0.02129
,,,,,,,,, ,.,,, , ,,,,,,

1.5 0.15907 0.01969 0.01326

2.0 0.08437 0.01036 0.008543
,,.. ,.

2.5 0.04552 0.005556 0.005634

3.0 0.02511 0.003053 0.003780

3.5 0.01422 0.001724 0.002568

4.0 0.008291 0.001003 0.001763

4.5 0.004983 0.0006026 0.001292

5.0 0.003088 0.0003731 0.0008491
,,,

5.5 0.001969 0.0002377 0.0005946
,, ,, ,,

6.0 0.001287 0.000]552 0.0004185

6.5 0.0008597 0.0001036 0.0002958

7.0 0.0005844 0.00007034 0.0002098
.,,

7.5 0.0004028 0.00004843 0.0001494

8.0 0.0002808 0.00003372 0.0001067
.,. i,
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Despitethe fact thatthe U.S.Departmentof Energyand WHC havemandatedthe
use of S.I. units,I have presentedthe resultsin the olderunits. These
resultsare presentedmore visuallyin the accompanyinggraph. Note that
the I02-AYagitatorpump shouldnot need any furthershielding. The I06-C

" transferpumpwill need about0.3 cm (-I/8")of lead shieldingto meet the
limit and the I06-Cheel pumpwill need 1.85cm (-3/4").

Note thatthese thicknessesare in termsof solidlead. Theoreticallythe
packingratio for close packedspheresis 0.74,this assumesperfectly
packedspheres. Whenpouringlead shot intothe shippingcontainer,the
shot often is lessthan perfectlyarrayed,and thus the packingratio is
less than ideal. I have heardnumbersin the mid to high sixtiesfor this
number.

RecentlyI calledNon-FerrousMetals,in Seattle. AlthoughJeff McGee was
not there,the person! talkedwithgaveme numbersof .8 to .g. I was told
that the shot usedwas reclaimedshot,and thus not sphericalin shape.
These numbersare believableif the shot is in the form of flattenedspheres
or some other odd shape.

Of course,if the spacebetweenthe two cylindersis not filled,the shot
will bunch up and leavesectionswith lessthan the requiredamountof
shielding. I thus assumethatthe whole spacewill be filledwith lead
shot. At this pointany packingratio above0.25will be adequate.

This packageis being plannedas a one-timeuse container. One drawbackof
lead shot is that overtime the shotwill becomedeformedand packeddown.
Thismay leave sectionswith lessthan the requiredamountof shielding. If
these packagesare to be used againthe adequacyof the shieldingwill have
to be verified.

CONCURRENCE:
HarveyJ. Goldberg JessGreenborg,Manager
PrincipalEngineer RadiationPhysicsand Shielding
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_k_ Sample output Deck

0 2 106-C end 102-AY Equ|pmnt Packaging Shielding Analysis
106-C fleet Pump-no lead

&INPUT NEXT=l, IGEOM=7, NTHETA=15, NPSIs9, DELR=5.01
NSHLD=5, JBUF=5, IPRNT=O OPTION=I,
SLTH=1148.72, Y=574.36, X=75.6, T(1)eJ*5.86,
T(2)=19.7, T(3)=O.O, T(4)=8.1, T(5)=1.91,
WEIGHT(487)=2.41E-04, WEIGHT(496)=7.82E-01,
kRIGHT(5OS)=5.7OE-03, WEIGHT(451)=5.35E-05,
WEIGHT(504)=3.0OE-03, WE)GHT(500)=3.58E-02,
WEIGHT(4T2)=3.1OE-01, WEIGHTC335)=l.35E+02,
WEIGHT(336)=l.28E+02, WEIGHTC415)=2.14E.O0,
tRIGHT(290)=2.14E-05, WEIGHTC508)=8.03E-05,
WEIGHT(48_)=5.36E-07, kRIGHT(_9Z)=1.16E-01,
WEIGHT(493)=6.42E-01, WEIGHT(492)=4.9?E-04,
tRIGHT(485)=l.33E-03# WEIGHT(269)=1.5ZE+O0,
WEIGHT(O27)=2.54E-04, WEIGHT(OB2)=5.30E+02,
_RIGHT(OB_)=5.3OE+02, WEIGHT(141)s3.75E-02, &
SOURCE9 1.6
AIR 3 0.00129
LEAD 14 11.35
AIR 3 0.00129

1 STEEL 9 7.8
106-C fleet Pump-0.5 cm Lead

&INPUT Next=4, T(3)=0.5° T(4)=7.6, &
106-C fleet Pump-l.0 cm Lead
&INPUT Next=4, T(3)=1.0, T(4)=7.1, &

106-C Heel Pump-l.5 cm lead
&INPUT Next=4, T(3)=1.5° T(4)=6.6, &

106-C fleet Pump-2.O cm lead
&INPUT Next=4, T(3)=Z.O, T(4)=6.1, &

I06-C Heel Pump-2.5 cm teed
&INPUT Next=4, T(3)=2.5° T(4)=5.6, &

I06-C Heel Pump-3.0 cm Lead
&INPUT Next=4, T(3)=3.0, T(4)=5.1, &

106-C Heel Pump-3.5 cm lead
&INPUT Next=4, T(3)=3.5, T(4)---4.6, &

106-C Heel Pump-4.0 cm Lead
= &INPUT Next=4, T(3)=4.0, T(4)=4.1, &

106-C fleet Pump-4.5 cm lead
&INPUT Next=4, T(3)=4.5, T(4)=3.6, &

106-C Heel Pump-5.0 cm lead
&INPUT Next=4, T(3)=5.0, T(4)=3.1, &

106-C Heel Pump-5.5 cm lead
&INPUT Next=4, T(3)=5.5, T(4)=2.6, &

106"C Heel Pump-6.0 cm Lead
&INPUT Next=4o T(3)=6.0, T(4)=2.1, &

106-C Heel Pump-6.5 cm Lead
&INPUT Next=X,, T(3)=6.5, T(4)=1.6, &

106-C Heel Pump-7.0 cm Lead
&INPUT Next=4, T(3)=7.0, T(4)=1.1, &

106-C HeeL Pump-7.5 cm Lead
&INPUT Next=/,, T(3)=7.5, T(4)=0.6, &

106-C Heel Pump-8.0 cm Lead
&INPUT Next=4, T(3)=8.0, T(4)=0.I, &

106-C Transfer Pump-no Lead
&INPUT NEXT=l, IGEOM=7, NTHETA=15, NPSI=9, DELR=5.0,

NSHLD=5, JBUF=5, IPRNT=O, OPTION=l,
SLTH=1163.96, Y=581.98, X=75.6, T(1)=50.48,
T(2)=15.08, T(3)=O.O, T(4)=8.1, T(5)=1.91,
WEIGHT(487)=3.46E-05, WEIGHT(496)=l.13E-01,
WEIGHT(5OS)=8.EOE-04, WEIGHT(451)=7.70E-06,
MEIGHT(504)=4.3ZE-04, WEIGHT(500)=5.17E-03,
WEI GHT(472)_.47E-02, WEI GHT(335)=1.94E+01,
WEI GHT(336)=1.84E+01, ME1GHT(415)=3.07E-01,
WEIGHT(E90)=3.08E'06, WEIGHT(508)=I.16E'05,
WEIGHT(48&)=7.70E-08, WEIGHT(492)=1.67E-O2,
WEIGHT(49])=9.25E-02, WEI6HT(492)=1.54E-05,
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WEIGHT(485)=1.93E-04, WEIGHT(269)=2.19E-01,
WEIGHT(O27)=3.(W_E-05,WEIGHTCOB2)=7.63E+01,
WEIGHT(O84)-l.63E+01, WEIGHT(141)-5.39E-03, &
SOURCE9 1.6
AIR 3 0.00129
LEAD 14 11.35
AIR 3 0.00129

1 STEEL 9 7.8
106-C Transfer Pump-0.5 cm Lead

&INPUT Next=/,, T(3)=0.5, T(4)-7.6, &
106-C Transfer Pump-l.0 r._ Lead

&INPUT Next=4, T(3):I.0, T(4)=7.I, &
106-C Transfer Pump-l.5 cm Lead

&INPUT Next=4, T(3)=1.5, T(4)=6.6, &
106-C Transfer Pump-2.O cm Lead

&INPUT Next=4, T(3)=2.0, T(6)=6.1, &
106-C Transfer Pump-2.5 cm Lead
&INPUT Next=/,,T(3)=2.5, T(6)=5.6, &

106-C Transfer Pump-3.0 cm lead
&INPUT Next=/,, T(3)=3.0, T(4):5.1. &

106-C Transfer Pump-3.5 cm lead
&INPUT Next=4, T(3):3.5, T(4)=4.6, &

106-C Transfer Pump-4.0 cm Lead
&INPUT Next=4, T(3)=4.0, T(4)=4.1, &

106-C Transfer Pump-4.5 cm Lead
&INPUT Next=6, T(3)-_.5, T(4)=3.6, &

106-C Transfer Pump-5.0 cm Lead
&INPUT Next=4, T(3)=5.0, T(4)=3.1, &

106-C Transfer Pump-5.5 cm Lead
&INPUT Next=4, T(3)=5.5, T(4)=2.6, &

106-C Transfer Pump-6.O cm Lead
&INPUT Next=4, T(3)=6.0, T(4)=2.1, &

106-C Transfer Pump-6.5 cm Lead
&INPUT Next=4, T[3)=6.5, T(4)=1.6, &

106-C Transfer Pump-7.O cm teed
&INPUT Next=4, T(3)=7.0, T(4)=1.1, &

106-C Transfer Pump-7.5 cm teed
&INPUT Next=4, T(3)=7.5, T(6)=0.6, &

i
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106-C Transfer Pump-8.0 cm lead
&INPUT Next_J_, T(3)=8.0, T(4)=0.1, &

102-AY Ag|tator Pump-no Lead
&INPUT NEXT=I, IGEON=7, NTHETA-!5, NPSI_, DELR-5.0,

NSHLD=5, JBUF=5, IPRNT=O, OPTION'1,
SLTH=1630.08, Y=815.34, X=75.6, T(1)=53.89,
T(2)=11.67, T(3)=O.O, T(4)=8.1, T(5)=1.91,
WEIGHT(496)=S.69E-01, UEIGHT(451)=3.10E-O5,
MEIGHT(504)=I.6OE-09, UEIGHT(500)=l.97E-02,
WEIGHT(472)=l.60E'06, WEIGflT(335)=l.53E'01,
WEIGHT(336)=l.45E'01, WEIGHT(415)=1.60E+O0,
WEIGHTC290)=3.70E'05, WEIGHT(492)=3.56E'02,
k'EIGHT(493)=l.13E'01, MEIGHT(269)=3.O9E-01,
WE]GHT(O27)=l.70E-04, 14EIGHT(O82)=9.Z_E+02,
WEIGHT(O84)=9.Z4E+02, WEIGHT(141)=7.BOE'O4,&
SOURCE9 1.6
AIR 3 0.00129
LEAD 14 11.35
AIR 3 0.00129

1 STEEL 9 7.8
102-AY Agitator Pump-0.5 cm Lead
&INPUT Next=4, T(3)=0.5, T(4)=7.6, &

102"AY Agitator Pump-l.0 cm Lead
&INPUT Next=d,, T(3)=1.00 T(4)=7.1, &

102-AY Agitator PLrnp-l.5 cm Lead
&INPUT Next=4, T(3)=1.5, T(4)=6.6, &

102-AY Agitator Pump-2.0 cm Lead
&INPUT Next=4, T(3)=2.0, T(4)=6.1, &

102-AY Agitator Pump-2.5 cJ_ Lead
&INPUT Next=4, T(3)=2.5, T(4)=5.6, &

102-AY Agitator Ptmnp-3.O cm teed
&INPUT Next=4, T(3)=3.0, T(4)=5.1, &

102-AY Agitator PL=np-3.5 cm teed
&INPUT Next=4, T(3)=3.5, T(4)=4.6, &

102"AY Agitator P_lq_-4.0 c_ teed
&INPUT Next=4, T(3)=4.0, T(4)=4.1, &

102-AY Agitator P_mnp-4.5 cm teed
&INPUT Next=4, T(3)=4.5, T(4)=3.6e &

IO2-AY Agitator P_snp-5.0 cm teed
&INPUT Next=4, T(3)=5.0, T(4)=3.1, &

102-AY Agitator Pump-5.5 cm Lead
&INPUT Next=4, T(3)=5.5, T(4)=2.6, &

102-AY Agitator Pump-6.0 cm Lead
&INPUT Next=4, T(3)=6.0, T(4)=2.1, &
I02-AY Agitator Pump-6.5 cm lead
&INPUT Next=4, T(3)=6.5, T(4)=1.6, &

102-AY Agitator Pump-7.0 cm Lead
&INPUT Next=4, T(3)=7.0, T(4)=1.10 &

102-AY Agitator Pun1_-7.5 cm Lead
&INPUT Next=4, T(3)=7.5, T(4)=0.6, &

102-AY Agitator Pun1_-8.0 cm Lead
&INPUT Next=4, T(3)=8.0, 1(4)=0.1, &

DATIS ALL PHOLOUES!!!I!!!
&INPUT NEXT=6, &
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CHECKLISTFORCALCULATIONREVIEWNIDAPPROVAL

Document Reviewed (Complete reference) Tanks ]06-¢ and IO?-AY EauJnment

Packaatno Shteldina Analysis

Author(s) Harvey 6oldberq - ....

CHEC_LIST]:ORCALCULATIONREVIEW
ZLt._No./A

lienerll Constdeeattons

Necessary assumptions explicitly staled and supported.
Computer codes and data files documented.
Data used in calculations explicitly stated tn document.
Data checked for consistency wtth original source information
as applicable.

[ ] [ ] Mathematicalderivations checked includingdimensional
consistency of results.

[ ] [ ] _/_ Models approprJtte and used within range of valtdJty or use
outside range of established valldtty Justified.

_/[ ] [ ] Hand calculationschecked for errors.
[ ] Code runstreams correct and consistent with analysis documen-

/ tatlon.

[ ] [ Code output consistent with input and with results reported
in analysts documentation.

[ ] [ ] Acceptabilitylimits on analyticalresults appllcableand

_[ I supported. Limits checked against sources.

I ] Safety margins consistent with good engineering practices.Conclusions consistentwith analyticalresults and applicable
limits.

[ ] Resultsand conclusionsaddressall points required in the
problemstatement.

Reviewer Name: Steven R. Gedeon
(printor type)

Tec'hn-_tcal R-evIewe-P")NPl)roval Dat_)

Note: Any calculations, comments, or notes generated as part of this
review should be signed, dated and attached to this checklist.
Such material should be labeled and recorded in such a manner as
to be intelligibleto a technicallyqualifiedthird party.

B5-12



WHC-SD-TP-SEP-024 Rev. 0

6.0 STRUCTURALEVALUATION

6.1 INTRODUCTION

Evaluationsin this sectionare providedto assurethat the WSSP-I
packagingstructuralsystemis adequateto withstanddesignatednormal
conditionsof transferand other specifiedstructuralrequirementsof the
packaging. The structuralevaluationis basedon requirementsprovidedin the
followingsubsections.$!m!larstructural.evaluationsfor the_SSP,2 packaqe
will be determined(TBD)and included.inthis SEP at a later da_e b_ issueof
an ECN.

6.2 STRUCTURALREQUIREMENTS

6.2.1 Pac:_agingMaterials

Packagingconstructionmaterialsshallbe based on the following
requirementsfor the transferand storageof the packages.

1. Packagingconstructionmaterialsshallbe selectedto assurethat
there will be no significantchemical,galvanic,or other
reactionsamongthe packagingcomponentsor betweenthe package
componentsand the packagecontents,includingpossiblereaction
resultingfrom inleakageof waterto the maximumcredibleextent
duringthe 20 year specifiedlifetimeof the packaging.

2. Materialstructuralpropertiesshallconformto packaging
structuraldesignanalysisprovidedin this SEP.

3. Packagingcontainmentmaterialswith thicknessbetween0.19 in.
and 4.0 in. shallmeet packagingcategoryII fracturetoughness
requirementsshownin Table 5 of NUREG/CR-1815.The lowest
servicetemperature(LST)for designpurposesshallbe -10 °F.

6.2.2 Packaging Dimensions

Waste packagingcontainersshallbe sizedto transferand containfor
storagethe "packagecontents"describedin PartA, Section3.0 of the SEP.
Specifically,a designatedpumpplacedin a flexiblereceiverassembly.
Clearancedimensionsrequiredfor the packagingenclosurecavityshall
consideradequateclearancefor installingthe flexiblereceiverassembly.

6.2.3 Tledown System

Tiedowndevicesthat are attachedto the packagingcontainershallbe
capableof holdingthe packageon the transporttrailerduringsuddenstops
and corneringspeedsof 15 mph withoutexceedingthe yield strengthof the
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tiedowndeviceor its connectionpointto the package. In addition,tiedown
devicesthat are a structuralpartof the packagemust be capableof
withstanding,withoutgeneratingstressin any materialof the packagein
excessof its yield strength,a staticforceappliedto the centerof gravity
of the packagehavinga verticalcomponentof two timesthe weightof the
packagewith its contents,a horizontalcomponentalongthe Jirectionin which
the vehicletravelsof ]0 timesthe weightof the packagewith its contents,
and a horizontalcomponentin the transversedirectionof five timesthe
weightof the packagewith its contents. Any other structuralpart of the
packagewhich couldbe used to tie down the packageshallbe rendered
inoperablefor tying downthe packageduringtransport,or shallbe designed
with strengthequivalentto that requiredfor tiedowndevices. Eachtiedown
devicewhich is a structuralpartof a packagemust be designedso that
failureof the deviceunderexcessiveloadwould not impairthe abilityof the
packageto meet other requirementsof this section.

The tiedownsystemusedto securethe packageto the transportvehicle
shallbe designedand evaluatedto assurethatthe tiedownassembliesusedto
securethe packagingagainstmovementin any directionhave the aggregate
staticbreakingstrengthof at least1½ timesthe weightof the package.
Designand analysisof the tiedownsystemshallbe providedas partof the
packagingdesignprojectandwill be includedas part of the SEP
documentation.

6.2.4 LiftingDevices

Attachmentsshall be providedon the packagingcontaineras requiredto
safelyliftthe waste packageand securethe packageduringtransfer. Any
liftingattachmentthat is a structuralpartof the packageshallbe designed
with one of the following:

° A minimumsafetyfactorof 3 againstyielding.

° A safetyfactorof 5 basedon the ultimatestrengthof the
material.

When the liftingattachmentis used as intended,it must be designedso
that a liftingdevicefailurecausedby an excessiveloadwould not impairthe
packagefrommeetingothercriteria. Any structuralpartof the packagenot
approvedfor liftingthe packagemust be capableof being renderedinoperable
for liftingthe packageduringtransferor must be designedwith strength
equivalentto thatrequiredfor the approvedliftingattachments.

6.2.5 Closure Design

The packagingshallhavepositiveclosureassembliesthat cannotbe
openedunintentionallyand willmeet the acceptancerequirementsof the normal
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conditionsof transfertestper Part B, Section4.2. Any penetrationson the
packagingsthat will not be used shallbe providedwith acceptableclosure
devices.

6.2.6 NormalTransfer Conditions

Specificrequirementsfor normalconditionsof transfertestingof the
packagingsis shown in PartB, Section4.2. The drop test for structural
evaluationsshallconsistof a simulateddrop of a unshieldedWSSP-Ipackage
and a drop of a fully shieldedWSSP-Ipackagefrom a horizontalposition. In
addition,the penetration,vibration,and pressuretestingdescribedin
PartB, Section4.2 will alsobe evaluatedin the structuralsectionof this
SEP.

6.3 STRUCTURALEVALUATIONAND CONCLUSIONS

6.3.1 PackagingMaterials

The packagingcontaineris designedfor a 20 year lifetimein the
environmentof the CWC mixed waste storagefacility. Significantgalvanic
reactionwill not be presentsince all containmentmaterialsare similar.
Internalcorrosiondue to possibleleakageof the contentsis not considered

criticalsince the storagetank wastematerialis normally10 pH or higher.The structuralmaterialsare carbonsteeland all exposedexternalsurfaces
are paintedto preventexternalcorrosionduringthe specifiedpackaging
lifetime. The structuralstrengthof the packagingmaterialsrequiredto
safelycontainand lift the packaginghas been analyzedin the structural
analysisshown in PartB, Section6.4. Resultsof the analysisindicatedthat
the packagingmaterialis structurallysafe for containingand liftingthe
maximumcontentsof 66,300Ib for the WSSP-Ipackage.

Evaluationof packagingcontainmentmaterialsto meet the required
brittlefracturecriteriawas basedon an analysisof 2 in. thick American-

" Societyfor Testingand Materials(ASTM)A516 steel in accordancewith
specificationsand criteriapresentedin NUREG 1815,Recommendationsfor
ProtectingAgainstFailureby BrittleFractureinFerriticSteel Shipping
containersUp to Four InchesThick. An evaluationof the brittlefracture
guidelinesin NUREG 1815for onsitetransfersof radioactivematerialsunder
the conditionsof this SEP is shown in PartB, Section6.6. The evaluation
indicatesthat the specifiedASTMA516 is consideredacceptableto meet
designatedbrittlefracturecr;teriawithoutrequiringspecificNil Ductility
Testing(NDT)by the manufacturerof the material.
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6.3.2 Packaging Dimensions

The packaginginternalcavitydimensionsfor the WSSP-Ipackagingis
514 in. diameterand is 49 ft in length. The internalcavitiesof the
packagingis consideredsufficientto installand removeeach of the two types
of pumps (heeland transfer)placedin the flexiblereceivers.

6.3.3 Tiedown System

A tiedownanalysisfor devicesattachedto the packagingis shown in
PartB, Section6.5 and indicatesthat the strengthof the attachmentsmeet
the identifiedtiedownrequirementsand are consideredsafefor the intended
use.

A sketchof the proposedtiedownsystemthatwill be usedto securethe
packageto the vehicleis shown in PartB, Section6.5. The systemis based
on usingthe strongback/trailerassemblyto transportthe packageto the CWC
(a standardtrailerbed may alsobe used if required). Analysisof the
tiedownsystemindicatesthat the proposedsystemis consideredsafe to secure
shieldedor unshieldedWSSP-Ipackageon the transportvehicleduringnormal
transferoperations. The tiedownsystemfor the strongback/trailerassembly
is basedon six (6) tiedownpointson the WSSP-Ipackageand eight tiedown
pointson the trailer. The nominalbreakingstrength(NBS)of tiedowncables
must be equal to or exceed14,500lb.

6.3.4 LiftingDevices

Evaluationof the liftingattachmentanalysisprovidedin Part B,
Section6.5 and indicatesthat the strengthof the attachmentsmeet the above
designrequirementsand are consideredsafef_r the intendeduse. Other parts
of the packagenot approvedfor liftingare not readilyassessableand do not
have any means to inadvertentlyconnecthoistingequipment.

6.3.5ClosureDesign

The closuredevices(endplates)were analyzedin the drop tests shown
in Part B, Section6.4 for normalconditionsof transfer,and were shownto
maintainthe integrityof the sealafterdroppingthe packageonto a
designatedconcretesurface. This test is consideredsufficientto assure
that the packageclosureswill not openduringnormalconditionsof transfer.
Remoteoperationto installor removeclosuresis not requiredfor a contact
handledpackageshieldedto 100 mrem/h. Closuresare providedto seal the
vent openingsduringtransferof the package. These closuresprovidepositive
sealingand are consideredsafefor containmentof the packageduringtransfer
and will be removedduringstorageof the packagefor installationof an
approvedhigh efficiencyparticulateair (HEPA)filter.
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6.3.6NormalTransferConditions

Resultsof analysesfor simulateddrop tests of the WSSP-Ipackageis
shown in Part B, Section6.4. The analysiswas basedon the determiningif
criticalstructuralcomponentsof the packagewill exceedyield stresses
during impactof the packageonto a concretesurfacefrom a horizontaldrop.
Ifyield stressesare not exceeded,the packagingcontainmentbody and end
closureswill be consideredto havemaintainedtheir integrityfollowingthe
drop test. Resultsof the testanalysisindicatedthat the yield stresses
were not exceededand that the packagessuccessfullypassedthe drop tests.

Evaluationof assumedvibrationmovementsof the WSSP-]packageduring
transferwere analyzedand are shownin Part B, Section6.4. Resultsof this
study indicatedthat with the packageproperlysecuredto the transport
vehicle,and with specifiedadministrationcontrolsbeing appliedper this
SEP, vibrationwill not be consideredas a criticalfactorduringtransferof
this package. One conclusionof the structuralanalysisindicatedthat the
contentsof the packageshouldbe restrainedpriorto transferand this
concernwas addressedin the operationprocedureguidelinesshownin PartA,
Section6.2, item3.

The WSSP-Ipackagingwas evaluatedto determineif unacceptabledamage
would resultfromdroppingan objecton the surfaceof the packagingper
requirementsdescribedin PartB, Section3.1. Resultsof an assimilated
penetrationtest are shown in Part B, Section6.4, and indicatedthat the
packagingcontainmentbarrierwouldnot be damagedfollowingthe assimilated
test.

Criteria(PartB, Section3.1) for normaltransferconditiontests
requiresthat the packagingbe evaluatedto determineif it will safely
withstandspecificinternaland externalpressuresduringnormaltransportof
the package. Resultsof the pressuretests is shownin Part B, Section6.4
and indicatesthat the WSSP-Ipackagingwill safelywithstandthe specified
pressuretests withoutdamageto the containmentbarrier.
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6.4 STRUCTURALANALYSIS
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Westinghouse Internal
Hanford Company Memo

From: PackagingSafety Engineering 84100-94-PMN-259
Phone: 376-3702 G2-02
Date: August 16, 1994
Subject: ENGINEERINGSAFETYEVALUATIONS

To: D.B. Calmus G2-02
L. M. Hay G2-02
S. S. Shiraga N1-40
106-C 49 Foot PackageStructuralAnalysis Files
PMN File/PSERoute/LB

This memo is issued in regardsto the safetyevaluationof the 49 foot 106-C
containerwhich was based on the shop copy of the developmentcontrol
drawings.

The shop copy of the developmentcontroldrawingshas been checked for
consistencywith the approvedfinal formaldrawings. Therefore,this memo
is supersedingmemo number84100-g4-PMN-193in its entirety.

P. M. Nguyen
Advanced Engineer

dmr

CONCURRENCE:

S_S. Shi_ag_
Senior PrincipalEngineer

Haniord Operations and Engineering Contractor for the US Department of Energy

B6-7



WHC-SD-TP-SEP-024 Rev. 0

• , .. o

.,.,;_._.? -.... ENGINEERINGANALYSIS
. .

•, .... Drawing H-2-B3724 Doc. No., PMN-,WTCG-049 Page_ of 24
" Building Tank 241-C,106 (]06C) Rev. 0 Job No.

Subject Weiqht and CenteF of Gravi_3

Originator _. M. Nquyen t_--_,_ ,. Date 05/25/94Checker.. _. S. Shiraqa _____- , Date 06/_5/94
"

-

....

.. ,'_ i_ ,.
I. Objectives:

The objective of this analysis is to determine the weight and center of
b_avity of the 106-C 49 foot long container for transport of the Heel
and Transfer Pumps.

II. References:
• " .% . ! . . ,.. _

" 1. Industrial Press, Machinery's Handbook, 23rd Edition.
o.

.- . . 2. AISC, Manualof Steel Construction,Ninth Edition.

•-. 3. WHC DrawingNo., H-2-83722,H-2-83724,H-2-83725,H-2-83726and
• H-2-83727.

