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WASTERECEIVINGANDPROCESSING,MODULE2A,
FEEDSPECIFICATION

1.0 INTRODUCTION

The objectiveof this document is to providedescriptionsof all Waste
Receivingand Processing(WRAP)Module IA feed streams,includingphysicaland
chemicalattributes,and describethe pathwaythat was used to selectdata for
volumeestimates. The feed specificationdocumentis an essentialpart of
the WRAP Module 2A technicalbasis documentationplan describedin
WHC-SD-WIOO-SD-O01,WRAP2A Process Confirmation Plan (Benar 1993). The feed
specificationdirectlysupportsWHC-SD-WIOO-ES-O06,Waste Receivingand
Processing Facility, Module 2A, Process Selection Summary (Sexton 1993), and
productspecificationsand treatmentand disposalcompliancestrategies
(roadmaps)that will be prepared. Other projectactivitiesthat have a strong
depenaenceon the feed specificationare developmentof processflow diagrams_
processdemonstrationtestingusing surrogatewaste, and formulationof the
regulatorystrategyto be used for waste form certification.

The WRAP ModuleZA is being designedfor nonthermaltreatmentof contact-
handled (CH) mixed low-levelwaste (MLLW)CategoryI and Category3 as defined
in WHC-EP-O063-3,HanfordSite Solid Waste AcceptanceCriteria (Willis1991),
herein referred to as Class 1,and Class 3, using U.S. EnvironmentalProtection
Agency (EPA)-acceptedtechnologies. The amountof waste to be processed
encompasseswaste currentlyin storage,waste to be generatedby Westinghouse
HanfordCompany (WHC)and PacificNorthwestLaboratoryoperationsat the
HanfordSite, and waste shippedto the HanfordSite from about 12
U.S. Departmentof Energy(DOE) sites. In addition,volumesto be processed
includeburied waste that is being reclaimedfor sorting in the WRAP Module I
(currentlyawaitingapprovalto proceedwith construction)and is determined
to be MLLW, and CH MLLW ash from a thermaltreatmentfacility (TTF). This TTF
is a proposed 1997 line item project to completethe necessarytreatmentof
MLLW reouiringthermaltreatmentto remove organiccontaminants. All the
waste will be receivedand stored in the 200 West Area Phase V storagecomolex
beforetranspor)to WRAPModule 2A for treatmentand disposal in _ Hanfor_
Site trench tnat _eetsResour:eConservationand RecoveryAct of !976 (RCRA)
requirements. .

The WRAP,Module2A design will be based on immobilizationand
encapsulationtreatmenttechnologiesusing grout or polymer. Capabilities
also will be availableto treat mercury, lead, and containedliquidsusing
developedand demonstratedEPA methodsor other appropriatetechnologiesfor
hazardousmaterialdisposal.

The overallplan for cost-effectivedisposalof waste at the HanfordSite
is to take maximumadvantageof the treatmentmethodsavailablein WRAP
Module 2A and minimizethe amount of waste to be sent to the TTF, which will
use a more costly incinerationprocess. For planningpurposes,when the waste
containercontentsare uncertainand there is no indicationthe waste r_quires
thermaltreatment,the assumptionis made that the waste can be routedto WRAP
Module 2A. In accordancewith this assumption,the WRAP Module 2A processing

,b .
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2.0 DATASOURCESANDRATIONALE

The WRAP Module ZA feed streamsencompassa wide range of materialsand
are derived from severalsourcesbased on existingand forecastinformation.
The primary informationsourcesare the solidwaste informationand tracking
system (SWITS)databasethat includesinformationfor existingCH MLLW, and
the verified database used to prepare WHC-EP-O567-1, 2993 Solid Waste
Reference Forecast Summary (Valero 1993). The latter database is a compila-
tion of data from waste generatorsobtainedin the summer and fall of 1992.
Other sourcesof data includethe 183-H Basin closurereports (DOE-RL1988,
DOE-RL 1991, Powers et al. 1990),Richland-SolidWaste InformationManagement
System (R-SWIMS),and feed specificationdata based on flowsheetsreceived
directly from representativesfor e.achof the LiquidEffluentTreatment
Facilities(LETF). These data sourcesare discussedin the sectionsbelow.

Throughoutthis document,the volumesdesignatedfor a specificfeed
stream includethe entirevolumewithin the containerand not the overpack.
The containers,and in some cases the polyethyleneliners,will be reduced in
size and are expectedto be disposedof as low-levelwaste or debris. No
effort has been made to includethe waste generatedby operationof WRAP
Module 2A becausethis waste is separatefrom the incomingfeed streams and is
includedin the overallprocessdesign.

Z.1 SWITSDATABASE

The SWITSdatabase provides a relatively detailed description of the MLLW
that is in storage at the Hanford Site. Efforts have been made to interrogate
this database to obtain an understanding of the different types of CH MLLW
that will be processed in WRAPModule 2A.

In some cases, the SWITS data need to be supplementedby additional
informationavailablein the StorageDisposalApproval Record (SDAR)for a
specific drum or group of drums. This informationprovidesdetails of the
waste drum, includinghow the waste was prepared,and may add clarification
regardingspecific constituentsand attributesof the waste. The SDAR
informationcould be importantwhen decisionsassociatedwith grouoingof
drums into a lot are maae or informationis needed to answer specific
auestionson a waste ty_e. Currently,the SDAR data are separatefrom SWITS
ana inauiriesrequirethe completionof additionalpaperworkto obtain a copy.
in the future,the SDAR informationwill be includedin the SWITS.

Presentlythere is no distinctionin the SWITS database,other than waste
codes, as to the specificwaste that must be thermallytreated. Therefore,
the databasemust be evaluated,drum by drum, for waste codes and
characteristicsthat indicatethe waste will be suitablefor processing in
WRAP Module ZA or requiresthermaltreatment. Compositionand physical/
chemical attributes(in additionto waste codes) that would lead to
designationof a specificdrum as requiringthermaltreatmentare relatively
high concentrationsof organicsin a liquid form, such as solvents,oils, and
insecticides,or the presenceof organicchemicalsthat would not be amenable
to immobilizationusing grout or polymer. Waste that is primarilydebris

2-i
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which has been contaminatedwith small auantitiesof organics,in general,
would be includedin the feed For WRAP Module 2A.

2.2 FORECASTDATA

Eachyear, the forecastdatabase is updatedusing input from the Hartford
Site and other DOE site generators. This databasecan be interrogated
extensivelyand is suitablefor groupingdata by waste type and class to
preparemany differenttypes of tables. The data of most interestfor CH MLLW
waste volume projectionsare tables that group the volume by physicalcontent
descriptor (PCD) and chemicalcontaminants. Figure 2-I presentsvarious types
of waste that were screenedout of the forecastand are intendedfor thermal
treatmentor processingin other facilities. The darkenedboxes in Figure 2-I
show specificchemicalcontaminantsand PCDs that were excludedto determine
the yearly forecastvolume of waste to be processedin WRAP Module 2A using
immobilization,encapsulation,or other appropriatetreatmenttechnologies
includingEPA treatmentmethods.

The forecastdata are sufficientLo providea breakdownof the various
characteristicsthat requirespecialtreatments,e.g., mercury, lead, and
containedliquidsor lab packs that will be treatedin WRAP Module 2A. As
shown in Figure 2-I, the PCD informationon waste providesfurtherinsight
that is useful for determiningprocessingrequirements,such as the volumes
for particulates,includingsoils and resins,as w_ll as metals,filters, etc.

Althoughthe currentplan is to maximizethe amount of waste for
immobilizationtreatment,some PCD classificationsfor the forecastwaste are
uncertainand overlapwith thermaltreatmentmay exist. The "other"chemical
contaminantfields in Figure 2-I are not defined;consequently,there is no
_asis for making a clear separationof thermaland nonthermaltreatablewaste.
A major portionof this waste 'isthoughtto be debris,and the particulate-
type waste may not containorganics. Therefore,for planningpurposes,this
waste has been includedin the volumeprojectionsfor WPO_PModule 2A presente:
later in this document.

Currentplanningcalls for the WRAP Module 2A facilityto treat CH HLL_
ash from the TTF. Evaluationof the _W!TS and _orecastdata has been quite
nelpfulin providinga basis for the volume and compositionof this feed
stream to WRAP Module 2A. Certainwaste constituents,includingmetals,
concrete,and soils,would not be expectedto change volume appreciablyduring
incineration. This premisewas used to arrive at a reductionfactorthrough
detailedanalysisof the constituentsobtainedfrom the SWITS database. The
volumes for thermaltreatmentwaste from the forecastdata (see the Figure 2-I
darkenedfields)and SWITS were multipliedby the reductionfactor to estimate
the volume of ash for WRAP Module 2A.

Informationis needed for WRAP Module 2A design to ensurethe box break-
down area will have sufficientcapacityand the mechanismsfor drum entry and
handling are adequate. Forecastdata can be used to relate the containertype
to the PCD shown in Figure2-I. However,there is currentlyno way to relate
the containertype to the chemicalcontaminantsin a manner that would
separatethe thermaltreatmentwaste from waste to be processedin WRAP
Module 2A. This situationdoes not _r_sentany major difficu]'iesnow an:
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shouldbe resolvedin the next updateof the forecastdata. A major interest
for WRAP Module 2A is the numberof boxes requiringprocessingbecause
previous informationhas been very limited. The data appearto be suitable
for projectingthe number of boxes to be processedwith some degree of
uncertainty.

2.3 OTHERINFORMATIONSOURCES

A small portionof the feed to WRAP Module ZA is projectedto come from
WRAP ModulesI and ZB when they are operational. The WRAP Module I facility
will separatethe MLLW from the transuranicwaste obtainedfrom the burial
trench and packagethe MLLW for treatmentin WRAP Module ZA. Descriptionsof
the buried waste in the R-SWIMSand SWITSdatabasesare being used to
determinethe portionof the WRAP Module I waste that eventuallywill be sent
to WRAP Module ZA. An assumptionhas been made that the WRAP Module I waste
to be treated in WRAP Module ZA will be proportionedinto approximatelythe
same waste types as the waste in storage(Sl,TS). For this proportioning
calculation,certaincleanupwaste streamsw.:e el.iminatedand adjustments
were made to accountfor a high portionof lead in storagefrom cleanup
operationsonsite and offsite.

The WRAP Module ZB missionwill includerepackagingof MLLW that is in
containerstoo large or too heavy for WRAP Module 2A to handle. The container
size limit for WRAP ModuleZA is 5 ft high by 5 ft wide by 9 ft long and the
weight limit is !2,000lb. The WRAP Module2B feed stream t_ WRAP Module 2A
is includedin the SWITS databaseand the forecastdata; therefore,no sI_ecia]
adjustmentsare necessary.

The two LETFs at the HanfordSite are the EffluentTreatmentFacility
(ETF),Project C-018,which is being constructedin the 200 Area, and the
TreatedEffluentDisposalFacility (TEDF),ProjectL-045,under construc'.ion
in the 300 Area. Engineersresponsiblefor these facilitieshave been
consultedfor detaileddescriptionsof the LETF waste based _n the latest
flowsheetcalculationsand this informationhas been inc_r_or_:eainto the
feed specificationaata.
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3.0 FEEDSTREAMDEFINITION

The rationalefor selectionof the variousfeed streamsfor WRAP
Module 2A is determinedby many differentfactors. Some of the ramifications
and logic are discussedfurtherin the followingsections.

3.1 PREVIOUSFEEDSTREAMDESIGNATIONS

Various feed streamswere definedduringthe conceptualdesign phase for
WRAP Module 2A in order to proceedwith plant layout and determineprocess
equipmentrequirements. These feed streamsare shown at the top of
Figure3-I. Eight major feedswere definedwith subvariationsfor the 183-H
Basin waste, LETF secondarysolids,and metals. Most of the feed streamswere
determinedby the major sourcesof the waste at the HanfordSite and the
treatmenttechnologiesspecifiedby the EPA for specialwastes such as lead,
mercury, and lab packs.

A reactivemetals stream also was identifiedfor the WRAP ZA conceptual
design. Subsequentconsiderationof the ramificationsof processing_;aactive
metals and examinationof the recordsshowedthat this feed stream shouldbe
eliminatedfrom processingin WRAP Module 2A. No reactivemetals of uranium
and zirconiumturningswere found in the SWITS database. This situationis
consistentwith the practicesin place at all DOE sites for many years of
treatingthis waste type by burningand/orgrout stabilization. Elemental
sodium or sodium and potassiumalloy at the HanfordSite will requirespecial
treatmentsthat are not part of the WRAP Module ZA mission. Elementaluranium
or zirconiumin bulk form would not be classifiedas reactivemetals, and
would be processedalong with other metals as debris.

Further investigationof the feed for WRAP Module 2A indicatesthat much
of the waste is heterogeneous. The compactableand noncompactablesolids are
mixed and containmetals, concrete,glass, and other materials. The mercury
and lead wastes containelementalmercuryand lead intermixedwith absorben:_
and miscellaneousmaterialsincludingmetals. Quantitiesof elementalmercury
containedwithin the drums are limitedto a small portionof the drum
contents, in addition,new feeas of lead ana mer:ur:_cnemicals need :o _e
defined.

3.2 NEW FEED STREAMDESIGNATIONS

Based on the above information,the decisionwas made to redefinethe
feed streams in a manner that would betterconvey the heterogeneousnature of
some of the waste to be processedin WRAP Module 2A. Anotherfactor in
determiningthe specificfeed streamsfor WRAP Module 2A is the issuingof
57 FR 37194, "Land DisposalRestrictionsfor Newly ListedWastes and Hazardous
Debris,"by the EPA in the fall of 1992. This "debrisrule" recognizedthe
difficultiesin processingand certificationsamplingof certaintypes of
heterogeneoussolid waste and introducedalternatetreatmenttechnologiesfor
consideration. Samplingof debris waste was eliminatedas a requirement
but specifiedtreatmentsmust be certified. Some of the feed streamsfor

3-i
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WRAP Module 2A were appropriatelyaffectedby the debris rule. For example,
the LETF reverseosmosisfilterelements,compactablesolids and
noncompactablesolids,and miscellaneousmetals were combinedinto a single
debris feed stream (see Figure3-I). This feed definitionalso closely
followsthe breakdownof the forecastwaste shown in Figure 2-I. The forecast
waste forms of high-efficiencyparticulateair (HEPA)filters,compactable

, solids,compactable-combustiblesolids,wood and other cellulosicmaterials,
stainlesssteel,other metal <I/2 in. thick,other metal >I/2 in. thick,
glass, concreteconstructionmaterial,biological,Lnd "others"appear to meet
debris requirementsand were combinedintoa single feed stream of
heterogeneoussolids/debris.

This combinationof PCDs intoone feed streamassumesmany of the
containerswill have PCDs in variouscombinationsto one anotherand the
WRAP Module 2A processline must be suitablefor handling a wide range of feed
materials. If the PC_ types are receivedas a segregatefeed type, an effort
will be made to combinethese containersinto a subgroupfor processing.

The particulate183-H Basin wastes and LETF secondarysolidswere kept as
separatefeed streamsto retain all the detailedinformationon the different
feed types for processtestingand waste acceptanceverification. Each of
these particulatefeed streamsis expectedto be processedas separatelots or
sublotsin WRAP Module 2A versatileprocessingequipment.

Mercury and leadwastes were dividedinto severalseparatefeed streams
to emphasizethe differenttechnologiesthat will be required for treatment.
At this time, the forecastdata (seeFigure2-I) do not provide a breakdownof
the lead and mercury into these variousstreams. Ratios based on the waste in
storageare used to estimatethe feed volumesin the differentcategories.

The absorbedsolidifiedchemicalsfeed stream in the CDR was identified
for treatmentof lab packs. This streamhas been combined into a broader
categoryof containedliquidswhich includeslab backs and some liquidsknown
to be in containerspackedwithin drums surroundedby absorbentmaterials.
Lab packs are defined as a separatecategoryin the forecastdata, and this
waste is includedir_the total volume for the containedliquids feed stream.

The TTF ash was not changedfrom the CDR designation. As inaica:ea
_reviously,the technicalbasis for this feed streamhas improved
slgnificantlybut there are stillmany uncertaintiesthat will need to be
consideredas processlngoptionsare evaluated. The forecastdata have been
used to estimatethe waste volume of this feed stream.

The CDR feed streamdesignated"contaminatedsoils"was combined into a
new stream of particulates/sludgesthat includesa wide range of particulate
materialswith undefinedcharacteristics.It is anticipatedthat this feed
streamwill be processedin the same equipmentthat will be used to treat
IB3-H Basin and LETF particulatewastes;however,a wider chemicaland
physicalcharacteristicsvariabilitycan be anticipatedin processlots.

In general,all the waste can be allocatedto three major processing
alternatives: particulateincludingsludge,soil, spent resins, process
condensate,coprecipitates,absorbent,etc.; heterogeneoussolid waste or
debris;and specialtreatment-tyPewastes such as lead- and mercury-

3-3
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4.0 WASTEDESCRIPTIONS

4.1 EXISTING WASTE

Waste in storage is madeup of the 183-H Basin waste and other
heterogeneouswaste that is definedby waste codes. These codes are used to
separatethe variousdrums into specificcategoriesor waste streamsthat can
be furtheranalyzedfor constituents. The SWITS containsdata for all the
storedwaste in considerabledetail includingthe percentageof the various
constituents. A brief descriptionof the 183-H Basin waste and other feed
streamsis providedin the followingsections.

4.1.1 183-H Basin Waste

The 183-H Basin waste was generatedfrom closureof four basins used from
1973-85for solar evaporationof neutralizedacid etch solutionsfrom the
N Reactorfuel fabrication. The closureactivitiesresultedin generationof
four feed streamsfor processingin WRAP Module ZA. Detaileddescriptionsof
the variousfeed streamsare based on the considerableamountof chemicaland
physical data that were obtained to determine constituents in the waste and
meet regulatoryrequirementsfor closure. The four feed streamsresultedfrom
effortsto segregatethe waste and providetreatmentof the liquidwaste prior
to loadingthe waste intodrums accordingto approvedprocedures.

i

Supernatantliquidfrom all four basins,consistingprimarilyof sodium
nitrate,was transferredbetweenbasins and consolidatedduring closure
efforts. This liquidwas mixed with Sorbond"LPC II solidificationagents
using a batch processand loaded into drums in 1988-89. The solidifieddrums
constituteFeed Stream IA, Solidified183-H Basin Liquids,which is expected
to be processedas a lot in WRAP Module 2A. These drumsmay requirespecial
techniquesfor removingwaste from the drum and breakingup the solidified
materialto facilitateintimatemixing with grout or polymer into a waste form
that meets certificationrequirements.

A distinctstrataof relativelydry sodiumnitratecrystallinesolids
occurredon the interioredges of basins I, 3, and 4 when the supernatant
liquid was drainedfor solidification.This materialwas combineOwith sluoge
from basin I and packagedinto drums using layers of absorbentwhere needed.
This waste is a separatefeed stream for WRAP Module 2A designatedIB,
CrystallineIB3-H Basin Solids,which is expectedto be processedas a single
lot.

Sodium nitratesludgeand crystallinesolids from basins 3 and 4 also
were removedfrom the basinsand packagedtogetherindiscriminatelyas a
separatefeed stream. Absorbentwas used to retainany liquid presentwith
this waste type. Here again,this waste is expectedto be processedas a lot
with the designationIC, IB3-HBasin Sludge.

"Sorbondis a trademarkof AmericanColloidCompany.

4-I
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The remaihingfeed stream consistsof sandblastgrit and many different
types of debris includingliner material,gloves,boots, shovels,concrete,
crushedtumbleweed,etc., that have been packagedintodrums and boxes. This
feed stream,designatedID, MiscellaneousIB3-H Basin Waste, is expectedto
requiresome sortingto remove _he particularfractionfrom the larger solids.
It is not clear at this time if more than one lot will be necessaryfor
processingin WRAP Module 2A.

All the 183-H Basin waste carriesa waste code of UIZ3 for a small
quantityof formicacid that was routedto the basinsand would normally
require incinerationfor treatment. However,formic acid is known to oxidize
readily in the presenceof nitric acid and would no longer be detectable.
Effortsare in progressto sample the waste drums and obtaindata that will be
used for a variancepetitionto the EPA and the WashingtonState Departmentof
Ecology. The waste samplingeffort also is expectedto provideadditional
chemical and physicaldata that will be helpfulin evaluatingprocessing
alternativesfor all 183-H Basin waste.

4.1.2 Other Heterogeneous Waste

Most of the otherwaste in storageis within a broad categoryof
heterogeneouswaste and must be separatedby waste code and characteristics
into mercury,lead, containedliquid,particulate,and heterogeneous
solids/debriswaste. Each of the drums, and in some cases the SDAR, must be
examinedto determinethe properdesignation. This processwas used to
identifythe waste types and volume estimatesas provided in AppendixA.
Assumptionsused in selectingwaste drums, methodsused for calculatingthe
waste volumesof the differentwaste streams,and other informationon the
amount of eachwaste type in the group of drums, includingdrum density, also
are describedin AppendixA.

To determinethe volume of elementalmercuryor lead within a drum or
box, the weight of the drum contentsfor these elementswas divided by :he
density. This informationprovidedan estimateof the amount of elemental
material availablefor processing. Ratiosalso were es:ablisheafor :he
amountof existingwaste to be appliedto the waste volumescoming from _RAP
Module I and forecastwaste projections. Zstimatedvolumes for each of the
lead and mercurywaste streamsare shown in AppendixA. Waste volumes, gross
weight,weight of constituent,averagedensity,and assumptionsfor contained
liauids,particulate,and heterogeneoussolids/debriswastes also are provided
in AppendixA.

4.2 NEWLYGENERATEDWASTE

4.2.1 LE'i'Fs

The ETF will treat Evaporator24Z-A acidifiedprocess condensateto
producea powderedsolid waste (Feed Stream2A) consistingof up to 83%
ammoniumsulfatewith a small percentageof sodium sulfatethat could be as
low as B%. The dry powderedmaterialis producedfrom the operationof a
:bin-filmdryer. This equipmentis used to remove'waterfrom a major stream
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of liquidwaste brine generatedduringprocessingreverseosmosisrefectsand
minor streamsof filter back flush and ion-exchangeregeneration. The ETF
will generaterelativelysmall volumesof spent ion-exchangeresins that are
used for deionization. Small quantitiesof debris-typewaste also will be
generatedand are includedin the waste volume projectionsfor this waste
type.

Processwater from the 300 Area will be treatedin the TEDF. The major
feed stream from TEDF for WRAP Module ZA, designated2C, will be ferric
hydroxidesludge. Periodicrefurbishmentof the ion-exchangecolumnswill
producesmall quantitiesof spent ion-exchangeresin. For simDlification,
this ion-exchangeresin streamhas been combinedwith the resin from the ETF
becausethe treatmentused for both resins is expectedto be similar.

4.2.2 ThermalTreatmentAsh

Most of the ash producedin the TTF (FeedStream 7) is expectedto
requiretreatmentin WRAP Module 2A to immobilizehazardousconstituents
consistingprimarilyof toxic metals. Silicawill be a major componentof the
incinerationash. Iron also could be presentin a substantialquantity if the
drums are shreddedand processedwith the waste. Wide variationsin the
chemicalcontentof the ash are anticipatedand will depend on the waste being
treatedat varioustimes. Becauseash has been shown to be a stabilizing
additivefor grouts, immobilizationin grout or polymerwould be acceptable.

4.2.3 Other Forecast Wastes

No sDecificinformationis readilyavailablefor the remainingforecast
waste. The variouswaste forms and hazardousconstituentsused for collecting
the data from generators,shown in Figure3-I, can be used to formatthe
Forecastvolumes into differenttypes of reoortsbut sDeciFic informationon
the waste componentsis limited. Fur:herassessmentof :he data in Fiscal
year (FY) 1994 may be attemptedusing waste coaes from differentgenerators
and waste form informationto provideinsightinto the wasze contents. Data
showingamountsof specificconstituentsfor each :rum or _ox will no: De
_vaila_leunti_ the waste is actuallygener_tea;this type of informationis
essentialfor aeterminingDrocessingalternativesand lot designations.

"-3
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5.0 WASTEVOLUMEPROJECTIONS

/

5.1 FORECASTDATABASE

To arrive at the estimated volume for each waste stream, the data from
all generator sources must be added together. A special query of the forecast
database was run to generate waste volume tables by waste form for CH MLLW
Classes 1 and 3 and these tables are shownin Appendix B. Note that this
Appendix B forecast database does not include single-shell tank retrieval
operations and decontamination and decommissioning of surplus facilities.
These wastes are excludedbecausethey are the responsibilityof the
environmentalrestorationorganization. The Appendix B tables show the
estimatedwaste generatedby year from 1993-2022accordingto PCD and are
divided into separate sections for Class 1 and Class 3 waste. A separate
table in Appendix A shows the total volumes for each PCDand how these PCDs
were combined into feed streams for WRAPModule ZA.

Data for particulate waste and spent resins in the Appendix B tables were
adjusted in Appendix A to eliminate the LETF volumes because ETF, TEDF, and
resins are separate streams (see Figure 3-1). This adjustment was mad_ by
obtaining the volume projections by generator and subtracting the volumes
entered for ETF and TEDFsubmitted for the 1992 forecast database. In
Appendix A, new forecastinformationfor debris-typewaste recentlyobtained
From LETF representativeswas added to the heterogeneoussolids/debrisfeed
stream. In addition,new forecastvolume data for the ETF and TEDF were
obtained and these projectionswere used for these feed streamsin the
_ollowingsectionsof this document.

The total volumesof nonthermallytreatableClass 1 and Class 3 CH MLLW
estimatedby each waste generatorare also shown in AppendixB. As can be

seen, the total amountsof,ClassI and Class 3 waste forecastedare746,365 ft3 and 246,817ft_ respectively. About 94% of the Class I waste
will be generatedby the followingseven generators: Argonne National
Laboratory-East;PacificNorthwestLaboratory;Portsmouth;WHC 222-S
AnalyticalLaboratory;WHC Tank Farms;WHC TEDF; and WHC ETF. A total of
227,386 ft',or approximately30% of the Class I waste, ars expectedto be
received from offsitegenerators. In comoarison,almost 100% of the Class 3
waste will be generatedat the Hanford Site.

Based on the AppendixB volume breakdownby waste generatorand including
the volume projectionfor TTF ash, the HartfordSite is expectedto generate
almost 80% of the total forecastwaste volume. Clearly,most of the forecast
waste will be under WHC controland this situationwill providethe
opportunityto obtaindetailedinformationon waste attributeswith minimum
investmentof time as WRAP Module 2A design progresses.

Note that the forecastvolumesare expectedto change with eachyearly
upaate. In general,the amount of CH MLLW to be processedin WRAP Moaule 2A
has shown a steady increaseduring the past severalyears. This trend is
expectedto continue as the HartfordSite missionturns toward environmental
cleanup and other DOE sites are faced with the same emphasis.

m
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5.2 WRAPMODULES1 AND2B

The volume of MLLW that is expectedto come from the WRAP Module I
facilityhas been estimatedusing a solid waste p,-ojectionmodel computer
program. Based on evaluationof the data for currentlyburied drums that are
to be sent to WRAP Module I, 33% of the low-levelwaste is expectedto be
classifiedas MLLW and containsmall but significantquantitiesof plutonium
(<100 _Ci/g). About 50% of this MLLW is thought to require thermaltreatment
and the rest would go to WRAP Module 2A. Use of these percentages,in
conjunctionwith the recprdsfor buried waste volumes,provides the volume
(approximatelyZ7,400ftJ) of MLLW coming from WRAP Module I.

For WRAP Module 2B, the situationis more uncertainbecauseno treatment
technologieshave been establishedfor this projectand little is known about
the waste contents. It is anticipatedthat WRAP Module 2B may treat a
fractionof the MLLW that is routedto this facilityfor repackaging. As
indicatedpreviously,some of the forecastwaste will be in containerstoo
large to be receivedby WRAP Module ZA and will be requiredto go to WRAP
Module ZB for breakdownof the waste into drums. This fractionof the waste
from WRAPModule ZB is already taken into consideration by use of the total
volumes in the forecast tables (see Appendix B). The WRAPModule 2A is
currentlythoughtto be the best place for treatingmuch of the lead shielding
that will be used to reducethe radiationlevels of remote-handledwaste to be
sent to WRAP 2B. There is considerableuncertaintyregardingthis waste
stream and no attempthas been made to estimatethe amount of this waste for
the WRAP 2A feed specifications. Therefore,the projectedelementallead feed
streamvolumes for WRAP 2A could increasesignificantlyat a later date when
more informationis available.

5.3 TOTALVOLUMEESTIMATES

The total volumeestimatesfor all years shown in the Appendix B tables
were combinedwith the volumescalculatedin AppendixA to obtain the total
estimatedvolumes for each feed stream as snown in the feed stream breakdown
in AppendixC and the summaryprovided in Table 5-I. The breakdownin
AppendixC shows how the feed stream volumeswere developedfrom the differ_nz
contributingsources. Table S-I shows that the IB3-H Basin, ETF, TEDF,
particulate,and heterogeneoussolids/debriswastes are the major contributors
to the total waste to be processedin WRAP Module 2A. Heterogeneoussolids/
oebris wastes could constituteas much as one-thirdof the total waste.
Elementalmercury and lead chemicals/solutionsare _xpected to be very minor
streamswith a total volumeof approximately443 ft". Volumesof lead-
contaminatedheterogeneoussolids,mercury chemicals/solutions,and mercuryT
contaminatedheterogeneoussolids are expectedto be approximately6,735 ftJ.
The bulk of the specialwaste to be treated in WRAP Module 2A is expectedto
be elementallead and containedliquids.

Low projectionsare shown in Table 5-I for some of the feed streamsto
providea range estimatethat accountsfor variousuncertaintiesassociated
with operation_f the TEDF and the HartfordGrout Facility. The total volume
of I,Ig2,46Bft" is based on the scenarioof all facilitiesoperatingas
planned. A lower volume estimateof B36,708 ft3 assumessome of the

,,_
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Table 5-I. Summaryof Waste Receivingand Processing
Module 2A,.Feed.StreamVolume.s.........

VoIume

Number Feed stream m3 ft3
i

IA Solidified183-H Basin Liquids 575.5 20,322

1B Crystalline 183-H Basin Solids 922.7 3Z,580
i iii i iii

1C 183-H Basin Sludge 971.4 34,299
i

1D Miscellaneous 183-H Basin Waste 148.5 5,243

2A Ammonium SulfatePowder 6,485.4 229,000
i l

28 Ion-ExchangeResin 405.0 14,300
i i

2C Ferric HydroxideSludge 3,964.9_ 140,000i
317.32 11,2002

i

5A1 Elemental Mercury 11.2 395
m

5A2 Mercury Chemicals/Solutions 28.4 1,003

5A3 Mercury-Contaminated Heterogeneous solids 47.5 1,677
i i i

5C1 Elemental Lead 729.0 25,741
L

5C2 Lead Chemicals/Solutions 1.4 48
i llm

5C3 Lead-Contaminated Heterogeneous Solids 114.9 4,055

7 Thermal Treatment Ash 2,044.7 72,200

9A Particulate/Sludge 4,136.1 146,047
2,569 53 90,7293

i

9B HeterogeneousSolids/Debris 12,759.6 450,540
7,898.63 278,8983

9C ContainedLiquid 425.3 15,018

Total 33,77_ _ ' 192 4688 • " 1 $ ,

23,696.2 _ 836,708"
I m ,, ,,,

_Waste volume projection based on routine operating conditions and does
not take into account maximumpossible flows.

20ption for standby operation of TEDF (L-045) with treatment by City of
Richland.

3Without grout waste volume.
4Volume projection if TEDFand Grout Projects do not operate as

planned.

5-3



WHC-SD-W100-RD-O01
,

Revision0

facilitieswill be modifiedor replacedby other technologiesand their
associatedwaste volumeswill be significan:lyreducedor eliminated.

5.4 UNCERTAINTIES

There are severaluncertaintiesregardinga few of the previously
describedwaste streamsthat could have a significantimpact on the volumesof
waste to be processedin WRAP Module 2A. The DOE, RichlandOperationsOffice,
has asked that the use of the City of Richlandwater treatmentplant be
consideredas an option for treatmentof the TEDF waste. If implemented,the
TEDF would be used only for pretreatment,stand-by,or abnormaloperationand
the volume of waste would be reducedappreciably. This situationwould not
have a severe impacton WRAP Module 2A becausefeed uncertaintyis factored
into the volume projectionsand operationsbaseline.

Becauseless than a year has passed since the debris rule was implemented
and the volumesof many of the forecastwaste forms must be combinedto deter-
mine the total debrisvolume,there is a relativelyhigh degree of uncertainty
regardingthe estimatedtotal volume of this waste. All waste generators are
being asked to segregatethe MLLW debris for the 1993 forecastand this could
lead to changes in the forecastvolumesfor the heterogeneoussolids/debris
feed stream in 1994.

Considerableamountsof the heterogeneoussolids/deb-isand particulate
wastes are expectedto be generatedby the HanfordGrout Project. lhis
project is dependenton the outcomeof the Tank Waste RemediationSystem
(TWR$)reviewswith the DOE and the WashingtonState Departmentof E:ology.
Volume projectionsshown for grout waste may not be consistentwith the
eventualTWR$ decision. Nevertheless,treatmentof the waste tank sup_rnate
eventuallywill be implementedand operationof a new facilitywould be
expectedto generate some MLLW thatwould need to be treated in WRAP
Module 2A. Any modificationsto the HanfordGrout Projectwould only be
expectedto impactt;,eforecastvolumesana would not change WRAP Module 2A
processselection.

Anotherconsiderationis tnaz minor hazardouscomponentsof the _TF wasz2
have not been thoroughlyevaluatedaz this t_me. Immobilizationtesting is
being conductedwith a range of componentsto providesufficientdata for
treatmentassessment. AQditionaleffortmay need to be focusedon this stream
as the f_cilityinitiatesoperationand more characterizationinformation
becomes available.

,B
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6.0 FEEDSPECIFICATIONDATA

6.1 FORMATAN_ FEEDDESCRIPTIONS

The attributeformat selectedfor all the feed streamsis based primarily
on the informationneeded for design and processflow diagramsand resulted
from severaldiscussionswith UE&C-CatalyticInc., the Architect-Engineerfor
WRAP Module 2A. Other considerationswere data needed for the waste
acceptanceand testingactivitiesthatare being conductedby WHC for process
verification,and the radionuclideinformationneeded for RCRA trench
performanceassessmentfor MLLW disposal.

The feed specificationattributesfor each of the WRAP Module 2A feed
streamsare provided in AppendixD. Attributesare groupedunder the main
headingsof feed stream,generation,physicalcharacteristics,radiological
characteristics,chemicalcharacteristics,and packagingdescription. Each of
these main headingshas severalsubheadingsthat includebrief narrative
descriptionsof the waste, volumes,physicalstate and other properties,waste
class, radionuclidecontent,dose rate, chemicalconstituents,waste codes,
hazardouscharacteristicsand components,containertype, internalpackaging,
gross weight, and closuremechanisms. Effortshave been made to provideas
much informationas deemed necessaryfor designactivitiesand waste
acceptance.

The followinginformationis providedto help clarifythe AppendixD
tables and proviae informationconcerningwaste codes and characteristicsfor
various feed streams.

• Some of the feed stream specificationswere compiledfrom computer
searchesof receiptrecordsfor MLLW storedat the HanfordSite.
Becauseof the nature of these summaries,conclusionsshould be made
very carefullyto avoid misinterpretingthe data. For example,the
waste code sectionsin the AppendixD tables summarizeall the waste
codes assignedto any of the containersincludedin a particular
feed streamgroup; therefore,for Feed Streams5 and aDove a
specificwaste containerwould not be expectedto be designatedfor
all these waste codes but this situationis not precluded.

• The feed specificationrepresentscurrentprojectionsof wastes
intendedfor treatmentin WRAP Module 2A. Wastes identifiedin the
future for treatmentin WRAP Module 2A may have other codes.

• No individualwastes have yet been identifiedthat bear all three
codes (DO01,DO02, and DO03), and if any future wastes are
identifiedfor which incinerationis the appropriatetreatment,such
wastes will not be treatedin WRAP Module 2A.

• Each containerin a feed streamgroupmay containmore than one
individualwaste packageand the waste codes on the drum and
recordedconstituentquantitiesfor each drum summarizeinformation
on all the individualpackagesin that drum. It shouldnot be
presumed that each of the codes on a drum apply to all the
indivicualwaste packagesin that drum or tn_t the constituent_in
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that drum are evenlydistributedamong the various individual
packageswithin that drum.

• The computersearchesof receiptrecordsfor mixed waste stored at
the HanfordSite are limitedby the qualityof the data orig!nally
receivedwith these containers. If a constituentis incorrectly
identifiedor if the recordsare incomplete,it may not be possible
to corrector completethe informationafter the fact without
sampling.

• The bestmanagementpracticesby which MLLW is packaged at the
HanfordSite and at other sites for storageat the Hanford_ite
attemptto err on the side of conservatism. This ;racticemay
occasionallyprovideinformationthat can be misinterpreted. For
example,some proceduresrequirethat waste identifiedas corrosive
be pH-adjustedto neutral,and that the waste code of D002 be
retainedon the waste even though it no longermeets the RCRA
definitionof corrosivewaste.

• The DO01 code has six subcategories:

- Ignitableliquidswith high organiccontent
- Ignitableliquidswith low organiccontent
- Ignitableliquidwastewater
- Ignitablecompressedgases
- Ignitablereactives
- Oxidizers.

Almost all the DO01 wastes treatedin WRAP Module 2A will be in :he
subcategoryof oxidizers.

None of the DO01 wastes intendedfor treatmentat WRAP Module 2A
will be in the three DO01 subcategoriesfor ignitableliquids (i.e.,
none of the wastes intendedfor treatmentin WRaP ZA will have a
flashpoint<140 "F}. In addition,none of the D001 wastes intended
for treatmentat WRAP Moduie 2A will be in the DO01 subcategoryof
ignitablecompressedgases.

• The chemicalcharac:eris:icsnarrativedescriptionin the AppendixD
tables identifiesthe presenceof "water-reactivesubstances"in
Feed Stream gC. The only water-reactivesubstancesintendedfor
treatmentin WRAP Module 2A will be strongacids and bases packaged
in lab pack-typequantities(becausethese wastes can react
violentlywith water, they may be coded D003).

• No alkalimetalswill be treatedin WRAP Module 2A.

• AlthoughWRAP Module 2A is not intendedto :reat wastes such as
oils, solvents,and alkalimetals,it is expectedthat small
quantitiesof these types of materialsmay occasionallybe
"discovered"duringwaste sorting. Upon discovery,such wasteswill
be repackagedand returnedfrom WRAP Module 2A to storage. It is
not intendedthat this considerationhave significantimpactson the
complexityor cost of WRAP Module 2A.

5-Z
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It should be recognizedthat with the exceptionof volume projectionsand
the informationthat has been accumulatedfrom other sourcesfor the
IB3-H Basin and LETF wastes,a major portion of the data provided in the feed
specificationis based on waste in storage. From all indications,the
variability_f the existingwaste in conjunctionwith the informationon the
othermajor feed streamsand the issuingof the debris rule provide a
reasonablebasis for design and permittingof WRAP Module ZA.

6.2 RADIONUCLIDEDATA

Althoughsome radionuclideinformationis presentedalong with the feed
specificationdata, there may be need for a wider range of radionuclide
values. The data availablefor Feed Streams I and 2 have been incorporated
into the feed specificationtables. Tables of existingwaste radionuclide
data that cover a wide range of radionuclidesfor Feed Streams 5 through9 are
providedin AppendixE. These tables show the range, total, and average
radionuclideinventoryand may be helpfulfor specificevaluationsrequiring
these data.

6.3 BOXWASTE

Currently,there is no way to analyzethe existingcontainerforecast
data to sort out the waste that will requirethermaltreatment. However,a
query of the forecastCH MLLW databasewas conductedto determinethe volume
of waste that is expectedto be containedin boxes and to obtain some
indicationof the total amountof boxes that will need to be processed in WRAP
Module 2A. These data suggestthat the number of boxes has increased
substantiallyover past estimatesand as many as 35 to 40 boxes per year may
requireprocessing. Examinationof existingdata indicatesthat most of the
box waste would be expectedto be in the form of HEPA filters,sludge,
concrete,soil,metal, and lead. Evaluationof the new 1993 forecastdata is
expectedto be undertakenearly in FY 1994 to determinethe yearly number of
boxes to be processedand which feed streamswill be impac:ed.
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7.0 PLANNEDSWITSDATAUPGRADES

Effortsare in progressto developsoftwarefor computerinterrogationof
the SWIT$ data for MLLW. This softwareis expectedto be helpfulfor grouping
drums by waste code and evaluating the composition and radionuclide ranges of
constituents. The softwarecapabilityis expectedto be availablein FY 1994
for updatingthe feed specificationdata.

7-;.
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9.0 GLOSSARY

ABBREVIATIONSANDACRONYMS

CDR conceptual design report
CH contact handled
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
ETF EffluentTreatmentFacillty
HEPA high-efficiencyparticulateair
LETF LiquidEffluentTreatmentFacility
MLLW mixed low-level waste
PCD physicalcontentdescriptor
RCRA ResourceConservationand RecoveryAct
RO reverse osmosis
SDAR Storage Disposal Approval Record
SWITS solid waste information and trackingsystem
TEDF TreatedEffluentDisposalFacility
l'l'F thermaltreatmentfacility
llVRS Tank Waste Remediation System
WHC WestinghouseHanford Company
WRAP Waste Receivingand Processing
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APPENDIXA

METHODOLOGYFOROBTAINZNGVOLUMESOF FEEDSTREAMS
5AI-A3, 5C1-C3, 9A, gB, AND9C
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Mercury Waste to be Processed at WRAP 2A

Existing Data

l_lementalMercury swrrs omtoe,e
Hazardous Drum

Volume Volume Drum Kg Gross Kg of Constituent DensiW
M3 Ft3 Equiv. Weight Mercury Vv't.% (ib/ft3j
1.7 61 8 829 58 7% 30

Mercury % by
M3 Volume

0.00428 0.20

AssumDtions

1} Polyethylene,glass or metal containersthat solehazardousconstituent is mercury
in a form of liquidsurroundedby absorbentor as one of several possibleabsorbents
saturatedor nearly saturatedwith liquid.
2) Seven % by weight of _is lot is elementalmercury. The remaining93%
is containersand absorbents.

M_rcurv Chemicals/Solutions swrrs Det_e,e
Hazardous Drum

Volume Volume Drum Kg Gross Kg of Constituent Density
M3 Ft3 Equiv. Weight Mercury Wt. % (Ib/ft3)

4.4 156 21 4689 5 < 1% 66

AssumDtions

1} Polyethylene.glassor _ "al containerscontaining hazardousconstituentof mercury
in various chemicals,in a :,;re of dry solids, liquidsurroundedby absorbentor as one
of severalpossible absorbentssaturatod or nearlysaturatedwith liquid.
2) The mercurymakes up < 1% by weight of the lot. The remaining99% is
containers,absorbents,and chemicals.

_lqrcury ContaminatedWaste SWITSDetWeee
Hazardous Drum

Volume Volume Drum Kg Gross Kg of Constituent Density
M3 Ft3 Equiv. Weight Mercury Wt. % (Ib/ft3)

7.4 261 36 4275 34 < 1% 36
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Mercury Contaminated Waste Cont.

Assumptions

1) Hazardous constituents include mercury in the form of any combination
of cloth, diatomaceous earth, metal, pager, polyethylene, wood, absorbent

glass, rubber, conwedlpads, stainless steele, floor tile, rock or batteries.
2) The mercury makes up < 1% by weight of the lot. The other 99% is contaminated
debris as defined above.

1 Conwed is e trademark of Leucadia. Inc.

Calculations

Existing Data
Percent of Mercury coded waste to total volume of non-183H existing waste.

13.55 /205"100 6.61%

Percent by volume of elemental mercury to total mercury volume.
1,74/13,55* 100 = 12.84%

Percent by volume of chemical/sol'n mercury to total mercury volume.
4.42/13.55" 100 - 32.62%

Percent by volume of mercury contaminated waste to total mercury volume.
7.39/13.55" 100 = 54.54%

Forecast data

CH_LLMW I (page 5b of forecast printout) 21.8
CH_LLMW_III (page 10b of forecast printout) 0.4
Total r:orecast mercury (m3) 22.2

Total ._,3 Total m3 Mercury Total rn3 :
i nm ii nil= i

3
WRAP 1 27480 77_.0 51.3

7, !i4=ecl on c_culeoon of volume of He to volume of non-183H _xieong waste. (e.el %)

3 Volume based on solid waste proia©tlon mooldino results.

Summary-Existing plus Forecast plus WRAP 1 Volumes
4

Mercury Existing Forecast WRAP 1 Total m3 Total ft3 Total DE
Elemental 1.7 2.9 6.5 11.2 395 54
ChemlSol 4.4 7.2 16.7 28.4 1003 137

Hg Cont. 7.4 12.1 28.0 47.5 1677 228
Totals 13.6 22.2 51.3 BT. 1 3074 419

4 1_4ercurybre_down umin9 the Wovt i_rcentagae (12.84.32.S2,54.S,4) M e_ch category. /
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Lead Waste to be Processed at WRAP 2A

Existing Data

Elemental Lead swrrs Oataben
Hazardous Drum

Volume Volume Drum Kg Gross KD of Constituent Density
M3 Fr3 Equiv. Weight Lead Yr. % (/b/ft3)

109.9 3880 528 148616 124813 84% 97
Box

Lead % bt Density
M3 Volume (Ib/ft3)

13.1 12% 74

Assumptions

1)Hazardous constituents include lead in the form of elemental lead or metal
representizive of the lead.

2)Eighw-tl_rae % by weight of this lot is elemental lead. The remaining 17% is
in the form of any combination of absorbent, polyethylene, paper, metal,
asbestos, rubber or cloth.

Lead Chemicals/Solutions swrrs O,,z_u,
Hazardous Drum

Volume Volume Drum Kg Gross Kg of Constituent Density
M3 Ft3 Eauiv. Weight Lea_ Vv_. % (iblh3)

0.2 7 1 61 0 <1% 13

A ss uml3tion s

1)Polyethylene, glass, or metal containers that hazardous constituent is lead
i.e. Pb02 in solution with various others, in a form of liquid surrounded by absorbent
or as one of several possible absorbents saturated or nearly saturated with liquid.

2)The lead makes up < 1% by weight of the lot. The remaining 99% is
containers, absorbents, and chemicals.

Lead Contaminated Waste swrrs o,u¢_,=,
Hazardous Drum

Volume Volume Drum KD Gross Kg of Constituent Density
M3 Ft3 Equiv. Weight Lead Wt. % (Ib/ft3)

17.3 511 83 16620 9842 59% 35
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Lead Contaminated Waste Cont.

At_sUrnl_tions

1)Hazardouscontituents includelead in the form of any combinationof
cloth, diatomaceousearth, metal, filters, wire, stainlesssteel,
pager, polyethylene, wood, absorbent,glass, rubber, or ¢onwed pads.
2)The lead makesup 59% by weight of this lot. The remaining41% is to be considered
debris as defined above.

Calculations

Existing Data
Percentby volumeof Loadcoded waste to total volumeof non-183H existingwaste.

127.4 /205"100 62.15% This high percentage dueto site clean-up.

Percentby volumeof elementallead to total lead volume.
109.89/127.4"100- 86.25%

Percentby volumeof ¢hemical/sol'nlead to total lead volume.
.21/127.4* 100 - 0.1 6%

Percentby volumeof lead contaminated waste to total lead volume.
17.3/127.4* 100 = 13.59%

Forecastdata

CH_LLMW..I (page 5b of forecast printout) 329.4
CH LLMW III (page 10b of foretaste printout} 1=,5.4m

Total Forecastlead(m3) 484.8

1
Total fz3 Total m3 LeadTotal m3

i H , ii ill

WRAP 1 27400 7"76.0 232.3

1 _sed on evauaOon of the contents of WRAP 1 waste • decision wee made to reduce tt_e amount

of lead •tale©tool from WRAP 1 to 30%.

2 Volume based on solid waste pfojacuon modeling results.

Summary- Existingplus Forecastplus WRAP 1 Volumes
3

Lead Existing Forecast WRAP I Total M3 Total fz3 Total DE Total BE

Elemental 109.9 418.1 201.0 729.0 25741 3159 18i
Chem/Sol 0.2 0.8 0.4 1.4 48 6 o01Pb Cont. 17.3 65.9 31.7 114.9 4055 552
Totals 127.4 484.8 233.0 845.2 29844 371 8 18
3 Lied breMdown umng the above per¢lntagel (e6.25,O.le. 13.59)of each category.
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Heterogeneous Solid Waste to be Processed at WRAP 2A

Exi#_'ng Data

Contained Liouid SW1TSOe_ue

Hazardous Drum

Volume Volume Drum KO Gro_ KO of Constituent Oensiw
M3 Ft3 Equiv. Weight Constituent wt % (Ib/ft3)

9.3 328 45 5465 496 9% 37

Min. Gross Max. Gross

Wt.Ko. Wt. Ko.

7 441

Assumptions

1) Polyethylene, glass or metal containers that have various hazardous constJt_Jents,
excluding lead and mercury, in a form of liquid surrounded by absorbent or all one of
several possible absorbents saturated or heady saturated with liquid.

2) Nine % by weight of this lot is hazardous constituents. The remaining 91% ill
containers and absorbents.

3) Thirty of the containers have "Y" in the lab pack flag designator (meaning they are
definitely lab packs) whereas tt_e others were selected for this category based on
waste characteristics information.

Particulates swrrs Dam_e

Hazardous Drum

Volume Volume Drum Kg Gross Kg of Constituent Density
M3 Ft3 EQuiv. Weig/Tt Constituent wl. % fib/f13)

27.7 979 133 30093 13970 46% 68

Min. Gross Max. Gross

wr. Kg. Wt.Kg.

12 345

As._umDtions

1) Containers that have various hazardous constituents, excluding lead and mercury,
in the form of li¢luid with absorbent (no mention of polyethylene), absorbent only, sludges
(with or without absorbentl,resins,chemicals,soils,clay or asbestos material.

2) Forty-Six % by weight of this lot is hazardous constituents. The remaining 54% is
absort}en=, clay and polyetl_ylene, metal or glass containers.
3) None of the containers have "Y" in _e lab 13ackflag designator.

A-7
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Solid/Debris Waste swrr= O_
Hazardous

Volume Volume Drum Kg Gross Kg of Constituent Density
M3 Ft3 EQuiv. Weight Constituent wI. % (Ib/ft3J

26.5 935 127 12974 884 7% 31

Min. Gross Max. Gross

Wt. X_. VVt.Kg.

5 372

Assuml_tions

1) Containers that have various hazardous constituents, excluding lead and mercury,

in the form of any combination of cloth, diatomaceous eartP, metal, paper, polyethylene,
wood, absorbent, glass, rubber, ¢onwed pads, stainless steel, or filters including
HEPA filters.

2) Seven % by weight of this lot is hazardous constituents. The remaining 93% is
debris type waste as defined above.
3) Containers that have me "F" codes have <0.5% of that constituent on them and
therefore are considered to be incidental contact containers.
4) Three of the containers have "Y" in the Izb pack flag designator and appear to have
contaminated equipment in them.

Calculations

Existing Data
Percent by volume of Heterogeneous waste to total volume of non-183H existing waste.

63.53 /205"100= 30.99%

Percent by volume of Contained LiQuid to total Heterogeneous volume.
9.30163.53 ° 100 = 14.64%

P,Jrcent by volume of Par_Jculate to total Heterogeneous volume.
;.7.74/63.53 ° 100 = 43.66%

Percent by volume of Solid/Debris to total Heterogeneous volume.
26.49/63.53" 100 - 41.70%
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Forecast Data

Vc_meeof t.ETFwemein fromfommmtdanathee_ ILl

L045 (LLMW I) oeuan,_edSlreem volumem_

sludge/ab liquid Particulates f 4058.01
spent resins Particulates L 238.0 I
Sub- TorM 4296.0

¢ompactable Iolld Debds i ........... 1029.0 !
¢omp/comb solid Debds [ 1106.1 I
Sub- Tote/ 2135. I

C018H (LLMW_I) ,,,,,,,,d S,r,,m Yogin,
¢ompectable solid Debds ........ 669.7 !

coma/comb solid Debds 937.61
HEPA filters Debris 200.9 I'
Sub. TotM 1808.2

particulate Particulates t 14767.i 61 'spent resin Particulates 67.4 I
Sub- TotM 14935.0

C018H Debris
New 1993 fofemmtinfemumlen.

HEPA Debris I 031RO Rlters Debds 87,0

Pa_culate Filters Debris I . 28.01

Charcoal Rlters Debris 2.8

Rags Debris 112.0
,._ul_.Tore/ 230.1

Grout Project

(see AplDendix B) LLMW_I LLMW_lll Volume m3

particulate 0.0 1327.5 1327.5 iParticulate=lzl

Sludge/AB Liquid 0.0 239.1 239.1 !Particulate
Sub-Total 0.0 1566.6 I566.6

HEPA filters 0.0 58.6 58.6 iDebnsllll= i = i

Comgactble Solid 0.0 2648.5 2648.5 IDebris
Comgtcomb solid 0.0 650.7 650.7 iDebns

i I

Stainless metal 0.0 286.3 286.3 [Debris
i,= i =

other metal <.5 0.0 286.3 286.3 Debrisi, i

other metal • .5 0.0 865.5 865.5 iDebris,i , i

other 0..Q 65.1 65.1 ;Debris
.Su#-TotM 0.0 4861.0 4861.0

A-9
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Summary of Forecast data for ol_er feedstteaml (see AppendixB)
LLMW I LLMW Itl V_ m3 hl_

HEPA filters ii 1581.8 " 132.1 i 1713.9 Debris
i i iii /i

Compsctable solid 3107.9 2682:1 .... 5770. 0 Debris
¢omp/comb sodd 3541.1 820.7 4361.8 Debris
wood 21.6 0.8 22.4 Debris
stainlessmetal 107.4 280.7 394.1 Debris

iml,| i i iiii ii

other metal <.5 280.0 413.1 693.1 Debris
Other metal >e5 ...... iO91m 8'65 e 8 ' ' 975'14 DebrJ_

Glass .... 1378. s , ?'6 1380Le _ Debris

Concrete 738.1 4.3 742.4 Debris
33.8 ' 0.0 33.8 DebrisBioloGical .......

Other 82.7 651i 147.8 Debris....

Sub-Total 10982.8 5258.3 16241. I

Sludge/ASUquid 4398.6 ...... 24i.4 4640.0 Particulatei L

Particulate 15041,3 1329.0( 16370.3 Particulate
Soil i686.0 ' '2.9' ' 1688.9 Particulatere_

Spent Resin 425.0 0.4J .....425.4 Psndculata
3ub-Total 21550.9 1573. 7 23124.6

Cent Liquid .....60.0 0.0 .....1 60.0 ContainedLiquid
Labpacks .... 281.8 2.21 284.:0 ContainedLiquid
Sub-Total 341.8 2.2 344.0

BothL045 and C018H are accountedfor in other streams in the Feed Specification
Document. In order to obtainan accurate Forecastamount,the volumesfor L045 and C018H
where subtracted from the total volumesfor debris and particulatefeed streams.The new
C018H Debris volume of 230.1 m3 was added backin for s new Adjusted volume.
Also, the adjusted volumemay be consideredwith/without the Grout Projectvolume.

1 2

Total L045 C018H C018H Debri Adjusted Grout Adj-Grout

Debris - 162m41.1 ..... -2135.1 'I 'i '0180_.2 ...... ,,, 230.1 .... 12527'9 , 4861 .IQ i , 7666.9
Paniculate ii 23!24.8 4296. 0 ] -14935.0 0.0 3893.6,, 1566,6 2327.0
Cent.Liquid 344.0 0:0 t 0.0 0.0 344.0 .......... 0,0 i | 344"0
Total le?ss.s lo_37.s

I klsl L04S endCOlSH forlciet(COllH Dellne edcledbeck in).

2Auumu Grout fe_iiw deemnot operme u ourrontlyp4onned.
3

Tgtal f_3 Total m3 Heter. Total m:3
4

WRAP 1 27400 776.0 492.0

3 Iieeed on % mfLead 130%) plum% of Hg (0.8%) luvme 63.4%.

4 Vo4un_beNcl on miidweete protecbonmodMing remdtm.
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$umnmry-Extsttng plus Forecast plus WRAP 1 Volumes
| s

._.tterogeneou= J Existing Forecast WI=IAP 1 Total M3 ,Total ft3 Total DE
C. LiQuid ! 9.3 344.0 72.0 425.3 15019 2045

Particulate I 27.7 3893.6 214.8 4136.1 146047 19885SolidlOsbr !..... 26.5 12527,9 205.2 12759.6 450541 ............61344
TorM 63.5 16765.5 492.0 17321.1 611606 63274

S ForeoutamountwithGrout.

6 Heterogeneeutbreaaown forWRAP1 uue thee=Inng tuum pemtmagee(14.04.43.6(I.41.70).
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A.?. GLOSSARY

ABBREVIATIONSAND ACRONYMS

CH contact handled
DE drum equivalent
HEPA high-efficiencyparticulateair
MLLW mixed low-levelwaste
RO reverse osmosis
SWITS solid waste information and tracking system
WRAP Waste Receiving and Processing
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APPENDIXB _'

FISCALYEAR1992 FORECASTVOLUEESUHHARY
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113019J FT 199Z FONICASI VOLUH[ StJ_ll¥ Page le

NON-IIILltHALLY Ili[AIAOL[ VOLLII4LSFOIl VASI[ CLASS: (H_LLHU I

(vulunu_s In cubic; ana:ters)

PED Abbrev HED Abbrev H[LD !_93 IH94 1_95 1996 19_1 199B 1999 ZOO0 2001 EOOZ 2003 E004 EOOS 2005 2001
..........................................................................................................................................

