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TANK WASTE RETRIEVALISSUESAND OPTIONS
FOR THEIR RESOLUTION

W. C. Miller,J. M. Henderson,E. J. Shen, and L. C. Stegen
We,ting,ouseHanfordCompany

W. R. Wrzesinski
U.S. Departmentof Energy,Richland Field Office

ABSTRACT

The U.S. Departmentof Energyhas undertakenthe significantchallengeof
remediatingthe high-levelwastes currentlybeing stored undergroundin tanks
locatedat the HanfordSite in WashingtonState. A key element of the
remediationprocess is the recoveryof these defense productionwastes in
preparationfor downstreamprocessingand disposal. A number of technicaland
programmaticissues have been identifiedwith the waste recoveryprocess,
referredto as retrieval. In responseto these issues,a retrievalstrategy
has been developedthat addressesthe need to meet legal obligationsand
balancesthe technologydevelopmentneeds. This strategyhas been embodied
into a retrievalplan, which has looked at numerousretrievalsystem
approachesand establishesa basis for developmentof the selectedsystems.
The strategyand plan are evolutionaryin approach,with the ability to change
when waste propertiesare better understood,key decisionsare negotiated,and
lessonslearned are availablefrom initialretrievalefforts.

INTRODUCTION

This paper discussesthe issues associatedwith and the options for
retrievalof high-levelradioactivewastes stored in undergroundsingle-shell
tanks (SSTs) at the HanfordSite in WashingtonState. Wastes are also stored
in other types of tanks constructedas double-shelltanks. However, the
retrievalof wastes from these tanks will not be discussedbecause the
characteristicsof these waste types are relativelywell understoodand there
is a high level of confidencein the successfuluse of mixer pump technology
for the retrievalof these waste types. On the other hand, recovery of wastes
residing insidethe SSTs presentsa significantnumber of unknownsand the
sheer number of tanks to be addressedposes a major challenge.

THE CHALLENGE

High-levelradioactivewaste has been producedat the Hanford Site since
1944 as a byproductof processingspent nuclear fuel for the recoveryof

- plutoniumand uranium. Approximately140 million L (37 million gal) of waste
are stored in 149 SSTs. These undergroundstoragetanks were constructedand
placed in operationbetween1943 and 1964. The SSTs are located in 12 tank
farms. Each tank farm containsbetween4 and 18 tanks and is located in the
200 West or 200 East Area of the HanfordSite. No wastes have been added to
any of the SSTs since November 1980. A total of 67 of the SSTs are now known
or suspectedleakers. Pumpableinterstitialliquid and supernatewastes have
been removed from 105 SSTs and transferredto double-shelltanks through a
jet-pumpingprogram. A total of 48 SSTs have been identifiedby the
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U.S. Departmentof Energy (DOE) as having potentialfor releasesof hi3h-level
waste due to uncontrolledincreasesin temperatureor pressure. These tanks
have been designatedas "watchlist"tanks by DOE.

The sides and bottoms of the tanks are reinforcedconcretewith a carbon-
steel liner,which varies in thicknessfrom 0.63 to 0.95 cm (I/4 to 3/8 in.).
The domed top is 38.1-cm (15-in.)-thickreinforcedconcrete,with no steel
liner. There are four tank sizes" 208,000-L(55,000-gal)tanks, which have a
diameter of 6.1 m (20 ft) and a height of about 7.6 m (25 ft); 2.0 M-, 2.8 N-,
and 3.8 M-liter (533,000-,750,000-and 1,000,O00-gal)tanks, which have

" diametersof 22.9 m (75 ft) and wall heightsof about 5.5, 7.3, and 9.7 m (18,
24, and 32 ft), respectively. Figure I is a typicalconfigurationof a 22.9-m
(75-ft)-diameterSS'F. The tanks are buried 1.5 to 3.6 m (5 to 12 ft)
undergroundto provideradiationshielding. The internaltank environmentis
complicatedby internaltank structures(e.g.,verticalpipes called risers
and air lift circulators),hardwarefrom previousprocesses (e.g., ion
exchangeresin),and the disposalof miscellaneouscomponentsand radioactive
materials (e.g.,30.5-m [100-ft]steel tapes, concrete blocks,fuel elements,
shroud tubes, and samarium"poison"balls).