4. KEH, Design Analysis, Calc. No. W320-25-004, Dated 11-10-93.

III. Results and Conclusi_q_:

The weight and centerof gravity calculatedare estimatesfrom the basis
for other engineeringevaluationsapplicableto this container. These
calculatedestimatesare the primaryinput parametersfor the drop,
lifting and vibrationcalculations. Resultsof these calculationsare:

I. Weight of empty container: 25,086Ibs.

2. Weight of the non-shieldedloadedcontainer: 2B,238 Ibs.

3. Weight of the shieldedloadedcontainer: 65,884 Ibs.

4. Weight of containerwithout supportrings or shielding:
,,
. ._

"-- 20,503Ibs• .

-- .. • • , .

"' 5. The centerof gravityof the top cap is:

2.5 inches from the flangeboltingsurface

6. The centerof gravity of the containeris:

_88.4 inchesfrom the closedend of the container(weldedend).

The estimatedweights have been roundedoff to the nearestpound.

e
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ENGINEERINGANALYSIS

Drawing .... H-2-837_4 Doc. No. PMN_WTCG-049 Page_2,of 24
Building T_nk Z41-C-106(106C) Rev. .....O ......Job No.
Subject Weiqht and Centerpf Gravity
Ori inator - M Nqu en e_E .....g p, . y ....... Date 05/_5/94
Checker 5. S, Sbi.Eaqa_-_'/J/ Date 06/]5/94

b

IV. Enaineering Evaluation:

1. Weight of 52" diameter pipe:

Length: Ipl_ - 49 ft

Outside diameter: do - 5Z inch

•. '.i._-':_...:-.._
.. Insidediameter: di- (52 - .75) inch

Area:
p

Ap,p,= -at=)

Pipe density (Reference1, p.39B): Ppi_ = 0,284 Ibs/in3

Weight per foot of pipe: wpi_ = Api_.ppiw-12in/ft

Weight of pipe: Wpi_ = Ipi_-Wp__

Wpi_ = 10,156Ibs

2. Weight of outer skinl (i_emB):

Length:

11 = 3B.B75 inch Iz = 39.75 inch l_ - 48 inch 14 = 48 inch

Is = 48 inch 16 - 45.75 inch 17 - 48 inch 18 - 48 inch

•..,. 19 = 48 inch 11o= 39.75 inch
...

LI = lz+12+13+14+Is+16+lT+l,+l,+lzo

L1 = 37.68 ft

Thickness: t_ttl - 0.1875 inch
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. Drawing H-Z-837Z4 Doc. No. PMN-g'I'CG-04_ Page_}. of 24
Buildtng Tank 24]-C-]06 (106C) Rev. ..... 0 Job No.
Subject Weiqht.and Centerof Gravitx .....
Originator p, M. Nquyen.Y_d Date 05/25/94
Checker S, S. $hir_qa ./'// Date 06/15/94r w-

• "r

dot = 52 inch + 2 "(tcscn+1.5 inch)

dn = (52 + 2 •1.5) inch
A .

•" Area:

/I

A_.t_,= _ -(do?- a.')

Density: (ReferenceI, page 398) P=stt= 0.284 Ibs/in3

Weight of skin1:

wcscl_= Pcsr..z"Acs_n "LI

WcsttI = 4,195 Ibs

3. Weight of outer skin2 (item9):

Lengthof skin2: Izl= 48 inch
i

Iu = 42.75 inch

" ":'_" LcsclZ = 12z + 122

t.ttz - 3/8 inch

do_ = 52 inch + 2 • (t=,=zz+l.5 inch)
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Drawing _H-2-83724_ Doc. No. I_N-WTCG-049 Page..._.of.._
Butldtng Tank 241-C_]06 (106C) Rev. 0 Job No..

• Subject .Weiqhtand qenter..gfGravity
Originator P. M. Nauyen ,_@ Date...05/25/94

Checker S, $. Shiraqa.__.2_'._<.// Date O6/15/g4..

i

d_z-(52+2.z.5)inch

Area:

-. . A_,_2" _ "(do2_ - d_22)

- Weight of skin2:

W.cl2: P_,=I"A._12"/_

Wc,ttz = 1,640 lbs

4. Weight of item 7:

Length: 17 " 7 inch

Thickness: t 7 - 3/8 inch

d_7 : 52 inch + 2 "(1.5 inch)

.... do 7 = (di7 + 9. • t:..7 ) inch

•

" Area:

I¢

Weight of skin2:
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ENGINEERINGANALYSIS

Drawing H-2-83724 Doc. No. PHN-WTCG-049., Page_ of
Butldtng Tank 24]zC-]06 (106C) Rev. 0 Job No.__
Subject Weiaht and Center of Gravity
Originator P. H. Nauven _ Date 05/25/94
Checker S.S. Shtraaa .////" Date .06/15/94 _

W_ " Pc, c.z"AT "17 "12 " inc____h£C

W7 = 130 Ibs

5. Wetght of ttem 6 (3 ea):

Length: 16 = 7 tnch

Thickness: t 6 = 3/16 inch !

d_6 = 52 inch . 2 "(i.5 inch)

do6 = (d_6 + 2 " C6) inch

Area:

I¢

• 2)

Wetght of sktn2:

"-- W6 = Pcs=l "A6 "16 "12 " inchft

W6 = 3 • W6

W6 = 194 l bs

6. Weight of ttem 5 (2 ea):

(a) 1' thick plate: dos= 58.5 inch

Area: dt5 = 5Z tnch
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ENOINEERINGANALYSIS

- Draw1ng H-2-83724 Doc. No.__PHl_-WTCG-049 Page_j of
Butldtng Tank Z_]-C-]06 (106C_ Rev........ 0 .......... Job No.
Subject Weiallt aqd Center Cf..,Gravtty ........... __
Originator. p, Hii-_auyen ,,_i .... ' Da1:e_05./25/94'" _
Checker _ S.S.'USh.l.raqil_JJ/ Date 0§/15/94

• •
,.

Thickness: tzs - Itnch

• • - ' ._ Weight:

:- "" W4 " Pc,cZ "A," Ci5

W, = 265 l bs

(b) 1 1/2" thick plate (2 ea):

Area: Ab- 9.14 inch . 15 inch

Thickness: t_ - 1.5 inch

Weight:

Wb" Pc.t1 "Ab" C_5

ws = w, . 2 • wj,

•

Weight of item,5:

_ W,=2 .v s

Ws - 763 l bs

7. Weight of item 3 (1 ea):

(a) 2" thick plate:
doz- 58.5 inch

Area:

A, - 3,055.04 tnz

B6-13



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERINGANALYSIS

Dra, lng H-2-83724 ...... Ooc. No. PHN-k_CG-049 Page..Zof .._
Buildlng Tank 24|..C-]_06(I06C__ Rev. 0 Job No.
Subject.... gelaht,indCenterof Gravity
Originator p, H, Nauvellle,_,_, i ..... O,ate.. 105/25/941._
Checker ..... S. S, Shtraaa_ ..................... Date 06115/94 _-

1 1•
Thickness: tu = E inch

Weight:

W, - Pcs_ "A,' C,3

W, - 1,735 lbs
(b) 1 " thick plate:

d_ - 5B.5 inch

dl3 - 52 inch

Area:

Thickness: t_ - 1 inch

Weight:

--- Wb" Pcs_ "Ab " tb3

Wb - 265 Ibs

(c)I I/2"thickplate(2ea):
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ENGINEERINGANALYSIS

Drawing H-2-83724 Doc. No. PMN-WTCG-049 Page8 of.3,_
Butldtng Taq_ 241-C-106 (106C)I__ Rev. 0 ..... Job No.
Subject Wetaht and CenCer of Gravity
Originator P. M. Nquyen f"_._._. Date 05125194 __
Checker......S.S. Shiraaa/_I/" Date. 06/15/94w - -

Wc" PcwcJt"Ac ' Cc3

W_ " 2"Wc
• •

We]- 62 I bs

• (d) 1" thick plate (2 ea):
,

Area:

Ad - 8.25 inch •3 inch

Thickness: t_ - I inch

Weight:

wd = Pc,el"Aa' C_

Wd - 7 Ibs
i

Wd3- 2.Wd

We - 14 Ibs

(e) ] I/4" thick plate (I ea):
...,

Area:
.-°

• ,

A, = --_• (51.25 inch) 24

Thickness: t_ = 1.25 inch

Weight:

We = P=,=l"A, " C,3
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ENGINEERINGANALYSIS

• Drawing _H-2-B3724 Doc. No. PMN-WTCG-04_)....Page.__.of 24
Building Tank 241-C-I06(I06C) Rev. 0 Job No.
Subject Weiaht and.Cenl;erof Gri_vii;y ....
Originator..P. M. Nquyen f_.__ Date 05/25/94
Checker S.S. Shir_qa _/ Date 06/15/94

.- '

•

.-" " " W, = 732 lbs

Weight of item 3:

.-- w, - w, *wm + w_ + w_.,* w,

• W_ - 2,808 Ibs

-._ '_

- Weight of item 3 minus supportring: W_I- W] - W,

• 7. Weight of item 4 (I ea):

(a) I" thick (2 ea): do4- 58.5 inch

di4= 52 inch

Area:

2 _ ",-- do.'.

Thickness: t_ - I inch

Weight:

.. IV== Pc,_l "A= " t=4

" .....' W, = 265 lbs

W_ = 2 • W,

W_ = 529 Ibs

(b) I 1/2" thick plate (2 ea):

Area: Ab- 7.25 inch • (]3 - 3) inch

Thickness: tw - 1.5 inch
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.......... ENGINEERINGANALYSIS

...... Drawing H:_-83774 Doc. No. ,.PMN-WTCG-049_ Page]0 of 24,
,.. Building,Tank _41-C-|06 (106C) Rev. 0 Job No.

Subject Weiqh_ add Center of Gravity.
Originator P. M. Nquyen,f_Q. Date 05/25/94 .,
Checker S. _,.ShiraqaJJ_// Date 06/15194 ,_,

-..

Weight:

"" Wb = Pc,tl"_" t_

.,:"i ....'-: Wb- 31 Ibs

; W_ = 2.Wb

. W_ - 62 Ibs

c) I" thick plate (2 ea):

Area:

Ac = 8.25 inch •3 inch

Thickness: to4- I inch

Weight:

Wc = Pcs_l"Ac " tc4

Wc = 7 Ibs

We4- 2.Wc°-_

,.-. We4- 14 Ibs

Weight of item 4:

w. --w... w_.. w.

- W_ = 605 Ibs

_.. Weight of item 4 minus supportring:

W41- W4 - W,4
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ENGINEERINGANALYSIS

: :':.-' " ' Drawing H-?-83724 Doc. No. PMN-WTCG-049 Page 11 of 24
Building Tank 241-C-106(106C)Rev. 0 Job No.
Subject Weiqht and Centerof Gravity
Originator P. M. Nquyen _ Date 05/25/94

" Checker S S. Shiraqa_,/" Date 06/_5/g4
. . _,

• ...

• ,_

• .'•. . -.

.... 8. Weight of Item 12 (8 ea):

(a) I" thick plate: dol2 - 58.5 inch

d_1z - 52 inch
-.

.. Area:
• . • .•. .:"_""...
..,

Thickness: tlz- I inch

Weight:

w, = Pc,el"A_=• cn

W= = 265 Ibs

WIz= 8 • W,

WIz= 2,116 Ibs

g. Weight of item IB (3 ea):

(a) I/4" thick plate:

--- Area:

Aa = 2 "[1B.875 inch "_ inch] + 2 inch "II inch

Weight:

Wa = A, •Pcacl"0.25 inch

W,- 16 Ibs
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ENGINEERINGANALYSIS

'r Drawing H-2-83724 Ooc. No. PMN-WTCG-04_ Page_.]3,of
Building T_fik 24I,C-]06 (]06C) Rev. 0 Job No.
Subject W_iqht and Center of Gravtty .....
Originator P, M, Nauyen t_d Date 05/25/94
Checker , ,,,_S. _, Shiraga_-_-/'/ Date 06/15/94

(b) ]/4" thick (4 ea):

Area:

1 .18 875 inch •12 875 in':h•cos (5 o)
: Ab ---_ • •

- _ Weight:

W_ = Ab'pc._l •0.25 inch

Wb - g Ibs

W_ - 4 • Wb

W_- 34 Ibs

(c) I/4" thick plate (2 ea):

Area:

Ac, 2 .[1 .12,e75inch.cos(IS ").12.e75inch.sin(15 ")1...

+ 12 inch •12.875 inch•cos (15")
_

..... Weight:

Wc " Ac "Pc,el"0.25 inch

Wc - 13.5 Ibs

W_z- 2 - Wc

Wcz- 27 Ibs

=
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-'.'/ -" '.- Drawing _ H-?-83724 Doc. No. PMN-_FTCG-04g Page 13 of_
Building Tank Z41-C-]06 (]06C) Rev. ........0 Job No.
Subject Weiqht and Center of Gravity .................
Originator P. M. Nquyen f_ , Date 05/25/94
Checker S.S. ShiraaaJ_ Date 06/_5/94

L "

• •

.--'. . . '.. •

Wetght of item 18:

wla = W, + g_ + g_

wla = 78 I bs
..

.. g_a = 3 - wla

" ": " Wla = 233 1bs

10. Weight of item 15:

(a) 1/4" thick plate:

Area: A= = 12 inch • 32.5 inch

Weight: Wm = A, P=,tt " 0.25 inch

Wa = 28 l bs

(b) I/4" thick plate (2 ea):

Area:

1 . 1
Ab = -_ • 21.75 inch -_ • 32.5 inch

Weight: Wb " Ab " P_t&" 0.25 inch

wb - 12.6 Ibs

Wb = 2 • wb

Wb = Z5 lbs

(c) 1/4" thk (Z ea)

Major diameter: dmj= 32.5 in

Minor diameter: dr = 25.625 in
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Drawing H-?-837_4 ..... Doc. No. PMN-WTCG-049. Page.._ of 24
Building Tank 74]-C-106 (_06C_ Rev. 0 , Job No.
Subject Weight and Center of Gravity
Originator P. M, Nauven _W ..... Date .05/25/94
Checker....S.S._.Shiraqa_x/_ Date 06/15/94

..

-

Area:

II
A c -- ---_32.5 inch • 25.625 inch

2
,.

Weight:

wc = Ac Pc,=1"0.25 inch

w= - g3 Ibs

Wc - 2 • wc

Wc - 186 Ibs

Weight of item 15:

Wis- W, +Wb+ Wc

- W15= 239 Ibs

11. Weight of item 11:

Thickness: t11= 1.75 in°-_

.-. Area:

It

Amz = -_-'[(51.25inch)2 - (47.25 inch)2]

Weight:

wz1 =A_z "Pc,=l"1.75 inch

W11- 154 Ibs
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" Drawing H-?-B3724 Doc. NO.I.pMN-WTCG-049 Paget5 of24
Building Tank 741-C-106(|06C) Rev. 0 Job No.
Subject Weight and Centerof Gravity
Originator p, M. NQuven {_d Date 05/25/94
Checker S.S. Shiraqa.//_/-_/ Date 06/]5/94

12. Weight of item 14:

Thickness: t14= 1.75 in

Area:

Az' = x ._58.5 inch)2 -(52 inch)2]

" Weight:

wz4 = Az4 "Pcscl"1.75 inch

W14= 280 Ibs

13. Weight of item 13 (8 ea):

Thickness: t13- 0.25 in

Area:

1
Az3 - -_ "[(2inch" 3.5 inch) -(0.53 inch)2]

o

"-- Weight:

wz3 =_3 "Pcotl" tz3

w1_- 0.24 Ibs

W13 " B • W13

W13- 2 Ibs

14. Weight of blind flange (] ea):

a) Plate: dpl= 5].25 in
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. Drawing H-2-837_4 Doc. No. PMN-WTCG-049 Page16 of_2_
Building Tank 241-C-]06 (106C) Rev.... 0 Job No.
Subject, Weiqht and Center_f Gravity
Originator P. M. Nqu.yen,_ Date 05/_5/94.

Checker S. S, Shiraga j/'__// Date .06/)5/94 .

tpl - 0.75 in

Area:

It .(51 25 inch)2A;l = _

" Weight: Wp{ = Ap_ "Pc,,t" tpt

Wp_- 439 Ibs

b) Shackle lift plate, assumeit is a rectangle:

l,tift - 6 in

w,tift = 3 in

t,ti_t = 0.25 in

Area: A,ti(t = lst_ft w,t_ft

Weight: Wstift= Astift"Posit" tstift

W,tift - 1.3 Ibs

c) Weight of blind flange:Wbtft,_" - Wp{+ W,tift

Wbt(t_e- 441 Ibs

"--15. Weight of top cap (1 ea):

_ a) Item ] - I/2" thick plate (2 ea):

Thickness: t_ - 0.25 in

Area:

1
A_ = (7.56 " 5.94) - _ "[(7.94 "7.94 • tan(24°)) + (2 • 2 - cot(32°))]

B6-23
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• Drawing H-_8,3774 Doc. No. _PMN.WTCG:049 Page17 of 24
Building .Tank 241-C-106 (]06C) Rev. ......0 Job No.
Subject Weiqht and Center..of_r_yi._y . .

Originator P, M. Nquyen _f_#_" Date 0.5/25/94Checker ..S, S. Shiraaa . Date 06/15/94 ......

• °

Weight: wl = AI "Pc=tt" tl

WI = 2 • wI

WI = 4 Ibs

•-•:..:".:i-: :. b) Bar- I" diameter& B" long (I ea):

Area: at_r -(_/4) • (1 in)z

, " Length: Ib,r = 8 in

Weight: Wb,r = Abmr"Pc,it" lbmr

Wb,r = 2 Ibs

c) Item 2 - Innerplate I" thick (Iea):

Area:

•(58 5 inch)2A2 = (14.625 inch •4.125 inch) . -_

Thickness: t z = l in

Weight: Wz = Az " PcstL" tz

Wz = 780 Ibs

--- d) B-Sectionplate,I/2" thick (2 ea):

• ' Iw"= - 7.7 in

Wb,'== 5.g in

tb,'=- 0.5 in

Area: Ab,'=- lb,,=• Wb,'=

Weight: wb,'== At,,=" P=,tt" tb,,=

Wb,,== 6.5 Ibs
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ENGINEERINGANALYSIS

Drawing H_-83774 Doc. No. PMN,WTCG-049 PageIB of 24
Building Tank 241-C-106 (106C) Rev. , ,, 0 Job No.
Subject W_iqht and Centerof Gravity
Originator P, M. Nquyen _d._ Date 05/25/94
Checker $, S. Shiraqa,/-/--J/ Date 0_/15/g_

Ww_ = 2 • wbm=¢

Ww_ - 13 Ibs

e) Outer plate,3/8" thick (1 ea):

Diameter: d=utpt= 53.5 in
..

Thickness: to_pL- 0.38 in

: Area:

...

•(53 5 inch)2Aou_l = _

Weight: Wo_p{" Aou_pt"Pcstt " tou_pl

Wou_pt = 239 Ibs

f) Weight of top plate: Wtm,t, - Woutpt + Wb=,c+ W2 + Wb=r + WI

Wtp_at,= 1,039 Ibs

16. Weight of shielding:

Lead density (Reference1, p. 398):

• PPb= 0.41 lb/in3

Assume 62% lead densityof lead:• .

P.h = 0.62 " PPb

pC = 0.2S Ib/in3

Total length of shielding:It_ = 49 ft

B6-25



WHC-SD-TP-SEP-O24 Rev. 0

\
! ENGINEERINGANALYSIS

; Drawtng H-2-837Z4 Doc. No.... PMN-WTCG-04_ Page..L_ of 24
Building Tank Z41-C-106 (]06C) .... Rev. 0 Job No.
Subject geiqht _nd Center of Gravity
Origlnator P. H. NQuv_n f_; Date 05/25/94
Checker $, $. Shir_oa:J.// Date 0_/|5/94

I

Volume of shielding:

Jdsh= 5Z In od,_ = 55 In

(od=b= - _rd.h=) • ..Z=bjVol=h= It" 4

•

: Wetght of shielding: W,h= P,h " VOl,h

W=h= 37,650 lbs

17. Wetght of bolts:

Number of 3/4" bolts: rib1= Z4

Number of 1" bolts: nbz= 16 !

Weight per 100 of Hex bolts and nuts (3/4"), Reference 2, p.4-144
and 4-145:

Wbl= 52.3 lbs

Weight of 3/4" bolts:

52.3
wb' = 100 " rib=

Wbl= 12.6 lbs
.--_

• - Weight per ]00 of Hex bolts and nuts (1"), Reference 2, p.4-144
and 4-145:

wbz= 108.8 lbs

Weight of 1" bolts:

W_ = 108.8i00 -n_

W= = 17.41 lbs

Total weight of bolts: Wb = Wbl + Wbz
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Drawing H-2-83724 Doc. No. PHN_WTCG-049 Page_ of
Building_ Tank 241-C-106 (105C) Rev. 0 Job No.
Subject......gelahtlnd Gonger of Gravltv
Originator P,.M, Nouven p_W ........ Date 051115194 ....
Checker S. $. Shlraoa_J_/" Date 061)S/gl......

2

Wa - 30 Ibs

18. Welght of vent (I em):

W_t = 15 Ibs

Ig. Weight of plug (16 era):

wpt_m= 3 l bs

Wpt.Q- 48 l bs

20. Mmxtmta,Weight of payload: (Reference 4, page 5)

Wptomd - 3,1S2 Ibs

21. Weight of empty container:

w_. w_. + w,t, . w_.,u - _ • w, • w, • wj •w,...

Wc_t - ;)S,086Ibs

22. Weight of non-shielded loaded container:

Wmc_t = Wc__ + Wptomd

Wmc_i = 28,238 lbs.--_

23. Weight of shielded loaded container:

Wmc_t= Wcmt + Wpt_md + Wmh

W,con, - 65,884 lbs

24. Weight of container without support rings or shielding:

WnoPtnm, - 20,503 lbs
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• Drawing H.2-83724 o _ Doc. No. PHN-gTCG-049. Page.L[ of 24
Butldtng Tank241-C-]06 (106C} Rev. __ 0...... ....... Job No.
Subject getghtand Cent_rgf Gravttv ......................
Originator__P, H. Hauven_ . Date 05/25/94 ......
Checker S, 5. Shlraaa..fJ/ Date 06/15/_4

;t5. Center of gravityof top cap:
-- iJ ,,,,i __ , .. i1., J i i

x (in) w (Ibs) x.w
(In.lbs)llrj iii u i iiiiii im,l,l i

* _ .I ....... 0e5 .... 908 rll 454

2 16.1
"" I "3 93

iii i i , i ii

3 239.4 1,960

ii ,,,, , i,,i,, i , ,,, ,,,,,, , ii ,111__

4 1.8 5.6

,, i iii ,,,,.,,,, i ii, i

5 13 5g.5

-- i i : ! ,,,H ......

- Centerof Gravity:

C_cc . XW1 + 2 "Xw 2 + Xw 3 + Xw4 + 2 "XW s
Wcpl•ce

CGc| l 2.5 in, from the bolting surface
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Drawtng H-Z.837Z4 Ooc. No. PHN-WTCG-049 Page 22 of 24
Building Tank _4_-C-106 (]06C) Rev. .... Q Job No.
Subject Welaht and Centerof Gravity ..
Originator P, M. NaqyQn et_r_J,. Date 05/_5/94
Checker 'S'..'"i.S,..$.h.ilraqa.,_'.,_-,I Date 06/IS/94
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• Drawing H-2.83724 Doc. No. PMN-WTCG-Q49 Page 23 of 24
Buildtng T_nk 241-C-106 (106C) Rev. Q Job No.
Subject .Weiqht and Centerof Gravitv
Originator p. M. Nouven p_d Date 05125194 .
Checker S, S. Shlraaa_/_// Date 06/15/94• ,,,,

26 417 265

27 44] 443
,, , , , ,,, ,,,,

Z8 465 265

29 489 443

" 30 505 265
p,, ,, ,, , ,, , .......... ,

• .

•. 3] 553 265
.

32 5]3 367, ,,

33 533 280
,,,, ,, , ,

34 295 , 10_180

35 594 ], 000

36 148 239,, ,, , ,,,

37 467 233

38 467 233

39 467 233
, , ,,,

39

w = 23,0871bs

°-_

39

(w'x) = 6.7 •lOs Ibs •inch
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. : " Drawing H-2-B3724 Doc. No. PMN-WTCG-04_ Page 24 of 24
Building Tank.24_-C-106(]06C) Rev. 0 Job No.
Subject WeiQht and Centerof Gravity
Originator p. M. Nquyen f=d _,, Date. 05/25/g4........
Checker S S. ShiraqaJ-f_/ Date ..06/]5/94LL_

39

C_pkg = 3g

• CG_ - 288.4 in from the closedend of the container (weldedend).

°-_

=_

B6-31



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERINGANALYSIS

Drawing H-2-B37_4 Doc. No._pMN-GLOAD-049 Page_l of ._5_.
Building Tank 241-C-]06 (_06C) Rev. 0 Job No.
Subject G Loadinq on 12 in Thick Reinforced Concrete Slab

Originator P. M. Nquyen e_,__j_ Date 05/24194Checker S. . Shiraqa..... _ Date 06/13/94

I. Objective:

The objectiveof this analysisis to determinethe g loading for the
106C 49 foot packagewhen subjectedto a simulateddrop onto a flat
horizontal12-inchthick reinforcedconcreteslab per Reference2.

II. Reference:

I. US-NRC,10 CFR Part 71, "Packagingand Transportationof
RadioactiveMaterials".

2. WHC-SD-TP-PDC-015,Rev. O-A, "PackagingDesign CriteriaTransfer
Disposalof Equipment,Tank 241-C-I06Waste Sluicing System".

3. ElectricPower Research Institute,EPRI NP-4830, "The Effect of
TargetHardnesson the StructuralDesign of ConcreteStorage Pads
for Spent Fuel Casks",October 1986.

4. AmericanConcrete Institute,Manualof Concrete Practice198g,
Part Ill.

5. EngineeringChangeNotice, No. 60665B,dated May 02, 1994.

6. WHC DrawingNo., H-2-83722,H-2-83724,H-2-83725,H-2-83726and
H-2-83727.

III. Results and Conclusions:

As a resultof preliminaryanalysis,it was determinedthat the
containeras designedcould not withstanda drop of I foot onto a hard
unyieldingsurfaceas specifiedin ReferenceI. Althoughthis criterion

"-- is not specificallystated in Reference2, it is standardpractice
within the preceptsof EquivalentSafetyto perform an analysison this
basis to show structuralintegrityof the container. However, since the
containerwas alreadyconstructed,an alternativecriteriawas needed to
show structuralintegrityof the containerfor conditionswhich exist
within the site boundary. It was determinedthat by using the EPRI
Report (Reference3), a crediblecriterionto show containerstructural
integritycould be developedby droppingthe containeronto a thick
concretepad. This was justifiedon the basis that the container is
similarto a spent fuel containerwith a substantialall steel
constructionwith a relativeoverallhardnessgreater than concrete.
Consequently,Reference2, was revisedvia an ECN (Reference5) to
reflectthis change.
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" '" Drawing, H-?-83724, Doc. No.,.,pMN-GLOADr,049Page_ of ._5._
• Building Tank _41,_-|0_(106C) Rev 0 Job No.

Subject G Loadinq on,12 in Thick Reinforced Concrete Slab

,. Originator P. M. Nquyen ,_'X _- Date 05/24/94.... Checker S. S Shiraaa ___ Date 06/]3/94
• . ...

•. ,.