II[PA FILLERS I[ NEIAL 0 .3 3 5 3.5 ) 5 3 5 3.5 3.6 3.6 3.5 3.5 ).S 3.& 3 5 3.5

SPENT SOLV(NI 0 .0 O .0 O .0 .0 .0 .0 .O .0 .O .0 .0 .O

OIHLR 57 4 IBS 1 4b 9 30 9 44 5 44 2 30.1 30.4 ]6.Z 30.3 50.9 38.Z ]11.5 30.9 43.1 5S.S

........................................................................................................................................

Total IILPA FILLERS 5_ ¢ IeS.I 4/ Z 4Z 5 40.1 41 0 41 1 4Z.O 41.O 41.9 ,54.4 41.8 4Z.1 45.5 45.1 59.1

SLUOGEIA9LIQ OXIDIZER I i .I .I .I 0 .0 .0 .0 .0 .0 .0 .0 .0 .11

ACIDS _ 9 9 .9 .9 7 .1 .1 .1 .7 .1 .1 .I .1 .1

ALKALINES I ) I ) I 3 I .1 I J I I I.I .9 .9 .9 .9 .9 .9 .9 .9

6 S 14 I 14.5 14 5 14 5 145 14.5 14.6 14.5 14.5 14.5 145 145 14.1IC NEIAL Z0 25

P & U LIST(D O .0 .0 .0 O .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 ¢-)
I

OiliER Z 4 0 I 14 0 1B.1 16 ! I0 ! 1d.! 16.1 111.1 18.1 111.1 111.1 15.1 111.1 18 Z 18.E _ti)
..................................................................................................................................... _D

Total SLUt_L/AB LIQ 5.Z )1 5 z5 b 155.O ISS.O 1550 154_1 154.1 154.5 154.5 154.5 154.5 IS4.S IS4.S 154.5 154.S --'-Z[:

I --'-O

t'J LABPACIr,S OXIDIZER .5 .Z .Z .3 .3 ,1 .3 .3 3 3 .3 .3 .3 3 .] .3 O O• " " :_1 I
ACIDS .5 3 _ _ $ Z I Z 5 Z.5 Z 5 Z 4 1.9 1.9 1.9 1.9 I.g 1.9 1-11 1.11

ALKALINES .5 2 0 I ) I 0 !,3 ! J 1.3 I E 1 I I I 1 I 1.1 I.I 1 I I i I I O O....... 0

VAI Eli IILA(IIV( .5 t Z .3 .3 .J ) .3 .3 3 3 .3 .3 .3 3 .3 O
• " " O

LYANID( .5 E .Z 3 .4 4 .4 .3 .3 .3 .3 .4 .4 .4 .4 .4"

It: H(TAL 5 5 5 .4 .4 4 .4 .4 .4 .4 .4 .4 .4 .4 .4 .4

P & U LIST[D .5 _ I 0 I 9 4 Z 4 Z 4 Z 3.4 Z.5 Z.5 25 Z.7 2.7 Z.I Z.1 Z.1

PLD ( 50 PPH Z .Z Z .Z Z ._ .Z .Z .Z .Z .3 .$ ] .3 .3

OlllLg .5 5 I 0 I 3 2.1 Z.5 Z.5 Z.E 1.I 1.1 1.1 1.1 1.1 1.1 1.1 1.1
.....................................................................................................................................

Total LAUPAEKS 5.1 1 3 I J 1 iS IZ 3 IZ.) IZ.3 lO.1 11.11 I1.11 O O 0.9 11.9 0 g 8.9 11.9

(UI4PACTBIE 501. IIAI_4ABL( .I i ! .I .I .i .1 .! .I .I .I .1 .I .I .1

UxIDIZ(R .O 0 U .0 0 .0 .O .0 .O .0 .0 .O .O .0 .0

(UHBUSI lot( 0 U 0 .0 .0 .0 .0 .0 .0 .5 .O .O .O .0 .5

A(_IDS 4 4 4 .4 4 .0 .0 .0 .0 .0 .0 .0 0 O .O

AIkAI IN(S .5 5 6 ,5 .5 .i .i .l .I .I .i .1 .1 .I .1

NUIL (xcludcs UitC_SSIR(T. UIIC_iIIIISP and all u,t-,,a,,,s ,I i)&iJl_u, lsl,s Fac wa_,te ge,,eratur gwuup

Ildhuc_ai,UJl \d! U/Uh R



FV-1992 FOkiCA51 VUIUH( SUI4111ARV Payo lb .

NUH 1IIIHHAILIr IliLAIA8L( VUtlJ#(S FOR VASE[ (LASS: CH_LLWa_I

|vul,-,-,s I, c,blc meters)

PCD Abbsev HCD Abbrev 2006 zoo9 ZoIo ZOll 2012 201J ZtJI4 2015 2016 ZOll 2018 2019 20/0 2021 ZOZZ Total Pet
..........................................................................

........................................

HIPA titllRS lE H(IAL 3 6 J 5 3 b J6 3 6 J E 3 iS 3 II 3.6 3.El 3.6 316 3.El 3.El ].55 100.0 II 4

SPLN! SULVLNI .0 O 0 0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .2 .0

OItl[R 39 2 3U i] 39 I 3'J5 51.5 J9 3 40 0 399 44.5 SI.Z 40.4 40.6 41.2 41.1 53.6 1480.8 93ll

..................................................................................................................................................

lotal HLPAFILLERS 428 4Z 5 42 ? 43 I 55.1 42.9 43.6 43 4 48.1 550.8 44.0 44.2 44.8 44.1 51.2 lS818 lO0.O

SLUUGE/AbI IQ OXIDIZ(R 0 IJ 0 0 .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .0 I 0 .0

AEIDS ; P 1 7 .1 .6 a .0 .0 .8 .0 .8 .ll .0 .0 23.1 .S

ALIt,At INES .9 _ 9 9 9 9 9 .9 .0 .9 .9 .9 .9 .9 .9 29.9 .1

IC MLIAL 14.7 14 I 74 I 74 1 14 I 147 14.1 14 7 14.1 14.1 14.8 14.8 148 14.8 14.8 21ZOoll 484

P & U LISILD O IJ .0 O .O O 0 +0 .0 .0 .0 .0 .0 .0 .0 .8 .0' j

OILIER 18+2 10 Z IB 2 ILl _ 78 _ IB Z ItJ Z IB.2 lll. Z 18.2 78+3 18.3 183 lll.] 78.3 2214.9 50.4 _C_II)
.................................. (D

........................................................................................................... _ |

Iotal SL|IL_aE/A8 LIQ 154 6 154 b 154 6 154 6 154 II 1545 J54 b 154.1 154.1 154 1 154.1 154.7 154.8 154.8 154.8 4398.6 100 0 .-._-IE:

I
4...... LABPACKS OXIDIZER 3 J 3 3 3 +3 3 .3 3 .3 4 .4 .4 4 .4 9 0 3 5 =10 Oi

ACIDS I 8 ! Is I 8 I li I 8 I 8 ! B ! 8 i.8 I1 i.1 1.1 !.1 1.1 1.1 60.3 21.4

AIILAL|IIES 1.1 I I i I I I I 0 I 0 ! O I 0 1.0 1.0 1.0 I 0 I 0 1-0 1.0 34.2 12 I 0 _1

5/AIER RLACIIV[ 3 S J j .] 3 3 $ .3 .3 .4 .4 .4 .4 .4 9.1 3 4 c_O

(.IANiU[ 4 4 4 4 ,4 4 4 4 .4 .4 .4 .4 .4 .4 .4 11.5 4.|

IC HEIAL 4 4 4 4 .4 4 4 ,4 .S .5 .S .5 .S .S .5 I.!.3 4.1

P & U LISIIU 2 I _. p ? I ? I Z I 2 I ++! ? 1 2.1 2.1 2.1 Z.1 2.1 Z.1 Z.I 81 9 _P9|

FEB • SO PI'H .3 I 3 ] .J J ] ] .3 .3 .3 .3 .3 .3 .3 1 B 2 8

OIIILR I I ! / I / I I I / I I i I I+7 1.1 1.1 1.1 1.1 1.1 1.1 i.1 53.3 IB+9
....................................................................

........................................

lut,l IAIfl'A[P$ 8 9 b _ t_ 'J _t 9 8 9 V I 9 I 9 I 9.1 9+1 9 I 9.1 9.1 9.1 9.2 281.8 100+0

t UHI'ALIbl I _(JI I t AHI4AUL[ 1 I i I l I I .I .1 .1 .1 I I .1 .I Z.4 .l

OxIOI/LII .0 u u o 0 O +O .0 .0 .0 .0 .0 .0 .0 .0 .Z .0

CtM4BUSI! BL£ .0 U O 0 6 0 0 .0 +0 .6 .0 .0 0 .0 .ll 3 2 .I

ALIUS O U Is 0 0 0 0 0 .O O .O 0 0 0 .0 ? Z I

AI CAtINLS I I I I i I I I .1 .I .1 .I I I .I 4 8 Z

NUI[. t_Llud,:+ UIIC $511t[I. VIIC_II/IFSP aJ,d ,ll ,,,.,,d,cJ_ ul bLt)/_+*-plus iac waste LJtlle_dtul 0ruup

• dl_uc\aI,UJl \,h OZUh il



7/30193 FT-IgOZ FORLCASI VOLt_| 5UIV_R¥ Page 3,
NUN-IIILXHAILI |REAIAOL( VOIUH[S fOR ¥A51( CLASS: CH_LLNV_I

(vol_s I, cubic _ters)

I'LD Abbeev I[U Abbr{v II|IO 19_J 19_4 19_J5 199b 1991 19_JO 1_199 ZOO0 ZO01 ZOOZ ZOO) ZOO4 ZOOS ZO05 Z001

Iotal WOOD 0 O I I i 1 I I 1.0 I.O .5 .5 .li .i .i .5 .i .i .5 .i

$1AINLSS H(IAL OXlOIZ[li O O O .0 .0

ACIDS J ,3 .3 .3 ,3 .i .| .I .| .1 .I .1 .I .1 .I

ALILALIHf5 Z Z Z .Z Z .I .i .| .1 .1 .I .I .| .I .I

IdXllR REACIIV( 5 4

IL 1411AL U O O .0 O O .O .0 .0 .0 .0 .0 .0 .0 .0

OiliER 4 4 4 5 ) I 3 I 3 1 3.| 3.1 3.| 3.| 3.1 3.1 3.1 3.1 3 ] 3.1
.....................................................................

....................................................................

lutal SIAINLSS HLIAL O.O II ) 5 Li .].5 J 5 ) t5 3 Z 3.2 3.Z 3.Z 3.2 3.Z 3.2 ].Z 3,Z 3 Z I

Oil! filIAL ,.50xlOI/[ll I I I I ,I ID• " ,e_ I
ALIDS 4 4 4 4 4 0 .0 .0 .0 .0 .0 .0 .0 .O .0 --,,

c_ .0 .0 .0 0 .0 .0 .0 0 _ w-,
I AlkAlINES 4 4 4 .4 .4 .0 .O . - _..

--i I( HflAL I I 5 I I .0 O 0 .0 .0 .0 0 .0 .0 .0 .O .0 O O• - " _l I

IC UXGANIC ,O U .0 0 .0 .0 0 .0 .0 .0 .0 .§ .0 .0 .0 ;O

Ol,tM IZ 5 iJ U 8 P U_l O ; O ; 0 7 0.1 8.1 O.l 0.8 8.| 0.0 08 80 OC:)l
....................................................................................... O

.......................................... O

Iota| OIII HLIAL ¢.5 I.I 14 4 14 U 9 8 9 7 9 I O d 08 |.8 0.0 |.0 8.$ 0.9 0.9 0.9 0.9 O--d

Oil! MLIAL ,- S IL eILIAL (J o O 0 0 O 0 .0 .0 .0 0 ,0 .0 .0 .0

IC trot,ANIC O U O .O _0 O .0 .0 .0 .0 .0 .0 ,0 .0 .0

rtU -- 5UO PPi4 6.Z Z u b / i I .I .l .I .! .I .i .I .i .I .I

Olii|R 4 4 4 5 J I ) i J ! 3 I 3 I 3.1 3.1 3.1 3,1 3.1 3 I 3.1 3.1
...................................................................................................................................

lutal Oltl HLIAL )- S 5 2 I 3 5 U ] O 3 Z 3 Z ) Z 3 Z 3.Z 3.2 3 Z 3 Z 3.Z 3.Z 3.Z 3.Z

t,lASS IC HLIAL E0 4 ?Z I Z4 9 34 O 3/ 4 Z4 9 El Z 21.2 Zl.2 Zl.2 Zl.2 2/.2 Zl.Z Z/.E Z7.Z

51'iNI 501V[N| Z0 ] Zi I Z4 U 34 O 31 4 Z4 9 21.Z 21.Z Z1.Z Zl.Z 21.Z Zl.Z ZlZ ZI.Z ZI.Z

OlJilX ) / 4 Z 4 9 4 9 4 9 4 9 4 9 4.9 4.9 4.9 5.4 5.4 5 4 54 $ 4

N_JI[: [xclu,les MIL.SSIR[I. VFIC_il71FSP lind all anc,,J,_,s ul D&D/Su,plus lac wJste gene, dtor yroup

a,Jl.,JC_ah031_df OZUh g
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7130193 FT-199E IORELASI VOLUHESUMART Page 2a
NUN-IIIL#MAIL1 IRLAIADL| VDLUIIIS FURVASI[ CLASS: CH_LLHM_I

[,ul_s t,, cubic hirers)

PCD Abbrev IICD Abbrev IIELO i_'J) I'J'J4 199S 1995 1991 1998 1999 ZOO0 ZOOI ZOOZ ZOO3 2004 ZOOS 2006 ZOO1

........................................................................................................................................

(OHPA(IBt| SOt IC M[IAL IB 4 II S 45 S 51 9 _)] 9 46 S 47.8 41+8 41.8 41.8 41.8 41.8 47.0 41 6 418

IC OI_5AHIC II 4 9 I IO O I) I iS,0 I0 0 10,9 I0.| 10.9 10.9 10.9 IO.9 IO9 iO+9 IO $

51'(NI SOLVENI II 4 9 Z I0 I I:1 I Ib I I(J 1 lt.O IZ.O IZ.O IZ.O 12.0 IZ.O |2.0 lZ 0 IZ.O

1'(6 )-5O.c SO0 2.4 2.4 2.4 2.4 2 4 2.4 2.4 Z.4

OILIER IS b IU 8 4] 5 43.5 4J 6 43.5 43.6 43+§ 43.§ 43.7 44.Z 44.Z 44.2 44.2 44.Z
....................................................................................................................................

lotoI LUHPACIUL[ SOL 0 0 5U O 55 6 111 Z IZ3 8 IZ6 5 !10.3 113.S 115.9 11|.9 II?.S 111.4 111.4 117.4 111.4 ilO.I

COMPI[OflU SOL FLA/4HAOL[ I i 1 I I .! .1 .I .I .I .I .t .I .I .I aE:
OXlPlZtg O 0 O .0 O .O .O .0 .0 .O .0 .0 .0 .0 .0 "r"

LUHUUSIIBL[ 5 I 5 1 ] 4 3 4 J 4 _i 4 3.4 3.4 3.4 4 I 3 4 3•4 3.4 3 4 4.1 C'_I ..
ACIDS 4 4 4 .4 4 .0 .0 .O .0 .0 .0 .0 .0 0 .0 _ (/ICO C:3
ALIr,ALI N[S 5 b 5 .5 6 .i .1 .1 .1 .| .1 .1 .1 .1 .1 _ I

1C IILIAL 3 iiS 5 le O 5Z I 58.0 60 1 5Z.5 b4.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 _-31::uu
I I[ ORGANIC II 4 9 I IO 0 I) I 15 0 lO.O 10.9 10.§ 10.9 10.9 10.9 10.9 10.9 10.9 i0.J --'-OO C)

tit SPENt SOLVENI .E II.S 9 Z IO i 13.1 15 I I0 I Ii.O 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 _ I

PCO _,-50., SO0 4.1 4.7 4.1 4.1 4.1 4.1 4+1 4.1 O ;_

fEB _- 500 PPli 3 Z 0 0 .0 0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 I• " C:_
OILIER 95 IJ 3 450 4S.B 4_ lid 45 O 458 4S.8 4S.D 4S.O 463 46.3 46 3 463 45.3 O

.......................................................................................................................................

lutJl CDflP/LUHBSOL .8 51.5 5'_ 9 IZJ O 135 5 140 4 !_2.0 IZS.2 133.1 133.1 133.0 133.1 133.1 133.1 133.1 134+4

MOOD It ANMAI|L[ 0 0 0 .0 O .O .O .0 .0 .O .0 .O .O .O .0

OXIDIZER 0 O .0 .0 O .O .0 .0 .0 .0 +O .0 .O .0 .0

LUHUUSII§t [ 0 0 O .0 O O .O .O .O .O .O .O .O .O .O

At 1US Z _ .Z ._ Z O .O .0 .O .0 .0 .O .O .0 .O

AI KALINES Z Z .Z . Z

IC HEIAL I I I .I I .1 .I .I .I .| .I .I .I .1 .I

IL DIILANIC O u 0 .O O .0 .O .0 .0 .0 .O .0 .O .O .0
o o .0 O .O .O .O .O .O +0 .O .0 .0 .OSPENI SOLVLNI !

(+llllS 4 4 S .S S S .S .S .S .S .5 ._3 .S .S .._

Null• J,t IL.Ic_, WIIt_SSigltl. WIIC_II/IFSP afLd all ,.,.,.l,,:,s uI btli/SU, l,lus tllc waste 9cmrfator gluup.

i,ih,.,c \lhO ! I \d, O..'UhR
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1/30/93 FV-ig_Z FORECASTVOLUMESUMMAIIV Page 4tl

NON IlItHHALII IlIIAIABi( VULUM[SFOIl WASTECLASS: CH LLN4 I

(vulu,.._S In cubic meters)

POD Abbrev HCD Al_rtv tiliO i_J i_4 1_5 19_6 I_l 19'J8 1999 Z000 20OI ZOOZ ZOO3 ZOO4 20OS Z005 ZOOI
............................................................................................................................

.........................................................................................................................

lulll GLASS U 0 t,0 4 4_ 5 54 ! 72 9 I:t I 54 7 59.3 59.3 59.3 59.3 59.8 59.8 $9.0 59.B 59.0

CONCALI[ FI_BLE 0 0 O ,0 0 .0 0 .0 .0 .0 .0 .O .0 .0 .O

OXlUIZEA 0 0 0 .0 .0 .0 .0 .0 .0 .0 .O .0 .O .0 .|

COCSOUS1iOL[ 0 O ,0 0 •0 O .0 .0 .0 .O .0 .0 .O .0 .|

ACIDS 4 4 .4 •4 4 +0 +0 .0 .O .0 .0 .0 .0 .0 .0

ALICALiN(S 4 4 4 4 4

1( NLIAL il 4 _ Z 10 I JJ I I_ I 10 0 10 | 10.9 I0 $ 10 $ IO.9 10 $ IO+9 10 $ IO.g

IC OiiGAii C 0 0 0 0 0 .0 .0 .0 .0 0 .0 .0 0 .0 .0 =E:
-r"

SPLN! SOLVli! iL I lU Z ZO 0 Z7 Z JO Is ZO.0 Zl.O Zl.8 21.8 Zi 8 21.8 Zl.8 ZI.8 21.0 Zl_O
OIHER l . I I

pOc/i
................................................................................................................................... GaD

I
lutal CU_t.iLI( 0 0 J4 _ l_ O Jl 0 41 i 4_ 6 30 0 32.1 3E.1 32.1 32.1 32.1 32.1 3E.1 3Z.! 37,.I 5 I::ULJ

I (54 *--,,

PARTICOtAll FLAMMABLE _ 3 4 .5 .S .5 .5 .4 .4 .4 .4 .4 .4 4 .4 0 0

(OHOUS1IDLE _ J 4 S S .S .S .4 4 .4 .4 .4 .4 .4 .4 _1 1• . . ._

ACIDS 4 4 4 4 4 C_ C:)
I

ALLALIlls 4 4 4 4 4 0
O

IC H[IAL I 2Z 0 ZbJ 0 ZS) 0 Zt,J 0 ?SZ 9 ZSZ $ 25Z.9 ZSZ.9 ZSZ 9 ZSZ.9 26Z.9 ZSZ $ 25Z g 25Z.$

SP(lll SOLV(N! 1 Z 5 b 5 .S .3 .3 .3 .3 .3 .3 3 .3

OlHER I b |I 4 ZlU 4 770 I L/Is i 210 1 ZlO I EIO.I Z/O.l EIO I Z/O 5 210 5 ZI05 210.5 ZIO.6
.......................................................................................................................

lutal I'ANIlCUtAI[ 0 0 a n 54 U 5iS ! 5t5 S 5J5 S 514 ! $34 S 534.2 $34,Z $34,Z 534 I 534 1 SJ4 I 534.1 $34.1

SOil FLAHMADL[ U U O .O 0 0 .0 .0 .O 0 .0 O O .0 .0

OxlPlZ|l 0 U U O 0 0 .| .O .0 0 .0 .0 .O .0 .0

CU_US | lULL O U I} 0 0 0 .0 .0 .0 0 .0 0 .O .0 g

ACIDS 4 4 4 .4 4 .0 .0 .0 .0 0 .O .0 .0 .O .0

AI LA| IN[ S 4 4 4 4 4

IC HLIAL ii) 4 I Z _ _i 3 8 .O .8 .8 O 8 O 8 O .8

IC Ut_IaAN!C L Z J .L Z Z .Z .Z .Z .Z .3 .3 .3 _3 .3

NOl(_ [,cluJ_s MIC.SSIREI. VIIC_ilIlirSP ,-d all ,,,d,r,_ ul b&l)/Su, tslus lac ,-aste 9c.erator group.

adh_c\¢t.O]l \d_ OZOt_R



F1-1992 FONL('ASI VOLUHESUI,II4ARI Page 4b

NUN IIOLKHAIL! IAIAIABI[ VOtLiq|b IRA IIAS1E CLASS: CH_LLNU !

(volumes to, cubic meters)

PCLIAl,b, ev tiED Abbrev Z008 ZtJUJ ZUIO ZO|i ZOIZ ZOI3 ZOI4 ZOiS ZOI5 ZOI1 Z01B 2019 2020 Z021 20ZZ Total Pet
.........................................................................................................................................

..........................................................................................................................................

|olal GLASS 59 8 .5_' 5 JZ 5 3Z 5 3Z.5 3.5 1 3.5 I 28.6 Z8.6 ZB6 Z8.6 ZO.& Z4.0 Z4.0 Z4.0 13188 IO00

COlzCRLIE FLM'V4ABL[ 0 .0 r.) .0 0 +0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

OXIDIZER .0 0 _ 0 +O .O +0 .0 .0 .O .0 .0 .0 .0 .0 .0 .0

ClJ4Ousi IBL( .0 0 0 0 0 0 0 .0 .O .0 .0 .0 .O .0 .0 .0 .0

ACIDS 0 O 0 O +O .0 O .0 .0 .O .O .0 .O .0 .0 1+9 .3

ALr,AI IllES ! g .3

1C MLIAL I0 9 5 4 5 4 S 4 5+4 5 4 5 4 4 5 4.5 4.5 4.5 4.5 3 E 3 $ 3,5 244,5 33+1

1C ORGANIC 0 O 0 0 .0 0 0 0 .0 .0 .0 0 .0 +0 0 .0 .0 IZ_
..... -z- t

5PENI SOtV[lll Zl 14 It) _t ILl 9 I0 9 IO 9 I0 _l I0 9 9.1 9.1 9 I 91 9.1 7.3 1.3 1.3 4080 55 Z ("1!
OIIILR .0 .1 _ (/I

................................................................................................................................. _ 0< I

LAJ lutel LON_'IiL![ 3Z 1 15 3 Io J 16 .5 Ib 3 ib 3 Ib.3 13,5 13.5 !;1.5 13.5 13.5 JO.g 10.9 10.9 736.1 !00.0 -.-o- ZE:141 i,-.1
I ,.,+-1::3t

t.J PANIILUIAIE tLAlaHABL( .4 4 4 4 4 S 5 .5 .5 .5 .5 .5 .5 5 .5 13 ! 1 O O• " :31 I
LO_JUSI IOtA 4 4 4 4 .4 S 5 ,S .5 .5 .5 .5 .5 .5 .5 13,1 .i ;z3

C3, C:::P
AI.I OS 1.9 .O I

ALILALIN[S I 9 .0 OC)
IC HIIAL ZSZ.9 25Z 9 _bZ _ Zb? 9 Zl_2 9 Zb2 S 2bZ 9 ZSZ+9 ZGZ.9 ZSZ.9 Z52.$ ZSZ-9 25Z 9 ZSZ.9 ZSZ.9 1384.Z 49.1 o...,+

$P[HI SOLVINI .3 .3 ] ] +3 .3 3 .3 .3 .3 .3 .3 .3 .3 .1 10.] .1

oI*iIA 210 5 ZlO 5 Zsu _ 71u 5 Z/u 5 _71 I PI! I 271.1 ZTI.] ZII.I Z71 I Z/l.! ZTI ! Zli.I Z/I.I 1515.1 50.6
............................................................................................................................................

lotaI PAMIICULAIE 534 7 594.7 _i4 I 5]4 7 5.54 I 535 3 _,J5 3 b]S 3 535 3 535.3 535.3 535+3 535.3 535 3 535.3 15041.3 100.0

_OIL i I AI4HAbIE O O U O 0 O 0 0 .0 .0 .0 .0 .0 .0 .0 .I .0

UxlUILIR 0 O O 0 0 0 0 .0 .0 .0 +0 .0 .0 .0 0 1 .0

LIJ41JuSI JOt [ 0 0 lJ 0 .0 O 0 .0 .0 +0 9 .0 .0 .0 0 .1 .0

ALIUS 0 .0 O 0 0 0 .0 +0 .0 .0 .0 .0 .0 .0 .0 Z.Z .I

AILALINtS I 9 I

I(. H|IAL .O 0 o 14 0 14 14 6 8 +0 .O .8 8 .0 O 135 8 01

IL" UHGANIC .3 3 ] 3 3 3 3 .3 .3 .3 +3 +3 .3 .3 .3 O 1 .S

HUll: [,clud++ U,C SSIALI. WIIC_IIIIFSP and oil .,_-,,I.,,_ ,l D,.LI/_ulpltJz Fac _dste g_a,er,tor gruup

&IIIzUC %&llt| J | %tJl IJ_'Uh I(



il30/93 FY-lg�Z FLLqtCAS| VOLLI,I£ SU,g4AIT Page Sa

NUN IliiHHAILV IR[AIAOI[ VOLI_(S FUR VASI[ CLASS: CH_LLMV_I

(volu_s In cubic u_ters)

PCD ALbrev riCO Abbrev ItiiD |_1_} |Y_4 19'J5 J_b 1991 I_l_lB 1999 2000 EO01 2005 Z003 ZOO4 5006 Z006 Z001
....................................................................................................................................

SOIL SPIN[ SOLV[NI .1 /u I 55 5 EZ Z 64 8 9} ) bE Z 51 9 61.9 51 9 6/,9 61.9 E1.9 61.$ 6/.9 61 9

Olli(li O O S .S 5 .S S .S .S .S .S .S .S .S .S

h, tal 5UIL ] |Bb O '_ b b4 I ISl.Z _5 I 6J B 69 4 59.4 69.4 69 4 69.S 69.S 694 69.4 69 4

ttAU l( HLIAL 30 ; _u S I] ! lO 9 9 6 9 9 6 8 OII 8.1 0.6 8.a 8.9 I.S S.O 9 0 S.O

|oral L|AO 30 1 LU b iJ ! I0 9 _.6 9 _ 8 B 8 | 8.1 O.| 8.0 6 9 9.S 9.0 9.0 9 0

HIICLUKT I[ HEIAL 1.0 I. I I _ .I / .I 5 .6 .5 .6 .i .I .6 .5 .6 I:
-r

..................................................................................................................................... CIj
Iot¢l HLRCUAV ! 0 i I / b .I .I .I .6 .6 .6 .i .6 .i .6 .6 .6 I

_d,n
COC3
< I

L_ bIOlOGICAL P & U LISIL0 ! I i I i 1 I I I i I I I I 1.0 1.0 i.O 1.0 1.0 1.0 1.0 1.0 -"16:
I Olli_li I I i .| .I .i 1 .I .1 .i .1 .I .I .1 .1 54

, ....................................................................................................................................... 0 C)
:3 I

lotll BIOLLK_ILAL 0 0 I U I is I ? I.Z I Z ! 5 I 5 I.I i.I 1.1 1.1 I.I I.l I i 1.1 _O
0(:3

I
_PLN| R(SINS f LAHHABL[ Z i I .0 0 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 O

C:)
(L_UUSI iBL[ S ) Z .I I . i I .1 .1 .1 .1 .1 .1 +I . I ,-+

IL lqtlAL I l I ] ; .1 I ) 1 J I 3 13 1.3 1.3 I.] 1.$ 1.3 1.3 1.1

SPLNI SOIV[H[ I l I I .I I ,i .I .I .I .I .I .| .I .I

UIIIIR 4 I O ! 5 1.5 I 5 15 1.5 1,S 1.S 1,5 1.5 1,S 1.S 1.S I+S
................................................................................................................................

lut.I SI'INI liLSINS 0 0 I 1 i' Z 15 Z IS 0 15 0 IS 0 IS O iS.O IS.O IS 0 1S.I 15.1 15.1 IS.I 15.1

CO_| LIQ ACIDS 10 5 l I I I I 1 .I .I .1 .I .1 .I .I .1

IL HIIAL i0 E I 1 I I I .I .I i I .I .I .I .I I
.............................................................................................................

lutll ([)NI IIQ 0 0 Z0 4 I 4 I 4 ] 4 I 4 I 4 I 4 1.4 1.4 | 4 1,4 1.4 1.4 1.4 1.4

[ilil|H AI 5At INt$ 3 Z

hill[ [.clu,l_l I,/ll( SSilt|I. t.'llC i|/IFSI' t,ld Ill i._.,l,_, + ,,I IJ&ll/5.,I,l.s tic elite 9e-rrltur group

I,Ih,. \eI,UJl \,h ()/t_lhX



11-199Z IOIIICASI VOLLIt( SUHHAIIT Page 55

NLIIt-IItIkMAll! IRIAIAOli VOLUH[$ FUll VASIE CLASS: CH LLIW_I

(volumes t, cubl_ meters)

PEO Abbrev lIED Abbrev Z0Utl ZUU9 LOt0 ZL)li ZOI2 201) ZUl4 2015 2015 |0t| 2016 2019 20Z0 ZOZI 20ZZ Iotal Pet
..............................................................................................................................................

SOIL SPiNI SOLVLNI 51 S 3] 9 3J 9 3] _ ]3 9 3) 9 3J g ze.) ZO.) Z0 3 ZO.) Z8 ) ZZ.5 ZZ.5 ZZ.5 ISZI.3 90 Z

UIHEII S 5 S 5 S 5 _, .S .S .S .S .S .S .4 .4 15.4 .9
....................................................................................................

lutal bOIL 69 4 35 5 )_ $ 35 5 )S S 35 S 35 S 29.8 294 Z9.8 LPg.8 Z9,11 Z4.Z Z4.2 Z4 Z 1605.0 |00.0

LiAD 1( N[IAL 9 ! 9 I 9 ? 9 9 9 ] 9.4 9 S 9 5 $ S |.l 10.4 S.9 9.9 IO.0 10.4 3;_9 4 I00 0
.......................................................................................................................................

Iota1 L(AD 9 I _ I 9 Z 9 'J 9 3 9 4 9 S 9 S § 5 9.1 104 9.9 9.0 10+0 JO 4 31Z9.4 I00 II

I:
H[R[UIRtr IC METAL 6 b 6 5 .l I 1 .1 .I .I .I .I .I .1 .1 Zl O 100 0 -Jr-

.......................................................................
..................................................... |

lulal N[REURT 5 b 6 b I I ! .7 .I .1 .1 .1 .1 .1 -) 2l 8 IOO.O _t_• " 00

(xJ BIOIOSI(AL P & U LISliD |0 I U I O I 0 I O I 0 9 .9 .| .S .S .9 .9 .S .$ 30 8 $1.1 _-" Z(:_.,
i OIIILR .I I ! I l I I .I .I .I .J .I .I .I .I 3 0 8 0 ,,,,,kC_,-- 0 C)

............................................................................................. _ |f,,} .......................................

" Iotal 61OLUSILAL I I I I I i I i I.I ! i I 0 I.O 1.0 1.0 |.0 1.0 1.0 I.| 1.0 )3.0 |00.0 O_:)
t

¢:)
.0 .0 .O .0 .0 .0 .0 I 4 .3 OSPLNI HL%IN$ fl AXe_BL[ 0 0 U 0 0 0 0 .0

.i .1 .I .i .1 .I 4 I I.O '-"(U_BU$I lOLl I ! I I I I I ,I . I

I( NEIAL I ] I t I J I J I ) I 3 I J 1 ) 1 3 1.3 1 3 1.3 1 ) !.3 l.] ZO5 ] 40 ]

SPIN| SULVINI I 1 I 1 I I I .I .| .| .| -| | -| -| Z 6 .6

OIIILR 1 S I ', I 5 I 5 I S I b I S I S /.S I S 1.S 1.S I S I.S I S Ell.6 49 I
...............................................................

lut.I 51'LNI RESINS I$ 0 15 LI 15 U 15 U 15 0 15 I 15 I 15 l 151 IS I ISi IS I IS I IS I IS+I 4ZS.O IDO O

LUNI till At|lOS 1 / ! ! ! I I .1 I I .l .1 l .! .l 30 0 SO O

I[ HLIAL I I I I I I I .1 .1 .1 .l .1 _! .1 .1 30 0 SO 0
...................................................................................

h, tel LONI I IQ I 4 I 4 I 4 I 4 I 4 I 4 I 4 1.4 1.4 14 ! 4 I 4 I 4 i 4 I 4 60 0 100.0

OlillX AtkAt INLS ] Z 3.8

N()I| (., lu,l¢_ WIlE (,r,IRLI. WIk_II/iiSP aliJ ¢11 ..,,_¢, = ul D&lJ/_*,,l, lu_ |aL uaste _e,=eiator group

I,II,uL_Sl,UJJ \f,li b,.'O|i R

II



NOI[ |.LiuJes UIIL_SSIlUT. VIII IIIIFSP II,ld dill .,L*,4,c,s i.f i)&ll/ 5.0 t,l.'. ta{ -.l'.le ,Jt-,.rcatur y*o.p

adl_- _'_l*OJ|\lh ULOh Ii



Fv-t_z t_[[ASl VOLml[ 5_UNIqUUtV r,_ U

lIU# IJlLMHALI! tlIAIAdBt[ VOLIJIqlLSf011 _|l CLASS: (liI_LLNM_I

Ivolwnes I, cubic i_lerl) "v-
C')
I

_OVI

P(0 Abbfev liED Abbrev 2008 iOU_ ZOI0 ;P0]i ZUiZ Z013 ZUI4 ZOlS Z01ti Z011 t0ill ZOIS Z0Z0 ZIIZl ZOZZ lotal Pet ID C_I_: I
W .............................................................................................................................................. .,,,4.

I Olivia Villi iiACIIV( 0 .0 0 0 .0 .0 .0 .I .| .I .0 .0 .| .0 .i 4.1 4.| --,- C_

;+ OIHfi 1.6 1 6 1 6 ; 3 16 J 6 1.6 l.S l.| Z.I /.$ 1.8 |.l 1.$ 4.4 iS.4 91.2 0 0_I I
.............................................................................. . ....... ... ........ + ......... . ............................. _J_

lot,I 01liLt i I I t I 1 I J i+11 I I 1.1 1.1 l.I l.I Y+] I+1 1.1 1.1 4.S IIZ.Y lO0.11 I
C_
O

................................................................................................................................

lutal (.IILLI4V_I 1198 6 lUnt 8 10el I 1onU._J II_Jl.Z lOB6 ) 106/.0 1061.1 IIIIZ.S 1061.11 10141.9 10f_l.0 1050.4 1898.4 1061.4 ))ZZli S

moll. l.+ludts W(_5Sli[l. kl__JllllSP *-J ,II ,,_J,c,s ¢,I UkUlSuJpIuz 1,c ,,azte ge.erltor group

,,U.+_ \,hO 51Xd, 0Z0h it
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fV-199Z fOIII(A$! VOLUHESUI_T hoe lb

NON IfltHHXttV llI[AIABLE VOLLa4(Sf011 VAST| [L_$: r.H LLNg III

|volumes t, cubic meters)

P(D Abbrev H(O Abbrev ZOOB ZOOg 2010 2011 ZOIZ 2013 2014 20iS ZOli Z012 20ll Z01i 2020 |021 ZOZZ Iotal Pet
................................................................................................ * ....... ... .............. . ....................... .

I_PA I ILIL#S ALr,A! IN(S ; 5 5 .! 5 .1 .1 .S .$' .$ .§ .! .ll .8 .9 I;.ll I$.3

I( NLIAL I 5 5 ; .5 .1 .1 .5 .] .] .li .1 .I .O .J II.I 13.)

SPENT $OLVl II O 0 .O .0 .O .0 .0 .0 .O .O .I .O .O .O .I .| .I

OIH(t Z I 1 9 1 9 Z.0 19 Z I 2.1 t S I.S I.S 1.9 Z 0 2.1 Z.Z 2.1 Sl.I 13.4

........................................................................................................................ -0 ..........................

total H(PA FILLERS ) S ) 0 30 33 30 35 3.5 3.0 Z.i Z.I 3.Z 3.4 3.1 3.9 4.2 i3Z.I 10G0

SLUL_LIAB LIQ OXIDIZER 0 O 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .O .0 .O .O

X(iO$ O o 0 0 .0 0 .0 .0 .e .o .o .o .e .o .e .I .e

ALKALINES Z I Z I Z I Z 4 I l Z I Z.I Z.I I.| l.t Z 3 Z.li Z.8 ].li ].4 55.| 21.1 =_:

1C HEIAL 3 ) Z 5 25 ] 0 E i 3 3 3.3 Z 6 1.4 1.4 Z.| 3.1 3.5 3.0 4.Z 80 $ 33.Z C'_" I

P Ik U LISIEO 0 0 0 .0 .0 0 .0 .0 .0 .0 .0 .0 .0 .I .0 .O "_.| _ C::3l_
OILIER 4.0 ) I J 1 J.$ 3,1 4.0 4,0 3.1 1.1 1.1 3.3 3.1 4.2 4.5 S.O $5.? ,lS.li _ i

,,-_-RE::
...................................................................................... *-----* . ................ ** ........ . . .......... o ......... . .... .

(.13 tOI
O lotol SLUOGEIABLIQ 9 9 / 9 I 9 0.9 1.9 9.9 9.9 1.9 4.Z 4.Z 8.4 9.4 iO.S II.S IZ.i 241.4 100.0 -.._00 C).,,_..,,

O_ _ i

LABPA(k5 O](IOJZEil 0 0 0 .0 .0 _0 .0 .0 .0 .0 .0 .0 .O .O .0 .4 IS I O _:)

VAIER RLA£1lYE .0 O 0 0 .0 .0 .0 .0 .0 .| .0 .i .i .0 .i .4 15.1 I

CYANIDE +0 O 0 +O 0 0 .0 .0 .O .O .0 .0 .O .O .O .4 16.1 OO

l( H(IAL .0 0 0 0 O .O .O .0 .0 .0 .0 .0 .0 .O +0 .4 lS.I o--,

P I U LISI[0 .0 U O .O .0 .0 .0 .0 .0 .l .O .0 .0 .0 .O .4 15.1

P(O ¢ S0 PPH .0 U .0 0 0 0 .0 .0 .0 .O .0 .0 .O .O .O .4 Ili 1
.............................................................................................................................................

lutel IAOPAEIr,_ I I I I I I .1 .| .I .I .I .I .I .i .I Z Z IUO.I

C_PACIBLE SOL fLANMADIE 0 U 0 .O .0 0 .0 .0 .O .O .0 .0 .0 .O .0 .| .0

ALILAI1#t5 32.9 Zb O L5 0 Z5 _ 25 0 32 9 32.9 25 O 11.9 |39 21.1 31.Z 346 381 41 5 19_.J _.9

l( HLIAL ]29 Z_ g ZS g Z_ 4 ES g )E 9 32 9 25.S J3.i |3.| Z1.7 )l.I 34,5 38.0 4I.S 154.5 _l

Olin 442 3!, 0 J5 0 39 5 35 0 44.2 44.2 35.0 18.| 1|.0 31.3 41 9 45.5 51.1 5S.; 1011.5 40 Z
.................................................................................................................................................

lutaI LL_PACIDLE 50L 10_ 5 Ob _t 66 9 96 4 859 IlO.0 ilO.0 65.S 456 45 S 92.1 104.Z !15 | 121.3 138.0 2552.1 100.O

IlOlE: Lxclude+ Vl(_$SIg[l. Vl( Ill lISP ..d t_I .._,,++*s of Ll_UISutplus tic weste yenerslor group

a,Pbu_\ll,0]l \drOZOh II



llJOI93 F1-159Z FOR[CAS1VOLUMESUMNAIIV Page Be
NUN-IH[RMALLf lll(AIAilt( VOLUN(S FOil WASI[ {:LASS: Cll LIHV_III

{volumes in cubic metlrl)

PCDAbbrev I[0 Abbrev IIEtO 19+J 1994 1996 1996 199; 1998 1999 2000 2001 2002 2003 Z004 ZOOS 2005 ?OOl

COI4P/CUI4DSOL FLA/aNADL[ 4 7 1 4 2.4 2 _ 2.4 2.4 Z.Z 1.1 1.4 2,4 Z.Z 1.4 Z.2 2.2

ACIDS 1.1 1.1 I.l 1.1 1.1 1.1 1.1 1.1

ALKALINES 9 1 8 ) 6 6 O S 3 50 t O 1.0 l.O 1.1 1,1 1.0 1.1 1.0 1.0

IC NIAL _ ! 8 J _ 6.0 5 3 6+0 6.0 5.3 5.3 6.0 6.0 53 $.0 5.3 5.3

SPL#I 5OLVERI J +1 1.4 2.4 2 I 2.4 2.4 4.2 4.2 4.4 4.4 4.2 4.4 4.Z 4.2

PCB )-50,c SOO 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

OIH(I ! 2 1+3 Z 4 4 5 1.6 5 1 1.6 1.6 |.1 S.1 I.§ 1.S |.l 1 6 5.1 8.1
.............................................................................................. ° ............................................

IDEal LUMP/LUI_ SOL I.Z J I I 4 14 5 24.S ?t 6 24.S 24.5 28.4 28.4 31.3 31.3 Z8.S 31.3 28.5 28.5

-r"
WOOD Olfl[R I U 0 0 .O O .O .0 .O .0 .0 .0 .0 .0 .O .0 ('1

I
......................................................................................................................................... _i_ _,_

lutal _ 1 .0 O U .0 .0 .O .O .0 .0 .0 .0 .0 .0 .0 0 ilP C:_" _ I
-d- 1E:

I SIAIRLS5 MEIAL AI_ALIN[5 4 _ I 9 3.2 Z O 3.2 3.2 2.8 2.0 3.2 3.2 2.0 3.2 Z.8 2.0 --"- 0

"-4 IC ME|AL 0 4 .9 I 9 3.2 2 8 3.2 3.2 2.8 2.8 3.2 3.2 Z,O 3.2 2.| Z+I C) C)• " • _ I
OIII(R .O b I 3 Z+S 4.2 3 O 4.2 4.2 3.8 3.8 4.2 4.2 3.8 4.2 3.0 3.8 _t3

C3C:3
.................................................................................................. o ......................................... . 1

Iotal SIAIlILSS H[IAL 0 1 S J i 6.2 10.6 9 4 10.6 10,6 S.4 $.4 10.6 10.§ S.4 10.6 9.4 9.4 C:)• .
I,,-I

Dill MEIAL ,.S ACIDS 1.3 1.3 1.3 1.3 1.3 13 i.3 i.3

ALKALINES .4 _ I 9 3 Z Z 8 3.2 3.2 _ • O Z • O 3 . 2 3 . _ _ " 8 3 - _ Z 10 _ • 8

IC MLIAL +0 4 9 I 9 )2 2 O 3.2 3,2 4.e 4.8 5.2 5 2 4.e 5.z 4.8 4.8

IC ORGANIC l.I i,I 1.8 1.6 J.| I.O 1.8 1.8

OILIER .O S.i S 6 Z S 4 Z 38 4+2 4.2 $.1 3.11 4.2 4.2 3.| 4.2 3.| 3.0

...................................................................................... - .....................................................

l_tal Dill NIAL 4.5 O 60 ; 7 52 10+6 94 10.6 10.6 14.5 14.5 15.7 15.1 14.5 IS./ 14.5 14.5

Dill MEIAL ,,-.S AL[ALIN£5 I 4 2 O S 6 9.6 8.5 9.6 9 6 8.5 8.5 9.6 S.§ 8.5 9.6 0.5 8.5

|C H[IAL .O i 4 2 6 5.7 9.6 8.5 9.5 9.6 0.5 8.5 9.6 $.6 8.5 9.5 8.5 8.5

UIIIER 0 I 6 ) O I S 12.8 11.3 12.8 12.6 11.3 11.3 12.8 12.8 11.3 12.0 113 11.3

RULE- (J.clu_,_s kll( SSIA[I. VIiC_IIIIFSP and all ,,._,d,e,s of D&D/Surplus Fac uaste generator group.

a,lhuc\ahO)l _d, OZOhR



0 uo._s._^aZl
! o0-al_-O0[M-aS-3HP,



;130/93 FT-199Z FORECASTVOLUH£StJl_Ir P*oe 9,
IIOII-IIi[RHALLY |R[AIADL[ VOLLI4[S FOR VASIE CLASS: CH_LLHV_Iil

(vottJe| In cubic minter|)

PCD Abbrev 1t£0 Abbrev HELD 1993 1994 1999 1996 1991 1998 1999 ZOO0 IDOl ZOOZ ZOO3 ZOO4 ZOOS ZOOG ZOO1
............................................................................................................................................

................................................................................................ °* ................. ° .........................

Iotal OlH HEIAL ,-.S .0 4.S 9.4 188 $Z.O Z6.3 3Z.0 3Z.0 211.3 Z11.3 3Z.0 3Z.O 211.3 3Z.O Z8.3 28.3

GLASS OIleR .7 +Z .Z .Z .Z Z .Z .Z .l .Z .Z .Z .Z .Z .Z -|
................................................................................................... - ............ . ........................... .

fatal GLASS .1 .Z Z .Z .2 Z .Z .Z .Z .Z .l .Z .Z .Z .Z .2

CO#CR[I [ C(XqBUSI IDLE .1

SP(NI SOLV[IIt 0 O .8 8 .0
a(:

PC11_ SO PPN 0 ::_

1
iota! CORCItEI[ 0.0 I 0 O .O .0 O 0.0 0.0 O0 0.0 0.0 0.0 0.0 0.0 0.O 11.0 _C) tel

mC:P
I

PARtICULAtE FLAJaPAAOL( .0 7 I 4 Z 9 4 9 4 ] 4.9 4.9 4.$ 4.] 4.9 4.9 4.3 4.9 4.3 4.$ ,,d.
I COHOUSI1OL| .0 0 0 O .0 .0 .0 •O .0 .11 .0 .11 .11 .0 .0 .0 ,,,.IA,.dC:)

0-4

ALICALIRES 1 ; 3 5 1 Z 1Z.3 1O O IZ.3 |Z.] 10.11 10.11 IZ.] |Z.$ 10.| IZ.] 10.11 lO.O O O

IC HEtAL 1 ; 3 6 7.Z IZ.] IO 8 iZ.] IZ.] 10.11 10.8 lZ.3 IZ.] 1O.| IZ.$ 10.0 10.11 :3 i

SPEN[ SOLVENt .I I 4 Z.9 4.9 4 3 4.9 4._ 4.1 4.3 4+9 4.9 4+3 4.9 4.3 4.] C:) (:_1

UIHLR I Z I 4 4 8 / 14 O I) O 14 O 14.8 II.0 II.O 14.11 14.8 13.11 14.0 l).O 11.11 O• 0
............................................................................................... O-.,*...........................................

; 0 14 5 Z0 9 49 Z 4] 4 49 Z 49.2 4).4 43.4 49.Z 49.Z 43.4 49.Z 43.4 43.4total PARIICUtAI[ .!

SOIL ACIDS I I i • I i

ALKALINES I i I . I I

tC HEIAL .0 .Z _ Z .Z Z .0 .O .0 .0 .0 .0 .0 .0 .0 .0

1£ ORGANI( .0 0 O 0 .0 0 .0 .0 .0 .0 .0 .0 .O .0 .0 .0
....................................................................................................................................

4 4 4 .4 4 .0 .0 .0 .0 .O .O .O .0 .0 .0|ot,I SOIL .!

LEAD ACIDS 3.5 3.5 3.5 3.6 3.5 ) 5 3 5 3.5

IC HLIAL .1 ? Z L O Z 0 Z O Z 0 I.I I.i I.I l.I I.! 1.1 I.I I 1 I.I !.1

1C ORGANI( .0 .8 .8 .0 .11 .0 .8 .6

NOI|: [-cludea VI[_SSIH[I. _li[ If/lISP i,_d 011 .,_,,d,ati uI OLUlS.,plus lec waste y..erator group.

Idhoc\lhO] i _drOZO|l R



fV-199Z |OII[CA51VOLUM[ SLJMI4ART Page 9b

NUN lfl(RHXiL1 IR(AIABL[ VOtUI4ESFOR MAS|E CLASS: CHLLHV_Iil

|vululueS in cubic uwterl)

P(D AbbJev IICD Abbrev ZOUO ZUU_J ZOI0 ZOll ZOIZ 2Oi3 ZOI4 ZOIS ZOi6 ZOll 2918 ZOI$ ZOZO ZDZl 20Zt lot,l Pct
......................................................................................... - .......................................................

....................................................................................................................................................

Iotll OIHM[IAL ,-.5 35 8 te 3 Ztl ) 3? 0 Z0 3 35.b J5.8 Z8.3 i5.1 15.1 30.t 33.9 37.1 41.5 45.Z 865.8 100.9

GLASS OlHER .Z Z .Z Z .Z .3 .3 .3 .3 .3 .3 .3 .3 .3 .3 1.6 100 0
...............................................................................................................................................

lotll GLASS .Z .Z .2 .Z Z .3 .3 .3 .3 .3 .3 .3 .3 .3 .3 1.6 109.0

CONCR[IF (DMBU511BL| .I Z. I

SP|NI SOLViNI 4 Z 91.0

PCB • 50 Pi"lq .9 .3

.................................................................................................................... O

lutal (ONLRLI( 0 O 0_O O.0 00 0 0 O 0 O 0 O.O 0.6 0.0 9.0 9.0 O.O 0.0 O.O 4 3 100.9 _C)mC:_

uJ PARIICULAI( FLAJ4HABL( 5.5 4 ) 4 3 4 9 4 3 S 5 S S 4.3 Z.3 Z 3 4.5 5.Z 5.9 5.4 6.9 13Z.9 10.9 _-1E_
I COI4BUS!lot E 9 _0 0 .0 O 0 O .9 .9 .O .9 .0 .9 .9 .0 .1 .9 -,,- C)

I'-) " 0 C:)
O ALr_AIIN(S 13.7 10 tl lU 8 JZ _i IO 8 13 7 IJ 1 10.6 5.6 5.0 11.6 I$.0 14.4 15.9 11.3 331.t Z5.9 ::3 1

IC NLIAL 13 I 108 i0 8 IZ 3 1O 8 131 I.t 1 IO 6 5.9 S.e 11.6 13.0 14.4 15.9 11.3 331,9 Z5,9 O

SP(NI SOLV[N| S 5 4 3 4 .1 4 9 4 3 S 5 5 S 4 3 2.3 Z.3 4.6 5 Z 5.0 6.4 6.9 13Z.7 19.9 IC_

OIHLR 15.5 I] O 13 0 14 8 13 O 15 5 15 5 13 O 7.9 7.0 13.9 iS./ 17.4 19.1 ZD.ll 399.5 39.1 C::)
........................................................................................................................................

Iotal PANIILULAIE 54.9 43 4 4_ 4 49 ? 4J 4 54.9 54.9 43.4 23.2 23.Z 45.3 5Z.I 51.8 53.5 69.4 13Z9 O 100.9

SOIL ACIDS .5 ZZ.I

ALKAtINLS .5 ZZ.|

IC NEIAL .0 .O U 0 O .u 0 O .9 .O .0 .0 .O .0 .O I.Z 4Z.5

1C ORGANIC .O O O O 0 0 0 .O .O .0 .O .9 .O .9 .O .4 13.Z
.......................................................................................................................................

lutal SOIL 0 u (J o O 0 .O .O .0 .0 .O .0 0 .0 .0 2.9 I00.0

L|AI) ACIDS 3 5 3 5 _1 5 3 b `15 3 5 J5 3 6 3.6 3.5 3.5 3 5 3 5 3.6 3.5 8Z1 5Z8

l( HEIAL I.i I I 1 I I i I I 1 I I 1 1.1 11 !.1 !.1 II I I 1.1 I.I 38.Z 24.5

IC ORGANIC .8 O t] b 8 .8 8 .8 .6 .8 .8 8 .8 .8 .8 i1.5 11.3

h,,_L. LJcludes VIIC_SSIXLI. WItC_IIIIfSP end all n_.l,e,s ul D&D/Su,plus fec waste 9eneretor group

6,li,_L\ot,O._1%¢hOZOh R
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FY-lg$Z FOAECAS| YOLUH[ SUI414ART Page 10b

NON-IHLRKALLT IAEAIABL[ VOLUH(S FOR VASI[ CLASS: CH_LLHH_IIi

(volumes in cubic meters)

PCD Abbrev riCO Abbrev 2008 ZOO9 ZOIO 2011 201Z 2013 20!4 ZOIS IOI6 Z011 ZOll 2019 IOZO ZOZl ZOZ! lotel Pct

LI_AO SP(Ni SOtVIii 8 +O 0 .0 .8 .8 8 .8 .J .g .0 .l .8 .I .l il.J 11.3

.......................................................................................... . ......................................... + .............

Iota1 L[AO 6.2 6 I 5 Z 5 Z 6.Z 6.Z S.Z §.Z 6.Z §.Z li.;_ §.| 6.Z §.l §.2 155.4 IOO.O

H[ACURT lC NEIAL 0 .0 .0 0 .0 .0 .0 .g .0 .0 .0 .0 .0 .0 .0 .4 JO0.O

Iota1 H[liCURY .0 0 O .O .0 .0 O .0 .0 .0 .0 .0 .0 .O .0 .4 lO0.g

5P(N| R[SIN$ |C M[IAL .O .O .O .O .0 .O .0 .0 .0 .0 .0 .0 .0 .0 .0 .l 33.0
s-

IC ORGANIC .0 U . O 0 0 0 0 .O .O .0 .0 .0 .0 .0 .0 .I 330 -r"

O111[R .O O U 0 0 O .0 0 .0 .0 .0 .0 .O .0 .0 1 34 .O C')
• " t

.......................................................................................................................................... _ _J_

m c:)
iota1 sP[fll A[SINS .0 .0 0 .0 .O .0 .0 .O .O .O .0 .0 .0 .O .0 .4 IO0.0 qC I

--'- IE::
• Lu it1 _

I (Olll LIQ P[D c SO PPH .0 100.0 -,'-C_
I',J 0 C)
t_ ............................................................................................................................................ _J i

_C3
• Total CON1 LIQ 0.0 0.0 0 u U O 0 0 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0 O.O O.O .0 I00.0 0

I
0

Olli[R ALI_.! IN[S 0 5 b ! 6 ,il .g .5 . .$ .3 .1 .11 .O .$ 1.0 19.5 30.0 0

I( H(IAL ,O 5 5 7 .5 .8 O .5 .3 .3 .1 .O .8 .g i.O Ig.S 30.0

UIIILR I.i _9 9 I O .9 i I I_1 .9 .S .S .9 I.O I.! I.Z i.4 250 400

................................................................................................. , ..........................................

lots10lfl|R Z.! Z I Z i Z 4 Z.I 2 I 2.1 2.1 !.1 !.1 2.3 Z.5 Z.8 3.1 3.4 65.1 iO0.O

..........................................................................................................................................

Iotal Ctl_tt_ III Z05 4 2]0 S ZJO 5 Z_8 4 ZJ0.S 285.5 285.5 230.5 13Z.5 132.5 244.5 ZlZ.S 300.5 3Z8.5 355.4 5990.0

................. " ................................................................... _ .....................................