The programto remove pumpableinterstitialliquidsand supernatewaste
was started in 1968. Removalof the liquidleaves two types of waste"
a sludge-typewaste, which varies in consistencyfrom that of a thin paste to
peanut butter,and a salt cake, which varies from a jelly form to a hard
materiallike weak concrete. These wastes have a high pH (approximately12)
and consist primarilyof sodium hydroxide;sodium salts of nitrate,nitrite,
carbonate,aluminate,and phosphate;and hydrousoxides of iron and manganese.
The radioactivecomponentsconsistprimarilyof fissionproductradionuclides,

9OSrsuch as and 137Cs,and small quantitiesof actinideelements,such as
uranium,plutonium,and americium. A representativeinteriorview of one SST
is :shownin Figure 2.

The challengethat lies ahead for DOE is to retrievethe wastes from all
149 SSTs as part of an overallprogramthat will recover,treat, and dispose
of all wastes currentlyresiding in undergroundstorage tanks.

ISSUESASSOCIATEDWITH RETRIEVAL

The developmentof systemsfor waste retrievalfrom the SSTs is
proceedingin an effort to supportthe processof waste remediation,to
expeditethe resolutionof safetyconcernsrelated to the continued storageof
high-levelwastes,and to meet legal commitmentsto the WashingtonState
Departmentof Ecology and the U.S. EnvironmentalProtectionAgency in the

- "HanfordFederal FacilityAgreementand ConsentOrder" (Tri-Party
Agreement)(I). However, numerousissuesexist that will impactthe selection
of specificretrievalapproaches. Some significantissuesaffectingretrieval
and requiringresolutionprior to retrievalsystem implementationare listed
below.

° The currentbaselineis to retrievethe wastes from all 149 SSTs.
At the current time, a significantnumber of tanks are not well
characterized. This may result in a requirementfor different
retrievalsystemsto retrievedifferentwaste types or enough

2
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Figure I. Single-Shell Tank.
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flexibilityin a single system to handle a varietyof waste types.
Technologydevelopmentactivitiesmust remain broad in order to
includeflexibilityto retrievedifficultwaste types and must
also accountfor tank conditions(i.e.,tank configuration,
structuralintegrity).

• The schedulefor the developmentof retrievalsystemswith the
capabilityto successfullyrecoverSST wastes in compliancewith
environmentalregulationsis aggressive. Some yet-to-be-developed
elementsof retrievalsystemsmay have to be pursued at a higher

" risk to supportthe currentschedule.

• Uncertaintyexists over the applicationof the environmental
" regulationsto retrievaland the potentialimpactsthat could

result. The interpretationof the regulationsare an important
basis for the requirementsto which the retrievalsystemmust be
designed.

• Safety issues associatedwith "watchlist"undergroundtanks at the
HanfordSite are being addressedthroughother ongoing programs.
Activities associatedwith the resolutionof these safety issues
could affect plannedretrievalefforts (i.e.,tank retrieval
sequence,water removal, in-tankhardwareadditions).

• Closureplanning (whichincludesdefinitionof what constitutesan
acceptabletank cleanout)must be developedprior to pursuing
waste retrievalefforts. Closurecriteriawill establishthe
performancerequirementsof retrievalsystems.

• The costs associatedwith retrievalof wastes are substantial,and
alternativesmust be identifiedand developedin a manner to
establisha cost-consciousretrievalprogram.

• Acceptablerisk to the environmentduringwaste recovery
operations is anotheruncertainty. Withoutresolutionto this
uncertainty,the design criteriafor the developmentof retrieval
systemsmay be overly conservative. Examples includethe need to
employ double confinementsystemsto monitorleakageduring waste
recovery operations. Conservativedesign requirementslead to
extended design and developmentprograms,which conflictwith a

. need to meet an aggressiveschedule.

Until the issues, as typifiedabove, have been resolved,assumptions
• will be establishedto providea basis for the technicaland performance

requirements,which, in turn, will allow the design and technologydevelopment
processto proceed.