,

Based upon the EPRI Report,the analysisresultshows a g loading on the
package of 42, as a resultof a 12 inch drop. This g loadingwill be
used in subsequentdrop calculationsfor the container.

• ,

•

.:L
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Drawing, H-2-83724 Doc. No. PMN-GLOAD-049 Page3 of_.__
Building Tank _41-C-106 (106C_ Rev. 0 Job No.
Subject G Loadinqon .|_.inThick ReinforcedConcreteSlab .

Originator.p. H. Nquyen _'P_-_X'J Date 05/24/94Checker S.S. ShiraQa _. Date 06/13/94

IV. Enqineerinq Evaluation:

LOADCALCULATIONAT A l-IT FLAT DROPOF THE 106C PACKAGEONTOA FLAT 12-
IN THICK CONCRETE.

CAlculations based on Reference 2.

Assumptions:

Concrete thickness: h = ]Z in

Cover over rebar: c = 2

Concrete strength: au - 4,000 psi

fc " °u

Soil Modulusof Elasticity: Es - 25 X 103 psi

Sy- 60 X 103 psi

For normalweight concrete (Reference4, p. 318/318R-83),concrete
modulus of elasticity:

Ec - (57,000• fc°"5). psiO.S,forcedEc to have "psi" unit, since the

constant 57,000 has the built-in"psi°'s''unit.

Ec = 3.605 X 106 psi

#g rebar (Reference4, Tbl B.I, Part Ill):

_. (1.13)2
4

Package length (Reference6): L - 589.5 in

Packageweight: Wc_t - 65,884Ibs

Width of footprint: d - 10 in
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•- Drawing H-2-83724 ......... Doc. No. PMN-GLOAD-049 Page.__of i
Building....Tank _4_-C-I06(106C) Rev. 0 Job No.
SubjectG Loadinqon 12 .inThick ReinforcedConcreteSlab.....
Originator P. M. Nquyen -_# . . Date. 05/74/94
Checker S.S.$hiraq_/_// ' Date 06/13/94

For edge drop:

A, .sya =
..- 0.85 •fc'h

a - 1.48 in

/c = r.' (h3) .___i- 12

Ic- 8.49 X 10_ in4

Ultimate moment capacityof the concreteslab:

Mu - 5.57 X IOs in.lbs

[ E. 10.25= (4 'E c "I:)

"-- B = 0.012 in"I

Foot print area: A = L - d

A = 5.90 X 103 inz

Target hardnessnumber (non-dimensional)which uniquely characterizes
the target.
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" " Drawing H-_-837_4 Doc. No..pMN-GLOAD-O4g Page.__of i
Building Tank 241-C-I06(106C) Rev. 0 Job No.,
Subject G Loadin,_ on 12 in Thick Reinforced Concrete Slab,
Originator..P. M. Nqu,yen_/ Date 05/24/94

•.: Checker S.S. ShiraqaJJ'/ Date 06/13/94
. - .

• ,
• r

• .
.,.

2 -A- _'.-._..a.S=
3

S - l.g2X 105

|$
.. _ WIIQIIT_"

.+

.- 711

u 50

W

•- u _0
m
t,,s

it.

no

20

to

8 • ........ I ...... "" ' ' I ' ' " ...... I' ........
l tO Io Io 40

• .

"-- Figure 1
"

Using Figure I above from Ref. 2, p. 2-32, the g loadingis
approximately42.
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Drawing H-?-837_4 Doc. No. PMN-p_N-049 Page_], of...3_.
Building Tank _41,-C_]06 (106C} Rev. 0 Job No.
Subject Penetration_valuation
Originator P. M..Nquyen e__. Date 05/_9/g4
Checker... S. S. Shiraqa __JJ/_-. _ Date 06/14/94

I. Objectives;

The objectiveof thisevaluationis to determinethe abilityof the
106c-4g foot packagingto withstandthe stress inducedby the dropping
of a 13 lbs steel bar onto the packagingas requiredby Reference5.

II. References:

I. WHC-SD-TP-PDC-01S,Rev. O-A, "PackagingDesign CriteriaTransfer
and Disposalof Equipment,Tank Z41-C-I06Waste SluicingSystem".

Z. WHC DrawingNo. H-2-83722,H-2-83724,H-Z-83725,H-2-83726,
and H-2-B3727.

3. "Structuresto Resistthe Effects of AccidentalExplosion-
Departmentof the Army, Navy and Air Force", PM 5-1300 June 1969.

4. "Fundamentalsof ProtectiveDesign",US Army Corps of Engineers
(1943).

5. US-NRC, 10 CFR Part 71, "Packagingand Transportationof
RadioactiveMaterials".

IIl. Results and Conclusions:

The penetrationanalysiswas performedfor the thin skin shielding
material retainingsectionof the packagingper the requirements
Reference5. This is determinedas the weakest exposed sectionof the
packaging.

This evaluationis based on empiricalprojectilepenetrationdata
"-- provided in References3 and 4. The analysis shows the thinnest section

of the containerresistspenetrationby a 13 Ibs projectilefallingonto
it from a heightof 40 inches. The calculatedestimatedmargin of
safety is 0.15. Subsequently,it is concludedthat the packagedesign
is adequate.
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Drawing• H-2-83724 Doc. No._MN-PEN-049 Page_j_of_._._
Building Tan.k24_-C-106(106C) Rev. 0 Job No.

.. Subject. PenetrationEvaluation
Originator P. M. Nquyen P_ Date .....05/29/94 __
Checker $. S. Shiraqa ._'_/ Date 06/34/94

..

...

IV. EnqineerinQ_YaluatiQn:

_ dnt_5 _

Pp - 13 1b8

• " ' F

!• ..

40"

Diameter of projectile(Ref.1): d - ].25 in.

Height of projectileobject (Ref. 1): h - 40 in

Mass of projectileobject(Ref. ]): p - 13 Ibs

Outer skin thickness(Ref. 2): t,k- 3/16 in

"-- Gravitationalconstant: g - 32.2 ft/sec2

Velocity of a free fallingobject:
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Drawing H-_-B3724 Doc. No. PMN-PEN-049 Page_l of_j_
Building Tank._4]-C-|06 (I06C) Rev ...... O Job No._
Subject P_netr@tion _valua_ion
Originator P. M. Nquyen V_/V Date 05/29/94
Checker S..S. Sh!ra_a -=_d'_ Date 06/14/94

Penetration distance into reinforced concrete (Reference 3):

S = 5,4,23 P vZ"_
104 dl.e

S = 0.168 inch

this is penetration distance into reinforced concrete.

This translate into the perforation limit for steel (Reference 4),

1.216 S + 1.4d_=
12

= 0.163 inch

This is the penetration distance into steel.

Margin of Safety,

MS = _"---Zk- 1

MS = 0.15

OK, Package has sufficient skin thickness.
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Drawing H-2-_3724 Doc. No. PMN-DROP-04_ Page..], of 47
Building TBnk 241-C-I06(I06C) Rev.... O Job No.
SubjectDrQDCalculationfor_hQ H_ foot 106C PackaQina
OriginatorP. M. Nouven P_/J__/ Date 05/23/94

Checker S.S. ShirBq_J/-R*-_.J'_._.;f'__ Date 06/14/94

I. _Jectlve:

The objectiveof the drop analysis is to determineif the I06C-49foot packaging
could survivea 1-ft drop onto a flat, horizontal12-inthick concrete (per
Reference1 & 2). Survival in this evaluationis definedas not losing
structuralintegrityor breachingcontainmentof the inner packagingas defined
in IOCFR71.71(Reference10).

• .,

- o II. References:
.o -_

• .. o.. .

" I. WHC-SD-TP-PDC-015,Rev. O-A, PackagingDesignCriteriaTransfer and
Disposal of Equipment,Tank 241-C-]06Waste Sluicing System.

2. EngineeringChangeNotice606658, dated May 02, 1994.

3. American Societyof MechanicalEngineers,BoilerPressureand Vessels,
SectionVIII, Division 2, 1989.

4. IndustrialPress,Machin_rv'sHandbook,23 rd edition.

5. WHC DrawingNo., H-2-83722,H-2-B3724,H-2-B3725,H-2-83726and
H-2-83727.

6. EPRI NP-4B30 "The Effect of Target Hardness on the Structural Design of
Concrete Storage Pads for Spent Fuel Casks".

7. Design Analysis, WO/JobNo. ER4289, Kaiser Engineers Hanford, Nov. 11,
1993.

;

8. Roark, Formulas for Stress and Strain, 4th edition.

9. American Instituteof Steel Construction,Steel ConstructiQ_ Manual, 9th
"-- edition.

10. US-NRC, 10 CFR Part 71, "Packagingand Transportationof Radioactive
Materials".

11. EngineeringChangeNoticeW-320-23,dated June 06, 1994.

12. American Societyof MechanicalEngineers,BoilerPressureand Vessels,
SectionVIII, Division I, 1989.

III. Results and conclusions:

This engineering evaluation is based upon classical methods, which models the
dynamic loads as a static equivalent loads. The calculations are based on the
assumptionthat the time of loadingis long as comparedto the natural periodof
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Drawing H-Z-83724 ...... Doc. No. PMN-DROP-049_. Page._ of
Building Tank 241-_-106 (106C) i Rev._. 0 Job No,
Subject Droo Calculationfor the 49 foot I06C Packaqlnq.............
Originator P, M, Nquven P_/. J. Date .....05/2_/g4
Checker S, S. Shtrjaa _J_J Date 06/14/94_

the package. Also the calculatlonsare based on elastlcbehavlor of the
materlal.

As stated in the G 1oadlngdetemlnatlon calculations,slnce the package as
designed cannotmeet the drop requirementsof Reference]0. Subsequently
alternatecriteriawere specifiedto evaluatepackage IntegrltyIn Reference]
and 2. Under these new criteriabased upon Reference6, the drop G 1oadlng Is
developedto determinethe equlvalentstatic1oadlngsto be applied to the
package.

Results and conclusionsof this evaluatlonare as follows:

1. The packaging material and welds have adequate margins of safety.

2. The packaging stiffener rtng design is adequate with the margin of safety
of 0.68.

3. The pipe joint weldment is adequate with the margin of safety of 2.41.

4. The package outer skin design is adequate with the safety margin of 1.3.

5. Bltnd flange bolts calculattonal results were as follows:

* With all 16 bolts engaged in carrying the load, the Margin of Safety
is 0.22. This adequate to insure containment of the package after a
drop.

* The minimumnumberof bolts required to be engaged in shear to
provide sufficientstrengthis 3.

* With only ] bolt engaged,the Margin of Safety is -0.25. Therefore,
a single bolt would not be able to providecontainment.

* Consequently,in order to providecontainmentafter a I foot drop, at
minimum 3 bolts of the 16 will need to engagethe load. At present
there is no suremethod to insurethat 3 bolts will engagethe load,
due to the variationsin tolerancestackupof bolt to bolt holes.
Subsequently,this evaluationcannot state with confidencethat a
leak path will not develop after a I foot drop onto a concrete slab,
since the probabilityexists that only I bolt will initiallycarry
the load. If that occursa leak path may develop through failureof
one of the bolts.

6. Previousguide pin designwere analyzed,It was found that they could not
bear the shear load. Accordingly,alternativematerialswere specifiedfor
the currentguide pins as referencedin referenceIf. With the
modification,the guide pins will support the shear load of impactby a
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.. . Drawing H.2-B3724 ........ Doc. No. PHN-DROP-049.... Page__ of __4Z
Building Tank 241-C.]Q6 (106C) Rev..... 0 Job No.
Subject Droo Calculation for,the ,49 fool ]06C Packaqtna ...........
Originator_, H, NauY_p P_. Date 05123/94 __
Checker S,iS, Shiraoa J._J/ Date 06/]4194 ......

..

..

margin of safety of 0.08. Also since, at least one blind flange bolt wtll
be engaged in conjunction with the guide pins which was ignored in the
analysis, the evaluation is conservative.

• 7. The internal plate design is appropriate for the load.

,. 8. The top cap bolts findings are as followed:

• .L. _i.' * With one bolt engagement, margin of safety is -0.63. Therefore 1
-' _ bolt cannot carry the load.

_ * There must be a minimumof 5 bolts engaging the load tn order to• ._

• maintain confinement.

• With all 24 bolts in engagement the margin of safety is 0.53, the
package secondary containment will be retained.

However, this is not containment boundary for transportation and consequently is
considered adequate.

o

°-_
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Drawing H-2-83724 Doc. No. _pHN,DROP,O4g.... Page..._of.._7.
Building Tank 241-C-106 (106C)_ Rev., 0 Job No. ,_
Subject Drop Calculation for the 49 foot 106C.Packaatno .....
Originator,P ....M,,NauvQn ,, p_ Date 05/23/94
Checker S. S, Shtraqa JJ./ Date 06/14194

IV. Enal.neer_nQ Evaluation:

WPack 1
".,o" "*P'°'°

I 2 3 4 5 6 ? 8 g 10 11 12 t3 ]4 ]516 l?

• :Wstif I * "Wstif 2 O :Wstif 3

Figure 1

Weiqhts:

Weight of containerw/o ring supports: Wc_tt- 20,503Ibs

Weight of payload: W_ - 3,152 Ibs

Weight of shielding(62%densityof Pb): W,h- 37,650 Ibs

Weight of container: Wc_t - Wc_tt+ W,h

Wc_t - 58,153Ibs

-m G loading factor for drop calculationon 12 inch thick concrete: gt_d " 42
(Reference6)

- Weight of stiffeners:

I inch thick: wst4(i - 265 lbs

G loaded: W,tlfI = gtoad'Wztlfl WztlfI = 11,130 lbs

2 inch thick: w,t_fz - 1,736 Ibs
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Drawing H,Z-B3724 Doc. No. PMN-DROP,049 Page__ of
• Building Tank 241-C-|QG (106C_ Rev. 0 Job No.

Subject Droo Calculatio_...forthe 49 foot I06C Packaaina
OriginatorP. M. NQuven . p_n)..................... Date_ 05/23/94

Checker.....S, S. ShiraqB __// Date 06/14/g4

,

G loaded: W,tl_z = gLo,deW,ttfZ W,ttf z - 72,g12 lbs

Weight of packagewith G loading:

W_ck - gto,d.Wco_t W_ck - 2.44 X 106 Ibs

Weight of top cap: Wctop- 1,039 Ibs
•

..... "_- Linear load per foot:

..

_Cop
Wctop =

WCt_ l 1,523 Ibs/ft

Determine_ments of droD:

Model with assumptionweight of pipe, internals,shieldingand skin are unif y
, distributedover the entirelengthof pipe, excepttop cap section. Load of
' rings are modeled as concentratedloads at their respectivelocationsand payload

is modeled as a concentratedload at the center of gravity.

Geometric Parameters:

Length betweensupports:

11 - 8.7S in 12 - 3 ft + 3.875 in 14 - 41.25 in

.... l_ - 8.5 in Is - 49 In 17 , Is

. 16- Is Ia- 43.75 in 111, Is

19 - 8.25 in 11o- 46.75 in 114- Is

llz- Is 113- Is lls- 19

116- Is 117- 8.1875in
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- .... " Drawing.H-_-83784 Doc. No. PMN-DROP-04g Page 6 of _.7
BuildingTank 241-C-)06(106C).....Rev. 0 Job No.

Subject Drop Calculation_o_ t,he49 f,oot]06C,Packaqinq ,OriginatorP. • Nqu,yen e _. Date 05/23/94 ,.

Checker S.S. Shiraqa, __K_'J Date 06/14/94_

. .

" "- I. • - .

•- Total length:

Lt = 11+ 12 + 13 + 14+ Is + 16 + 17 + Ia + 19 + 11o+ 111+ llz+ 113
+ 114+ lls + 116+ 117

Lt = 50.46ft

" .. ... Parametersof inner pipe section:

Pipe od: dp_ = 52 in Wall thickness: tpw= 0.375 in

Pipe id: dPid= dp_ + 2.tpw

Cross sectionalarea:

4

Moment of Inertia:

64

Parametersof outer pipe cross section (thinportion):

Gap betweenpipes: dl.p = 1.5 in Wall thickness: t_ipe= 0.1875 in

Outside radiusof pipe: Ropip, = 26 in + dgap + topipe

Outsidediameter:od_ip.= Z-Ropipe Insidediameter: idopipe = 2.(Ropip, - topip.)

Cross sectionalarea:

A°Pz = " ' 4
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' Drawing H=2-837_4 Doc. No. PMN-DROP-04g Page_].of 4__Z7
Building Tank 24_-C-I06(106C) Rev 0 Job No.
Subject Drop Calculationfor the 49 foot I06C Packaqinq
OriginatorP. M. Nquyen.......P_d Date 05/23/94
Checker S.S. Shiraqa.._/'JJ Date 06/14/94

. . ....

. -

• . . • .

Moment of Inertia:

• 4

64

Total moment of inertiaof inner and outer thin pipe:

....... " Ipl= Ip+ lopi

Parametersof outer pipe cross section(thickportion):

Gap betweenpipes: dgap= 1,5 in Wall thickness: topipe = 0.375 in

Outside radiusof pipe" Ropipe = 26 in + dgap+ topipe

Outsidediameter:Odopipe = 2.Ropipe Insidediameter: idopipe = 2.(Ropipe - topipe)

Cross sectionalarea:

2

4

Moment of Inertia:
....,

4 • 4
--- E(odopip e - i dopipe)

...... _ " I°P2 = 64

Total moment of inertiaof inner and outer thick pipe:

IR - Ip+ Io_

Center of gravityof heel jet pump (Reference7: KEH Analysis,ER 42Bg):

CG - 13.47 ft
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•" "" ": i Drawing H,_-837_4 ......... Doc. No. PMN-[)ROp-_49 Page8 of 47
Building Tank 241-C-106(106C) Rev.L.... 0 Job No.
Subject Drop C.a.l,culationfor _he 49 foot |06C P.ac.kaqinq .

Originator p. M. Nqu.yen P_!.._.__/_i_ Date 05/23/94Checker .S.S.....Shiraqa. ._ . Date. 06/14/94

• -" ..

• G loadedweight: Wpto,d - gta,d-W_

Wpto,u - ]32,384Ibs

Weight per unit lengthdistributedbetween supports:

• • Wpload

•-.,, .. . Wpload = 15

.. Wpto=d - 2,702 Ibs/in

Distance of pump cg from supports:

From support6 (P147.625,column 5):

a = (13.47ft + 2 in + 0.5 in + 1.25 in) - 147.625 in

a = ]B in

From support7 (P196.625,column 6):

b = 196.625in - (13.47ft + 2 in + 0.5 in + ].25 in)

b = 31 in

Uniform loadingdue to pipes, shieldingand internals:

: --- w_'_k- r._- 117
•..

• , . .

w_=k - 4,090 Ibs/in
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Drawing H-2-837_4 Doc. No. PMN-DROP-049 Page9 of 47
Building. Tank,241-C-]06 (106C) Rev. 0 Job No.
Subject Drop Calculationfor the 49 foot 106C.pack_qinq........
OriginatorP. M, Nquyen _ Date 05/_3/94

Checker S.S. Shiraqa ,#'_/ Date 06/14/94

Moment determinationusing Three MomentTheorem: The package is modeled as a
beam with uniformlydistributedload, where the load is the impact load due to
weight of the containerplus the shielding. The stiffenedring and payload
impact load were superimposedintothe model.

End constraints:

......_ :. . End Momentdue to top cap:

.-

,vz = _ glo._ W_top1_2

e

Mr - -14,887ft-lbs

End Moment at closedend: M, = 0 ft-lbs

Span ! and 2

,.Span2 and 3

:. Hb

S_an 3 and 4
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- . Drawing H-2-837_4 Doc. No. pMN-DROP-049..... Page]O of_41
Building Tank _4]-C_]06 (106C) Rev. 0 Job No.
Subject Drop CalCulation for the 49 foot ]06C Packaqinq
Originator P, M. Nquyen.... __ ..... Date 05/23/94
Checker ....$ S Shiraqa /./-_/ Date 06/]4/94

_;pan4 and 5

• M,x,--;.2H. . +M_x,--; x,_ x,_
• ,. . . ...

. .

• o . . . . '." '

SDan 5 and 6
- . • -. .

Span 6 and 7

Span 7 ,aDdB

,Span8 _,nd 9

B6-49

_

-



WHC-SD-TP-SEP-024 Rev.0
. .

ENGINEERINGANALYSIS

DrawingH,_-837_4 Doc. No. PMN-DROP-049 Page_ of 47
BuildingTank 241-C-I06(106C) Rev . 0 Job No.
Subject Drop Calculationf0r...%he49.f0¢t 106C Packaqinq

OriginatorP, M..Nquyen /J_/ Date....0_/73/g4Checker S. S $.hiraqa___ Date 06/]4/94_

Span 9 and 10

Span.10 and 11

Span,11 and 12

Span 12 and, 13

Iz2I---ql \(iz2 +1131IpI I_i] iz3ip---_1-i( wP'c*l_IpI w_c_ l_3)ipI
• ,

Span 13 and 14

!
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Drawing H-2-837_4 Doc. No. pMN-pROp-04g Page 12 of 47
Building Ta,nk 24]-C-]06 (106C) Rev. 0 Job No.
Subject DroD Calculation for the 49 foot _06C Packaqinq
Originator P. H. Nquyen ,M_ Date 05/53/94
Checker. S. S..Shiraqa _J Date 06/14/94

-.. °

• .

• . . . . . .'.

SDarl 14 add _5

z,-q z;, z,,). zp-q zp, +

Span !5 and 16..:.

Results of solving simultaneoussolutions:

M, = 0 ft-lbs Mb - -41,272 ft-lbs M= - -36,210 ft-lbs

Md = -35,740 ft-lbs Me - -52,535ft-lbs M_ = -102,919 ft-lbs

Mo = -115,041 ft-lbs Mh --50,514 ft-lbs Mi --44,063 ft-lbs

Mj =-47,059 ft-lbs Mk =-68,686 ft-lbs Mt = -68,337 ft-lbs

Mm = -66,997 ft-lbs Mn --72,705 ft-lbs Mo --51,214 ft-lbs

. Mp=-77,879 ft-lbs Mr --14,887 ft-lbs

• ' ._. Span Moment and Reaction Loads:

Ma<Mb

MI = ( Wp,=* I_ MJ +M b)+ (M. - Mb)2

MI - 56,546ft-lbs
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•. .. Drawing H-2-83724 Doc. No. PMN-{)ROP-049 Page 13 of 47
BuildingTank _4_-C-_06(106C) Rev. 0 Job No.
Subject DroD,,Calculationfor the 49 foot _06c Packaqinq
Originator,P. M. Nquyen _ Date 05/23/94
Checker S.S. Shiraaa I/_//" Date 06/14/94

• ..

R_ = w_'c_11 - Ho -Mb + W,c_t2
2 iz

RI - 34,198]bs•

.. Mb>M¢
, • . .

•

M2 - 106,483ft-lbs

= + + ,, + +

R2 _ 165,612Ibs

Mc>Md

M3 = ( w_ck8123 Md . M¢)2• (Mc - M_)2--- 2 w_._,123
..

I_ - 39,057 ft-lbs

= + + ,, . .

Rz - 110,915Ibs
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Drawing H-2-837_4 Doc. No. PMN-DRO_04_ Page14 of_.4.Z
Building Tank 241-C-I06(I06C_ Rev. 0 Job No. _

• Subject Drop Calculationfor the 49 foot_O6CPackaQina _
OriginatorP. M, Nquyen '_ ................. Date 05/23194
Checker S. S, Shi_aqa _/._(J/ Date 06/14/94

" "b

Md<M,

M .(_i' M_+M.)+ (M_-M., 2

.. M4 - 116,850ft-lbs

4- + 4- -k

2 2 r,

R4 - 108,612Ibs

M,<Mf

M5 =(wp.:,l_ M. 4-M_)(M.-M_) 2

Ms- 181,536ft-lbs

...

Rs = 188,175 lbs

Mf<Ms

M6 = (w_c, !: . M_+M,)+ (Me-M,)2 + Wp.oada b

M6 - 336,257 ft-lbs
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Drawing.,_-2-83724 Doc. No. PHN-DROP,049_ _ Page_lf of 47
Building Tank 241-c-106 (106C) Rev. ......Q Job No.
Subject Drop Calculation for the 49 foQt 106C Packaatna

U n P_Originator P, M.......Nq ye ...... Date 03/23/94
, Checker S. S. Shiraoa/J/ Date 0§/14194/
/

,

2 J. * i. . - J, ) + w.=..

R6 - 280,552 lbs

M,>Mh

M7 - 62,650ft-lbs

. . ._ 4" +

R_ = 16 i, 17 ) w'=_tl

R7 - 150,641Ibs

Mh>Mi

_" e 2 %._, 12

Ha - 128,839 ft-lbs

R. " (w_'_''l'-My-2' _ 'Mh)+ (W;'c,. I. + Mh - M_) +

Re = 214,772 Ibs

B6-54



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERINGANALYSIS

Drawtng H_-83724 ...... Doc. No...pMN-DROP-049 Page16 of

Butldtng Tank 241_C-]06 (106C)th e Rev 0 Job No....... _ _Subject Droo Calcul_iQnfor 49 footil06CPackaqlnq_
Originator P. H. Nquven _.. Date _ 05/23/94 I-
Checker_ -$. S, $.hlraaaJ_>'J Date 06/14/94....'.

Mi<Mj

-_ .(w_.c,l _ M_+ M_) + (M,,M,)2e 2 2 wp.:,l,2

- "o" % m 48,653 ft-lbs

• , o .

2 19

R9 - 114,846 lbs

Mj<Mk

Mlo - 151,268 ft-lbs

a_o wp,_ izo + + ,, + Wac_n

Rio- 122,373 lbs

Mk>Mz

Mll - 170,769 ft-lbs
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Drawing H-2-83724 ...... Doc. No._PMN-DRQP,049 Page17 of_4.7.
Butldtng Tank 241-C-106(106C1 Rev. 0 ..... Job No.. _
Subject Droo [alcula)ionfor the 49 foot I06C Packaalna
OriginatorP. M. Nguven _,, .......... Date IQ)/23/94 f
Checker..... S....$. Shlraqa /_ Date 106/141/94v

_I w_'c* I*° + + + + W,c_n
2 rl 11o ) I_

RI I l 212,338 lbs
. .

Mt>Mm

M_,-( w_'-c.8i_ - MI + M').2 2(M'-'M1)2W_ckl__

Mu - 169,926 ft-lbs

- ) 2 )

)

RI2- 211,229Ibs

Mm<Mn

M_3 " (w_ck81_3 - M" + M_) + "(Mn52 w,.c.l_,-''M')2

Mu - 172,128ft-lbs

=[_ _ Ml - Mml M.- M_R13

Rl_ - 210,402 Ibs
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• " - ". _" Drawing. H.2-8_724 .......... Ooc. No. PMN-DROP-049_ Page__ of __.
• i Butlding Tank Z41,,-C-106 (106C) Rev. O_ _ __.... Job No.

•. Subject Drop CalculationLfo,rt,he49 foot 106C Packaalnq......
• Originatorp, M, Nauv_n e_.N. _ Date 05123/94__

Checker $, S. Shlraqa ./'/_/=J"........... Date 06114/94
.. -.- o . . ...

• . .°
.. . ., . . .

• Mn>Mo

a w_,okI_o
J

• = :

. Mi4- 164,499 ft-lbs• , .

4

+ g_ ) 2 iT,) w.,_.=

Ri4- 207,606 Ibs

. Mo<Mp
..