Grand Iotal 1405.Z 131).3 151] 5 I]40 3 1121.7 1312.0 1313.5 1Z99.3 1205.5 1219.5 13|g.4 i341.6 1350.9 1378_0 1423.9 40Zi5.5

leOlli l i &alli. i i 881lEa illlili In Ilii_JII Ilill.l 5----I-- .-- _l;--iidO l..b&ii lllilil Iiillll Iillmll Illllll milldam Olllll6 IIilill Illllll Illllll IIillll IIilllll

NUll: [xcludes MI[.S$1R[I. VIW- iliIFSP snd all ._,d.e,s uf ULUIS.tplus Fac uaito ge.elator group

adl,o,. \a 1,0] I _d, OZOh R
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FiscalYear 1992 Mixed Low-LevelWaste ForecastVolume
Summary- NonthermallyTreatableVolumesby

Waste Class and Waste Generator.
IIII I I I I II I

Waste crass Waste llnDretor TOtaL(_s
i tPf II i I I ,

CN_NLLW_i Argonne llatloruiL Llboratory-Eist 553.6
letti8 ;5.9
BatteLLe CoLurlCxJ Laboratories 0.2
Brookhavln 2S6, 1
University of CaLifornia, Davis 1.5
FERMI 25.8
LIWrlN'_I BerkeLey LN_oratory 216.t,
Pal: i f t ¢ llorthwest Llt_OrltOr'y ;77.5 i
Port lalouth 5. I_ .4
Pr i ncetOi't 39,5
RockweLL Canogo Pert 113.3
University of Utah 3.0
WHC 100 Area, Defe_e Reactor Oiviatcnq 5.9
WHC'IOSOR, Large Sodium Fire FaciLity 2.5
WNC'202J_,Chem Processing PUREX 26.0
WHC-Z21T, T Ptlmt BL{kl. 2706 39.0
I,ItC;ZZ_4 LaW=oratory 856.8

2258, I PLant end _SF 39.5
WWC-Z345Z, PLutonium Finishing PLant 123,6
WHC 2ETF, Tank Fal'tlll 1,674.1
b_1C'308, Fuel Fal_ricatton BLdg. 7,&
WHC'340, LiQuid Waste HandLing FaciLity 13.5
WXC-4_!43, ALkaLi Natal Storage Fecitity 12.7
WHCERA BG9 O. 1
WHC-FME_, FueLs ar_:l MateriaLs Examination FaciLity 68.0
WHCHWVP, Hartford Waste Vttrificatio_ PLant 259.9
WHC-LO/.SH, Treated EffLuent Disposal Faci LiLy 4,132.0
WHC_LLBG, SoLid Wilts OperltiOrll 3.0

t WHC_NASF, Maintei'wIrw:e and Storage FaciLity 3.0
: WHC_?X_:O18H, EffLuent Treatment FaciLity 6,953.4

ll:l . ....= i: .i i i i

I , - , ,, I, i,n iii •

I CH NLLW Ill i FUSRAP, Far.fLy UtiLizod Sites Romecliatior_ Action Progrm I=0- - PICif_C lorthweit LllDOrltOl'y _._
I WHCZZ2S Laboratory _0.6

_HC-ZZS8, 3 PLant and WESF I0.S
',IHC EETF, Tank Farms :,5.:.
WHC--3_O,Liqui{lVaste HandLing Faci LiLY -.S
WHC_GRC_JT, Grout FeciLi;y 6,;,27.6
WHC HWVP, Hanfor:l Waste '/itrificatio_ PLan: 397.3
_IHC'TRUSAF, SoLiCl Waste OR)orations f 3.*

Total CX qLLW_III I _';x;)0"3
I t i . J ' ' ' " i ii i' ii ii ,,,. _ H_ ] _ _,,..j_

iJ Total CH WLLW/_I 4no :II i 28,127.5 °, :

"Ooes not _r_L_ Z,OL,L..7 mr_ of _ner'm_L :rearmost men.

B-Z3
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APPENDIXC

BREAKDOWNOF VOLUMESFOREACHWASTERECEIVINGAND
PROCESSINGMODULE2A FEEDSTREAMINCLUDING

CONTRIBUTIONSFROMALL SOURCES
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|able C-]. Breakdow. of Volumes for Each Waste Receiving and Processin9 2A Feed Stream
lncludi.9 Contributions from All Sources. (sheet | of 2)

.... ._._- .. _,'_r'_ ,--_ - . == ._..- ...... . II a " I I I .., '.._ ..- . . .

Existing Waste Forecast

N_u_m_ber__ _ St_ream_Title ........... M3 Ft3 DE BE M3 Ft3 DE.
IA Solidified 183-tl Uasi. tiquids 575.5 20322 2767 : 0 _......

t B Crystalline 183-11 Basin Solids 922.7 32580 4436 0 .....
I C 183-11 Basin Sludge Waste 971.4 34299 4670 0 .... "
ID Misc. 183-1! Basin Waste 148.5 5243 409 14 ......
2A Ammonium Sulfate Powder ........ 6485.4 229000 31180

2B Ion Exchange Resin ....... 405.0 14300 1947

2C Ferric Hydroxide Sludge ....... 3964.9 140000 19062
5A 1 Elemental Mercury 1.7 61 8 0 2.9 101 14 :z:l:

I
5A2 Mercury Chemicals/Solutions 4.4 156 21 0 7.2 256 35 _OU)

5A3 Mercury Contam.lfet. Solids 7.4 261 36 0 12.1 428 56 e<el-'- a(:
5C1 Elemental Lead 109.9 3880 182 18 418.1 14765 20111 _ ,--,

' 5C2 Lead Chemicals/Solutions 0.2 7 1 0 0.8 27 4 o o4._

5C3 Lead Contam.Het. Solids 17.3 611 83 0 65.9 2326 317 =_ i_O

7 Thermal Treatment Ash .. 2044.7 72200 9831 o oo

I'JA Particulate/Sludge 27.7 979 133 0 3893.6 137483 18719 o

90 I leteroQeneous Solids/Debris 26.5 935 127 0 12527.9 442360 60230
9C Contained Liquid 9.3 328 45 0 344.0 12147 1654........ . -. , • , , ,

TOTAL 2822.6 99664 12919 32 30172.5 1065392 145060



Table C-l. Ih'eakduwn of Volumes for Each Waste Receiving and Processing 2A Feed Stream
l.cludln9 Contributions from All Sources. {sheet 2 of 2)

WRAP 1 Totals

Jmber Stream Title M3 Ft3 DE M3 FI3 DE BE

l-A- ..... Sol_ied 183-H-Bas'in [-iqu'id"s-.......... -" " 575.5 20322 2767

18 Crystalline 18311 Basin Solids ...... 922.7 32580 4436
1C 183-1! Basin Slud_je Waste ..... 971.4 34299 4670
ID Misc. 183-1! Basin Waste ..... 148.5 5243 409 14
2A Ammoniunl Sulfate Powder ..... i 6485.4 229000 31180

2B Ion Exchanue Resin ..... ." 405.0 14300 1947
2C Ferric tlydroxide Slud_le ...... 3964.9 I-.0000 19062
5A1 Elemental Mercury 6.6 233 32 11.2 395 54 -,-

5A2 Mercury Chemicals/Solutions 16.7 591 80 28.4 1003 137 0_O{/)

5A3 Mercury_Coaltam.llet. Solids 28.0 988 135 47.5 1677 228 m o
,< I
--_IE

5C1 Elemental Lead 201.0 7096 966 729.0 25741 3159 18 _, ,_,-.--O
(2 OC)
, 5C2 Lead Chemicals/Solutions 0.4 13 2 1.4 48 6
r- po

5C3 Lead Contam.llet. Solids 31.7 1118 152 114.9 4055 552
7 Thermal Treatment Ash - - 2044.7 72200 9831 o

9-"A ParticulatelSlud_,le 214.8 7585 1033 4136.1 146047 19885 o
98 Hetero_.eneous Solids/Debris 205.2 7244 986 12759.6 450540 61344
9C Contained 72.0 2543 346 425.3 15018 2045

TOTAL 776.3 27412 3732 33771.4 1192468 161711 32
p
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Table D-I. Specificationfor Feed Stream IA, SolidifiedIB3-H Basin Liquids,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDR I_l_ntificationNumber IA

Common Name Solidified183-H Basin Liquids

Subset(s) I - Solidifiedliquids consolidated from original
basin supernates.

2- Solidifiedmiscellaneousother liquids(well
purge water, washdownwater, seepagefrom
crystals).

GENERATION

.Nar_.ativeDescriotion The four 183-H basinswere used from 1973-85for
solar evaporationof neutralizedacid etch solutions
from N Reactorfuel fabricationactivities. During
closureof these basins,supernatantliquidwas
consolidated from all four basins. In 1988-89,the
liquidwas mixed with solidificationagents in a
batch reactorand packaged into drums. A ribbon-type
blend was chosen so that properwaste-to-binder
consistencyand mixing homogeneitycould be monitored
and maintained. In 1990, additionalsolidified
liquiddrums (approximately1,208 of the 2,767drums)
resultedfrom the solidificationof well purge wazer,
washdownwater, and liquidsthat seeped from
remainingcrystalsolids.

Generator's) WestinghouseHanfordCompany;Dec:ntaminationand
DecommissioningProgram

_.Y!stinqVolume . _ Solidl;!edevaDorateOliqui¢s' "._59 :rums
2 - Soliaifiedseepage,)urge we",

and _asn _a=er" 1.208 _r'J_,s
Total 2,767 drums

The total volume is 20,322 ft3.

Foreqast No furthergenerationof this waste is forecast.

PHYSICALCHARACTERISTICS

Narrative_)escription The solidifiedwaste was generate_. in eight drum
batcheswith a target ratio of approximately290 l_
of solidificationagent and 40 gel of liquidper
drum.

Reference' WHC-SD-DD-TI-OS9,Choice of SorbondLPC
II _.s _ .Tolfc_if>,ingAcen: f_r 7.83-HLi_uic'dast_s
(Ga]_raith!991).

.-
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_PhYsicalState Hard monolith (e.go,broke titaniumshaft core
samplers)with consistencyof a hard lime plasterto
soft solid (e.g., "cheese-likecenter")similarto
lime plasterputty.

Density 100 to 130 Ib/ft3.

Moistur@GQntent Before solidification: 57% by weight average.

• Reference: WHC-SD-DD-TI-OSg,Choice of $orbond LPC
II as a SolidifyingAgent for 183-H LiquidWastes
(Galbraith 1991).

NOTE: No free moisture is expectedafter solidiFica-
tion, but substantialamountsof water of hydration
shouldbe anticipated.

?.articleSize Before solidification,the SorbondLPC If" particle
size was reported as follows:

2%maximumretained on #100 sieve
5){ maximumretained on #200 sieve
10% maximum retainedon #3aS sieve

NOTE: It was reportedthat lumps up to 12 in. in
diameterwere encounteredduring the solidification
operations.

References: WHC-SD-DD-TI-O5g,Choice of 3or)ond LgC
II as a SolidifyingAgent for 183-H LiquidWasto.s
(Galbraith1991).

Hardness The performancespecificationsfor the solidification
agent incluae a cone penetrometertest for 50 to
65 am. No data are availableon solicJifiedwaste
hardness.

Reference: WHC-SD-WM-ES-!92,SafetySvalua_.on_f
IB3-H GroutedDrums (Cain1993).

RADIOLOGICALCHARACTERIST:C$

Wa@:e Class Class I waste.

Radionu¢l..ideContent Nominalcurie valuesper drum for drums containing
the radionuclide:

_Tc 1.g E-04
_TNp 1.3 E-IO
U 6.3 E-O6

"SorbondLPC ".-is a trademarkof AmericanColloidCompany.

D-5
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Enricheduranium (1% ZZSU)contentis approximately
18 g/drum averageand maximum.

Total curie inventory:

W_N: 5.3 E-01p 3.5 E-07
U 1.8 E-O2
No data are availablefor IZglor _Se.

References: WHC-SD-WM-ES-193,Safety Evaluationof
183-HGroutedDrums (Cain 1993);DOE-RL 88-04, 183-H
Solar Evaporation Basins Closure, Post-Closure Plan
(DOE-RL1991);solid waste informatiGnand tracking
system (SWITS)database.

_}gseRate <I mR/h at drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeC)escriDtion Originalwaste consistedof inorganicacid etching
solutionsthat were overneutralizedwith caustic.
The consolidatedliquidswere the combined
supernatantliquidsfrom all the basins. The
miscellaneousliquids includeseepage,well purge
water, and washdownwater. The solidificationagent
(SorbondLPC IS) was a light grey powder consisting
of the followingprimarycomponents:

SiO. 14.4- 15.5

Al2(__ 3.1 - 3.5
FezO3 I.S- 1.9
CaO 63.Z - 73.2
MgO 5.1 - 5.0

!.4- i.B

_20_ 0.4- 0.7
Na,O 0.8 - 1.2
Ca_O_ 0.3 - 0.5
Moisture >10%

Reference: WHC-SD-DD-TI-OS9,Choice of SorbondLPC
II as a SolidifyingAgent for 183-H LiquidWastes
(Galbraith1991).

PrimaryC.omponents Beforesolidification:

Constituent Averaae concentration{mq/L)
Nitrate 380,000
Sodium 140,000
Sulfate 8,000 I
Fluorine I,_00
,'|itriteion 290
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Zirconium 780
Potassium 720

Tracl cQnstltuents Concentration
Aluminum 36 mg/L
Boron 63 mg/L
Calcium 9 mg/L
Chlorineion Z90 mg/L
Chromium 20 mg/L
Cobalt 0.6 mg/L
Copper 410 _j/L
Iron 7 mg/L
Manganese 7 mg/L
Molybdenum 1 mg/L
Nickel 9 mg/L
Silver 1.8 mg/L
Strontium 0.6 mg/L
Tin 15 mg/L
Zinc Z.8 mg/L
Methylenechloride 6 ppb
Acetone 48 ppb
Z-butanone 24 ppb
1,1,1-trichloroethane Zl ppb
Toluene Z4 ppb
2-hexanone Ig ppb
Chloroform <5 ppb
4-methyl-Z-pentanone <10 ppb

Reference: WHC-SD-DD-TI-059,Choiceof Sorbond LPC
II as a Solidifying Agen_ for 183-H Liquid Wastes
(Galbraith1991).

Waste Codes This is a wastewatertreatmentresiduecoded as
follows:

ListedComponents:

P029 Coppercyanide
P030 Cyanidesalts
PO9B .Potassiumcyanide
PI06 Sodiumcyanide
PI20 Vanadiumpentoxide
UIZ3 Formicacid

Characteriltics:

DO01 Reactive- oxidizer (nitrates)
DO07 Extractionprocedure(EP)toxicity (chromium)

State Codl_:

WT01 Toxic extremelyhazardouswaste (EHW) (for
Fluoride,coppernitrate,and copper sulfate)

3-T
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NOTE: The originalwaste designationwas performed
in the closureplan; the DO01 code was added later.

References: DOE/RL 88-09,Final Status Post-Closure
PermitApplication183-H Solar EvaporationBasins
(DOE-RL1988);WHC-SA-O705-FB,RCRA Closure
Experiencewith RadioactiveMixed Waste 183-H Solar
Evaporation Basins at the Hanford Site (Powers et al.
1990);SWITS database.

Hazardou_Characteristics The consolidatedliquidswere tested for toxicity
characteristictestingusing the EP toxicitymethod;
the on;y table constituentconcentrationsin waste
extract(CCWE)wastewaterconcentrationlimits for
toxicmetals thatwas exceededwas DO07 (chromium).
This testingwas performedprior to allowing
evaporationof the liquidswhich resultedin the
precipitationof the crystallinesolids (StreamIB),
and prior to solidificationof the liquids• Toxicity
testingwas apparentlynot performedon the
miscellaneousliquids,and toxicitytestingwas not
performedon any of the wastes after they had been
solidified.

HazardousComponents Listedwaste codes are by virtue of the mixturerule;
most listedcomponentsare expectedto be non-
detectable.

PACKAGINGDESCRIPTION

Contain@rTvoe U.S• Departmentof Transportation17H 55-galdrums.
NOTE: At least two differentsuppliersfor these
drums were used; some drums had two rollinghoops and
some had three rollinghoops.

_nterna!Packaoinq lO-milpolyethyleneliner. Drums ar_ expecte_to _e
filledwith soliaifiedwaste to with:n 2 to 4 in. of
the :op of the drum. A layer of _iatomaceousearz_
was added to retainany resiaualmoisture.

NOTE: The linerswere reportedlynot long enough to
use the normal "pigtail"sealingmethod so they were
insteadfoldedover and the "gap closedwith tape."

VentinqM_chanism None.

Gro_s Weiqht Averageapproximately800 Ib; minimum400 Ib and
maximum800 lb.

ClosureMechanism Bolted lock ring• NOTE: Up to 50% of the drums were
distorted("egg-shaped")during the fillingand
handlingprocessand "some lids had to be pounded
on • _ 1

ll
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Table D-Z. Specificationfor Feed Stream IB, CrystallineIB3-H Basin Solids,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CORIdentification Number 1B

Common iNamo Crystalline IB3-H Basin Solids

Sub_et(s) None.

GENERATION

NarrativeDescription The four IB3-Hbasins were used from 1973-85for
solar evaporationof neutralizedacid etch solutions
from N Reactorfuel fabricationactivities. Liquids
from all four basinswere consolidatedinto a single
lined basin. As water evaporatedoff, some material
precipitatedout of the liquid in the form of
crystallinesodiumnitratesolids. This waste stream
containsthose crystallinesolidswhich were
mechanically removedfrom the basin floors and
packagedinto drums in IggO.

Generator{s) WestinghouseHanfordCompany;Decontaminationand
DecommissioningProgram

ExistinqVol.ume. A total of 4,436 55-galdrums that equatesto a
volume of 32,580 ft3.

Forecast No furthergenerationof this waste is forecast.

PHYSICALCHARACTERISTICS

NarrativeDescription The crystalsolids (sodiumnitrate)were packaged
directly into lined drums.

Reference: WHC-SD-DD-TI-OSg,Choice of Sorbond LPC
il as a SolidifyingAgent for 183-H LiquidWastes
(Galbraith1991).

PhysicalState Dry solids intermixedwith diatomaceousearth that
was added to absorb residualliquid.

Density 75 to 140 Ib/ft).

Hoistur?Content Expectedto be dry solids.

ParticleSi¢e Ranges from lumps of materialto fine particulate
(diatomaceousearth).

Hardness Ranges from friableto hard salt cake (valueof 2 on
a scale of I to I0 where.I is ta;c or soapstone_n_.
10 is diamond).
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ILLDIOLOGICALCHARACTERISTICS

Waste Class Class I.

Radionu¢lideContent Nominalcurie values per drum for drums containing
radionuclides:

_T: 2.8 E-04
7Np 3.8 E-IO

U 1.9 E-O5

Enricheduranium(1% enriched)contentranges from 5
to 55 g/drumwith an averageof 54 g/drum.

Total curie inventory:

_Tc 1.2 E+O0
Z3ZNp 1.7 E-06
U 8.5 E-02

Reference: SWITS database.

Dose Rate <I mR/h at drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS .,

Nar_ative..Descri_tion. The waste originallyconsisteoof inorganicacid
etchingsolutionsthat were overneutralizeawith
caustic.

Reference" WHC-SD-DD-TI-059,Choice of $orbond L,_C-
II as a SolidifyingAgent for 183-H LiquidWastes
(Galbraith1991).

_-_mar'!C_mponen_ts Thiswaste is ex_ecte_ to :ons:s: _rimari,yof sodium
nitratewith minor concentrat;onsof other
constituentsincludingdiatomaceousearth.

Waste Codes ListedCo.mponent.s"

Po2g Copper cyanide
P030 Cyanidesalts
Pog8 Potassiumcyanide
PI06 Sodiumcyanide
P120 Vanadiumpentoxide
U123 Formicacid

Charac.teristics-

DO01 Reactiveoxidizer (nitrates)
DO07 EP toxicity(chromium)
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_tate Codes:

WTO1 Toxic EHW(for fluoride, copper nitrate, and
copper sulfate)

NOTE: The originalwaste designationwas performed
in the closureplan for the consolidatedliquids;the
DO01code .:as added later.

References: DOE/RLB8-09, Final Status Post-Closure
Permit Application 283-H Solar Evaporation Basins
(DOE-RL1988); SWITSdatabase.

Ha_ardou_ Characteristics Toxicity characteristic testing was performed using
the EP toxicity method on the consolidated liquids
prior to precipitationof the crystals;no toxicity
testinghas been done on the crystallinesolid waste
itself.

H_lardousComponents Listedwaste codes are by virtue of the mixture rule,
most listed waste components are expected to be non-
detectable.

PACKAGINGDESCRIPTION

ContainerTvoe U.S. Departmentof Transportation17H 55-galdrums.

Reference: WHC-SA-O7OS-FP,RCRA ClosureExperience
with RadioactiveMixed Waste IB3-H 3olar Evaporation
Basins at the HartfordSite (Powerset al. 1990).

InternalPackaqinq 90-mil rigid polyethyleneliner. ApproximatelyIft 3
of diatomaceousearth was placed in the bottom of the
lined drum, followedby approxlma:ely4.5 ft_ of
waste. Approximately1.5 ft" of "mixed diatomaceous
earth absorbents"we _ placed on %op of %he waste.

Reference: WHC-SA-O7OS-;P,RCRA ClosureExperience
with RadioactiveMixed Waste ZB3-H Solar Evaporation
Basins at the Hanforx1Site (Powerset al. 1990).

VentinqMechanism None.

Gross Weiaht Average500 Ib; minimum130 Ib and maximum 570 lb.

_losureMe;hanism Boltedlock ring. NOTE: Severaldifferentbrands of
rigid linersmay have been used, each having a
differentclosuremechanism.

,__--
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Table D-3. Specificationfor Feed Stream IC, 183-H Basin Sludge,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDR |d_ntifiqationNumber IC

Common Name 183-H Basin SludgeWaste

_bset(sl 1 - Basin 3 sludge
2 - Basin 4 sludge
3 - Basin 3 or 4 sludge

GENERATION

Harrativ_Descriotion The four 183-H basinswere used from 1973-85for
solar evaporationof neutralizedacid etch solutions
from N Reactorfuel fabricationactivities. Sludge
subsequentlyprecipitatedto the bottom of each of
the basins. A re]ativelydry crystallinesolid
compriseda distinctstrata on the interioredges of
Basins I, 3, and 4. All the solids from Basins I and
2 were packagedin 1985 and 1986 (beforethe Resource
Conservationand RecoveryAct of 1976 was appliedto
mixed waste); these wastes are considereddisposed
ariaare not candidatesfor the Waste Receivingand
Processing(WRAP)Moaule 2A facility. The sludge an_
crystalsolids from Basins3 and 4 were packaged
togetherindiscriminantly.This waste stream
consistsof solids from Basin 3, which were packaged
in 1987, and solids from Basin 4, which were packaged
in 1988.

GeneratorCs) WestinghouseHanfordCompany;Deconzaminationand
DecommissioningProgram

ExistinqVolume I - Basin 3 sludge' 2.182 55-ga_ _rums
- • ',407 ::-gal arums2 Basin 4 sludge . ""

NOTE" An additional81 drums may be from either
Basin 3 or 4 (i.e.,they cannot be specifically
traced to one basin or the other).

The total volume is 34,299 ft_.

Forecast No furthergenerationof this waste is forecast.

PHYSICALCHARACTERISTICS

Narrative_escriDtion The sludgewas manually shovelledor scoopedusing a
5-gal bucket into 10-milbags within 90-mildrum
liners (in SS-galdrums) over a layer of diatomaceous
earth. When the drum was approximately30% full,
mor_ diatomac2ouse_rzh was ac_e_. It is Qr_a_ie
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that the highlycausticnature of the sludge (pH >I0)
has resultedin someof the diatomaceousearth
(predominatelycalciumsilicate)being convertedto
sodiumsilicate(ormetasilicate)which would be
expectedto be crystalline(lumps)rather than
amorphous.

Reference: WHC-SA-O7OS-FP,RCRA ClosureExperience
with Radioactive Mixed Waste 1B3-H Solar Evaporation
Basins at the Hanford Site (Powers et al. 1990)

PhysicalState Wet to semidrysludge.

ApproximatelyI00 l)}/ft3.

MoistureContent Basin 3 sludge: R;tnge35)_to 51% by weight;median
4Z% by weight.

Basin 3 crystallinesolids: Range 0.55% to 1.8% by
weight;median 1.1% by weight.

Basin 4 sludge: Range 43% to 51% by weight;median
46% by weight.

Basin4 crystallinesolids: Range 1.1% to Z5%;
median 6.6% by weight.

Reference: DOE/RL88-09, Final Status Post-Closure
PermitApplication183-H 3olar EvaporationBasins
(DOE-RLIgB8).

P!rtiqleSize Rangesfrom lumps to fine particulat._(diatomaceous
earth).

Hardness Not applicable.

RADIOLOGICALCHARACTERISTICS

Waste Class Class I.

Radionu¢lideContent Nominalcurie valuesper drum For drums containing
radionuclides:

_Tc 3.7 E-04
_JTNp Z. I E-og
U I.0 E-04

Uranium

I - Basin 3 sludge: 870 pCi/g dry weight (average),
320 to 1,560 pCi/g dry weight (range),
278 g/drum average

3_12
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2 - Basin 4 sludge: 520 pCi/g dry weight (average),
44 to 820 pCi/g dry weight (range),350 g/drum
a .,rage:10 g/drum minimumand 375 g/drum
maximum

3 - Basin 3/4 sludge: <I g/drum

Total curie inventory:

WT,: 1.7 E+O0
7Np g. 6 E-O6

U 4.9 E-01

References: DOE/RL 88-09,Final StatusPost-Closure
Permit Application 183-H Solar Evaporation Basins
(DOE-RL1988); SWITSdatabase.

<I mR/h at drum surface.

CHEMICALCHARACTERISTICS

NarrativeDescription The waste originallyconsistedof inorganicacid
etchingsolutionsthat were overneutralizedwith
caustic.

Reference: WHC-SD-DD-TI-05g,Choice of SorbondLPC
" II as a SolidifyingAgent; for 183-H LiquidWastes

(Galbraith1991).

PrimaryComponents The primarycomponentsof the sludge waste are as
follows:

Basin 3 sludge
Cons;i_uent. Median Ranae

Nitrateion: 26% 17-29%
Sodi,_m- .3_ 20-30%
Sulfate ion: 3.7% 1.9-5.3%
Fluoricleion: 1.3% 0.98-1.5%
Copper: 1I.Z% 8.8-14%
Zirconium: 8.7% 2.2-22%
Aluminum: 8,900 ppm 1,100-17,000ppm
Iron: 7I0 ppm 540-I,000 ppm
Vanadium: <30 ppm <30 ppm
Barium: 6 ppm <I-22 ppm
Cadmium: 6 ppm 3.6-<9 p_m
Chromium: 390 ppm 290-530ppm
Lead: <80 ppm <80 ppm
Mercury: not analyzed
Selenium: not analyzed
Silver: 190 ppm 120-290ppm

]-!-'
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Basin 3 crystallinesolids
Coqstituen¢ Median

Nitrate ion: <1% all <1%
Sodium: 42% 35-55%
Sulfate ion: 20% 16-26%
Fluoride ion: 3.6% 2.9-4.9%
Copper: 9,900 ppm 4,200-18,000 ppm
Zirconium: 6,200 ppm 560-15,000 ppm
Aluminum: 810 ppm 780-880 ppm
Iron: 97 ppm 48-180 ppm
Vanadium: not analyzed
Barium: 8 ppm 2.5-<10ppm
Cadmium: not analyzed
Chromium: 21 ppm 6.6-40 ppm
Lead: <30 ppm <30 ppm
Mercury: not analyzed
Selenium: not analyzed
Silver: 11 ppm <5-17 ppm

Basin 4 sludge
Constituent Median

Nitrate ion: 22% 20-24%
Sodium: 24% 23-26%
Sulfate ion: 1.9% 1.3-3.9%
Fluoride ion: 1.1% 0.98-1.2%
Copper: 10.3% 9.7-12%
Zirconium: 4.4% 0.34-13%
Aluminum: 430 ppm 390-490ppm
Iron: 2,100 ppm 1,200-3,800ppm
Vanadium: 4 ppm <2-<10 ppm
Barium: 24 ppm <I-39 ppm
Cadmium: 3.8 ppm 2.9-4.5ppm
Chromium: 260 ppm 210-340ppm
Lead: 36 ppm 14-<50pom
Mercury" not analyzed
Selenium: not analyzed
Silver: 170 ppm 140-220ppm

Basin 4 crystallinesolids
Constituent Median

Nitrateion: 46.6% /.I-71%
Sodium: 38% 30-50%
Sulfate ion: 13% 1.5-31_
Fluorideion: 2.2% 0.28-5.8%
Copper: 2,600 ppm 1,700-4,500ppm
Zirconium: 1,300 ppm 290-3,300ppm
Aluminum: 440 ppm 200-610ppm
Iron: 77 ppm 42-150 ppm
'lanadiu_: not analyzed
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Basin 4 crystallinesolids
_Qpstituent Median

Barium: Z.3 ppm 0.96-3.4ppm
Cadmium: not analyzed
Chromium: 5.8 ppm 3.4-II ppm
Lead: 14 ppm <5-<ZO ppm
Mercury: not analyzed
Selenium: not analyzed
Silver: 11.6 ppm 1.6-3Z ppm

Reference: DOE/RL88-09, Final Status Post-Closure
Permit Application IB3-H Solar Evaporation Basins
(DOE-RL1988).

Waste Codes ListedComoonents:

POZ9 Copper cyanide
P030 Cyanide salts
P098 Potassium cyanide
P106 Sodiumcyanide
P1ZO Vanadium pentoxide
U1Z3 Formic acid

_haracteristics:

DO01 Reactive- oxidizer (nitrates)

_)ate Codes:

WTOI Toxic EHW (for fluoride,copper nitrate, and
copper sulfate)

NOTE: The originalwaste designationperformedin
the closureplan did not includethe DO01 code.

Refererces: DOE/RLBB-og, Final Status _ost-C7osure
PermitApplication183-H Solar Eva_ora:ionBasins
(DOE-RL1988);SWITS aatabase.

H_a_ardou$Characteristic_ Toxicitycharacteristictestingwas performedon
these wastes using the EP toxicitymethod;wastes
were below table CCWE nonwastewaterconcentration
limitsfor all toxic metals DO04 through D011.

Ha¢ardousComponents Listedwaste codes are by virtue of the mixture rule;
most listedconstituentsother than vanadium are
expectedto be nondetectable.

PACKAGINGDESCRIPTION

ContainerType U.S. Departmentof Transportation17H SS-gal drums.
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Reference: WHC-SA-OIOS-FP,RCRA ClosureExperience
with RadioactiveMixed Waste 183-H Solar Evaporation
Basins at the HanfordSite (Powerset al. 1990).

InternalPackaginq 90-mil rigid polyethyleneliner and lO-milplastic
liner. ApproximatelyI ft_ of diatomaceousearth was
placed in the bottom of the lined drum, followedby
approximately4.5 ft_ of waste. Approximately1.5 ft_
of "mixeddiatomaceousearth absorbents"were placed
on top of the waste.

Reference: WHC-SA-OIOS-FP,RCRA ClosureExperience
with RadioactiveMixed Waste IB3-H Solar Evaporation
Basins at the Hanfon_Site (Powerset al. 1990).

VentinqMechanism None.

Grqs@ Weiqht Average750 Ib; minimum 250 Ib and maximum800 lb.

ClosurqM_qhani@m Boltedlock ring. NOTE: Severaldifferentbrands of
rigid linerswere used, each having a different
closuremechanism.
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Table D-4. Specificationfor Feed Stream ID, Miscellaneous183-H Basin Waste,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEED STREAM

CDRIdentification Numbe.r 1D

Common Nam_ Miscellaneous183-H Basin Waste

_ubs_t(s_ I - Drums of sandblastgrit
2 - Drums of miscellaneouswaste and liner material
3 - Boxes of miscellaneouswaste and liner material

GENERATION

Narrative.Descriptign The four 183-Hbasins were used from 1973-85for
solar evaporationof neutralizedacid etch solutions
from N Reactorfuel fabricationactivities.
Miscellaneouswastes generatedduring the waste
removaland cleanoutprocessbetween 1985 and 1990
includedold basin liner material,solidified
liquids,sandblastgrit, and expendableequipmentand
protectiveclothing.

Generator(s_ WestinghouseHanfordCompany;Decontaminationand
DecommissioningProgram

_xi._tiDqVolume I - Sandblastgrit" 189 55-galdrums
2 - Miscellaneouswaste: 220 _5-gai drums
3 - Miscellaneouswaste: 14 5-f: _ign by 4-ft wiae

by 8-ft long boxes

The total volume is 5,243 ftz.

Foreca@t No furthergenerationof this waste is forecast.

PHYSICALCHARACTERISTICS

NarrativeDescription All =ypes of miscellaneous:on:amlna_e_=rash, _'_
Hypaion liner,gloves, _oots,cloth, shovels,san_,
concrete,crushedtumbleweeas,and 5-gal buckets.

Reference: DOE/RL88-09,Final Status Post-Closure
PermitApplication163-H Solar EvaporationBasins
(DOE-RL1988).

PhysicalState Dry sand, small piecesof concrete,plastic,pieces
of rubber,metal, and other dry heterogeneoussolids.

Densit_ Sandblastgrit: Approximately100 Ib/ft_
Drums/boxes: 44 Ib/ft_

"Hypalonis a trademarkof E.!. DuPont DeNemours& Co., Inc.
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MoistureContent Expectedto be dry.

Particl_Siz;e Sandblastgrit: 0.1 to 0.4 mm
Miscellaneouswaste: Not applicable

Hardne_.s Sandblastgrit: Not applicable
Miscellaneouswaste: May incluc_esome steel tools,
such as shovels

RADIOLOGICALCHARACTERISTICS

Waste _lass Class I.

Radionqclideqontent Nominalcurie values per drum for drums containing
radionuclides:

99Tc 4.8 E-06
Z]TNp 7.g E-1Z
U 4.0 E-07

Uranium

1 - Sandblast grit: 1.4 g/drum average; 1 g/drum
minimumand 2 g/drum maximum

2- Miscellaneouswaste: ApproximatelyI g/drum
average;7 g/drum maximum

Total curie inventory:

_Tc Z.0 E-03
_TNp 3. g E-Og
U 2.0 E-04

Dose R.a.te <I mR/h at drum surface

CHEMICALCHARACTERISTICS

NarrativeDescr!ution The Hypalonliner had been used zc zontainsuoer-
natantliquidswhich were consol_,aatedfrom all the
basins. Sandblastingwas performedon the emptied
basinsto remove the surfacelayer of concretewhich
was in contactwith the waste. Other miscellaneous
materialsprimarilyincludethe tools and equipment
used to decommissionthe basins.

Reference: WHC-SA-O7OS-FP,RCRA ClosureExperience
with RadioactiveMixed Waste 183-H Solar Evaporation
Basins at the Hanford Site (Powerset al. 1990).

PrimaryComponents Sandblastgrit and miscellaneousheterogeneous
solids.
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Waste Code_ listedComponents"

P029 Copper cyanide
P030 Cyanidesalts
Pog8 Potassiumcyanide
PI06 Sodiumcyanide
PIZO Vanadiumoentoxide
U123 Formicacid

_haracteri_tics"

DO01 Reactive- oxidizer (presumablybecauseof
nitratesoriginallycontainedin the basins)

DOO7 EP toxicity(chromium)- Basin 2 only

State Codes:

WT01 Toxic EHW (forfluoride,copper nitrate,and
copper sulfate)- Basins i, 3, and 4 only

WT02 Toxic dangerouswaste (DW) for fluoride-
BasinZ only

Reference" SWITS database.

HazardousCharacteristi,csThe sandblastgrit and heterogeneoussolidswere
apparentlynot tested for toxicitycharacteristic.

HazardousComponents Listedwaste codes are by virtueof the mixturerule;
actualconcentrationsof listed components(e.g.,
cyanides)are expectedto be negligible.

PACKAGINGDESCRIPTION

ContainerType U.S. Departmentof Transportation17H 55-gal drums.
Boxes have dimensionsof 4 by B by 5 ft.

References" WHC-SA-OTOS-FP,RCRA C7osureExperience
with RadioactiveMixed Waste 183-H $oiar Evaporation
Basins at the HanfordSite (Powerset al. 1990);
SWITS database.

InternalPackaqinq Two 10-milplasticliners in drums. Lining in boxes
unknown.

VentinqMechanism None.

Gross Weiqht Average Minimum Maximum
__Ib) (Ib) (!b)

Sandblastgrit drums" 745 575 1,040
Miscellaneouswaste drums" 240 75 750

Miscellaneouswaste boxes' 2,725 2,000 3,795 l

C'osureMechanism Boltedlock ring.
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Table D-S. Specificationfor Feed Stream2A, Ammonium Sulfate Powder,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CD_._BRIdentificationNumber 2A

Common Name AmmoniumSulfatePowder

Sub_et(s) I - Ammoniumsulfatepowder
2 - Sodium sulfatepowder

GENERATION

NarrativeDescriptign The 200 Area EffluentTreatmentFacility (ETF)will
treat acidified(sulfuricacid) processcondensate

9
from the 24_;-AEvaporator,primarilyto remove
dissolvedsolid contaminants. The ETF will operate
at 150 gpm for its first 4 months to work off
242-A Evaporatorprocesscondensatethat will have
accumulatedin the Liquid EffluentRetentionFacility
basins (coveredsurfaceimpoundments). Thereafter,
the ETF w_ll treat processcondensatefrom the 242-A
Evaporatorat a rate of 75 gpm, removing undissolved
solids (particulates),dissolvedsolids,organics
(destroyedby ultravioletoxidation),and
radionuclides. Secondarywastes will be dried to a
powder in a thin-filmdryer. Other wastes also may
be treatedin the ETF because it will have a total
capacityof IS0 gpm.

Generator(s) WestinghouseHanfordCompany; 200 Area ETF

-_xistinaVolume None.

Forecast A total of 229,000ft3 (31,180drums) are exloec:edtc
be generatedthrough the year 2022. This amoun:
assumesthat the ETF ooer_tesaz an average of 75 gpm
for mos" of its life. Past the year 2000, the total
output is hard to predict. It is possiblethat after
the year 2000 the ETF will be used to its full
capacity. This would result in a potentialdoubling
of the secondarysolid waste production.

PHYSICALCHARACTERISTICS

NarrativeDescription Powderedsolids are produced from a thin-filmdryer,
which is used to dry liquidwastes, includingbrine,
from reverseosmosisseparation(up to g9_ by weight)
and mixed bed ion-exchangeregenerate(as little as
I% by weight). BlowdownFrom rough (>2 /:m)and fine
(0.5 to 2.0 _im)filterscontributesa negligible
amount.
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Reference: Design Construction Specification Project
C-018H 242-A Evaporator/PUREX Plant Process
Condensate Treatment Facility, V-coIaHCI-O01
(Kelly 1991).

Physical State Dry powder.

.Density Assumed to be 52 Ib/ft3.

Moisture Content The free liquid content is expected to be zero; there
may be some hydrated water content.

Particle.Size Majority is expected to be less than 200 Mesh (Tyler)
with the consistency of flour. There may be some
agglomeration to larger sizes due to the likely
hygroscopic nature of the solids.

Hardness Not applicable (expected to be a fine powder).

RADIOLOGICAL CHAPJ4CTERISTICS

Waste.Class Class I.

Rad!onucl,i.d.eCont..ent The following table sun_arizes the expected range of
radionuclide activity in the secondary waste. The
numbers are based on two cases. With ammonia in the
influent to the ETF, as much as B3% of the secondary
waste will be ammonium sulfate. Without ammonia in
the influent to the ETF, there will be 0% ammonium
sulfate in the secondary waste. Actual values will
be dependent upon the character of the influent to
the ETF. Therefore, actual values may deviate
significantly from the tabulated values. For
calculations, a drum of waste contains 1.Bg E+05 g.

Radionuclide Activity (nCi/g) _ctivity (nCi/c)
or activity given 33% ammonium _iven 0% ammonium

tv_e sul=_te su_fa'._

Beta 2.0 12.0
Alpha 0.15 0.9
]H none none
_Se* 13 76
_Se*" 67 390
9°Sr 3.4 20.0
9Oy 3.4 20.0
WTc* 110 630
WTc** I,800 1O,000
I°3Ru 7.9 47.0

1°3mRh 7.9 47.0
I°aRu 4.9 2g.o
1°_Rh 4.9 2g.0
113Sn 0.34 2.0
113mi,", 0.34 2.0
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Radionuclide Activity (nCi/g) Activity (nCi/g)
or activity given 83% ammonium given 0% ammonium

tyoe sulfate _qlfat_

1291"** none none
l_Cs none none
137Cs
137_a 2.4 14.02.4 14.0
14?Pro O. 71 4.2
lSSEu none none
Z37 ,Np 0 054 O.32
_?Np"* O. 94 5.5
Z4,pu none none

(gross) O.OlS 0.09
°Pu none none

Z_gPu 3.0 E-7 1.8 E-6
z4iAm _ non___e
Total activity 38.0 224

*Not routinely analyzed for in 242-A process
condensate. Normal operation per WHC-SD-WM-
SAR-O23, 242-A Evaporator Crystallizer Safety
Analx_sisReport, Table 4-II (Lavender 1992).
For "Tc the actual value is dependent on pre
treatment processing and could be lower based on
evaluation of available inventory and possible
adjustments to tank waste pretreatment.

**Bounding source term per WHC-SD-WM-SAR-O23,
742-A Evaporator Crystallizer Safe_y Analysis
Report, Table 4-11 (Lavender 1992).

***'2_I is expected to be volatile and removed in ETF.

Reference' Design Construction Specification Project
C-018H 242-A Eva[_oracor/PUREXPlant Process
Condensate Treatment Facility, V-COISHC1-O01
(Kelly 1991).

Dose Rate Dose razes will be up to i00 mR/h at contact.

CHEMICAL CHARACTERISTICS

Narrative.,,,Descr_ption The powdered solids are generated in a dryer From a
concentrate that is pH 4,

Reference' Design Construction Specification Project
C-018H 242-A Evaporator/PUREX Plant Process
Condensate Treatment Facility, V-COISHCI-O01
(Kelly 1991).

Primary Components Up to 83% will be ammonium sulfate with as little as
7% being sodium sulfate. At the other extreme, 0%
will be ammonium sulfate with 41% being so:,ium
sulfate. The sodium sulfat.:originates primarily
From the regeneration of t._eion-exchange col_mns.
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Minor cationsincludehydrogen ion, potassium,and
calcium. Minor anions includesilicate,nitrate,
excess sulfate,carbonate,chloride,fluoride,and
phosphate.

The followingtable (basedon upper level g0% confi-
dence intervalsand maximumswhere a 90% confidence
level is not available)summarizesthe expectedrange
of constituentsin the secondarywaste. The numbers
are based on two cases. With ammoniain the influent
to the ETF, as much as 83% of the secondarywaste
will be ammoniumsulfa_.e.Without ammoniain the
influentto the ETF, there will be 0% ammonium
sulfatein the secondarywaste. Note that a drum of
waste is expectedto weigh about 420 lb. Actual
valueswill be dependentupon the characterof the
influentto the ETF. Therefore,actual valuesmay
deviatesignificantlyfrom the tabulatedvalues.

Wt fractionin Wt fraction in
secondarywaste secondarywaste
(83% ammonium (0% ammonium

Consti.tu_nt sulfate}........ sul_at.e)

Na 0.023 0.135
K 0.0029 0.017
Ca 0.0012 0.0007
NH_ O.226 O.0
Si 0.0107 0.065
Nitrate 0.0010 0.006
S_lfate 0,730 0.746
Carbonate 0.0035 0.002!
ChIoride O.00069 O.00_
Fluoride 0.000_3 O.003
Phosphate 0.0012 O.OOT

_,or Constituents

A_ 5.9 E-_ 3.5 E-3
Ba 3.2 E-6 1.9 E-5
B 4.3 E-5 2.5 E-4
Cr 2.9 E-5 1.7 E-4
Cu 3.0 E-5 1.7 E-4
Fe 5.8 E-5 3.4 E-4
Mg 6.8 E-5 4.0 E-4
Mn 2.2 E-6 1.3 E-5
Hg 1.4 E-7 8.1 E-7
Ni 6.6 E-6 3.9 -"-5
V 3.0 E-6 I.T -"-5

Re_erences" Design ConstructionSpecification
Project C-OZ8H242-A Evaporator/,oUREXPlant Process
CondensateTreatmentFacility,V-COI3HC!-O01
(Kelly 19gl).
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WastR.Codes _isted Codes:

FO01 1,1,1Trichloroethane
FO02 Methylenechloride
FO03 Acetone;butyl alcohol;methyl isobutylketone
FO04 Cresylicacid
FOO5 Methylethylketone;pyridine

Characteristics:

DO07 Toxicity(chrome)
DOOg Toxicity(mercury)

State Codq@:

WTOZ Toxic DW (ammonia)

NOTE: This waste may well be coded for toxic metals;
the concentrationsof toxic metals,such as barium,
cadmium,and mercury,have not yet been verifiedor
designated. Verificationis expectedto occur during
initialoperationsof the ETF. However,based on the
above table, chromiumand mercuryprobablywill be
presentin the secondarywaste in sufficient
concentrationsto assign the codes DO07 and Doog. It
also shouldbe noted that the secondarywaste is
ultimatelyderivedfrom the double-shelltank wastes
which are coded for DO01 throughD011, D018, DOIg,
D022, DO2B throughDO30, D033 throughD036, D038
throughD041, D043, and FO01 throughFO05.

HalardousChara.¢teristicsListedcodes are by the derived-fromrule; the actual
concentrationsfor many of these constituentsis
expectedto be nondetectable.

HazardousComponents Listedwaste codes are Dy the derived-fromrule; most
constituentsare exoec:e_to be non_etec:aDle.

PACKAGINGDESCRIPTION

ContainerTyge U.S. Departmentof Transportation17H or 17C 55-gal
arums.

InternalPackaainq 90-milrigid polyethyleneliner.

VentinqMechani_m None.

Gross Weiaht Average500 lb.

ClosureMechanism Boltedlock ring on drum. %nap-onlias for drums
under evaluation.

D-25
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Table D-6. Specificationfor Feed Stream 2B, Ion-ExchangeResin,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

.CORIdentifical;ion N_lmber 2B

,_ommonName Ion-Exchange Resin

_.g]Z____t_C,_._ I - 200 Area ETF also designatedProjectC-018H
2- 300 Area TreatedEffluentDisposalFacility

(TEDF)also designatedProjectL-O45H

GENERATION

NarrativeDescription This waste streamconsistsof spent resins generated
by facilitiesthat treat liquidwaste. Reslnsmay be
regeneratedseveraltim_s prior to being discarded,
but will probablynot be regeneratedthe last time
used. Any of severaltypes of cation,anion, or
mixed-bedresinsmay be generated. Resins will be of
the styrene-divinylbenzenetype.

Generator(s} WestinghouseHanfordCompany;300 Area TEDF and
200 Area ETF

_xistinqVolum_ None.

TEDF" A total of B,400 ft_ (I 144 drums) through2022
ETF" A total of 5.900.ft3 i803 drums).throuqh20.22

T_tals: 14,300ft_ (1,947drums) through2022

The volumeprojectedfor TEDF is based on routine
operatingflows. Maximumoperatingconditionswoula
be expectedto result in an additionalvolume of
2,644 ft_ (360drums).

Note thaz each batch of resin from the 200 Area ETF
will be i67.4 ft_ in volume. If the ETF operates at
150 gpm, three batcheswill be generatedeach year.

PHYSICALCHARACTERISTICS

Narrative.Description All resinswill be versionsof cross-linkedstyrene-
divinylbenzenepolymer;functionalgroups will vary
with specificresin. Waste resin will be sluiced
from the columnsand drainedprior to packaging.
Currently,predictionsare that TEDF will use
Ouolite"GT-73 resin. Ionac C-250 and IonacASB-IP

_uol;te is _ trademarkof Rohm anG Haas Co_a._y.
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(cationand anion exchangeresins sold by Sybron
Chemicals,Inc.) have been specifiedfor the
200 Area ETF.

Reference: Vendor publication.

Physical_State Solid beads.

Densil;y 54 Ib/ft3"

Reference: Vendor publication

_Mo,isture_onten) 50% to 70% internal. It is assumedthat nearly all
the drainablewater will be removedprior to shipment
to WRAP 2A. NOTE: The complete removalof all
drainablewater may be difficultto attain. The
degree of attainmentis unknown at this time.

Reference: Vendor publication.

ParticleSize Dependson resin type and is expectedto range from
0.3 to 1.2 m.

Reference: Vendor publication.

Hardness Unknown.

RADIOLOGICALCHARACTERISTICS

W,a_teClass Class i.

Reference: WHC-SD-LO45H-SAD-O01,300 Area Treated
EfFluentDisposalFacilityPreliminarySafety
AnalysisOocument (BendixsenIg_3) with some
modificationsto reflectlatest design information.

qadionuc!ideContent TE_F resin" C_ntains iB.5 pC_,g alpha and
0.017 pCi/g _eta with ".hefollowingconcentra:ions"

Constituent Concentration(DCi/L_

3H 136
6°Co 0.034
9°Sr 0.254 (Sr total 0.714)
_°6Ru I.02
137s 15.4
14:_m 3.02
Radium total 0.051
U total 0.136
_apu 8.5 E-4
z'lg_Z4°Pu 3.4 E-3
241pu 0.68
24_Am 0.01
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Reference: WHC-SD-LO4SH-SAD-O01,300 Area Treated
EffluentDisposalFacilityPreliminarySafety
AnalysisDocument (Bendixsen1993)with some
modificationsto reflectlatestdesign information.

ETF resin" The followingtable is based on design
informationsuppliedby Design Construction
SpecificationProjectC-018HZ42-A Evaporator/PUREX
Plant ProcessCondensateTreatmentFacility,
V-COlBHCI-O01(Kelly1991). Actual valueswill be
dependentupon the characterof the influentto the
ETF. Therefore,actualvaluesmay deviate
significantlyfrom the tabulatedvalues. It is
conceivablethat radionuclideconcentrationscould be
20 times higher or greater.

Radionuclide or
activitytvoe Ci/m3 of resin

Beta 3.6 E-5
Alpha 2.7 E-6
_H 6.3 E-3
9°Sr 5.7 E-S
9Oy 5.7 E-5
l°3Ru 1.4 E-4
_°_Rh 1.4 E-4
_°6Ru 8.6 E-5
_°eRh 8.6 E-5
1_3Sn ,5.7 E-5
1_Z®In 5.7 E-5
:291 none
_Z_Cs none
_Ycs 4.I E-5
137tuBa 4.1 E-5
V'YPm I. 2 E-5
_SSEu none
2_IPu none
U (gross) 2.5 =.-7
Z_Spu none
z_gPu 5.2 E-12
Z41Am none
Total activity 6.7 E-4

Dose Rate TEDF - probablybelow background.
ETF - up to 100 mR/h.

CHEMICALCHARACTERISTICS

Narrati.yeDescription TEDF: Chemicalcharacteristicsof resinswill vary
accordingto specificresin type. For example,
DuoliteGT-73 is a macroporousion-exchangeresin
based on a cross-linkedpolystyrenematrix with
functionalgroups being thiol (-SH) and minor
ouantitiesof sulfonicacid grouI_s.
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ETF: Ionac C-ZSO is a bead form strong acid gel
polystyrene-sulfonatedcation exchange resin. It
derivesits exchangecapacity_rom sulfonate
functionalgroups. Ionac ASB-IP is a strong base
anionexchangeresin with a gel structureof
polystyrenecross-linkedwith divinyl benzene. It
derivesits exchangecapacity from quarternary
ammoniumfunctionalgroups.

PrimaryCQmoonents TEDF: The concentrationsare ppb. Only major
constituentsare listed for normal (non-city)
operations.

Cd 1.4 E+5 ppb
Pb 3.9 E+3 ppb
Hg 9.5 E+4 ppb
Ni 1.0 E+5 ppb
Ag 1.6 E+5 ppb

ETF: The followingtable contains the constituents
expectedto be on the ion-exchangeresins used in the
200 Area ETF. NOTE: If the concentrationof
inf]uentammoniais reduced from the design basis,
ammoniumand sulfateloadingswill be lower while all
other constituentloadingswill be higher. The
degreeto which they will be higher is unknownand
will not be known until the actual waste is produced.
However,it is not inconceivablethe cons:ituent
concentrationscould be 20 times higher or greater.
Actualvalues will be dependentupon the characterof
the influentto the ETF. Therefore,actual values
may deviatesignificantlyfrom the tabulatedvalues.

Inorganic
constituent Loadinq in a_m3 of -esin

Na 3g,o00
K 50
Ca 21
Ammonium 4,100 (if present in ETF feed)
Si none
Nitrate 18
Sulfate 93,000 (if ammonia in feed to ETF)
Carbonate 4,300
Chloride 310
Fluoride 7.6
Phosphate 21
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Minor
constituents Loadin9in qlm_ of resin

A1 2.1
Ba 0.012
B 0.16
Cr 0.11
Cu 0.11
Fe 0.21
Mg 0.25
Mn 0.008
Hg 0.000051
Ni 0.024
V 0.011

Waste Codes TEDF: Unknownuntil toxic characteristics leach
procedure (TCLP) test can be performed on the spent
ion-exchange resin.

ETF: Listed ComDonents:

FO0! 1,;,1Trichloroethane
FO02 Methylene chloride
FO03 acetone; butyl alcohol; methyl isobutyl

ketone
FO04 Cresylic acid
FO05 Methylethylketone;_yridine

:t_te CQdes:

WT02 DW (ammonia)

NOTE: Althoughthis waste is not coded for toxic
mete;s,the concentrationsof toxic metals sucn as
barium,cadmium,and mercury have not yet been
verified. Verificationis expectedto occur _uring
the initialoperationof ETF. NOTE" The secondary
was_. is u timately oerive_ from the _ouble-sne:i
tank wastes wnich are c_oed for DO01through DOll,
DOI8, DOIg, D022, D02S through DO30, D033 through
D036, D038 through DO41, D043, and FOOl through FO05.

Hazardous Characteristi_ Unknown.

Hazardous Components L-045: Arsenic, barium, beryllium, cadmium, lead,
selenium, silver
C-018: See above table

PACKAGINGDESCRIPTION

ContainerType U.S. Departmentof Transportation17C or 17H 55-gel
drums for TEDF. The containerand closuremechanism
have not been determinedfor the ETF spent ion-
exchangeresin.
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InternalPaqkaaina gO-milpolyethyleneliner and absorbentmixed with
the sludge.

VentinqMechanism Nonc.

Gross Weiqht 2_.0to 300 lb.

ClosureMechani_im Snap-onlid for liner; lock ring for drum.

.w ._,
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Table O-7. Specificationfor Feed Stream2C, FerricHydroxideSludge,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

C_R IdentificationNumber 2C

CommonName FerricHydroxideSludge

Subset(s} None.

GENERATION

NarrativeDescription The 300 Area TEDF will treat processwastewater. The
wastewateris generatedin 300 Area laboratories,
officebuildings,fabricationand maintenance
buildings,and utilitiesfacilities. The wastewater
will be treatedby ferrichydroxidecoprecipitation,
clarification,filtration,ion exchange,and
ultravioletlight oxidation. The coprecipitation
step in the processproducesa large quantityof
metal hydroxidesolids. The solids are transferred
from the clarifierto a thickenertank prior to
dewatering. Water is removedfrom the sludge in a
filter press. After being pressed,the sludge is
approximately20% to 30% solids and 70% to 80% water.

Reference" WHC-SD-LO45H-ER-OO2,EngineeringSummary
Report.Hanford300 Area Treate_-ffiuen_Oisposa;
FacilityProjectL-O45H (Stordeur1992).

Generator's) LiquidWaste Disposalis the ooeratingorganization.

:xistina Volume None.

Forecast As of Mar:_ 1993, there are two _ossibiewaste
forecasts: normalTEDF o_erat!:nana if _rocess

"_,, _ ,
was:ewa:eris sent ".othe C:./ o, R_ch]anafor
processing. If was:ewateris sent to the city, the
plant will De used for trainingand to pretreatas
required. A final treatmentdecision is expectedby
fiscalyear 1994.

Normaloperation: A total of 140,000ft3
(19,062drums) through2022 are expectedto be
generatedbased on routineoperatingflows. Maximum
operatingconditionswould be e;.:ectedto result in
an additionalvolumeof 81,880 ft_ (11,000drums).

City option: A total of 1!,200ft3 (1,524drums)
through2022.
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References: WHC-SD-LO45H-FDC-O01,FunctionalDesign
Criteriafor the 300 Area TreatedEffluentDisposal
FacilityProject L-O45H- Draft (Muller19gZa);
WHC-SD-LO45H-ER-O01,ProjectL-O45H,300 Area Treated
EffluentDisposalFacilityTechnologySelection
EngineeringReport- Draft Report (MullerIggZb).
Volume projectionsincludesome modificationof
referencedata to reflectlatestdesign information.

PHYSICALCHARACTERISTICS

NarrativeDescriotion The metal hydroxidesludgeremovedFrom the filter
press will be a solid cake that has the appearance
and textureof clay. Free liquid is not expected
until after the sludge has been in the disposal
containerfor a while.

PhysicalState Solid that is a clay-likesubstance.

Reference: WHC-SD-LO45H-ER-O01,ProjectL-O45H,
300 Area TreatedEffluentDisposalFacility
TechnologySelectionEngineeringReport - Draft
Report (MullerIggZb).

Density 140 Ib/ft3.

Reference: Design documents.

MoistureCo,tent 70% to 80%.

Reference: WHC-SD-LO45H-ER-O02,EngineeringSummary
ReoortHanfo_d300 Area TreatedEffluentDisposal
FacilityProjectL-O45H (Stordeur1992).

PBrticl_Size The sludgebreaks into chunks as it falls from the
filterpress. Fur:herfracturingoccurs as it is
loaded in:o _rums. Currently,there are no
facilities:o dry the solias, if :be solias are
_ried, at WRAP, to 50% solias 50% water a very fine
powder is produced.

Hardness Not applicable.

RADIOLOGICALCHARACTERISTICS

Waste C_ass Class I if not unconditionallyreleasable. Based on
a preliminarysafety analysisdocumentflowsheet,the
sludgewill be 0.08 pCi/g alpha and 0.35 pCi/g beta.

Reference: WHC-SD-LO45H-SAD-O01,300 Area Treated
EffluentDisposalFacilityPreliminarySafety
AnalysisDocument (Bendixsen1993).

-



WHC-SD-WIOO-RD-O01
Revision0

RadiQnu¢lide Content Constituent n__{L__q_@_n___ation(DCi/L]

3H 267
('°Co 1,700
9°Sr 471
Sr total 1,320
1°6Ru 1,890
137S
147_m 897175
Radiumtotal 94.3

otal 14,300
u 89.5

_9/Z4°Pu 358
Z41Pu 71,600
z41Am 1,070

Reference: WHC-SD-LO4SH-3AD-001,300 Area Treated
Effluent Disposal Facility Preliminary Safety
Analysis Document (Bendixsen 1993).

Dose Rate Probablynot above background.

CHEMICALCHARACTERISTICS

NarrativeDescription The sludgewill be mostly composedof ferric
hydroxide. It will be stable and nonreactive.

Reference" WHC-SD-LO45H-SAD-O01,300 Area Treatec1
EffluentDisposalFacilityPreliminarySafety
AnalysisDocument (Bendixsen1993).

P-imar_Com_onents The concentrationsare ppb. Total constituentsthat
precipitate- 1.86 E,B. Only major constituen:sa_e
listed.

