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REMOTEHANDLINGEQUIPMENTFOR REMOVALOF WASTE FROM
SINGLE-SHELLTANKS AT THE HANFORDSITE

WilliamW. Jenki_Is
J WestinghouseHanfordCompany
" RemoteSystemsEngineering

P. O. Box IgTO H5-OB
Richland,Washington 99352
(509)376-9586

ABSTRACT (SST)at the HanfordSite. They are
undergroundtanks ranging in size

Mechanicalretrievalequipment from 208,000to 3,800,000L (55,000
conceptsare being developedFor to I,O00,O00gal). The tanks are
remote'mining'of the radioactive circular,constructedwith reinforced
waste in undergroundstoragetanksat concrete,and linedwith carbonsteel.
the Hanford Site in WashingtonState. The 208,000L tanks (thereare
This paper presentsa descriptionof 16 total)have Flat tops and are 6 m
the tanks,the waste, the key design (20 ft) irldiameter. The larger
considerations,and some of the more tanks havedomed tops and are 23 m
promisingconcepts For mechanical (75 Ft) in diameter. Tank heights
waste retrieval, vary dependingon tank capacity.

There is considerablevariationin
INTRODUCTION the number,location,and typeof

openingsin the tops of the tanks
Radioactivewaste has been stored with the majorityhaving at least one

in undergroundtanks at the Hanford ]07-cm (42-in.)diameter openingin
Site in WashingtonState for more the center. The top on _ typical
than 40 yr. These wasteswere tank is -2,5m (8 ft) below grade.
producedas a byproductfromplutonium
productio,;and separationoperations WASTE DESCRIPTION
that began as part of the World War II
defenseeffort. The originalwaste consistedof

liquidsfrom the plutoniumseparation
The U.S. Departmentof Energy, processthatwere strongacids. The

in agreementwith the U.S. Environ- acidswere neutralizedbeforethey
mental ProtectionAgency and the were storedin the tanks. The
State of WashingtonDepartmentof neutralizationprocesscauseda
EcologyI is preparingto demonstrate complexmixtureof solidsto
the abilityto retrievewaste from precipitateand form a layer of sludge
one of the undergroundtanks. This in the bottomof the tanks. To reduce
activityis part of an overallprogram the volumeof liquids,as well as
of environmentalrestorationthat has removethe radioactiveisotopesof
been initiatedat the HanforcSite. cesiumand strontium,a waste reduction

progr',_mwas initiatedin the Ig6Os.
One methodof retrievingthe This p_'ogramsignificantlyreduced

waste is to use remotely operated the amountof water ({isingevaporation)
mechanicalequipment. Another and reducedthe concentrationof
aIternaLiveis hydraulicsluicing, cesiumand strontium. This program
This paper describesthe efforts resultedin a concentratedsalt slurry,
completedto dale to designremotely which was returnedto the underground

•| operatedmechanicalequipmentto tanks. This salt slurry is now salt

Jl
demonstratethismethod of waste cake. Althoughnot fully charac-
retrieval, terized,it is estimatedthatthe

radiationlevelsnear the surfaceof
DESCRIPTIONOF SINGLE-SHELLTANKS the salt cake in a typicaltank are

)II less than I00 rads/h. A photograph

] There are 149 single-shelltanks of the interiorof a typicaltank is
shown in Figure I.





+

The sludgeis expectedto vary tank and its surroundings,except
in consistencyfrom liquidto dry and for the top and the
hard. The saltcake is expectedto pipingsystemsand earth above
vary in consistencyfrom a dry, hard the top,must remainundisturbed.
crystallinematerialto a wet, mushy
solid thathas no structuralstrength. KEY DESIGN CHALLENGES

Althoughnot classifiedas a Some of the key designobjectives
chemicalwaste,there are other items includethe following.

• in the tank thatmay need to be
removed• These itemsconsist of • To removethe waste at an average
verticalobstructionssuch as piping continuouswaste removalrate of

" and tubing,which penetratevarlous II4 L/min(30 gal/min}orgreater.
openings in the top of the tank and
extend into the waste. These obstruc- • To obtain an overallsystem
tions may need to be removed,using inherentavailabilityof at
remotelyoperatedequipment,to gain least 80%.
accessto the waste in the tank• In
additionto the verticalobstructions, • To designwaste retrieval

+ miscellaneousmetallicdebris is equipmentthatwill remove95%
! mixed with the waste. This debris, of the waste in the tank.

whether removedor not,will compli-
: cate the designand operationof the • To designwaste retrieval

waste retrievalequipment, equipmenthavingthe capability
to removewaste from tankswith