"..( . /= ..... + --_,,,,.,,o,.z:_ ,_o+M,_ ,M,- Mo)=
2 2 w_,l_s

Mis- 82,775 ft-lbs

-

•.:- 2 .z_, ) 2 - .zl, ) +w._

• :,L,_,

Rls - 94,645 Ibs

Mp>Mr

2 2 w_,_ki_,

M16- 151,065ft-lbs
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Drawing H-2-83724 Doc. No. PMN-DROP-049 Pagelg of _4/
Building Tank Z41-C-106 (106C) Rev. .,, Q Job No., ......
Subject Drgo C_l¢_lation for the 49 foot 106C Packaqinq .
Originator P. M. Nauyep 4_. Date 05/53/94
Checker $. S. Shiraoa /A// Date 06/]4/94r v

R1s- 151,524]bs

Weight of tappedstiffener: w,t4f3 - 280.4 lbs

Weight of G loadedstiffener:W,tlf3 - glo,d.W,t_fZ W,ti_- 11,777 Ibs

Reaction at Support17:

wp. k -.,= - + Wstlf ]
iz6

Rlz- 127,374 lbs

I LargestMoment and Reaction at Support6, thereforeevaluate for worst case
stiffenerring and pipe loading:

M6 -336,257 ft-lbs R6 - 280,552Ibs

Determine highest stress on inner pipe section:

Assumeno strength contribution from outer skin.

"-- Bending stress:

o_p_ Ip

o_l_ - 5,551 psi
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': .- Drawl;Jg.H-2-B3724 Doc. No. PMN-DROP-049 Page 20 of 47
.... BuildingTank 241-C-106(I06C) Rev. 0 Job No.

Subject Drop Calculation for the 4g foot,lO6C,Packaq, inq

OriginatorP. M. Nqu.yen _C-_ Date 05/23/94Checker,,, S. S. Shiraaa Date 0,6/14/94 "

Maximum shear stress:

= " " " rNp," 9,226 psi•

von Mises Stress:

_. ,,
2

O pto c : _/O_piAoe + 3 "Coip e

Optot = 16,917 psi

ASMEAllowable (Reference 3, Table ACS-1, p.77):

oa_ = 23,270 psi

_[-_pi.De - O a_e -- 1
O pt.oc

MSpi_ = 0.38 OK
..

--- Stiffener Ring ParametersandEvaluation:

'" Model ring loadingas a combinationof a ring loadedby a distributedload
, through the cross section,reactedagainstby a force causinga shear load

through the ring. See Figures2 and 3 below.(Reference8, pages 176 and 17B,
Cases 20 and 25)

Poisson'sRatio for Carbonsteel: v - 0.3
(Reference3, page 516)

Bottomradius of ring: Rri_ - 29.25 in

_ B6-59
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.... Drawing H-?-B3774 Doc. No.,.P...M,N-DROP-049Page 21 of 47
BuildingTank _41-C-I06.(]06C) Rev. 0 Job No
Subject Drop Calculationfor the 49 foot I06C Packaqinq
OriginatorP. M. Nquyen O_A/.,_ .......... Date 05/23/94
Checker S $. Shiraqa .JY__/_ Date 06/_4/94

.. . .._. / .-

• .

-

-', Loading Due to Weight Loading Due to Reaction with Surface

. I'-"-'R_I _ _ / /r_ _

,'.I .ix"",2

I "ru_ " _R ru_ r2

Figure2 Figure3

Width of ring: Iri_ = 1.0 inch

Angle for Case 25 is: 8 = 0 deg

Angle of evaluation: x = 0 deg

a) Case 20, Loadingdue to Weight:

Assume load per ring smearedthroughoutcross section:

"-- Load density:

R6
P_XZl 2

u = cos(x) Z = sin(x)

From Figure2, above:

B6-60



WHC-SD-TP-SEP-024 Rev.0
•. , . _ .. ...

" i. : " .'".'_""''3"r'.': ENGINEERINGANALYSIS
..

" -- ., .. Drawing H-_-83724 . L Doc. No. PMN-OROP-049... Page 22 of 47
Building!ank 241-C-106(]06C)....Rev.. 0 Job No.
Subject Dr.opCalculationfor the 4g foot 10..6.CPackaqinq....

• OriginatorP. M. Nquyen f'_',/, Date 05/23/94
Checker . S ..S, Shi'r.aqa":_'//'i_" . Date 06/_4/94....'i','i

Moment due to weight:

1M_ = Prx=Rz_._ + -- u - IIz + x
. . . o

......"._-.;-_"_' -,:': Msl= 2.13 X 106 lbs-in/in

--' " Tangentialload due to weight:

• • r.l = P rxn Rrlng I + -_ U - -_ II Z -_ x

Tsl = 121,447Ibs/in

Radial Shear due to weight:

V,I= -152,615Ibs/in

b) Reaction load, Figure3:

s = sin(e) c = COS(e) Ur_ = COS(X) Zrxn = sin(x)

.. Moment due to reaction:
, --_

• l

M,2 = R6 Rz,=g[0.2386 uz,m- -_ " + 0.15915 (x zxx_+ 8 S . c - ur,m 02)]

Mrz - 177,518ft-lbs
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-"..... .-• Drawing H-?-B3724 Doc. No. PMN-DROP-O4g Page_j3.of 4_._Z7
Building Tank 741,C-I06(I06C) Rev. 0 Job No.
Subject Drop Calculationfor the 49 foot I06C Packaginq
Originatorp. M. NquyenP_/ Date 05/23/94
Checker S.S. Shiraaa /w//' Date 06/14/94- .

• . .

., . .o

..
• o

• -..

Tangentialload due to reaction:..

• .

[. rz2 = R 6 0.15915 (x Zr= - UrxI2 C 2) - 0.07958 Uzx n -_

.... "_'l ",i•" "':" TrZ = --72,868 lbs...

_ RadialShear due to reaction:
. . . .

: Vz2 = R6 0.15915 uz= --_ Zz= + zz_m C2 - -_ u

Vr2= -152,615Ibs

c) Total Moments and Loads on Ring:

Mtotat = Ms1.1ring- Mr2 Mtotat = 98.5 ft-lbs

Trot,t = Ts1"Iring+ Tr2 TtotaL= 4B,580Ibs

Vtota L = Vsl-I ring + Vr2 VtotaL = 0 Ibs

Since the ratio of the radiusto thicknessof the ring is slightlyless than 10,
treat as a curved beam:

• GeometricParametersof ring per Figure2 above:

"-- Insideradius:
, .

..

dPi_
Irlag- 2

Depth of ring: hrlng= 3.25 in + 0.375 in
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Drawing H,2-83724. . Doc. No. PMN-DROP,049. Page 24 of 47
Building Tank 241_C-I06(I06C). Rev..........0 Job No.
Subject Drop Calculationfor the.4g,foot |06C'Packaqinq
OriginatorP. M. Nqu.Yen.P_y.__ DateL..05/73./94.
Checker S S. Shiraqa JJ'/ Date 06/14/94

Neutral Axis radius:

hr_g¢,.

•- . .*

Center of gravity of ring:

Zcg = Zz._ng + h$_ng2

Eccentricity:

ecc = rc_ - Irm

Cross sectionalarea of ring:

Azing : _zing iring

Stresses in ring:

- Bending stress:

• Ob°:c°_ - Azing ecc Iziag

obo,to,= 565 psi

- B6-63
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"" . . Drawing H-2-83724 Doc. No. PMN-DROP-049 Page 25 of 47
Building.Tank24_-C-|06(106C) Rev. 0 Job No.
Subject....Drop Calculationfor the 49 foot |06C packaqinq
Originator P. M. IWquyen.p_v Date 05/_3/94
Checker S.S. Shiraqa _,/'/__/ Date 06/)4/94

• .

..

.. Tangentialstress:

_ _'co¢a1

. 0 ccop Azt_ v

.. ,, .:
•

ottop- 13,401 psi
• ,..

.... ": Shear stress:
..

• . • .• .

T_:_._: 2 Vc°cal
Az_g

Tring= 0 psi

Total stress:

GT - Obottom + Ottop + Tring

oT = 13,966psi

MSsciffe n - Oasme 1
O r

MS,rifle n = 0.67 OK
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Drawing H-2-83724 Doc. No. PMN-DROP-049 Page 26 of 47
Building Tank _41-C-]06 (106C) Rev 0 Job No.
Subject_Drop _alculation.forthe 49 foot ]06C pack_qlnq .....
OriginatorP. M. Nquyen em_ Date......05/23/94
Checker S..S Shi.raqa_,/_'_" Date 06/]4/94 'i'i

Conn.ections:

e,g, f,h,

k.m 1. m

l_ere: l-l. 2, 3, 4

Figure4

1) Stresses at pipe weld joints:

Largestmomentat positionh, largestreactionat Support5.

Weldmentsat: between supportse (rxn load 5) and f (rxn load 6), g (rxn
load 7) and h (rxn load 8), k (rxn load 11) and l (rxn load 12), m (rxn
load 13) and n (rxn load 14).

Between support e and f:

" M,<Mf

Weld distances: dw1= 22.87 in dw1z - 25.13 in

Moments on weld:
.:•

H,,_,= vP'c*d"I(15-d"_'+(M'-H_)d''-Ho2 _s

Mw11- 177,856 ft-lbs
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-:_- Drawing H-2-837_4 Doc. No. _N-DROP-O4g Page_ of 47
Building Tank 241-C-)06(I06C) Rev. 0 Job No.
Subject........Droo CBlcqlationfor the 49 foot I06C _%c_qinfl
OriginatorP. M. Nquyen e#_ . Date 05/23/94

. Checker $...S.Shiraqa _/ Date' 06/14/94

• "_'.. • "
• °

w_ckdvz'," - d_,) +(_-_) d.z,-_MvI"= 2 _'5

Mw1z - 230,949 ft-lbs

_. " " Shear on weld:

M.-M_

Vw1- 33,1011bs

Between support g and h:

Mg>M.

Weld distances: dwz= 44.88 in d_z = 3.13 in

Moments on weld:

Mv;1= 'wP=c*dw2(17-dr2)2 + (Mg - M_)17dw_ - Mg

--- M,zi - 87,440 ft-lbs

M,z2 = 70,851ft-lbs
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. Drawing H-_-837_4 Doc. No. PMN-DROP-049 Page 28 of 47
Building Tank 241-C-106 (106C) _ Rev. 0 Job No.
Subject Drop Calculationfor the 49 foot ]06C Packaqi,q
Originator....P.M.Nauven ov_ Date 05/23194_
Checker _. S. $hiraqa j_/// Date 06/14/94

Shear on weld:

.. V,2= - 100,579Ibs
-. .

Betweensupport k and I:• ...

_-. Mk>Mt

Weld distances: dw_= 17.13 in dw_2 = 30.87 in

Moments on weld:

Mwn wP"_kdw3.(l_z- dw,) + d.3

Mw_I = 161,568ft-lbs

W._¢kdw,;,l _ dw3a)+ dw3a
".,2-- 2 .._. _ - M.

.,

Mw_z - 163,811ft-lbs

She_ on weld:

V_ - 29,889 Ibs
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Drawing H-2-83724 Doc. No. PMN-DROP-049 Page 29 of 47
Building Tank 241-C-106 (106C) Rev. 0 Job No.

; Subject Drop Calculationfor i_he49 foot 106CPackaqinq
OriginatorP. M. Nqu.yen _._ Date 05/23/94
Checker S. $, $hiraqa .<"_/-/ Date 06/14/94

Between supportm and n:

: Mm<Mn

,• Weld distances: dw4= 39.13 in dw4z = 14.87 in

Moments on weld:
.• .. . , ..

(Mo-M=/. Mw41 = WPack - d,,)* dw - M=
' 2 d'4(113 113 )

M,41= 128,234ft-lbs

- M=/-,.. = w_2 a'"(z_ - a,,,.)+ _; ) a,,..- .,_

Mw4_ = 157,432ft-lbs

Shear on weld:

.... --- Vw4--61,567 Ibs
, .... . ._ .:'i...

Largest load is MwIz betweensupports• and f:

Bending stress:

ov : Mv12Ropip,

oW - 3,813 psi
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Drawing H-2-,83724...... Doc. No. PMN-DROP-LQ49__ Page.30 of 47
Building ,,Tank241-C-|_)6 (106C) Rev......... 0 Job No.
Subject Drop C_Ic_Jla$ionfor the49 fo(_t106C Packaainq .........
OriginatorP. M. Nquven g/_d Date 05/23/g4_

.., Checker S. S',..Sh.iraaa_/'_ Date 06/14/94_v .

,.J

Shear stress:

T, - -3,307psi

von Mises Stresson weld:

oto_w,t- 6,881 psi

Oa_e - 1
"_pweld - 0 r:,oCt,/el

MS_,id- 2.38 OK

2) Lead slump on the outer skin (skinweldment):

I e /
r"V

/_ Z3 I p

L , J :
Figure5

Model thinestsectiononly.

Insidediameterof skin: iPpb- 52 in
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Drawing H-2-83724 Doc. No. PMN-DROP-049 Page 31 of
Building Ta_-k24)-C-106 (106C) Rev. _ 0 Job No.
Subject Drop Calculationfor the 4g foo_1106¢Packaaing ....
OriginatorP.)4. Nquyen m_____d Date__05/23/g4
Checker S.S. Shir_qae/_//__ _ Date 06/14198L .......

.,
L o ,

_ Thicknessof skin: t,k- 0.]875in

Outsidediameter of skin:

3 t.,]
° '

• Cross sectionalarea of skin:. • . •

" (opL- pL)A_ = _.

Apb = 252 inz

Length between supports: Lpb= 4B in

Mid-pointof length:

Lpb

Zpb =

Radius of lead:

..... . iPpb
- + 1.50inches

rPb 2

•. .

Angle of evaluation: Opb= 180 deg

Poisson's ratio of carbon steel (Reference 3, page 516): v- 0.3

Density of lead (Reference4, page 398): PPb " 0.4096Ibs/in3

Assume 62% density of shot: p_ - O.62.pp b
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Drawing H,-2-83724 ....... Doc. No. PMN.DROP.049 _ Page32 of_._.
Buildtng Tank 24.1-C-106 (106C__ Rev. 0 Job No.
Subject _.Droo_Calcqlation for the 49 foot ]06C Packaatna
Orlginator P-,_M,Nauven fP#, s, Date,,05/23/94 _
Checker iS,-L__hiraaa::_7 Date....06/14/94

Weight of lead between supports:

w,,_ = Aeb Pe,, Lj,_,

W_b - 3,073 lbs
,.

Pb weight smeared over the cross sectional area:

Cross sectionalarea:

4

Smear density:

P Bm_r = WaPb

A_ Leb

Load between supportsat angle of evaluationepb,stressdue to lead slump
modeled using membrane theoryof pipe filled betweensupportswith material:

Tangentialstress:

.__ t.k

°t " 9,130 psi

Longitudinalstress:

g_oa__,mr(_) cos(B,_)+ v o cOl = t.t 2

o t - 1,001 psi

Q
B6-71
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Drawing H-2-b3724 Doc. No. PMN-DROP-049 _ Page.._l of ._4_7.
Butldtng T_nk 241:C-106 (106_) Rev. 0 Job No................

• Subject Drop Calculation for the 49 foot 106C Packaaina
Originator P. H. Nauyen e_ . Date ..... 05/23/94

. Checker S, S. Shiraqa//._../ Date 0_/14194 ....
.. .• . , •

. , .. , .. • .

e. ..

Shear stress:

o

O$hr " 0 psi
• . ..

Total stressat maximum deflectionwhich is at the center:

atot - ot + ot + O,hr Otot = 10,131psi

Margin of safety:

O &$_le

MSpbslump - - 1
0¢oC

MSpbsLump= I.3 OK

Bolt and Gui.depin l..oads:

a) Blind flangebolts (load from blind flangeweight and )ressure):

__//////// /////////_

" _ _ _'_ Wbf

p ----...

\ _ _
,v////////////////////////////
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Drawing..H-2:83724 .... Doc. No. PMN-DROP-049 Page 3_...44of 47
BuildingTank._41-C-I06(I06C) Rev. 0 Job No.........
Subject Drop Calculation.for the 49 foot 106C Packaqinq
OriginatorP. M. Nqu.yen ?p,_. Date ....05/23/94
Checker S S. Shiraqa.=/'I// Date 06/14/94

Weight of blind flange:wbft = 441 lbs

Bolt Parameterson blind flange (I-8UN 2B X Z I/4",ASTM A307, Gr. B) (Ref. 5):

Number of bolts: nbft - 16

Nominal diameterof bolts: dbf- I inch

Tensile stressarea of bolt (ref.4, ]278):

(db 0.9743 inch)2Abn = 0.7 854 z - 8

Abft = 0.606 inz

Allowabletensile strength(Reference3, page 276, Table UCS-23):

ot_ = 55,000psi

Average shear stresson bolts due to weight of blind flange:

Obol_ = g_,d Wbfl
Abn

Obott= 30,577psi

Data from ASME calculationsverification:

"-- Total pressureload on bolts:W,I- 2B,Og6Ibs

Bolt stress from pressure:

Obolpze s -
16 A_n

obotr,_ - 2,899 psi

Preload torque on bolts (Reference5): Tbf= from 295 to 305 ft-lbs
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Drawing H-_-837_4 Doc. No._PMN-DROP-04@ Page____ of 47
.... Building Tank 241,C-106 (]06C) Rev. 0 Job No.

Subject ....Drop Calculation for the 49 foot _05C Packaqing
Originator i*.M. Nquyen ?/_#_,_, Date 05/_3/g4
Checker S S. Shiraqa___/JC/ Date 05/)4/94

Stress on bolts due to preload:

,". oat = 0.2 dAzAAn

• . Ob_- 30,211psi

• _ " : ' Totalstresson bolts,if all 16 engagedin shearon drop:
, ;;

O AoJ c

OfJ'b°l = ObolpzeB + OAf + "16

o_t_L- 35,021psi

Margin of Safety:

0 ten

MSI_AoI - - 1
0 £1bol

MS1bot- 0.57 OK

Total stress on bolt, if only I is engaged in shear on drop:

.-_

O£1bo 1 = ObolDIe_ + OAf + Obolt

O_tboL - 63,687 psi

Margin of Safety:

MSIAoJ = 0 cen 1
O fj.bol

MSI_t - -0.14 NG
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- ' Drawing H-2-83774 Ooc. No. PMN-DROP-04g Page 3_..66of 4_/7
Building Tank 241-C-I06(106C) Rev. 0 Job No
Subject Drop Calculationfor the 49 foot I06C Packaqinq
OriginatorP. M. Nquyen f,mN.... Date 05/23/94
Checker....S..S. Shiraga /// Date 06/._4/94

• .

Minimum of engagedbolts in shear:

1 =1.4

[ °_'n-(a_A°_'" +a_')la_l
.y

: . .: . •

Therefore at minimum2 bolts must be engaged in shear.

Stress on bolts with only 2 engaged in shear:

Obol t"

Oflb°l = Ob°lpzess + Obf + 2

Uftbot = 48,398 psi

Margin of Safety:

(7ten
MS3_o_- - 1

0 flbol

M_ L = 0.14 OK
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Drawing...H-2-B3724 Doc. No. PMN-DROP-04g Page37 of
BuildingTank _41-C-106.(106C) Rev. 0 Job No.
Subject Drop Calculationfor the 49 foot _06C Packaqinq
OriginatorP. M. Nquyen .P_ Date 05/23/94
Checker $. S. Shiraqa _J_'/ Date 06/_4/94

b) Guide pins, 2 each:

Guide Pins
tl

¢ !
y

Wbf

FIgure 7
-

Guide pins, ASTM A-322,Grade 4130, 1/2" diameter (Reference5)

Number of guide pins: nopln- 2

Guide pin diameter: dgp- 0.5 inch

" Yield allowable(Reference11): s,_,,r = 120,000psi

"-" Tensile stressarea of bolt (ref.4, 127B):
._.

Short beam shear stresson pin:

4 •w_tI •gl_,d

Ogp_ = 3 •Z'J_p_,_•A_m
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"'-"""::" DrawingH-2-83724....... Doc. No. pMN-.pROP-049 Page38 of
BuildingTank 241--C-I06(10_6C) Rev. 0 Job No.
Subject......Drop Calculationfor the 49 foot ]06.C.Packaqinq
OriginatorP. M. Nqu.yen ?_. Date 05/23/94
Checker.....S. S. Shira.aaJC',,_ Date 106/14/94

• .• . . . .

..

. -..
, ..

• o_i" = 87,020 psi

Bending stress:
tbf t -0.75 in dbft = 5!.25 in
t_, = 0.125 in

" = . . •

....." -. M_o=_ t.._,wbn glo,d" " ' " 2

.. Mmw__ = 1,158 Ibf,in

I%

Ibf I = -_ " dgp a

Mg; _bend . d g;2

O g;_bend = 2 " Ibf I

og_,nd = 47,166psi
Guide pin total stress:

s_ = a_ +--- 2 op/=
.,

Spin = 110,603 psi

MSgi_yn = Sshear _
s;i=

MSmi"= 0.1 OK
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'' • Drawing H,?-B3774 Doc. No. PMN-DROP-049 Page_ of 47
BuildingTank 241-C-I06(I06C) Rev. 0 Job No.
Subject prop Calculationfor _he 49 foot ]06c Packaqinq
OriginatorP. M. Nquyen {_. Date 05/_3/g4
Checker S. S Shi'raqaJJJ Date. 06/]4/94......

Stresson the Internal Plate (Closed End1:

P d 2 dI

,,.,-.,1
lill ,

R
1

Figure8

Determineloadingon weld area:

Plate dimensionsfrom (Reference5):

Material of construction: CarbonSteel (ASTM A-516,GR 70)

Plate thickness2 inch

For conservatismconsideronly inner pipe weld.

"-- ASME allowable: ao,m,= 23,270psi

Weld size: wW- 0.1875 in.

Weld diameter: dW - 52 in.

Circumferenceof weld: cW - w • d,

Loadingfrom pressurecalculationsfor joint discontinuity:

Sbto t I 5,478 psi

Shear area of weld: AW- 0.707 - wW • cW
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"" --- Drawing.H-2-_3724 Doc. No. PMN-DROP-049 Page 40 of_.4.Z
Building. Tank 241-C-106 (_Q6C) Rev. 0 Job No.
Subject Drop Calculation for the 49 foot 106C Packaqinq
Originator P. M. Nquyen.. P_ Date 05/23/94_
Checker S.S. Shiraqa _"v/'_/ Date--L06/14/94

Maximum Shear on weld due to drop (loadingfrom Ri):

= 2Rz
¢ ar °P Av

• .. ... ,i' _ . _ _

Tdr_ = 3,158 psi
. . ,

• Total stresson weld: %tot = Tdr_ + Sbtot

.. . • Owtot= 8,636 psi

Margin of Safety:

"_veld - (Taslne - 1
O i_¢.ot

MS_td = 1.69 OK
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DrawingH-2-83724 Doc. No. PMN-DROP-049 Page 41 of_
BuildingTank 241-C-_06(I06C) Rev. 0 Job No.
Subject Drop Calculationfor the 49 foot |06Cpackaqinq
OriginatorP, M. Nquyen _.. Date 05/_3/94
Checker S.S. Shiraqa _/'.// Date 06/]4/94

Top cap bolt, loads:

y////////////////////////////_.

m

_-_ I _ Met

" _[_A e WtPlate

<,itli:'a_

" Bolt¢ i
R I'7

Figure 9

Loading from weight and reactionat support17.

Weight of plate: Wtpt,t,= 1,039 Ibs

Bolts are 3/4 - 10 UN 2B X Z I/4 inch, ASTM A-307, Gr. B.
• .

Bolting parametersfrom Reference5.

Diameter of bolts: dtc_Lt = 0.750 inch

'.-, Number of bolts: nct_tt = 24

StressArea of bolts:

0.9743 inch)=Acc,,o_c = 0.7854 dtc_ol=- I0

Bolt Tensile and allowablefrom Reference3, page 276, Table UCS-23:

Tensile strength:otm = 55,000psi
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Drawing H,2-83724 .... Doc. No...PHN-DROP-049 Page 42 of 47
Building. Tank _41-C-106 (_06C) Rev. 0 Job No.
Subject.DroP Calculationfor the...4.9...foot.]06C Packaqinq

Originator.LP..B. NquYen _>_I / ..... Date 05/?3/94Checker S..S. Shiraqa _.. Date 06/14/94
. .

o°

.. : . -

- .

Bolt shear allowable: o,_nr- 0.8-(55,000psi)

Ratio of rxn betweentop cap and mating flange:

•.

Rot = 72,785 lbs

Total shear load on top cap bolts:

Fshct= Rot - gtoad'Wtp[at, Fshct= 29,165 lbs

Shear stress per bolt:

4 F_h_

¢cte_ = "_" _c_olt Acr.bol_

fctsh = 4,845 psi

Moment of top cap:

CG of plate is at midplane: CGtptate= ?.476 inch

-.":... Moment: Met= g¢o=d'Wtptate"CGtptate

M=t= 108,003in-lbs
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• Drawing H-?-837_4 n Doc. No. PMN-DROP-049. Page 43 of 47
Building_Tnk 241-C-I06(10 _)___Rev 0 Job No
Subject Drop Calculationfor the 49 foot ]06CPackaqinq
Originator P. M, Nqu_ven _J Date 05/23/94
Checker S.S. Shiraqa_,.,,",,_."' Date 06/]4/94

. .,

Bolts in circularpattern:

Largest radiusabout pivot about edge is: r18- 57.5 inches

Tensile load on bolts:

"-- I18 Mcc
Fccb°1 - 23

'"" (rl)'

Fctbot- 156 Ibs

Torque on bolts (Reference5): Tic- from 11B to 128 ft-lbs
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Drawing H:2-83724 , Doc. No. pMN-pROP-049 Page44 of._4.Z
Building Tank 241-C-106 (106C) Rev. 0 Job No.

• Subject Drop Calculationfor the 49 fqo% _06_Packaqi,nq .....
Originator P. M. Nqu.yen (PWt__ Date 05/23/94.....
Checker S.S. Shiraqa JJ__/ Date 06/14/94

Bolt preload stress:

Oi =
0.2 dL_j_ItA_.bolt

O_ = 35,161psi

J Tensile stress on bolts:

Fcr.boi
Oec.bol =

ectbot = 468 psi

Total stresson top cap bolt (if only one engaged in shear of drop):

Otct_tl = Gct_l + O i + Nct_l'Tctsh

Otct_tl = 151,897 psi

Margin of Safety:

J_l ccbol - Oc_ - 1
0 cccboll

Mlt=bot- -0.63 N6

Therefore more than one bolt needs to engaged in shear.
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Drawing.....H-?,B3774. . Doc. No. PMN-DROP-049 Page 45 of 47
Building Tank ?_,;,106 (I06c) Rev...............O Job No.
Subject Drop Calculationfor th_ .4.9.foot |06C Packaqiqq . .
OriginatorP. M,.Nguyen ..e_1 .... Date 05/?3/94
Checker S.S. Shiraqa J./J/ Date. 06/14/94

i'

•,"

Determineminimum numberof engagedbolts:

1 =5.0

[o .o/oooo.1hcf.bolt %ceah

Thereforeat minimum5 bolts are requiredto be engaged.

Total stress on top cap bolts if all 24 boltsengaged:

Otctbot24 = Octbo t + O| + Tctsh

OtctbotZ4= 35,929 psi

Margin of Safety:

0 ten
MS24 _cbol - - 1

0 ¢cr...boJ2(I

MS24tcbo L = 0.53 OK

Short Beam Shear;

) z, )
(

Figure 11

Short sectionsbetweensupports ] and 2, 3 and 4, 9 and ]0 and, ]5 and 16.
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Drawing H-Z-B3724 Doc. No. P..M.N.-DROP-049Page 46 of 4_2
Building_Tank741-C-I06(]_06C) Rzv. 0 Job No.
Subject Drop Calcula.tionfor the 49 foot I06C Packaqinq
OriginatorP. M. Ncluv?!__.rJ_//_. Date 05/?3/94
Checker S S. Sh_raqa /.// Date 06/14/94

. . o. , . . .