THE RETRIEVALSTRATEGY

The interimresolutionof the issuesdiscussedabove have been embodied

into a retrievalstrategy. This strategy,whose developmentbegan during a
nationalretrievalworkshopof technicalexpertsfrom across the country,
forms the basis for evaluatingthe options for the retrievalof wastes from
the SSTs. The strategyaddressesthe need to resolvetank safety issues,
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complies withregulations and regulatory commitments, proceeds with Hanford
Site waste disposal objectives, and works within the constraints of available
tank space. These drivers interact and will change over time as safety issues
are resolved; new storage tank space becomes available through waste
maragement, waste disposal, and new tank construction; and decisions are made
on waste treatment processes. This strategy is being implemented as the
Hanford Site SST waste retrieval strategy and includes the following key
elements.

• Start with known technology to resolve near-term drivers (tank
safety, Tri-Party Agreement commitments, etc.).

• Continue with technology development to enhance the capabilities
• of current technologies and to bring on line technologies that

improve personnel safety and environmental safeguards performance
and/or cost effectiveness of waste retrieval systems.

° Implement enhanced technologies as they become available if they
provide significant improvements over the systems currently being
used or being developed.

• Continue with the development of more advanced concepts, and
implement these concepts if they represent significant
improvements over systems currently being used or being developed.

° Continue evaluation and validation of the strategy and adjust as
necessary.

The retrieval strategy includes the development of multiple technologies
to achieve a high probability for successfully completing the retrieval
mission. The multiple technology approach is required to address the great
diversity of waste types, tank geometries, tank safety issues, and
environmental concerns over retrieval of waste from leaking tanks. The
strategy will also incorporate the lessons learned from early retrieval
campaigns through implementation of advanced systems in later retrieval
actions (SST retrieval is anticipated to require 20 to 30 years to complete).

DEVELOPMENTOF THE RETRIEVALOPTIONS

To understandthe potentialoptions for waste retrievalfrom the SSTs,
the retrievalprocessmust be broken down into the major functions. These
functionsare the bases for the identificationand evaluationof the potential
technologysolutionsto fulfillthese functions. Finally,a recommendationon

. the technologies and/or systems to be used must be completed.

RETRIEVALFUNCTIONS

The task of retrieval has been broken down into a series of subtasks or
functions necessary to removing waste from underground storage tanks.
Figure 3 encompass the functions that must be accomplished in some form for
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Figure 3. Retrieval Functions.
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any retrievalsystem concept. These functionsare laid out in a fashionthat
illustratesthe sequenceand the relativedurationover which these functions
would be needed.

• Tank Access--Accessto the tank for the retrievalequipmentwill
be throughthe existingtank risersor through new risers that
will be installedin the tanks.

• MobilizeWaste--Allretrievalconcepts requirethe waste to be
broken up and separatedfrom the main body prior to removalfrom

- the tank. Exampleprocessesincludepulverization,water cutting,
pneumaticcutting,etc.

• ProtectTank--Duringthe retrievalprocess,the integrityof the
tank must be protectedfrom overstresses,thermal stresses,and
chemical damage.

• ConfineWaste--Thewaste must be excludedfrom the environment
during retrieval,preparationfor transport,and transportto
pretreatmentor storage.

• Control System--Duringinitialsetup and retrievaloperations,
control systemsare requiredto performthe retrievalfunctions.

• Monitor Process--Monitoringof the retrievalprocess is necessary
to provideinput to the systemcontrols,ensure the safe operation
of the system,allow operator interaction,and preventdamage to
the tank and/or retrievalequipment.

• Deploy System--Allretrievalsystemsrequire some method to
install,remove,and/or move the retrievalequipment insidethe
SST.

• PhysicalCharacterization--Therecoveryof wastes from the SSTs
requires knowledgeof their physicaland chemical properties.

• ControlTank Environment--Thetank environmentmust be controlled
during the retrievaloperations.

• Dispositionof In-TankHardware--In-tankhardwarerefers to any of
. a number of componentsinstalledin the tank, such as air lift

circulatorsor thermocoupletrees or componentsthrown into the
tank for disposal (e.g.,measuringtapes).

• Convey Waste--A primaryfunctionof waste retrievalis the process
of moving the wastes from insidethe tank to outside the tank.

• ProcessWaste--Tobe able to transportthe waste to downstream
processes,the waste must be processedby mixing, slurrying,de-
lumping,dissolving,or diluting.

• TransportWaste- Once retrieved,the waste must be moved to the
downstreamprocesslocation.