Ca 3.79 E+7
Fe 7.27 E_7
,Mg 6.31 E,6
Si 4.24 E_6
Bicarbonate i.17 E+8
Hydroxide 3.48 E+6
Polymer 1.16 E+7

Reference: WHC-SD-L045H-SAD-001,300 Area Treated
EffluentDisposalFacilityPreliminarySafety
AnalysisDocument (Bendixsen1993).

Waste Codes Unknownuntil TCLP test can be perfor_,edon sludge.

HazardousCharacteristics None anticipated. The TCLP test may show some
toxicity.

HazardousComponents Arsenic,barium,beryllium,cadmium,lead, cyanide,
silver,_elenium,ammonia.
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PACKAGINGDESCRIPTION

"ontainerTY_)e U.S. Departmentof Transportation17C or 17H 55-gal
drums.

Internal Pack_qincl 90-mil rigid polyethyleneliner and absorbentmixed
with the sludge.

VentinaMechani_m None.

Grgss geiqh_ 700 to 1,100 Ib (the actualweight will depend on the
ratio of sludge and absorbent).

ClosureMechani@m Snap lid on liner; lock ring on drum.

•"___ _
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Table D-B. Specificationfor Feed Stream 5AI, ElementalMercury,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAR

CDR Identifiqa1_iQr_Number 5AI

CommonName ElementalMercury

Subsetlot definitionis expecledto be based on
similarwaste codes for a specificgroup of drums.

GENERATION ,-

NarrativeOescriotion Mercurywas used throughoutthe HanfordSite and
U.S. Departmentof Energycomplexin vacuumpumps,
gauges,and other applications.

Ge_._nerator(s) Most of the existingmercurywaste comes from the
HanfordSite but other U.S. Departmentof Energy
sites also have forecastedsmall amountsof this
waste type.

Existi.nqVolume Approximately61 ft3 ur 8 drum equivalents(DE) dr=_
in the SWITS database.

Foreca..st The total amountof this waste, includingthe exisz-
ing volume and forecastsfrom variousaeneratorsand
WRAP !, is approximately395 ft_ or 54"DEs.

References" 1992 forecastdata (seeAppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

Narrat..!veDescription The elementalmercury is in glass or oolyethylene
containerssurroundedDy absoroent(diatomaceous
ear:n or similarmaterial)and :os;_,D_ysome parring.

Physical..Stat.= Mercurymetal. The acSualmercurycontentof the
drums is only 12B Ib or about 7% by weight and 0.2%
by volumeof the existingwaste.

Density 845 Ib/ft3 for the elementalmercury. The existing
drums have an averagedensityof about 30 Ib/ft3.

MoistureContent None.

ParticleSize Not applicable.

Hardness Not applicable.

D-36



WHC-SD-WIOO-RD-O01
Revision0

P.ADIOLOGICALCHARACTERISTICS

w_ste Glass PrimarilyClass I.

R.ionuclide Content _xist_i wa.s_tedoes_ot contain significantcuries ofTc, , "Se, or Np. The total enriched
uraniumcontentof existingwaste is i E-03 g and the
projectedcurie inventoryis approximately3 E-og.

pose Rate Existingwaste drums are <I mR/h at drum surface.

Reference" SWITS database.

CHEMICALCHARACTERISTICS

NarrativeQescription Toxic fluidmetallic substance.

primaryComoonen_@ Mercurywith absorbentand packagingmaterial.
Existingwaste containershave a mercury content
rangingfrom 0.5 to 24.1 kg with an averageof g.9 kg
of mercuryper container.

W_.ste...Codes The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

ListedComponent,s"

U15i Me_'cury

Characteristics"

DOOg Mercury

State Coaes'

WT01 Toxic EHW (mercury)

Reference' SW_T_ _aza_ase.

HazardousChar_c:er_s:ic} Toxic.

HazardousComponents Elementalmercury.

PACKAGINGDESCRIPTION

ContainerType PrimarilyU.S. Departmentof Transportation17H
55-galdrums. Two B-gal drums also are shown in the
SWITS database. The maximum size of the existing
mercury containerswithin the 55-gal drums is
estimated:o be about one-halfgal.

3-_.
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InternalPackaain_ 90-mil rigid polyethyleneliner for most 55-gal drums
but some drums could have 10-mil flexible
polyethyleneliners. There is no evidence indicating
the drums are concretelined.

VentinqMechanism None.

Gross Weiaht All mercurycontainersare expectedto be <1,000 lb.

Clos4reMechanism Bolted lock ring for 55-gal drums. NOTE: Several
differenttypes of rigid liners are availablefor
use, each having a differentclosuremechanism.
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Table D-g. Specificationfor Feed Stream5A2, MercuryChemicals/Solutions,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDR I(_entif!cationNumber 5A2

Common Name MercuryChemicals/Solutions

Subset(s} Subsetlot definitionis expectedto be based on
similarwaste codes for a specificgroup of drums.

GENERATION

.NarrativeDescriotion Mercurychemical/solutionwaste is generatedfrom a
varietyof sourcesthroughoutthe HanfordSite. The
mercuryand other componentcontentsof the waste are
widelyvariable. About 99% of existingwaste are lab
packs.

Genera_r(s) Most of the existingmercurywaste comes from the
HanfordSite but other U.S. Departmentof Energy
sites also have forecasted this type of waste.

ExistinqVqlu..me Approximately156 ft_ or 21 DEs are in the SWITS
database.

For.eca_t The total amountof this waste, includingthe
existingvolumeand forecastsfrom variousgenera:ors
and WRAP I, is approximately1,003 ft3 or 137 DEs.

References: 1992 forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

Nar-ativeDe_cr_:tion Mercurychemicals(solutions,salts, reagents,
s:anciarcs),sludge,batteries,light tuoes, pain:s,
ana liauiasin any combinatlonwith absorbent
(diatomaceousearth or similarmaterial and padding),
polyethylene,glass, and possiblysome metal.

PhysicalStat._ Primarilyliquid/solidcontainers(lab packs) and
absorbent,batteries,and light tubes. The actual
mercurycontentof the drums is <1% by weight.

Averagedensityof existingdrums is about 66 Ib/ft_.

MoistureContent Dry waste exceptfor a few containersof mercury
solutions.

ParticleSize Not applicable.

Hardness Not aoplicable.
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RADIOLOGICALCHARACTERISTICS

Waste Cla_l PrimarilyClass I.

E_dionucli_p_¢ntent Existinawaste doesnot contain significantcuries of
_Tc, _z_I,_Se, or _TNp. The total enrichea
uraniumcontentof existingwaste is 12 g and the
projectedcurie inventoryis approximately4 E-05.

Dose Rate Existingwaste drums are <I mR/h at drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeDescriotion Mercurychemicals,salts, and solutionscombinedwith
other toxic substances.

PrimaryComoonents Primarilymercurychemicalswith absorbentand other
materials. The followinglist of constituent
contentsin existingcontainersis providedfor
information:
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........ ii

Constituent' Range (kg)z Total (kg)z Average (kg)z
,.., ii i i i ill|,, i ii, ill

BaF3 N/A 0.0045 0.0045
• _ i|ll i ii i i |l i ii i

NH_Cl o.119-0.163B O.2B2B - "0.1414
,. i i i

MnOz N/A 0.9557 0.9557
. i i i ,l,, i llJ llll

Zn O.046-0. 4912 O.5372 O.2686
i i,

ZnClz 0.076-0.1911 0.2671 ...... O013355
ii i i , ii iH i i i

NiOH O.0005-0.173 O.1735 O.08675
i iH i||l | __- ill i

KOH N/A 0.371 0.371
i

IConstituentsshownas elementsmay be presentas salts.
2For containers where specific constituent has been identified.
N/A - Not applicable. Constituentpresent in one drum or

quantityis too low to providerange.

Reference: SWITS database.

Wast_ Cqdes The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

_istedComponents:

UISI Mercury

Characteristics:

DO01 Ignitable
DO02 Corrosive
DO03 Reactive
DO04 Arsenic
DO05 Barium
DO06 Cadmium
DO07 Chromium
DOO8 Lead
DO09 Mercury
DO10 Selenium
D011 Silver

State Codes:

WC01 Carcinogenic
WT01 Toxic EHW
WT02 Toxic DW

ReFerence" SWITS database.

0-.'I
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HazardousCharacter.isticsToxic, corrosive,reactive,and carcinogenic. No
individualdrums have been identifiedto date with
all three codes of DO01, 0002, and DO03.

Haza.rdQusComoonents See previouslist. Mercuryconcentrationis expected
in high and low subcategories.

PACKA_,INGDESCRIPTION

ContainerType PrimarilyU.$. Departmentof Transportation17H
55-galdrums. One 30- and three 5-gal drums are
shown in the SWITS database. There is no indication
of the size of the inner containers;however,the
maximumsize is not expectedto be much >I gal.

Inte.r.na!.packaqinq 90-milrigid polyethyleneliner for most 55-galdrums
but some drums could have 10-mil flexible
polyethyleneIiners.

VentingMechanism None.

G.ros_Weight All mercurycontainersare expectedto be <1,000 lb.

ClosureMeqhanism Boltedlock ring for 55-galdrums. NOTE: Several
differenttypes of rigid liners are availablefor
use, each havinga differentclosuremechanism.
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Table D-tO. Specificationfor Feed Stream SA3, Mercury-ContaminatedHeterogeneous
Solids,IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDRIdentifica¢ipn Number 5A3

CommonN_m_ Mercury-Contaminated Heterogeneous Solids

Subset(s) Subset lot definitionis expectedto be based on
similarwaste codes for a specificgroup of drums.

GENERATION

NarrativeOescrip_ion Mercurywaste is generatedfrom a varietyof sources
throughoutthe Hanford Site. The mercury and other
componentsare widely variable in composition.

Generator(s) Most of the existingmercurywaste comes from the
HanfordSite but other U.S. Departmentof Energy
sites also have forecastedthis type of waste.

ExistinQVolume Approximately261 ft3 or 35 DEs are in the SWITS
database.

Forecast The total amount of this waste, includingthe
existingvolume and forecastsfrom variousgenerators
and WRAP I, is approximately1,677 ft3 or 228 DEs.

References: Igg2 forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

NarrativeDescription The drums containany combinationof cloth,
diatomaceousearth or similaradsorbent,metal,
paper, polyethylene,wood, glass, Floor tile, rubber,
cement,conwed pads, rock, anchor_atteries,
contaminatedwith mercurymostly via incioenzal
contact.

Ph.ysicalState Primarilyheterogeneoussolidwaste includingdebris.
The actualmercurycontentof the drums is <1% by
weight.

Density Averagedensityof existingdrums is about 36 Ib/ft3.

MoistureContent None.

ParticleSize Not available.

i i,

"Conwedis a trademarkof Leucaaia,Inc.
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Hardnes_ Not available.

RADIOLOGICALCHARACTERISTICS

Waste Cla_s PrimarilyClass I.

RadionuclideCqnten.t Nominalcurie values per drum for drums of existing
waste containingthe radionuclide:

_Tc 6.1 E-13
Iz_I 1.2 E-15
U I.2 E-06
No _Se or 197Npare reported.

The totalcurie inventoriesof _Tc, I291,and uranium
are projectedto be 9.6 E-12, 1.8 E-14, and 9.2 E-06,
respectively.

Dose Rate Existingwaste drums are <I mR/h at drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeDescription Wide varietyof materials.

PrimaryComponents Debris-typematerials. The followinglist of
constituentcontentsin existingcontainersis
providedfor information:

i iii li ii

OUR1 To IBa 0.035-38.0018 71 .$523 I 5.504023077
I llll II I " I I I 'l J

Pb N/A 0.1134 l 0.1134
i i i| ii i i

Sb N/A 0.06 0.06!
i

Cd O.0006-13. 2902 33. 7731 2.25154
i i i, m

CaClzFP03 O.5001-5.0711 26.9865 2.9985
ill i : i,

Mn N/A 0.06 0.06
|,, ii iiii i i| .iH i,.

NH_CI 0.04-0.35 0.39 0.195
i . ,,., ,,. i ii i

Zn N/A 0.25 0.25

ZnCl2 0.028-0.22 0.248 O.124

NiOH N/A 0.38 0.38
i

KOH O.02-0.085 O.105 O.0525

CdOH N/A 0.205 0.205
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ConstituentI Range (kg)z Total (kg)z Average (kg)z

NaOH N/A 0.085 0.085
i

CoOH N/A O.OZ O.OZ

IConstituentsshown as elementsmay be presentas salts.
ZForcontainerswhere specificconstituenthas been identified.
N/A = Not applicable. Constituentpresent in one drum or

quantityis too low to provide range.

Reference: SWITS database

Waste Codes The code shown below is for existingwaste. Forecast
waste could have additionalcodes.

Listed Comoonents:

U151 Mercury

Characteristics:

DOOZ Corrosive
DO05 Barium
DO06 Cadmium
DOO8 Lead
DOO9 Mercury

State Codes:

WT01 Toxic EHW
WTOZ Toxic DW
WC01 CarcinogenicEHW
WC02 CarcinogenicDW

Reference" SWITS database.

HazardousCharacteristics Toxic, corrosive,and carcinogenic.

HazardousComponents See above list. Mercury concentrationis expected in
high and low subcategories.

PACKAGINGDESCRIPTION

ContainerType PrimarilyU.S. Departmentof Transportation17H
55-gal drums. One 20-, one 30-, and two 8-gal drums
are shown in the SWITS database.

InternalPackaqinq 90-railrigid polyethyleneliner for most 55-gal drums
but some drums could have 10-mil flexible
polyethyleneliners.

VentinaMechanism None.
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Gross Weight All mercury-contaminatedwaste containersare
expectedto be <I,000lb.

ClosureMeqhanism Bolted lock ring for 5._-galdrums. NOTE: Several
differenttypes of ric d liners are availabiefor
use, each having a differentclosuremechanism.
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Table D-11. Specificationfor Feed Stream SCI, ElementalLead,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDR Identi?i_ai_iQnNumber SCI

CommonN_m@ ElementalLead

Subsetfsl Subset lot definitionis expected to be based on
similarwaste codes for a specificgroup of drums.

GENERATION

Narrati.veDescriDl;iQn Lead waste is generatedfrom a varietyof sources
throughoutthe HanfordSite and other U.S. Department
of Energy sites.

Generai_or($) The majorityof the elementallead waste in storage
is from the HartfordSite and a one-timeshipmentfrom
the ShippingportReactor (not forecastedas a future
generator). The HartfordSite is expected to be the
major generatorbut other U.S. Departmentof Energy
sites have forecasteda small amount of this waste.

ExistinqVolume Approximately3,880 ft_ (includes182 drums and
18 boxes)are in the SWITS database.

Forecast The total amountof this waste, includingthe
existingvolume and forecastsfrom variousgenerators
and WRAP I, is approximately25,741 ft3 or 3,159 DEs
and 18 boxes.

References: 1992 forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTIC_

NarrativeDescr,ption Drums or boxes that have lead coaingwith a
descriptionshowingmajor physicalcharacteristicsof
lead or metal are consideredto containelemental
lead.

PhysicalState Actual lead contentof the existingdrums is
274,589Ib (84% by weight) and about 12% by volume.
The majorityof the material in the drums and boxes

. is expectedto be lead shieldingand pipe. The
remainingsmall percentageof material is any
combinationof adsorbent,polyethylene,paper, acids,
metal, asbestos,rubber,or cloth.

Densit.y Averagedensitiesof _xistingdrums and boxes are
about 97 and 74 Ib/ft", respectively.

0-47
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Moisture Content None.

Par_;i_leSize Not applicable.

Hardness Soft metal.

PADIOLO6ICALCHARACTERISTICS

Waste Class ClassesI and Ill.

Radionu(;lide Content _istin_ waste does not contain significant curies of
i Tc, I, 79Se,or Z37Np. The total enricheduranium

contentof existingwaste is 1.2 g and the projected
curie inventoryis approximately3.3 E-06.

Dose Rate Existingwaste drums range from 0.1 to gO mR/h at
drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeDescriotion Primarilyelementallead.

.P.rimarvComponents Lead metal.

Waste Codes Characteristics:

DOOB Lead

StateCod._s.:

WTOI Toxic EHW

Reference: SWITS database.

HazardousCharactR.r_stic_Toxic.

Ha;_ardousComponents Lead.

PACKAGINGDESCRIPTION

ContainerType PrimarilyU.S. Departmentof Transpor'_cation17H
55-gal drums. Thirty-two85-, one 10-, one 8-, and
one 2-gal drums are shown in the SWITS database. A
total of eighteen4- by 4- by B-ft boxes also are in
storage.

TLnternalPackaainq 90-mil rigid polyethyleneliner for most 55-gal drums
but some drums could have 10-mil flexible
polyethyleneliners.

Ventin_Mechanism None.

]-4a
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Table 0-12. Specificationfor Feed Stream SC2, Lead Chemicals/Solutions,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDR IdentificationNumber 5CZ

Common_Name Lead Chemicals/Solutions

Subset(s) Subset lot definitionis expectedto be based on
similarwaste codes for a specificgroup of drums.

GENERATION

NarrativeDgscriDtion Lead waste is generatedfrom a varietyof sources
throughoutthe HanfordSite and other U.S. Department
of Energysites.

Generator(s) The majorityof the lead chemicals/solutionswaste
in storageis from the HartfordSite but other
U.S. Departmentof Energy sites also have forecasted
this waste type.

ExistinQV,olume Approximately7 ft3 or I DE are in the SWITS
database.

Forecast The total amountof this waste, includingthe
existingvolume and forecastsfrom variousgenera:ors
and WRAP I, is approximately48 ft3 or 6 DEs.

References" 1992 forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

NarrativeDescri)tion Drums that have lead and other hazardousconstituents
in a chemicalform, i.e., leaa oxiae, lead salts.
an_,'orlead chemicalsana solut;ons.

_hvsic_lSt)t-: Actual lead contentof the drums is <1% by weight.
The remaininghigh percentageof material is any
combinationof adsorbent(diatomaceousearth or
similarmaterial),polyethylene,glass, and other
materials. Existingwaste is about 50% lab packs and
50% absorbedor free liquids.

Density Averagedensityof existingdrums is about 26 Ib/ft).
The maximumlead contentof the drums is slightly
>I lb.

HoistureContent Dry waste exc.=ptfor a few containersof lead
solutions.

_rticl=.Siz=. :(otapplicable.

]-:.0
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Hr_Hs3__LEg._._ Not applicable.

RADIOLOGICALCHARACTERISTICS

W_a_teClass ClassesI and Ill.

RadionuclideConten_ Nominalcurie values per drum for drums of existing
waste containingthe radionuclide:

99 C

12_Fl 6 E-IO1 E-12
WSe 1.6 E-11
U 3.7 E-IO
No 197Npis reported.

The total curie inventoriesfor _Tc, Iz_I,_Se, and
uraniumare projectedto be 4.6 E-Og, 8.3 E-12,
1.3 E 10, and 3 E-og, respectively.

Dose Rate Existingwaste drums range from 0.01 to 3.5 mR/h at
drum surface.

Reference" SWITS database.

CHEMICALCHARACTERISTICS

_NarrativeDescription Various"_ypesof lead chemicals,salts, solutions,
etc.

P_._imarvComoonents Primarilycontainedchemicalreagentsand standards.
The followinglist of maximumamount of constituents
in existingwaste is providedfor information"

" Constituent TotalQuantity(kQ)

Ce(NO3)_,6H_ O. !!
PbO_ " O.45
KSrO3 O.45
KCIO_ O.45
KNOI O.45
KIO, 0.22
KMn_), 0.9
Th(N_)_)_.4H20 0.45

Waste Codes The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

_h.aracteri_tic_i"

DO01 Ignitable
DO08 Lead
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State Codes:

WCOI CarcinogenicEHW
WT02 Toxic OW

Reference" SWITSdatabase.

HazardousCharacteristics Ignitable,carcinogenic,and toxic.

HazardgusComoonents Le_d.

PACKAGINGDESCRIPTION

ContainerTvoe PrimarilyU.S. Departmentof Transportation-17H
55-galdrums.

InternalPackaaina gO-milrigid polyethyleneliner for most 5S-galdrums
but somedrums could have lO-milflexible
polyethyleneliners. There is no indicationof the
size of the innercontainers;however, the maximum
size is not expected to be much >1 gal.

Ventin9 Mechanism None.

Gross Weiaht The 55-gal drums are expected to be <1,000 lb.

ClosureMechanism Boltedlock ring for 55-galdrums. NOTE" Several
differonttypes of rigid liners are availablefor
use, each havinga differentclosuremechanlsm.
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Table D-13. Specification for Feed Stream 5C3, Lead-Contaminated Heterogeneous
Solids,IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

FOR Iden_l.fl_ationNumber 5C3

CommonN]me Lead-Contaminated Heterogeneous Solids

Subset(s) Subsetlot definitionis expected to be based on
similarwaste codes for a specificgroup of drums.

GENERATION

Narrat_lYe O_scrtotton Lead waste is generated from a variety of sources
throughoutthe Hanford Site and other U.S. Department
of Energysites.

Generator(s) The majority of the lead contaminated heterogeneous
solidwaste in storage is from the HanfordSite but
other U.S. Departmentof Energy sites also have
forecasted this type of waste.

ExistinaVQIume Approximately611 ft3 or 83 DEs are in the SWITS
database.

Forecast The total amount o6 this waste, includingthe
existingvolume and forecastsfrom variousgenerators
and WRAP I, is approximatelye,OS5 ft3 or 552 DEs.

References- 199Z forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

NarrativeOe_Gri)tion' Drums that have lead-contaminatedwaste/debrisin any
combinationof cloth, absorbent (diatomaceousearth
or similarmaterial),metal. _aDer, polyethylene,
wood, glass,ruober,conwed paas, stainlesssteel,
filters,or wire.

PhYsicalState Actual lead chemicalcontentof the drums is about
59% by weight. The remainingpercentageconsistsof
other materialsand debris.

Density The averagedensityof existingdrums is about
35 Ib/ft'. The lead contentof existingdrum waste
is a maximumof about 840 Ib, a minimum of <I Ib, and
an averageof about 340 lb.

MoistureContent None.

ParticleSize Not applicable.
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H,_rdness Not applicable.

RADIOLOGICALCHARACTERISTICS

Waste Cl]ss ClassesI and IiI.

RadionucliJeCon)ent Nominalcurie values per drum for drums of existing
waste containingthe radionuclide:

1.8 E-06
U 9.6E-08

The total curie inventoriesfor _Tc, IZgl,and uranium
are projectedto be 9 E-05, 1.4 E-O5, and 1.8 E-06,
respectively.

Dose Rate Existingwaste drums range from 0.02 to 70 mR/h at
drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeDescription Mostly debris-typematerials.

primary Components Lead-contaminatedwaste. The followinglist of
constituentcontentsin existingcontalnersis
providedfor information:

ill i ii , iil ,

Constituent Range (kg)" Total (kg)* Average (kg)* I

Pb 0.064 I 321.55 146.B9
i • ll m H

PbCrO_ 0.064-I.g9 i 2.i3 0.71 i
lll,ii llm, i illJ,i t i I

BF3 N/A I, _." 0.I iii i iii mm i , i i i m

"For containers where, spec"fic constituent has been identified.
N/A = Not applicable. Con ._tuentpresent in one drum or

quantityis too low to provide range.

Waste_Code The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

_haracter!st!Cs:

DO02 Corrosive
DO03 Reactive
DO07 Chromium
DOOB Lead
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_l;i_teCodes:

WC01 CarcinogenicEHW
WP01 PersistentEHW
WT01 Toxic EHW

Reference: SWITSdatabase.

Hazardou@Characteri.sticsCorrosive,reactive,toxic,carcinogenic,and
persistent.

HazardousComoonen_;_ Lead and chromium.

PACKAGINGDESCRIPTION

ContainerTvoe PrimarilyU.S. Departmentof Transportation17H
55-gal drums.

IntQrnalPackaqinq gO-mil rigid polyethyleneliner for most 55-gal drums
but some drums could have 10-milflexible
polyethyleneIiners.

VentinaM_hanism None.

Gross Weiqht The 55-galand smallercontainerare expectedto be
<1,000 lb. The box has a gross weight of about
2,900 Ib, and the lead contentof the box is about
3O0 Ib.

ClosurlMechanism Bolted lock ring for 55-galdrums. NOTE: Several
differenttypes of rigid liners are availablefor
use, each havinga differentclosuremechanism.
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Table D-14. Specificationfor Feed Stream 7, ThermalTreatmentAsh,
IncludingPhysical,Chemical,and RaaiologicalCharacteristics.

FEEDSTREAM

_DR,,I,dentification Number 7

CommonName Thermal Treatment Ash

Subset(s) Subsetlot definitionis expectedto be based on
similarwaste codes for a specificgroup of drums.

GENERATION

Narrativ_Description Ash waste is CH MLLW that has been treatedby the
specificincinerationtechnologybut still contains
hazardousconstituentsthat must be immobilized.

Generator(1) All the ash waste will be generatedby the proposed
HartfordThermalTreatmentFacility.

ExistinqVolume None

Forecast Feed to the HanfordThermalTreatmentFacilityis
still being characterized. The design basis for drum
input to the ThermalTreatmentFacilityis approxi-
mately ten 55-gal drums per day. The volume-based
ratio of ash to feed in the ThermalTreatment
Facilitywill be 0.2. Therefore,the ash flow rate
will be two 55-galdrums per day for 9 monthsof
operation. The total amount of ash waste to be
processedin WRAP 2A is estimatedto be 72,200 ft_ or
9,S31 DEs.

References: 1992 forecastdata; SWITS database.

PHYSICALCHARACTERISTICS

Nar-_tiveOescr_ption The ash or slag will derive from the followingthree
sourcesin the feed:

• Residueof inorganicmaterialsin the feed

• Ash from the incinerationof combustible
materialsin the feed

• Steel from drums (only of drums that are
shredded).

PhYsicalState The principalinorganicmaterials in the feed after
treatmentare expectedto be as follows:

• Dirt/soil

_-5,5



WHC-SD-WIOO-RD-O01
RevisionO

• Absorbent(kittyIitter/vermiculite/diatomaceous
earth)

• Metal/iron/galvanizedsheet

• G1ass

• Concrete/cement

• Rock/gravel

• Sand.

The state of these componentsin the ash will depend
on incinerationconditions. If incineration
temperaturesare below the melting points of the
materials,the inorganicmaterialswill be scorched
(surfaceoxidation),but the physicalconsistencyof
the materialswill be maintained. If incineration
temperaturesare such that a slag is formed, the
inorganiccomponentswill contributeto the chemical
and mineralcompositionof the slag.

The ash from the incinerationof combustible
materialsshouldbe a typicalpowdered incineration
ash.

.Density Ash densitywill vary appreciablybut is expectedto
averagein the range of 100 to 250 Ib/ft_. Average
densityof drum contentswill be less than ash
density.

MoistureContert None.

Particle Si_e Will range from fine particulateto solid chunks of
ash and metal.

Hardness Not available.

RADIOLOGICALCHARACTERISTICS

'WasteClass ClassesI and Ill.

Radionuc!ideContent Expectedto be about a factor of 5 greater than the
radionuclidecontentof the heterogeneoussolid/
debriswaste stream.

Dose Rate Expectedto range up to 100 ,_R/hat drum surface.

D-3T
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CHEMICALCHARACTERISTICS

NarrativeOescription Typical incineratorash intermixedwith metal pieces.

PrimaryComponents If the steel drums are shredded and fed to the
thermaltreatmentunit, the proportionof iron and
steel in the ash or slag will increase. The
followingtable shows the weight percentagesof
componentsin the ash with and without the steel from
the drums.

The ash constituentswill be mostly silica and iron
oxides. The proportionof these two constituents
will depend on whether the drum steel is includedin
the ash. The weight ratios of silica to iron oxide
with and without the drum steel are as follows.

Weioht Si02/weiqhtFe2_3

With drum steel O.B5
Withoutdrum steel 4.7

Wt%
Without With

Componen) drum steel drum steel

Dirt/soil/diatomaceousearth i5.1 32.5
Absorbent/kittylitter/vermiculit_ 15.4 9.I
Metal/iron/galvanizedsheet !5.2 49.B
Glass 4.7 2.B
Concrete 4.0 2.4
Rock/gravel 2.5 1.5
Sand 1.6 1.0
Combustionash and miscellaneous 1.5 O.B
Total !00.0 lO0.O

_aste Codes Codes are expectedto _e similart_ those 6or
"=. Forecastwaste c_ulo naveheterogeneoussolid was_.

aooitionalcoaes.

ListedComponents"

P029 Copper cyanide
P030 Cyanidesalts
P120 Vanadiumoxide

Characteristics-

DO02 Corrosive
DO04 Arsenic
DO05 Barium
DO06 Cadmium
DO07 Chromium
_008 Lead

_-_
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DOO9 Mercury
DO10 Selenium
DOll Silver

Stat_ Code_:

WC01 CarcinogenicEHW
WCOZ CarcinogenicDW
WT01 Toxic EHW
WT02 Toxic DW

HazardousCh_rac.terisl;icsToxic,corrosive,carcinogenic,and reactive.

HazardousComoon_nl;_ Listed componentsare expectedto be coded by the
derived-fromrule.

PACKAGINGDESCRIPTION

ContainerType U.S. Departmentof Transportation17H 55-gal drums.

Internal ,llP_Ckaoinq go-railrigid polyethyleneliner for 5S-gal drums.

VentinaMechanism None.

Gr.os_Weiqht The 5S-galdrums are expectedto have a gross weight
of <1,000 lb.

ClosureMechanism Boltedlock ring for SS-gal drums. Rigid
polyethylenelined shoula have only one type of
closuremechanism.
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Table D-15. Specificationfor Feed Stream 9A, Particulate/Sludge,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTRF.VI

CDR Identifica.tionNumber gA

Common Name Particulate/S1udge

Subset(s) Subset lot definitionis expectedto be based on
similarwaste codes for a specificgroup of drums.

GENERATION

Na.r..rativeDescription Particulate/sludgewaste is generatedfrom a variety
of sourcesthroughoutthe HanfordSite.

Generat.or(_) Most of the existingparticulate/sludgewaste comes
from the HanfordSite but other U.S. Departmentof
Energy sites alsohave forecastedthis type of waste.

_..xistina Volume Approximately979 ft3 or 133 DEs are in the SWITS
database.

Forecast The total amountof this waste, includingthe
existingvolumeand forecastsfrom variousgenerators
and WRAP I, is approximately146,047ft3 or

19,B85DE) The grout facilityaccountsfor
58,161 ft "ofthe forecastwaste.

References: 1992 forecastdata (see AppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

Na_.tive Descript!o.n This waste streamencompassesa wide range of
materialsincludingsludge,absorbedliouios (ac_s.
alkalies,pesticides,etc.}, partlculaze(asn. soot,
powcier),absorbent(cliatomaceousearth or slmiiar
material),soil, spent resin (excludingLiquid
EffluentTreatmentFacialities[LETF]),and some
asbestos. Thesematerialsmay be combinedwith small
amountsof glass,polyethylene,paper, metal, etc.

PhysicalState Rangesfrom fine particlesto paste-typematerial.

Density Averagedensityof existingdrums is about 6B Ib/ft3,

MoistureConten.t Primarilydry waste with water of hydrationor
retainedmoisture (unknownquantity).

Particle Size Consistencyof soil and caked sludge includinglumps.

Hardness Not available.

D-60
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RADIOLOGICALCHARACTERISTICS

W_@I;@Class PrimarilyClass I but a small portionmay be
Class Ill.

RadionuclideContent Nominalcurie values per drum for drums of existing
waste containingthe radionuclide:

_Tc 4.1 E-O8
1291 7.8 E-13
_Se 1.2 E-11
U 8. g E-04

No 197Nphas beenMreported.The total curie
inventoriesfor "Tc, '='I,WSe, and uraniumare
projectedto be 1.Z E-05, 1.2 E-tO, 1.8 E-og, and
2.5 E-O0, respectively. This projectiondoes not
take into accountspecial-casewastes of high-
enricheduraniumthat are forecastto be received
from Portsmouthor other U.S. Departmentof Energy
sites Effortsare being made to o_tainthe
estimatedtotal curie i!_,v,entory of "Tc for the
Portsmouthwaste. The "_'Ucontentof some Portsmouth
drums is expectedto range from <15 g/drum to several
hundredg/drum but would not exceedthe limit of
350 g for shipping.

Dose Rate Existingwaste drums range from 0.1 to 15 mR/h at
drum surface.

Reference: SWITS database.

CHEMICALCHARACTERISTICS

NarrativeOescription The majorityof this waste is sludge,soils, resins,
and other particulatewaste contaminatedwith toxic
metals. Absorbentsmay containacias or alkalies.

P_imaryCom_)onents Toxic metals,acicis,nitrates,alkalies,pesticides,
and other similarcontaminants. The hazardous
materialcontentof the existingwaste is about 46%
by weight. The followinglist of constituent
contentsin existingcontainersis providedfor
information:

ConstituentI Range (kg)2 Total (kg)2 Average (kg)2
i i ii

Cr 0.09-0.23 11.51 3.B36667_

i, i i i

Cu 26.76-32.2 1,872.88 624.2933
i, , , ,

NaF 0.9-50.8 3,064.B26 340.5362

NaOH 5.75-37.!9 2,!93.002 548.2S04

D-_I
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Constituent Range (kg)2 Total (kg) Average (kg)

NaNO_ O.67-32.66 2,031.15 203.115
Zr O.59-0. B6 46.61 15.53667

KOH I0.0-56.25 66.2517 I 33.12585

FeOz N/A 5.62 5.62

NaOz O.51-48.26 48.761 24.3805
Cd 0.0014-0.11 0.1114 0.0557

CrSO_ N/A 0.52 0.52

CuSO4 N/A O.I O.I

NaCl IO.99-199.9 4,3Z8.972 166.4989

NaCO_ N/A I.7 I.7
N/A 1.7 I.7

NAP03

NazSiO_ N/A 1.7 1.7
Asbestos O.25-23.6 239.1467 14.94667

HNO_ O.01-0.09 1.15 O.052273

UOz(NO3)z'6HzO N/A 1.3898 1.389B

Al(NO_)3"9H20 N/A 0.2 0.2

HzOz N/A O.I O.Ii

Mg(Cl0_)2 N/A O.I O.I

KMnO_ N/A 0.8 0.8i

AgNO3 ' N/A O.I O. Ii "

Ba ' N/A 0.4999 0.4999 1i
i i

Se N/A 1.0(]2 1.002 i
I i i

CdO_ N/A O.44 ! O._4i

CrO; N/A i.49 1.49i

AgO_ ' N/A 0.39 0.39 __

NiOH 0.002-0.135 0.137 0.0685

Ethyleneglycol N/A 36.29 36.29 __i

CaOz N/A 0.5 0.5

IConstituentsshown as elementsmay be presentas salts.
ZForcontainerswhere specificconstituenthas been identified.
N/A - Not applicable. Constituentpresentin one drum or

quantityis too low to providerange.

3-_.2
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Waste Codes The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

Charac_qri_i_$:

DO01 Ignitable
DOOZ Corrosive
DO04 Arsenic
DO05 Barium
DOO6 Cadmium
DO07 Chromium
DO10 Selenium
DOll Silver

State Codes:

WCOI CarcinogenicEHW
WC02 CarcinogenicDW
WP02 Persistent DW
WT01 Toxic EHW
WT02 Toxic DW

Reference: SWITSdatabase.

HazardousCharacteristics Toxic,corrosive,reactive,persistent,and
carcinogenic.

ffa¢ardousGomponents Toxic metals and salts.

PACKAGINGDESCRIPTION

Cont_inqrType PrimarilyU.S. Departmentof Transportation17H
55-galdrums. Three B5-, one 30-, and two 10-gal
drums are shown in the SWITS database. Some of the
forecastwaste will be in 4- by 4- by 8-ft boxes.

InternalP_ckaainq gO-railrigid polyethylene_:ner for _os: SS-gal drums
but some drums could nave iO-mi_ flexible
polyethyleneliners.

VentinqMechanism None.

Gross weiqht The SS-galdrums are expectedto be <1,000 lb. The
maximumgross weight of the existingdrums is 760 lb.

_]osureMechanism Boltedlock ring for SS-galdrums. NOTE: Several
differenttypes of rigid liners are availablefor
use, each having a differen_ closuremechanism.
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Table D-16. Specificationfor Feed Stream9B, HeterogeneousSolids/Debris,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

CDRIdentification Number 9B

Com_,,,qnName Heterogeneous Solids/Debris

Sub_et(s) Subset lot definition is expected to be based on
similarwaste codes for a specificgroup of drums.
One subsetwill be reverseosmosisfiltersfrom the
LETF C-018 facilityand anothersubsetwill be high-
efficiencyparticulateair (HEPA)filter packagesin
drums and boxes.

GENERATION

NarrativeDescriotion Heterogeneoussolids/debriswaste is generatedfrom a
varietyof sourcesthroughoutthe HanfordSite.

Generatorfs) Most of the existingheterogeneoussolids/debris
waste comes from the HartfordSite but other
U.S. Departmentof Energy sites also have forecasted
this type of waste.

_xist.inqVolume Approximately935 ft3 or 127 DEs are in the SWITS
dataDase.

_orecast This streamrepresentsone of the greatestuncertain-
ties with regardto forecastvolumesbecauseof the
impactsof the "DebrisRule" (57 FR 37194) and
regulatory/U.S.Departmentof Energy issues
surroundingstartupof specificfacilities. The
total amountof this waste, includingthe existing
volume and forecastsfrom variousgeneratorsapd
WRAP !, is estimateoto be 450,540ft_ or 6i.34-_]Es.
The grout facilityaccountsfor aDOUt 171,716Ft3 of
the forecastwaste.

References" 1992 forecastdata (seeAppendixesA, B,
and C); SWITS database.

PHYSICALCHARACTERISTICS

NarrativeDescription This waste streamencompassesany combinationof
cloth,metal, paper, polyethylene,wood, glass,
absorbent,rubber,conwedpads, HEPA and reverse
osmosisfilters,concrete,biologicalwaste, and
other materialsor debris.

PhysicalState All shapesbut generally>2.5 in. Most of the metal
is stock,scrao,or equioment<0.5 in. in thickness
but somemetal _ii_ be much larger in :ross-sec'ion.
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Density Averagedensityof existingdrums is about 31 Ib/ftz.

MoistureConten_ None.

ParticleSlze Not available.

Hardness Not available.

RADIOLOGICALCHARACTERISTICS

Waste Class PrimarilyClass I but a small portionmay be
Class III.

RadlonuclideCon_nt Nominalcurie valuesper drum for drums of existing
waste containingthe radlonuclide"

]'c 4.2 E-06
lzvI 4.4 E-06
U 4.6 E-OZ

No 9?Se or 197Np "Ti)jls.bel_Irep°rted" The total curieinventoriesfor c , and uraniumare projected
to be 5.0 E-OZ, 5.I E-OZ, and 2.4 E+OI, respectively.
This projectiondoes not take into accountspecial-
case wastes of high-enricheduranium that are
forecastto be receivedfrom Portsmouthor other
U.S. Departmentof Energy sites. Effortsare being

made to obtainthe estimatedtotal _,ie inventoryof"Tc for the Portsmouthwaste. The -- contentof
some Portsmouthdrums is expectedto range from
<15 g/drumto severalhundredg/drum but would not
exceed the limit of 350 g for shipping.

Oose Rate Existingwaste drums range from 0.01 to 95 mR/h at
drum surface.

Reference" SWITS database.

CHEMICALCHARACTERISTICS

NarrativeDesqripl;ion All types of hazardousconstituentsmay be present in
this waste includingsmall amountsof surface
contaminationfrom organics.

PrimaryComponent_s Toxic metals,acids,nitrates,alkalies,pesticides,
organics,and other similarcontaminants. The
hazardousmaterialcontentof the existingwaste is
about 6% by weight. The followinglist of
constituentcontentsin existingcontainersis
providedfor information"
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i i lal iiiiiiiii ....... lilillrmliii 111111ii i i i , ,

Constituent' Range (kg) z Total (kg) z Average (kgiZ l
ii i iiii iiii iiii iml nl I i II I I i i ilfllll _ - _- I imlll

Na0H 0.1-10.99 21.3649 3.052129
i m illll i HI Ill I II I I NH,,,I H I

HC1 N/A 0.4999 0.4999
ii i i i iiii i i IIIH, iiiii ii iiii i iilUl llllr I

o.9-4.o 5.3992 1.799'7....
IllI l I II l llllll lUll-- mllll i lllm

H2S04 N/A 0.2 0.2
ii iii ii i i iiiii i iiiii i i ii nil,im n

KOH 0.899-47.35 114.3403 19.05'1672
i i illllml 1ollmm i llllflfi mlll ii iiiiiii] ii iiiiiiiii ii

FeNOs N/A O.1 O.1
[ i,ll nl llmlmul IIiiiiii ii I

NAN03 N/A 0.265 012'65
i illllnl II i llllnl llmln ii I IIII m i II iiiii ii i i i i i

HF N/A 0.1 0.1
I llll II II I III | I IIIII III I III I III IIII I

Soda ash N/A 3 3
i ii iiiiiiii m i iiiii i1| i i i iin ]1 i i ii i inllmm

NH4F 2.99-7.89 18.32 6. 106667
ii ii inn in II I i I II iiiiii i i1 in II

(NH+)zZrF6 7.48-19.73 45.81 1 I5.27

NH4NO3 ......... 2'99-7.89 18.32 ........ 6. 106667
i iiii i i i

CzH204 O.1-0.3 O.4 O.2
iii,i, i i nl iiii i iiii In, iii i

AINO, N/A 2.2)"C)2 2.2702
= i=l= i H = i H i ,, i,,,|,w i ,,,

Cu N/A 625.6 625.6
i i iii i iii i i i ii i iiiii i m i iii i I I

Be N/A 0.0005 O.005
I IN IN I I mill I Ill IN II III

Ag N/A 4. 1998 4. 1998
i i il Hi i i i H.im, i

Asbestos N/A O.1 O.1
iii into ii|l IIllUl i

UOz(N03>z'6H;_O 0.05-0.699 i 0.8399 0.279963'
me i ININ In I III II I llnlm I I I I I

ZrCrO_ N/A I.5998 I.5998
............ .

Cd N/A 0.03 0.03

iCo N/A 0.002 0.002
.......... _ .......... L li i

Ni I N/A i 0.05 0.05
i iii iiiii i i i . i i iii i

K N/A O.004 O.004
im i iIllllll I III II I I

Cr N/A 0.002 0.002
i im i i i i i llllm i ml i iiii iiii inl I i m

H3PO4 N/A II.9984 II.9984
,, imill i iiii i i i

Ni/Cd N/A 7.7382 7.7382

CdNO3 0.55-1.25 1.3003 0.90015

Cresote N/A O.0013 O.O013
,. , i ,, , ,,

Tar N/A 0.0001 O.O001
,,| ,,H, I I ' " '" "

Benzene N/A I 0 0 !
......... , . , ,, ,,,,
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I IIII IIIII I --- nllmlannnn ilrlm n ,

Range (kg) z Total (kg) z Average (kg) _....
Ilnlnu IllllllL I I II Ill II Ill I I1[I -- II III Ulmllll

Acetone N/A O.0025 0.0025
IIII Im I IIII I I I I IIII I II IIII I III III I III I IIII II II I HIll II II I I

MEK N/A 0.0025 0.0025

.............................. NII/A .... " ......MIK 0.0025 0.0025

Hexone ............ N/A ......... 0 .....................0 ....

I'sobutanoi..... N/A ........ 0 .............. 0
I ii I II in IIIl[lUl ill I I II I I _- -- ii ii I II i lll

Pyrldlne N/A 0 0
III I IIIIn I ii II I I IL I I III illl II ill iiii illl[ ii

Toluene N/A 0 0

i,1,1 ........ N/A ...... 0.0001 ....... 0.0001 .....
trt chl oroethyl ene

i i Ill II I I I I i, ill ii I

Methylene chloride N/A 0.0016 0.00i6
........... ,,,, ,,,, ,,, , ..............

1Constitue'nts shownas elements may be present ;_s sails.
ZFor containers where specific constituent has been identified.
N/A = Not applicable. Constituent present in one drum or quantity is

too low to provide range.

Waste Gode# The codes shownbelow are for existingwaste.
Forecastwaste could have additionalcodes.

ListedComoonents:

FO01 Halogenatedsolvent
F002 Halogenatedsolvent
FO03 Nonhalogenatedsolvent
FO05 Nonhalogenatedsolvent

CharacteristiC@:

DO01 Ignitable
DO02 Corrosive
D003 Reactive
D006 Cadmium
DO07 Chromium
D011 Silver
D018 Benzene

State Codes:

WCOI CarcinogenicEHW
WC02 CarcinogenicDW
WTOI Toxic EHW
WTO2 Toxic DW

Reference: SWITS database.
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HazardousGhlr_ci:eristicsToxic, corrosive, reactive,ignitable,and
carcinogenic. No individualdrums have been
identifiedto date with all three codes DO01, DO02,
and DO03.

HazardousComoonents Toxic metals,salts, and small concentrationsof
organics.

PACKAGINGDESCRIPTION

ContainerTYpe PrimarilyU.S. Departmentof Transportation17H
55-galdrums and 4- by 4- by B-ft boxes. Two 85-,
one 5-, and eleven30-gal drums are shown in the
SWITS database.

Intern(_lPack_ainq gO-railrigid polyethyleneliner for most 55-galdrums
but some drums could have lO-mil flexible
polyethyleneIiners.

VentinaMechanism None.

Gros}.Weiqht The 55-galdrums are expectedto have a gross weight
of <I,000 lb. The maximumgross weight of the
existingdrums is 820 lb.

Clo@ureMechanism Boltedlock ring for S5-galdrums. NOTE: Several
differenttypes of rigid liners are availablefor
use, each having a differentclosuremechanism.
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Table D-17. Specificationfor Feed Stream 9C, ContainedLiquid,
IncludingPhysical,Chemical,and RadiologicalCharacteristics.

FEEDSTREAM

COR Identlf!c_ion Nqmbqr 9C

CommonName Contained Liquid

Su_set/s) Subset lot definition is expected to be based on
similarwaste codes for a specificgroup of drums.

GENERATION

N_rratiw Oesqrio_ign Liquidwaste is generatedfrom a varietyof sources
throughoutthe Hanford Site and other U.S. Department
of Energy sites.

Generator(s) The majorityof the containedliquid waste in storage
is from the Hanford Site but other U.S. Departmentof
Energysites also have forecastedthis type of waste.

_xi_tinqVolume Approximately328 ft3 or 45 DEs are in the SWITS
database.

Forecast The total amountof this waste, includingthe exist-
ing volume and forecastsfrom varigusgeneratorsand
WRAP !, is approximately15,018 ft_or 2,045 DEs.

References: 199Z forecastdata (seeAppendixesA, B,
and C); SWITSdatabase.

PHYSICALCHARACTERISTICS

NarrativeOescriotion All the existingcontainedliauidwaste is either lab
packs or containersthat have been identifiedfrom
the descriptionsof the waste in the arums. These
lad packs/containerscontain a wide range of
chemicalsexcludingmercury ana lead that will
requirespecialprocessing. The liquid containers
are expectedto be either glass or polyethylene
vesselsand are expected to be surroundedby
absorbent(diatomaceousearth or similarmaterial)
and/orconwed padding. About 83% of the forecast
waste are lab packs and the remainderare other
containedliquids.

Physicalstate Hazardousconstituentsare only about 9% by weight of
the existingdrums. The remainingmaterialsare
absorbentand possibly some heterogeneoussolid waste
mixed in with the containedliquid.

Averagedensityof existingdrums is about 37 Ib/ft3.
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MoistureContent Liquid.

ParticleSiCe Not available.

Hardness Not available.

RADIOLOGICALCHARACTERISTIC

Waste Class Mostly Class I. Only a very small portionof this
waste is expectedto be Class Ill.

RadionuqlideContent Nominalcurie values per drum for drums of existing
waste containingthe radionuclide:

_Tc 1.8 E-tO
129I 3.3 E-13
_Se 9.4 E-12
U 2.4 E-06

The total curie inventoriesfor _Tc, IzgI,_Se, and
uraniumare projectedto be 3.4 E-O8, 6.3 E-11,
9.1 E-tO, and 8 E-04, respectively.

Dose Rate Existingwaste drums range from 0.01 to 42 mR/h at
drum surface.

Reference: SWITS database.

CHEMICALCHARACT£RISTIC$

Nar-ative_)escription Chemicalsconsistof acids, alkalies,various
dissolvedsalts (includingtoxic metals),nitrates,
and water-reactivesubstances.

PrimaryComponents All types of chemicalscontaininghazardous
constituents. The fo;_owinglist of constituent
contentsin existingcontainersis _rovi_edfor
information:

Constituent _ Range (kg)I Total (kg)I Average(kg)i
in i i| i i ,.. i .ll i,

lCl N/A 1.5 1.5

Cr iin solution) 'I}.... 0.0015-0L4 III 0.7345 0.091813 '
• i i .. ,, ii,i ii

H3PO4 O.045-49.98 304.1154 ZO.27436
,,. ,,..,, i i.i. ii i, i,, ,il

FeOH N/A 0.2 0.2
ii i.i .i i ,,, ,i.m ,,.

NaCi .... O.6-0.92 I.5201 O.76005
Hil, ii, _i ii i .,. ,,,, , , i,, ,

NHt.$O_, N/A 1.18 1.1B
,, ,i i i i i

CHNaO3 N/A I II.3 11.3
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Constituent Range (kg)1 Total (kg)I Average (kg)1
i i ii

HC1 O.826-1.139 4.0882 1.02205
MI II

KzSzO7 N/A O.45 O.45

HNO3 O.06-24.59 32. 6551 3.628344
ii

N%PO_•10HzO N/A 34.1 34.1
i i i ii

HF O.003-52.34 76.8956 25.63187
i

AgNO_ N/A 0.01Z2 0.0122
i

NaCO3 N/A 0.0275 0.0275i i m

NaOH O.157-0.749 O.9073 O.45365
i ,i

C6H6AsH30_Naz N/A O.21 O.21
(salt)

Baz N/A 0.2 0.2
n i ii i i|llllm, I in I

Agz 0.1-0.2 0.3 0.15
i i i

BaC_ N/A O. 1 O. 1
L

Cu (in solution) N/A 0.1 0.1
i i illIIII II

NiOH N/A 0.3 0.3
i,i

Zn (in solution) N/A 0.25 0.25
i i i i I

NaN_ N/A 0.7498 0.7498
i ii 111i i m iii

Acid N/A 1.002 1.002
i i i

H_PO,CI solution N/A 19.0009 19.0009
l

HzSO_ O.0063-0.09 O.1076 O.035867
i , i

Na (in solution) N/A 2.5601 i 2.5601l

H20 N/A ( O.390a : O.$904
i ii i

UOz(NO3)z'6H20 N/A O.14 i O.14
i I i

Na_CrO_ N/A 0.9 0.9.....

_For containers where specific constituent has been identified.
ZFurnacetube with Ba, Cr, and Ag.
N/A - Not applicable. Constituent present in one drum or quantity

is too low to providerange.
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Waste Codes The codes shown below are for existingwaste.
Forecastwaste could have additionalcodes.

Characteristics:

DO01 Ignitable
DOOZ Corrosive
DO04 Arsenic
DO05 Barium
DO07 Chromium
DO10 Selenium
D011 Silver

State Cod@s:

wc01 CarcinogenicEHW
WT01 Toxic EHW
WTOZ Toxic DW

Reference: SWITS database.

HazardousCharacteristics Ignitable,corrosive,carcinogenic,and toxic.

HazardousComoonents Chromium,barium,arsenic,selenium,silver,and
other hazardousconstituents.

PACKAGINGOESCRIPTION

ContainerType PrimarilyU.S. Departmentof Transportation17H
55-galdrums. Small containersin existing storage
consistof four 30-gal drums, one 15-galdrum, five
10-galdrums, and two 5-gal drums.

InternalPackaaing 90-railrigid polyethyleneliner for most 55-gal drums
but some drums could have 10-railflexible
polyethyleneliners. There is no indicationof the
size of the inner containers;however,the maximum
size is no: exoectea :o be mucn >i gal.

VentinqMechanism None.

Gross Weight The 55-galand smallercontainersare exoectedto be
<1,000 lb. The maximum gross weight of the existing
drums is 970 lb.

ClosureMechanism Boltedlock ring for 55-gal drums. NOTE: Several
differenttypes of rigid linersare availablefor
use, each having a differentclosuremechanism.
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D.2 GLOSSARY

ABBREVIATIONSANDACRONYMS

CCWE constituentconcentrationsin waste extract
CDR conceptualdesign report
CH MLLW contact-handledmixed low-levelwaste
DE- drum equivalent
DW dangerouswaste
EHW extremelyhazardouswaste
EP extractionproceaure
ETF EffluentTreatmentFacility
HEPA high-efficiencyparticulateair
LETF Liquid EffluentTreatmentFacility
RCRA ResourceConservationand RecoveryAct
SWITS solid waste information and tracking system
TCLP toxic characteristicsleach procedure
TEDF Treated EffluentDisposalFacility
WRAP Waste Receiving and Processing
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APPENDIXE

RADIOLOGICALDATAFORFEEDSTREAMS5 THROUGH9
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Table E-I. RadiologicalData for Feed StreamSAt, ElementalMercury.
(sheetI of 2)

i i iiiiiiiiiii

Radionuclidecontent (Ci *
Radionuclide ..................

Range Total Average
i i

Total beta/gamma 6.0 E-O5 to 1.27 E-OZ 0.01545 0.001405

3H .... -- 0 --

14c -- 0 --
i i i i i

4°K -- 0 --
i i i i, i iii

SZCo -- 0 --

_°Co 5.0 E-O5 to 3.Z E-04 0.00037 0.000185
ii i i iii iiill i iiiiii ii i

6°Ni -- 0 --
i i

_Ni -- 0 --
il

_Se -- 0 --
ii i i

_°Sr 1.0 E-OS to 1.0 E-04 O.O00ZZ 0.000044
i ii i i

9Oy 1.0 E-OS to 1.0 E-04 O.O00ZZ Z.44 E-O5
i i i

_Tc -- 0 --

l°6Ru -- O.00038 O.000127
i

lC_Rh 1.0 E-05 to 3.2 E-04 0.00038 4.ZZ E-O5

IZ91 -- 0 --
i

134Cs N/A O.00003 O.00003

_3SCs -- 0 --

_ZCs 3.0 E-O5 to 6.29 E-03 0.00646 0.001615

_37Ba 3.0 E-O5 to 5.29 E-03 0.00646 0.000646
i l

_ICe -- 0 --
i

_'Ce N/A O.00001 O.00001

1_Pr -- 0 0

1_TPm -- 0 --

lS_Sm -- J 0 --

_SZEu -- I 0 --
I I

_S4Eu N/A I 0.00001 0.00001j

w. w
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Table E-l. RadiologlcalData for Feed Stream SAI, ElementalMercury.
(sheet 2 of 2)

• .. ...... i ii ii

Radionuclldecontent (Ci)*
iiii i i

Radionuclide Range Total Average
i i iii i l,|mii ¢ i

" 'SSEu -- 0 --
] i i lull I ININ

 6Ra -- 0 --
i l,llm i iii I iiii

Zl2ThI -- 0 --
ii= i

Z3_Pa -- 0 --
.,. ,. ,.111 ii

Z_3U -- 0 --

_14Th -- 0 --
,i i ,, i i

_U -- 0 --
i i i i i i i

z'iSTh -- 0 --
i1. i ii ii iii ii

Z_Su N/A 2.16 E-Og 2.16 E-Og
m, i mll iii

_U -- 0 --
iiiiii

_aU -- 0 --
ira m

'!_'lPu -- 0 --
ii i ,,, i,,

" _TN'pnCi/g -- 0 --
I I I

LiaPunCi/g -- 0 --
I IN IN l IIN

_gPu nCiIg -- 0 --
gll i ii

Z_°PunCi/g -- 0 --
I i

2_Am nCi/g -- 0 --
, u ,

U'3AmnCi/g -- 0 --
=, ,., , i

U'3CmnCi/g -- I 0 ' -- l
_i | i iiimmlm|

2_Cm nCi/g -- i 0 --
b ' '" '

*For containers where specific radionuclide has oeen identified.
N/A - Not applicable
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Table E-2. RadiologicalData for Feed Stream 5AZ, Mercury
Chemicals/Solutions.(sheetI of 2)

i i , ininnnnnnnl nl LNN nnl

Radlonuciidecontent (Ci)*
Radionuclide ................................

Range l'otal Average
ill. iliH i

Total beta/gamma 1.00 E-05 to 6.60 E-03 0.00796 0.000332
i i il i i i i i i ii ii i i

_H ......
ml i i ill illl i i lllll flmlHi i

14c ......
i iiii i i ii i i i i i

4oK ......
, i i i i i i i iHi, i

STCo ......
illi,

¢Co I.50 E-04 to 2.0 E-04 0.0005 0.000167
r i iiiiiii ii i i

_ONl ......
i ill i iiiilJill li,l

_Ni ......
illl

7_Se ......

r mum i LI i9°S N/A O.0003 O.0003

.....9Oy N/A O.0003 ............. O.0003 ....

WTc ......
i i L i ii u i ii iii|iiiiim i

l°_Ru N/A O.0004 O.0004
i i ill, ,

l°aRh N/A O.0004 O.0004
i

Iz91 ......
i L

I_Cs N/A ....
,,,=,,m ,i , m ,, ,, i

13SCs ......

137Cs 1.00 E-05 to 3.0 E-04 0.00045 2.81 E-05
,i J ,

_37Ba 1.00 E-05 to 2.0 E-04 0"0004=" I 2.81 E-05

"iCe i -- i -- " ----
m , | ,.i., i

_'Ce N/A O.0017 O.0017

l_Pr N/A 0.0017 O.OO17
i i ,

14TPm N/A O.0008 O.0008
iml i i ,, ,,i

lSlSm N/A O.0004 O.0004
, ii ,

lSZEu ......
i,

IS_Eu N/A ....
, , ,.,

w- .
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Table E-2. RadiologicalData for Feed Stream SAZ, Mercury
Chemicals/Solutions. (sheet 2 of Z)

.............. R"ad"ionuclidec''"ontent(Ci)* ....................
i i i i i i i, HI ii, i,.i ii i i IH I I

Radionuclide Range Total Average

,SSEu ....................................1 ,mel ,meJ, el,,m

ZZ6Ra.................................................... .. ._

" _2Th ............................................__ .. __
ii iiiii iiii ii i i i i iiiiii iii ii ii ii ii i iii i i i i

Z33pa ......
i _ IIIR I I I III I II II Jllll I I mill I I I I

Z33u ......