Largest reaction loadingat support16 (thinouter skin):_.

Outside radiusof pipe:

R_m m = °dpipe2
. '. ,.

• .

. . " R.b._- 27.88 in

Reaction: R16= 151,574Ibs

Shear stress in member:

2 R16
Tsbea m = 2 2

i4

Tsbeam = 5,077 psi

Bending stress in member:

O._,o_,,,= Mp Rsb,am

o,_ = 1,548 psi

" yon Mises Stresses:.... _,

2
Oabcoc = _OLbou + (3 CJ_w)2

a,b,ot - 15,310 psi
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DrawingH-2-83724 Doc. No. PM_.-DROP-O4g Page47 of 4__!
BuildingTank 24!-C-I06(I06C_ Rev. 0 Job No.
Subject Drop Calculationfor .the49 foot 106C Packaqi.nq
OriginatorP. M. Nquyen _N.. Date 05/_3/94
Checker S S ShiraQa ./'_L_/" Date ....06/14/94 "

Margin of safety:

't"_'a_wau= _ Oasme 1
Oabcoc

MS,hbeom= 0.52 OK
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• Drawing H-_-B37_4. Doc. No. pMN-PUMp-049 Page_.]=of 7
Building Tank _41-C-106 (106C) Rev. 0 Job No.
Subject Payload Impact to ,Flanqe Cover Due to Vibrational Shock Load

Originator ......P. M Nquyen eM_. _ Date 05/_6/94
Checker S. _i Shiraqa . _ ___ Date 06/_3/@4 .......

..
-

•:_. I. ObJectiye:

The objectiveof this analysisis to determinethe loadingfor the I06c-4gfoot
package top flange and bolts due to the payload(pump)impactwhich resulted from

• vibrationalshock. This analysis is necessarysince the payload is not
restrainedwithin the packaging(ReferenceI).

.... . II. References:

I. WHC-SD-TP-PDC-O]5,Rev. O-A, PackagingDesignCriteriaTransfer and
Disposalof Equipment,Tank 241-C-106Waste SluicingSystem.

2. ANSl 14.23, "DraftAmerican NationalStandardDesign Basis for Resistance
to Shock and Vibrationof RadioactiveMaterial PackagesGreater than One
Ton in Truck Transport",1987.

3. American Societyof MechanicalEngineers,Boiler and Pressure Vessels,
Section VIII, Division2, 1989.

4. IndustrialPress,Machinery!sHandbook,23 rd edition.

5. WHC Drawings,No. H-2-B3722,H-2-83724,H-2-83725,H-2-83726and H-2-B3727.

6. Design Analysis,WO/JobNo. ER4289,Kaiser EngineersHanford, Nov. 11,
1993.

7. Roark, Formulasfor Stress and Strain,4th edition.

B. AmericanSocietyof MechanicalEngineers,Boiler and Pressure Vessels,
SectionVIII, Division I, IgBg.

III. Results and Conclusions:

The results show that the transportingshockload inducedby the unrestrained
" payload strikingin the inner flangewill result in local buckling failure of the

containerinner flange (Marginof Safetyof -0.047). Therefore,it is
recommendedthat the payload be restrainedinsidethe container. Although the
bolts appearto be stressedbeyondyield, there is sufficientpreload and
conservatismwithinthe calculationsto preventunloadingof the gasket. The
calculationalconservatismresultsfrom the bolt tighteningcalculationswhich do
not take into accountthat the torsionalstressdisappearsand the principle
stresses are reduced after initialtighteningof the bolts.

B6-87



WHC-SD-TP-SEP-O24 Rev. 0

• .

,_ ...i_ .:. " '

ENGINEERINGANALYSIS

: Drawing H-_-83724 Doc• No. PMN-PUMP-049....Page_2_of _Z..
Building T.a.nk741-C-106(106C).....Rev. 0 Job No.

._ Subject Payload ImpacttO FlanqeCover Du_.to Vibrat_ol_alShock Load
Originator .p.M. Nquyen e_ Date 05/26/g4
Checker $. S. Shira.ga__ Date 06/13/94

;. IV. Enaineerinqi_valuation:

Load on Top Flange:

. Model as a circularflat plate which is simply supported• Maximummoment is at
center• Since contactarea is unknown assumefor conservationcontact radiusis
less than _ the flangethicknessand use contactradius specifiedin ref. 7,

...-....., Roark and Young, page 366.
•" . • .• .

: Weight of Pump (Reference6): W_ = 3,]52 Ibs

L_

Fpump

ldplat e -------4. C od plate

tplat_

.,_ ,,

Figure I

DimensionalParametersof Flange:

Flange thickness:
, . .

• . .,

.;
----- 3 •

t_1._°= _ in.• ,• ,,

Bolt circle diameter:

BC = 49.250" in.
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Drawing H-2-837_4 ....... Doc. No. PMN-PUMP-049 Page3 of _7_.
Building Tank 24]-C-106 (106C_ Rev. 0 Job No.
Subject payload ImPactto FlanueCover Dqe to Vibrat.ion.alShock Load

. Originator P. M. Nqu.yen _N Date 05/26/94
Checker S....I'S.Shiraqay/// Date 06/13.J94

.,

OD of Flange:

od;1,t. = 51.25" in.

Inner contact Flangediameter:

id;1,_,,= 47.250" in.

From Reference2:

Shock inducedvibration"G" factor: (Longitudinaldirection)

gl = 2,3

Shock inducedload:

Fp_ = wp_.g_

From Reference7, page 366, definecontactradius ro:

i dpjac,
IplaCe = 2

"-- Icon = _1.6" Iplate 2 + tplaCe 2 - O. 675" tplaCe

rco n = 29.39" in.

Poisson'sRatio (Ref.3):

v =0.30

Maximum radialmoment at center:
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.- Drawing H-2-837_ . _ Doc. No. PMN-PUMP-O4g Page___of _.7_
Building Tank _4_-c-]06(106C) Rev.. 0 Job No.
Subject .PayloadImpactto FlanqeCover Due to VibrationalShock Load
Originator P. M. Nquyen e_.,, Date....05/26/94
Checker .....S. $,...$hi.raaa_/'_/ ' Date.. 06/13/94 '_v v

... ." ,.,

4"x _..r_o,, )

24_= 4z5./bs

" " Maximum tangentialmoment at center:

''" M r := M_

Maximum radial stress:

6"Mr Oz 4 424" psiOZ - 2 = '

tpl • t •

Maximum tangentialstress:

6..v_
a s = (; t = 4,424' psi

tpl•c•2

Total stress at center:
• ..

.-. Ocor = Or + Or ato r = 8,848" psi

Combine with load from reduced pressure calculations:

Materialallowablefrom Reference3: s, l 23,270psi

Flange loadingfrom externalpressurereductioncalculationsat 2 flangecenter:

Ow. s = 15,615 psi
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Drawing ,H-?-83774 Doc. No. PMN-PUMP-04g Page__of_Z_
Building Tank _41-C-]06(I06C) Rev._ , 0 Job No.
Subject payload Impact,toFlaDqeCover Dye to VibrationalShock _oad ,

quyen e_ ....
Originator P. . N . Date 05/26/94
Checker S . Shiraqa..f_/'J Date 06/13/94

Total combined loading:

Sfto t m Otot + O_s

setot = Z4,42g psi

Margin of safety:

t4__ _ s_ - 1
S_coc

MS( - -0.047 NG

Load on bolts:

Applied load on each bolt due to pump impact:

Number of bolts:

nboI_ = 16

F_, = _ F_a = 453' ibs
1_bolt

In this case to determineload generatedby bendingmoments from the plate.

.-_ Mr_ = F_a"rpl,_e Mz_ = 893. ft" lbs

Load per bolt:

Distance betweenbolt hole and edge of plate:

S = od_la_ , -BC
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Drawing H,_-83724 Doc. No...PHN-PUHP-049 Page_.6.of.Z_
Building Tank _4]-C-|06 (106C_ Rev. 0 Job No.
Subject_ Payload Imoact to Flanae Cover Due to Vibrational Shock Load
Originator P. M. Nguyen ,M_ Date.....05/26/94
Checker S S ..._hiraq_l_ Date 06/13/94

Diameterof bolt hole: dhbott " 1.125 in

Z_°le - 2

": 8" odpl,= ." S3 - 3" _" rhol_

.. Pbl= 8026' ibs

Total bolt load on one bolt:

Fbcoc= Fba + PbI Fbtoc= 8480' ibs

Tensile stresson bolt from shock inducedvibrationimpactof pump:

Nominaldiameterof bolt:

d_,olt : I"in.

Numberof threadsper inch:

8
--- rich- in.

•

Tensile stressand area:

Abt = 0.7845"[dbol_-(0"9743)]2nrm

Fb_oc
O_b = OU_ = 14015" psi

Abe
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. Drawing H-_-63.7_4... Doc. No. PMN-PUMP-O4g Page_Z of ..7_.
Building Tank _4]-.c.-]06(_o6c) Rev.. 0 Job No.
Subject Payload Impact,to.Flanq.e..CoverDue to Vibrat.j.ona],.Shock Lo_d.
Originator....P,..'M. Nquyen _ Date ..05/26/94 .
Checker S.S. Shiraga _ Date .0G/13/94..

..

.,

•".:• " Combine from ASME code verificationcalculationon bolt loading:

Boltingmaterial allowable(Reference8):

i..... s_ = 55,000psi

.... Bolt loading from ASME code verificationcalculations:
• . . .'. • ..." .

a_Lt ,, 32,270 psi• .

•.-. Total combined loading:

" Sbtot = Otb + Obott

Sbtot = 46,285psi

Margin of safety:

MSbol c - s_ 1
Sbcoc

MSbott- 0.19 OK

I

°-_

° ,,;.,
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Drawing H-2-_7_4 .... Doc. No. PHN-BRIFRA-049 Page1 of i
Building Tank 241-C-106 (106C_ Rev._ ,_ 0 Job No.
Subject TemperatureBrittleFractureEvaluation
Originator.......P, M..Nquyen T_Io_-_eJ-- Date 06/_06/94
Checker $. S. ShiraaaJ_j_C._- . Date 06/1_/94

I. Objectives:

The objective of this evaluation is to verify that the containment materials used
in the fabrication of the disposal packaging meet the brittle fracture
requirements of Reference 2 at the design temperature range of -IO'F to 115°F in
order to satisfy the requirements of Reference 1.

II. References:

1. WHC-SD-TP-PDC-01S,Rev. O-A, "PackagingDesignCriteriaTransfer and
Disposal of Equipment,Tank 241-C-I06Waste Sluicing System".

2. American Societyof MechanicalEngineers,Broilerand PressureVessels,
SectionVIII, Division I, 1989.

3. WHC DrawingNo., H-2-83722,H-2-83724,H-2-83725,H-2-83726and H-2-83727.

III. Results and Conclusions:

This evaluationshowsthat some of the packagingcontainmentmaterialsused
the packagingdesigndo not meet all requirementsfor extremelow temperatur
serviceidentifiedin ReferencesI and 2. Specificallythe primarycontainment
flangeshave a nominal thicknessof 1.25to 2 incheswhich is greater than
specifiedin Reference2. The essentialcomponentof low temperaturebrittle
fracture is load. When at rest horizontallyand with no internalpressure,only
the primary containmentpipingand flangebolts are under staticload. This
would allow the flangesto exceedthe thicknesslimitsspecifiedin Reference2,
since they bear no significantloads. However,it is imperativethat the Safety
Evaluationfor Packaging(SEP) statesthat no movement or handlingof the
containeror applicationof any external load is allowedfor temperaturesbelow
O°F, as a safetyprecaution. Also, sincethe contentsof the packagingmay.--_

generatehydrogen gas, the containermust be ventedto prevent pressurizationat
extremelow temperatures,in order to preventloadingof the flanges.
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" ": .... Drawing H-Z.83724 _ Ooc. No. PMN-BRIERA-04g Page.._ of _3..
Building Tank Z4]-C.]06 (]06C) _ Rev. 0 Job No.

• Subject Temoer@ture Brittle Fraq_ure [va]uatlon
Originator_P. M. Nquyen P_d ..... Date 06/05/94
Checker S.S. Shiraaa _//__f Date 0§/13/_4

"" " '" "_:" 'F ---v

.. _ ...

•

: IV. Enqineerinq Evaluation;

Containment componentmaterials of construction (Reference 3):

•. I) Inner flangeI inchbolts: ASll_A 307, Grade B

.... 2) Containmentandshieldingpiping,0.375inchthick: ASll4516,Grade70
• , .

• :

• -. 3) InnerContainmentflange,l.Z5inchthick: ASTH516

• 4) InnerHub Flange,1.75 inch thick: ASTM 516

• 5) 2" Thick outer flange: ASTM 516

Section UG-20 DesignTemperatures(Reference2, page ZO), statesthat the
requirementsfor exemptionsfrom ImpactTestingare:

Paragraph(I)(b):Nominalthicknessfor noted materialsin Curves B, C or D
of FigureUCS-66limited to I inch.

Paragraph(Z): Hydrostatictesting,since containerprimarycontainment
is not under pressure,none required. Outer skin is
decay pressure tested.

Paragraph(3): Design temperaturesno warmer than 650 °F nor colderthan
-20 °F. Design temperaturesas specifiedin ReferenceI
are -10 °F and 115 "F.

" Paragraph(4): No shock or mechanicalloadings at low temperature
._ extreme.

Paragraph (5): Since one way transportand no movement at extreme low
"-- temperatures,no cyclicloads.

Therefore,under extremelow temperatureconditions(lessthan O°F) no operations
shall be allowedwith the container.

Of these components,those under staticlead during extreme design temperatures
are the bolts (item I), containmentand shieldingpiping (itemZ).
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Drawing H-2-8_24 Ooc. No. _PMN_RIFRA-049 Page__of _j..
Building Tank241-_-106 (106C)_ Rev..... O_ Job No.
Subject TemDeratureBrit;tle.Fracture.Evaluation
Originator P. M....Nqv.YeqfM_ Date 06/06/94 .
Checker S_-S.Shiraqa _<_..,/'._f' Date 06/13/94. _

Curve Trom UCS-66:

:i L
= i / I-

I" / 2--
--_ , _-_ I

i, :!/ z/
..-17::-_--
..I i i i

I, ill ! I l 4 II

Wnlml i II.

Ill/ill

. - - I 1 llP,q_"f _ ID(DJl CU_ i U¢_IWWidl

Figure I

Containmentpiping all < 1/2 inch, from notes in Reference2, page 172:

Use Curve B, at low extremedesigntemperaturethe thicknesslimit is
greater I/2 inch,neithercomponentis thickerthan I/2 inch, thereforeOK.

• Inner flange I inch bolts:

Use notes on page 172 of Reference2, Impacttestingexemptiontemperature
" limit is -20 "F. This is below low extremetemperaturespecifiedin

ReferenceI, thereforeOK.
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-. Drawing H-2-.83724.H-2-B3725 _ Doc. No. PMN-LIFT,049 __ Page_]=of
Building Tank..24_.-C-106(I06C)Rev. 0 Job No......
Subject .Lifti.nqCa];ula_tions
Originator..p, M,._lauv_ _u_j_¢_ Date .05/23/94
Checker.... S, S, Shiraga _'___l-_=__'J Date L0.6/15/94

I. Ob_ectlve:

The objectiveof this analysisis to evaluatethe stressinducedby lifting
operationsfor the I06c-4gfoot package.

• II. References:

.... • . 1. American Institute Steel Construction, Manual Qf...$teel Construction, Ninth
•" Edition.

_ " " " 2. American Societyof MechanicalEngineers,BoilerPressure and Vessels,
Section VIII, Division2, IgBg.''r

3. ANSI N14.6, "AmericanNationalStandard for RadioactiveMaterialsSpecial
LiftingDevices for ShippingContainersWeighing 10,000Ibs (4,500kg) or
More" Igg3

4. WHC Drawings,H-2-83722,H-2-83724,H-2-B3725,H-2-83726and
H-2-83727.

5. Roark, Formulasfq.rStress.andStrain,4th edition.

III. Results and Conc!us.io_s;

The lifting evaluationis performedfor the I06C 49 foot packagingsystem for
four situations. For additionalconservatism,the margins of safetyfor each
analysis is based on ReferenceI allowables. Marginsof safety based on
Reference2 are provided for informationonly. For conservatismthe contairberis
assumed to be lifted from the end rings which in practice it is not. The results
are:

1. Shielded containerbeing liftedhorizontally(0 deg elevation). Marginof
--- Safety for this analysisis 0.8, thereforethe shieldedpackagecan

withstandthe stressinducedby the operationalhorizontallift.

2. Shielded containerbeing liftedat an angle (10 deg elevation). Marginof
' Safety for bendingand compressivewithin this evaluationare 0.42 and

]].g, hence the shieldedpackagecan withstandthe angle liftingstress.

3. Non-shieldedcontainerbeing liftedhorizontally(0 deg elevation). Margin
of Safetyfor this analysisis 3.42, thereforethe non-shieldedpackagecan
withstandthe stress inducedby the operationalhorizontallift.

4. Non-shieldedcontainerbeing liftedat an angle (10 deg elevation). Margin
of Safetyfor bendingand compressivewithin this evaluationare 2.35 and
2g.], hence the non-shieldedpackagecan withstandthe angle lifting
stress.

B6-g7
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.. • Drawing H-Z-B3724.H-2-83726 Doc. No. PMN-LIFT-04_ Page__of 18
Building_Tank241-C-]06(106C) Rev. O Job No.
Subject Liftjnq Calculations
Originator P.M. Nquyen eM_ Date 05L23/g4
Checker S. S_ Shiraaa J_-Jlf Date 06/)5/94..

_"

T;'
• .. .

. . .. . .

.,

• ; Based upon this analysis,the containercan be safely liftedat the specified
orientations.

o

..'- . -'." :

B6-g8



' WHC-SD-TP-SEP-024 Rev. 0

• .
. . , , . , .o ..

ENGINEERING ANALYSIS

Drawing H-Z-B37_4.,H-_-83726 Doc. No..pMN-LIFT-049 Page__3of lB
Building Tank 241-C-I.06{]0_C). Rev. 0 Job No.
Subject....LiftinqCa]cu!ations
Originator P.M. Nquyen _ Date 05/_3/g4
Checker S.S. Shiraqa __,/JJ Date 06/_5/94

. -

IV. Enqineerinq_valuation:

Assume crane componentsare rigid.

1. Container parameters:

Pipe od: dpod = 52 in Pipethickness: tpw= 0.38 in

Pipe id: dpid = dpod- 2 • tpw

•_ Area:

dPo_- alP._
A;=_ • 4

Pipe moment of inertia:

z,, =_ • a;o¢-dPi264

Outer pipe cross section (thickportion):

d_,p= 1.5 in topipe = 0.375 in

Rop_pe = 26 in + 1.5 in + topip"

Odopipe = 2 • Ropip, id_ip,= 2 (Ropipe - t_ipe)

"-- Cross sectionarea:
._.

. ,_

Moment of Inertia:

Z_ = x " ( °d°;"_*,'z - id°P_P'2)4

B6-99
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;.... • Drawing H-2-83724.H-2-B37_6 Doc. No. PMN-LIFT-O4g Page.__of 18
Building Tank 24]-C-]06(106C) Rev. 0 Job No.
Subject LiftinqCalculations
Originator P.M. Nquyen fMN Date 05/23/94

J Checker S S Shiraqa JA/J Date 06/15/94 "

Outer pipe cross section (thinportion):

dcp = ].5 in topthin= 0.1875 in

•: R_hi. = 26 in + ].5 in + tq=thtn

• odopthin= 2 " R_thtn idepthin= Z (Rmthtn - tmthin)
• .

Cross sectionarea:

odop_j.n 2 - i dop_in 2i" " A°_l = _ " 4 /
...

Moment of inertia:

• Io o  o2:i
Ipl= Ip+ lopI

Length of container: Icon= 49 ft

Weight of containerwith shielding: We,- 65,884 Ibs

Weight of containerwithout shielding: Woon = 2B,23B Ibs

Weight of shielding: W,h- 37,646 Ibs

"-- Elasticmodulus at 115°F (Reference2): Ec,tt- 29.25BX 106 psi

ASME yield strengthfor ASTM A-516: Sy - 3B,O00 psi

ASME allowables: s. = 23,270 psi

AISC allowables(ReferenceI):

3300 = 86 . 84

B6-100
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Drawing H-2-B3774. H-2-83726 Doc. No. pHN-LIFT-O4g Page__ of 18
Building Tank R41-C-106(106C) Rev., 0 Job No.
Subject..LiftinqCalculations
Originator P, M..Nquyen _,_ Date 05/_3/g4
Checker S.S. Shir.agaJ-_'J .......... Date 06/15/94 .

od_ _ 147.67
tp_

Therefore a compact section.

Bending allowable: Fb = 0.66 • Sy Fb = 25,080psi

Compressionallowable:

Define: Kc - I

Radius of gyration:

rgy_= 0.707 • °d°P._un2

Kc " _ conra rio -
Igyz

ratio = 30.04

Cc = 2 • x2 .Ecs__
---- Sy

Cc 123.28
Since ratio << C= then compression:llowableis:

i- rati°2__,- -_:c---_,.s,

(s)+ 3.ratio _atie8 .c_ e .el

Fa - 20,995 psi

B6-I01
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" l _ Drawing H-2-83774,H-2-83726 Doc. No. PMN-LIFT-O4g Page__ of 18
BuildingTank 241-C-I06(106C) Rev. 0 Job No.
Subject Lifl;inqCalculations
Originator P.M. Nquyen p_N__w Date. 05/23/94
Checker S S. Shiraaa_/./ Date 06/15/94 .

'o..

2. Determinecenter of gravityof containerwith shielding:

,,I
sh I cos",

• • : = ]mc({"='====_WcJ-I/

.. . .:.. .. Lcz 1
lc°n "_1

/

ICO n

Fi gure 1

Lengthof shielding:

49 ft
2

Length from end to shielding:

l =2in
$

cg of shielded section: l,cu = Ish + I,

l,cg= Z4.67 ft

cg of container(cg of entirepkg at thick skin):

Iccg= ZB8.385in

Lcv = Wcg

Lc. = 293 in

B6-102
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Drawing H-2-83724. H-2-83726 Doc. No. PMN-LIFT-049 Page7 of 18
Building Tank 241-C-105 ,(106C) Rev. , 0 Job No.
Subject LiftinqCalculation_
Originator P.M. Nquyen P_N Date 05/23/94
Checker S.S. $hiraqa _._/J Date 06/_5/94

3. Determine loading with two pick point with shielding:

Model as a simply supported beamwith a concentrated load at the cg.

G loadingof lift (Reference3): gtJft " 1.5

:- Load due to lifting: Wrist" gtti_t" Woo• . .;
•., .... ...

"' ' " ' " -7 con

Max = 1.21 X 106 ft-lbs

Bending at lift point (liftpts at thin skin):

z_1=_.°doP_ n2
Oh1 :

Oh1- ]2,323 psi

Vertical shear loadingand maximum shear stressat lift point:

"-- Pl " 49,625 psi

'_Zm : 2 " P;
,%,

rl,- 1,632 psi

Maximum total stress:

Ototl " O'bl + Tls

ototl - 13,955 psi

B6-103
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: Drawing H-2-83724. H-2-B3726 Doc. No. PMN-LIFT-04_) Page__ of _._
Building Tank 241-C-106 (106¢) Rev. 0 Job No.........
Subject Liftinq Calcu]ation@
Originator P, M, Nquyen e_N Date 05/23/g4
Checker S.S. Shiraqa_,_/J/ Date 06/15/94 '

.-

S&

MSIa " ------- 1
0 CO_I

ASM[ A] l owable MS1, - O.25
• .

AISC Allowable MSIb- 0.8 OK

4. Determineloadingat angle a with shielding:

Evaluationangle: a = 10 deg

Assume heightof crane hook: dcrane = 70 ft

•: Equilibriumequations:

Forces:

Fv + _v- wl_tt= o

F_ - rh = o

Fv = W_t_- Tv

B6-104
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" " Drawing H-2-B3724. H-2-83726 Doc. No. PMN-LIFT-049 Pageg of ]8
Building Tank _4_-C-_P6 (106C) Rev. _ Job No.
Subject Lif_inq Calculation_
Originator P. M, Nquven#_N . Date 05/23/94
Checker S, S, Shiraqa J_" Date_ 06/15/94.

Moments:

.._ . Taking moments about point O.
,.

• _ -.". :. Fv '(icon •cos(a))- Fh •(i=o= •sirra))- WI_,=•_ico= - l_) •cos(_)]= 0

Tv- Th- tan (B)

_ d:z_, - leon'sirra))-  o:o

B = 51.88deg

Fv - Wt+. - Th. tan (B)

F_ rh "-_-'-'I+ W_

Solve for Th then the rest:

•tar_) = Th .{sin(a)l+ "I1 /-_%

B6-]05
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Drawing H-2-83724, H-2-83726 Doc. No. PMN-LIFT-04g PagelOof..._.
BuildingTank 241-C-106(I06C) Rev. Q Job No..........
Subject Liftinq.¢_IculatiQn_.....
Originator. P, M. Nquyen _a Date..05/23/_4
Checker . $, S. Shiraqa./J_/ Date 06/15/94

L_ ,,,,,,,,,,, ,

Tb = W_:It="1=" [ta_Xl3)+ taIX_)]

Th - 33,917 lbs

LcF

F. - 33,917 Ibs

LeF "tanl)
T_. writ= • l_o_.[ta_) + ta_X=)]

Tv- 43,220Ibs

= " + 1 - _
Fv W11tt [leo= • (ta_n(_))+ tan(a)] leoa

Fv- 55,606Ibs

,,,,

Frot - 65,134 lbs

Tto, - 54,940 lbs

B6-106
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Drawing H-2-B3724. H-2-83726 Doc. No. PMN,LIFT-049 Page II of 18
Building Tank 241-_-106(I06C) Rev..... 0 Job No.
Subject LiftinQC_]¢ulatiqn_
Originator .p, M. NquYen t_N., Date 05/23/94

•.. Checker S. S, Shiraq.__J ...... Date 06/15/94

Transform coordinates to container centerllne:

Total angle:

e - 58.62 deg

Fch- Fro_ - cos(8-_) F_ - 43,058Ibs

Fcv- Frot • sin(8-a) Fcv= 48,871Ibs

Tc, = Ttot• cos(B+a) Tr_- 25,897Ibs

Tcv- Ttot• sin(B+e) Toy- 48,453Ibs

Fcv Wliftsin (or) Tcv

Fch - cg Fch

Figure 3

Conservativelymodel as a simplysupportedbeam with concentratedload at the cg,
end load of Fchand unequalmomentsdue to vertical forces (case8, p.150,
Reference5).

°-_

Jl= F_

Determinemoments about the cg:
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Drawing H-2,!)3724. H-2-83726 Doc. No. PHN,I,IFT-049_ Page.Jl of
Building Tank._4|-C,106 (106C) Rev. O Job No. ....
Subject LiftinqCalculations ............
Originator P, Ho NQUV_n.,.,,I_khJ_I I Date .05/23/g4
Checker.......$, S. ShiraaaJJJ Date 06/15/94

.,. . °.

