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ENVIRONMENTALRESTORATIONWASTE MATERIALSCO-DISPOSAL

S.J. Phillips,R.G. Alexander,E.B. Dagan,J.L. England,R.G. Holt
J.R. Kirkendall,E.A. Raney, and W.E. Stewart

WestinghouseHanford Company
U.S. Departmentof Energy RichlandOperationsOffice

ABSTRACT

Co-disposalof radioactiveand hazardouswaste is a highlyefficientand cost-
saving technology. The technologyused for final treatmentof soil-washing
size fractionizationoperations is being demonstratedon simulatedwaste.
Treatedmaterial (wasterock)is used to stabilizeand isolateretired
undergroundwaste disposal structuresor is used to constructlandfillsor
equivalentsurfaceor subsurfacestructures. Prototypeequipmentis under
developmentas well as undergoingstandardizedtestingprotocolsto prequalify
treatedwaste materials. Polymerand hydrauliccement solidificationagents
are currentlyused for geotechnicaldemonstrationactivities.

INTRODUCTION

During the past 5 decades,copiousquantitiesof waste materialshave been
producedby defense-relatednuclearoperationsat many U.S. Departmentof
Energy (DOE) sites. As defensenuclearoperationsare reducedor eliminated,
additionalvolumes of waste materialswill be producedby environmental
restorationactivities. WestinghouseHanfordCompany,under the directionof
the DOE Richland OperationsOffice, is developingprocessesfor disposalof
these waste materials. "Co-disposal"is a processof disposingof radioactive
and/or hazardousnuclear-generatedwaste materialsin combinationand
simultaneouslywith disposal of waste materialsproducedfrom environmental
restorationretrievalactions. The co-disposalprocessis a significant
waste-minimizationand resource-avoidancetechnology. As such, use of this
technologycan result in large cost savings.

Co-disposalcan be used as an interimremediationaction for existinghigh-
consequenceradiological/industrial-riskundergroundwaste structures.
Alternatively,the processcan be used for primaryconfinement,secondary
confinement,and shieldingof waste packagesin landfillsor equivalent
structures. This process uses nearly 100 percentof the volumeof the
landfillby incorporatingwaste packagesproducedby waste generatorswithin a
solidifiedmatrix. This solidifiedmatrix is composedof waste materialsand
high durability,high strength,low hydraulicconductivity,highly
immobilizingbindingmaterials. If this solidifiedmatrixwere used, the
waste packageloading in the landfillor similarstructurecan be easily
increasedby 150 to 300 percent.

Co-disposalis being evaluatedon engineeringscale tests conductedin
conjunctionwith soil-washdemonstrationactivitiesat the HanfordSite. Test
conditionssimulateactual waste site remediationwhere (I) waste materials
are exhumed, (2) size fractionizationby soil washing is performedon the
exhumedmaterial, (3) the fine-fractionslurry (i.e.,the contaminated
fraction)is collected,(4) the slurry is treated,and (5) the treatedslurry
is disposedof in an appropriatesurfaceor subsurfacelocation. Testingis



being conductedat the HanfordGeotechnicalDevelopmentand Test Facility.
Treatmentis conductedin accordancewith past-practiceResourceConservation
and RecoveryAct of 1976 (I) (RCRA)or ComprehensiveEnvironmentalResponse,
Compensationand LiabilityAct of 1980 (CERCLA)(2) regulatoryguidance.

SIMULATEDWASTE FEED MATERIALS

Co-disposalhas the capabilityto use most of the bulk contaminatedwaste
materials. Soil-washsize fractionizationis being tested to evaluate
physicaland hydraulicseparationand concentrationof highlycontaminated
fine sedimentsfrom less contaminated_coarserfractions. These sediments
originatingfrom crib, settling basin,burial ground,drainfield,and similar
waste disposal structurestypicallycontainmixed fissionproducts,activation
products,heavy metals,and organic solvents.

Glaciofluvialsedimentssimilarto those contaminatedwith processnuclearand
hazardouswaste originatingfrom the 300 Area at the HanfordSite are being
used for testing. They were removedfrom a spoilspile and introducedinte
the soil-washsize-fractionizationsystem using a large trackhoe. The bulk
materialwas dry (approximately2 percentwater by volume). The bulk material
was classifiedas bimodiallydistributedcoarsegravelysand. This material
has been tested relativeto solidificationfor barrierapplicationby
BrookhavenNational Laboratory(3).

MOBILE UNIT OPERATIONS

Size fractionizationby mechanical separationand soilwashingwas completed
using several in-seriesintegratedunit operations. The purposeof size
fractionizationwas to separatecoarse fractionfrom fine fraction,and
uncontaminatedmaterialsto moderatelycontaminatedmaterials,respectively.
This initialdemonstrationof size fractionizationwas conductedon
uncontaminatedgeologicmedia; however,the media are similarin mineralogy
and gradationto contaminatedgeologicmedia currentlybeing treatcd.

The primaryfractionizationunit operationconsistsof a large grizzleyfor

separationof the ver_ coarse fraction (boulders). The grizzleyremovedthe
greaterthan 1.5 x 10 mm fractionto a dischargepile. The second unit
operationconsists of two vibratingscreens. The top screenhas an attached
spray bar to add water to controldust, which produceda slurrydischargeof

less than approximatel_5.0 x 10I mm materials. The bottom screenwas usedto separatethe 2.5 x 0 mm fractionand to removethe retainedfractionto a
dischargepile. The passing fractionthen was retainedin a large,lateral
dischargebelt conveyorhoused in a hopperthat was 3.0 m3. The discharge
materialfrom the hopper was moved to washingoperationsvia a piler/conveyor.