'-='Th .........................-- -- --
i ii i i iiii iiiii iiii i iiii i

Z3_,u ......
i ii i i i iiii i ,i iiii

_STh ......

- - _JSu .......N/A ..... 2.68 E-O5 '"2168 E-()'5
iiiii iiii ii iiiii iiiii i ii iii i I i i| IIIll.

"Z36u ......
Illlll IIII I I IR IIII J I Ill I III J

Z38u ......

2('l_ur ..... -- -- -- ....

• Z3ZNP"Ci/g" ....li.... ._ '...... __ '...... elB_

III, I II I I . I "I III I I I

_apu nCi/g ......
. i , i i i ii iii i i| ii ii

Z39PunCi/g ......
L ,i HI II I,I II I ,,.

'Z4°Pu nC"i/g .... i --

Z'_AmnCi/g 1.16 E-01 to 3.35 E-01 3.277 J 0.218467
HI ii ,m i i | iii ii i | i i H ,

2_3AmnCi/g -- i -- I --
i i ,11 iiiiiiiJ .... i , ii ilUll , ,

24_CmnCilg .... ) --
j ,i,,, ] ,, ill , ,i,,, i,i m i1,,i ,i , i

z_'C,_nCi/g ...... Ii i. i ii==

*For containerswhere specificradionuclidehas been identified.
N/A - Not applicable
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Table E-3 RadlologicalData for Feed Stream 5A3, Mercury-
ContaminatedHeterogeneousSolids, (sheet1 of 2)

ii i

................ ................... Radlonuclldecontent(CI)*
Radionuclide ...................

Range Total Average

Total ........ 1 '29008 .......beta/gama 8.31 E-09 to 1.61 E-O 0 0.007438
[11 i i i i iii i i

................. 3H 8101olIIIIIE'lZto 4''0 E"'05 4E'05 1"33 E'05
i i i i ii i

'4c '3.28 E-18to6.s6E" '"18 9.84E-18 4.92E-18
i ii ii i i

40K ......

STCo ............... __ ._ ._
i i ii i iii i i

¢Co 3.0 E-05 to 1.4 E-04 0.0002 6.67 E-05
ii i [i i HIll i,i ,IHII|i i i I i

_Ni ......
i i ell, Ulllii i i i

_NI ......
i i iiii ii i i ii

_Se ......
ii i i i ii ii iii

_°Sr 1.93 E-09 to 7.3 E-03 0.01202 0.001002
i i i iii lip i i i

9Oy 1.93 E-O9 to 7.3 E-03 0.01Z02 0.001002
ImHii - i i ii

..... WTc 4.06 E-13 to 8.12 E-13 1.22 E-12 6.09 E-13
i ii ii i i i i i i

l_Ru 3.0 E-O5 to 1.02 E-02 0.01676 0.001676
, ii i

l°6Rh I 3.0 E-05 to 1.OZ E-O2 0.01676 0.001676i i ii

'='i..... i ......

....i'_.Cs ......

t3scs 8.08 E-15 to 1.62 E-14 ..... 2.43'"E-14 1.21 E-14

_37Cs 2.0 E-O5 to 8.5 E-03 t 0.01383 0.001257I I I Illlli INII HI i 1

137Ba 2.0 E-05 to S.5 E-03 1 0.01383 0.001257
i i i , t

_lCe -- ! ....|

_*Ce 1.73 E-03 to 4.23 E-02 0.0691 0.008638
I I IIII III ii,i i,ii

_Pr 1.7 E-03 to 4.23 E-02 0.0691 0.008638
,,,,,|, i i, i

147Pro 8.0 E-04 to 1.99 E-02 0.0326 0.004075

lSlSm N/A O.0084 O.00084

ISZEu ......
HI,,

IS_.Eu ......
H I J ,

E-7
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Table E-3. Radiological Data for Feed Stream 5A3, Mercury-
ContaminatedHeterogeneousS_lids. (sheetZ of 2)

II I IIII I I I III II I • • I IIIIIII i Iiiiiiiiiiiiii iiiilUlll I I I

Radto:..lide content (Ci)*

Raclionuclide _ Range Total A've'r'a
IIIIl| IIIIII Ilmn ,,, , ,1 I II --- IlK III iiilUl II III1( I L I

_SSEu ......
-- I iiii I I u IIIII I H _ I II I IIII III I I

==_'Ra ......
ilUmll I n II i i I lUl i I I n Ul ii I In i

UaTh ......
UP - IIIlIIII IIII I I IIII I Illlll I I I I IlIIII I

=3pa ......
"]I'Ie"IU ....... , , .,=,-.''"' _ , ,,,, , ,...,,,=., ,-- , ,,,. , ,..,,.,- ,, ,..,, ,, ,r,,,,,,

...... _'rh.... -- -- ' -"
,Z,_U ................... __ .. __

I III III i nllnl III I IIIIn iniuli iiii ii i

USTh ......
uu, i i ui, in ....................................

'Z_SU N/A 1.08 E-07 1.08 E-07
_ _. ............. . , , ,gDIIP

=u "' 6'"'78E-13'"'to11'_sE'-Iz Z.o3E'IZ"' 1.01E-12
-- i ill I ii i i nil i iii nil , Inllll I I

Z41Pu N/A 8.03 E-07 8.03 E-07
-- i ii I i ii i i i iiii i i • i i , i

_J7NpnCi/g ......
nn i ,i,, i Ulll iiiii i ._ | ill ii i

_aPu nCi/g ......

'_'p_nci/g zissE-OSto 6.'4E-ol 1.sssoas o.31io17
l I l __ l II i Ill Ill Ill II I

z;'°Pu nCi/g 1.B3 E-06 to 3.64 E-06 5.47 E-06 2.74 E-06
,,,, , i, | , , H,, i,l=

"' Z_Am nCiIg ......
,, i,, , , i , ,, , 1 , n,,,

Z4_AmnCi/g .... _ --

.... 2_c,_nci/g .... -- "' : .... i

_ oci),.........-- ,.... -- -- ,.i 1
•For containerswhere specificradionuclidehas been identified.
N/A = Not applicable
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Table E-4. RadiologlcalData for Feed Stream 5CI, ElementalLead.
(sheet 1 of 2)

.111 iii i ,,L ,, ,,

Raaionucl ide content (Ci)*
RadionuclIde ...............

Range Total Average

Total _'beta/ganma.... i.O E-O5 to 1.03 IE-0O 6.49053 0.027386
i iii i i ii i i i ii i i i i iii iiiiiiiii ii iii mi

3H N/A O.0004 O.0001
i ii.ii ii ill m. ,i

14C -- 0 --
i i i mii I lllllmlrll I I I iiii . iiii[

4°K -- 0 --
i iii iiii Jl i i

....... STco...... -- 0 --
i i ,,.., ,,.,, , ,,,, ,,,.,.,

_Co 1.0 E-04 to 5.6 E-03 0.0362 0.000862
i Ill II1' II I

_°Ni 1.0 E-04 to S.O E-03 0.0068 0T'000358
i i i i i i i

_Ni -- 0 --
i H iii ml i i i, II ii iii I l ii i i

_Se -- 0 --
i i i

9°Sr 1.0 E-O5 to 2.57 E-O2 0.19212 0.004366
i

9Oy 1.0 E-O5 to 2.57 E-02 0.19212 0.00436'6
ii i llmi

_Tc -- 0 --
i ,i , ,,, ii ii i i i i

_°aRu 1.0 E-04 to 3.58 E-O2 0.2593 0.004395
,,i i i ii i

l°_Rh 1.0 E-04 to 3.58 E-OZ 0.2593 0.004395
i ii i i i i i

IZgl -- 0 --
==.. H i i

1_Cs N/A 0.0002 0.0001
i

13SCs -- 0 --
! i I,H i ,,,

_3ZCs 1.0 E-04 to 5.I E-Of I 1.0432 0.010329
.., ..... [

137Ba 1.0 E-04 to 5.1 E-Of 1.0432 0.010329
L

_41Ce -- 0 --

_Ce 3.4 E-03 to 1.01 E-O1 0.9565 0.030855

l_*Pr 3.4 E-03 to 1.01 E-O1 0.9565 0.030855

147Pm 1.6 E-03 to 6.97 E-OZ 0.4502 0.014523
im.. .u.. I , ,

_SlSm 4.0 E-04 to 1.15 E-02 0.1095 0.003532

_SZEu -- 0 --
i iiiiii i i i

_S4Eu 1.0 E-04 to 2.0 E-04 0.0005 0.000125
....... •

E-;
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Table E-4. RadiologicalData for Feed Stream5CI, ElementalLead.
(sheet2 of 2)

iiiiiii

Radionuclidecontent(Ci)*
Radi onucl ide .....

Range Total Average
H , i

_SSEu -- 0 --
i. i iiii i,i i ii i

ZZ6Ra -- 0 --
i i

_ZTh -- 0 ---
irai i ,

Z_3Pa -- 0 --

Z3_u -- 0 --

Z_Th -- 0 --
i iii ii i

2"_'U -- 0 --
i iiiiiiiiii i •

Z_STh -- 0 --

Z3Su 2.16 E-07 to 1.0 E-06 2.81 E-06 3.12 E-07
i Illi,i,

Z3_U -- 0 --

2_aU N/A 3.36 E-IO 3.36 E-IO

Z41Pu -- 0 --
HI , -- , ,

_TNP nCi/g -- 0 --
,,., i i , i I

Z3aPunCi/g -- 0 --
,, i ,ii i

_gPu nCi/g -- 0 --
,,. . i ii i H I |

Z4°PunCi/g -- 0 --

Z_IAmnCi/g -- 0 --
,i|, |

U'3AmnCi/g -- 0 ----
m

U'3CmnCi/g -- 0 I -- I
i l , ,, i L i

Z_Cm nCi/g -- 0 -- t........

*For containerswhere specificradionuclidehas been identified.
N/A = Not applicable

Z-iO
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Table E-5. RadiologicalData for Feed Stream 5CZ,
Lead Chemicals/Solutions.(sheetI of 2)

,iii

Radionuclidecontent (Ci)*
Radi onucl i de ....

Range Total Average
i i ii IN

Total beta/gamma 1.0 E-05 0.00001 0.00001
i i mm

3H -- 0 --

14C -- 0 --
i

4°K -- 0 --
i i,

STCo -- 0 --

_°Co -- 0 __
i i

_Ni -- 0 --
i i i

_Ni -- 0 --
i ii

_Se -- 0 --
i i

_°Sr -- 0 --
i , i i ,, i

_Oy -- 0 --
,i i

WTc -- 0 --

_°6Ru -- 0 --
i , 1 i , i

i°6Rh -- 0 --

IZ91 -- 0 --
i i ml

_'Cs -- 0 --

_3SCs -- 0 --
, , i I

137Cs -- 0 --

137Ba -- 0 -- i
.

1_ICe i -- I 0 --
L I

_Ce i -- 0 --
i

1_Pr -- 0 --

i47pm -- 0 --

lSlSm -- 0 -- "

IS2Eu -- 0 --

IS"Eu -- 0 i --
| , • ,

E-II
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Table E-5. RadiologicalData for Feed Stream 5C2,
Lead Chemicals/Solutions.(sheetZ of Z)

,,|

Radionuclidecontent (Ci)*
Radionuclide

Range Total Average
i , ii ,= iii

_SSEu -- 0 --

ZZ6Ra -- 0 --
i

UZTh -- 0 --

_Pa -- 0 --

Z33U -- 0 --

_Th -- 0 --
ii ii i ii ii

_U -- 0 --
=., i

Z_STh -- 0 --
r i

_Su -- 0 --
i ii ,

Z'_U -- 0 --

.... UaU N/A ' 3.66 E-tO 3.66 E-iO

.......241Pu -- 0 --
..... i, ,

237_h. .r; J.. ^

"W ,,_,,/ ,.j j u i

_'Pu nCi/g -- 0 --

Z39PunCi/g -- 0 --

2_OPunCiIg -- 0 ' --
,,,, ,, ,

"24_AmnCi/g -- 0 --

- ' .c/g '-- ] o -- ,
_3cmnCiIg -- i o --

....Z"C'mnC'i/g" -- i 0 ' _ --
. .......... . .....

"For containerswhere specificraclionuclidehas been identified.
N/A = Not applicable

E-IZ
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Table .-o. RadiologicalData for Feed Stream 5C3 Lead-Contaminated
HeterogeneousSolids. (sheet I of 2)

Radionuclidecontent (Ci)*
Radionuclide

Range Total I Average

Total beta/gamma 1.0 E-05 to 5.18 E-02 0.23633 0.003581

_H N/A 0.0011 0.001!

I_C -- 0 --

_OK -- 0 --

_Co -- 0 --

6°Co 1.4 E-03 to 2.0 E-04 0.0034 0.000567

6°Ni -- 0 --
, • i, |

_Ni -- 0 --

79Se -- 0 --

_°Sr !.0 E-04 to 9.8 E-03 0.0171 0.001555

_Oy !.0 E-O_ _o 9.3 E-03 0.01." 0.001555

_gTc -- 0 --i

"can,, ".j -__A - __,,_ _ _ Z -_.n':. :nnx,-'Q 0 0C092!

"_6Rh !.0 E-Oa _o 2.Z "-03 0.0129 I 0.000921

:zg! -- 0 i --

"3_C_ -- 0 --

: '.35r_ 0 --

i '3r_. " O E-05 to _ O E-O2 0 32_.51 0 202_Q_
t

'ZTBa _ .0 -05 :_ _.0 --02 3.,,_ O 002,.S

' ";Ca -- O --
,, , |

:--Ce i !.7 E-03 zo 9.3 E-03 0.0389 0.006483

"-Pr !.7 E-03 to 9.3 E-03 0.0389 0.006483
i

;_Tpm 8.0 E-04 to 4.3 E-03 0.0203 0.0029
i

_SISm 5.0 E-04 to 7.0 E-03 0.011 0.001833
i

;SZEu -- 0 --

_S_'Eu -- 0 --
, ,,

_ °w
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Table E-8. RadiolegicalData for Feed Stream9B, Heterogeneous
Solids/D_ris. (sheet 1 of 2)

Radionucida content (Ci)*
, ,'L", __ ,.,,. . ,,

Range Total I Average
, ,. , ,, , L .,., i ,,,, , ,. . , ' " "= " , " "

Total beta/gamma I 0 E-05 to !.5 E-01 0.814992 i 0.007477
.. ... i , • ,,, , , i , _ i, ,., ,..,,, ! , , , ..,

3H 1.0 E-05 to 2.3 E-04 0.000851 4.25 E-05
. , , ,., i,, .. i. n , t i .

_C -- 0 --
.,, ,,,,,,, .__ , , _ ,,.. . , ,. t ,= _ "''" "

+°K -- 0 --
j,, ,,., . , , , , L , , . ___ .".. j ,

STCo -- 0 --

6°Co 9.0 E-05 to 4.3 E-O2 0.17039 0.004369

' _Ni" -- 0 --

_Ni -- 0 --
. , ,,, , 1_ ,L . __ . , , , ,,., i. , , , , . .,, , ,.. ., ,

 +Se i -- 0 1 "-
, . i , n, ...... i

! _°Sr j 1.0 E-05 to 5._]E-03 0.031437 i 0.000456

90,( !, , 1.0 E-05 zo 5.8 E-03 0.031437 i 0.000456

;_Tc N/A 0.000! I 0.0001

'G6.qU _ 2.2 E-05 za 2.'5 E-02 0.119818 0.002505 '

h i ..........._°6R ? 3 E-05 to ? 15 E-02 0 119818 I 0 002505 'I

, _0 i l I [I ' N / a 0 10001 i i } ' i O.O00i'

i :3SCs N/A I 0.0001 0.300!

_3ZCs ".3 E-05 to ".5 E-,]Z + 0 056Z:.7 ? _nn_

+ :+z3a . _ ...., . 2-.+2 ; 0 356ZBT 3 0007.22. :.-05-o " 5 " _
, i . ,. , =, ,

'+';ca -- I o ; --

++'ca 3.1 E-03 :o 3.94 E-2 I 0.0833 I 0.007573
+, . ,=,,. . -- ,n ,

_+_Pr 3.1 E-03 to .,_ . 94 E-2 I O.0833 I., 0 .007573
+ + , . ., _ ,

;_7Pm I.O E-05 to 1.85 E-02 I 0.04036 I 0.001552

_S_Sm 1.0 E-04 to 8.0 E-04 i 0.0094 I 0.000855

_SZEu -- ! ,3 , --

' +Eu -- i 0 i --
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Table E-8. RadiologicalData for Feed Stream 9B. Heterogeneous
Solids/Debris. (sheet2 of 2)

, ,, ,,.,.i .,,,, , , , ,,. ....... ,w ,,,t J

Radionuclidecontent (Ci *
Radi onucl i de ........... - ...................... .....

Range Total Average
, ill , , -- i in | , -- I - ,,.i, _ llill 1 11 , - ii 11 ,, --

iSSEu -- 0 ----

............_R_........ -- o .........-- ....
......_2Th ........... --- .... 0 ............... --

Z33Pa -- 0 --

............°'Th .................- ° "- 1
..,,, i n , . ,. ,,, ,, -- , . , ,., H,., , , , ,,,,,., , ,,. ,, ,,,,,. ,, i, , ,

u
., , , , , ,,.,,. . ,,, ,, i i,,= ,, i ,

Z_STh

' _'U io_E'o6tai.2;,E-02 0.0z270s o.oos67a
,, , , , t ,,,,. ,, ,. i , , . , . ,. ,

z36U -- 0 -- ,
L ., , , J. ,, ,. ,,,., i , ,t , . , ,. ,, ,t t

Z3SU 3.36 E-12 :o 1.56 £-08 3.94 E-08 1.23 E-09 I

""TND nCi/g l -- 0 -- ':

_SPu nCi/g I "- 0 -- !
_ _ u -- - ,. w ., ,

' Z39PunCi/g ! 1.2B E-02 to 3.03 E-OI 91.702! !0.18912 'i
,. , , .. .,,..,, , , , , ,, , ,, .,, , , ,,,

24°PUnCi/g '_ -- 0 ' -- '

' -- " i" ,,tg ,, , ,l, _t ' ' " ' " ' " ' " ="'z_IAmnC / ' N A 0 927 ' ,3=27 ,,

Z_3AmnCi/g , -- 0 --
(

-_,3r-
_,_nCi/g -- 3 -- ,,

-- ___

-":,_nC./g -- 3 ,l -- 1, ,,. , ,, , , ,, ,,, ,,, , ,.,, ,

•For containerswnere s,:ec-ificradionuclidehas been iaentified.
N/A -. Not applicable

_ o _
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Table E-g. RadiologicalData for Feed Stream 9C, ContainedLiquid.
(sheet I of 2)

Radionuc ide content (Ci)"
Radionuclide ...........................................................

Range Total Average
.i ,,,,,.,,, ,, ... . ,.,., i i,illi, ii ..., , i

Total beta/gamma 2.0 E-O5 to 4.34 E-Of 0.57008 0.011634

3H N/A O.00041 O.00041
i ,, ,, H i.. _ , __ i i ,, , i . ,,,,.,, ,i i ,,,,,, , , ill i,

I_C -- 0 --
i, ,,,,. i .ii j ,, __ .,. i i,,, • i, . ... , .,i .

_'°K -- 0 --

STCo -- 0 --
-- ,. .,,=.,, i . i ,. , ii_

_Co 2.0 E-OS to 1.0 E-02 0.05599 0.00224

' __ ............... __-L.....
, • _ i -- _ ,,i,,• i i ,,,, , ,,

_Ni N/A 0.00023 0.00023

_;Se -- 0 --
, , ,, ,.,. , , . , , , ,n ,

9°St 2.0 E-5 to 8.6 E-03 0.00904 0.001507

9Oy 2.0 E-5 to 3.0 E-04 0.00904 0.001507

99Tc -- 0 --
,,,, _ -- _ i.

.... _°6Ru N/A 0.0004 0.0004
,,., i , ,,, . .= , , , . ,. |_

1°6Rh N/A O.0004 O.0004
- , i

:291 -." 0 --

13_Cs NIA O.OOS 0.005 i
,,= ,., , . ,, ,,

-- o I --
:37Cs ; 3.3 E-05 *a 2.0 --Oa : 9.00056 ].000112

, ,

:378a I 1.0 E-O5-o 1.0 -Ca , 0.00056 0.000112 I

_'Ca I ' 0 --

i 1:_pr i N/A 0.0017 0.0017

i '_TPm i' N/A I O.0008 : O.0008

i_ ,S,Sm i N/A..... i 0.0004 0.0004

I 'SZEu i e-- I 0 --j '

'L-- ' ' ' ' L • " '
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Table E-g. RadioiogicalData for Feed Stream 9C, ContainedLiquid.
(sheet2 of 2)

............................R'_d_o.u_1_dei;nt_.t(C_,>* .....

Radi onucl i de ........................... , ........ -- ,....... --

Range l Total Average

i urn,, i. i , ,.i , ii ,,|i,l , ,, i i , , l

" ' IS'SEu N/A 0.00018 0.00006
ii liii fi i ill lii i lii - [ ii i ii ii i i 11 ii iiiiii i i ,lliiiii

Z26Ra -- 0 --
i i i i i i i i. i i _ ,ll i i. i i ,, ,,,. ,, ,, ,. , ....... ,

_ZTh N/A 0.001728 0.000576

...._Pa ..............-" o" -- '......

..........ii ............

_3U N/A 0.000203 6.75 E-05
L I IllllI D I I II II IUII II III I I I I II I I III III

_Th -- 0 --
, , li, i, i , ,, m, ,. . , i i| i i i ,,

_4U -- 0 --
• , i i i m, ,,, ,i i . , i i H l i i , i,. i . ,, , , ii , ,., i

_STh -- 0 --
=, i i ,.,, ii,,i , , , ,=,,= .

Z3SU -- 0 --

i ,,°,.........:_ o __,,. , |, , i i, ,, , , ,,, , , , , , ,, ,,=,, i ,

Z3aU ¢.0 E-II to 2.65 E-04 0.000281 3.52 E-C5
, , . ,., ,., j .,, ,,,, .,, , , ,., ,.,.,, ,,,i | . ,, i,,, ,..,

._IPt.! , -:- 0 --

_7ND nCi Ig , -- 0 ! --

I _"Pu "Ci /g "-- 0 I ,m ,ram. '

ngPu'nCiIg ;41A !-_'S i I.a8
i, ii i •,, , i •,i, L ,, , ,ii _ , i i,

z_°PunCi/g -- 0 .- i "-
I _.41
I Am nCilg -- 0 i --

. .,., ii . ,, •

i Z_3AmnCi/g _ -- I _ ' --

t) z_3CmnCi,a I -- j 0 ', --
, , ,, ,, | , .

}, °"c,-..ci/g,_ -- I o i --i

*For containerswhere specificradionuclidehas been identified.
N/A : Not applicable
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PARTICULATE/SLUDGE PROCESSING
PFD H-2-140628 SHT. 1



VIBRATING SCREEN
_ "_ "

I [ I

,,,,,,,.,, ,,,, ,, ,, , .,,,. , i , ,, i, ,, , ,, ................ |

ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGEuNITED

I& CONSTRUCTORS
A Raytheon Compmv
_,,tm_ .... PROCESS CONDITIONS OF SERVICE SN-O§-624 1 OF 1

ii, i i, , ],.,,,, ii oil ii lll l ii i,,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 02/23/S4 !

DOE-RL WRAP FACILITY o237.000

.A.Fo...wA MOOU "' ..... .I
-- ,i iH,,, ,,,i li,,,,, i ,, ...., i , ,ll

REVISIONS A 02/23/94 SAS _.B ...... C . O ... I
(DATE & BY) E F. G H _ i.... , , ,,, i, ,, ,, , ,,

SERVICE iNO.REQ'D.
VIBRATING SCREEN I

PFD REF: H.2.140S28 8he,t 1

PROCESSCONDmONS OF SERVICE

MESH SIZE: 3 MM

CAPACITY: 90 FtalHOUR (NOTE 1

LOCATION: PARTICULATE/SLUDGEPROCESSINGENCLOSURE

DUTY: 3 SHIFT/DAY 175 OAYS/YEAR 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE304L

WEIGHT LIMIT: 4000 LBS

m_mmm,mm_

., m.=,,mm.

m=mmmmm,m=

m,mmm, mmm

NOTES:

I. THE SCREENCAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF I X 55 GALLON DRUM BATCH
OF WASTE BEINGPROCESSEDBY THE SCREENOVER A CYCLE TIME OF 5 MINUTE CYCLE. THIS INSTANTANEOUS
THROUGHPUT REQUIREMENTIS NECESSARY IN ORDERTO MEET THE OVERALLTHROUGHPUT REQUIREMENTOF 18,000 Ft_
(SINGLESHIFT).

G:BECKY_WP5l\EOUIP_OA_SNO5524 VIBRATING SCREEN



VIBRATING SCREEN
i . t t ttt

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8

A Raytheon C_,,_ PROCESS CONDITIONS OF SERVICE SN-05-523 I OF IW_m

i i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 02/23/94

DOE-RL WRAP FACILITY 8237.008
HANFORD, WA MODULE 2A BY: SA8

i l,i

REVlSaONSA o=/=3/94SAS B c o l"
I(DATE & BY) E F G H I

|

SERVICE | NO. REQ'D.
VIBRATING SCREEN J 1

PFD REF: H-2-140628 Sheet 1
. t rt

PROCESSCONDmONS OF SERVICE
.i i i

,,APPLICATION: SCREEN HARD ITEMS FROM MLLW PARTICULATE/SLUDGEPRIORTO IMMOBILIZATION IN POLYETHYUZER
MESH SIZE: 3 MM

CAPACITY: 90 Ft'/HOUR (NOTE 1)

LOCATION: PARTICULATE/GLUDGEPROCESSINGENCLOSURE .,

DUTY: 3 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE304L

WEIGHT LIMIT: 4000 LBS

,,

,i

NOTES:

I. THE SCREEN CAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF I X 55 GALLON DRUM BATCH
OF WASTE BEINGPROCESSEDBY THE SCREENOVER A CYCLETIME OF 5 MINUTE CYCLE. THIS INSTANTANEOUS
THROUGHPUT REQUIREMENTIS NECESSARY IN ORDERTO MEET THE OVERALLTHROUGHPUT REQUIREMENTOF 18,000 Ft3
(SINGLE SHIFT).

I iiii I |

G:BEC_YWVP51\EQUIP DA_SNO5523 VIBRATING SCREEN



MANIPULATOR

uNrm) EN(aiNaM EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTOR8

ARayCh.mn_ PROCESSCONDITIONSOF SERVICE EM-05-521 I OF I

CUSTOMER & LOCATION i PROJECT UE&C JOB NO. DATE: 12/13/93
DOE.RL l WRAP FACILITY 6237.008 "-'-"

HANFORD, WA ' MODULE2A BY: 8A8
ii

REVISIONS A 12/13/93 SAS B 12/30/93 SAS , C D ,

(DATE & BY) E F G H

SERVICE NO. REQ'D.
SORTING MANIPULATOR 1

PFO REF: H-2-141_28
ill il

PROCESS CONDmON$ OF SERVICE

APPLICATION: REMOVAL OF ITEMS FROM DRUMS. _.EMOTE WASTE 80RTING. TRANSFER OF ITEI_.S WITHIN ENCLOSURE

UNIT LOAD DESCRIPTION: PACKETED WASTE (FLASKS. BRICKS. ETC.)

UNIT LOAD SIZE: L 10" X W 6" X H 28" MAXIMUM

UNIT LOAD WEIGHT: 60 Ills AT FULL EXTEN8ION

LOCATION: INSIDE PARTICULATE/SLUDGE PROCESSING ENCLOSURE

RATED CAPACITY: 60 LB8 AT FULL EXTENSION
i ii

DUTY: 3 8HIFTS_,.AY. 175 DAYS/YEAR. 30 YEAR UFE

REPEATABILITY: TITANIUM

END EFFECTOR: REPLACEABLE TOOLSL,!t3RAS.PING DEVICES. RAKE. SCOOP. ELECTRIC KNIFE) .....

• ,,,, , ,,,

,,,.. .

)

NOTES:

I. MUST BE ABLE TO GRASP CONTAINERS FROM 22 ML GLASS VIALS TO I LITER GLASS BOTTLES WITHOUT CAUSING BREAKAGE.

G:_BECKY_WP51_WI_A_ST0552I..RVB



VIBRATING SCREEN

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raytheon comp,_v PROCESS CONDITIONS OF SERVICE SN-05-521 I OF I

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 02/23/94

DOE-RL WRAP FACILITY 6237.O08
HANFORD, WA MODULE 2A BY: SAS

,, , , ,, ,= , ,,,

REVISIONS A 12/13/83 SAS B 12/30193 SAS C 02/23194 SAS D
(DATE & BY) E ..... F G H I

SERVICE I NO. REQ'D,
COARSE VIBRATING SCREEN 1 ...... __

PFD REF: H-2-140628 Sheet 1
l I I II I I III I I ii

PROCESSCONDITIONS OF SERVICE

APPLICATION: SCREENOEBRISFROM MLLW PARTICULATE/SLUDGE

MESH SIZE: 60 MM

WEIGHT LOAD CAPACITY: 2000 LBS

SCREENTABLE SIZE: 10 Ftz
4 Ft X 10Ft

CAPACITY: 90 Ft3/HOUR (NOTE 1)

LOCATION: PARTICULATE/SLUDGE PROCESSINGENCLOSURE

DUTY: 3 SHIFT/DAY, 175 DAYS/YEAR. 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE 304L

NOTES:

1. THE SCREENCAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF 1 X 55 GALLON DRUM BATCH
OF WASTE BEINGPROCESSEDBY THE SCREENOVER A CYCLETIME OF 5 MINUTE CYCLE. THIS INSTANTANEOUS
THROUGHPUT REQUIREMENTIS NECESSARY IN ORDERTO MEET THE OVERALLTHROUGHPUT REQUIREMENTOF 18,0OO Ft3
(SINGLESHIFT).

I
I I IIII

G:BECKY_WI_I\EOUIP_DA_SNO5521.RVC VIBRATING SCREEN



DRYER
H= , ...... I IIII III

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raytheon Conr_any PROCESS CONDITIONS OF SERVICE DR-05-521 1 OF 1W,,tm

i i u ll|.l i ii i ,,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/13/93

DOE-RL WRAP FACILITY 6237.008 "
HANFORD, WA MODULE 2A BY: SAS

i . i i.H i

REVISIONS .A !2,/,,13/93 SAS B ...... 12/30/93 SAS C 2/23/92 SAS D

(DATE & BY) E F L.......... G .......... H .......

SERVICE NO. REQ'D.
SLUDGE DRYER/MIXER LIFT TABLE IH. , ii , H i .,

PFD REF: H-2-140628 Sheet I
I • ii I i il II IIIII I I

PROCESSCONDITIONS OF SERVICE
i.ll , ii i . . , ,. i.. ,i, i. i.

H i == ill ,

APPLICATION: MLLW SLUDGE DRYING/MIXING= i i , |. , i i

FEEDDESCRIPTION: DRY POWDER, CAKE, SLUDGEWITH MOISTURE CONTENT UP TO 70% BY WEIGHT. MAXIMUM PARTICLE
SIZE OF THE WASTE = 3 mm

, i., , ,,, ,u i , ,

PRODUCT SPECIFICATION: < 10% MOISTURE CONTENT BY WEIGHT OF THE DRIEDPRODUCT. i ., ,, ,J, iH,. •

DRIERCAPACITY: 25 Ft= TOTAL = 15 Ft= SLUDGETO DRIED + 10 Fta CALCIUM OXIDE ADDITIVE. i ,., ,, , , i i ,.,. , , , ,

WEIGHT LOAD CAPACITY: 4,300 LB ............

BATCH CY_CLE: ...... 40 MINUTES/BAT,OH, INCLUDING HEATING, DRYING AND COOLDOWN CYCLE, 7 BATCHES/SHIFT ......
LOCATION: PARTICULATE/SLUDGEPROCESSINGENCLOSURE

, H , , •,. i ,, ,. ,. ,. .m

DUTY:. 3 SHI.FTS/DAY, 1,75 DAYS/YEAR, 30 YEAR LIFE ..........

MATERIAL: STAINLESS STEELGRADE 304L ............

HEAT INPUT.'. ELECTRICpOWER, MAX SHELLTEMPERATURENOT TO EXCEED..550° F

HEAT CAPACITY: 810,000 BTU/HR=. , m , ,i i ,. , ,,. ,,. ,

CONTROLS: A PROGRAMMABLE LOGIC CONTROLLERTO BE PROVIDED TO CONTROL TEMPERATURE

DESIGN PRESSURE: 1.0" WC VAC

FEEDWASTE DENSITY: 50 TO 120 LBS/Ft=
,=, i H , J., . i ,H, i ,,. m

AIR INLET: . HEPA FILTERRATED MAXIMUM 10 ACFM
OFFGAS: FILTEREDAIR, 500°F

NOTES:

1. DRIERMUST HAVE THE CAPABILITY TO TRANSFERDRY MATERIAL (< 10% MOISTURE CONTENT BY WEIGHT) THROUGH THE
DRIERWITHOUT THE APPLICATION OF HEAT.

2. THE DRYERMUST ALSO HAVE THE CAPABILITYTO MIX WASTE.

3. THE DRYERMUST HAVE THE CAPABILITYTO INTRODUCE CALCIUM OXIDETO THE WASTE.

4. DRYERSHELL TO SERVE AS MLLW CONFINEMENT ENCLOSURE.

G:_BECKY_WP51WVRAP,DR05521 .RVB DRYER



CRUSHER

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raytheon C=_pmy PROCESS CONDITIONS OF SERVICE SH-05-521 I OF Iw_tm,

i i i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12113/93

DOE-RL WRAP FACILITY 6237.008 -"--
HANFORD, WA MODULE 2A BY: 8A8

ii

REVISIONS A 12/13/93 SAS B 12/30/93 SAS C 2/23/94 SAS D I
(DATE & BY) E F G H I

SERVICE | NO. REQ'D.
m

CRUSHER J 1

PFD REF: H-2-140628 Sheet 1
w I

PROCESSCONDITIONS OF SERVICE

APPLICATION: CRUSH HARD ITEMS WITHIN MLLW PARTICULATE/SLUDGE

WASTE DESCRIPTION: SMALL QUANTITIES OF ROCKS, METAL, CLASS, PAPER, POLYETHYLENELESSTHAN APPROXIMATELY
60 mm IN SIZE

WEIGHT LOAD CAPACITY: 2000 LBS

FEEDHOPPERSIZE: 10 Ft=

CAPACITY: 90 Ft=/HOUR (NOTE2)

CRUSHER PRODUCT: < 3 mm

LOCATION: PARTICULATES/SLUDGE PROCESSINGENCLOSURE

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE 304L

FEEDWASTE DENSITY: 40 TO 120 LBS/Ft=

DESIGN PRESSURE: 1.0" WC VAC

_,_*

NOTES:

1. CRUSHER SHELLTO SERVEAS MLLW CONFINEMENT ENCLOSURE.

2. THE CRUSHER CAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF 1 X 55 GALLON DRUM BATCH
OF WASTE BEING PROCESSEDBY THE CRUSHER OVER A CYCLE TIME OF 5 MINUTE CYCLE. THIS INSTANTANEOUS
THROUGHPUT REQUIREMENT IS NECESSARY IN ORDERTO MEET THE THROUGHPUT OF 18,000 Ft3/YEAR (SINGLESHAFT).

G:\BECKY_WP5 I\WRAI_SH05521 .RVC CRUSHER



CRUSHER

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE
& CONSTRUCTORS

A Raytheon Company PROCESS CONDITIONS OF SERVICE SN-05-522 1 OF 1
W--_ Om_-,

i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/13/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: SAS

(DATEREVISIONS_'_12/13/93_&BY) 12/30/93 SAS ]._ 2/23/94 SAS _ •

SERVICE NO. REQ'D.1VIBRATING SCREEN

PFD REF: H-2-140628 Sh-_-_t 11III

PROCESS CONDITIONS OF SERVICE ....

APPLICATION: SCREEN HARD ITEMS FROM.MLLW PARTICULATE/SLUDGE PRIOR TO IMMOBILIZATION IN GROUT

MESH SIZE: 13 MM

WEIGHT LOAD CAPACITY: 2000 LBS ..... .....

SCREEN SIZE: 10 Ft= ,,

CAPACITY: 90 FtalHOUR (NOTE 1) ,,,

LOCATION: PARTICULATE/SLUDGE PROCESSING ENCLOSURE ,, ,

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE ....

MATERIAL: STAINLESS STEEL GRADE 304L

i

,,

NOTES:

1. THE SCREEN CAPACITY 18 BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENT OF 1 X 55 GALLON DRUM BATCH
OF WASTE BEING PROCESSED BY THE SCREEN OVER A CYCLE TIME OF 5 MINUTES. THE INSTANTANEOUS THROUGHPUT
REQUIREMENT IS NECESSARY IN ORDER TO MEET THE OVERALL THROUGHPUT REQUIREMENT OF 18,000 Ft=/YEAR (SINGLE

= SHIFT).

I

I
I

G:\BECKY_WP51_WRAP_SN05522.RVC C RUS HE R



VESSEL
IIIII I ......... ,,

UNITED ENGINEER8 EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR$

A Raymeon C_-_v PROCESS CONDITIONS OF SERVICE V-05-521 1 OF 1W_em 01Nmkm

ii

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 01/07/94
6237.008

DOE-RL WRAP FACILITY
HANFORD, WA MODULE 2A OY: TWN

, tol !ot(DATE & BY) , F G H
SERVICE NO. REQ'D.

CONDENSATE RECEIVER 1

PFO REF: H-2-140628, Sheet 1
I II

PROCESSCONDITIONS OF SERVICE

, H

OPERATINGCONDITIONS: 10" W.C., 52°1= .....

DESIGN CONDITIONS: FULLVACUUM TO 15 PSIG, 250°F
MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL i ,,

CORROSIONALLOWANCE: NONE

, ,,,

NOZZLES QTY. SIZE - RATING - FACE

1. GAS INLET 1 2" - 150 - RFi , ii|

2. GAS OUTLET 1 2" - 150 - RF
i i

3. WATER OUTLET 1 1" - 150 - RF
o (/'_ "_"_)

8.
,i i li, i

9. 36"
10.

,INTERNALS & ACCESSORIES: _ _

.--I.--

'- @3.

4.

5.

6.

NOTES:

,,

,,,,

ii

G:BECKY_WP51 \EQUIP DS\V_--_5521.RVA VE S SEL



VESSEL
I i i ,m,,,, ,

UNITED ENGINEERB EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A RaylheonC_mv
_km.,__ PROCESS CONDITIONS OF SERVICE T-05-521 I OF I

iiii ,,

i CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/30/93
•.,

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: 8AS

REVISIONS A 12130193 8A8 B C D
(DATE & BY) E F G H

SERVICE NO. REQ'D.
DRYER/MIXER ADDITIVE FEED HOPPER ! 1

PFD REF: H.2-140638
i i i II i

PROCESSCONDITIONS OF SERVICE ..........

APPLICATION_ FEEDING DRY ADDITIVE POWDERS DRYERDR-05.521

LOCATION: PARTICLESLUDGE ADDITW,E..PREPARATIONAREA ....

WORKING CAPACITY: 40 Ft_ .. DESIGN/OPERATINGTEMPERATURE: AMBIENT ,,

UNIT LOAD WEIGHT: 2400 LB ...... DESING/OPERATINGPRESSURE: ,AMBIENT ,,

PARTICLESIZE RANGE: FINE POWDERS MATERIALS TO BE HANDLED: DRY ADDITIVE POWDERS ......

ANGLEOF REPOSE: 60°F ........

DUTY: 3 SHI,FTS/DAY, 175 DAYS/yR. 30 YEAR I,!_=E ....
_MATERIALS OF CONSTRUCTION: s.s. GRAOE ,,,, ,=,

,,,=,,,,, . ,.,

NOZZLES QTY. SIZE - RATING - FACE

1. POWDERINLET 1

2. POWDEROUTLET 1

,. i

is.

9.
-- ,,,,,,, , ,

,o. F ]/
L_INTERNALS&,ACCESSORIES: ,,, ,/--'-_", ._--".,..J ;i

- t

2. ,, I
3. ,........ i_)
_4.

5.
-- ,,,, ,, ,,,,

6.

NOTES:
-- ,,

, , ,

L_

G:BECKY_WI_I \EQUIP DS\: Y5521 .RVA VESSEL



EMPTY DRUM COMPACTION
PFD H-2-140628 SHT. 2



COMPACTOR
I I I II ii i ii i .,,,, , I.I II I I Ill IIIIII

....uNrn_ mGINmS EQUIPMENT DATA SHEET ITEMNUMBER PAGE
& CONSTRUCTORS

A Ray_eon Ccm=,_ PROCESS CONDITIONS OF SERVICE CM-05-581 1 OF 1
w_m _

i,i i, ,m i ii ii i i ,,i,,,, == i i ,, i, i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/13/93

DOE-RL WRAP FACILITY 6237.008 '
HANFORD, WA MODULE 2A BY: SAS

i i i ,i iii

REVISIONS A 12/13/93 SAS B 12/30/93 SAS C ...... D .
(DATE & BY) E F G H

SERVICE NO. REQ'D.
EMPTY DRUM .COMPACTOR ....... 1....

PFDREF: H.2-140628 Sheet 2
iii III II IIIIII I I IIIII III III I IIIII llrl I I

PROCESSCONDmONS OF SERVICE
,, i.i i H u ,, , ..., " "'"'

APPLICAT!,ON: COMPACT EMPTy.DRUMS ...........
DRUM SIZE: 5§ GALLON 25" D_ X 36" HIGH •

__ , ,,,,i HI i.=. , HI, , "

DRUM WEIGHT: 60 LB . .. ..........

COMPACT SIZE: 26" DU_ X 4" HIGH .....

CAPACITY: B DRUMS/HOUR ...., i i ,_

LOCATION: EMPTY DRUM COMPACTION ENCLOSURE ......

DUTY: 3 SHI_S_)AY.17SOA,YSNEAR.30 YEARUFE ..............
MATERIAL: CARBON STEEL

L_ i. ii. .,,, ,, . . u

L. , , ,m , HI... , , " '"

.m , , '"' ' =""

, , ,,, ,n,,, ,,, ,,,,m ,

, , , , ,,,m , ,

_

L ,,,, ,,,,,, _ , ,

..... ,=

NOTES:

i .....IIII illl ii ii - --

G:_MECKY_W_1_WRAP_STO_521.RVB



DEBRISPROCESSING
PFD H-2-140628 SHT. 3



!
MANIPULATOR

I II I I I IIIIIII I , ...... ]

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Rayllheon Con_mv
Wire _ PROCESS CONDITIONS OF SERVICE EM-05-§01 1 OF 1

__ ....m.--.-- O"___ DATE:CUSTOMER & LOCATION ! PROJECT UE&C JOB N 12/13/93

DOE-RL I WRAP FACILITY 6237.008 BY: SAil
HANFORD, WA MODULE 2A i

|l i i,|l,,, i i i i,,. ,i ,i i i ,,, .,,

REVISIONS A 1.2/13/93 SAS B 12/30/93 SAS ....... C ....... D .......
(DATE & BY) E F G H

i • • • i lll l i ii i ,ll , . i

SERVICE NO. REQ'D.
_. SORTING MANIPULATOR ............. 1_ ......

.PFDRE_: .-2-140e2Bsh..,3II II II I I| I II III I I IIIII I II

...... PROCESSCONDmONS OF SERVICE .

_APPLICATION: REMOVAL OF ITEMS FROM DRUMS. REMOTE WASTE BORTING_TRANSFER.OF ff.E.M8 WITHIN ENCLOSURE

_UNIT LOAD DESCRI.FrlON: DEBRISWASTE (FLASKS. BRICKS.ETC.) ....

_UNIT LOAD SIZE: ....10" X 6" X 28, MAXIMUM .........

_UNIT LOAD WEIGHT: SO LB$ MAXIMUM .............

,LOCATION: INSIDE DEBRISPROCESSINGENCLOSURE............

RATED CAPACITY: 60 LBS AT FULL EXTENSION .......

. DU..TY: 3 SHIFTS/DAY. 175 DAYS/Y.F.AR.30 YEAR LIFE

_MATERIAL: TITANIUM .....

..END EFFECTOR: REPLACEABLETOOLS ( G.,RASPINGDEVICES, RAKE. SCOOP, ELECTRICKNIFE ).....

,H ,, ,, i •i i l i ,,,,

.... i m ,

-. . .... , mH i

, .J i | ,.. i.,, , ,.,

|l j ,,, , ,i ,,i,

....__ i |. , ,. ,

NOTES:

1. MUST BE ABLE TO GRASP CONTAINERS FROM 22 ML GLASS VIALS TO 1 LITERGLASS BOTTLESWITHOUT CAUSING BREAKAGE.

G:_BECKY_WI_ I _WRAP,EM05501 ,RV0 MANIPULATOR



SCREEN
[iiii II i]il

illl iii I II IIIIIIIII I

UNITED ENGiNEERll EQUIPMENT DATA SHEET ITEM NUMBER PAGE
& OONSTRUOTORll
A Raytheon Com_mV PROCESS CONDITIONS OF SERVICE SN-O5-601 1 OF 1

L_ ......... II lllllll I I = _II iii ii i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. OATE: 12/13/93 I

DOE-RL WRAP FACILITY 6237.008

HANFORD, WA MODULE 2A BY: OAtl I
i i i , i i ii I I

REVISIONS A ,,,12/13/93 SAS , B ,,, 12!30/93 .... C 2123/94 SAS O I
(DATE & BY) E F ...... O ...... H....... .

SERVICE NO. REQ'O.
COARSE VIBRATING 1

PFDREF: H.2.140628 8h=:t 3

PROCESSCONDmON8 OF SERVICE

APPLICATION: SCREENMLLW PARTICULATES/SLUDGEFROM DEBRIS

WASTE DESCRIPTION: 60 mm ............

WEIGHT LOAD CAPACITY: 2000 LB

SCREENTABLE SIZE: 10 Fta
4 Ft X 10 Ft

i ill llll

CAPACITY: 222 Fta (NOTE 1_

LOCATION: DEBRIS PROCESSINGENCLOSURE

DUTY: 3 SHIFTS/DAY, 175 OAYS/YEAR, 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE3.04L

NOTES:

1. THE SCREEN CAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF 1 X 55 GALLON DRUM BATCH
OF WASTE BEINGPROCESSEDBY THE SCREENOVER A CYCLE TIME OF 2 MINUTES. THE INSTANTANEOUS THROUGHPUT
REQUIREMENT IS NECESSARY IN ORDERTO MEET THE OVERALLTHROUGHPUT REQUIREMENTOF 12.500 FT'/YEAR (SINGLE
SHIFT).

G;\BECKY_WP_ 1_WRAP_SN05501 .RVC SCREEN

i



SHREDDER
-- i i i ,, ,, ,=,, Ill,,,,, , ,, ,, III lllllll I 11 I -- I II .

_NITEDooNSTRUOTORIIENGINEERSEQUIPMENT DATA SHEET ITEM NUMBER PA_.

A R.vtheon C=_--v PROCESS CONDITIONS OF SERVICE SH-0E-E01 1 OF iW_t.m

PROJECT DATE: 12/13/93

DOE-RL WRAP FACILITY e237.008 ! -'-
HANFORD, WA ! MODULE 2A BY: SAS

,i

__ ,, , ,,, _ ,,,-- , , i i i i i i l, ,, 'llllll - ---

REVISIONS A 12/13/93. SAS, B , ,,i2/3..0/93,SAS C. 2/23/94 ,SAS , O .......
(DATE & BY) E F G , H

i .,, , ,,, i ,,, | i , ,,, i, ,,, ,,,,,,,, ,i i i , ,,, i

SERVICE NO. REQ'D.
SHREDDER ................ 1 ...... _

?FDREFi .H..2.140B28 Sheet 3 _ii I IIII .... j I II II IIIII j I IIIIIIII I Ill ill

I_OCESS CONDmONS OF SERVICE
,i ,,i i,,, ....... _ r,,. i . i i i ii i i ,,,, i ,

APPLICATION:...... SHREDDING MLLW DEBRIS .....................
UNIT LOAD DESCRIPTION: CLOTH, PAPER. POLYETHYLENE,WOOD, GLASS. RUBBER, CONWED PADS, HEPAAND REVERSEOSMOSIS

_ ............. FILTERS, METAL SECTIONSGENERALLY < 0.5=, EMPTY 55 GAL DRUMS, 8UPERCOMPACTED D...RUMS

WEIGHT LOAD CAPAC!TY: 2000 LB ................
HOPPERSIZE: 10 Ft=

, , 3 Ft X 4 Ft OPENING ...................

C.APAC!TY:. 90 Ft:IHOUR (NOTE 3) .................. _

SHRED,DED PRODUCT: ,.,2"" 6.= NOM.INAL SIZE ..............

.L,.OCAT!0N: DEBRISPROCESSINGENC.LOSUR,E ............ _

DUTY: 3 SHIFTS/DAY, 176 DAYS/YEAR, 30 YEAR LIFE ......

_M.ATERIAL_, STAINLESS STEELGRADE 304L ........................ _
INERT PERGE: 1610 MT/MINUTE INERT GAS

S MINUTF PURGECYCLE

FEEDWASTE DENSITY: 25 TO 100 LBS/Ft= (BULK DENSITY) .............

DESIGN PRESSURE: , 1.0" WC VAC ........................ _

,,,, ,.., m.. ., . ,, , ,, ,,,.,,,,,

_ ,,=, , ,,, ., ,,, , . ,. ,,., ..,. , ,,,,,,

................. ., ,

NOTES:

1. SHREDDER8HALL TO SERVE AS MLLW CONFINEMENT ENCLOSURE.

2. THE SHREDDERAND FEEDHOPPERWILL HAVE AN INERT GAS PURGINGTO PREVENT COMBUSTIBLESFROM BURNING. THE FEED
HOPPERWILL HAVE AN INLET SLIDING COVER TO MINIMIZE THE INERT GAS REQUIREMENTS. THE FEEDHOPPERSLIDING COVER
WILL BE CLOSEDAND T;IE SHREDDERAND FEED HOPERPURGESONLY IF COMBUSTIBLESARE PRESENT.

3. THE SHREDDERCAPACITY IS BASED ON AN INSTANTANEOUS THROUGHPUT REQUIREMENTOF 1 X 55 GALLON DRUM BATCH OF
WASTE BEING PROCESSEDBY THE SHREDDEROVER A CYCLE TIME OF 5 MINUTES. THE INSTANTANEOUS THROUGHPUT
REQUIREMENT18 NECESSARY IN ORDERTO MEET THE OVERALLTHROUGHPUT REQUIREMENTOF 12,500 FT=/YEAR lSlNGLE SHIFT).

O:_BECKY_WP51_WRAP_SH05501 .RVC SHREDDER
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BOX BREAKDOWN
PFD H-2-140628 SHT. 4



SCREEN
I

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Comp=ny
W,mm O_nae., PROCESS CONDITIONS OF SERVICE SN-05-561 1 OF 1

L
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12113/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: SA8

,

(DATE & BY) E F G H
SERVICE NO. REQ'D.

SCREEN 1

PFDREF: H-2-140628 Sheet 4

PROCESSCONDITIONS OF SERVICE

APPLICATION: SCREENOVERSIZE MLLW FROM CRUSHEDWASTE,,,

WASTE DESCRIPTION: 60 mm

WEIGHT LOAD CAPACITY: 1000 LB

CAPACITY: 17 Ft= (NOTE 1)

LOCATION: BOX BREAKDOWN ENCLOSURE

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE304L

NOTES:

1. THE INSTANTANEOUS OPERATING RATE OF THE SCREEN IS SIZED IN LINE WITH THE INSTANTANEOUS OPERATING RATE OF
THE SHREDDERSH-05-561

m i

G:k,BECKY_WP51_WRAP'kSN05561 .RVO SCREEN



CRUSHER

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Comoanv
Wm,, _ PROCESS CONDITIONS OF SERVICE SH-05-561 1 OF 1

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12113193

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: SAS

(DATE & BY)

SERVICE I NO. REQ'D.
CRUSHER ! 1

PFD REF: H-2-140628 Sheet 4

PROCESSCONDITIONS OF SERVICEi

.......APPLICATION: CRUSH PRODUCT CONTAINER GROUT AND POLYETHYLENEMATRIX WASTE AND FEEDSTREAM 1A.

UNIT LOAD DESCRIPTION: GROUT BLOCKS 6" X 6" C6" NOMINAL
POLYETHYLENEBLOCKS6" X 6" X 6" NOMINAL

WEIGHT LOAD CAPACITY: 1500 LBS

HOPPERSIZE: 10 FT=
2.5 Ft X 2.5 Ft OPENING

CAPACITY: 17 Ftz/HOUR (NOTE 3)

LOCATION: BOX BREAKDOWN

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: STAINLESS STEEL GRADE304L

SHREDDERPRODUCT: 60 MM

NOTES:

1. THE INSTANTANEOUS OPERATING RATE OF THE CRUSHERIS SIZED THAT IT WILL PROCESSTHE SAME QUANTITY OF WASTE AS
THE MANIPULATOR. IN HALF THE TIME.

ii i iiiii

G:\BECKY_WP5l\WRAP_SH05501.RVC CRUSHER



MANIPULATOR

j iiiiiiiii ii ii ii ,,i ,,i ,, i i

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Company
W.mm o_,mom PROCESS CONDITIONS OF SERVICE EM-05o561 A, B 1 OF I

,,,,. , ,,,,,,.,= , ,, , ,,,, ..

I CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/13/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: SAS

,, ,. ,. ,,, , , , ,,,I i i

(DATE & BY) I E F JIG H,,, , , ..........

SERVICE JNO. REQ'D.
SIZE REDUCTION AND REPACKING MANIPULATOR ] 2

PFD REF: H 2-140628 Sheet 4
i i° i i I ill i i ii i

PROCESS CONDITIONS OF SERVICE

APPLICATION: SIZE REDUCTION AND REPACKING BOXED WASTE AND OVERPACK DRUMS

WASTE DESCRIPTION: WASTE BOXES - 5 Ft (H) X 5 Ft (WI X 9 Ft (L) (DEBRIS)
PRODUCT BOXES - 4 Ft (HI X 4 Ft (W) X 4 Ft (L) (GROUT OR POLYMER)
OVERWEIGHT 55 GAL DRUM
OVERPACK - 85 GAL DRUM (CONCRETE)

UNIT LOAD WEIGHT: 3000 LB8 MAXIMUM

LOCATION: BOX BREAKDOWN ENCLOSURE

CAPACITY: I WASTE BOX/8 HOURS
I PRODUCT BOX/ 11 HOURS
10VERPACK OR 55 GAL DRUM / 2.5 HOURS

PRODUCT SIZE: WASTE BOX - IFt - 1.SFt NOMINAL
PRODUCT BOX. 6" X 6" X 6" NOMINAL
OVERPACK - 6" X 6" X 6" NOMINAL

DUTY: -- 3 SHIFTS/DAY. 175 DAYS/YEAR, 30 YEAR LIFE

END EFFECTOR: REMOTE TOOL CHANGE SYSTEM ( GRASPING DEVICES, SCOOP, SHEAR )

NOTES:

G:_BECKY_W_1\VV_P_EMOSSe1AS.RVO MANIPULATOR



SAMPLE MANAGEMENT AREA
PFD H-2-140633 SliT. 1



FUME HOODS
•,,,

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Co.any
WutemOper=ti=_ PROCESSCONDITIONS OF SERVICE, GB-05-601 A & B 1 OF 1

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 09128193
6237.006

DOE-RL/WHC WRAP FACILITY
HANFORD, WA MODULE 2A ACCOUNT NO. BY: RV

(DATE & I_Y) E F G H......... ,,,,

SERVICE NO. REQ'D.
INACTIVE SAMPLE ANALYSIS/REPACKAGING 2

i

PFD REF: H2-140633 i,

/111

PROCESSCONDITIONS OF SERVICE
,,,,,

APPLICATION: FUME HOOD ENCLOSURESFORACTIVE SAMPLE ANALYSIS/REPACKAGING
i , i

.....UNIT LOAD DESCRIPTION: SOLID AND LIQUID SAMPLES FORANALYSIS/REPACKAGING ..
UNIT LOAD SIZE: 1 LITER (MINIMUM) SAMPLES IN SHIELDEDSAMPLE BOMBS, , ,,,

UNIT LOAD WEIGHT: 115 LBS ,,,,,

LOCATION: SAMPLE MANAGEMENT AREA
, ,,

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 yEAR LIFE . ..
MATERIAL: 304L STAINLESS STEEL,,,,, , ,,i

WORKING PRESSURE: 0.7" WG VACUUM
,,,,,, i ,

,,,, , ,

, ,,,,, i

i ,

G:\BECKY_WP51\WRAP_EOUIP OS\GBOoS01A.RVB FUME HOODS_.