Location of evaluation: x = Lcm

Mj_,_= t_-t_.cos(O_ .si +t_'cossin(_

•.... . Mtt. = 1.43 X 106 ft. lbs

• ... . Moon = Wli_ "sin(a) "LQg

Mtot = Mttft + Moon

Mtot = 1.85 X 106 ft • Ibs

Compressivestress:

Wllfc

0 c°mp- Ap

ocom - 1,625 psi

Bending stress:

dPod

-.. ., Obnt c = M_°_•z,,

abti( t = ]7,709 psi

AISC combined stress (Reference 1):

Oc--S--c--c--c--c--c--c--c--_+ °blir.------_c- O.78
F, Fj,
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Drawing.. H-2-B37Z4. H-Z-83726 Doc. No. PHN-LIFT-049 Page..]_ of
Building.Tank Z4],C,106 (106C) Rev..... 0 _ Job No.
Subject ....Llfttna CAlculations _
OriginAtor P..,M,.Nouv_n m_ .__ Date 05/23194 +
Checker_ S: S.'ShtraqaJJJ i Date 06/15/94 "

ASMEallowable (Reference 2):

,'_F:. ,, Sy - 1
Ob,lLfc

ASME A11owable MSz,- I.15

AISC allowable (Reference1):
J

-_2b = Fb - 1
Oblifc

AISC BendingAllowable MS_ - 0.42 OK

b'_5'2c" Fa - 1
Ocoa_

AISC CompressiveAllowable MSzc- II.g OK

S. Containerwithout shielding:

Model as a simplysupportedbeam with a concentratedload at the cg.

g loading of lift (Reference3): gtt. " 1.5

Wrist" gtlft " Wc_

..wt_tc•1=g •(i_o_,- 1_g)
lc,_.

Mmmx" 518,684 ft.lbs
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" " Drawing H-2-83724. H-2-83726 Doc. No. I_N-LIFT-049 Page 14 of ll_.
Butldtng Tank 241,C-106 (106C_ Rev. @ Job No.
Subject Llftlna Calculations
Originator p, H. Nauven _w.. r Date Q5123/94
Checker S.S. ShJraqa _ Date 06/15/94

, . ,., -

. Bending at 11ft potnt:

dPod

_," Oh.! z,,
"" i

• Obl = 4,958 pst
• .

_ Verttcal shear loadtn9 and maximumshear stress at lift potnt:

_- -

p = Wnt_ " (l=o." l_=r)

P1 = 21,583 lbs

tzS = 2 ' PzA;

Irl, = 710 psi

Maxtmumtota] stress:

• - Otot 1 m Ob1 + 1'11

.

ozotl = 5,668 pst

MS3, = ( S_j_, ) - 1
0 ¢oc1

ASHEAllowable HSz, = 2.09

MS3b = ( Fb ) - 1
0 I:oC4

A]SC A11owab]e HSzb- 3.42 OK
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Drawing H.2-83724. H-2-83726 Doc. No. PMN-LZFT-04_ Page 15 of 18
Building Tank 241-C-106(I06C1 Rev. ,......0...... Job No. ,.........
Subject Liftino Calculations
Originator P, M, NquYen t_p ................... Date 05/23/94
Checker _ S.S. Shiraqa___ / Date, 06/1,5/94

,._ Fh - 14,321 Ibs

Fv - 24,108 lbs

Fro_ - 28,041 Ibs

Tto, - 23,197 lbs
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- Drawing H-2-B3724. H-2-B3726 Doc. No. PHN-LIFT-O4g Page]6 of .._
' " BuildingTank241-C-I06(106C) Rev. 0 Job No.

Subject LiftinaCalculation_
Originator P..M. NquYeno_ Date.05/2]/94 __
Checker S.S. Shiraaa_J'./_/ Date 06/15/94

-

Transform coordinates to container centerline:

Totalangle:

e - acos( Fh )
F_o_

,-o. °. ..

_,_.:._:._ _ 8 - 59.29deg

... ' Fch " Frot • COS(8 - Or)
..

" Fch- 18,290 lbs

Fcv- Frot • sin(e - e)

Fcv- 21,225Ibs

T_h- Ttot • cos(e - .)

Tch- 10,g34 lbs

Toy- Ttot • sin(e- a)

Toy- 20,458Ibs

Conservativelymodelas a simplysupportedbeamwithconcentratedloadat the cg,
end loadof F:,and unequalmomentsdue to verticalforces(case8, p. 150,
Reference5).

.,..

.. J1=

U= J...._Z..z
.Zcon

Determine momentsabout the cg:

H1 - Fv • L©m
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" Drawing H-2-83724.H,2-83726 Doc. No. PMN-LIFT-04g l Page_]].of IB
BuildingTank _41-C-I06(106C1 Rev. ...0 Job No..
Subject LiftinQCalculations
Originator P.M. Nquyen o_ Date 05/23/94
Checker S..S. Shiraqa JJ_/ Date .06/15/94...

..

• • .

::" Location of evaluation: x - Ic¢g

(59 "si +M_'cos

MLift= 604,617ft -Ibs

Mc_ = Wti(t• sin(a)• L=g

Mtot = Mtift+ Mc_

Mtot = 784,045ft.lbs

Bending stress:

dp_

OblifC = _pl

abLift = 7,495 psi

Compressivestress:

= Wl__.___._
Oc_ Ap

o==p= 696 psi

AISC combined stress (ReferenceI):

Oc_ + Oblifc = 0.33

, F, F_

mm
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Drawing H-_-8_724.H-2-83726 Doc. No. PMN-LIFT-049 Page_]J_of 18
Building Tank 741-C-106(I06C) Rev. 0 Job No.
Subject Liftinq Calculati0n_
Originator P.M. Nquyen _ _, Date 05/23/94
Checker S. S Shiraqa_-,/ Date 06/|5/94

MS4a = - 1
Oblif_

AISC Allowable MS4.= 2.35 OK

•. Faro
M,S'4b- - 2.

o caanp

AISC Allowable MS4b- 29.1 OK

.--_

. ... .:
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• - Drawing H_2-B37_4 Doc No. PMN-PR_S-049 Page_J=of 10• ,_- .' • , • , ,

" Building Yank 241-C-.]Q6(106c_ Rev.. 0 Job No.
-.. _' Subject. PressureIncreaseand Decrease_val_a$iQn

• ..

Originator P. M. Nquyen _/¢_.._. Date 05/24/g4
"•. , Checker S. S Shiraqa _J_./'_ Date 06/]6/94

...
. .. o .--'-

..,
. '. -t , "

• ...

.'.<._

/_ " _-. I. Objective:..

The objectiveof this analysisis to evaluatethe pressurizationof the
" 106c-4gfoot packageas requiredin Reference5.

.... •

• II. Referencq_;
"-

._i :...-- .. 1. WHC-SD-TP-PDC-015,Rev. 0-A, "Packaging Design Criteria Transfer
. and Disposal of Equipment, Tank 241-C-106 Waste Sluicing System".

-.__.,....... 2, American Society of Mechanical Engineers, Boiler Pressure and
Vessels, Section VIII, Division 2, 1989.,.

.... ..--, .

-_ 3. WHC DrawingNo., H-2-B3722,H-2-83724,H-2-B3725,H-2-B3726and
H-2-B3727.

4. Roark, Formulasfor Stressand Stra_q,4th ed., R. J. Roark.

5. US-NRC, 10 CFR Part 71, "Packagingand Transportationof
RadioactiveMaterials".

6. Memorandum,B4100-94-DBC-1B6,D. B. Calmus to S. S. Shiraga,
"ContainerBarriersfor I06-C Packaging",dated June 3, 1994.

Ill. Resultsand Conclusions:

The analysisis performedfor the increasedexternal pressure of 20 psi
and decreasedexternalpressureof 3.5 psi, per ReferenceI.
Subsequently,the largestpressure differentialresults from decreased
externalpressure. Only the largestpressure differentialof 11.2 psi
which is internalwas evaluated. The inner flangeat the top and the 2"

:• .__ thick flangeat the bottomend are consideredthe primary containment
.... boundariesfor transportationper Reference6.

..

The results show that the packagedesign is adequateto withstandthe
pressuredifferentialsspecifiedin Reference5. Also the results are
used in conjunctionwith the drop and pump impactevaluation,to
determineperformanceunder combinedloading.
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Drawing H-Z-B37_4 Doc. No. PMN-PRES-049 Page.__of 10
Building Tank 24]-C-I06(]06C) Rev. O Job No.
Subject Pressure Increaseand Decrease"[v_l_atiQ_
Originator p. M, Nquyen _m Date 05/24/94
Checker......S.S. Shiraaa J,/J Date 06/]6/94

Wv"

IV. Enqineerinq Evaluatlon:

Pressure ChangeEvaluatlon Bottom End

Pipe and flange parameters:

Modulus of Elasticity(Ref.2): E_tt= 29.258 x106psi

Poisson Ratio (Ref. 2): v_tt- 0.3

Containerdiameter (Ref.3): odp - 52 inch

2

Wall thicknessof pipe (Ref.3): tp - 0.375 inch

ASME allowable(Reference2, TableACS-], p.77): s, - 23,270psi

t !

=2

I

........................ i

-- " I '_/

¥o_ W°
y- t!

Figure 1
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Drawing H-2-B3724 Doc. No. pMN-PRES-049 Page__3of
'" " " Building Tank 241-C-106(106C1 Rev. 0 Job No,
.... Subject pressure _[ncrease and Decrease Ev.aluation .

Originator p. M. Nquyen f_N Date 05124194
Checker S.s.'$hi'raqa,_ Date 06/]6/94

..:°. .,

•

'_ Thickness of flange (Ref. 3): tf - 2.00 inch

Df = Ecstlt_
T,.. 12(a-_._?)...

.i_._..._• ...
•" Eos_It_

• _,i D.- 12(I-vo.?)

.....

ContainerMid SectionsStress (Reference4, page 298, Case 1):

Evaluatepackaqe for reductionin externalpressure (Ref.1):

Pr_ " 11.2 psi

Meridionalstress:

--,- sI = 3BB psi
Hoop stres@;

i

2 t_

sz - 777 psi
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._ . , Drawing H-2-83724 Doc. No. PMN-PRES-049 Page4 of 10
Building Tank 241-C-106 (106C) Rev. 0 Job No.
Subject Pressure Increase and Decrease Evaluation
Originator p, M. Nquy_n ?_N Date 05/24/94
Checker S.S. Shiraaa _/J/ Date 06/16/94

•

• .,.

.- . • ... .

_ . Container End Discontinuity Stress (Reference 4, page 307, Case 30):

2 Ec_tJ tt

_1 v..!Eo., t,+2 % D. _/(1-vo.c_)]Mo"
" : 2 ).p+ 2 a_ ;_p2Dp _ kp Ec,=lC_,

• -, D_(z + v_,=.,) _'_,=.,ct.2 D_._./a_(1-v_,:_)
..

- :" ,., .... , • ,

Mo = 124 Ibs-in/in

vo Mo[

Vo - 784 ft"IIbs

Hoop stress:

2Ho

Shbmx- -2,913 psi

"-- 2 Vo _.pR °
.. ,-RZmaNx= -_p

so,=W - -3,729 psi

B r.bmx = S_ax + Sbsmx + $2

su_,x = -5,B66 psi
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Drawing H-2-837_4 Doc. No....pMN-PRES-O4g Page5 of ]0
' Building Tank Z4]-C-106 (106C} Rev. 0 Job No.

Subject Pressure Increase pnd Decrease Evaluation

Originator p. M. Nguyen _jjj Date 05/Z4/94Checker $, S. Shiraqa . _ Date 06/]6/94

.- . .. ,

Heridionalstress:

6Ho

Cp 2

.... si,,x- 186 psi

..... 1.932 Vo
S_ --

)_ Cp2

smx = 2,180 psi

8_ma x = Sad_max + Smsma x + Sl

s_u_x- 2,755 psi

Total stress:

Sb__oc = Smnma x + Snhma x

Sbtot= 5,478 psi

--- Marqin of Safety:

MS I = --Sa - 1
Sbcoc

MS1 = 3.25 OK

Container bottom flange stress (Reference 4, page 307, Case 30):

Flanqe pressureloadinq; Wo = po_R_ Wo = 23,786 Ibs

Flange thickness(Reference3): tf = 1.75 in
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• - ..-- .- Drawing H-2-83724 Doc. No. PMN-PRES-049 Page6 of .J_q
_ Building Tank 241-q-|Q(_ (106C) Rev. 0 Job No.

Subject Pressure Increase and Decrease Evaluation .....
Originator P. M. Nquyen f_... Date 05/24/_)4
Checker S.,$. Shir_qa J'/J Date 06/1_/94

..... .

. .
.. *• . .,..... .

• Model as a simply supported plate.

Maximum stressfrom pressureat,centerof flanQe:

• _ Sfz = 3 Wo " (3 m + 1)

• ,

1
... Where: m -

. .

Sfr= 2,342 psi

.M,a.,ximumstressfrom moment..atc.,.enterof ,fl_,n,,qe:

6Mo

se=r = 186 psi

Shear ,.stre_s:
f

vo
--- S m

Cz

S! m 33 psi

Total Flanqestress:

Sfto t l Sf r + Sfl¢ + S=

s_tot = 2,561 psi
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.... Drawing..H-2-83724 _ Ooc. No. PMN-PRES-049 Page_Z of__
Building Tank 241-C-106 (106C) Rev. 0 Job No.
Subject, pressure Increase and Decrease Evaluatign ,,

Originator P. M. Nauven _//j Date 05124/94 ....Checker ..... $. $,,,_hlraaa Date 06116/94 .....

.

Marain of Safety:

• MSz= S_ -I
S foot

MSz = 8.09 OK

Pressure Change Evaluation Top End:

Hub Flange thickness: tf = 1.75 inches

Blind Flange thickness: tbf = 0.75 tnches

Evaluatepackagefor reductionin externalpressvr_.

X ' _'c,tl t f D_P.,dR,'x__,+ 2P..dR2 .p ,,

Mo = 2 RpX;2D; XpEc,_: t f
2 Ap+ .

Vo - 960 ft"IIbf

HQoP ,stress:
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•"--.L/'_ .. Drawtng H-2-83724 Doc. No. PMN-PRES-049 Page.._of
Building_Tank 241-C-106 (106C1 Rev. . Q Job No.
Subject....Pressure Increase andDecreaseEvaluation ........
Originator P. H. Nauven f_ . Date 05/24/94

.,. Checker_ _, $, Shtr_aa J./J Date 06/16/94w

...., ......

•... 2_o
• s_,,,_- c--_-x,'R,

Sh_x -- 3,779 psi
'_-"i_.i_._ "

-.-. 2 Vo;.pRp
8bJaix " - C'--_

• ..

Sh,mx- - 4,566 psi

$_ " $_mur + 8Zmmcx + $2

Sthmx- - 7,568psi

Meridional,,,_tre@_;

= 6Mo
8mbamx tp2

smx- 315 psi

•. "-- z.932 Vo
,.i s.w" X_c_

sam,,x - 2,670 psi

Bmc_x " S_max + Smmx + Bz

Sjzmx- 3,373 psi
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Drawtng_ H-2-e3724 Ooc. No. PHN-PRES-049,, Page._ of __
Building Tank 241-C-]06 (106eL_ Rev. ,, 0 .... Job No., ..................

Subject .....Pressure Increasetandw_NDecrease Evaluation ........... ........Originator P. M. NQuyen.......... Date 05/24194_
Checker , LJS. S, Shtraao _C'J/ Date-OD/16/g4 i

• Total stress: Stot - S_ + Stw

Stot - 4,510 pst

Margt_ Q,f Safety:

" MS 3 - s---L*- 1
8CoC

MSj - 4.16 OK

Container top flange stress (Reference 4, page 307, Case 30):

Stress in % inch flange:

Diameter of flange assumedas insideradiusof hub flange (Reference2):

df - 47 _ inch Rf - 23.6Z5 inch

Flange pressureloading: Wo - polrRfz Wo - 19,639Ibs

Model as a simplysupportedplate.

Maximum_,sl;ressfrom pressureat centerof flanae:

3Wo
stz = • (3 m + 1)

8 x m c_t

Where: m- l---!--
cB cl

S_r - 13,753 psi

B6-123



WHC-SD-TP-SEP-024 Rev. 0

ENOINEERINQ ANALYSIS

• Drawlng H.2-83724 ....._ .... Doc. No. PHN.PRES-049 Page.J_ of _LQ
Bulldlng Ta_k 241,C,I06 {I06C). Rev. _0 ......... Job No.
Subject Pressure Increaseand DecreaseEvaluation
Orlglnator p, M. Nouven f_.N...... Date 05/24194_
Checker S,L S. Shiraaa_._,_// Date 06/16/94

Maximumstress from mQmenl;at center of flanae"

6.o

s_r = 1,715 psi

Shear s_res,_;

.vo
8a C_!

s, - 107 psi

Total F!anqe stress:

Sftot " Sfr + Sf_ + S s

s.o t - 15,574 psi

Marqinof Safety:

MS_ m 0,49 OK
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Drawing H-2-83724 ........ Doc. No. PHN-VIBTV-049 PageJ of _Z_
Building kTank241-C-106 (106CI Rev. 0 Job No.
SubJect Transoortattoq Peals-ShockLoadtnQ on 106-C (49_) ..............
Ort tnator P M Nauv P_ _,g . , . : _r) .... ._,. , Date 05i24194
Checker S, S. Shiraoa J__: Date 06115/94

I. 9JZtZ;3J_

The objective of the vibrational analyses is to determine the stresses
induced by peak shock loading during transportation of the ]06C-49 foot
package.

:r" "". II. References:

1. ANSI 14.23, "Draft American National Standard Design Basis for
_ Resistance to Shock and Vibrationof RadioactiveMaterial Packages

Greaterthan One Ton in Truck Transport",1987.

2. ASME, AmericanSocietyof MechanicalEngineers,Boiler and
PressureVesselCode, SectionVIII, Division2, 198g.

3. Industrial Press, Machinerv's Handbook, 23rd Edition.

4. WHCDrawings, H-2-83722, H-2-83724, H-2-83725, H-2-83726 and
H-2-83727.

5. Church,A. H., MechanicalVibrations,2nd Edition.

III. Resultl and _ncluslons:

Both the verticaland longitudinalpeak shock loads are taken from data
developedin Reference1. Since this is a one-timetransferonly cyclic
stressesare not evaluated. The vertical and longitudinalshock
loadlngsare modeled in three sectionsbased on the method of tie-down.
Due to the method of tie-down the containerwas modeled in two cases
with a clampedand fixed boundaryconditionsat each end and one as a
cantileveredsection. The maximumtotal stress in all cases occurred at

.__ the tied-downstiffenerring. For this evaluationonly the verticaland
longitudinaldirectionswere evaluated,since the containeris radial
symmetricaland the lateraldirectionloading is less than the vertical
loading. Resultsof this evaluationwere as follows:

I. The containersectionfrom the closed end to the strongbackend
was modeled as a clampedand fixed beam. The maximum total stress
developedfrom verticalpeak shock loadingwas 8,970 psi tensile
and from longitudinalpeak shock loadingwas -656 psi tensile.

2. The containersectionfrom the strongbackto the trailer tie-down
positionwas also modeled as a clamped and fixed beam. The
maximum total stressdevelopedfrom vertical peak shock loading
was -7,252psi compressiveand -552 psi compressivefrom
longitudinalpeak shock loading.
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Drawing _ H-2-8_724 Doc. No., PHN-y|BTV-049 Page_Zof 28
Building TanK,Z41-C-106 (106C! Rev. 0 Job No.
Subject TransoQr_ition PeakShockLoadtnaop 106-C (49ftl ........
Originator P. H, Nauven f_ ........ Date 05/24/94 ,,
Checker S.S. Shtraua _AJ Date 06/15194 _

3. The containersectionfromthe trailertle-downpositionto the
containerboltedendwasmodeledas a cantileveredsection.The
maximumtotalstressdevelopedfromverticalpeakshockloading
was 1,809psitensileand 127psifromlongitudinalpeakshock
loading.

All of thesestressesarewellunderthe allowableforthecontainer
material.Subsequentlythepackagedesignandconstructionis adequate
to withstandthepeakshockloadsinducedby transportas characterized
in ReferenceI. Combiningwithexternalpressurereductionresultswill
not altertheconclusion,sincethesestressesarealsorelatively
minor.

.

i,
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Drawing.. H-?-837_4 Doc. No. PMN-V[BTV-049 Page__3of 28
Building Tank 741-C-I06(I06C) Rev. 0 Job No.
Subject..Transportation.PeakShock _oadinqon ]06-c.(49ft)
Originator P. M. Nquyen e_ Date 05/24/94
Checker S.S. Shiraaa J/J Date _06/_5/g4,

"

IV. EnqineerinqEvaluation:

Peak Vertical Shock Loading:

Since the packageis restrainedby the saddlesand tie-downsat the
supports,the systemcan be modeledas a seriesof clampedand fixed

. ._ • beams betweenthe supportsand as cantileveredsectionson the outside.
With the sectionsclampedand fixed,each section is loadedwith a

. pulsing sinusoidalforce,actingat the centerof the clamped and fixed
sections and at the ends on the cantileveredsection. Assume the
package sectionsare of uniformsections,by assumingthe weight is
uniformlysmearedover the lengthof the section. Assume that all
materialsare homogeneous,isotropicand obey Hooke'sLaw.

The peak shock load is taken from data developedin ReferenceI. The
peak vertical shock load was defined as:

gp, = 3.5 at _ _ 4 • _ for adulation of T_ - 2 "_sec

ContainerParameters:

Material Modulus at 115 "F (Reference2): Ecstt= 29.258X 106 psi

Pipe OD: 52 inches Pipe Thickness: t_ = 0.375 inch

Pipe ID: _ -dp_ - 2 .t_.

,-., : Assume all
--- outer skin dimensionsare the same:

Skin OD: od,k- 55.357inch

Skin Thickness: t.t= 0.1875 inch

Skin ID: id.- od.- 2"t_
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". Drawing H-2-837_4 Doc. No. PMN-VIBTV-049 Page.__of2B
Building Tank _41-C-_06(106C) Rev. 0 Job No.
Subject TransportationPeak Shock _oadinqon |06-C (49ft)
Originator P. M, Nquyen e_m, Date 05/24/94

Checker S.S. Shiraqa _/yf_/ Date 06/_5/94

.-
,. . . . .

Total Area:

_o/ - alpha' ca,," - ia,k:
Ap-'E " .'E "4 4

Total Moment of Inertia:

•" , . ,

• dPod' - dp_ od,k' - id,, 4
_ =_ • ._ •64 64

-.

ContainerEmpty Weight: Wcon - 62,732 Ibs

PayloadWeight: Wpc= 3,152 Ibs

Length of ContainerwithoutTop Hat: L=on = 589.375 inches

Total Weightof Container: Wpmck= W=on + Wpc Wpmck- 65,884Ibs

Load per Unit Length:

I+'con =
L_n

PulsatingSinusoidalForce:

"-- F v = g_ • w_= " ! " sin (_ • t) (7)
•. . ,

Where l is definedas the lengthof the section.
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Drawing H-?-837_4 Doc. No. PMN,VIBTW04g Page_! of
Building Tank 241-Cr_06(_06C) Rev. 0 Job No.
Subject.T..ransportati0nPeak.ShockLoadinQon ]06-C (49ft)
Originator.P. M. Nquyen _ Date 05/_4/g4

Checker S.S. Sh_raqa. .//_4/ Date . 06/15/94

Ib

Y

zN

- I-, 1b -I

• Between Intermediate Supports
i,

Y
r ,m(_tl _-

At End Suooorts

Response equations for the clamped and fixed sections on strongback:

Length of sectionbetweensupports: Ib = 24 ft
i

Location where Beam to be Evaluated: x = Ib
..

-_ Assume when the beam vibratesverticallyin one of its naturalmodes,
the deflectionat any locationvariesharmonicallywith time as:

y = X" (A "cos (_ • C) * B-sin (Q • C))

The general partialdifferentialequationfor free vibrationthen
becomes:

_4
-- x- (k)' "x= 0
d x 4
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Drawing H-_-B3724 Doc. No. PMN-VIBTV-049 Page.._6 of 28
Building Tank _4]-C-|06 (106C) Rev. O Job No.
Subject TransDortation Peak Shock Loadinq on |06-C (49ft_
Originator p. M. Nquyen _/_._ Date 05/24/94
Checker S. $. Sh_!eqa ._ Date 06/15/94w -

The general solution for the normal function of deflection then becomes:

X= c1 • (cos (k'x) . (cosh (k'x)) + c= (cos k-x) - coeh (k.x))...

+ c= • (sin (k'x) . sinh (k'x) + c, • (sin (k.x) - sinh (k'x))

. The boundaryconditionsfora clampedandfixedbeamare:

• d
AC X " O; X" 0 and .-_ x . 0

AC x = Ib x = 0 and --_ x = 0

d X= cz • (-sin (k'x) •k + sinh (k-x) -k) + c=' (-sin (k-x} -k-dx

sigh (k'x) 'k) + ca" (cos (k'x) -k+cosb (k-x) "k) +

c4 • (cos (k "x) -k- cosh (k "x) 'k)

Florax = 0 cI = ca = 0

So that:

X - c= • (cos (k'x) - cosh (k'x)) + cj • (sin (k'x) - si_ (k-x))

__d x- c2 • (-sin (k'x) -k- sinh (k.x) .k) +dx

c4. (cos (k.x) .k-coah (k'x) "k)
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Drawing .H-_-837_4 _ Doc. No. PMN,VIBTV-O4g Page_I_of
Building Tank 241-c-]06(106C) Ray.. 0 Job No..
Subject TransportationPeak Sh_.ckLoadinaon 106-C (49ft) ...........
Originator p. M. Nqu.yen.,_, ,_ Date 05/24/9.4
Checker S.S. '$hiraqa _¢_/_ Date "06/15/94

• FIom x - lbz

•(cos(k•i_-cosh(k•I_)._ .(sin(_•I_-sLub(k •ib))" 0

• (sin_'l b) . ,inh(k'l_)) * _ "(-cos (k'l_ * cosh_-1_) - 0

• . A solution for the constantsc_ and c4 are only obtainedin the case
where the determinantof the above equationsequal zero. From the

-- determinant:

- cos@ .I_.co,h_ .I_-I

The non-zero roots of the above equation is approximatedby:

lb

The normal functionbecomes:

x_ • cosb (ki ' x) - cos (k_ 'X) - = " (sir_b (k_ " x) - sin (k_ •x ))

• .-i: ./"_.
. .

-. .__ Where u_ is defined as:

/ '_ _"_...."' cos(k_.l_)-Co,_.(k_•l_)
=_ = sinh (kw • ib) - (sin k_ • l_)

The responsefor a steadystate forcedvibrationof a clampedand fixed
beam is:

.- ( -°Y" 2 Ec,_--'_"Fv" ib*Ip'_ X i(k_'ib)"X_,,, . _ . sin ((o • f:) -_ • sin ((_, •
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Drawing H-_-837_4 Doc. No. PMN-VIBTV-049 Page8 of 28
Building Tank _41-C-I06 (I06C) Rev. 0 ......... Job No
Subject Transportation Peak Shock Loadinq on )06-C (49ft)
Originator....P, M. Nquyen P_v'ltt_,,, Date 05/_4/94
Checker S.S. Shiraqa _./_,i'_ Date 06/15/94

Where xt,,ais defined as the normal function at the load.

,_.oo. oo.