8
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TECHNOLOGYEVALUATIONPROCESS

The processof evaluatingtechnologiesand systemsapplicableto the
retrievalof wastes from SSTs has spannedseveraldecades Most recently,a
series of systematicengineeringstudies(_)and nationaltechnologyworking
groups identifiedand examinedthe technologiesapplicableto the retrieval
processand then recommendedspecificapproaches. Based on these studies,
componentscreeningand featuretests were conductedin fiscalyear 1990.

In the second phase of the evaluationand selectionprocess,engineering
" teams were identifiedto develop and selectSST retrievalsystem concepts.

The concepts incorporatedthe technologiespreviouslyidentified. These
conceptswere developedto a point where the physicalarrangementsof the
conceptswere defined, issueswere identified,and solutionswere developed.

The resultsfrom the work completedabove were reviewedas part of a
"cleansheet" evaluationby a nationalworkinggroup, with members including
other national laboratories,privateconsultants,and governmentagencies
(e.g.,the Bureau of Mines). This nationalworkinggroup, in a series of
meetings conductedover the courseof a year, definedthe retrievalfunctions
(discussedpreviously),identifiedconstraintsand requirements,identified
potentialtechnologiesapplicableto the specificretrievalfunctions,and
recommendedsystem concepts.

Currently,the long-rangeplans for retrievalare being updated to
includethe recommendationsfrom the effortsdescribedabove and to outline
futureactivitiesthat identifyand evaluate new potentialsolutions. This
long-rangeplan is the basis for implementingdevelopingretrievalsystems.

SYSTEM APPROACHES

A number of system approachesor conceptswere identifiedboth in the
studiesand in the retrievalworkshops. The approachesidentifiedspan a wide
range:

• Hydraulic-basedsystems--Thesesystemsuse low- to high-pressure
water jets to dislodgeor mobilizethe wastes,which are
subsequentlyremoved by traditionalpumpingmethods. Many of the
systems in this groupingrely on proven approachesthat have been
employed in the past for similarapplications. Aside from

. concerns over the addition/controlof water during retrieval
operationsand limitationsin the recoveryof some waste forms,
this type oT_technologywas consideredto be the most mature and

- the most promisingfor recoveryof selectedwaste types. Past-
practice sluicing,as used on SSTs at the Hanford Site since the
1960's,is an exampleof this type of system (referto Figure4).

• Traditionalmechanicalmining approaches--Miningsystemshave been
used for many years to recover salt, coal, etc., from underground
mines. The systemsthat have been consideredare adaptationsfrom
this type of technology. Continuousmining systems, such as long-
wall miners, and batch mining systemswere examinedand later
dropped from furtherconsideration. In general,these types of
systemswere judged to be difficultto maintain in hazardous
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Figure 4. Past-PracticeSluicing.
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environments,lackedthe flexibilityneeded to operatewithin a
tank environment,and might presentconsiderablechallengesto
maintainingworker and environmentalsafety.

• Pumpingtechnologies--Pumpingsystemsused to mobilize and mix
wastes within the tanks were examinedfor applicabilityfor
retrievalof wastes from SS_ This type of technologyuses water
jets placedwithin the waste _ mobilize and mix the waste in
preparationfor removal. The mixer pump systemscurrentlybeing
employedby DOE at SavannahRiver and West Valley are examplesof

• the technologybeing considered. A concernover the structural
integrityof the tanks and uncertaintyassociatedwith the ability
of pumping systemsto mobilizemany of the SST wastes forms caused

• this technologyto rank ,ow for future consideration.

• Manipulator-basedapproaches--Long-reachmanipulatorsystems used
to deploy specializedend effectorsare the basis for this
approach (referto Figure 5). The range of options span from
using human operatorsto plan and executeall recovery of wastes
to using computer systemsto implementautomatedrecovery
operations. Though this approach suffersfrom greater complexity
when comparedto other concepts,it is also one of the most
flexiblein being able to addressconcernswith protectionof the
tank, abilityto recovera wide varietyof waste types, and
protectionof the worker and the environment.

• Self-powereddevices--Self-powereddevices, such as crawlers,
walkers, etc., are largelyself-containedunits that have the
abilityto move to the waste recoverylocationand deploy waste
recoveryequipment. Many of these types of deviceshave been
developedto operateinextremely hazardousenvironments,such as
underseaand on other planets. All of these systemsrely on the
abilityof the surfaceon which they are travelingto provide
adequatesupport,which may not be the case with the wastes within
the SSTs. lt has been pointedout that although the waste surface
may be structurallysound in many areas, in instances,pocketsof
sludge or liquid may exist just under the hard surface layer.
A self-supportingsystemwill have difficultiesreliablymoving
about insidethe tank.