FUME HOODS
,, i i i

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Company
We_emOper.tiom PROCESSCONDITIONS OF SERVICE GB-05-601 C & D 1 OF 1

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 09/28/93
6237.006

DOE-RL/WHC WRAP FACILITY
HANFORD, WA MODULE 2A ACCOUNT NO. BY: RV

i

REVISIONS A 1,,2/17/93 RV B 2/23/94 RV C ! D

B

(DATE & BY) E F G I H

SERVICE NO. REQ'D.
INACTIVE SAMPLE ANALYSIS/REPACKAGING 2

PFDREF: H2-140633

III II

PROCESSCONDITIONS OF SERVICE

APPLICATION: FUME HOOD ENCLOSURESFORACTIVE SAMPLE ANALYSIS/REPACKAGING

UNIT LOAD DESCRIPTION: SOLID AND LIQUID SAMPLES FORANALYSIS/REPACKAGING

UNIT LOAOSIZE: 1 LITER (MINIMUM) SAMPLES

UNIT LOAD WEIGHT: 15 LBS

LOCATION: SAMPLE MANAGEMENT AREA

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: 304L STAINLESS STEEL

WORKING PRESSURE: 0.7" WG VACUUM

NOTES:

G:_BECKY_WP51\WRAP_EQUIP_DS\GB05601 C.RVB FUME HOODS



REMOTE TOOL
i i i m ,= , = ii

UNITEDENGINEERS EQUIPMENT DATA SHEET _TEMNUMBER PAGE& CONSTRUCTORS

A Raytheon Coml_anv PROCESS CONDITIONS OF SERVICE RT-05-612 1 OF 1watem opentmn=

CUSTOMER & LOCATION PROJECT UE&C JOB NO. I DATE: 9/28/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

(DATE & BY)
,,,, , ,

SERVICE NO. REQ'D.
CORE SAMPLER 1

, .. =, ,.,, , ,

PFD REF: H-2-140633
iii ii

PROCESS CONDITIONS OF SERVICE
=, ,,

.,.,, ,= ,

APPLICATION: REMOVE A CORE SAMPLE FROM IMMOBILIZED PRODUCT CONTAINERS,, . , , .,, ,,.,, , ,

UNIT LOAD DESCRIPTION: GROUT OR POLYETHYLENE PRODUCT CORE SAMPLE, , ,,

CORE SIZE: TBD, ,

DRILL SPEED: TBD

LOCATION: INSIDE CONTAINER SAMPLING ENCLOSURE IN SAMPLE MANAGEMENT AREA.... ,,

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR. 30 YEAR LIFE,,, ,,, , ,.

MATERIAL: 304L STAINLESS STEEL
, = ,. ,

. ,.

_ ,. ,

NOTES:

G:',BECKY_WP51',WP_P_RT05612.RVO REMOTE TOOL



REMOTE TOOL
i i

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Company

w,,,,m o,,mmm PROCESS CONDITIONS OF SERVICE RT-05-613 1 OF 1

.....

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/20/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

|

REVISIONS I A B C D

(DATE & BY) E F G H
| .

SERVICE NO. REQ'D.
GRAB SAMPLER 1

,,

PFD REF: H-2-140633

PROCESS CONDITIONS OF SERVICE.

, ,,.

APPLICATION: REMOVE A SAMPLE FROM 55 GALLON WASTE DRUMS

UNIT LOAD DESCRIPTION: MANIPULATOR OR SAMPLE THIEF ATTACHMENTS TO SAMPLE INCOMING WASTE DRUMS

SAMPLE SIZE: TBD

LOCATION: INSIDE CONTAINER SAMPLING ENCLOSURE IN SAMPLE MANAGEMENT AREA. ,

DUTY: 3 SHIFTS/DAY. 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: 304L STAINLESS STEEL

NOTES:

G:,BECKY\WP51,WRAI_RTOB613.RVO REMOTE TOOL



BULK POWDER STORAGE
PFD H-2-140636 SHT. 1



GENERAL
, II I III . ,

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Cor_v

PROCESS CONDITIONS OF SERVICE U-05-106 I OF 2

i CUSTOMER & LOCATION i PROJECT UE&C JOB NO. DATE: 10/06/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

REVISIONS A 12/09/93 RV , B . 12/31/9 3 RV C D

(DATE & BY) E F G H i

SERVICE NO, REQ'D.

BULK POWDER STORAGE PACKAGE 1

PFD REF: H-2-140636
II i II

PROCESS CONDITIONS OF SERVICE,, , • r ,.

. . ,,,, ,

APPLICATION: STORAGE, BLENDING AND PNEUMATIC TRANSFER OF GROUT POWDERS,.

UNIT LOAD DESCRIPTION: PORTLAND CEMENT SPECIFICATION TBD
GRANULATED BLAST FURNACE SLAG SPECIFICATION TBD
PULVERIZED FLY ASH SPECIFICATION TBD
GROUT ADDITIVE POWDER SPECIFICATION TBD,,

UNIT LOAD SIZE: PORTLAND CEMENT 81LO 7,600 FT'
BLAST FURNACE SLAG SILO 13,700 IT'
PULVERIZED FLY ASH 81LO 13,700 FTs
GROUT ADDITIVE 81LO 7,600 FT'
POWDER BLENDER 420 FT'
WEIGH HOPPERS (4 IN TOTAL), COMPRESSED AIR RECEIVER AND PNEUMATIC DENSE PHASE PUMP - TO
BE SIZED BY VENDOR , ,, , ,,, ,,

UNIT LOAD WEIGHT: PORTLAND CEMENT SILO 688000 LB
* BLAST FURNACE SLAG SILO 930000 LIB

PULVERIZED FLY ASH SILO 930000 LB
GROUT ADDITIVE 81LO 688000 LB

POWDER BLENDER 30000 LBLOCATION: ADJACENT TO THE MAIN PROCESS BUILDING

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: CARBON STEEL
,., ,.

ADDITIONAL ITEMS: POWDER STORAGE SILO BIN ACTIVATORS AND AIR PADS - TO BE SPECIFIED BY VENDOR.
SCREW CONVEYORS - TO BE SPECIFIED BY VENDOR
SILO OUTLET ROTARY VALVES (BY VENDOR)
SILO VENT FILTERS (BY VENDOR)

, ,,

NOTES:

G:_BECKY_WP51\EQUIPDS\U05108.RVO GENERAL--



GENERAL

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORG

,_ R.vmeen c,x,_.-v PROCESS CONDITIONS OF SERVICE U-05-106 2 OF 2W_ee ONnNJem

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10/05/93

WRAP FACILITY 6237.008DOE-RL !
HANFORD, WA i MODULE 2A BY: RV

,, III II

!

, i i "

l

i i
i

T Y
( I J l

!

i
i

I

i
I

I

I

i

G:\BECKY_WP51 \EQUIP DS_U05106.RVO GENERAL



VIBRO GROUT SYSTEM
PFD H-2-140637 SHT. 1





GENERAL
iii iiiii

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Rav_haoncon_,,_v PROCESS CONDITIONS OF SERVICE U-05-201 1 OF 2Wm¢_mO_m_m

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10/O5/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

,, i

REVISIONS I A !, ' 2/09/93 RV S 12/3,/g3 RV ! C I ! D I(DATE & BY) E F G H,,,, ,, , ,

SERVICE NO. REQ'D.
POWDER HANDLING PACKAGE (VIBROGROUT) 1

PFD REF: H-2-140637

PROCESSCONDITIONS OF SERVICE,,,,,

,| ,,i

APPLICATION: DAY STORAGE OF BLENDED GROUTPOWDERSi

UNIT LOAD DESCRIPTION: PORTLANDCEMENT SPECIFICATION TBD
GRANULATEDBLAST FURNACE SLAG SPECIFICATION TBD
PULVERIZEDFLY ASH SPECIFICATION TBD
GROUTADDITIVE POWDER SPECIFICATION TBO

UNIT LOAD SIZE: BLENDEDPOWDERSILO 140 FTs

UNIT LOAD WEIGHT: BLENDEDPOWDERSILO 10,000 LB

LOCATION: GROUTPOWDERPREPARATION AREA (ZONE 3)

DUTY: , 3 SHIFTS/OAY, 175 DAYS/YEAR, 30 YEAR LIFE ,
MATERIAL: CARBONSTEEL

ADDITIONAL 1TEMS: SCREW CONVEYOR RATE: TBD - LENGTH:TBD
SILO VENT FILTER

NOTES:

G:\BECKY_WP51 \EQUIP DS_U05201 .RV0 GENERAL



GENERAL
I ii ii i i ,,,

UNITEDENGINEERS EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTOR8

A Raytheon comp.v PROCESS CONDITIONS OF SERVICE U-05-201 2 OF 2w=,n=m

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10105193

DOE.RL l WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

, i , i

REVISIONS A 12109193 RV B 12131193 RV C D
(DATE & BY) E F G H

SERVICE NO. REQ'D.
,POWDER HANDLING PACKAGE (VIBROGROUT) , . 1 ,

PFO REF: H-2-140637
=ll ,i ,,, H i t

\\.. /

_, • , ,,',,

•_,, \ t -'-//

V V ",,"",,"VVVV V V V ',,"V V V V _'/V ",,;*","V V V

G:_BECKY_WP51\EQUIP DS_U05201 .RVO GENERAL



VESSEL
I iH m i, ,,,

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Co_,nv
W,mm _ PROCESS CONDITIONS OF SERVICE T-05-212 1 OF 1

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10106193

DOE-RL WP,AP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

,,.|,i , i .., ,. ,,

REVISIONS A 12/O9193 RV B 12/31/93 RV C D . ..

(DATE & BY) E F G H,i ,,, ,.

SERVICE NO. REQ'D.
WET GROUT MIXING TANK 1

i i m,.

PFD REF: H-2-140637
I I IIIIII I

PROCESSCONDmONS OF SERVICE
, ,,

Jl i , i , _..,

DESIGN/OPERATING CONDITIONS: AMBIENT PRES$./AMBIENT I_.ES8 150°F/70°F ........
MATERIALS OF CONSTRUCTION: 304 STAINLESS 8TELL, , , ,,,

CORROSION ALLOWANCE: NONE ,, ,,.,r ,, ,,

WORKING CAPACITY: 80 FTs
i.,, , ,, ,,

UNIT LOAD WEIGHT: . 12,0OO Ui .....
MATERIALS TO BEHANDLED: WATER, PORTLAND CLEMENT,GROUND GRANULATED BLAST FURNACE 8LAG, PULVERIZEDFLY

ASH, OTHERGROUT ADDITIVES... i

DUTY: 3 8,HIFTS/DAY, 175 DAYS/YEAR. 30 YEAR LIFE

,, ,.

NOZZLES QTY. SIZE - RATING - FACEi,,

i l
1. WATER INLET 1 --1 I
2. POWDER INLET 1

3. MIX OUTLET 1

4. RECYCLE INLET 1

5. LEVEL INSTR. 1 /

6. TANK CLEANING 1
7.

s. i! 19. I _lo i
' ! Ii

INTERNALS & ACCESSORIES: i
i

1. AGITATOR WITH MOTOR i
" i

2. ORBITAL TANK CLEANING MACHINE I i' i

[ ,.... i
,, , _'__.___

, 1
f

NOTES:

G:_BECKYWVP51_EOUIPOS\T05212.RVA VESSEL



VESSEL

& CONSTRUCTORS I

A Rayth.on Corn_anv I' I T 0:19 _ I OF 1 O

W.. _ I PROCESS CONDITIONS OF SERVICE I

CUSTOMER & LOCATION _....... _ U-_&C_"--_=;=_, ___,c;

DOE-RL WRAP FA CILITY '1 _6237.008=.v.
HANFORD, WA MODULE 2A BY: RV

,,vsos. I'1 1 cI o.............(DATE & BY) E F G H .......

SERVICE [NO. REO'D.GROUT WASHING TANK (INACTIVE) 1

PFD REF: H-2-14063

PROCESSCONDITIONS OF SERVICE
u

DESIGN/OPERATINGCONDITIONS: AMBIENT PRESS.IAMBIENTPRESS 150°FI70°F

MATERIALS OF CONSTRUCTION: 304 STAINLESSSTEEL

CORROSION ALLOWANCE: NONE

WORKING CAPACITY: 80 FT=

UNIT LOAD WEIGHT: 12,000 LB

MATERIALS TO BE HANDLED: WATER, PORTLAND CEMENT, GROUND GRANULATED BLAST FURNACE SLAG, PULVERIZEDFLY
ASH, OTHERGROUT ADDITIVES.

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR. 30 YEAR LIFE

NOZZLES QTY SIZE-RATING-FACE

1. WASHING INLET 1

2. BLEEDWATER OUTLET 1

L3. SOLIDS OUTLET 1

I 4. TANK CLEANING 1

I 5. LEVELINSTR. 1

1:
18.

10. I"'A A A A A A I

INTERNALS & ACCESSORIES:

1. WASH SPRAY RING

J
jJ

Y
O

NOTES:

G:\BECKY_WP51 \EQUIP_DS_T05219.RV0 VESSEL



SILO, BIN, HOPPER
,, , i ,

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Company
w,_,m o_m_ PROCESS CONDITIONS OF SERVICE T-05-220 1 OF 1

,,,,, ,,, ,,,

CUSTOMER & CATION PROJECT UE&C JOB NO. DATE: 2/28194

DUz:-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE ZA BY: RV

J , , , ,,,.,

A B C DREVISIONS ,, ,,, . ,, ,,,

(DATE & BY) E F G H,, ,, , ,, ,,

SERVICE NO. REQ'D.
DRY ADDITIVE HOPPER 1

, . . i

PFD REF: H-2-140638
II I ii II

PROCESS CONDITIONS OF SERVICE,, ,

,,.. ,,

APPLICATION: FEEDINGDRY ADDITIVE POWDERSTO THE BATCH EqlXINGT.A,NK' T-0,5-212 .......

LOCATION: INSIDE SLUDGE/PARTICULATEGROUT POWDERPREPARATIONAREA
WORKING CAPACITY: 16 F'T= DESIGN/OPERATINGTEMPERATURE: IO0OF/70°F,,

UNIT LOAD WEIGHT: 2,300 LB DESIGN/OPERAT!NGPRESSURE: AMBIENT/AMBIENT

PARTICLESIZE RANGE: FINE POWI)ER8 , MATERIALS TO ,BEHANDLED: DRY ADDITIVE POWDERS

ANGLEOF REPOSE: 60°i ,|=i i,• , , ,,

DUTY: 3 SHIFTS/DAY, 175 DAYS/YR,
30 YEAR LIFE

,,,,, i.,, ... ,,, , , ,.,.

MATERIALS OFCONSTRUCTION: 304 STAINLESS STEEL
,,, ,,

' '""' ,' , ,, ,. ,, i ,,,,. ,.,,

NOZZLES QTY. SIZE - RATING - FACE,,,,, ,,,,

1. POWDERINLET 1

2. POWDER OUTLET 1
,,, ,,,

3.
,,.,,.,

4.
i

5. ,,., ...... _')

I6.
....... i

7. I\_8. ,, , x

,,,9. , ..... \ N
, ,,,, , .)

10. ,.....

" ' " " /

INTERNALS & ACCESSORIES:

1, OUTLET ROTARY VALVE ,.,.

G:\BECKY_WP51%EQUIP_DS\TOS220.RVA SILO, BIN, HOPPER



SLUDGE/PARTICULATE GROUT SYSTEM
PFD H-2-140638 SHT. 1



SILO, BIN, HOPPER
........ I i I nnuuui i •

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8
A Raytheon Corrm_V
w..=m ck-.m=.. - - PROCESS CONDITIONS OF SERVICE T-05-213 1 OF 1

, ,i ,.,, ,, , ,,, ,,,..

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10105/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

REVISIONS , A 12109/93 RV B 12131193 RV C D ,

(DATE & BY) E F G Hi i i i ,ll , , . , .....

SERVICE NO. REQ'D.
WASTE RECEIPT HOPPER 1

,,i , ,,.,i , _ m, , • , ,,, ,, .,,

PFD REF: H-2-140638
I I I I I I I II I i IIII I

............ _oeeqs CONDITIONS OF.,SERVlCE ......

i i i, ,,.,, ,,,,. , ..,,, , ,,,,, ,.., _

_ APPL_ICATION: ,RECEIPTOF MATER,!,ALFROM SLUDGE/PARTICULATE CONDITIONING .......

LOCAT!ON: .... INS,!DESLUDGE/PARTICULATE GROUT IMMO.B!LIZATION AREA

WORKING CAPACITY: . 80..FT= DESIGN/OPERATINGTEMPERATURE: 100°/70°F.. , .,,

_ UNIT LOAD WEIGHT_ 11_500 LB . , DESIGN/OPERATINGPRESSURE: 5" WC VAC./AMBIENT
PARTICLE SIZE RANGE: FINE PARTICULATE/SLUDGE MATERIALS TO BEHANDLED: SLUDGE/PARTICULATE

_ _ ( < 6ram ) MATERIALS
.i .,, __ ii. _ . ,,, .,,,

_ ANGLE OF REPOSE: .,. 60 °,, __., ,.,. ,

DUTY: 3 IHIFTS/DAY, 176 DAYS/YR,
30 YEAR UFEii ,,, .., ,, , ,

MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL ....................

_, ., ,, ,,,, __ __ , , .,, •

NOZZLES QTY. SIZE - RATING - FACE
, ,, .,,, .,,. __ ,

WASTE INLET I ..----WASTE OUTLET .-- 1 ...m,mm.,,,m

_3" ........ ,4. i mm , -- i iiii __ i

. ,.,, , ,,

6. _ ....... p
, , . ,,,. __ ,,..,,, ,, . /!

7. _" /
,.,, ,,,.. • /

'\ /

8 ° 1\ /,, .. ..,. ,..,, ,.,, ,,
__ __ /

9. , ........ , /
_ .

lo. ....................... _, , .,,. . ,,,

INTERNALS & ACCESSORIES: _i_,_
,, q, __ __ .,

1. OUTLETVALVE WITH PNEUMATICACTUATOR, .. ..,,,,,, _ ,,, .,,, ,

,, , ,,

, ,. .,, , ., ,,,., , ,,,

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

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

,,, ,,,,,,, . .........

NOTES:
.,, . .

.......... .. _

.m,, ,. .

. , ,n. - " " -- I

WRAP2A_T05213.RVA SILO, BIN, HOPPER



VESSEL
IIIII .... ii i,, m i iiii I I I

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE I& CONSTRUCTORS

A Raythe_r_ ComI_V IIw_,i,,,_ _ PROCESS CONDITIONS OF SERVICE T.05-214 AIB I OF I
I

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10/05/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

i i iii ii ,i i i

REVISIONS ..A 12/09/93 RV ....... B 12/31/93 RV I C D
i (DATE & BY) E F [ G H ........

SERVICE [NO. REO'D.BATCH MIXING TANK 2

PFD REF: H-2-140638

PROCESSCONDITIONS OF SERVICE

DESIGN/OPERATING CONDITIONS: 5" W.C. VACUUMII" W.C. VACUUM 150°FF/0°F

MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL

CORROSION ALLOWANCE: NONE

WORKING CAPACITY: 80 FT_

UNIT LOAD WEIGHT: 12o000 LB

MATERIAL TO BE HANDLED: SLUDGE/PARTICULATEWASTES - PARTICLE81ZE < 6ram, WATER, PORTLAND CEMENT, GROUND
GRANULATED BLAST FURNACESLAG, PULVERIZEDFLY ASH, OTHERGROUT ADDITIVES.

DUTY: 3 8HIF'rS/DAY, 175 DAYS/YEAR, 30 YEARLIFE

NOZZLES SIZE- RATING-FACE

1. WATER INLET {---------]

2. WASTE II_LET 1

3. POWDER INLET 1

4. MIX OUTLET 1

s, DRYAoDmvE I
e. LIO.Aoorrn/E I
7. 8AMPLE 1 .....

S. LEVEL INSTR. 1

9. TANK CLEANING 1 _

1o. C S

INTERNALS & ACCESSORIES:

I. AGITATOR WITH MOTOR

2. ROTARY TANK CLEANING MACHINE

_ J

NOTES: 1

/ "\

i
G:_BECKY_WI_ 1 \F..QUIP OS_T0_214.RVA VESSEL



VESSEL
n i i iiinn nu in I II I ill

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8
A Raytheon C_nlDmy T-05-218 1 OF 1

PROCESS CONDITIONS OF SERVICE

,, ,, = ,l,, ,, i ,,, '="

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 2/28/94

DOE-RL WRAP FACILITY 6237.008 -
HANFORD, WA MODULE 2A BY: RV

REVISIONS A , B 1 ,, C , D .....

(DATE & BY) E F LG H _

SERVICE NO. REQ'D.

GROUT WASHIN G TANK (ACTIVE) 1 ...............

PFD REF: H-2-140638
I I II iii

.... PROCESSCONDITIONS OF SERVICE

...... , ,,,i , ' '

DESIGN/OPERATINGCONDITIONS: AMBIENT PRESS./AMBIENT,.PRESS150°F/70°F ........

MATERIALS OF CONSTRUCTION: , 304 STAINLESS STEEL ...........................

CORROSION ALLOWANCE_ N.ONE ..........

WORKING CAPACITY: , 80 FTs ........

UNIT LOAD WEIGHT: 12,000 LB

MATERIALS TO BEHANDLED: WATER, PORTLAND CEMENT, GROUND GRANULATED BLAST FURNACE8LAr3, PULVERIZEDFLY
ASH, OTHER GROUTADDIT..!VES. ,.......,, , i_

DUTY:. . 3 8HIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE ........

•NOZZLES QTY SIZE-RATING-F,AC_E_

1. WASHINGS INLET._..__ 1
2. RECYCLEINLET 1

3. LEVELINSTR. 1

4. TANK CLEANING 1 -_-

5. WASHINGS OUTLET 1
-- .__

7. I,,.

_o. IA A A A A i\
, ,,, ,, ,, j

I
=, , ,

INTERNALS & ACCESSORIES:......... i i
1. AGITATOR WITH MOTOR.., ,

2. WASH SPRAY RING
,,, ,=

. ,

!

....... _ __ jt

.......... _
. , _ _J__

NOTES: ' " - '" ". ,, ,, .., ,

. . .=

, ,,,, _

,,. ,.. _ , ,,

.......

G:_BECKY_WP51_EOUIPDS_T05218.RV0 VESSEL



SILO, BIN, HOPPER-- • ii i -- -- III .

UNI_DENOINEERS EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTORS
A Rsv_h4_ C,_v
w,_u _ PROCESS CONDITIONS OF SERVICE T-05-216 A,B 1 OF 1

_ _ k_a..mmmmm

CUSTOMER & LOCATION ! PROJECT UE&C JOB NO. DATE: 12/31/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

,, __ ,,,,, , ,,,, , , ,, ,

REVISIONS A ....... O C ..... D
(DATE & BY) E F G H

,,,,, ,,, .... ,,, ,,,,, .., ,. -- _ ,, ,.,,,

SERVICE NO. REQ'D.
DRY ADDITIV E HOPPER ...... 2

PFDREF: N.2-,140638 ,,. _ ......II . IIIIII IIIII I __ __

,, PflOCES8 CONDITIONs OF SERVICE _ _ _

.ill ii _ illll i i.,. | i ,, , , i ,|,. ,,,,,,

APPLICA,TION: FEEDINGDRY ADD!TWE POWDERS,,TOTHE BATCH MIX!NG TANKS T-OS-214_A & B

LOCATION: .... INSIDE SLUDGE/PARTICULATE GROUT POWD,ERPREPA.RATIONAREA _

WORKIN..G' CAPACITY: . 15 FTa DESIGN/OPERATINGTEMPERATURE: 100°F/70°F _,iHi i.., ,ll ,, .,i ,, ,, ,-, ,- ,. ,.,

UNIT LOADWEIGHT: 2,300 I.!1 DESIGN/OPERATINGpRESSURE: AMB!ENT/AMBIENT

PARTICLE SIZE RANGE: RNE POWDERS MATERIALS TOBE HANDLED: DRY ADDITIVE POWDERS

ANGLEOF REPOSE: 60° .............................. _

DUTY: 3 SHIFTS/I)AY, 175 DAYS/YR,
30 YEAR UFE .......... _

MATERIALS OF CONSTRUCTLDN: , 304 STAINIJE_SSSTEEL ..........

i . ,i. i ,, =i .i ,,.,. ,, ,,

NOZZL'ES QTY. .. SIZE- RATING- FACE

1, POWDER INLET 1 .....

2. pOWDER OUTLET 1 ,,

3.

4. ..... (_

10. , _ ,

_ , ,,, " ........ (9
INTERNALS & ACCESSORIES: ...........

1 OUTLET ROTARY VALVE .............

• ,.,

• , ,.,,

, .,.

-- , .. _ _ -- _

NOTES: ......

, _

.

.. , ..

G:_BECKY_WP51\EOUIP_DS\T0_21eRVA SILO, BIN, HOPPER



GENERAL
I ..... ii -- , ,

-UNrreDENGINEERS EQUIPMENT DATA SHEET iTEMNUMBER PAGE& CONSTRUCTORS
A Raytheon Cor_anv
_/m,,,, _ PROCESS CONDITIONS OF SERVICE U-05-202 I OF 2

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10/05/93

DOE-RL WRAP FACILITY 6237.0o8 ......
HANFORD, WA MODULE 2A BY: RV

, i i, ,,. .

, ,,,, i,,,, ,,,, ,,,

SERVICE NO. REO'D.

POWDER HANDLING PACKAGE ISLUDGE/PARTICULATE) I .........

PFD REF: H-2-140638
I I IIIIII II I

...... PROCESSCONDITIONS OF SERVICE .......

,,,w i , , ,,.,,

APPLICATION: DAY STORAGEOF BLENDEDGROUT POWDERS .....
UNIT LOAD DESCRIPTION: PORTLAND CEMENT SPECIFICATION TED

GRANULATEDBLAST FURNACE SLAG SPECIFICATION TBD
PULVERIZEDFLY ASH SPECIFICATION TBD

...... GROUT ADDITIVE,POWDER SPECIFICATION TBD

UNIT LOAD SIZE: BLENDEDPOWDERSILO 420 FT: ..........

UNIT LOAD WEIGHT: BLENDEDPOWDERSILO 30.000 LB............

LOCATION:., GROUT POWDERPR_EPARATIONARF.A,,(ZONE 3)

DUTY: .... 3 SHIFTS/DAY, 1.,75DAYS/YEAR. 30 YEAR LIFE .......

MATERIAL: CARBONSTEEL ........

ADDITIONAL ITEMS: SCREW CONVEYOR RATE: TilE - LENGTH: TBD
" SILO VENT FILTER
,,,,, .,. ,,

,.,i

i,

i,.. ,. , ,, ,.,,,

., ,. ,,, ,

,, ,. , ,.,,, .,,.,, ,

.,, ..,, , ,.,.

,.,

NOTES:

G:_BECKY_WP51 _EOUIP DS\U05202.RV0 GENERAL



GENERAL
II III II I III il i

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raymeon cc,_,,,v PROCESS CONDITIONS OF SERVICE U-05-202 2 OF 2

, .... ,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 10/06/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: RV

i , m , ,

REVISIONS A 12/09/93 RV B ....... 12/31/93 RV C ..... D ......
(DATE & BY) E F G H

SERVICE NO. REQ'D.
POWDER HANDLING PACKAGE (SLUDGE./pARTICULATE) I

PFD REF: H-2-140e38
III I I III II

F
L

i

i

i

I
J
i

I

I
J

/

i
!

I _ AA_,_.AA AAAA^ A^ AAA AAAA,__^_
] ',/ \/ *.,/ \/ \/ \I \/ \I \1 \f \/ \/ \I \/ \I \/ \/ _I \i "_I \[ \/ \/]
I v v , v v v v v v v v v v v v v v v ,,' ,, v v v v I

G:_BECKY_W_ I'_EOUIP DS_UO5202.RV0 GENERAL



POLYETHYLENE BULK STORAGE
PFD H-2-140640 SHT. 1



GENERAL
ii ,,, i

UNITEDENGINEERS EQUIPMENT DATA SHEET ITEMNUMaER PAGE& CONSTRUCTORS

A ll.ymeon co,,_._ PROCESS CONDITIONS OF SERVICE U-05-301 I OF 2wmt_m

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/30/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: DWC

E |

REVIS|ONS A i S ' ,inC ' iD

(DATE & BY) E , F I IG H ........
SERVICE NO. REQ'D.

pOLYETHYLENE/ADDITIVE BULK STORAGE PACKAGE ! .............

PFDREF: H-2-140640
III I I

ImOCESR CONDmONS OF SERVICE

APPLICATION_ ,STORAGEAND PNEUMATIC TRANSFER OF POLYETHYLENEIPE)PELLETSAND OF ADDITIVI_

POLYETHYLENEPELLETS ADDITIVE (CALCIUM OXIDE POWDER)
i .=

BULK SILO: TAG NUMBER T-05-302 T-05-301

WORKING CAPACITY (Ft:) 8000 1200

DENSITY BULK/TRUE (LB/Ft:) 31-35 / 57 60-80 / 209

PARTICLESIZE 3 MM TBD

TRANSFERINCREMENT (LBSI 6990 2995, , ,,,

TRANSFERDURATION < 1 FIR < 1 HR

TRANSFER DISTANCE (Ftl TED TBD

LOCATION: _ OUTDOORS

DUTY: 3 SHIFTS/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

MATERIAL: CARBONSTEEL .----------.

_ADDITIONAL ITEMS: AIR RECEIVER(SIZEDBYVENDOR; INSTR. QUALITY AIR AVAILABLE AT 90 PSIG) I
VENT AIR FILTERSON BULK SILOS /

, =..

, , .=. .

, , ,, .,.

, , .

NOTES:

G:\BECKY_,WI_I \EQUIP 0S\U05301 .RVO GENERAL



GENERAL
I

uNrrmaSNGnNURS EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTORS

: Raytheon Comp,-v PROCESS CONDITIONS OF SERVICE U-05-301 2 OF 2Wame,

,i , ,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. OATE: 12/30/93

DOE-RL WRAP FACILITY _237.008
HANFORD, WA MODULE 2A BY: DWC

REVISIONS A .... B C D
(DATE & BY) E F G H

SERVICE NO. REQ'D.
POLYETHYLENE/ADDITIVE BULK STORAGE PACKAGE 1

.,

PFDREF: H-2-140640
I IIIIIIII li I I I

CONNECTIONS TO ACCEPTMATERIAL

_ TRANSFEgREDPNEUMATICALLY

FR(]_TgUCKS

-] ---,

--]

IP F !r F

T-05- 301 T-05- 302

BULK BULK

ADOIT IVE POLYETHYLENE

50 OEG 50 OEG

I

/,

\,/
PNEUMATIC

T#ANSFER

Ir TO FEED
I"

vL BINS

G:\BECKY_WP51 \EOUIPDS\U05301 .RV0 GENERAL



POLYETHYLENE ENCAPSULATION
PFD H-2-140641 SHT. 1



GENERAL
=. III I I i1[

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A R-ytheon Co_p,nv PROCESS CONDITIONS OF SERVICE U-05401 I OF IWmmn OZNmimz

i i i ,=i. i i ,i i i,i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
12130193

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: DWC

REVISIONS A . O C D
(DATE & BY) E F G H

i i , ,

SERVICE NO. REQ'D.
POLYETHYLENE FEED PACKAGE , 1 ,

PFD REF: H-2-140(141
I I I II

PROCESSCONDmONS OF SERVICE
i i

APPLICATION: DAY STORAGE AND FEEDTO EXTRUDEROF POLYETHYLENEPELLETS ---.-....

PACKAGE EQUIPMENT: T-05404 POLYETHYLENEBIN (1 EACH): WORKING CAPACITY: 265 Ft3
CV-0_404 SCREW CONVEYOR (1 EACH): LENGTH: Till) DESIGN THROUGHPUT: 1398 LB/HR

POLYETHYLENEPROPERTIES: 31.35 LB/FTs (BULK): 3 MM PELLETSIZE., . _ . ,

LOCATION: INDOORS (ZONE 3)

DUTY: 3 8HIFTS4)AY, 175 DAYS/YEAR, 30 YEAR LIFE ....

MATERIAL: CARBON STEEL

ADDITIONAL ITEMS: AIR VENT FILTERON BIN;
BiN VIBRATOR; VARIABLE
SPEEDDRIVE FORCONVEYOR

NOTES:

PNEUMATIC TRANSFER c3

FI:_)MBULK:STORAGE 'i [ F

T-05-404

POLYETHYLENE

BIN

Ip

I"A ,'.. A A A A A /','"A A'A P,. A
[ V V V V V v,,,v v... v v-,/ v v.

CV- 05-404

Ir SCIQEWCONVEYOIQ

...... ,, ,,

G:_BECKY%WP51%EQUIPDS\U05401 .RVO GENERAL

,



GENERAL
.i i iiii il

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raytheon Co_,,,v PROCESS CONDITIONS OF SERVlCE X-05-401 I OF Iw_m Opewkm

,,,ilm| i i i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/30193

DOE-RL WRAP FACILITY 8237.008
HANFORD, WA MODULE 2A BY: DWC

i • i

REVISIONS A ..... B C D

(DATE&BY) I E . F G ....... H
SERVICE NO. REO'D.

POLYETHYLENE/WAST E EXTRUDER 1 ....

PFD REF: H-2-140941
llii l I l I

PROCESSCONDmONSOF SERVICE
i i "" '-

APPLICATION: MI_'IL__TPOLYETHYL__FNEP___L_L=TS& MIX WASTE INTO THE MOL,TEN POLYETHYLENEt11_)

THROUGHPUT REQUIRED: PROCESSNIED EQUIPMENT DESIGN ILAS18
TOTAL: 2185 3996 LB/HR
WASTE: 1311 2597 LB/HR
PE: 874 1398 LB/HR ..i,

WASTE PROPERTIES: 54 - 105 LB/FT: (BULK), 68 - 140 LB/FT: (TRUE); ,3 MM MAX. PARTICLE SIZE;
ABRASIVE; 0.2 - 0.3 BTU/I.B °F SPECIFIC HEAT

PE PROPERTIES: 31-35 LB/FTs (BULK), 57 LB/FTs (TRUE); 3 MM PELLETSIZE; 0.5§ BTU/UI - °F (SOLID), 0.70 BTU/LB - °F (MOLTEN)
8PECIFIC HEAT; LATENT HEAT TBD BTUR.B ......

DUTY: 3 8HIFTB/DAY, 175 DAYS/YEAR, 30 YEAR LIFEi

MATERIAL: _RA,RREL: TBD SCREW SHAFT/FUGHTS: TBD ....i

•,,

j i i

,,,,,,,,,,

i i

i

NOTES:
1. WASTE SHALL BE FED INTO THE EXTRUDERAT A POINT WHERE THE PE HAS ALREADY MELTED.

2. EXTRUDERSHALL INCLUDE ELECTRICHEATINGELEMENTSFOR PRIMARY HEAT INPUT. COOLING MEDIUM (PROPYLENE
GLYCOL/WATER) 18AVAILABLE AT 42°F FORTEMPERATUREYRIM CONTROL.

3. EXTRUDERHEAT INPUT BA818:

BASE CASE: HEAT PIEAND WASTE FROM 60°F TO 325°F. WASTE MAY CONTAIN UP TO 10 WT% WATER,
WHICH WILL BEDRIVEN OFF AS STEAM.

ALTERNATE CASE: HEAT PE ONLY FROM 60°F TO 450°F.

4. EXTRUDERSHALL INCLUDE VAPOR DISENGAGEMENT CAPABILITY (THREE ZONES MINIMUM) TO SEPARATEWATER VAPOR,
ENTRAINEDAIR, AND SMALL AMOUNTS OF OTHERVOLATILES FROM WASTE/MOLTEN PE PRODUCT. VAPOR SEPARATION ZONI_S
SHALL OPERATEAT 2" HG ABSOLUTE PRESSURE.

Ii I i i

G:_BECKY_WP5I_EOUlP0S_X05401.RVO GENERAL



VESSEL
,, , I , , ,, .......

UNITEDENGINEERS EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTORS
A R.ymeon Conlanv
win.. o_mm;' PROCESS CONDITIONS OF SERVICE T-05-405 I OF I

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/31/93

DO_.RL WRAP FACILITY 6237.008
HANFOr4D, WA MODULE 2A BY: DWC

I |

(DATE&BY) • E F .......... G [ .... [[_1 ......
SERVICE NO. REQ'D.

WASTE HOPPER I

PFD REF: H.2-14Oe41
IIII II IIIII I I I II

PflOCES8 CONDITIONS OF SERVIC_

APPLICATION: DAY BIN FOR WASTE FEEDTO PE/WASTE EXTRUDER
, , , L,,, ,,,,, , , ,

LOCATION: INDOOR8 ..... _ .....

WORKING CAPACITY: 264 Ft: DESIGN/OPERATINGTEMPERATURE: 300/60 TO 250°F ..........

UNIT LOAD WEIGHT: 26,400 LB , DESINGIOPERATINGPRESSURE: 5" WC VAC/I" WC VAC.

PARTICLE SIZE RANGE: 3 MM MAX. MATERIALS TO BE HANDLED: DRY PARTICULATEWASTE ....
ANGLE OF REPOSE: SO°

DUTY: 3 8HIFTSmAY. 175 DAYSrYR. 30 YEAR LIFE .....
MATERIALS OF CONSTRUCTION: 304 STAINLESS
STEEL

NOZZLES QTY. SIZE - RATING - FACE

I. INLET - Ii

@ .2. OUTLET I

3. SAMPLE I

4. I
S.

e; i
7.

8....... 19.

10.

INTERNALS & ACCESSORIES:

1. BIN VIBRATOI_2. , //
3. /

/

4. _09 /

r6. , /_
/ _, 3)

/ _'
,, ,,,, , /

NOTES: ....... '
I

L J

I .......

G:BECKYWVP51 _EOUIP OSWO5405.RVA VESSEL



VESSEL
I I I I II I J i i I i i iii IIIIIIIIIII I I

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8
A Raytheon Company
Wm,m _ PROCESS CONDITIONS OF SERVICE V-05401 I OF I

CUSTOMER & LOCATION PROJECT UE&C JOB NO. I DATE: 12/30/93
I
i

DOE-RL WRAP FACILITY (s237.008
HANFORD, WA MODULE 2A i BY: DWC

ii lllllll i i i i i i , i i ll.i , llll i

REVISIONS A B , c D
(DATE & BY) E F G H

i .,ll | I i i i

SERVICE [NO. REQ'D.CONDENSATE RECEIVER I

PFDREF: H-2-140641
II [ [II ll[l] [ I I III I I

PROCESSCONDITIONS OF SERVICE

l, i i ii imml i

OPERATINGCONDITIONS: 1" Hg ABSOLUTE, 60°F i,i lllll ii, i i ,,,,

DESIGN CONDITIONS: 15 PSlG/FULL VACUUM, 450°F

MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL

CORROSION ALLOWANCE: NONE Jl,

l i i i i i i ,, iii

iH|i li,.H __ ii ,,

NOZZLES QTY. SIZE - RATING - FACE

I. GAS INLET I ..........

2. GAS OUTLb,'T 1

3. UOUID OUTLET 1
__

4. LEVELBRIDLE 2 .... _
5. 6" MESH...... -,.. _/ i _ ,
6. _AO
7. -'i

8.
ill

10.

1. VORTEX BREAKER
......... 24"t 0

2. MIST ELIMINATOR
3. INLET DEFLECTOR

4.
, j,

5. i
6.

' Ii
NOTES: 4 - , Y ,

,,,u, i _ /

' VCIIqTEX ___"r"

' ,....... '' B_EAKEt:::I (_3)

i ii lil iiiii II

G:BECKY_WP51_EQUIPDS\V05401.RVA VESSEL



MAT'L HANDLING & INTERNAL
TRANSPORT

PFD H-2-140644 SHT. 1



UNITED ENGINEERS i _rIHIPMr:NT n,&T_ cH=:=:'r
& CONBTRUCTORI I .......... ...i ,.,, ,,..__ ITEM NUMBER PAGE

I -,oc.sco,,o,,,o,,so,s,v,c, =.o8-,oo.,o,. , o,,- -:- i i i i [ .,i ,,,. ,i ,Hi ,i. ,. .... ,,,. • .... ,, ,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12105/93

DOE-RL WRAP FACILITY 6237.008 ..........
HANFORD, WA MODULE 2.8. BY: AJZ

,,i i i,,|l ,, ,,Hiii H, i i

REV,S,ONSA e ........... C ................. 0 .............
(DATE&.v) e F G H

H,i ,,i ,,,, • i i ,i ,i ,rl r H,,,,,,,,, ,, , i

SERVICE NO. REQ'O.

POWERED DRUM LIFT ................... 3.......

PFD REF: H-2-1404144
i i il i

PROCE88 CONOITION8 OF SERVICE
i Hi i ii , i Hi H H ii i ,, i H,,,, i ,i,, ,i,,,, ,,,,,, ill ,

APPLICATION: VERTICAL TRANiFER OF INCOMING UNIT LOAD8

UNIT LOAD D.ESCR,I.PTION: Ell AND 86 GALLON DRUMIi

UNIT LO,AD SIZE: 30" DIAM _ MAX!MUM X 40" HEIGHT MAXIMU M............................

..UN!T LOAD WEIGHT: 2_0OO Ul8 MAXIMU M ....................

LOCATION: ZONE, 2 PROCEII8 AREA AT DB.RIS. 8HR.ED SPECIA L WAS..TE AND ,PARTICULATE ENCLO,BURE AR.EA8 ..........

RATED CAPACITY: §,000 LB8 Hi ii i , , i ,

DUTY: I SHIFT/DAYr 175 DAYS/YEAR.30 YEARLIFE ,,
REPEATABILITY: ± 1/8 INCH

SPEED:, 30 VFPM MINIMUM .....

0.

!

|,,,

NOTES:

1. DRIVE IS TO BE ELECTRICAL OR PNEUMATIC.

G:_BECKY_WI_I _WIRAI_EM06101.RVO



"LUNc_n_'_:_(_ I DATA SHEET .......................................
EQUIPMENT ITEM NUMBER PAGE

AR,yme=tc_,1..v N I N FT-08-101

CES$ CODITO S OF SERVICE
CUSTOMER & LOCATION PROJECT UE&C JOB NO. ! DATE: 12/07/93

DOE-RL WRAP FACILITY B237.008
HANFORD. WA MODULE 2A BY: AJZ

REVISIONSL,A .... S ............. C , ,, I O
,DATE=BY) e , a .......... !,.. , ,,

I NO. REQ'D.SERVICE ELECTRICPOWEREDLIFT TRUCK Ir,., i i i i ,. i iiii i i i iii i i i ,ii i ,, i i i i ,i, i

PFDREF: , , H2-14(NI44- ,,,, ,, , , , ,..... , ,, , ,, f ,, .......

....... _ocus CoNDmoNsO_s_vice ......... .........
App..L!CATION: UNLOADING AND ...TRANS,FER OF EMPT_Y PRODUCT CONTAIN,ER8 AND CONTAINERIZED BULK MAT.,ER!ALS

UNIT LOA D DESCRIPTION: EE GALLON DRUMS AND EMPTY PRODUCT CONTAINER8 ...................

UNIT LOAD SIZE: ,V,ARIOU8 CONFIGURATIONS, MAXIMU M ENVELOPE 5' LONG X 5" WIDE, X 4' HIGH

UNI T LOAD WEIGHT: 21800 UMI MAXIMUM ......................

LOCATION: MOBILE UNIT SERVES NEW CONTAINER RECEIPT AND STORAGE, TRANSFER CORRIDOR AND NEW CONTAINER INFEED

AN D STAGING. TO PROCESS AND SAMPLING AREAS ...........................

RATED CAPACITY: .... 3,5.00 P:.I_...................

,|H i . i i, . m,, , i.,,, i . , i ,, i ,, , ,

,i ,,i, . H .,, , . |,. ,, .., , ,,,,, ,

i

, i i , , , ,,,,,. , ,,, m

,, ,.i . ,, .., i , ,,, i|, ,,., .,,, , ,i

,, i ,.|,, ,,,,, . ,, ,.,, ,,., =.,, '

, ,, ,. ,i ,,,, ,,,.,, , ,,,, ,'

, ,., , ., ,,,,,,, ,, ., ,, , , ,,,,, ,=,, ,,,, .,., , .,

, ,,. , .,, ., • , ,,, , .,,

..... .,, , ,

NOTES:

I. BATTERY CHANGER AND ASSOCIATED HANDLING EQUIPMENT IS REQUIRED.

2. TRUCK MANEUVERABILITY IS TO COMPLY WITH CLEARANCES PROVIDED ON CONTRACT GENERAL ARRANGEMENT DRAWINGS.

3. INCLUDES PALLET AND DRUM HANDLING ATTACHMENTS.

4. MINIMUM LIFT HEIGHT REQUIRED, 12'.

5. ATTACHMENTS FOR DRUM AND CONTAINER LIFTS REQUIRED.

G:_SECKYWVP51_WRAI_EMOe101.RV0



III I I I I II IIIli II I , IlLiiiiiiiimll I I I

UNITED [NGINEERII EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONB"mUCTOR8
A Roytheon Cm_p,ev
w.m,,, o,mmm L PROCESS CONDITIONS OF SERVICE LT-08-100, 103, 104, 106, I OF I

108, 109, 110

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/05193

DOE-RL WRAP FACILITY 6237.008 -'---" •
HANFORD, WA MODULE 2A BY: AJZ

mill |ll ,if j

REVISIONS A B C .... D

(DATE&BY) E , F l G H, ,m i i , m ..........

SERVICE NO. REQ'D.
ELECTRICALLY OPERATED LIFT TABLE 7

i i, i i, i i , , ,ll

PFD REF: H-2.140644
i ii l l i i ilillallli

PROCESSCONDmONS OF SERVICE
i i,H, iii i i, i i

APPLICATION: FINAL VERTICAL IN)smONING OF CONTAINERSTO PROCE,SB,ENCLOSURELOAD IN/LOAD OUT PORTS
UNIT LOAD DESCRIPTION: PRODUCT CONTAINER

,| ii i i ,,, ,

UNIT LOAD SIZE: L 4' X W 4' X H 4'

UNIT LOAD WEIGHT: 10,000 LBS

LOCATION: ENCLOSURECONTAINER LOADING PORTS/SAMPLEAREA CONTAINER PORT

_RATED CAPACITY: !§,000 LB8 .............

DUTY: 1 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR LIFE
LIFT TABLE TRAVEL REQM'rS.: 3(1"EXTENSION FROM FULL CLOSE

VERTICAL POSITION STABILr_/_EPEATABILITY: ± 1/8 INCH,i , i

HORIZONTAL POSITION STABILITY/REPEATABILITY: ± 118 INCH
A

i i

i

NOTES:

I. A REVERSIBLEPOWERED ROLLERCONVEYOR DECK IS TO BE PROVIDEDWITH T' F LIFT TABLE FORHORIZONTAL POSITIONING
AND TO FACILITATE ON LOAD/OFFLOAD OF UNIT LOADS.

2. LIFT TABLE IS TO HAVE LOCAL MANUAL CONTROLSAND LOCALPROGRAMMABLELOGIC CONTROLLER(PLC) SLAVEDTO PLANT
MANAGEMENT SYSTEM.

I

G:_,BECKYWVP_1_WI_,AP_EM061Ol.RVO



'' ' i IIIII I IIIII I I I

UN,;_ mGIN_RS EQUIPMENT DATA SHEET ITEMNUMBER& CONSTRUCTOR8 PAGE
A Ra1_lheonC_nv
Wu.m _ PROCESS CONDITIONS OF SERVICE LT-08-101, 102, 111, 112 1 OF 1

i i i i ii ,i i i|ll

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: '12/06/93

DOE-RL WRAP FACILITY 6237.008 .............
HANFORD, WA MODULE 2A BY: AJZ

i
I I ill

REVISIONS A 8 C D

(DATE&. BY) E F . G i , , H ,
SERVICE NO. REQ'D.

ELECTRICALLY OPERATED LIFT TABLE 4

_PFDREF:, H-,2,-140644
I I I II III I IIII

,, PROCESSCONDmON8 OF SERVICE ,

APPLICATION: -FINAL VER_CAL PosmoN.,QoF CONTAINER8 TO,PROCESS _';;CLO8URELOAD IN/LOAD OUT PORTSi |,ll i,

UNIT LOAD DESCRII_"I"ION: §§ AND aS _nA._ON DRUM8

UNIT LOAD SIZE: USE 30" DIAMETER X 36" HBGHT

UNIT LO.AOWEIGHT: 2,000 za.i MAXIMU.U
i

LOCATION: ENCLOSUREDRUM LOADING PORT

RATED CAPACITY: 3.000 LII8

DUTY: 1 8HIFT/OAY. 175 DAYB/YEARo30 YEAR LIFE ,ll

LIFT TABLE TRAVEL REQMTS.: 3(1" EXTENSION FROM FULL CLOSE
r ,i ,

VERTICAL POS!TION STABILITY/REPEATABILITY: ± 118 INCH
i i

HORIZONTAL POSITION STABILITY/REPEATABILrTY: ± 1/8 INCH
mm H|

,.|
i

H| , i
,,,

.H ,., i

,

,. ,|

NOTES:

I. A REVERSIBLEPOWEREDROLLERCONVEYOR DECK IS TO BEPROVIDEDWITH THE LIFTTABLE FOR HORIZONTAL POSITIONING
AND TO FACILITATE ON LOAD/OFFLOAD OF UNIT LOADS.

2. LIFT TABLE IS TO HAVE LOCAL MANUAL CONTROLS AND LOCAL PROGRAMMABLELOGIC CONTROLLER (PLC) SLAVED TO PLANTPC's MANAGEMENT SYSTEM.

G:XERCKY_WI_1_WRAP_EMOe101.RVO



UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Ra,eU_on ccmD,,,v PROCESS CONDITIONS OF SERVICE TC-08-100 I OF Iw_em

l,

CUSTOMER & LOCATION PROJECT UE&C JOB NO. i DATE: 12/05/83
!

DOE-RL WRAP FACILITY 6237.008 i
HANFORD, WA MODULE 2A BY: AJZ

REVISIONS A e . C D
(DATE & BY) E F G H

SERVICE NO. REQ'D.
POWERED TRANSFER CART 1

PFD REF: H.2-140(144

PROCE88 CONDITIONS OF SERVICE
i i

APPLICATION: TRAN8FERWASTE DRUM8 (FULL AND EMPTY) BETWEENPflOCES8 ZONE 1 ENCLOSURE8i|l i i

UNIT LOAD DESCRIPTION: §5 ANO 88 GALLON DRUM8

UNIT LOAO SIZE: 30" DIAMETER MAXIMUM X 40" HBGHT MAXIMUM

UNIT LOAD WEIGHT: 2,000 LB8 MAXIMUM

LOCATION: PROCES8AREA BETWEENENCLOSURESii i

RATED CAPACITY: 3,000 LB8

DUTY: 1 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR LIFE
REPEATABILITY: ± 1/8 INCH
i i

SPEED: 30 FPM

bHI ill

NOTES:

1. DRIVE IS TO BE ELECTRICALORPNEUMATIC.

G:_BECKY_WP51_WRAI_EM06101.RVO



i I

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS
A Raytheon Compmv
w,,m, qm, w,m PROCESS CONDITIONS OF SERVICE CL-08-100, 101 I OF I '

i
l

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/06/d3

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: AJZ

ml

REVISIONS A .... B C D

(DATE & BY) E F G H

SERVICE NO. REQ'D.
POWERED CONTAINER LIFT 2

PFD REF: H.2.140644

PROCESSCONDmONS OF 8ERVlCEi

APPLICATION: VERTICAL TRANSFER COMPACTED DRUM AND SPECIAL WASTE BOTTLE8 LOADOUT CONTAINER
UNIT LOAD DESCRIPTION: NEW PflODUCT CONTAINER

i i

UNIT LOAD SIZE: L4" XW4"XH4"
i i

UNIT LOAD WEIGHT: 5,000 Lil8 (ESTIMATED MAXIMUM)
i

LOCATION: ZONE 2 PROCE88 AREA AT DRUM COMPACTOR AND AT SPECIALWASTE EXIT PORT

RATED CAPACITY: 7,500 LB8

DUTY: 1 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR UFE

REPEATABILITY: + I/8 INCH

SPEED: 30 VFPM MINIMUM
i

TRAVEL REQUIREMENTS: GRADETO +3E'

i i

ill i

NOTES:

1. DRIVE IS TO BE ELECTRICALOR PNEUMATIC.

G:XBECKY_WP51XWRAF_EMO_10I.RVO



SPECIAL WASTE TREATMENT
PFD H-2-140649 SHT. 1



MANIPULATOR
II

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A Raymeon c_mp,,,v PROCESS CONDITIONS OF SERVICE EM-06-101 I OF I
w_m

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 09/24/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: TWN

REVISIONS A 11/16/93 TWN B 12/27/93 TWN C D .
(DATE & BY) E F G Hm •

SERVICE NO. REQ'D.
SORTING MANIPULATOR I

PFD REF: H-2-140_L_.9
I III I

PROCESSCONDITIONS OF SERVICE

APPLICATION: REMOV.A.I_ OF ITEMS FROM DRUMS, REMOTE WASTE SORTING, TRANSFEROF ITEMS WITHIN ENCLOSURE

UNIT LOAD DESCRIPTION: PACKETEDW.A._aTE(BOTT__FS,FLASKS, BRICKS, ETC,)

UNIT LOAD SIZE: 10" X B" X 28" MAXIMUMi

UNIT LOAD WEIGHT: 60 LIL__MAXIMUM

LOCATION: INSIDE SPE___A.LWASTE ENCLOSURE

RATED CAPACITY: 60 l_-°-_"_-AT FULLEXTENSION

DUTY: 1 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR LIFE
END EFFECTOR: REIMAL'_Am F TOOLS ( GRASPINGDEVICES, RAKE, SCOOP, ELECTRICKNIFE )

NOTES:

1. MUST BEABLE TO GRASP CONTAINERSFROM 22 ML GLASS VIALS TO 1 LITER GLASS BOTTLESWITHOUT CAUSING BREAKAGE,

t I I IJ

G:BECKY_WI:'51_DATASHT_EMO6101.RVA . MANIPULATOR



SORTING TABLE
II

u_,,w fNGINu.S EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONSTRUCTOR8
A Raytheon c_my
W,_,,,, Opmmm PROCESS CONDITIONS OF SERVICE ST-06-101 I OF I

i i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 09/26/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: TWN

REVISIONS A 11117/93 TWN B 12/27/93 TWN C D

(DATE & BY) E F G H
• I[

SERVICE NO. REQ'D.
SORTING TABLE 1

PFD REF: H-2-14(HI49
II

PROCESS CONDITIONS OF SERVICE

APPLICATION: WORK TABLE FORWASTE SORTING AND MECHANISM TO ALLOW DIRECT FEEDING OF SHREDDER

UNIT LOAO DESCRIPTION: RADIOACTIVE MIXED WASTE FROM 55 GALLON DRUMS
UNIT LOAD SIZE: 7.4 CU.FT. MAXIMUM

i i

UNIT LOAD WEIGHT: 2,000 LB8 MAXIMUM

LOCATION: INSIDE SPECIAL WASTE ENCLOSURE

THROUGHPUT: 2 DRUMS/SHIFT

DUTY: 1 SHIFT/DAY, 175 DAYS/YEAR, 30 YEAR LIFE

CONSTRUCTION: 304 88

SPECIAL FEATURES:

1. THE TABLE 18TO BE CONSTRUCTED WITH A LIP TO CONTAIN LIQUIDS AND LOOSESOLIDS.

2. A MECHANISM 18TO BEPROVIDED TO TRANSFER WASTE FROM THE TABLE TO THE SHREDOERFEED HOPPER.

NOTES:

G:BECKY_WP51_DATASHT_STOO101.RVA SORTING TABLE



HEATER
ii III

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8

A Raytheon _mpmy PROCESS CONDITIONS OF SERVICE H-06-201 1 OF 1w=m=mO_mek_

m ,=

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 08/26/93

DOE-RL WRAP FACILITY 6237.008
MODULE 2A BY: TWNHANFORD, WA

i i

REVISIONS _. 11117193 TWN B 12127193 TWN C 2/23/94 TWN D

(DATE&BY) lie F G H
SERVICE NO. REQ'D.

MERCURY EVAPORATOR 1
i

PFD REF: H-2-140649 ,,

PROCESSCONDmONS OF SERVICEi, ii i

TYPE OF EQUIPMENT: DOUBLE-CONE,ROTATING VACUUM DRYER

MATERIAL TO BETREATED: SHREDDEDHETEROGENEOUSSOLIDS CONTAINING ELEMENTALMERCURYAND MERCURY COMPOUNDS
ALSO MAY INCLUDE PAPER, GLASS, METAL, WATER AND INERT MATERIAL. MAXIMUM PARTICLESIZE 18 1/2". WATER CONTENT IS
APPROXIMATELY 10% BY WEIGHT. ELEMENTALMERCURY CONTENT IS LESSTHAN 1% BY WEIGHT.

OPERATING PHILOSOPHY: OPERATION WILL BEONE BATCH PERDAY. OPERATION WILL INCLUDE HEATING, EVAPORATION AND
COOL-DOWN CYCLES. DURING THE HEATING CYCLE (APPROXIMATELY 2 HOURS), THE PRESSUREWILL BE REDUCED TO 1" HG ABS.
AND THE TEMPERATURE INCREASED TO 450°F. DURING THE EVAPORATION CYCLE (APPROXIMATELY4 HOURS), THE TEMPERATURE
WILL BEHELD AT 450°1:. DURING THE COOL-DOWN CYCLE (APPROXIMATELY 16 HOURS), THE PRESSUREWILL BEINCREASED TO
ATMOSPHERIC AND THE TEMPERATUREWILL BEREDUCEDTO 120°F. NITROGEN PURGEGAS WILL BEUSED TO PREVENT A
FLAMMABLE GAS MIXTURE, REMOVE WATER AND MERCURY VAPORS, AND PROVIDECOOLING.

CONTROLS: A PROGRAMMABLE LOGIC CONTROLLERTO BEPROVIDED TO CONTROLTEMPERATURE,PRESSUREAND NITROGEN
PURGE GAS FLOWRATEDURING COMPLETE CYCLEOF OPERATION. ,
HEAT INPUT: HEAT INPUT TO BE PROVIDED BY ELECTRICHEATING ELEMENTSON THE SHELLOF THE EVAPORATOR. MAXIMUM
SHELLTEMPERATURENOT TO EXCEED550°F.