The geologicmedia passingthroughthe 2.5 x 101mm screen then was introduced
into a trommel (thirdunit operation)at rates varyingfrom 6.7 x 10.2m3.s"I
to 1.3 x 10"Im3.s"Ithroughput. Water was added to the trommelfrom surge
tanks at a rate of approximately6.3 x 10.5m.s"I.

The coarse fraction (greaterthan 2.0 mm) exitedthe trommelto a discharge
pile (i.e.,the fourth unit operation). The fifth stepwas the dischargeof
the remainingfractionfrom the trommelto a vibratingtable. The sixth unit



operationconsistedof separatingthe fractionthat was greaterthan 2.0 x
10"Imm into a dischargepile, and the last unit operationof discharge
separatedthe fractionthat was less than 2.0 x I0" mm into a slurry
discharge. The dischargeslurry entereda seriesof siphon-connectedcascade
settlingtanks for collection. After activitiesceased,these media were
collectedfrom each settlingtank and homogenizedinto a final simulatedwaste
feed material.

A simplifiedflow schematicfor unit operationsand the overallsize
fractionizationsystem is shown in Figure I. Unit operationswere obtained
from the DOE and U.S. EnvironmentalProtectionAgency sources.

Place Figure I here.
Figure I. Size FractionizationOperationsand Fine FractionProduction.

WASTE FORM QUALIFICATIONFOR DISPOSAL

Waste forms producedby co-disposalrequireprequalificationbefore placement
into a landfillor similarstructure. Prequalificationinvolvesreal-timeand
acceleratedlaboratorytestingof mixtures of bulk materialsand binders.
Prequalificationmust be completedfor each contaminant-materialfeed and
waste disposalmedia at the most conservativewaste loadingsand over a range
of physicochemicalconditions. A suite of nominally27 differenttests are
conductedfollowingguidancegiven in Title 10 of the U.S. Code of Federal
Regulations(4). Currenttesting involvesstrengthand durabilitytests of
fractionless than 2.0 to 0.2 mm and the fractionless than 0.2 mm.

Laboratorytestingof size-fractionizationslurryfeed materialscurrentlyis
being conductedwith polymer and hydrauliccement binders. Laboratorytests
of equivalentfeed materialswith admixedsequesteringagentsin hydraulic
cement have been completed (5 and 6).

Polymerconcrete is being producedwith the size-fractionizationslurryand
washed soil fractionthat is less than 2.0 mm, using methacrylatepolymer.
This polymerconsistsof dicyclopentadienylmethacrylateard isooctylacrylate
polymerizedwith cobalt octolate and catalyzedwith cumene hydroperoxide.The
polymeris introducedusing a rotary mixer when the slurry or 2.0 mm granular
feed material is at or near saturation(approximately42 percentvoid volume).
Alternatively,the aqueouspolymermay be added to the g_anularfeed by
floodingand vibratingthe bulk materialto inducesaturation. The resultant
material is termed "wasterock."

Hydrauliccement is also being producedwith the fine and slurry fractionof
the washed soil material. Cement (portlandtype I, II, or H), fly and bottom
ash (coal-firedsteam-plantwaste),simulatedcontaminatedwater, and
plasticizer(i.e.,sodium haphthalenesulfonate-formaldehyde)are added to the
washed soil fractionusing mechanicalhomogenizers. This material is also
called wasterockbecause it uses contaminatedmaterialsas primaryaggregate
and solidificationbinders.

Both the polymer concreteand hydrauliccement bindersare placedconcurrently
or subsequentlywith simulatedcontaminatedsoil size fractionsin reusable
steel forms containingreinforcingbar. The resultingmaterialbecome large



durablemonoliths,after solidificationand removalfrom the forms. These
monolithscan be producedby the waste generatoror at the point of disposal.
The monolithscan be retrievedfrom a disposalstructureafter site closure if
requiredby regulatorymandate. The large monolithsalso can be configured
within a waste managementfacilityto serve as radiologicalshieldingduring
their interimstatus before final disposal.

In contrastto productionof monolithswith contaminatedsoil, polymer
concreteor hydrauliccement can be directlypumped intoworkingradioactive
and/or hazardouswaste landfillwaste packagesintersticesbefore the mixtures
solidify. This produces a continuouslarge monolithicbody surroundingthe
waste materials,which would replacethe requirementfor backfillingwith
uncontaminatedsoil or equivalentgranularmedia. Placementof the mixtures
in slurry form can be performedusing remoteequipment. This equipment
currentlyis being demonstratedusing uncontaminatedhydrauliccementfor
disposalof large, highly radioactivefilterscontaininghazardous
constituents.

Direct injectionof slurry into physicallyunstableundergroundstructuresis
also an alternativeapplicationfor wasterock. Use of wasterockoriginating
primarilyfrom contaminatedwaste sites to stabilizeand isolateother waste
disposalsites is of particularhealthphysicsand economicbenefit.
Percussionjet-injectionprototypeequipmentcurrentlyis being modifiedfor
use in stabilizationof unstablewaste materialsin undergroundcribs,burial
grounds, vaults,caissons,pipelines,foundations,etc. This equipment
remotelyaccessesthe disposal structureand injectswasterockinto the
accessiblevoid volume of the structure.
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