PREVIOUSWASTE RETRIEVALEQUIPMENT diametersrangingup to 23 m

+ STUDIES (75 ft) and with capacities
rangingup to3,800,000L

Equipmentconcepts for retrieving (],000,000gal).
waste from the SSTs have been the

subjectof previousstudies,the RETRIEVAlCONCEPTSUNDER CONSIDERATION
first being completedin 1975;z other
studies_,4,_,6have followed. The generalconceptof a

mechanicalwaste retrievalsystem
DESIGN INFORMATION consistsof remotelyoperated

equipmentoperatingthroughat least
Design informationis currently one penetrationin the top of the

being formulatedparallelto the tank. The equipmentis largebecause
effort to developthe most viable of the size of the tanks and the
mechanicalequipmentconceptsfor anticipatedweight of the special
waste retrieval. Some key design tools (endeffectors)that must
assumptionsare identifiedbelow, dislodgeand conveythe waste from

the tank. Most conceptsdevelopedto
• Waste consistsof hard and soft date consistof a longarm, supported

sludgeand salt cake. Sludge above the tank, with telescopingand
and salt cake may exist articulatedarm segments. Attached
separatelyor may be in an to this arm may be a smaller,

' intermixedstate, teleoperatedarm with multir'edegrees
• of freedom• Attachedto tha smaller

• Waste can be removedfrom the arm are the end effectorsused for
tank in any form possible removingthe waste. Above the tank
(i.e.,no preconditioningof the are the mechanicalsupportsystems

" waste will be requiredby the such as arm deploymentequipment,end
• retrievalequipmentbefore effectorstorage.andchangeout

deliveryoutsidethe tank to systems,waste conveyanceequipment,
other systemsfor transport), arm washdown and maintenanceequipment,

, cameraand lightingdeploymentsystems,

• If the tank requiresspecial and tank ventilationand waste
preparationbeforewaste removal confinementsystems. Also located
(e.g.,partialtop removalor above the tank, and in most concepts
removalof verticalobstructions locateda fair distancefrom the
within the tank),equipmentmust tank, is the controlstation.
be includedin the designto
accomplishthis function.

• The final configurationof the

!+I
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To ensurethat the best overall
concept is selectedupon initiating InterlmTankand
the forthcomingadvancedconceptual EqulpmenL.c.l°sursSystem _nown In
designphase, a numberof alternative Ralsed(.,,tored) Shlelded

L Control
concepts are currentlybeing Position _ Room (Io!4)
evaluated. To conservetime and _ Brldgeand

resources,only the best of these _,.,_,,,,..,_,_,.,__ ._,.l_/Trol,ey
will continue to be developedto __ _:'_,_#.-_-_:_:-_@'_'i_F_.1_ Crane
enable a more thorough evaluation --_ , 1 t' li '1 XF-_ '

during f,nal concept selection. To _ " _t i ]1

accomplishthe screeningprocess,a _q:.
decisionanalysishas been completed
to rank elevenconceptsfrom best to caisson
worst. Two of these were elimlnated

Telescopingin the process because of a failure

to meet all design requirements. Of F _oom 1the nine remaining,at least five are

currently planned to be developed I.__Teleopera,_ Arm .._
further. The two leadingcandidates, _,.Slngle-Shell
based on the decisionanalysis,are m,__... _._...,,__.___= Tank

shown in Figures2 and 3. The third
leadingcandidate(notshown) is very
similarto that shown in Figure3, _9oogo=5._
with the exceptionthat the systemis

deployedthrougha smaller[107-cm Figure2, Large TankOpenlng.
(42-in.)]opening in the top.

The major featureof the concept
shown in Figure2 is accessibilityto
the waste, Accessibilityprovides
design advantagessuch as reduced
complexityof equipmentand controls,
ease of arm retrievalupon Failure,
maximum arm stability,ease of arm
deployment,simplifiedhose and cable
management,ease in workingaround
debris in the waste,and minimum AlrConveyance

technicalrisk. The conceptprovides to
advantageswith regardto equipment Tank

Ventilation Main
design;however, it has major Module Chamber
disadvantagesassociatedwith removing
a large portionof the tank top. Utilities

The concept shown In Figure3
uses a teleoperatedarm operating
throughan enlargedcenteropeningin ,_._._. ._._.,_,
the top of the tank. The arm consists ':,_!,11_ !nd'Eitector