• In the realm of radically different approaches, self-sealing gels, waste
vaporization, localized melting, and in situ vitrification were identified as
potential concepts. In general, these types of approaches exist as extremely

. speculativeconceptsand will requireconsiderabledevelopmentbefore their
strengthsand weaknesses are actuallyunderstood. The concept of the self-
sealinggel, by example, is based on the principleof using chemicaladditives
that mix with the waste. Once mixed, the waste will form a gel when no
physicalenergy is being added to the waste, such as agitationby pumping.
This gel will tend to seal leak paths to the outsideof the tank. If this
approachproves viable,a significantlysimplerand more cost-effectiveSST
retrievalconceptmight use the se:_linggel in conjunctionwith a mixer pump
to recoverwastes from the SSTs. However, at this point, little is known
about the behavior and propertiesof the gel in combinationwith the wastes or
about the behavior of the mixture in the ?.resenceof a radiationfield.

11
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Figure 5. Arm Based Concept.

12
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Considerableanalysisand testingwill be requiredbefore it can be determined
that this is a viable technologyto be used for waste retrieval. The example
of sealinggel is typical of most of these advancedconcepts;they appear
promising,but not enough is known about them to make a decision to adopt them
as part of a retrievalbaseline.

THE PLAN FOR RETRIEVAL

The system conceptsdiscussed above have been grouped into three
categoriesof technologydevelopment,based on the level of understanding

• associatedwith the technologies. This categorizationis in concertwith the
implementationof the retrievalstrategydiscussedearlier.

• The best understoodsystem conceptshave been grouped into the reference
technologiescategory. Past-practicesluicingand arm-basedsystemsare
placed in this category. Concepts that improveand/or build on these
referenceconcepts are designatedas enhancedconcepts. Finally,concepts
that representtotallydifferentretrievalapproachesthat might even simplify
downstreamprocessingsystems are grouped into the classificationreferredto
as alternativeconcepts.

The retrievalplan is based on the developmentand implementationof the
two referenceretrievalapproaches:past-practicesluicing and arm-based
retrieval. The referencesystemswill be deployed to recoverthe wastes from
the first hot demonstrationtank spelledout by Tri-PartyAgreement
milestones. The lessonslearnedfrom this hot demonstrationwill be factored
into the design of the enhancedsystems,which will be deployed as needed to
recoverwastes from other SSTs. In parallelwith these activities,the
alternativetechnologieswill be selectivelydevelopedand evaluatedto
determineif they hold sufficientpromiseto replaceany of the referenceor
enhanced system approaches. For an enhancedor alternativetechnologyto
replace anotherapproach,it must be able to demonstratethat it is
significantlymore cost effective,reducesenvironmentalor safety risk,
and/or provides scheduleincentive.

CONCLUSIONS

In developingthe waste retrievalstrategyand plan, a comprehensive
process was used to ensure that technologiesapplicableto retrievalwere
identifiedand evaluated. Engineeringstudiesranging back to the 1960'swere

, examined,new studieswere completed,and a seriesof national workshopswas
conductedto capturethe viable concept ideas. Within this body of
investigation,a common conclusionwas found;past-practicesluicingwas

, recommendedif environmentalprotectionconstraintsare satisfiedor if
solutionsare found to addressthe constraints. Arm-based systems,in
conjunctionwith specializedend effectorsand conveyancesystems,were
identifiedas the best backup to sluicingin meeting the known requirements
associatedwith retrieval.

Though many outstandingissues remainto be resolvedwithin and outside
of the retrievalprogram, a flexiblestrategyand plan have been established
to allow retrievalto proceedwith the developmentof technicallyviable
systems. This is an evolutionaryapproach,which has the abilityto change
when waste propertiesare better understood,key decisionsare negotiated,and

13
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lessonslearnedare availablefrom initialretrievalefforts. The continuing
search for and the developmentof improvedmethodsof waste recoveryoffer the
vehiclefor uncoveringand successfullydevelopingsystem approachesthat can
do the job faster,better, safer, and cheaper.
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