Since:

d 2

M- Ec,,c_ "Ip" dx---i y

Xj = cosh(ki "x9 - cos (kj"x9 - ¢j "(sinh (ki .J9 " sin(ki "_9)

42 t [cosh(k_ + ....dx--'-iX_ = X_ = (kj'• .a9 cos (ki x)- =i (sinh(k_ x_ + sin (k_ x))]

d 3

d x---_ xi = xf = (k_)3 • (-si_ (k_• x) . sin (k_• x) . ,, • cosh(K_. x) . ,,_ •cos(K_• x )) o

ob = 2"F,'ib 3 •_ "_ _-2-b7 "IIi ' sin (_ 'c) _ .sin(12_ 'c)---_

( ° )Vb " 2 "F,'ib 3 "_ _ Tlb'_ "l_i" sin ((_•C) - _ •sin((_i"L_

Determine stress, deflection, and shear load for the first five modes at

x - Ib for one full period.

i - l, ..., 5
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• Drawing H-2-_37_4 Ooc, flo.... _MN-VIBTV-049 Page9 of 28
" " - Building Tank241-C-106(106C) Rev., LO Job No.

SubjectTransportationpeakShockLoadinqon ]06:c(49f_)
OriginatorP. M. Nquyen _#_.._ Date 05/24/94
Checker S,"S. Shiraqa_/./_2" Date 06/15194- ._,.-':.

NaturalFrequency:

n_. i2 ._). g'Ec, c_'I_ k, ..........

..-

• .:

•.. L.• FrequencyRatio"

-..

p,. i

NormalFunctionCoefficient:

cosh (k_•Ib)- COS (k_"i_)
a_ = sinh (kj•l_)- sin (k_•i_)

. NormalFunctionat Load:

,,.,,.(oo._(_,._1.oo.(_,._11..,.(._(_,._1_._o(_,._11
NormalFunctionof the Section:

EvaluationTime Intervals:

n
,.,-o...e =o--_.zp
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Drawing H-Z-83724 Doc. No. PHN-VIBTV-049 Page_l_ of28
Building T_nk 74_-C-[06 (106C) Rev. 0 Job No.
Subject Transportation Peak Shock Loadinq on ]06-C (49ft)

Originator p. M. Nauven r__,/_ Date 05/24/94Checker S.S. Shiraqa r Date 06/15/94

PulsatingFunctionMagnitude:

Fv" gp_ " IV_ • .Zb

Deflection:

2 • F,, . .zb" x_-x_.,_, ( _ )

MomentNormal Function:

X[ - (k_)' "[ cosh (k_ •x) . cos (ki • ;9 - _ •(sinh (ki •;9 . sin (kI • _)]

Bending Stress:

dPod

2 " Fv" Ib3 " -'-_Ip Xl_d* "Xf ((-_"ib_ _(° 'sin(£}i ' t_)

Shear Normal Function:

Xf " - (kl)3 "(-sinh (ki "x) * sin (kj "_ . _.I "c°sh (k_ '_ + a_ cos (k_ "_).--_

Shear Load:

..( _° )X___.._, "Xt# Pi sin (w • C.) "_t " sin (fl_ " t. )vb.=2 ._.-i_'._ (k_.ib)'
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- Drawtng H-_-B3724 Ooc. No. PHN,VIBTV-049 Page]] of __
Building Tank 241-C-106 (106C) Rev. Q Job No.
Subject,Transportation Peak Shock Lo_dillq on 106-C (49ft)
Originator. P. M, Nquyen t__J, / Date _105/24/94_
Checker . S.S. Shlraq_ ._y-,/ Date O6/15/94

gaxlmum Shear Stress:

Total Stress:

,. ObcocA m Obm . IraMmLlra

t, (sec) _. (in) oh (psi) T.w...(psi) o_,.,(psi)

0 0 0 0 0
,,,, . , ,., , ,

0.063 0 . 4,317 I,B13 6,130

0.125 0 ...... 6,167 2,579 B_747

0.188 0 4,518 1,896 .6,414

0.250 0 251 114 365
,........ ,,,, , .

0.313 0 - 4,234 - 1,775 - 6,009, ,,,, ,,,

0.375 0 II -- 6,321 - 2,650 -8_970

0.438 0 - 4,773 - 2,0.07 .- 6,780

"-- 0.5 0 - 407 - 183 - 591 .............

Maximum total bending stressat stiffenerrings:

Obtot - 8,970 psi

Response Equations for the Clmped and Fixed Sections from Strongback:

Length of Section Between Supports: lib - 242.750 inches

Location Where Beam to be Evaluated: x_ - 1_b

Determineloadingusing same methodologyas above.
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' .... :_"_ Drawing. H-2-83724 ............. Doc. No. _N-VIBTV,O4g Page_ of 28
Building .... Tank 241-C-106 (106C) Rev._ . Q Job No.
Subject Transoortatlon.Peak Shock Loadino on 106-C(49ft_
Ortgtnator..,_, M. Nouyen t_ // ....... Date. _05124194
Checker S.S. Shiraoa JJ/ Date .... 0611_/94

• ,

" " Determine stress, deflection, and shear load for the first five modesat
xl = 11b/2 for one full period.

Natural Frequency:
.,

• | + °

._ :I_ _' ......." " 1_

• .

Frequency Ratio:

Normal FunctionCoefficient:

• 1_ = cosh(kl_ "lu_) - cos _kJ_"I_)','_'_ (kJ'_i_) Bin (kJi J_)

• Normal Functionat Load:

-_-,-(°°._(_,'_/-°°.(_',"e/l-._,'(._(_,.e/"_n(_'"_//

Normal Function of the Section:

XI:I. (CoBb(kl_"x.Z)-cobb(kli"xl))- ¢I_ '(alntl(kl:l•xl)- B£n(k.Z:i"x.Z))
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" " Drawtng_ H,2-83724 _ Ooc. No. PHN-V]BTV-049 .........Page 13 of 28
Butldtng Tank 241.C-106 t106C) Rev., ....... 0 ,,_ Job No....... _
Subject Transportation PeikShock Loadtna on 106-C (49ft) ....
Orlgtnatorl p, M., Nauyen tp_ _. _ .................. _ _ Date ........05/Z4/94 ....
Checker S. S. ShiraQa _././ Date ......06115/94_

Pulsating Functton Magnitude:

i

...:_, Deflection:

yl 2.,1. 1 3 xl , . ( , )" = ....Ee,cJ -u,,Ip"_. ikli.iu,),Xl2°"_'• plj • sin (_ • Ca)- "_t " rain (nl I • c,,)

Moment Normal Function:

xl' - (kl_)' • [cosh (ki_ •x J) • co. (kJ, •xi) - al_ -(si_ (,l_, xl) * .in (kL • xI))]
,-.

Bending Stress:

• . . dPo...._d

, _ (_ , )°lb." 2 FI., Xel_' 2 "_" "Xl_°a_(kl_" l_)'Xll . pl:_ • silo C_ _ sin(Ol, ' C_)

Shear Normal Function:

•.. ._.. _. .,--. XI_ - -(kl_? "(-siNa(kl_ ':d) . ,_in(k.lj • xl) ,, aI_ .eoah(kl, "xl) + ,1_ "corn(kl I .xJ))

Shear Load:

( )xJ,._, xl," p.z,. ,in(, =_)- _ ,in (oi_•=_)
Q
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• Drawtng_ H-2-83724_ _ Doc. No. PI_-VIBTV-049 Page__ of__
Buildtng Tank 241-C-106 (106C) Rev.. ........... 0 Job No. .
SubjectTransDortatton Peak-Shock Loadtna on 106-C (49ftl
Ortgtnator__P. M_Nguyen *._ /.i_ .......i .... Date 05/24/94
Checker ....S. S, Shiraoa .,_'-/,/ Date 06/]5/94

MaxtmumShear Stress:

T2_, " 2 "--_D_

Total Stress:
e

olb_o," . ol_ + ¢1_,

, t- (sec) , y.,(in} oh (psi) T._........(psi) oh,^, (psi)
0 0 0 0 0

IN ii l i

0.1.063 .. 0 3,269 ....1,632 . 4)g01 ....

0.125 ,,( 0 ......4,598 .........2,291...... 6 '888

O'188 ....] 0 ........3,196.... 1,589 4,7B5 .....

o.25o o - 13o -69 - 199
0.313 0 - 3).450 .... - 1,722 - 5,172

0...375 0 - 4)838 - 2_414 - 7,252

0.438 0 - 3_494 _ = 1)749 - 5,243

0.5 0 - 209 - 112 -321........ -- ....

"-" Maximumtotal stress at stiffener rings:

Obl_ot m -- 7,252 psi

Response Equations for the Canti1evered Sections:

Using the samemethod as above, deten_tne the response of le long
canti levered section.

Length of Section Between Supports: 1© = 53.12 inches

Location where Be_ to be Evaluated: xc - 0 inches
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Drawtng H.2-83724 .......... Doc. No. PMN-VIBTV-049 Page.._of28
Bulldtng Tank 241-C-i06 (106C_ Rev. 0 _ _..... Job No.
SubJect Transoorta_ton Peak._hock LoadJna on 106-C (4gftl ....
Originator P. H. Nauy_n q_ ,. , Date Q5/24/94
Checker S.S. Shiraaa Jr_J/ Date Q6/15/g4rv

Length of Top Cap: lt_ - 8.1875 1riches

Additional ge|ght Due to Top Cap: gtr.,m" 1,039 lbs

w_ w,

Determine stress and deflection for the first five modesat x - 0 and
for one full period.

Natural Frequency:

Frequency Ratio:

1
_C, • [1

Normal Function Coefficient:

. _o,h(ko.!o)" _°"(*o,"1o)
"°, ,i_ (ko,• .2o)• sin (ko,. i:)

Normal Function at Load:

zo_,_,.(_o,_(,o,._,)- _o.(k_,•io))- ,o,. (,i,_ (ko,.1o)- .in (ko,.lo))
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Drawing ............H-2-83724 Doc. No. __N.VIBTV-049 Page16 of
Butldtng Tank 241-C-106 (106C) Rev. . Q.... Job No.
Subject Transoortation Peak Shock Loadtna on ]06-C (4gft)
Originator P. M. Nauven _,. _ Date 05/24/94
Checker S, S. ShiraQa ._.,_,_'_ Date 06/15/94

Normal Functton at Section:

x_,- (co.h(,,,. xo)-co,(,_,.xc))-,_, "(,_ (k_,•x_)-.i, (,o,•xo))

• ° -

PulsatingFunctionMagnitude:

F_ - g_ •w_ .Jc. .

Deflection:

..... ( ° )Yc." 2Eeee______"F,_ 2c'i .Z_ Xc'_-_c_.le),'Xcl'd'"_c, " sin((_ " C_)- _ sln (no, ' C,)

Normal Functionof BendingStress:

xo,'. (ko,),.[_o.h(ko,._o)+:o, (k_,•_o)- ,o, •(,inh(ko,•_o)+,in (k_,' _o))1

Bending Stress:

dp_

2"F,c'J_3 "-" 7 Xcjo,,d . Xc' ( m )

Normal Functionof Shear Load:

xo,"- (koj,•[.inh(k_,._) - .,_ (ko,._) - ,o, •(co,h(ko,._o)+_o.(ko,•_, ))]
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Drawing H-2-83724 Doc. No. PMN-VIBTV-049 Page ]7 of 28
Building Tank _4]-C-]06 (106C) Rev. ........ 0 Job No.
Subject TransportationPeak Shock..Lgadinqon _06-C (49ft)
Originator P, M. Nquyen t_W //. ...... Date 0.5/.24/94
Checker S.S. Shiraqa .J/.//./ Date 06/_5/94

Shear Load:

Xcu==d'"Xc'# (sin(_• - _ •sin •

. .

Maximum Shear Stress:

t======= 2 " V=b----_=A_

Total Stress:

tn.(.sec) y. (in) on (psi).. Voh.=.(psi) o_...(psi)

0 0 0 0 0
.... | , , , ,, ,

0.063 0 - 379 904 - 1.,283

0.125 0 - 532 1,271 -],803,, ,

..:_ 0.188 0 ......-,375.. 895 .-1,270
. .

0.250 0 - I l - 2,= , ,,,

0.313 0 375 - 869 1_272

0.375 0 534 - 1,275 1,809, , ,,

0.438 0 378 - 904 1,282,, ,,

0.5 0 -I 4 -5
....................

Maximumtotal stress at stiffenerrings:

Obtot= 1,809 psi

66-141 .
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Drawing H-?-B3724 Doc.No. PMN-VIBTV-04g Page_ of2B
Building Tank 241-C-I06(I06C) Rev. 0 Job No.
SubjectTransportationpeak Shock Loadinqon 106-C (4gft)
Originator P. M. Nquyen iw_ . , . Date 05/24/94
Checker S.S. Shiraqa ._'=.___/ Date, 06/15/94

- • .
•..

• . .

•

" Peak Longitudinal Shock Loading:

Model as individualclampedand fixed beams betweenthe supports and as
a cantileverat the ends. Assumethe load is pulsatingsinusoidalforce
at mid span on the clampedand fixed beams and on the ends for the
cantilever. For conservatismonly the inner pipe is consideredto

.- ..... resist the loading.

' y

x -_--_

1b =I

Between Intermediate Supports

Y

Flc sin(_

x -_--q

.... •

At End SuPPorts• .,

Figure 2

The peak shock load is taken from data developedin Reference1, page S.
The peak longitudinalshock load parametersare defined as:

Peak Loading: gmt = 2.3 Frequency: _ = 4_/sec

Duration: Tp = 2_/t
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Drawing H,_-83724 Doc. No. PMN-VIBTV-049 Page ]g of 28
Building Ta.nk 24]-:C-106 (106C) Rev. 0 ,, , Job No. ,
SubjectTransportationPeak Shock Loadinqon.]0.6-C(49ft)
Originator P. M. Nquyen _ Date....05/_4/94
Checker S. S. Shiraqa..,/_/J Date .06/15/94

• ..

Container Parameters:

Materialmodulus at 115"F (Reference2): E=stt- 29.258 X 106 psi

Density of carbon steel (Reference 3, page 398):

P=stt = 0.2835 Ibs/inz

Acoustic velocity in carbonsteel:

_ g'E.ilac_el = Pcscl

acs++t= 16,634 ft/sec

Pipe OD: dpod = 52 in Pipe thickness: tpw- 0.375 in

Pipe ID: dp+d = dp_ - 2.t_

Cross sectionalarea of pipe:

apL,- ,_,_+
A+=. 4

" " Pipe cross sectionalmoment of inertia:

ap_-api_
l_=X 64

Containerempty weight: Wc= l 62,732Ibs

Containerpayload: W_ = 3,152 Ibs

Length of container: L=_ - 589.375 in
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Drawing H-_-B37_4 Doc. No. PMN-VIBTV,O4g Page20 of.._
Building Tank 241-C-106(106C) Rev. 0 Job No.
Subject TransportationPeak ShQck Loadinaon |06-¢ (4gft)

Originator P. M, Nquyen fMPj___¢../ Date 05/24/94Checker S. $. 5hiraqa Date 06/15/94

eD

Total weight of container: WF,ck = Woon "J" Wj)C WI31K:k m 65,884 Ibs

Load per unit length:

• • _'C_n
• , .'o ,:- °

. Pulsatingsinusoidalforce:

" g_l w_l sin(_ t)

Where 1 is defined as the lengthof the section.

DifferentialEquationsof Motionfor LongitudinalVibration:

General form of equation:

d 2 da

t_ u = a_t_--_-/ u

Where "u" is definedas the displacementof the cross section.

General solutionis:

Where A, B, C and D are constantsto be determinedby the boundaryand
initialconditions. _ is definedas the naturalfrequency. It is
assumed that all materialsare homogeneous,isotropicand obeys Hooke's
Law.

B6-]44



WHC-SD-TP-SEP-024 Rev. 0
..

ENGINEERINGANALYSIS

Drawing H-2-83724 Doc. No. PHN,-VIBTV-049 Page21of28
BuildingL Tank 241-C-]06()06C) Rev. 0 Job No.....
Subject.TransportationPeak Shock LoadingoD]06rC (49ft)
Originator P. M. Nquyen _ , , Date 05/24/94
Checker S, S..Shir.aqa._'-,"J Date 06/15/94

Derivation of normal function for clmped and fixed section:

Since the beam is assumedto be clampedand fixed,displacementat the
ends is equal to zero. The boundaryconditionsare: U_o-Ux.l-0.

Substitutingthese into the aboveequation:

_ac,cl] I,a_tlJJ

Where f(t) is definedas a time dependentfunction.

Then C - 0 and:

u.._-t f(t)Dei_O tl.O

Then:

ao,=1) l

Thereforethe normalfunctionthen becomes:

Clamped and fixed supportedsectionbetweenstrongback:

Length of sectionbetweensupports: Ib - 24 ft

Evaluationtime intervals: j - 0 .. 8
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Drawing H-2-83724 Doc. No. PMN-VIBTV-04_ Page22 of.._
Building Tank 241-C-I06(I06C) Rev. 0 Job No.
SubjectTransportationPeakShqck Loadinaon I06-C (49ft)
Originator p. M. Nquyen p_ Date 05/24/94
Checker S.S. ShiraaB ..¢_'_,,/_ Date 06/15/94

.,

Locationof evaluation: xb - Ib
. .

. Odd number of node locations: n - I .. 5 in - 2-n - I
• ,.

" " Magnitudeof pulsatingforce: Ft - g_t.wc_.lb

F, - 74,047 Ibs

Solve for time dependentfunctionfor forcedvibration:

Since any displacementcan be obtainedby superpositionof corresponding
displacementsto the normalmodes of vibration,vibrationby disturbing
force can be representedby a the series:

u.,_, ¢ x(x)
n

Where @ is the unknownfunctionof time.

By virtualwork:

• ,' : L

.--_

Since the mass of an elementbetweenadjacentcross sectionsof the bar

ispap dx, the virtualwork done by the inertialforce on the virtual
displacementis:

So'(-,,. °,.-,.,.Io'("' )_-_u Dsi dx
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Drawing H-2-83724 Doc. No. PMN-V_TV-049 Page?3of.._
Building .... Tank _41-C-106 (I06C) Rev...... 0 Job No.
Subject Tra:_portationPeak Shg.ckLoadina on |06-C (49ft)
Originator.P. M. Nquyen.fkud ._/ Date 05/24/94
Checker .....S, S. Shiraga _,/-W Date 06/15/94

Substitutingfor u with the series:

wz- "p_! a,2 D-_¢

Virtual work producedby the elasticforce is:

a "=_o'[ u aumm

By substitutingin for the above series:

_ _2.z E_,_jAp D @awB-- 81

Virtual work of the disturbingforcewhere: x - I/2

I-I

-8 We= F(t)D si =F(t)D (-1)a

The secondterm is in a FourierSeries form.

._ Summing the aboveexpressiongives the total virtualwork:

2 dc"-'_ ¢ + e 1

Rearrangingterms:

e' 2 (-1) "_
at---_ _ +[n(_.)]'¢ = p,_,'%,l_ _ ,±n(_ c)
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• " ii:'i'" " " Drawtng H-2-837_4 Doc. No. PMN-VIBTV-O49 Page 24 of _28• .

• " Building Tank 241-C-106 fl06C) Rev. Q Job No.
Subject Transoorl;el;Jon Peak Shock Loadina on ]06-C (49f1_)

' Date 05/24/94
Originator P. M. Nquyen I,_N/..,/j/Checker S.S. Shiraqa .... Date 06/15/94

....

• .. .-_...

",

The natural frequencyis definedas:

i n _ a_c 1

. Using Duhamel'sintegral(Reference5, page 43)
-:

.

• . . ":L.' " .(_- Z..

2 el (-I)---i--
¢ = _ocs_Xo (t- z))sin[(:_(c- z)]az•"" _p P_,cllbDI

Solving for the integral:

J{-1

i ¢(,.._.2 F,(-i)_- _[-_cos(_t_),i9_(,.)tj]. _(,.)_in(_tj)co_[_(,.)ll
+ _ z

Deflection:

"_.

.;. ". n

• "-- Axial Stress (by differentiation):

[,((_o)-)]= z=._ ¢(_.,_)cosi_. _ i_Ob_
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Drawing H.Z.83724 Doc. No. PMN-VIBTV-O4g PageZ5 of 28
Building, Tank 241-c-1Q_ (]06C) Rev. 0 Job No.
Subject TransportatioD PQBkShQ_k Loadin_ on 106-C (49ft)
Originator P. M. Nquyen f_ , Date _05/24/94_
Checker S.S. Shiraaa .L/_'J Date 06/15/94

w_r

Time tj (sec) Displacement u, (in) Axial Stress O; (psi)
0 0 0

,, •, , _ , i,

O.063 0 - 3g2

O.125 0 - 656

0.]88 0 435
,, , ,,, ,, ,,,,,,,, ,,,, ,,,, ,,,,

0.25 0 - 3
, , ,, , ,, , ,,

0.313 0 511

0.375 0 - 572,, ,=,

0.438 0 449h .....

0.5 0 -5
....

Maximum axial stressat stiffenerrings:

Obmax- - 656 psi

C1_unpedand fixed supported section outside of strongback:

Length of sectionbetweensupports: 11b = 242.750 in

Location of evaluation: xlb = 11b

--- Magnitudeof pulsatingforce: FIt - gpst.Wcon.11b

FIt - 62,413 Ibs

The natural frequencyis defined as:

i n _ aeseI

QI(_.) " .Lz_
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Drawing H-2-83724 ........ Doc. No. PHN-VIBTV-049 Page_L6.of .._
Building Ti_nk 241-c-106 (106C} Rev. Q Job No.
Subject Transoortation Peilk Sh,_¢kLo_J111qon 106-C (49ftl
Originator P. M. Nquyen _N_v Date 05/_4/94 _
Checker , S. S. Shir_qa...../_/___/ Date 06/]5/94

Using the same logic as above:

Deflection:
..

_ i=, x:.Iulj-_]=,i(,.,_• r_;)

• . o

Axial Stress (by differentiation):

oz.,-e_=_ ,I(_.._cosi.,,_) i.

Time tj,(sec) Displacement uj (in) Axial Stress oj (psi)
0 0 0
, ,,,

0.063 0 - 425
,,

O.125 0 - 550

0.188 0 387
,,,,

0.25 0 - 3
..

0.313 0 375
,,

0.375 0 - 552

0.438 0 - 364
,,, , ,,,,,,

0.5 0 l

Maximum axial stressat stiffenerrings:

al=, X - - 552 psi
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Drawing H-2-83724 Doc. No. PHN-VIBTV-049 Page.lZ of 28
Building ......Tank 241-C-106'(106C_ Rev. 0 Job No.
Subject Transportation PeakShock Loadlna on 106,C (49ft)
Originator P, M, NquYen f_d .... Date 05/24194

... Checker S, S. Shiraoa J-_/_,/ Date __06/15/94
..

: Cmnttlevered Section:

Length of cantilevered section:

. 1c - [(589.375 - 540.375) + 4.125] 1c - 53.12 in

•' Location of evaluatlon: xc - 0 In
_ . ",

r

Add in additional length and weight of top hat:

Weight: W_,t - 1,039 ]bs Length: It= - 8.1875 in

Assume additionalweightdistributedalong the axis:

. W_ -W_ + "]c'--"_

Magnitudeof pulsatingforce: Ftc- gp,t-Wco_i.lc

Ftc- 29,159Ibs

The natural frequencyis defined as:
A,

i. _ aa#tj
-_ Oc(_.)= l:

From the same logic as the above the response equation becomes:

2 FI= (-i)_1/ sin(_ Cj)]--E- A, 1.
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Drawing H-2-8_724 ..... Doc. No._ PHN-VIBTV-04g Pzge.Za of .._
Buildtng Tank 241-C-106 (]06C_ Rev....... , _) ,, Job No.
Subject Tnnsoortatton Peak Shock Loadtna o_ 106-C (49ft)
Originator P. M, NCluv_n.....@_/ Date 05/24/94_
Checker $. S. _hlraaa r_K/j/ ......... Date.......06/15/9¢_

Deflection:

,, mi_(i. s x,1

Axial Stress (by differentiatlon):

% - ,.., co, i., i.

Time tj (see) l)isplacementuj (,in) Axial Stressoj (psi)

0 0 0,,

0.063 0 go
,., ,,, ,,,

0.125 0 ]27,.,, ,,,,, , , ,, ,

0. ]88 0 90
• , ,, .......... ,,,...... .,,, ,,

0.25 0 0
, ,,,. ,,,,.,, ,, , ,, ,

0.313 0 - 90_ ..,.

0.375 0 - 127
,,,,, , , .

._ O. 438 0 - 90
,,,, , ,,, ,,

0.5 0 0
• , . , ,

Maximum axial stressat stiffenerrings:

oii:IIiix m 127 psi
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Drawing H-2-83724 Doc. No. pMN-_SME_049 PageJ of17
Building Tank 241-C,106 (106C} Rev. Q Job No.
Subject ASMEDestan an_ Bolt EnaaaementVerification Calculations
Originator P. M. _ouven......p_.%e_,,., ..... Date 05/?6/94 ....
Checker _. S. _h!raaa J'_'-J_. Date _ 06/14/94 _•

-, . -

!

I. ObJe;ttve:

The objective of this analysis was to verify the 106-C 49 foot bolt and hub
inner flange design loads tn accordance with Reference 3, as an independent check
of the design calculations which were performed to Reference 11. Also the thread
engagement of the inner flange to insure proper strength of flange material. The
top hat loading Is not evaluated tn this analysis, since it is not considered as
a part of the containmentboundaryfor transportation.

I I. References:
• •

1. WHC-SD-TP-PDC-OI5,Rev. O-A, "Packaging Design Criteria Transfer and
Disposal of Equipment, Tank 241-C-106 Waste Slutcing System".

2. Engineering Change Notice 606658, dated May 02, 1994.

3. American Societyof MechanicalEngineers,Boiler Pressure and Vessels,
SectionVIII, Division2, 1989.

4. IndustrialPress,Ma_h_ner.y,sHandbook,23 rd edition.

5. WHC DrawingNo., H-2-83722,H-2-B3724,H-2-83725,H-2-B3726and
H-2-83727.

6. EPRI NP-4B30"The Effectof TargetHardnesson the StructuralDesignof
ConcreteStorage Pads for Spent Fuel Casks".

7. DesignAnalysis,WO/Job No. ER428g,Kaiser EngineersHanford, Nov. 11,
1993.

8. Roark, Eprmulasfor Stressand Strain,4th edition.

--- 9. American Instituteof Steel Construction,Manual Of S_eel Construction,9th
edition.

10. US-NRC, 10 CFR Part 71, "Packagingand Transportationof Radioactive
Materials'.

11. American Societyof MechanicalEngineers,Boiler Pressure and Vessels,
SectionVIII, Division 1, 1989.

12. FlexiCarbProductSpecification.

13. ASTM, American Societyfor Testingand Materials,ASTM A307, 198g, p.40.

III. Results and Concluslons_
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Drawing_ H-2-83724 Doc. No. PMN-ASHE-049 Page_?,o617
Building Tank 241-C-I06 (I06C) .... Rev. 0 Job No.
Subject_ ASMEDesiqn Ind Bolt EnaaoementVerificatlon Calculations
Orlglnator P, M. Nquytn eM_ Date..... 05126194
Checker ...... 5, S. Shirlqa _._'J_ .... Date .... _16/14/94

The engineering evaluations independently verifies that the design is adequate to
withstand the pressure loads specified in Reference 10 by meeting the
requirements of Reference 3. Also the specified thread engagement is sufficient
to provide a flange strength equivalent to the bolt strength, which insures the
bolts will not pull away from the material. Bolt and blind flange stresses were
also used in conjunction with the drop and payload impact analysis.
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Drawing H-2-83724,,. Doc. No..PMN:_SME-049 Page3 of_.].Z
" Building Tank 241-C-|06.(]06C) Rev. 0 Job No.