. of a telescopingupper sectionand an .RemovalModule
articulatedlower sectionwith multi.., Tele_wmplng

degrees of Freedom. The arm assembly Boom -Camerasand
is supportedby an elevatorsystemthat 'Teleoperated Llghtlng
will raise and lower the arm into the Arm
tank, la-Shell

End effectorsfor all concepts
under considerationincludescarlfiers _9oo_o2._._
that use hlgh pressureair or water
to dislodge the waste in combination
with an air conveyancesystemto lift Figure3, SlightlyEnlargedTank Opening.
the waste From the tank. Abrasive
water jets and grippersare being
evaluatedFor removingmetallic The bottom of a 3,800,000-L
obstructions. All conceptsto date (],000,000-gal)tank is approximately
are based on removingthe end effectors ]6 m (52 ft) below grade. Based on
From the tank for changeout. currentconceptsof end effectors,

the arm must be capableof liftingat

.!1
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least 450 kg (I,O00lh). Th|s I J I I
combinationof arm lengthand payload Control CCW
Wi11 presentnew challengesIn Monitor Monitor

mechanicalequipmentand control Isystemdesignsoecausethe end ........

effectors,m,lstbe maneuveredwith a j_ _[ Ho.tOomp,,t. |I

' The WestinghouseHanfordCompany a l
isworkingwith the BattellePacific

. NationalLaboratoryto develop a Control J Control ! Controlcontrolsystem for maneuveringthe
end effectorswithinthe tank. The
SandiaNationalLaboratory'scurrent
developmenteffort in the area of
controlsystemarchitecturets being

, extendedto providecomputercontrol. /'-"x
A simplifiedblock diagram of the

: controlsystem is shown In Figure4.
The BattellePacificNorthwest Motor PoBillon Force Pro_Imlty
Laboratoryis evaluat!ngthe dynamic _nsor Sensor fienBor
responseof the overallsystem,which _9_.=
will use hydraulicsas the power
source. Futureeffortsare planned, Figure4. ControlSystemBlock Diagram.
with the assistanceof Battelle

: PacificNorthwestLaboratory,in the
areaof sensordevelopmentf_r coping REFERENCES
with the harsh environmentin the

tankduringwaste removaloperations. ]. ECOLOGY,EPA, and DOE, Hanford
FederalFacilityAgreementand

LONGRANGE PROGRAMAND SCHEDULE ConsentOrder,State of WashingtonDepartmentof Ecology,
• The overallgoal in the U.S. EnvironmentalProtection
developmentof mechanicalwaste Agency,U.S. Departmentof
retrievalequipmentis to initiate Energy,Olympia,Washington
waste retrievalfrom a selected (1989).
'demonstrationtank' by October 1997.
WestinghouseHanfordCompanyis 2. VITRO,Evaluationand _daptati_n
scheduledto completean advanced of StandardMechanical,Hydraulic
conceptualdesign,suitablefor and PneumaticDevicesfor Salt

IncorporatingInto a requestfor bid Cake and SludgeRetrievalat
packagein early ]gg2. Offsite Hanford,VITRO-R-375,Vitro
vendorswill be requestedto design, Engineering,Richland,Washington
Fabricate,and test the equipment (1975).
beforedeliveryfor furthertesting
and qualificationat the HanfordSite 3. H. A. WALLSKOG,Programof the

• startingIn ]995. HanfordHigh-LevelWaste
RetrievalTask,ARH-LD-144,

The study of hydraulicsluicing AtlanticRichfieldHanford
, is continuingparallelto the Company,Richland,Washington

developmentof conceptsfor mechanical (1976).

i retrievalequipment. The feasibility

of sluicingis largelydependenton 4. J. K. STRICKLER,H. A. WALLSKOG,
developinga suitablemethod for AND J. R. WETCH, The SystemfoP"
preventingtank leakageduring the Retrievalof SolidifiedHanford
sluicingoperation. Until that can High-LevelDefenseWastes,
be accomplished,mechanicalretrieval RHO-ST-33,RockwellHanford
equipment(such as that described Operations,Richland,Washington
previously)will continue to be the (I980).
frontrunningmethod for waste

i retrieval.
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5. G. P. JANICEK,Equipment
DevelopmentStudy for Hydraulic
Recoveryof Single-ShellTank
Sludges,RHO-CD-IS33,Rockwell
HanFordOperations,Richland,
Washington(]gB]).

6. S. A. KRIEG,W. W. JENKINS,
K. J. LEIST,K. J. SQUIRES AND

" J.F. TIIOMPSON,Single-Shell
Tank Waste RetrievalStudy,
WHC-EP-0352,WestinghouseHanford

, Company,Richland,Washington
(199o).
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