DESIGN DUTY: 66,000 BTU/HR

DESIGN CONDITIONS: FULL VACUUM/15 PSlG, 600°F. i

DESIGN CAPACITY: 460 LB, 13 CU. FT. PEH BATCH

MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL

i ii

NOZZLES QTY. SIZE- RATING - FACE,,,,,

1. SOLIDS INLET 1

2. SOLIDS DISCHARGE 1

3. NITROGENINLET 1 1" - 150 - RFi

4. GAS OUTLET I 2" - 150 - RF

5. PRESSURERELIEF 1 150 - RF
6.

i.,,.7., FILTER ._--- GEARREDUCTION

INTERNALS&ACCESSORIES: 0 ' __"

MOTOR/--

1 OFF-GASFILTER Q t

3.

G:\BECKY\WP51\EQUIP_DS\H06201 .RVC HEATER



SHREDDER
i l ill i

UNiwrJJENGINi_8 EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8
A Ra_hem

o_,mm PROCESS CONDITIONS OF SERVICE SH-06-101 I OF I

i|i, i
i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 09/26/93

DOE-RL WRAP FACILITY 0237.008 '
HANFORD, WA MODULE ZA BY: TWN

i ii • ,' J i

REVISIONS A 11/17/93 TWN S 12/27/93 TWN C Dl l,i i i

(DATE & BY) E F G H

SERVICE NO. REQ'D.
SHREDOER 1

PFO REF: H-2-140e49

L I_OCESS CONDmONS OF SERVICE
ill i

APPLICATION: SIZE REDUCTION OF RADIOACTIVEMIXED W.A,_ITEHETEROGENEOUSOVERSII_'D_SOLIDS

UNIT LOAD DESCRIPTION: RADIOACTIVE MIXIng_WASTE FROM SiSGALLON DRUMS i

UNIT LOAD SIZE: 7.4 CU.FT. MAXIMUM
UNIT LOAOWEIGHT: 2,000 LB8 MAXIMUM

LOCATION: INSIDE 8PECtAL WASTE ENCLOSURE
ii

FEEDHOPPERCAPACITY: 15 CU.FT.

THROUGHPUT: 11.2 CU.FT./BHIFTi

FEEDWASTE DESCRIPTION: O.E" THICK METAL, WOOD, PAPER, PLASTIC

FEEDWASTE DENSITY: 30 TO 130 LBB./CU.FT.

SHREDDEDPRODUCT SIZE: 1/2" NOMINAL i

DUTY: 1 BHIFT/I)AY, 175 DAYS/YEAR, 30 YEAR UFE

MATERIALS OF CONSTRUCTION: 304 STAINLESSSTEEL,HARDENED STEEL SHREDDERTEETH

i

i i
ii

i

i

i
i ii

NOTES:

1. SHREDDERAND FEED HOPPERWILL HAVE PROVISIONS (E.G., CONNECTIONS FORINERT GAS) FORPURGING TO PREVENT ANY
COMBUSTIBLESPRESENT FROM BURNING. HOPPERWILL HAVE AN INLET DOOR TO MINIMIZE INERTGAS REQUIREMENTS. DOOR
WILL BE CLOSED AND SHREDDERAND HOPPERPURGEDONLY IF COMBUSTIBLESARE PRESENT.

G:BECKY_VMI_ 1 \DATASHT_SHO6101 .RVA SHREDDER



SPECIAL WASTE TREATMENT
PFD H-2-140650 SHT. 1



MISCELLANEOUS
i I il i i i i i i i illll llllll i il llll i ,ll, i i] iHlili

UNITEDENGINEERS EQUIPMENT DATA SHEET ITEMNUMBER PAGE& CONaTRUCTOR8
A R.Vlheon co.1.ev
W,,m, O_mm, _FIOCESS CONDITIONS OF SERVICE XX-06-205 1 OF 1

-CUSTOMER & LOCATION_ UE&C JOB NO. DATE: 09/27/93

DOE-RL WRAP FACILITY s237.008 "- "-
HANFORD, WA MODULE 2A BY: TWN

REVISIONS A 11/!7/93 TWN B............12/27/93 , TWN C D
(DATE & BY) E F G H

, ii

SERVICE NO. REQ'D.
AUTOTITRATOR PACKAGE S ...........

•PFD REF: H-2-140e_O
i II i lili i i ill II I i

PROCESSCONDITIONs OF SERVICE

APPLICATION: PROVIDEAUTOTITRATOR8 AND NECESSARYA880CIATED LABORATORY EQUIPMENT TO REMOTELYCONTROL
DEACTIVATION REACTIONS,,fAClD/IIABE NEUTRAUZATIONTOXIDATION/REDUCTION REACTIONSI.
INCLUDES(BUT NOT LIMITED TO):

a. AUTOTITRATOR CONTROLLER$
b. ELECTROOE8FOR pH, OXIDATION/REDUCTION POTENTIAL (ORP),AND TEMPERATURE
©. IqBTON BURETTE8 OR OTHER DEVICE8 FORPUMPING AND CONTROLLING FLOW OF LIQUID8 FROM BOTTLES
d. MIXERB

, ,. ,,,=, , , ,,,, ,

LOCATION: OUTSIDE 8PECIAL WABTE ENCLOSURE . ,,.

DUTY: 1 SHIFT/DAY, 175 DAYB/YEAR_ 30 YEAR LIFE i

m i

| ....

, ,,,= ...

,.., , ,. ,, . ,, ,,..,.

,.., =,.

, ,,.,,,,

.., .,,,,

m-- __

,,. ,,,

G:BECKY_WP51 _DATASHT_XX0620_.RVA MISCELLANEOUS



VESSEL
, i ,1 ,IIIH, I1 i I1_111111I II IIIIIIII I iiiiiiiiii i iii ]1 i i i i ii jj[

UNITED ENOINEERll EQUIPMENT DATA SHEET ITEM NUMBER PAGE
• CONllTRUCTORll j
A Raytheon Co,,p,,v
_&,l _ PROCESS CONDITIONS OF SERVICE V-06-202 1 OF 1

immii,im

CUSTOMER & LOCATION PROJECT UE&C JOE NO. DATE: 09/26/93
6237.008

DOE-RL WRAP FACILITY
HANFORD, WA MODULE 2A BY: TWN

_, i ii ,ml r i l l lll i i lllll ii

REVISIONS A 11/16193 TWN B C ....... O

(DATE & BY) E F G Hi i i i, , i i

SERVICE NO. REQ'D.
_ MERCURY DECANT VESSEL ........ 1 .........

PFDREF:..2.140,,0-- IIIIIIII I II II I dill I I I Illllll I

...................... eeoc,sCONOmON,SOFsmvlce
H i HIHll I I I,I I, I, I I l l,lll I

OPERATING CONDITIONS: 1" HG ABll. TO, +5" W.C,, 42°F TO 120°F ............................

OES,IGN CONDITIONS: ,FULL,vacuu M TO I s PSIG,,,,SOO°F ......

MATERIALS OF CONSTRUCT!ON: 304 STAINLESSSTEEL , , ,

_CORROSION ALLOWANCE: NONE ...........

-- ,, H , ill ii i , i i ,,,

_ NOZZL,E,,S ,,QTY. r SIZE- RATING- FACE

1. _s ,NLrr 1 ='. 1so.R_
_2. GAll OUTLET ! 2" - 150- RF

3. M.ERCURYOUTL 1 • 1"- 150- RF

4. WATBOUTLET 1 1"-,50.R, (_)
10" ID

-S. ............... __

__. , "_'!
8, ,,, ill

S. 36"
10.

_ INTERNALS & ACCESSORIES: - ]

1. ....
2.

_4o i

NOTES:

-- , ,

-- ,,, ,,

, ,,

-- ,

G:BIECKYWVP51\DATASHTWO6202.RVA VESSEL



MISCELLANEOUS
I I III II II I [H fNll I II II , IH, , ,,H,,, L , ,u, ,

UNITEDENGINEERS EQUIPMENT DATA SHEET iTEMNUMBER PAGE& CONBTRUCTOI_
A R,ytheon Cmm,_
wire _ PROCESS CONDITIONS OF SERVICE XX.06-206 1 OF 1

re,m=..... mm_m

CUSTOMER & LOCATION : PROJECT UE&C JOB NO. DATE: 12/27/93
'i

_E-RL I WRAPFACILITY IZ37._B
HANFORD, WA MODULE 2A ilv: TWN

ll[i II (,1El I 11,1, ii iiiiii i iJ11Elllli i 111 i

REVISIONS A ...... B , C ......... D .

(DATE & BY) E F G H
H i i i ,i i L JH ii Hi,i

SERVICE NO. REQ'D.
IO N EXCHANGE COLUM N .... 1 ...........

P_oeEFi N.2.14o_oI III III II I I[I I I II I llllUlll [I II I II

....... ImOCESS CONDITIONS OF 8ERVI,CE............................

APPLICATION: TO REMOVE DUiOLVED ELEMENTALMERCURY AND MERCURY COMPOUND= FROM WATER RECOVEREDFROM
MERCURY EVAPORATOR _TION. ............

DESIGN FLOWRATE: 1.0, GPM .....

LOCATION: OUTSIDE SPECIALWASTE ENCLOSURE ........................

H , ,,,, i H IH,, ,

, ,,H ,,,n,i i i i

innll i n, i i, ,

i , i i i i ii i i ,,,,

,i i i i i ,,n

ii inlml i i i | n , iii I

G:BECKY_WI_ I _DATASHT_XXO_ 20_.RVA MISCELLANEOUS



SPECIAL WASTE OFF-GAS DIAGRAM
PFD H-2-140651 SHT. 1



VESSEL
,, ,,, ,, |,, -- l]iIII i _ , ,,,i L , ........

UNn_S_--SUGC_ I EQUIPMENT DATA SHEET ,TEM NUMBER PAGE

A Mi1_cm C_ I R
_a_ne__ PROCESS CONDITIONS OF SE VICE V-06-301 I OF I

_OJ_C'_T _ ' -CUSTOMER & LOCATION UE&C JOB NO. DATE: 09126/93

DOE.RL WRAP FACILITY 6237.008 ........

HANFORD, WA MODULE 2A BY: TWN
IL .L i im ....

REVISIONS A 11116/93 TWN B ............ C ...... O ........
(DATE & BY) E F G H _ _

SERVICE NO. REQ'D.
, CHEM!CALSCRUBBER ................... ! .......... - -

PFD REF: H-l-140411Sl
IIIIII IIIII El II III I IIIIIIIIIIII III I I I III I -

.................. _oc.s CON0mONSOFS_V,CE ..........
|N i H,H,, I I I I , ,,, ,,, "',,ll I , I,,, I I

OPERATING CONDITIONS: 1" W.C. VACUUM f 70°F ....................

D,,ESIGNCONDITIONS: lS PSIGr 2OO°F .................

MATERIALS OF CONSTRUCTION: 304 IITAINLE88 STEEL ...........................
CORROSION ALLOWANCE: NONE

,| _ i , _ i i , roll , , =, ,, , , ,, ' ' "'

i i i ,iiiiii nmlli iiii iiiiiiii iml iii ii i

iiii m IIIII immlmii I I iii i llllmlll ii ii iii --

NOZZLES QTY. SIZE - RATING - FACE
i_

I. G/mk8IN,LET I ........I1"- 150 - RF

3. UOUID INLET 1 1.1t" - 1SO-MF

4" U(:IUIID OUTLET 1 1.5" - 150 -RF

•7" . /N

8. ,, ' _

9. . ..... i_, 1

10. i , i 15H

I

INTERNALS & ACCESSmOIRIE s: ......... -- ) _ 72" !

1. MIST EUMINATOfl ,,1 __'_ il j
2. PACKING: 15" STRUCTURED 304 $8

3. MOULDDI$TRIBUTER "la'$0

4. INLET DEFLECTOR I
m, ,, , , , ,,

I

5. LIQUID DRAWOFF i

6.

........ - @t---7 ,I, , , ,, , , , , =,, l
l

NOTES:
o

,, ,, ,,

,, ,,, , ,, m

& .....

G:BECKY_WP_I_,OATASHT_V06301.RVA VESSEL



OVERALL PLANT WATER BALANCE
BFD H-2-140657 SHT. 1



VESSEL

uNrm) ENGINmW EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTORS

A RaythecmC_,,_ PROCESS CONDITIONS OF SERVICE T-07-101A,B 1 OF 1W_m oNmm_m

i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12/30/93

DOE-RL WRAP FACILITY 0237.o08
HANFORD, WA MODULE 2A BY: DWC

REVISIONS A B C "D
(DATE & BY) E F G H

S_RVICE I NO. REQ'D. ,
NON-ACTIVE WASTE COLLECTION TANKS I 2

PFO REF: H-2-1401157

PROCESSCONDmON8 OF SERVICE

WORKING CAPACITY: 3000 GALLON8 EACH

OPERATING CONOITIONS: 1" W.C. VACUUM, 70OF

DESIGN CONDITIONS: 15 PBIG/S"WC Vec., 150°F

MATERIALS OF CONSTRUCTION: CARBONSTEEL

CORROSION ALLOWANCE: 1/4"
i

NOZZLES QTY. SIZE - RATING - FACE

1. WATER INLET 1
i

QQG3. WATER OUTLET 1

4. LEVEL BRIDLE 2

5. SAMPLE I

a. p. _o.._...__E 1 /'Th _i
7. VENT 1 i

8. CHEM INLET I Q _ i
9. PROC. WATER 1 i

10. RECYCLE I (_4 ) _--"

INTERNALS & ACCESSORIES: 7-0 DfA

1. VORTEX BREAKER _ _ 12-0 T/T

2.

@t-

6. Q !,I

NOTES:,
,,,

VORTEX

.... BREAKER _)

G:BECKY_WI:_ 1_EQU1P_DS_T0710AB,RVA VESSEL



VESSEL
I ii

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE
& CONSTRUCTOR8

A Raytheon Comp,nV PROCESS CONDITIONS OF SERVICE T-07-201 A&B I OF I

I i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE: 12130193 ,

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: DWC

i

REVISIONS A 2118194 DWC B I C I I D(DATE & BY) E .... F , G H
SERVICE NO. REQ'D.

ACTIVE WASTE COLLI_CTION TANK i 2

PFD REF: H-2.140657

PROCESS CONDmONS OF SERVICE
i i

WORKING CAPACITY: 7,500 GALLONS

OPERATINGCONDITIONS: 1" W.C. VACUUM, 70°1=

DESIGN CONDITIONS: 15 PSIG/6" WC Vac., 150°F

MATERIALS OF CONSTRUCTION: 304 STAINLESS STEEL

CORROSION ALLOWANCE: NONE

NOZZLES QTY. SIZE- RATING - FACE

I. WATER INLET I ....

2. MIXER 1 (_ (_3. WATER OUTLET I (_

4. LEVEL BRIDLE 2 T

5. SAMPLE 1 __'- -__
6. PROC. WATER 1 ' _[

7. RECYCLE 1 -'_

8. AIRINLET 1 Q [--
9. VENT OUTLET I I

,o ,
16'-0" T/l"

INTERNALS & ACCESSORIES: 9'-0" DIA. ,

1. VORTEX BREAKER _ v

QI-

5. [

VORTEX

NOTES: BREAKER

i

G:BECKY_WP51\EQUIP_DS_T07201.RVA VESSEL



VESSEL
i i

UNITED ENGINEERS EQUIPMENT DATA SHEET ITEM NUMBER PAGE& CONSTRUCTOR8

A Raytheon _ PROCESS CONDITIONS OF SERVICE T-07-202 I OF Iwm_m oNm_m

CUSTOMER & LOCATION PRCJECT UE&C JOB NO. DATE: 12/30/93

DOE-RL WRAP FACILITY 6237.008
HANFORD, WA MODULE 2A BY: DWC

REVISIONS A 2/28/94 DWC B C D

(DATE & BY) E F G H ,,m,

SERVICE NO. REO'D.
TREATED ACTIVE WASTE TANK I ,,

PFD REF: H-2-140657
I

PROCESSCONDITIONS OF SERVICE

WORKING CAPACITY: 7,500 GALLONS

OPERATINGCONDITIONS: 1" W.C. VACUUM, 70°I=

DESIGN CONDITIONS: 15 PSIG/5" WC Vat., 150°F

MATERIALS OF CONSTRUCTION: 304 STAINLESSSTEEL

CORROSION ALLOWANCE: NONE

ii

NOZZLES OTY. SIZE- RATING - FACE
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1.0 OBJECTIVE

1. The objective of this study is to evaluate the Open, Sort and Size Reduction facilities
within WRAP 2A such that the optimum processes and equipment can be established
on which Title I design can proceed. (Reference 1).

1.1 Scope

1. The scope of this study is to evaluate those areas of the Open, Sort and Size Reduction
processes and equipment for which potential risk or uncertainty exists within the
Conceptual Design Report (CDR) baseline design (Reference 2). Specific areas of study
(Reference 1) are listed as follows:

a. Shredded waste size control

b. Shredder power requirements

c. Dust control and hazards

d. Shredder installation

e. Single route for shredded and non-shredded wastes

f. Process routes for empty drums

g. Process routes for 85 gallon drums containing absorbent

h. Process routes for immobilized waste and supercompacted drums

j. Waste entry into enclosures

k. Impact of anti-floatation devices

I. Drum entry enclosu, e arrangement

2. The study will identify the possible alternatives for the above areas of uncertainty, and
systematically evaluate these taking into account cost/benefit,
maintenance/replacement, airborne particulate abatement, confinement enclosure design
and waste form size reduction requirements/size grading.

3. The open and sorting equipment proposed for WRAP 2A is based on similar equipment
used in WRAP I. This equipment is currently at Title II design and sufficient confidence
exists such that re-evaluation is not considered necessary as part of the WRAP 2A
ACDR.

4. This study will not evaluate processes or equipment within the Box Breakdown area, or
the Special Waste Process Enclosure.

Study 1604-5 Open/Sort/Size ReductionEvaluation- WRAPO2§8
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1.2 Background

1. In June 1992 UE&C prepared the CDR for WRAP 2A (Reference 2). The CDR identified
the requirement for processes and equipment to Open, Sort and Size Reduce/Process
drums and boxes of waste entering the facility and repack this waste into new drums
for immobilization in either a grout or polymer matrix. The CDR baseline design defined
a Size Reduction Repecking area within WRAP 2A in which these operations were to be
carried out.

I

2. The CDR basoline design identifies the requirement for two separate enclosures within
the Size Reduction and Repacking area:

a. Size Reduction and Repack enclosure

b. Sludge Repack enclosure

The Size Reduction and Repack enclosure is intended to deal with the bulk of the dry
active wastes entering the facility via one of two processing lines within the enclosure.
Large items of dry active waste will be shredded in the Shredding Line to a size which
is suitable for immobilization using vibro encapsulation techniques. Materials such as
soils and ash will be directly repacked into new drums in the Direct Repack line. The
two lines utilize a common vibrating table and weigh hopper system to load waste into
new drums. An illustration of the CDR baseline design Size Reduction and Repack
enclosure is shown in Appendix A Sheet 1.1.

Waste forms which are sludge like in nature will be dealt with in the Sludge Repack
enclosure in order to homogenize, pretreat and meter the sludge into new drums.
Uncertainties identified in the CDR, relating to the Sludge Repack equipment are
addressed in the Sludg_ Repack Study (Reference 3).

The feedstreams that are to be routed through the shredder of the Size Reduction and
Repack line are discussed in Section 5.1.2.

3. The CDR review identified uncertainties in some of the open, sort and size reduction
processes and equipment, associated with the Size Reduction and Repack enclosure, for
which further investigation is required to confirm their suitability or establish alternative
methods. The ACDR will address these issues and establish an optimum baseline design
on which Title I design can proceed.

4. The following CDR design review comments will be addressed in this study
(Reference 1 ):

Comment # Comment

3 Identify method of checking the size of shredded material.

10 Investigate methods of segregating empty containers that do
not require shredding/treatment before disposal.

S'tudy 1604-5 Open/Sort/Size ReductionEvaluation- WRAPO258
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66 Investigate deletion of the sorting operation to segregate
shredder/non-shredder waste and therefore eliminate a sort
table and manipulator.

67 Investigate relocation of the Pug Mill to the deleted sort table
position and therefore use the drum entry/transfer equipment
as a combined function.

96 Define procedure for handling 85 gallon drums containing
absorbent.

102 Evaluate the method of fitting anti-floatation devices to ensure
that waste processing is not impaired. Review the
requirement for anti-floatation devices.

122 Identify the method of sampling/disposal of absorbent in 85
gallon overpack drums.

200 Define methods of shredding drums containing immobilized
waste and drums that have been supercompacted.

294 Consider methods for reducing airborne particulates during the
shredding processes -containment should be incorporated into
the shredder specification as a functional requirement.

5. The following CDR uncertainties will be addressed by this study (Reference 2):

a. The ability to produce a targeted waste form size of 2" x 2" x 2" for such a wide
variety of wastes.

b. Capacity (HP) of the shredding equipment required to shred incoming waste.

c. The general safe operation of shredders in an active environment (i.e. dust
generation, fire explosion, requirement for inerting etc.).

d. Integration of shredders into an active process enclosure (engineering, maintenance,
decontaminating etc.).

1.3 Purpose and Need

1. The purpose is to define a system which resolves uncertainties identified in the CDR and
CDR review comments to ensure that the processes and equipment specified will
achieve the required FDC in-a cost effective way.

2. The study is needed to determine the optimum processes and equipment for the Open,
Sort and Size Reduction area, on which Title I design can proceed.

p,r I|11 I
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2.0 SUMMARY

1. This study evaluates those areas of the Open, Sort and Size Reduction processes and
equipment for which potential risk or uncertainty exists within the CDR baseline design.
The study identifies the possible alternative processes and equipment for the Open, Sort
and Size Reduction area and systematically evaluates these taking into account safety,
plant throughput, operations & maintenance, demonstrated technology/development
requirements, flexibility, equipment cost, equipment procurement schedule, waste
minimization & secondary waste generation.

2. Specific areas of study are listed as follows: ....

a. Shredded waste size control

b. Shredder power requirements

c. Dust control and hazards

d. Shredder installation

e. Single route for shredded and non-shredded wastes

f. Process routes for empty drums

g. Process routes for 85 gallon drums containing absorbent

h. Process routes for immobilized waste and supercompacted drums

j. Waste entry into enclosures

k. Impact of anti-floatation devices

I. Drum entry enclosure arrangement

3. Results of the study confirm the existing baseline CDR design with some minor design
and process modifications. A summary of the study recommended design solutions to
the individual areas of study is given in Table 2.1. Specific conclusions and
recommendations of the individual assessments listed above are given in section 3.0.
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TABLE 2.1
SUMM_RY OF STUDY FINDINGS

II I III III II I II I I III I II I

Area of Study Recommended Design Solution
I I II I I I I I II IIII IIII I I I1_111 III I

Shredded Waste Size Control Two Shredders in Series.
No Sorting of Shredded Waste.
No Screening of Shredded Waste.

r i iii i i i i i

Shredder Power Requirements Hydraulic: 200 liP Coarse Shredder
150 HP Fine Shredder

Electric • 80 HP Coarse Shredder
40 HP Fine Shredder

ii i i ii

Dust Control and Hazards Sliding Hatch Over Shredders.
Local Ventilation at Shredders.
Inert Shredders.

i ii ii i

Shredder Installation Shredder Housing to be glovebox ,_
containment.
Shredders Positioned Vertically in Line with
Each Other.

i i i

Single Route for Shredded and Non Direct Repack Waste which does Not require
Shredded Waste Shredding.

Shred Waste which requires Shredding.

Process Routes for Empty Drums Compact Empty Drums.
i i

Process Routes for 85 gallon Drums Open, Size Reduce and Repack in the Box
Containing Absorbent Breakdown Cell.

i iii |.11

Process Routes for Immobilized Waste Size Reduce and Repack in the Box
and Supercompacted Drums Breakdown Cell.

Waste Entry into Enclosures Transfer Full Drums of Waste into

Containment using Simple Double Lidding
Systems.

,i i i i i i

Impact of Anti-Floatation Devices Fit Anti-Floatation Device to Drum Before
Dispatch to Size Reduction Enclosure.

i i

Enclosure Entry Systems Each of the Size Reduction, Sludge Repack
and Special Waste Lines has its own Separate
Entry Enclosure.

I
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Shredded Waste Size Control i
i

1. Conclusions

a. Two shredders in series with visual inspection of waste after Shredding to confirm
the shredded waste is within an acceptable size for vibro encapsulation represents
the most suitable equipment arrangement to size reduce WRAP 2A wastes. Prior
to shredding an initial screening of the waste will be carried out on the sorting table
to remove any items which are unsuitable for shredding, no mechanical screening
or sorting of the waste should be carried out after shredding. Discussions with
shredder vendors indicates that this type of shredder arrangement will size reduce
the majority of WRAP 2A wastes. Unshreddable items which are not identified and
removed while the waste is on the sorting table, will stall but not damage the
shredders. It is not possible to guarantee that all wastes will be size reduced to less
than 2"x2"x2" maximum, however discussion with vendors indicate that a two

stage shredding operation will size reduce the majority of waste into individual
pieces which are in the order of 2"x2"x2". Soft materials such as plastic sheeting,
suits etc will stretch and tear during the shredding operation and will be the least
likely material to shred to the target size of 2"x2"x2".

b. Shredded waste from the Open, Sort and Size Reduction enclosure is encapsulated
in WRAP 2A using vibro-mixing techniques. BNFL experience in the UK suggests
that when encapsulating solid materials in 8 free flowing grout, the maximum size
of the waste that can be satisfactorily encapsulated is bounded by the physical size
of the container in which the waste and grout is to be mixed.

2. ReGommendations

a. The WRAP 2A Title I design should incorporate two shredders in series to size
reduce WRAP 2A wastes. This shredder arrangement will size reduce waste into
individual pieces in the order of 2"x2"x2". Screening or sorting of the size reduced
waste will not be necessary unless the shredded waste size of 2"x2"x2" maximum
is a mandatory requirement.

b. The shredded waste size is not constrained to an upper size of 2"x2"x2" maximum.
Any physical constraints on the shredded waste should be specified by the grout
or polymer vibro-mixing processes.

3.2 Shredder Power Requirements

1. Conclusions

a. Several companies manufacture shredders for size reduction of waste material.
Shredder selection is based on the characteristics of the waste to be shredded and

the degree of size reduction required.

. ii illl
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b. A Shredding system similar to that proposed for WRAP 2A has been designed and
built by the Stock Equipment Company to process waste at the Perry Nuclear Power
Plant in Ohio, this system uses Shred Pax 40 HP electrically driven shredders.
Shredding tests carried out by INEL indicate Shred Pax 80 HP electrically driven
shredders to be most suitably for processing specific INEL wastes. Discussions with
Shred Pax indicate that their 80 HP electrically driven machine would be more
suitable than the 40 HP machine to size reduce WRAP 2A wastes.

c. INEL shredding tests also recognize Saturn equipment as being suitable to shred
INEL specific wastes, these tests were carried out using a Saturn 617 HP
hydraulically driven shredder, initial discussions with Saturn indicate two shredders
in series, a 200 HP coarse shredder and a 150 HP fine shredder, would be the most
suitable system to shred WRAP 2A wastes. Both shredders would be hydraulically
driven.

d. Williams Shredders suggest two 150 HP hydraulically driven shredders to be most
suitable to process WRAP 2A wastes.

e. All shredder manufacturers stated it would not be possible to guarantee that the
shredded waste would not exceed a 2"x2"x2" maximum envelope.

f. Unshreddable items which are not identified and removed while the waste is on the

sorting table, will stall but not damage the shredders.

g. Electrical power is the preferred type of drive for the shredders, because it is cleaner
and simpler than hydraulic drives and does not generate active hydraulic fluid or
hydraulic oil contaminated secondary wastes.

2. Recommendations

a. D;scussions with shredder manufacturers indicate the most suitable power
requirements for the WRAP 2A shredders are:

Hydraulically Driven Shredders

Coarse Shredder 200 HP
Fine Shredder 100 HP

Electrically Driven Shredders

Coarse Shredder 80 HP
Fine Shredder 40 HP

3.3 Dusl: Control and Hazards

1. Conclusions

a. A sliding hatch over the shredder feed hopper combined with a local ventilation
exhaust from the shredding enclosure represents the most suitable equipment
arrangement to achieve dust control during shredding operations.

Study 1604-5 Open/Sort/Size ReduotionEvlduation- WRAPO2SS
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b. The likelihood of fire and/or explosion occurring during shredding operations cannot
at present be discounted. Inerting the shredding system will eliminate the possibility
of fire and/or explosion.

2. Recommendations

a. The WRAP 2A Title I design incorporate a sliding hatch over the shredder feed
hopper and local ventilation exhaust from the shredding enclosure.

b. The WRAP 2A shredders should be inerted to eliminate the possibility of fire and/or
explosion.

3.4 Shredder Installation

1. Conclusions

a. The shredder housing should be an extension of the glovebox enclosure with the
drive system external and accessible for maintenance/replacement. The shredder
housing should be connected to adjacent enclosures by bolted flanges. It is more
suitable for the shredders to be positioned vertically in line with each other rather
than vertically in line and oriented at 90° to each other. The shredder and shredder
enclosure should be supported by steelwork external to the enclosure with ioadings
transmitted to the building floor.

2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that the shredder housing
forms an integral part of the glovebox enclosure with drive systems external and
accessible for maintenance and replacement. The shredder housing should be
connected to adjacent enclosures by bolted flanges. It is more suitable for the
shredders to be positioned vertically in line with each other rather than vertically in
line and oriented at 90 ° to each other. The shredder and shredder enclosure should

be supported by steelwork external to the enclosure with Ioadings transmitted to
the building floor.

3.5 Single Route for Shredded/Non-Shredded Waste

1. Conclusions

a. Waste which does not require size reduction should be directly repacked and not
shredded. A shredding line and a direct repack line are required for processing dry
wastes within the size reduction area of WRAP 2A as currently identified in the CDR
baseline design.

2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that both a shredding line
and a direct repack line are required to process dry wastes.

Study 1604-5 Open/Sort/Size Reduction Evaluation - WRAP0258
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3.6 Process Routes for Empty Drums

1. Conclusions

a. Empty drums arising from the size reduction area of WRAP 2A should be
compacted, loaded into 85 gallon overpacks and disposed of as LLW. However, in
order for this to be possible the FDC must be revised to allow compacted empty
drums to be packaged into 85 gallon drums for disposal as LLW.

2. Recommendations

a. The WRAP 2A Title I design should included an empty drum compactor t_nd an
empty drum compact load out facility. The FDC must also be revised to allow
empty drums to be re-classified as LLW and output from WRAP 2A in 85 gallon
drums.

3.7 Process Routes for 85 Gallon Drums Containing Absorbent

I. Conclusions

a. 85 gallon drums containing absorbent should be opened, sampled, size reduced as
necessary and repacked in the box breakdown area of WRAP 2A prior to shredding
in the size reduction enclosure.

b. The proposal to route 85 gallon drums containing absorbent through box breakdown
area is in Jine with the CDR philosophy.

2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that 85 gallon drums
containing absorbent are opened, size reduced as necessary and repacked in the box
breakdown area prior to shredding.

3.8 Process Routes for Immobilized Waste and Supercompactod Drums

1. Conclusions

a. Both drums of immobilized waste and supercompacted drums should be size
reduced into shreddable pieces and repacked in the box breakdown area of WRAP
2A prior to shredding in the size reduction enclosure.

b. The proposal to route immobilized waste and supercompacted drums through the
box breakdown area ;s in line with the CDR philosophy.

2. Recommendation8

a. The WRAP 2A Title I design should progress on the basis that both drums of
immobilized waste and supercompacted drums are size reduced into shreddable
pieces and repacked in the box breakdown area prior to shredding.

Study 1604-5 Open/sort/Size Reduction Eveluation- WRAP0258
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3.9 Waste Entry into Containment

1. Conclusions

a. The most suitable method of transferring waste into containment is to transfer full
drums of waste into containment using simple double lidding systems.

2. Recommendations

a. The WRAP 2A Title I design should include simple double lidding systems and drum
handling equipment for transferring full drums of waste into containment. --

3.10 Impact of Anti-Floatation Devices

1. Conclusions

8. At present it is not known whether Anti-floatation devices will be required to
prevent waste floating in the grout or polymer matrix. However, some wastes are
known to have relatively low densi*Jesand the likelihood that these wastes will float
cannot currently be eliminated. For the purpose of the assessment it has been
assumed that anti-floatation devices will be required.

b. Waste anti-floatation devices should be fitted to the new drum before dispatch to
the size reduction enclosure. At the size reduction enclosure the 8nti-floatation
device is removed remotely in order to allow the drum to be filled with waste, after
which the anti-floatation device will be replaced. The same rationale applies to
baskets to prevent waste sinking to the bottom of the drum, disposable paddles for
in-drum mixing and anti-vortex devices if required. In some cases removal of the
device may not be required to allow the drum to be filled with waste.

2. RecommendatignE

8. Further work should be carried out on waste characterization, in order that the grout
and polymer processes can confirm that waste 8nti-floatation devices are required.

b. When the necessity for anti-floatation devices is confirmed, anti-floatation devices
are required, the WRAP 2A Title design should include 8nti-floatation handling
facilities in the Size Reduction, Sludge Repack and Special Waste enclosures.

c. When the necessity for anti-floatation devices is confirmed, 8nti-floatation devices
are required, conceptual design of the new drum and anti-floatation device should
be initiated. These should be coordinated with other internal drum devices such as
anti-sinking baskets, in drum mixing paddles etc.
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3.1 1 Enclosure Entry Systems

1. Conclusions

a. Utilization of individual entry enclosure to each of the Size Reduction, Sludge
Repack and Special Waste lines is the most suitable entry configuration for
introducing drums of waste into containment. This represents the CDR baseline
design.

2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that each of the Size
Reduction, Sludge Repack and Special Waste lines has its own entry enclosure.

i ii

Study 1604-5 Open/Sort/Size ReductionEvaluation- WRAP0258
05/1 8/93 Page 11



WRAP FACILITY, 0OEJiL UNITED ENGINEER8 & CONaTRUCTOR8
DE.AC06-91RL11948 I_r_eet No. 6237.008

4.0 UNCERTAINTIES

I. Limited information exists at present on the physical and chemical characteristics of the
.... wastes to be processed in WRAP 2A. In order for the Open, Sort and Size Reduction

study to be carried out, assumptions have been made for the characteristics of the
WRAP 2A wastes such that alternative processes and equipment could be evaluated and
a preferred baseline design identified. Accurate information on the actual characteristics
of the WRAP 2A wastes will hence give greater confidence in the preferred baseline
design.

2. The size of waste after shredding has previously been targeted at 2"x2"x2" maximum.
No evidence exists that this size is dictated by regulations, and in fact the upper size of
waste after shredding only appears to be related to the maximum size of waste that can
be satisfactorily encapsulated in the grouting and polymer processes. Shredded waste
is encapsulated in WRAP 2A using vibro-mixing techniques, and BNFL experience
suggests that when encapsulating solid materials in a free flowing grout the maximum
size of waste that can be satisfactorily be encapsulated is bounded by the physical size
of the container in which the waste and grout is mixed. If for some reason it is
mandatory for the waste size after shredding to be 2"x2"x2" maximum, then screening
or sorting equipment will be required to segregate and refeed oversize waste back into
the shredder.

3. The potential impact of the Debris Rule on WRAP 2A has been ignored at this stage of
the design, following WHC direction.

_" * o based on4. This study =,,d ,h,, CDR is information that waste to be processed in WRAP
2A is packaged within plastic bags which are in turn contained within drums. Recent
information suggests that a significant quantity of drums exist in which the waste has
been packaged in 90 rail rigid liners, however little information exists on the 90 mil liners
and it has been agreed with WHC that opening and processing of these liners should not
be addressed as part of this study.

5. The requirements that are necessary to verify that a drum is empty and can be disposed
of as LLW (i.e., visual inspection, measuring equipment etc.) are uncertain at this stage.

6. At present it is not known whether anti-floatation devices will be required to prevent
waste floating in the grout or polymer matrix. However, some wastes are known to have
relatively low densities and the likelihood that these wastes will float cannot currently
be eliminated. For the purpose of the assessment it has been assumed that anti-
floatation devices will be required.

7. The disposal costs for LLW and LLRMW have been assumed to be $44/cuft and
$90/cuft, respectively.

8. The study estimates that approximately 700 x 85 gallon drums containing absorbent will
require processing in WRAP 2A over the lifetime of the plant.

Study 1604-50penlSort/Size Reduction Evoluauon- WRAP0258
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9. The study estimates that approximately 190 immobilized drums and minimal
supercompacted drums will require processing in WRAP 2A each year. The 190
immobilized drums comprises of 100 drums per year produced by the grout or polymer
processes which do not comply with WAC and 90 drums per year which require
destructive examination.

10. It is assumed that the box breakdown cell is required to process approximately one box
per month and that on average, each box required two weeks to be processed in the box
breakdown cell leaving a spare two weeks per month capacity to carry out additional
tasks.

Study1 604-5 Open/Sort/Size Reduction Evaluation- WRAP02§II
05118/93 Page 13



WRAP FACILITY, DOE-RL UNITED ENGINEER8 & CONeTRUCTOR8
DE-ACOe-S1RL11946 I_ro_e(:t No. 6237.008

5.0 BASIS FOR STUDY

5.1 Criteria

5.1.1 FOC Requirements

1. The criteria for the equipment and process evaluations covered by this study within the
open, sort and size reduction enclosure are subject to the following Functional Design
Criteria (FDC) (Reference 4) requirements:

a. Throughput shall be based on single shift operation 5 days per week with a 70%
facility availability.

b. The facility systems shall be designed to minimize the release of radioactive and
hazardous materials.

c. Equipment shall be designed to meet the criteria for special equipment identified in
Section 2.1.5 of the FDC.

d. Shredders shall be provided to size reduce feedstream waste to provide acceptable
feed for subsequent waste treatment.

e. The process enclosure and equipment shall be designed for operation
decontamination and decommissioning.

5.1.2 Process Objectives and Functional Requirements

1. These objectives and requirements are the basis for selection of the most _uitable
processes and equipment in the Size Reduction and Repack facilities in WRAP 2A.

a. Waste fed to the s_redder will not exceed the size of an 85 gallon drum.

b. The shredder must be sized to achieve a maximum throughput of approximately 25
drums per day.

c. The physical size of the shredded waste must be suitable for vibro encapsulation
techniques. This final shredded waste is currently targeted at 2" x 2" x 2".

d. Materials of construction must be compatible with waste feeds.

e. Dust generation during shredding must be minimized.

f. The shredder must be capable of size reducing the following types of materials

1) Hypalon liner strips
2) Protective clothing and polythene sheets
3) Cloth, paper wood
4) Hand tools, buckets and shovel
5) Absorbent
6) Glass

i
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7) Structural and sheet steels ;(
8) Sorbonded (solid gelatinous grout material)
9) Empty drums
1O) concrete

A detailed description of the wastes to be shredded are given in the Study Assumptions
Section 5.2.

I

2. A summary of the WRAP 2A feedstreams which are to be size reduced in the shredder
are given in Table 5.2.

3. The shredder evaluation will evaluate a number of design configurations to produce a
waste size which conforms to the immobilization criteria, multiple shredders and
screening equipment will be included in the evaluation. Dust and Hazard control, during
shredding will be assessed by considering the use of a shredder inlet enclosure and by
local ventilation exhausts. Shredder mounting alternatives will be evaluated to ensure
that maintenance, containment and suppor_ criteria are achieved.

4. The process evaluation will consider alternative process routes for specific waste types.
These were identified by the CDR and subsequent reviews as requiring further
investigation to confirm waste routing, equipment suitability and impact on throughput.
The study will identify a suitable method for processing:

a. Empty drums by shredding or compaction.

b. 85 gallon drums with absorbent by using the 55 gallon process route or through box
breakdown.

c. Immobilized waste/supercompacted drums by shredding or through box breakdown.

d. Waste entry into enclosures by bagging or bagless transfer.

5. In the event that anti-floatation devices are required, the effect of such devices on drum
filling operations (from the size reduction enclosures) will be evaluated. The impact on
drum filling of having the devices fitted prior to arrival or at the enclosure will be
assessed for the effect on throughput and to ensure feasibility.

6. Alternative methods of drum entry into the enclosures will be reviewed to assess any
cost savings in equipment that could be made by using a common entry into two or
more enclosures.

7. Comments and uncertainties identified in the CDR phase and listed in the Work Task
Assignment for Study #5 are to be addressed.

8. Specific Areas of Study are as follows:

a. Shredded waste size control:

u Two shredders in series

m Single shredder with sizing screen

I IIII I
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TABLE 5-2
WRAP 2A FEEDSTREAM PHYSICAL CHARACTERISTICS SUMMARY

WRAP 2A Dry Wet Dry Wet ion Exohange Lead
Feecletraem Pertioulate Particulate Size Reduoedl Size Reduoedl I_mine BricdmZ

Oversized Overdzecl

1,A 183 H Solidified Liquid 20.825 (2.,8%|
1B 183 H Crystalline Solid 32,500 (4.5%)
1C 183 H Sludge 35,000 (4.8%)

!D 183 H M isceileneous Cleanup 4.813 (0.7%) 4.813 (0.7%)
2A Ammonium Sulfate 281,500 (30.1%)

2B Ion Exchange Resins 53,500 (7.4%)

2C Metal Sludge 178,250 (10.5%)

2D Re Filter Elements 8,750 (1.2%)
3 Dry Active Waste 52,500 (7.2%)
4 Construction Debris 28.875 (4.0%)

5A Mercury/Mercury Contaminated 12,900 (1.8%)
Waste

58 Reactive Metals 440 (<0.1%)

5C Lead/Lead Contaminated Waste 735 (0.1%) 11,764 (1.6%)

5D Miscellaneous Metals 3.035 (0.4%)
8 Absorbed Chemicals 42,500 (5.9%)

7 Incinerator Ash !57,500 (7.9%)
8 Contaminated Soils 17,000 (2.3%)

TOTAL I 1411,440 (50.8%) 111,250 (15.3%) 102,858 (14.2%) !34,188 (4.7%) 53,500 (7.4%) 11,764

11.6%)
I

Notes:

1 Values are FT_ volume

Values in ( ) ere volume %

2 streams to be size reduced in the shredder

i
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b. Shredder power requirements:

" Manufacturer recommendation from CDR
= Power Source
• Material to be shredded

c. Dust control and hazards:

• Local exhausts
• Shredder enclosures exhausts

• Use waste characteristics to determine hazard of dust generation

d. Shredder installation

• Shredder support attachments to enclosure
• Access for maintenance/removal

e. Single route for shredded/non-shredded waste:

• Compatibility with final waste form
• Dust generation
• Throughput capacity

f. Empty drums

• Shred

• Compact
• Store

g. 85 gallon drums with absorbent

• Shred
• Pre-treat in box breakdown

h. Immobilized waste and supercompacted drums

• Shred
• Pre-treat in box breakdown

i. Waste entry into enclosure ....

• Bagless transfer
• Bagging techniques

I

II II IIII III II IIII
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j. Impact of anti-floatation devices:
i

• Drum filling
- • Method and location for installing anti-floatation devices

k. Enclosure Entry Systems:

• Drum entry enclosure arrangement
• Installation/maintenance/decontamination

• Operability

5.1.3 Screening Cdteda

1. The purpose of the screening criteria is to eliminate alternatives which do not meet
functional criteria, and there is no overriding reason to support further evaluation.

2. Screening criteria are as follows:

a. Functional Criteria ("Shall")

FDC and other mandatory requirements are to be listed in this section. Each
alternative shall be compared to that criteria.

b. No Justification for FurthQr Evaluation

Alternatives which do not merit further evaluation can be eliminated from further

study at this stage providing a technical justification to support the elimination is
given.

5.1.4 Evaluation Criteria

1. Alternatives which are not eliminated by the screening evaluation, are considered against
a list of evaluation criteria. Each individual evaluation criteria is given •

a. A weighting factor.

b. A raw score in the range 1-5, reflecting the potential relative merits of the
alternative. The raw score is determined by comparing the alternatives against each
other rather than against absolute criteria.

2. The total scoring is calculated by multiplying the raw score selected and the weighting
factor.

ii i iii i
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3. EvaluationCriteria. Weiahtino Factors arld Raw Score

a. Criteria: Potential Hazards

1) Weighting Factor: 15%

2) Raw Score:

All processes must be safe. Factors to consider include operator dose
exposure;humanfactors; potential for operatorpuncture wounds; potential
for leaks, spills or uncontrolled releases; potential for dropping objects;
potentialfor flammable gasgeneration.This category isjudged subjectively,
and the scoringwill be as follows:

Best 5
Good 4
Above average 3
Average 2
Fair 1

b. Criteria; PlantThrou0hout

1) Weighting Factor: 15%

2) Raw Score:

All processes must meet the required FDC throughput. Alternatives are
compared against each other to determine which offers the greatest
potentialto exceedthe FDCthroughput.Thiscategoryisjudgedsubjectively,
and the scoringwill be as follows:

Best 5
Good 4
Above average 3
Average 2
Fair 1

- c. Criteria; Operability and Maintainability

1) Weighting Factor: 15%

2) Raw Score:

Factorsto considerincludeability of the operator to view and carry out all
requiredroutine operationsand maintenance activities; labor requirements
for operationsand maintenance; potential for modularizationof equipment;
complexity of equipment and process configuration; and materials of

-- i ii i
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construction in relation to their conditions of service (corrosivity,
temperature etc). Operability and maintainability also representsa direct
reflectionof how the equipmentperformsin carryingout the specifiedtask.
In orderto be consideredfor evaluation each alternative must be judgedas
capableof achievingthe requiredtask with variousdegreesof effectiveness.
This category is judged subjectively,and the scoringwill be as follows:

Best 5
Good 4
Above average - 3
Average 2
Fair I

d. Criteria: DemonstratedTechnoloav/Develooment Reouirements

1) Weighting Factor: 20%

2) Raw Score:

The ability to demonstrate that the equipment has been successfully
operated within the nuclear industry over a reasonable period of time.
Whether the equipment has operated successfully outside the nuclear
industry over a reasonableperiodof time. Whether the equipmentrequires
a developmentprogram. This category will be judgedsubjectively, and the
scoringwill be as follows:

Best 5
Good 4
Above average 3
Average 2
Fair 1

e. Criteria: Flexibility

1) Weighting Factor: 15%

2) Raw Score:

The ability to meet potentially changing criteria. The capability to
accommodate future expansionor changeout requirements. This category
will be judged subjectively, and the scoringwill be as follows:

Best 5
Good 4
Above average 3
Average 2
Fair 1

i iii i
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f. Criteria: EouinmentCos_

1) Weighting Factor: 10%

2) Raw Score:

The equipment cost of each alternative will be calculated and scores
awarded which reflect the comparative cost of each alternative. This
category will be judged subjectively, and the scores will be as follows:

Best 5
Good 4
Above average 3
Average 2
Fair 1

g. Criteria: EouiomentPro_;urementSchedule

1) Weighting Factor: 5%

2) Raw Score:

An assessmentwill be made to determinehow each alternative affects the
equipment procurementschedule.Scoreswill then be awarded basedonthe
following:

Improvesto schedule 5
Meets schedule 3
Delays schedule 1

h. Criteria: Waste Millimizitltion/Secon_larvWaste Generation

1) Weighting Factor: 5%

2) Raw Score:

The abilityto reduce the overallwaste volume. Generation of no significant
secondarywastes. Generationof additionalwaste which can be dealt with
in WRAP 2A. Generation of additionalwaste which has to be dealt with in
another facility._Thiscategory will be judged subjectively, and the scoring
will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

i iiiii i i
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5.2 Assumptions

5.2.1 Study Prerequisites

1. CDR baseline design.

5.2.2 Study Assumptions

1. Waste material characteristics are as specified in the CDR.

2. Waste will not exceed the size of an 85 gallon drum. -

3. The items listed below are assumed to be maximum waste sizes which will be fed

through the shredder system. The purpose of this list is to provide shredder vendors
with information on the physical characteristics of the waste to be processed.

a. Material Types

(i) Hypalon Liner Strips
(ii) Protective Clothing - Boots, Gloves, Suits
(iii) Cloth Material

(iv) Shovels, 5 gal. Buckets
(v) Polyethylene Sheets
(vi) Hand Tools
(vii) Paper, Wood
(viii) Absorbent
(ix) Glass

(x) Sheet Metal (12g & 10g) Carbon Steel
(xi) Structural Steel Sections (see below for maximum anticipated sizes)
(xii) "Sorbond" (Solid/Gelatinous Grout Material)
(xiii) 55 & 85 Gallon Drums (Some 55 gallon filled with concrete)
(xiv) Supercompacted drums of waste

4. M_ximum Size of Waste

a. All waste materials will be delivered in 55 gallon drums and this, ther,_fore, is a
limitation on size. Plastic sheeting however can be compressed into the drums
resulting in larger sheet sizes. Within the drums, waste items will be wrapped in
pvc packets. Each drum will contain approximately 10 to 15 packets of waste.
Any drum may contain a mixture of the types of waste listed in i to xiv.

b. Tyl_iCel Maximum Anticipated Sizes

(i) 1 1/4" Diameter Steel Bar X 36" Long
(ii) 4" Square Hollow Section X 1/4" Wall Thickness X 36" Long
(iii) 4" X 3" Hardwood X 36" Long
(iv) 85 Gallon Drum (Empty)
(v) 55 Gallon Drum filled with Concrete

Study 160
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c. Material Feed Rate (Average)

Empty 55/85 gallon drums = 5 drums/hour
Waste = 25 drums/day

d. Matgrial Size After Processing

Target size of 2" maximum in any direction

5. At present it is not known whether anti-floatation devices will be required to prevent
waste floating in the grout or polymer matrix. However, some wastes are known to
have relatively low densities and the likelihood that these wastes will float cannot
currently be eliminated. For the purpose of the assessment it has been assumed that
anti-floatation devices will be required.

6. The disposal costs for LLW and LLRMW have been assumed to be $45/cuft and
$135/cult, respectively. (These values were derived from information provided by WHC
as order of magnitude estimates. The estimated cost (FY 93 dollars) of disposal of
Hanford generated LLW and LLRMW are in the range of $40-50 and $130-140
respectively, and the mid-points of these ranges were assumed. It is recognized that
disposal costs for waste generated by sites other than Hanford are higher than these
costs, and also that these costs are susceptible to change with time including escalation;
however, the relatively constant ratio between LLW and LLRMW disposal costs is of
interest for this study and individual fluctuations have little consequence).

7. The study estimates that approximately 700 x 85 gallon drums containing absorbent will
require processing in WRAP 2A over the lifetime of the plant (Section 6.7.5.d).

8. The study estimates that approximately 190 immobilized drums and minimal

supercompacted drums will require processing in WRAP 2A each year. The 190
immobilized drums comprises of 100 drums per year produced by the grout or polymer
processes which do not comply with WAC and 90 drums per year which require
destructive examination (Section 6.8.4a).

9. It is assumed that the box breakdown cell is required to process approximately one box
per month and that on average, each box required two weeks to be processed in the box
breakdown cell leaving a spare two weeks per month capacity to carry out additional
tasks.

i, i ii
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6.0 DESCRIPTION OF ALTERNATIVE AND SOLUTIONS

6.1 Shredded Waste Size Control

1. Introduction

a. The purpose of this assessment is to determine the most effective method of
shredding WRAP 2A wastes. A shredded waste final size for immobilization has
been targeted at a 2" x 2" x 2" maximum. The alternatives identified, indicate
possible methods of achieving size control by using screening and sorting methods
to remove any oversized materials such that they can be recyclGd through the
shredding system for further size reduction.

2. List Qf Alternatives Considered

a. ALT A1 = Single Shredder - Close Fitting Screen - No Sort

b. ALT A2 = Single Shredder - Close Fitting Screen - Sort

c. ALT A3 = Single Shredder . Vibrating Screen - No Sort

d. ALT A4 = Single Shredder - Vibrating Screen - Sort

e. ALT A5 = Single Shredder - No Screen- No Sort

f. ALT A6 Single Shredder - No Screen - Sort

g. ALT A7 = Two Shredders - Close Fitting Screen - No Sort

h. ALT A8 = Two Shredders - Close Fitting Screen - Sort

i. ALT A9 = Two Shredders - Vibrating Screen - No Sort

j. ALT A10 = Two Shredders - Vibrating Screen - Sort

k. ALT All = Two Shredders - No Screen - No Sort

I. ALT A1 2 = Two Shredders - No Screen - Sort

3. Descriotion of Alternatives

a. Waste enters the size reduction and repack enclosure in drums. Once inside the
enclosure the drum lid is removed and the waste tipped onto an inspection/sorting
table. While on this table the waste is visually inspected and any waste which is
considered not suitable for shredding is segregated/screened using manipulators and
removed from the enclosure using a bagless transfer system. Waste which is
considered as suitable for shredding is shredded and the waste size controlled by
the following methods:

Study 1604-5 Open/Sort/SizeReduction Evaluation-' WRAP02S8
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1) AIt A1 Single Shredder - Close Fitting Screen - No Sort

a) This alternative uses a screen fitted close to the shredder cutters, the
screen would be formed around the lower half of the cutters to

recycle any "oversize" material through the shredder. The small gap
between the cutters and the screen would ensure that any material
too large to pass through the screen would be swept up and refed
into the shredder for a second pass.

b) The combination of screen design and spacing between the cutter
and screen would ensure that only material of the specified size
passes through the screen.

2) AIt A2 Single Shredder - Close Fitting Screen - Sort

a) A single shredder is fitted with a close fitting screen to refeed any
oversize waste through the shredder. The discharged waste is sorted
by an operator to remove and recycle any lengthy items not filtered
out by the two dimensional screen.

3) Air A3 Single Shredder - Vibrating Screen - No Sort

a) The shredder discharges onto a vibrating screen which, as the
material is fed forward, allows the correct size material to pass
through to the next process stage and the oversize material to be
collected for refeed through the shredder.

4) Air A4 Single Shredder - Vibrating Screen - Sort

a) A single shredder is fitted with a vibrating screen to refeed any
oversize waste through the shredder. The discharged waste is sorted
by an operator to remove and recycle any lengthy items not filtered
out by the two dimensional screen.

5) Air A5 Single Shredder - No Screen - No Sort.

a) A single shredder discharges onto the vibrating conveyor for loading
- directly into new drums. After shredding the waste will be visually

inspected using CCTV equipment to confirm that the shredded waste
is in line with the target waste size. This alternative relies on the
single stage shredder to consistently shred waste within the target
size and that the visual inspection is to confirm the shredded waste
size is acceptable.
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6) AIt A6 Single Shredder - No Screen- Sort

a) Material discharged from the single shredder would be visually
examined and oversize waste removed for refeed through the
shredder.

7) AIt A7 Two Shredders - Close Fitting Screen - No Sort

a) A close fitting screen, fitted to the lower half of the of the second
shredder, recycling oversize material through the. second shredder to
achieve the specified waste size.

8) AIt A8 Two Shredders - Close Fitting Screen - Sort

a) Two shredders mounted in series, use a close fitting screen to
separate and refeed oversize material into the shredders. The
discharged waste is sorted by an operator to remove and recycle any
lengthy items which have not been filtered out by the two
dimensional screen.

9) Air A9 Shredders - Vibrating Screen - No Sort

a) The addition of a vibrating screen will separate any oversize material
which passes through the second shredder and enable this to be
refed through the process.

10) AIt A10 Two Shredders - Vibrating Screen - Sort

a) Two shredders mounted in series, use a close fitting screen to
separate and refeed oversize material into the shredders. The
discharged waste is sorted by an operator to remove and recycle any
lengthy items which have not been filtered out by the two
dimensional screen.

1 1) AIt A1 1 Two Shredders - No Screen - No Sort

a) Shredded material from the first shredder feeds directly into the
second shredder, providing a second pass for material to be further
reduced. After shredding the waste will be visually inspected using
CCTV equipment to confirm that the shredded waste is in line with
the target waste size. This alternative relies on the double shredding
system to consistently shred waste within the target size and that
the visual inspection is to confirm the shredded waste size is
acceptable.

immlll I I I
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12) Alt AI 2 Two Shredders - No Screen - Sort.

a) Two shredders mounted in series discharge directly onto a conveyor
where any oversize material is removed using manipulators for refeed
through the shredders.

b. The FDC specifies that segregation/screening of waste is carried out to remove
lumps and foreign objects. Each of the alternatives A 1 to A2 is considered to meet

this objective by carrying out an initial visual inspection and screening/removal of
wastes which are not considered suitable for shredding, prior to the shredding
operation being carried out. Alternatives A5 to A1 1 propose that a visual inspection
is carried out to ensure shredded waste is within an acceptable size for vibro
encapsulation. This visual inspection screening is considered as an alternative to
mechanical screening or sorting and is considered to comply with FDC
requirements.

4. Alternatives Screened From Further Evaluation

a. Alternatives - A2, A4, A8 & A10

1) These alternatives propose the use of both screening and sorting equipment
to achieve shredded waste size control. This duplicates equipment which
carry out the same function and hence these alternatives are not considered
necessary or cost effective.

b. Alternatives - A3 & A6

1) These alternatives propose the use of a single shredder and either a vibrating
table or sorting equipment to achieve shredded waste size contrd. In order
to re-feed oversized waste back into the shredder it will be necessary to
provide a basket and hoist for these alternatives. The use of a single
shredder will provide less size reduction than two shredders and will
therefore increase the quantity of waste which has to be re-fed into the

shredder. This will subsequently require a significantly higher number of
operations and increase operator involvement.

c. Alternative - A5

1) This alternative proposes the use of a single shredder with no screen or no
sorting equipment to provide shredded waste size control. It is considered
that a single shredder could not reliably produce waste of the correct size for
the full range of waste forms. This alternative will provide less size control
than the baseline design.
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5. Descriotion of Evaluation Matrix Scoring

a. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.1. The
evaluation matrix is given in Table 6.1, located after the evaluation matrix
description.

b. All alternatives use shredding equipment to size reduce the waste and either
screening or sorting to achieve control of the waste size after size reduction.

c. Alternatives using the vibrating screen and sorting manipulators will require
additional equipment to re-feed waste into the shredding equipment, this will also
increase the glovebox envelope. The close fitting screen naturally re-feeds waste
back into the shredder until the required size is achieved and hence does not require
additional equipment.

d. Potential Hazards

1) The single shredder alternatives present less of a hazard due to there being
less equipment to operate & maintain and potentially less dust generation.
Similarly the double shredder with no screening or sorting represents less of
a hazard due to there being less equipment to maintain than for the other
double shredder alternatives.