Subject. ASME Desiqn and Bolt.EDqa.qementVerificatlonCalculations
Originator P. M. Nquyen P_ Date 05/26/g4
Checker S.S. Shi.raqa_,"_,/_/ Date 06/14/94 '

• IV. EnqineerinqEvaluation:

1. ASME SECTIONVIII, DIV. 2 Allowables:

Determinationof pipe materialallowableat temperature,(Ref. 3, Tbl. ACS-I,
p.77):

•..... [ ]: S = _(23.:1. - 23.3) • 1(13 . (:1.3.5 - 100) . 23.3 • 103
(200 - 1oo)

.,

S = 23,270psi

Modulusof Elasticityat temperature(Ref.3, p.70):

Ezzs= [28.8 - 29.5 (i15 - 200) + 28.8] •106

O 200 - 70

E11s = 29.258X 106 - psi

Poisson'sratio (Ref. 3, p.516):

Since no cyclic loadingassumed:

Sy115= 38,000 psi S,115= 38,000 psi

.-_ vzzs = 0.5 - 0.2 • S_,ns

' v11s = 0.3

Design Pressure: p = 11.2psi

Allowabletensile on boltingmaterial (Reference11, p.276):

s= - 55,000psi

2. Bolt loads: (Reference3, Section3-320,page 488)
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• - Drawing H-2-83724 Doc. No.,PMN-ASME-049 Page 4 of 17
Building.....lank 741-C-]06(]06C) Rev. 0 Job No.
Subject, ,ASMEDesiqnand Bolt _nqagementVerificationCa)cuIBti,ons ,,
Originator P. M. Nquyen _, I ...... Date , 05/26/g4
Checker S. S Shiraqa 4/_/./" Date 06/_4/94

. . .."

. ,

• • .°. _.

" Gasket Factorsfrom Reference12:

m = 2 y = 1,000 psi

Gasketdiameter:

: • N= (51.25 - 45.25)
." 2

Basic gasket seatingwidth:

bo= _N2

Effectivegasket seatingwidth:

Since bo > _:

2

Diameter at locationof gasketreaction:

Since bo > %:
.--_

: •...

G = (51.25 - 2b)

G = 50.025in

Total hydrostaticend force:

H = 0.785 G2 p

H = 22,002Ibs
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Drawing H-2-837_4 Doc. No. PMN-ASME-049 Page_..5.of 17
Building Tank _41-C--_06. (106C) Rev.... 0, Job No.
Subject ASME Desiqn an,d, Bol.t.EnqaqementVerificationCal.culatio.rls
Originator P. M. Nquyen_,, Date. 05/,.26/94

Checker S.S. Shi'raqaZ_ Date 06/_4/94
. .

Total joint surfacecompressionload:

Hp = 2 b •3.14 Gmp

. "-', . • .

Hp = 6,094 Ibs

• Required bolt load (internalpressure):

w= =H+H_

W,_= 28,096 Ibs

Total bolt load requiredfor gasketsealing:

w=2= 3.z4 b C y

W_ = 136,030Ibs

Since W_I< W_ Gasket seatinggoverns determineminimumbolt torque.

Bolt diameter: d_tt = I inch Number of bolts: 16

Threads per inch: n = B/in

--- Load per bolt for gasket seating:

W=2
WboJC = --_

WboLt= 8,502 Ibs

Assume a torqJing coefficientof: K=_( = 0.2
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.' "; Drawing H-_-83724 Doc. No.. PMN-ASME-049 Page6 of 17
Building Tank 241-C-I06(106C) Rev. 0 Job No.
Subject ASME Designand Bolt Enaaqemen_VerificationCalculations
Originator P, M. Nquyen _, Date 05/26/94

Checker _ S. S Shiraoa _'_/'// Date 06/_4/94
.

r.

Requiredtighteningtorque to seat gasket:

• •

":.... " Tr,q = 142 ft-lbs

Specifiedbolt torque (Reference5): Tw, = 295 to 305 ft-lbs

Assumed: Tpr, = 305 ft-lbs

Since Tpra > Tr,q gasketseatedand sealed.

Bolt loading:

Preload on bolts:

---- . rpT e

w,=t = 18,300Ibs

Hydrostaticload per bolt:

h= H
.__ 16

• h = 1,375 Ibs

Total load per bolt:

W_=oc= w,ct + h

wbtot= 19,675 lbs
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Drawing. H-_-B3724 Doc. No. PMN=ASM_-049 Page7 of 17
Building Tank 241-C,]0_ (106C_ Rev. 0 Job No.
Subject ASM{ Desiqn and Bolt EnqaqementVerification Calculations ........
Originator P M. Nquyen _d Date 05/_6/g4
Checker Sl S. Shiraga '/_/' Date 06/14/94

. .

i,

Tensile stressarea of bolts (Reference13):

• Ab = 0.7845 l_ - n.:

Total stress per bolt:

Sbolc - Wbc°c
A_

s_Lt = 32,270 psi

Margin of safety:

SLb
MSbolc - - 1

SbolC

MSboLt= 0.7

3. Flange bolt design loads:
..-..

• Internalpressure load:

Wop= W,I= 2B,096 Ibs

Requiredtotal bolt area:

A=z-
S_b

A_ = 2.47 inz
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Drawing H-2-83724 Doc. No. PMN-ASME-049 Page_8 of 17
Building Tank 241-C-]06(]06C) Rev. 0 Job No.
Subject ASME Desiqnand Bolt EnQaqementVerificationCalculations
Originator P. M. NQuven_ Date 05/_6/94

Checker S.S. Shiraqa_'_, / Date 06/_4/94

Availablebolt area:

A_ = 0.7854 (1 - 0'9743)2n "16

- " .... Aab- 9.69 inz

Margin of Safety:

.. A_
.. -- _b - - 1

Amz

MS,b= 2.91

Bolt yield strength(Reference11): S, = 55,000 psi

Gasket load:

Wg;k= IA_ + Ab)S.2

Wgsk= 231,100Ibs

Flangemoments for internalpressure:i

Insidediameter of flange (Reference5): B = 47.25 in

Thicknessof hub at back of flange(Reference5): gl " 0.75 in

Bolt circlediameter (Reference5): C - 49.25 in

Radialdistance from bolt circleto point of intersectionof hub and back of
flange:

R=C-B
2 -gz

B6-160



WHC-SD-TP-SEP-024 Rev. 0

, .

ENGINEERINGANALYSIS

Drawing H-2-83724 ...... Doc. No. PMN-ASME-049 Page___of 17
Building Tank.,24]-C-106 (106C) Rev. 0 ....... Job No.
Subject, ASMEDes_qn and Bolt EnqaqementVerification Calcylations .......
Originator... P. M. Nqqy.en, e_J Date 0S/26/g4 ,
Checker S.S. Shiraqa ././J/ Date 06/_4/94

Hydrostatic end force on area inside of flange:

Ho = 0.785 S 2p

HD - 19,629 lbs

•"" Gasket Load:

HG= Wop- H

HG= 6,094 lbs

Differencebetweentotal hydrostaticend force and the hydrostaticend force on
area insideof flange:

HT - H - Ho

HT - 2,374 Ibs

Radial distance fromthe bolt circleto the circleon which H_ acts:

hD - R + 0.5 gI

Radial distance from gasketload reactionto the bolt circle:

C - G
ho - 2

--- h_-- 0.388 in

Radial distancefrom the bolt circleto the circleon which H_ acts:

R+g1+h _
h_ = 2

Componentof momentdue to Ho:

- - h,,
Mo = 12,268 in-lbs
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: Drawing H-_-837_4 Doc. No. PNN-ASME-049 Page ]0 of 17
Building Tank 241-C-I06(I06C_ Rev. 0 Job No.
Subject ASME pesiqnand Bolt [naaaementVerificationCalculation_
Originator p, M. Nquyen e_ . Date 05/?6/94
Checker S. S, Shiraqa.._/y/ Date 06/14/94-

. . ". . ."

%-Ho- ho

I_ = 12,268 in-lbs

Componentof moment due to Ha:

:.. ,....:...,:.! .., . M_= Ha • ha.....

M_-- 2,362 in-lbs

Componentof:moment due to HT:

Mt - HT • ht

Mr = 727 in-lbs

Total moments from internalpressure:

Mo;,,=Mo+ +.,,,/T

M_re== 10,632in-lbs

Moment from gasket seating:

2

"-- M_,, = - 89,600 in-lbs

4. Hub flange stresses (integral type flange):

Flange thickness: t m = 1.75 in

Hub length: h = 0.375 in

Thickness of hub at small end: go = 0.375 in

Hub Factor:
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Drawing_ H-2-83724 Doc. No..PMN-ASME-049 Page._llof_]i
Building Tank 241-C-106(106C)_ Rev. 0 Job No.
Subject ASME.Des.i.gnand Bol_ EnaaqementVerificationCalculations __
Originator P..M..Nquyen ,_ Date 05/?6/94
Checker S.S. Shira_a/_/__2 Date 06/14/94 _

ho =_o

ho - 4.Z1 in

Ratio of thicknesses:
., .-

"' . gl =_.o. .

".... "" gO

..

Ratio of hub lengths:

h = O.0891
ho

From Reference3, page 497:

Factors for integraltype flange: F - 0.909 V = 0.46

From Reference3, page 499:

Hub correctionfactor for integraltype flange: f- 3.4

Flange outsidediameter: A = 51.25 in

--- Ratio of outsidediameterto insidediameterof flange:

A
K = m

B

K - l.OB5

From Reference3, page 496: K Factors: U - 29 T - 1.95
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Drawing H-Z-837_4 Doc. No. PHN-ASHE-049 Page.._ of __.
Building Tank 241-C-106 (106Ch Rev. 0 Job No._

' Subject_ ASME Desiqnand Bolt Enaaaeme.ntVerifi_ai_ionCalculations
: Originator....P. M. Nquyen _N Date 0.5/26/94_

Checker S.S. Shiraqa_/J,,_" Date 06/]4/94 _

• U
d = --_ ho g=o

d - 37.32 in 3

• ,' . • ...

"' F
e = _

ho

-1e = O.ZI6 in

L = t_ e + 1 . _t_b
T d

L = 0.850

K2 + 1
Z=

K 2 - I

Z = 12.33

( KZ I°_(K) )I_ 0.66845 + 5.71690 K2 - 1--- Y- K 1
• . . ,

Y = 23.78

Longitudinalhub stress:

Gasket seating:

B6-164



WHC-SD-TP-SEP-O?4 Rev. 0

ENGINEERINGANALYSIS

Drawing H-2-837_4 Doc. No. pMN-A_SME-049 Page 13 of 17
Building Tank 74|-C-106 (106C! Rev. 0 Job No.
Subject ..ASHE Desiqn and Bolt Enqaaement.VerificationCalculations ....
Originator P...M, Nguyen _N... Date 05/26/94
Checker S S Shiraqa.J//" ....... Date 0§/14/g4_", _ _., r '

f"M_s

L"gz2"S

S. = - 13,480psi

Operation:

S h =
Lg_B i

s, = 1,600 psi

Combined total: Ht = S, + s, Ht = - 11,880psi

Radial flangestress:

Gasket seating:

SR = (1.33 t:b e + I) Mo_as
L tzbzB

S_ = - 1,094 psi
.--_

Operation:

S._ = (3..33 t_ e * :1.)M'_r,,
L _B

si - 130 psi

Combined total: Rt - SR + sR Rt = - 964 psi

Tangentialflange stress:
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DrAwing H-2,837114 Doc. No. PMN-ASME-049 ....Page.._ of ..,II
Building_ T_k 24]-C-106 6106C) Rev..... O_ _ Job No,, ii --

Subject ASMEDesign and Oolt [naaaement V_if)c_t!on ,Cllculations _
Originator P. ML Nguyen ......_.. Date 05/26/94_
Checker S. S,__lliraclol__// Date 06/14194__

• ., . . . .

Gasket seating:

Cn_2"B

- . ST = -16,328 psi

- •.-• Operation:

Z'Mop_.
sT= - Z"Se

tt_" B

s_- 146 psi

Combined total: Tt - S_+ sT Tt = - 16,180 psi

5. Allowable flange design stresses

ASTMA-516, gr. 55 since no grade was specified on drawing, use lowest grade
(Ref. 3, p. 75), at 115°F, yield:

Sf = 18,300psi

1.5 • Sf - 27,450psi

For conservatismbase on combinedstresses:

...... Paragraph(4)(I): Ht < 1.5 • St OK

Paragraph(b): Rt < S( OK

• Paragraph (c): Tt < St OK

Paragraph(d):

Hc + Rt < Sz2

OK
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Drawing .H-Z-B3724 .... _ Doc. No. PMN-ASME,O4g Page 15 of 17
Building Tank 241-C-]06(I06C) Rev. 0 Job No.
Subject ASME Desianand Boll;_EnaaaementVerificationCalculations
Originator.,p. M. Ngu.Yen_ Date 05/26/94
Checker $. $, Shiraga_,/_'__/ Date 06/14/94

Paragraph(e):

Weld size: wW- 0.375 in

Weld area:

Aw = 0.707 Ww _ B

AW - 78.71 in2

Stress on weld:

_w " 1,728 psi

ASME allowable: SW = 0.8 • Sf SW = 14,640psi

Margin of safety:

Sw
_w-- -- - l

Tw

MSW = 7.47 OK

6. Check Length of Thread Engagementfor I-8UN x 2 1/4 Bolt:

Reference4, page 1278.
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Drawing H,2-83724 Doc. No. PHN-ASHE-049 Page 16 of 17
Buildtng Tank 241-C-106 (106_) Rev. 0 Job No.
Subject ASME Desiqn and Bolt EnaaaementVerificationCalcqlationl
Originator P. M, Nauyen....,'_ Date 05/26/94 _
Checker S.S. Shiraaa JJ_/ Date 06/14/94v_

,i ii

Le

Figure !

Knmx = 0.86 in Es,Jn= 0.92 in

_-o._,_,.(_-o.-,_______)'_
At - 0.61 in2

"-- L. = 2 "A_

L, = 0.5947 in lbott = 2.25 in tea,k = 0.25 in tb_t_ = 0.75 in

Length of engagement: L=ct = ]boLt- tp,k - t_t_
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Drawing,, H.Z-83Z_4 , Doc. No. pMN-,ASME-O49 Page17 of_]].
Building Tank 241-C-106 (106C} Rev., 0 Job No.
Subject ASME Desian.BndBolt [nqaqementVerificationC.alculBtions .

: Originator P,.M, Nqu.yen._M_ ,./ . Date. 05/26/94....

Checker.. S...$...Shiraqa._/_/ Date 06/34/94...

MS,_ = L'c----_- 1
L,

MSeng- 1.102 OK• " . .-: .

• ; -
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DON'T SAY IT --WrYte It! DATE: 5/Z6194

TO: Donald S. Calmus G2-02 FROM: Harold E. Adkins, Or. G2-03

Telephone: 3'76-9703

cc: O.W. Thornton G2-03
S. R. Crow G2-03
S. S. Shiraga NI-40
J. R. Bellomy III S6-12
T. C. Mackey $2-03
,1. V. Egger $2-03

SUBJECT: IOB-C TRANSPORTPACKAGINGTIE-DOWNANALYSIS

For the 106-C project, two separate transport systems designs were chosen.
These two systemswill be referred to in this document as the main and
optional transport systems. These two transport systems consist of four tie-
downconfigurations. The main and optional transport systems, equipped to
handle both the 49 foot and 62 foot containers,are shown in Figure 1 and 2
respectively. These systems consistof a tilt-trailer/transportmechanism and
a specially modified extendabletransporttrailer respectively. The four tie-
down configurationsfor these two particulartransport systemswere designed
and analyzed around the following assumptions.

1) Containers are loaded with their payload and are fully shielded
as mentioned in earlierportions of this SEP.

2) Tilt-trailerpivot pins are able to withstandthe remaining portionof
the longitudinalload that the tie-down system is incapableof
handling. This only appliesto the main transport system. Analysis
to support this assumptioncan be supplied by T. C. Mackey.

3) Support saddlesand their attachmentfixtures are able to withstand
the entire longitudinalloadingconditionend can be consideredas
blocking for the lateralloadingcondition. Thls only applies to
the optional transport system. Analysis to support this assumption
was performed and can be supplied by J. V. Egger.

4) The tie-down points on the trailer are capableof withstandingthe
forces exerted by the tle-down cables (wire rope).

For the main transport system (FigureI), the resultsof the analysis indicate
that the cables for the two possible tie-down configurationsmust have a
minimum Nominal Breaking Strength (NBS) of 14,474 Ibs for each of the twelve
(12) cables. To remain consistentwith the analysis performed,34,000 Ib
shackles with a pin diameter of I-5/8 inches and 10,000lb safety hoist rings
(D-rings)should be used for both of these tie-downconfigurations.

For the optional transportsystem (Figure2), the resultsof the analysis
indicate that the cables for the two posslble tie-down configurationsmust
have a minimum Nominal Breaking Strength (NBS)of 9,160 Ibs for each of the

_-SO00-101 (12/92) _F014
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sixteen (16) cables. To remain consistent with the analysis performed, 34,000
lb shackles with a pin diameter of 1-5/8 inches and 10,000 lb safety hotst
rings (D-rings) should also be used for both of these tie-down configurations.

It is suggested by the analyst to Implement • ratchet-action load binding type
of device to minimize exposure time and to rid in pre-tenstoning the tie-
downs. These such devices must meet or exceed the working load limit of the
cables they are being used with. It is important for interested parties to
note that all of the tie-down components mentioned above are available through
McMaster-Carr supply company (ratchet-action load binder - Ref. No. 5249).
Pre-tensiontng is left to the discretion of the riggers responsible.

An important note that should be brought to the readers attention is ms
follows. In figure 2, support saddle location is not the same for the 49 and
62 foot containers. At the trailing end of the trailer, supportis applied to
different stiffeningrings. Even with this in Rind, the tie-dow_ combination
at this particular locationwill be the same, the cable placementwill merely
be reversed in the longitudinaldirection. This will save on cost by
minimizing tie-down fabricationneed. I.E., only one set of tie-downswill be
needed for the optional transport system.

The analysis, consisting of hand calculations, were checked by S. R. Crow and
are attached.

54-_000-101 (1::/92) gEF014
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BRITTLEFRACTUREANALYSIS
106-CPACKAGINGPROJECT

D.B. CALMUS

pACKAGINGCATEGORY: Determinethe PackagingCategoryfromTable I in
RegulatoryGuide 7.11. Sincethe contentsare in excessof 30 A2, the
PackagingCategoryis II.

REOUIREMENTSFOR NDT: Use CategoryII informationrequirementslistedin
Table 5 of NUREG 1815to determinethe NDT for brittlefracture. As noted,
for thicknessbetween0.19 to 0.625,selectionof materialmade to "finegrain
practice"is sufficientto meet brittlefracturerequirementswithouttesting.
For thicknessgreaterthan 0.625,two optionsare available. One optionis
with full dynamicloading,and one optionis for reducedloadingrates. If
the reducedloadingis considered,Figure7 can be used to determinethe NDT
or Table 6 (derivedfrom Figure7) can be used. Table 5 subscript"b" allows
the use of materialwithouttestingif the NDT can be met by selectingthe
maximumNDT temperaturegiven if FigureI or Table3.

PACKAGELOADING: Eitherfulldynamicloadingat yield stressesor reduced
temperaturesbasedon loweryieldscan be usedto determineNDT as shown in
Figure6 of NUREG 1815. Curve I is for dynamicloadingat yield stresses,
curve 2 ismaterialloadedto lessthan lOOgand withyieldsstrengthsbetween
60 kips and IO0 kips and curve3 is for steelsloadedto less than lOOg and
with yield strengthsless than60 kips.

For 106-Cpackagetransfers,hypotheticalaccidentsare not considered
credibleand stressesduringnormalconditionsof transferare estimatedto be
well belowyield stressand below ]OOgduringtransferindicatingthat the
dynamicload ratesreducedby 30 °F or 70 °F (curve2 or 3, Figure6,
NUREG 1815)may be considered. For this evaluation,the 70 °F reduction
(curve3) can be used sincethe AS16yield strengthis below60 kips
(3B kips).

CALCULATENDT: To determinethe NDT for 2 in. thickmaterial,use Table 6,
curve3 with LowestServiceTemperature(LST)specifiedto be -lO °F. The
formulafor determiningNDT is NDT - LST-A. The A value is found in Table6
to be -17 °F for 2 in. thickmaterial. The calculatedNDT = -10 "F -(-17 OF)
or NDT - 7 °F.

SELECTMATERIAL: Use Table3 to find the NDT rangesfor variousASTM
specificationsof steeland selectthe materialbasedon the calculated7 °F
NDT. AS16 normalizedsteelhas a NDT rangeof -50 "F to 10 °F and shouldbe
acceptablefor this project. In addition,if the calculatedNDT is equal to
or greaterthan the maximum(I0 OF)NDT rangeof the material,the material
can be usedwithoutspecificNDT testing. Under theseconditions,7 °F is
consideredclose enoughto the 10 °F maximumthatA516 normalizedsteel is
consideredacceptablewithoutspecificNDT testing.
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The above analysisis for the worst case (2 in. thick)brittlefracture
materialof the packagingcontainmentflangesand indicatesthat the I)_in.
thickblind flangesfor the containmentassemblyare also considered
acceptable.
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7.0 THERMALEVALUATION

7.1 INTRODUCTION

Internal heat generation of the contents should not prevent the
containerfrommaintainingits integrityduringthe specifiedlifetimeof the
waste package. Evaluationof heattransferdata will includeinformationor
assumptionsas r_quiredto determineif the packageis capableof passively
transferringthe heat load to the environmentor if specificcoolingdevices
are necessary.

7.2 HEATTRANSFEREVALUATIONANDCONCLUSION

Based on resultsof a gas generationstudy (PartB, Section8.3), the
maximumthermalloadingof the packageis estimatedto be 6.23 Btu/hfor the
I02-AYagitatorpump,4.27 Btu/h for the I06-Cheelpump and 0.614 Btu/hfor
the I06-Ctransferpump. Theseminimalheatloadswill be transferred
passivelyto the environmentand will not affectthe integrityof the package
duringtransferor storage.
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8.0 6ASGENERATIONEVALUATION

8.1 GENERALINFORMATION

Packagesof radioactivewastewith the potentialfor gas generationor
to reachexplosiveconcentrationsof hydrogenand oxygenor other explosive
gases may requireventsor catalystpacks to depletefreeoxygenand prevent
explosiveconcentrations.A gas generationstudy (PartB, Section8.3)was
completedto determinethe estimatedextentof hydrogengas or otherexplosive
gas build-upin the packages. Basedon resultsof the study,ventsor other
methodswere evaluatedto ensurethat estimatedgas build-upwill not result
in unsafeconditions. The studyalso identifiedthe estimatedpressure
build-upand thermalloadingof the packagedue to waste contents.

8.2 GASGENERATIONEVALUATIONANDCONCLUSIONS

Resultsof the gas generationstudyindicatedthathydrogengas build-up
will exceedacceptableWestinghouseHanfordCompany(WHC)limitsof 5% within
8 years for the heel pumppackageand 6.9 years for the agitatorpump package.
To assurethat hydrogenbuild-upwill not exceedthe acceptablelimitsduring
the 20 year servicelife of the package,both the primaryand secondary
containmentbarriersof the packageare vented. The study also indicatedthat
the estimatedmaximuminternalpressurebuild-upin the packageat the 5%
hydrogenratewould be 0.77 psi. Consideringthis low rate (0.77psi) of
pressurebuild-upcombinedwith the requirementthat the packageis vented,
indicatesthat packagingdesignpressureratingsand extensivepressureleak
testinganalysisis not requiredfor packagesdescribedin this SEP.
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8.3 GASGENERATIONANALYSIS
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(_ WestinghouseflanfordCompany ANALYSIS p,_ 1 of 2
_. 1u_-@_F..P"

r_ Packaaina SafetyEnainsc)rklg oat, _ 0i/05/94
11rx_a_:.4r_/R_,om 4 oy (,,/_.'h. Genoni .
C_ _r'_e__,.,,t_f_ p,_,-,P-,'_!._-. 0,,,_'%'_J _._._,t'#z,_,,..,(;.'

Problem: Determine the hydrogengas generation ratesand potential
operating pressuresfor two packagingvariations(106-C equipmentand 102-Y
equipment),and in additionesUmatethe themml output of the defined source
terms.

References: (I) GEND-041, "A CalculationTechniqueto PredictCombustlbleGas
Generation in Sealed RadioactiveWaste Containers,"
May 1986

(2) DOE/TIO-11026, D. C. Kocker,"RadioactiveDecay Tables," Apdl 1991

(3) WHC.,-SD-TP-PDC,-015,"Par.,kaglngDesign Crlterk_,Transferand
DisposalEquipment,Tank 241-C-106 Waste SluicingSystem'

Determination:

The calculationtechniquedescribed in Reference1 was used to predict the radlolyticgas
generationfor two variationsof tranJEferand disposalpackagingscontainingequipment
(pumps)from Tanks 106-C and 102-_'. The
Lotus 1-2-3_ spreadsheet providedwith Reference1 was the analylJcaltool used In this
calculation. This methodologyhas been approvedby the U. S. Nuclear Regulatory
Commissionas a means for determininghydrogengas generationrates.

The followingtable containsdata extractedfrom Referanoe 3, AppendixA, which was used for
inputinto the spreadsheet t

, _ , ,,,,, ....

.... 1 iInput 102-AY 106-C Heal 106-C Transfer
Agitator Pump Pump

,, ......... I

Package ID 51.25 in 51.25 in 51.25 in
(4_7 fl) (4.27 ft) (4.27 ft) ,,, • ,,

Package IntedorLength 744 in 588 in 588 in
(62 ft) (49 ft) (49 ft)

,

Package Volume 888.2 f_ 702.0 ft_ 702.0 fls
_ , .......

Est. Pump Volume 4.09 f_ 3.54 fts 2.05 fls
(non void)

Est. ContainerVo,dVolume 884.11I'P 698.46 _ 699.cJ5
w/o waste

,,, , ......

i Waste Weight 146 Ibs.. 590 Iba 85 IbI
Waste Volume 2.024 ft= 6.1 ft= .878 ft=

Waste Density 72.1 Ibs/ft_ 96.7 Ibs/ft_ 96.8 Ibs/_
, , , ................

'_1-7400.,_16 (.)/88)

B8-3



WHC-SD-TP-SEP-024 Rev.0

(_ Weslir_rtw)useItanfordCompany ANALYSIS pq, 2 of 2

PackaQinoSafety Engineering . . oote..An Ul/OU/e4
1100/MO.404/Room 4 oy _'HJ'I:I:P. Genonl

n._ t"4,Ar_mtirJrlfnrP,,m.p._W_R ¢N,,,*W-'_'-,V'I__'.?j't_..,.JJ_,k_
• (7 -

The followingtable containsresultsobtainedfrom the spreadsheetcalculations.

I ...... I .......Results 102-AY Agitator I06-C Held Pump 106-C Transfer
Pump

i

Initial Gas Generation 2.340E+01 ccrnr 1.577E+01 oc/hr 2.270E+00 crJhr
Rate

Gas Generation Rate @ 2,153E+01 cc/hr 1.430E+01 cc/hr 8.692E-01 cc/hr
5% Hydrogen
Concentration

.......

Days (years) to 5% 2544 (6.97) 3004 (6.23) At 100 years the
Concentration concen_ationis

3.71%.

Pressureat 5% .77 PSi ,77 psi .57 psi at
Concentration 100 years

........

Max Decay Heat Watts 6.231 4.268 .614
(BTU/hr) (21.267) (14.566) {2.09B)
. 1,,,., . .. " '"

See spreadsheets and data libraryattached.

$4-7400276 (2_8)
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