2) Both close fitting and vibrating screening techniques are considered less
hazardous than sorting because they can be carried out without direct
operator involvement and hence reduce operator exposure.

e. Plant Throughput

1) There will be no significant difference in throughput when operating two
shredders in series rather than operating a single shredder.

2) It is likely to take slightly longer for waste to pass through a shredding
system with a close fitting screen rather than a shredding system without
a close fitting screen due to recycling of waste through the shredder.

3) Re-feeding waste into the shredders for either the vibrating screen or sorting
manipulators requires additional equipment operations. Although the extent
of these operations depends on the ability of the shredding equipment to
achieve the required size reduction, re-feeding waste into the shredder is
carried out in parallel with the main shredding process. The time and motion
study carried out as part of the CDR allowed 10 minutes between loading
waste onto the sort table and shredding the waste, hence on average, 10
minutes exist to re-feed waste back into the shredder for each drum.
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f. Operability and Maintainability

1) Operation of the shredding equipment will be automatic and hence there will
be no significant difference between operating one or two shredders.

2) Although a single shredder alone will be easier to maintain than a double
shredder, a single shredder is far less likely to achieve the desired waste
product size on a single pass. Consequently a single shredder with a close
fitting screen is more likely to experience jamming of waste against the
screen and additional recovery operations or breakdown maintenance.
Similarly double shredders with a close fitting screen may experience some
operational and maintenance difficulties, these will however be far less than
for a single shredder with close fitting screen.

3) Re-feeding waste into the shredding equipment after sorting or screening
with a vibrating screen requires additional equipment to be operated and
maintained. However, it is likely that the close fitting screens will be more
difficult to maintain.

4) Sorting requires an operator to be constantly present at the glovebox face
during the length of the plant operation, this will incur additional operator
exposure and is considered the least favorable alternative with respect to
operability and maintainability.

5) Although it will not be possible to guarantee that all waste can be sized
reduced to less than a target size of 2"x2"x2" maximum without screening
or sorting the shredded waste, discussions with shredder vendors indicate
that a two stage shredding operation will size reduce the majority of waste
into individual pieces which are in the order of 2"x2"x2". Soft materials such

as plastic sheeting suits etc will stretch and tear during the shredding
operation and will be the least likely material to shred to the target size of
2"x2"x2". Shredded waste from the Open, Sort and Size Reduction
enclosure is encapsulated in WRAP 2A using vibro-mixing techniques. BNFL
experience in the UK suggests that when encapsulating solid materials in a
free flowing grout, the maximum size of the waste that can be satisfactorily
encapsulated is bounded by the physical size of the container in which the

waste and grout is to be mixed. In order to take advantage of the reduced
amount of equipment to purchase, operate, maintain and decommission,
associated with not screening or segregating the shredded waste, the
current target size of 2"x2"x2" maximum could be re examined to determine
if this could be increased in size.

6) Unshreddable items which are not identified and removed while on the

sorting table, will stall but not damage the shredders.

ii ill i ii ii
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g. Demonstrated Technology/Development Requirements

1) Although shredding equipment has been tested and operated in an active
- environment, it is recommended that testing and development work be I

performed specifically related to size reduction and size control of the
wastes which are to be treated in the WRAP 2A facility.

2) The use of manipulators to carr_ out handling operations in an active
environment is well established but labor intensive technology.

3) Although BNFL have carried out testing and development of the combined
shredder/close fitting screen arrangement for soft wastes in waste treatment
plants at Sellafield in the UK, it has yet to be established whether the close
fitting screen is suitable to screen the wide variety of wastes which are to
be size reduced in WRAP 2A. Information on close fitting screens has been
requested from BNFL in the UK.

4) The use of vibrating screens to achieve physical separation of solid waste
items is common practice outside the nuclear industry.

h. Flexibility

1) Alternatives which offer sorting as the means of waste size control are
considered to be more flexible than dedicated screens, as they allow waste
to be sorted on other criteria (waste type, hard/soft etc) after shredding.

i. Equipment Cost

1) The baseline CDR TEC cost of two shredders in series with a close fitting
screen all located within a glovebox enclosure is:

Equipm_.,lt Cost
$K

Coarse Shredder 270
Fine Shredder 140

Close Fitting Screen
(Included in Shredder Cost)

Enclosure 128

Total 538

Study 1604-50pen/Sort/_ze ReductionEviduation- WRAP0250
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2) The following costs are used to build up the cost for each alternative :

Equipment Cost

One Shredder 270
Two Shredders 410

Vibrating Screen 3.0
Close Fitting Screen

(Included in Shredder Cost Estimate)
Pair of Sorting Manips 107
Hoist & Re-feed Basket 10.0
Enclosure (Cost estimate calculated on an individual basis)

3) ALT AI: Single Shredder - Close Fitting Screen - No Sort

Equipment Cost

Single Shredder 270
Close Fitting Screen 128
Enclosure

Total 398

4) ALT A7: Two Shredders - Close Fitting Screen - No Sort

Equipment Cost

Two Shredders 410

Close Fitting Screen
Enclosure 128

Total 538

5) ALT A9: Two Shredders - Vibratin 9 Screen - No Sort

Equipment Cost

Two Shredders 410

Vibrating Screen 3
Hoist and Re-feed Basket 10.0
Enclosure 275

Total 698

Study 1604-5 Open/Sort/Size Reduction Evaluation- WRAP0258 '
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6) ALT A 11" Two Shredders - No Screen - No Sort

Equipment Cost

Two Shredders " 410
Enclosure 128

Total 538

7) ALT A/2: Two Shredders - No Screen - Sort
ii

Equipment Cost

Two Shredders 410

Sorting Manipulators 10_
Hoist and Re-feed Basket 10.0
Enclosure 275

Total 802

j. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

k. Waste Minimization Including Secondary Waste Generation

1) Alternatives employing two shredders in series may provide some volume
reduction in the size reduction area of WRAP 2A however as waste is to be

loaded into drums for Grout/Polymer on a weight basis the overall size
reduction within the plant is the same.

2) No Significant differences are considered to exist between each alternative
in producing secondary operational wastes.

3) Alternatives proposing the most equipment will produce more maintenance
and decommissioning wastes.

6. Conclusions

a. Two shredders in series with visual inspection of waste after shredding to confirm
the shredded waste is within an acceptable size for vibro encapsulation represents

the most suitable equipment arrangement to size reduce WRAP 2A wastes. Prior
to shredding, an initial screening of the waste will be carried out on the sorting
table to remove any items which are unsuitable for shredding, no mechanical
screening or sorting of the waste should be carried out after shredding.
Discussions with shredder vendors indicates that this type of shredder

S'tudy 1604-5 Open/Sort/Size ReductionEvaluation- WRAP0258 ....
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arrangement will size reduce the majority of WRAP 2A wastes. Unshreddable
items which are not identified and removed while the waste is on the sorting
table, will stall but not damage the shredders. It is not possible to guarantee that
all wastes will be size reduced to ,ess than 2"x2"x2" maximum, however

discussion with vendors indicate that a two stage shredding operation will size
reduce the majority of waste into individual pieces which are in the order of
2"x2"x2". Soft materials such as plastic sheeting, suits etc will stretch and tear
during the shredding operation and will be the least likely material to shred to the
target size of 2"x2"x2".

b. Shredded waste from the Open, Sort and Size Reduction enclosure is
encapsulated in WRAP 2A using vibro-mixing techniques. BNFL experience in the
UK suggests that when encapsulating solid materials in a free flowing grout, the
maximum size of the waste that can be satisfactorily encapsulated is bounded by
the physical size of the container in which the waste and grout is to be mixed.

7. Recommendations

a. The WRAP 2A Title I design should incorporate two shredders in series to size
reduce WRAP 2A wastes. This shredder arrangement will size reduce waste into
individual pieces in the order of 2"x2"x2". Screening or sorting of the size
reduced waste will not be necessary unless the shredded waste size of 2"x2"x2"
maximum is 8 mandatory requirement.

b. The shredded waste size is not constrained to an upper size of 2"x2"x2"
maximum. Any physical constraints on the shredded waste should be specified
by the grout or polymer vibro-mixing processes.

I II I I|1111 II Ill II II IIIIII I I
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TABLE(_-!
SHREDDEDWASTE SIZE CONTROL- EVALUATION MATRIX

ALT At ,= Single Shredder - Close Fitting Screen - No Sort
ALT A7 -- Two Shredders - Close Fitting Screen - No Sort

ALT A9 -- Two Shredders - Vibrating Screen - No Sort
ALT A11 ,= Two Shredders - No Screen - No Sort

ALT A12 -- Two Shredders - No Screen - Sort

RS ,- Raw Score

WS - Weighted Score

EvduMIon Cdteda Weighting 8oo;0 ALT A1 ALT A7 ALT A8 ALT A11 ALT A12

Footer Range

RS W$ RS WS 118 WS RS M RS WS

Potential Hazards 15 % 1-5 3.5 0.53 3.0 0.46 3.0 0.45 3.5 0.53 2.5 0.38

Throughput 15 % 1-5 2.5 0.38 2.5 0.38 3.0 0.45 3.0 0.46 2.0 0.30

ape & Main 15% 1-5 2.0 0.30 3.0 0.46 3.5 0.53 4.0 O.OO 2.5 0.38

Darn Tech/Dev 20% 1-5 2.0 0.40 2.0 0.40 3.0 0.80 3.5 0.70 3.0 O.OO

Flexibility 15 % 1-5 2.0 0.30 2.0 0.30 3.0 0.45 3.0 O.45 3.5 0.83

Equipment Cost 10% 1-5 3.5 0.35 3.0 0.30 2.5 0.25 3.0 0.30 2.0 0.20

!Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 0.15 3.0 0.15 3.0 0.15 2.5 0.13

Waste Min 5% 1-5 3.0 0.15 3.0 0.15 2.0 0.10 3.0 0.15 2.0 0.10

I

Total 100% 2.55 2.58 2.98 3.33 2.60
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6.2 Shredder Power Requirements

1. II_tr0duction

a. Shredders achieve size reduction by way of 2 slow rotating shafts fitted with
intermeshing cutters which crush and shear the material drawn into the cutters by
the cutter rotation. High torque is required to perform this function at the slow
operating speeds necessary to allow feed back to stop rotation when non-compliant
material is present. This feature prevents the machine jamming and prolongs the
life of cutter and drive components. This study will assess the power requirements
for the shredders and investigate the use of:

1 ) Electric Power

a) An electric motor drives the two shredder shafts through gearboxes
which provide the speed reduction and torque output required for the
shredding operation. The gearboxes drive the shaft through
couplings and are mounted directly in line with the shredder shafts.

2) Hydraulic Power

a) The hydraulic nlotor is directly attached to the two shredder shafts
and incorporates a speed control to obtain the required shredder
speed, an electric motor driven power pack is required to generate
hydraulic pressure through hoses to the shredder motor.

b. Electric power is the preferred type of drive for the shredders, because it does not
generate active hydraulic fluid and is cleaner and simpler than hydraulic drives.
Electrically driven shredders have an additional advantage in that they require less
facility space than hydraulically driven shredders which have substantially more
bulky drive mechanisms.

2. Discussion

a. In order to develop an estimate of the power requirements for the WRAP 2A
shredding systems, shredder vendors have been consulted and information on
shredding systems acquired. As a basis for discussion shredder manufacturers were
given information on the assumed characteristics of the waste to be shredded and
the targeted final waste size if 2"x2"x2" as indicated in section 5.2.2.3 and 5.2.2.4

b. Saturn Shre_lde_ (References 5 & 6)

1) Telephone discussions with Saturn Shredder indicate that a two shredder
system would be required to achieve a target shredded waste size in the
order of 2" x 2" x 2". The coarse shredder was likely to be in the power
range of 200 HP and the fine shredder in the range of 150 HP, both
shredders would be hydraulic drive vendor data on Saturn Shredders is
provided in Appendix B. Saturn would be prepared to carry out shredding
tests on surrogate waste _t their works in Texas.

-
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c. Stock Eouioment Company (Reference 7)

1) The Stock Equipment Company have designed and built a shredding and
- compaction facility for processing LLW generated at the Perry Nuclear Power

plant. The Stock design incorporates the use of two shred Pax 40 HP
shredders in series to size reduce materials such as steel and wood filter

frames, empty 55 gallon drums, protective clothing, plastic sheeting, sheet
steel and 3/4", conduit down to a size of approximately 1" wide x 3"-8"
long. UE&C/BNFL visited Stock to witness a demonstration of the shredding
and compaction unit, features of the Stock shredder design relevant to the
WRAP 2A shredder design are listed as follows:

a. The two shredders are positioned vertically in line with a horizontal
offset of 2" between the centerline of the two shredders.

b. The shredder housing is an integral part of the enclosure.

c. Screening or sorting of the shredded waste is not carried out, as
shredded waste size control is not critical.

d. The Shred Pax shredders used by Stock are electrically driven.

e. Processing of liquids or chemicals is not part of the design basis for
the shredding and compaction unit and hence excess corrosion, fire
and explosion is not considered a problem.

f. The shredder feed hopper is covered over by a sliding door, to
prevent projectiles being thrown from the shredder during shredding
operations.

g. In order to establish that Shred Pax shredders were the most suitable
for shredding waste generated by the Perry Nuclear Power plant,
Stock identified three shredder vendors and carried out shredding
trials on surrogate waste at each vendors site. A prime factor in
selection of Shred Pax as the preferred supplier of the shredding
equipment, was that they were willing to carry out trials using three
types of shredder cutter design (cutter spacing, number of hooks on
the cutter etc.) such that an acceptable shredded waste size could be
achieved.

2) There are close similarities between the Stock shredding unit and he WRAP
2A shredding system. The approach of identifying typical wastes to be
shredded followed by shredding trials at vendors sites, as carried out by
Stock Equipment Company, would assist in selection of the specific shredder
model for WRAP 2A.

WRAP0258
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d. Idaho Nsti0nsI Enaineerina Laboratory (INEL) Waste Shreddabilitv Tests
(Reference 8)

1) In 1983 INEL published a report documenting tests on low speed shredders
and waste shreddability (Reference). In summary, INEL carried out shredding
trials using four manufacturers low speed shredders:

a. Blower Application Company

b. Saturn Manufacturing Company

c. Shred Pax Corporation

d. Triple/S Dynamics

2) Identical sets of test waste were assembled and packaged in 55 gallon
drums and 4'x4'x4' wooden boxes. Materials fed into the shredders included

paper, plastic sheeting ,wooden pallets, steel plate, steel tube and pipe, steel
section etc. Some waste fed to the shredders was unshreddable, however

it was determined that unshreddable materials did not damage the shredders,
although recovery of the unshreddable items was required from the
shredders. INEL tests conclude that shredders can size reduce 1" steel rods,

heavy steel cable, concrete, 1/4" carbon and stainless steel plate and all
lesser waste.

3) INEL findings indicate that the Shred Pax 80 HP shredder and the Saturn 617
HP shredder were more than adequate to shred the specific INEL waste to

an acceptable particle size. However of the two, the Shred Pax was
considered to be the best suited to INEL's specific requirements being
compact, electrically driven, least expensive, low anticipated maintenance
requirements, most energy efficient and produced acceptable waste particle
size. INEL however recognize that each of the four shredders tested are all
excellent machines and that each have advantages in different shredding
applications.

e. Shred P_x (Reference 9)

.... 1) Shred Pax offered to carry out shredder trials on surrogate wastes at their
works in Illinois. Shred Pax indicated that the 80 HP shredder, tested in the

INEL Report, was likely to be the most suitable to size reducing WRAP 2A
wastes, rather than the 40 HP machine demonstrated at Stock Equipment
Company. Vendor data on Shred Pax Shredders is provided in Appendix B.

WRAP0258
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f. SSI Shreddina Systems In(;, (Reference 10)

1) SSI were hesitant to provide an immediate estimate of the shredder power
requirements although they are prepared to carry out shredder tests on
surrogate waste at their works in Oregon. SSI supply both hydraulic and
electric shredders. Vendor data on SSI Shredders is provided in Appendix
B.

g. Williams Shredders (Reference 11)

1) Williams suggest consideration of a two shredder system to size reduce
WRAP 2A waste to a target size of 2"x2"x2". Williams suggest the coarse
shredder be a 150 HP machine equipped with nominal 1-1/2" thickness, 2
tooth cutters above a fine shredder of 150 HP equipped with nominal 1-
1/2", 6 or 8 tooth cutters. Vendor data on Williams Shredders is provided
in Appendix B.

h. All shredder manufactJrers stated it would not be possible to guarantee that the
shredded waste would not exceed a 2"x2"x2" maximum envelope

3. Conclusions

a. Several companies manufacture shredders for size reduction of waste material.
Shredder selection is based on the characteristics of the waste to be shredded and

the degree of size reduction required.

b. A Shredding system similar to that proposed for WRAP 2A has been designed and
built by the Stock Equipment Company to process waste at the Perry Nuclear Power
Plant in Ohio, this system uses Shred Pax 40 HP electrically driven shredders.
Shredding tests carried out by INEL indicate Shred Pax 80 HP electrically driven
shredders to be most suitably for processing specific INEL wastes. Discussions with
Shred Pax indicate that their 80 HP electrically driven machine would be more
suitable than the 40 HP machine to size reduce WRAP 2A wastes.

c. INEL shredding tests also recognize Saturn equipment as being suitable to shred
INEL specific wastes, these tests were carried out using a Saturn 617 HP
hydraulically driven shredder. Initial discussions with Saturn indicate two shredders
in series, a 200 HP coarse shredder and a 150 HP fine shredder, would be the most

suitable system to shred WRAP 2A wastes. Both shredders would be hydraulically
driven.

d. Williams Shredders suggest two 150 HP hydraulically driven shredders to be most
suitable to process WRAP 2A wastes.

e. All shredder manufacturers stated it would not be possible to guarantee that the
shredded waste would not exceed a 2"x2"x2" maximum envelope.

WRAP0258 .....

05/18/93 Page38



WRAP FACILITY, DOE-RL UNITED ENGINEERS & CONSTRUCTORS

DE-AC06-91RL11946 Project No. 6237.008

f. Unshreddable items which are not identified and removed while the waste is on the

sorting table, will stall but not damage the shredders.

g. Electrical power is the preferred type of drive for the shredders, because it is cleaner
and simpler than hydraulic drives arid does not generate active hydraulic fluid or
hydraulic oil contaminated sscondar!_ wastes.

4. Recommendations

a. Discussions with shredder manufa,cturers indicate the most suitable power
requirements for the WRAP 2A shredders are:

Hydraulicly Driven Shredders

Coarse Shredder 200 HP
Fine Shredder 100 HP

Electrically Driven Shredders

Coarse Shredder 80 HP
Fine Shredder 40 HP

WRAP0258 .... "'
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6.3 Dust Control and Hazards

1. Introduction

a. The purpose of this assessment is to determine the most effective method of dust
control during shredding. The alternatives identified, indicate possible methods of
achieving dust control using seals and ventilation airflows. The number of shredders
required to achieve the targeted shredded waste size will be determined by the
shredded waste size control evaluation. Each alternative considered as part of the
dust control and hazards evaluation applies to both a single and double shredding
system.

2. I,i_1;of Alternatives

a. ALT C1 = Local Exhaust- Brush Seal

b. ALT C2 = Local Exhaust - Sliding Hatch Cover

c. ALT C3 = Local Exhaust - No Seal

d. ALT C4 = Enclosure Exhaust Only - Brush Seal

e. ALT C5 = Enclosure Exhaust Only - Sliding Hatch Cover

f. ALT C6 = Enclosure Exhaust Only - No Seal

3. Description of Alternatives

a. ALT C1 Local Exhaust - Brush Seal

1) A brush type seal fitted across the shredder inlet allows waste items to pass
through and provides a restriction on the outflow of particulate during the
shredding operation. Local ventilation exhaust connections are fitted at the
inlet and discharge of the shredder exhaust from the local ventilation will be
routed into the glovebox ventilation exhaust and filtered in bag and HEPA
filters. Local exhaust is in addition to the enclosure ventilation system. Inert
gas purge connections will be provided.

b. ALT C2 Local Exhaust - Sliding Hatch Cover

1) A sliding hatch cover is fitted across the shredder inlet to provide
containment of dust during the shredding operation. Local ventilation
exhausts are provided at the inlet and discharge of the shredder. Local
exhaust is in addition to the enclosure ventilation system. Inert gas purge
connections will be provided.

W_APo258 ..... - ..............
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c. ALT C3 Local Exhaust - No Seal

1) Local ventilation exhausts are fitted to the inlet and discharge of the
shredder to remove airborne particulate generated by the shredding
operation. Local exhaust is in addition to the enclosure ventilation system.

Inert gas purge connections will be provided.

d. ALT C4 Enclosure Exhaust Only - Brush Seal

1) A brush seal fitted at the shredder inlet to contain airborne particulate
generated by the shredding operation. Inert gas purge connections will be
provided.

e. ALT C5 Enclosure Exhaust Only - Sliding Hatch Cover

1) A sliding hatch cover is fitted at the shredder inlet. Inert gas purge
connections will be provided.

f. ALT C6 Enclosure exhaust only - No seal.

1) Waste is loaded into an open top shredder, airborne particulate released into
the enclosure is removed by the enclosure ventilation exhaust. Inert gas
purge connections will be provided.

4. Descrioti0n of Evaluation Matrix _;corina

a. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.3. The
evaluation matrix is given in Table 6.3, located after the evaluation matrix
description.

b. The Waste Treatment Complex at BNFLs Sellafield Site in the UK was originally built
to sort and shred waste for disposal. As part of the detail design of this project the
possibility of a dust explosion occurring during shredding operation was considered
and could not be eliminated. A prime factor in recognizing the amount of dust
generated during shredding operations and the potential for dust explosion was
established by knowledge gained from shredding operations carried out at UKAEAs
Harwell Site in the UK. As a result the shredders in Waste Treatment Complex were
inerted to eliminate the possibility of fire and/or explosion.

c. Dust will be generated during the shredding operations carried out in WRAP 2A.
Based on experience gained by BNFL in the UK, the risk of fire and/or explosion
occurring during shredding operations cannot at present be discounted for WRAP
2A. The inerting system will be required for each of the alternatives evaluated.

IIII I I I I I III ii I I I I I i III
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d. Potential Hazards

1) Local exhausts will provide additional airflow out of the shredder without

- drawing contamination through the entire enclosure, thus allowing airborne
particulate to be removed at the point of shredding.

2) Both the sliding hatch cover and brush seals will provide additional
containment over the shredder enclosure during shredding operations thus
minimizing spread of contamination.

3) The sliding hatch cover is likely to provide better contamination control than
brush seals as any residual contamination trapped between the brushes will
become released when waste is dropped through the seal.

4) The sliding hatch cover will provide a cover to prevent projectiles being
thrown from the shredder during the shredding operation.

5) As a result, the sliding hatch cover is considered safer than the brush seal.

e. Plant Throughput

1) The use of local exhausts, a sliding hatch cover and brush seals to control
dust are off line activities and will have no effect on plant throughput. The
sliding hatch cover can be opened while waste is inspected on the sorting
table and hence will not affect throughput.

f. Operability and Maintainability

1) The enclosure exhaust will run continuously and not require direct operator
input. The local exhaust can either operate continuously or be interlocked to
operate only when the shredder is activated, this will not require direct
operator input. Neither brush seals or the sliding hatch cover will require
direct manual input from the operator.

2) There will be minimal difference between maintenance of a local exhaust in

addition to the enclosure exhaust. Both brush seals and the sliding hatch
will require some maintenance.

3) Local exhausts, a sliding hatch cover and brush seals will provide
contamination control and hence reduce clean up operations.

4) Brush seals have the potential to become weak over a period of time and
become drawn into the shredder cutters.

5) Although brush seals have no moving parts the brushes will wear and

become damaged as waste is dropped through, from the sorting table into
the shredder.

WRAP0258 .......... '
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6) Recovery of non shreddable waste will be more difficult through a brush seal
system.

7) Airflows will have to be balanced/compensated when the local exhaust is
started and stopped.

8) It is intended that the operator will use CCTV equipment to view the waste
when in the shredding hopper after loading from the sorting table and prior
to closing the sliding hatch/starting the shredders. It is not intended that
viewing of the waste shredding operation will be a routine activity. It is likely
that windows will be required in the shredder enclosure for maintenance
requirements, if necessary these could be used for non routine operational
viewing.

g. Demonstrated Technology/Development Requirements

1 ) There will be a requirement to operate and test the shredding equipment as
part of the shredded waste size control work, this will provide valuable
information on dust generation from the various waste streams which are
shredded.

2) Operation of enclosure and local exhaust is standard practice within the
nuclear industry. Sliding doors are also common features to facilitate
contamination control.

3) Although brush seals may be used for contamination control, it is likely some
testing will be required to demonstrate the effectiveness of a brush seal over
a shredder aperture sized to take a 55 or 85 gallon drum.

h. Flexibility

1) Although dust control is a service to the main process, the greater the
capability to control dust and minimize spread of contamination, the greater
is the potential for WRAP 2A to process wastes in addition to the current
CDR baseline design. Brush seals may reduce the ability to process
additional waste, i.e., the waste may stick to the brushes or may cut the
brushes etc.

j. Equipment Cost

1) The baseline CDR design proposed that dust control was achieved by the
enclosure ventilation airflow through the shredders. The cost of equipment
additional to that included in the CDR TEC are estimatsd as follows:

Equipment Cost

Local exhaust system 10.0
Brush Seal 2.0

Sliding Hatch Cover 26.3

WRAP0258 ...............
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2) ALT C1" Local Exhaust - Brush Seal

Equipment Cost

Local exhaust system 10.0
Brush Seal 2.0

Total 12.0

3) ALT C2: Local Exhaust _ Sliding Hatch Cover

Equipment Cost
$K

Local exhaust system 10.0
Sliding Hatch Cover 26.3

Total 36.3

4) ALT C3: Local Exhaust - No Seal

Equipment Cost
$K

Local exhaust system 10.0

Total 10.0

5) ALT C4: Enclosure Exhaust - Brush Seal

Equipment Cost

Enclosure Exhaust
(Included in CDR TEC)

Brush Seal 2.0

Total 2.0

6) ALT C5" Enclosure Exhaust - Sliding Hatch Cover

Equipment Cost
$___EK

Enclosure Exhaust
(Included in CDR TEC)

Sliding Hatch Cover 26.3

Total 26.3

7) ALT C6: Enclosure Exhaust - No Seal

i
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8) Enclo3ure exhaust with no seal is the CDR baseline design against which
ALT C1 to C5 are being compared.

k. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

j. Waste Minimization Including Secondary Waste Generation

1) Alternatives which provide the greatest dust control will minimize the
quantity of secondary wastes produced by reducing the amount of clean up
required.

5. Conclusions

a. A sliding hatch over the shredder feed hopper combined with a local ventilation
exhaust from the shredding enclosure represents the most suitable equipment
arrangement to achieve dust control during shredding operations.

b. The likelihood of fire and/or explosion occurring during shredding operations
cannot at present be discounted, Inerting the shredding system will eliminate the
possibility of fire and/or explosion.

6. Recommendation_

a. The WRAP 2A Title I design incorporate a sliding hatch over the shredder feed
hopper and local ventilation exhaust from the shredding enclosure.

b. The WRAP 2A shredders should be inerted to eliminate the possibility of fire and
explosion.
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TABLE 6.3
DUST CONTROL AND HAZARDS - EVALUATION MATRIX

ALT C1 = Local Exhaust - Brush Seal

ALT C2 = Local Exhaust - Sliding Hatch Cover
ALT C3 = Local Exhaust - No Seal

ALT C4 = Enclosure Exhaust Only - Brush Seal

ALT C5 = Enclosure Exhaust Only - Sliding Hatch Cover

ALT CO = Enclosure Exhaust Only - No Seal

RS = Raw Score

WS = Weighted Score

Evaluation '3dtorio Woighdng Soore ALT C1 ALT C2 ALT C3 ALT C4 ALT C6 ALT C6
Faotor Range

RS WS RS WS RS WS RS WS RS WS RS WS

Potential Hazards 15% 1-5 2.5 0.38 3.5 0.53 2.5 0.38 2.5 0.38 3.5 0.53 2.5 0.38
i

Throughput 15% 1-5 3.0 0.45 3.0 0.45 3.0 0.45 3.0 0.45 3.0 0.45 3.0 0.45

Ops & Main 15% 1-5 1.5 0.23 4.0 0.60 3.0 0.45 1.5 0.23 3.5 0.53 2.5 0.38

Dem Tech/Dev 20% 1-5 3.0 0.60 4.0 0.80 4.0 0.80 3.0 0.60 4.0 0.80 4.0 0.80

Flexibility 15% 1-5 1.5 0.23 3.0 0.45 2.0 0.30 1.5 0.23 3.0 0.45 2.0 0.30
|

Equipment Cost 10% 1-5 3.0 0.30 2.5 0.25 3.0 0.30 3.0 0.30 2.5 0.25 3.0 0.30

Equipment Procurement Sched 5 % 1-5 3.0 O.15 3.0 O.15 3.0 O. 15 3.0 O.15 3.0 O.15 3.0 O.15

Waste Min 5% 1-5 3.5 0.18 4.0 0.20 2.5 0.13 3.5 0.18 4.0 0.20 2.5 0.13

Total 100% 2.52 3.43 2.95 2.52 3.35 2.88

i
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6.4 Shredder Installation

1. Introduction

a. The purpose of this assessment is to determine the most suitable method of
installing a shredding system into the enclosure. The number of shredders required
to achieve the targeted shredded waste size will be determined by the shredded
waste size control evaluation and shredder testing. However, for the purpose of the
shredder installation evaluation, two shredders are assumed to be required.

2. List of Alternatives

a. AL'r D1 = Inside Enclosure - Shredders in Line

b. ALT D2 = Inside Enclosure - Shredders at 90 Degree Orientation

c. ALT D3 = Outside Enclosure - Shredders in Line

d. ALT D4 = Outside Enclosure - Shredders at 90 Degree Orientation

3. Descriotion Of Alternatives

a. ALT D1 Inside Enclosure - Shredders In-line

1 ) Two shredders are mounted within the enclosure and supported by internal
enclosure steelwork which is directly supported from ground level. Drive

components where possible will be located external to the enclosure to allow
easy access for maintenance. Anti vibration mounting will be used to limit
transmission of the shredder forces into the supporting structure. Shredders
are mounted in-line with the discharge flange of the first shredder bolted
directly to the inlet flange of the second.

b. ALT D2 Inside Enclosure - Shredders 90 ° Orientation

1) Two shredders are mounted within the enclosure and positioned at 90 ° to
each other. A transition section is fitted between the discharge flange of the
first shredder and the inlet flange of the second shredder, this is necessary
to compensate for rectangular flanges being at 90 ° . Anti vibration mounts
will be fitted at the shredder support locations.

c. ALT D3 Outside Enclosure - Shredders in-line

1) The shredders will be connected to the enclosure by the top and bottom

flanges. The shredder housing is an extension of the enclosure and the only
maintainable components inside the enclosure are the cutter blades. The
drive system is external and accessible for maintenance/replacement.

WRAP0258
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2) The shredders and shredder enclosure are supported by steelwork external
to the enclosure with Ioadings transmitted to the building floor.

3) r'axible connections are used between the shredder and enclosure flange to
prevent transmission of vibrations generated by the shredding operation.

4) The two shredders are mounted in line with the first shredder discharge and
the second shredder inlet flanges being bolted together.

d. ALT D4 Outside Enclosure - Shredders 90 ° Orientation

1) The shredders are flanged to the enclosure with all drive components
accessible for maintenance. Flexible connections fitted between the
shredder and enclosure isolate shredder vibrations. A transition section is
fitted between the two shredders to compensate for the rectangular flanges
being at 90 ° .

4. DQ=criDtion of Evaluation Matrix Scorino

a. An illustration of the alternatives evaluated is given in Appendix A, sheet 6.4. The
evaluation matrix is given in Table 6.4, located after the evaluation matrix
description.

b. Potential Hazards

1) Locating shredding equipment totally inside the glovebox enclosure slightly
increases the size of the enclosure and hence reduces the available reach to
operate and maintain the shredders. This leads to a higher risk of puncture
wounds and dropping objects, and also has a lower human factors rating.

2) It is probable that the time to maintain shredders totally inside containment
will be longer than if the shredders form part of the enclosure thus increasing
operation exposure. Major maintenance outside the enclosures will probably
require tenting operations with the associated risk of breaching containment.

3) Locating shredders totally within an enclosure means that the outside of the
shredder housing becomes contaminated thus increasing clean up
requirements. A proportion of the shredder drive will also be within the
enclosure and require cleaning.

4) Shredding equipment which forms part of the glovebox enclosure (i.e.,
Outside Enclosure Alternatives) has a slightly higher potential of breaching
containment due to the seals between the main enclosure and the shredder
housing enclosure. However this is the same means of construction as
bolting and sealing together gloveboxes and is not considered a problem. It
is likely that flexible couplings between the shredder housing/enclosure
adjacent enclosures, these will be more prone to failure and slightly increase
the risk of breaching containment.

5) It will be much simpler to support the shredders and any loads produced by
the shredders during operation, if the shredder housing forms part of the
enclosure rather than if the shredders are totally located within the
enclosure.
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6) Little difference is considered to exist between positioning the shredders in
line rather than at 90 degrees to each other.

7) BNFL in the UK have built tho Waste Treatment Complex in which the
shredder cutting shafts and blades can be removed as a cartridge from the
shredder enclosure, this eases major maintenance of these items thus
reducing the risk of puncture wounds and also reduces maintenance
exposure.

c. Plant Throughput

1) No significant difference is considered to exist between each alternative in
meeting plant throughput.

d. Operability and Maintainability

1) As with safety, locating the shredders totally within containment reduc3s the
ability to reach the shredders and will increase the time required to maintain
the shredders.

2) Major maintenance L,f the shredders within the enclosure (eg changing
shredder shafts or cutters) will also be more difficult as this will require large
heavy items to be handled and transferred in and out of containment.

3) Although, testing is required to validate any efficiency in size reduction, little
difference is considered to exist between operating and maintaining
shredders in line rather than at 90 degrees to each other.

4) Discussions with other companies working with shredding equipment
(Reference 12) indicates that when shredders are located at 90 degrees to
each other, then this causes excess wear on the central cutters of the lower
shredder.

e. Demonstrated Technology/Development Requirements

1) Shredding equipment has been used within the nuclear industry to size
reduce waste. Shredders are widely used outside the nuclear industry to
process waste.

2) BNFL has designed and constructed a shredding system within a waste
processing facility at their Sellafield plant in the UK. This design is based on
using the housing of a single shredder to form part of the glovebox
enclosure.

f. Flexibility

1) Considering that it will probably be easier to remove the cutting shaft on a
shredding system in which the shredder housing forms part of the enclosure,
it follows that it will be slightly easier to change the cutters and hence
process additional wastes. The difference in alternatives is however
considered marginal.
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g. Equipment Cost

1) Although each alternative is shown as having two shredders, one shredder
may be found to give adequate size reduction and size control of the waste.
This w_ be determined by the Shredded Waste Size Control Evaluation.
Although making the shredder housing the actual enclosure reduces the
overall volume of the enclosure it also increases the fabrication complexity.
For the purpose of this assessment the cost of placing the shredders inside
an enclosure is considered to be similar to integrating the shredder housing
and the enclosure. All alternatives are assumed to require two shredders
and a similar size enclosure ....

a) All Alternatives

Equipment Cost

Two Shredders 410
Enclosure 1 28

Total 538
i

h. EquipmeP_t Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

i. Waste Minimization Including Secondary Waste Generation

1) Locating shredders totally within the glovebox enclosure means the outside
of the shredder housing becomes contaminated thus increasing the difficulty
of clean up operations and the magnitude of secondary wastes.

5. Conclusions

a. The shredder housing should be an extension of the glovebox enclosure with the
drive system external and accessible for maintenance/replacement. The shredder
housing should be connected to adjacent enclosures by bolted flanges. It is more
suitable for the shredders to be positioned vertically in line with each other rather
than vertically in line and oriented at 90 ° to each other. The shredders and
shredder enclosure should be supported by steelwork external to the enclosure with
Ioadings transmitted to the building floor.

6. Recommendations

a. The WRAP 2A Title I design should progress on the basis that the shredder housing
is an ext_nsion of the glovebox enclosure with drive systems external and
accessible for maintenance/replacement. The shredder housing should be
connected to adjacent enclosures by bolted flanges. It is more suitable for the
shredders to be positioned vertically in line with each other rather than verticady in
line and oriented at 90 ° to each other. The shredders and shredder enclosure
should be supported by steelwork external to the enclosure with Ioadings
transmitted to the building floor.

i i
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TABLE 6.4

SHREDDER INSTALLATION - EVALUATION MATRIX

ALT D1 = Inside Enclosure - Shredders in Line '

ALT D2 = Inside Enclosure - Shredders at 90 Degree Orientation

ALT D3 = Outside Enclosure - Shredders in Line

ALT D4 = Outside Enclosure - Shredders at 90 Degree Orientation

RS -- Raw Score

WS -= Weighted Score

| ii i i i i i lit i i |

Ev_luetion Critwla Weighting Soars ALT D1 ALT D2 ALT D3 ALT D4

Faotor Range

RS W8 RS W$ RS W$ RS W8

Potential Hazards 15 % 1-5 3.0 0.45 3.0 0.45 3.5 0.53 3.S 0.53

Throughput 15 % 1-5 3.0 0.45 3.0 0.45 3.0 0.48 3.0 0.45

ape & Main 15% 1-5 3.0 0.45 2.5 0.38 4.0 0.60 3.5 0.53

Dem Tech/Dev 20 % 1-5 3.0 0.80 3.0 0.80 3.5 O.70 3.5 0.70

Flexibility 15% 1-5 3.0 0.45 3.0 0.45 3.5 0.53 3.5 0.53

Equipment Cost 10% 1-5 3.0 0.30 3.0 0.30 3.0 0.30 3.0 0.30

Equipment Procurement Sched 5 % 1-5 3.0 O. 15 3.0 0.15 3.0 O. 15 3.0 O. 15 '

Waste Min 5% 1-5 3.0 0.15 3.0 0.15 3.5 0.18 3.5 0.18

Total 100% 3.00 2.93 3.44 3.37
ii ii , ,
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6.5 Single Route for Shredded/Non-Shredded Waste

1. Introduction

a. The baseline design for the Open, Sort and Size Reduction enclosure includes a
separate sort table for direct repack waste and shredded waste. This study will
evaluate the feasibility of processing all waste directly through the shredder system.

2. List of Alternatives

a. ALT E1 = Direct Repack Line and Shredding Line _

b. ALT E2 = Shredding Line Only

3. Descriot;i0n of AlternativQs

a. ALT E1 Direct Repack Line and Shredding Line

1) This alternative proposes that waste such as ash, soil and other materials
which do not require size reduction, are not shredded. Only material
requiring size reduction will be shredded. This alternative represents the
CDR baseline design.

b. ALT E2 Shredding Line Only

1) This alternative proposes that all material will be routed through the
shredders.

4. Descriotion of Evaluation Matrix

a. An illustration of the alternatives evaluated is given in Appendix A, sheet 6.5. The
evaluation matrix is given in Table 6.5, located after the evaluation matrix
description.

b. Potential Hazards

1) Shredding material such as ash and dry soils will cause large amounts of
dust to be generated blocking filters, contaminating equipment and resulting
in greater clean up requirements and hence increased radiation exposure to
plant personnel. It will also give a slightly higher potential for dust
explosion.

c. Plant Throughput

1) The CDR time and motion assessment concludes that the size reduction and
repack area achieves the required plant throughput with both a shredding
line and a direct repack line. Each line is intended to operate independently
and hence minimal difference in throughput is considered to exist wh_,n
operating each line separately.

,i
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d. Operability and Maintainability

1) The use of both a direct repack and a shredding line involves more
equipment and hence will increase maintenance requirements. However
processing all waste through the shredder will result in increased
maintenance requirements.

e. Demonstrated Technology/Development Requirements

1 ) Each alternative proposes use of the same type of equipment. No difference
is considered to exist between the two alternatives with respect to
demonstrated technology and development requirements.

f. Flexibility

1) Alternative E1 proposes the use of a direct repack route for items not
suitable for shredding and a shredding line for shreddable waste. This
provides more flexibility than the use of a shredder line only.

g. Equipment Cost

1) Alternative E1 represents the baseline CDR TEC cost.

2) Alternative E2 will be cheaper by the cost of a sorting enclosure and its
associated sorting equipment. This is estimated as follows:

Equipment Cost

Sorting/Tipping Table 16.5
Manipulator Assembly 107.0
Purged Port 10.0
Repack Enclosure 1 23.5

Total 257.0

h. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

i. Waste Minimization Including Secondary Waste Generation

1) Processing ash and dry soil through a shredder will cause high levels of dust
to be generated and will produce additional secondary clean up wastes.

2) The additional plant and equipment associated with alternative E1 will result
in additional maintenance and decommissioning wastes.
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a. Waste which does not require size reduction should be directly repacked and not
- shredded. A shredding line and a direct repack line are required for processing dry

wastes within the size reduction area of WRAP 2A as currently identified in the CDR
baseline design.

6. Recommendations

a. The WRAP 2A Title I design should progress on the basis that both a shredding line
and a direct repack line are required to process dry wastes.

i1=1 i
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TABLE (?.5
SINGLE ROUTE FOR SHREDDED/NON SHREDDED/NON SHREDDED WASTE - EVALUATION MATRIX

ALT E1 = Direct Repack for Waste Which Does Not Require Shredding

Shredding of Waste Which Requires Shredding

ALT 1:2 = All Waste Routed Through the Shredders.

RS = Raw Score

WS -: Weighted Score

, , r .., i

Evaluation Criteria Weighting Footer $oore Range ALT E1 ALT E2

RS WS RS W$

Potential Hazards 15 % 1-5 3.5 0.53 2.0 0.30

Throughput 15 % 1-5 3.0 0.45 3.O 0.45

Ops & Main 15% 1-5 2.5 0.38 3.5 0.53

Darn Tech/Dev 20% 1-5 3.0 0.80 3.0 0.60

Flexibility 15 % 1-5 4.0 O.80 3.0 0.45

Equipment Cost 10% 1-5 3.0 0.30 4.0 0.40

Equipment Procurement Sched 5% 1-5 3.0 O.15 3.0 O. 15

Waste Min 5% 1-5 3.5 0.18 2.5 0.13

Total 100% 3.18 3.00
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6.6 Process Routes for Empty Drums

1. Introduction

a. The purpose of this assessment is to determine the most effective method of
processing empty drums within WRAP 2A. Removal of the empty drums from the
enclosure for decontamination and reuse is not considered practical due to it being
labor intensive and generating large quantities of secondary wastes and effluents.
Some doubt also exists as to the physical integrity of the drum after opening using
a saw to cut the clamp band.

2. List 9f Alternatives

a. ALT F1 = Shred Empty Drums In Existing Shredder and Dispose as LLRMW

b. ALT F2 = Compact Empty Drums and Dispose as LLW

c. ALT F3 = Fill Drum With Inert Material For Disposal as LLW

d. ALT F4 = Decontaminate Drums and Reuse

e. ALT F5 = Place Empty Drum in Box for Disposal as LLW

f. ALT F6 = Shred Empty Drums to Separate Shredder and Dispose as LLW

3. _Descriotion of Alternatives

a. ALT F1 Shred empty drums in existing shredder and dispose as LLRMW.

1) Empty waste drums used in the Size Reduction enclosure are shredded as
part of the waste process. Empty drums from the Pug Mill and Special
Waste enclosures are routed to the Size Reduction enclosure for shredding.

b. ALT F2 Compact empty drums and dispose as LLW.

1) Empty drums from the Size Reduction, Pug Mill and Special Waste
enclosures can be classified as LLW (Reference 13). These empty drums are
transported through the interconnecting transfer tunnel to a drum compactor
housed in a small enclosure adjacent to the Special Waste Facility. At the
compactor station the drums will be compacted and loaded into 85 gallon
overpacks. Discussions with WHC (Reference 13) indicate that when
compacted empty drums are loaded into a new drum, then this drum can be
disposed of as LLW. It will however be necessary to verify that each drum
is empty and hence can be disposed of as LLW, it is anticipated that this
verification can be carried out by visual inspection using CCTV equipment.
Although WRAP 1 have encountered some design difficulties in engineering
an empty drum compactor and empty drum load out facilities, it is
anticipated these will not be insurmountable and that WRAP 2A can take
advantage of the title design work on WRAP 1 for the processing of empty
drums.
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2) Drums which are suspected as being above the LLW acceptance criteria are
routed to the Size Reduction enclosure for shredding, these drums will then
be treated as LLRMW and handled in full compliance with the requirements
of LLRMW.

c. ALT F3 Drum fill with inert material for disposal as LLW.

1) Empty waste drums are removed from the enclosure, decontaminated and
filled with an inert (non-reactive void filling material) material and disposed
as whole drums.

d. ALT F4 Decontaminate Drum and Reuse

1) Empty waste drums are removed from the enclosure, decontaminated and
reused to store waste.

e. ALT F5 Place empty drums in box for direct disposal as LLW.

1) Empty waste drums are removed from the enclosure and directly placed in
a box within WRAP 2A. Once full, the box will be transferred from WRAP
2A for disposal as LLW.

f. ALT F6 Shred empty drums in separate shredder and dispose as LLW.

1) Empty waste drums will be transferred to a separate LLW shredder and
shredded into new 55 gallon drums for disposal as LLW.

g. The FDC specifies that WRAP 2A should have the capability to dispose of waste
containers by size reduction and treating for disposal as waste. Size reduction of
empty drums by shredding or compaction are considered to comply with this FDC
requirement.

4. Alternatives ScrQened From Further Evaluation

a. Alternative - F3

1) Alternative F3 proposes removal of the empty drums from the enclosure
followed by filling with an inert material prior to disposal as whole drums.
This alternative is screened from further evaluation on the basis that it will
be costly and wasteful to fill all empty drums which arise over the lifetime
of the plant (approximately 100,000) with an inert material. In addition if no
volume reduction is carried out on these drums, then a much larger site will
be required to dispose of a relatively clean waste arising from WRAP 2A.
When removing the lid from the drum the clamp band is sawn off using a
sawzall. This operation also cuts into the drum thus damaging the drum and
leaving sharp edges on the drum. This will increase the risk of puncture
wounds when decontaminating the drum.
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b. Alternative - F4

1) As for alternative F3, when the lid is removed from th_ drum the clamp is
sawn off using a sawzall. This operation also cuts into the top sides of the
drum thus rendering it of little use for further containment purposes. In
addition, decontamination of the large number of drums involved will be
labor intensive, generate large quantities of secondary wastes and increase
the risk of puncture wounds during decontamination operations.

c. Alternative - F5

1) In order for this alternative to be effective the box must be sufficiently large
to contain a number of empty drums. The material handling equipment
within the main orocessing areas of WRAP 2A are sized to handle 55 and 85
gallon drums and hence placement of empty drums into boxes would have
a major impact on the material handling equipment in WRAP 2A. in addition,
direct placement of empty drums into boxes without taking advantage of any
volume reduction will result in a large volume of waste for disposal thus
increasing the size of the disposal site and the cost of disposal. The boxes
containing the empty drums will largely be voidage and would either have to
have a degree of mechanical strength to prevent slumping in the disposal
site or have to be filled with an inert (non-reactive void filling) material.

d. Alternative- F6

1 ) Alternative F6 is similar to alternative F2 in that both propose empty drums
are reclassified as LLW, size reduced and loaded into new drums for
disposal. Alternative F6 proposes that empty drums are shredded and
loaded into new 55 gallon drums, this alternative complies with the FDC in
that all output from WRAP 2A should be in 55 gallon drums. However,
Alternative F2 provides a much greater volume reduction of empty drums by
compacting rather than shredding and will hence offer a greater saving in
terms of disposal site size, disposal cost and material movement within
WRAP 2A. Although Alternative F2 proposes compacted drums are loaded
into 85 gallon overpacks which is a variation on the FDC, the material
handling equipment outlined in the baseline CDR design is sized to handle 55
and 85 gallon drums. In addition, WRAP 1 Change Request 55 proposes
that empty drums are compacted and loaded into 85 gallon drums for
disposal as LLW. Alternative F2 also has the advantage that the process of
compacting empty drums and loading into 85 gallon drum overpacks for
disposal is directly consistent with the WRAP 1 design philosophy.

5. Descriotion Evaluation Matrix Scorino

a. An illustration of the alternatives evaluated is given in Appendix A, sheet 6.6. The
evaluation matrix is given in Table 6.6, located after the evaluation matrix
description•
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b. Potential Hazards

1) Both shredding and compaction of empty drums will be carried out remotely
and hence will incur minimal occupational radiation exposure levels. Similat ly
both shredding and compacting empty drums will generate dust.

2) Shredding can be carried out using equipment which exist in the baseline
CDR design. Compaction requires additional equipment to the baseline
design and as a result of this will require additional maintenance and c_ean
up including the associated exposure and risk.

c. Plant Throughput

1) The potential to achieve higher plant throughput will be recognized by
compacting rather than shredding empty drums. This is made possible
because compaction can be carried out off line from the shredding process.
The main bottleneck in the shred and repack enclosure is the drum handler
and in particular holding empty drums whilst waste is being inspected on the
sorting table prior to shredding. This sequence of operations is briefly
described as follows:

a) Drum handler grabs drum,

b) Drum lid is removed from drum.

c) Drum is lifted to the shredding line sort table.

d) Waste is tipped from drum onto sort table.

e) Waste is inspected on sort table.

f) After inspection waste is tipped from sort table into shredder.

g) Empty drum is placed on sort table and then deposited into shredder.

h) Drum handler returns to handle next drum.

2) Items a to d are on line operations which require use of the drum handler.
Items e to g require the drum handler to hold the empty drum while the
waste is sorted and shredded, prior to the empty drum being shredded. If
this stage can be eliminated, it releases the handler to receive and assist in
lid removal of the next drum. If empty drums are compacted the drum
handler can lower the empty drum after tipping in order for removal from the
shredding and repack enclosure and transfer for compaction.

d, Operability and Maintainability

1) Both shredding and compaction of empty drums will be carried out remotely
and will hence require minimal operator involvement. Similarly both
shredding and compacting empty drums will generate dust.
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2) Compaction will require additional equipment and hence additional
maintenance.

_ e. Demonstrated Technology/Development Requirements

1) The use of shredding equipment to process empty 55 gallon drums is
demonstrated technology.

2) Supercompactors are in limited use to process full 55 gallon drums of waste
within the nuclear industry .Empty drum compactors are widely used outside
the nuclear industry. No knowledqe exists of the integration of an empty
drum compactor into an active environment however this technology is to
be developed as part of WRAP 1 Change Request 55, and WRAP 2A will be
able to take advantage of this work.

f. Flexibility

1) Compaction provides additional processing capabilities to the baseline CDR
design and hence potentially increases flexibility of the facility. However, it
is intended that the compacted empty drums can be classified and disposed
of as LLW. This may reduce the flexibility if mixed wastes cannot be
processed in the compactor.

g. Equipment Cost and Operational Cost

1) Equipment Cost

a) Compaction is an additional process to the baseline CDR design and
will require the following equipment:

Equipment Cost

Empty drum compactor 10.0
Compactor enclosure 40.0
Compact exit enclosure 95.0
Drum exit port 36.0
Lift table 14.0
Compact lifter 30.0
Monorail & Hoist 3.5

Total 228.5

2) Operational Cost

a) As part of the baseline CDR design it is assumed that 24 empty
drums can be shredded into 3 new drums giving a volume reduction
ratio of 8:1. If empty drums are shredded, they are processed with

e the same equipment as the mixed waste.

i iii
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b) In order to estimate what volume reduction factors might be
achievable for empty drum compaction, consider the following
assumptions:

s Empty drums can be compacted to 2" in height

-, Empty drums when compacted and reloaded into a disposal
container can be classified as LLW.

a Compacted empty drums are loaded into an 85 gallon drum
which has an available internal height of 32 inches for waste
containment.

c) Using the above assumptions it will be possible to achieve a volume
reduction ratio of 16:1 by compacting empty drums. In general it is
assumed that compaction will give a better volume reduction than
shredding by a factor of approximately two (2).

d) Within WRAP 2A approximately 25 empty used drums require
processing each day. Over a 25 year plant life, 175 operational days
per year, the following disposal benefits can be calcula(ed:

A number of empty drums will arise from processing operations in the
sludge repack enclosure. These drums will contain sludge either
within a drum liner or a plastic bag. The drums in which sludge has
only been contained within a plastic bag, will likely be contaminated
as the plastic bag has degraded or torn, and could not be disposed of
as LLW. However, initial estimates indicate that the number of
drums which contain sludge in plastic bags is expected to be small
and should not have a major impact on the total number of drums
that can be re-classified as LLW and compacted.

Used Drum Product Total Disposal Total Disposal
Feed Drums Cost if LLW Cost if LLRMW

$45/CuFt $135/CuFt

Shredding 110,000 13,750 $13.74M

Compaction 110,000 6,875 $3.53M

- h. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

k. Waste Minimization Including Secondary Waste Generation

1) As demonstrated above there is a big reduction in process waste by
adopting compaction.
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2) Compaction requires additional equipment to the baseline design and will
hence produce additional clean up wastes.

3) Again additional equipment will produce additional maintenance and
decommissioning wastes.

6. Conclusions

a. Empty drums arising from the size reduction area of WRAP 2A should be
compacted, loaded into 85 gallon overpacks and disposed of as LLW. However, in
order for this to be possible the FDC must be revised to allow compacted empty
drums to be packaged in 85 gallon drums for disposal as LLW.

7. Recommendations

a. The WRAP 2A Title I design should included an empty drum compactor and an
empty drum compact load out facility. The FDC must also be revised to allow
empty drums to be reclassified as LLW and output from WRAP 2A in 85 gallon
drums.
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TABLE 6.6
ASSESSMENT OF PROCESS ROUTES FOR EMPTY DRUMS - EVALUATION MATRIX

ALT F1 = Shred Empty [_rums

ALT F2 = Compact Empty Drums

RS = Raw Score

WS = Weighted Score

, |ii

Evaluation Critede Weighting Faotmr 8ogre Range ALT F1 ALT F2

RS WS R8 WS

Potential Hazards i 15% 1-5 4.0 0.60 3.5 0.63

Throughput. 15 % 1-5 3.O 0.45 4.5 0.88

ape & Main 15% 1-5 4.0 0.60 3.5 0.53

Dam Tech/Dev 20% 1-5 3.0 0.60 2.5 0.50

Flexibility 15 % 1-5 3.0 0.45 3.5 O.53

Equipment Cost 10% 1-5 3.0 0.30 4.5 0.45

Equipment Procurement Sched 5 % 1-5 3.0 O.15 3.0 0.15

Waste Min 5% 1-5 3.0 0.15 4.5 0.23

Total 100% 3.30 3.58
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6.7 Process Routes for 85 Gallon Drums Containing Absorbent

1. Introduction

a. The purpose of this assessment is to determine the most effective method of
processing 85 gallon drums containing absorbent within WRAP 2A. It is anticipated
that the 85 gallon drums have been used to overpack 55 gallon drums which have
been damaged, corroded or leaked and that the interspace between the 55 gallon
drum and the 85 gallon overpack has been fitted with absorbent.

2. List of Alternatives:

a. ALT G1 = Pre Treat 85 Gallon Drum in Box Breakdown

b. ALT G2 = Open Both Drums and Shred as to the Baseline Design

c. ALT G3 = Open 85 Gallon Drum, and Shred 55 Gallon Drum Without Opening

d. ALT G4 - Shred 85 Gallon Drum Without Opening

3. Descriotion of AlternativQs

a. ALT G1 Route through box breakdown

1) Drums are opened in the box breakdown area, the contents are examined/
sampled, coarse size reduced and repacked into 55 gallon drums and
transferred to the size reduction enclosure where the waste is shredded.

b. ALT G2 Open Both drums and Shred as to the Baseline Design

1) The drum handling equipment in the Size Reduction process is capable of
handling 85 and 55 gallon drums. Once inside the enclosure the 85 gallon
drum will be opened and the 55 gallon drum removed. The 55 gallon drum
is processed normally with the waste being tipped from the drum onto the
sort table and then loaded onto the conveyor for weighing and drum filling.
The empty 85 gallon drum will be raised to the higher level and size reduced
in the shredder.

c. ALT G3 Open 8E gallon drum and shred 55 gallon drum without opening.

1) The 55 gallon drum is removed from the 85 gallon overpack drum and routed
for shredding without removing the waste for sorting.

d. ALT G4 Shred 85 gallon drum directly without opening.

1) The 85 gallon drums is routed for shredding without removing the 55 gallon
drum and waste for sorting.

iiii=1=1 i
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4. Alternatives Screened From Further Evaluation

a. Alternatives - G3 & G4

1) TI,ase alternatives have been screened from further evaluation because they

propose unopened drums of waste being processed through the shredding
equipment, this potentially may result in incompatible waste being processed
through the shredder.

5. pescriotion of Evaluation Matr.ix Scorina

a. In order to meaningfully evaluate the most suitable method of processing 85 gallon
drums containing absorbent, the number of 85 gallon drums expected to be
processed must be estimated. In order to do this consider the following
assumptions:

1) Approximately 200 x 85 gallon overpacks currently exist. (Reference 14)

2) Most waste to be processed by WRAP 2A have yet to be generated and are
less likely to require overpacks than existing stored wastes. Assume the
number of future 85 gallon overpacks will arise in half the proportion as the
number of backlog 85 gallon drums. Hence if 200 backlog drums were
generated from waste which represent 4800 Cu Ft/year (feedstreams 1A to
1D) throughput in the plant and the total waste to be processed is 29,000
CuFt/year, then:

0.5 x 24,200 x (1/4800) x 200 - Approximately 500

500 x 85 gallon overpacks will arise from future operations.

b. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.7. The
evaluation matrix is given in Table 6.7, located after the evaluation matrix
description.

c. Potential Hazards

1) Within the box breakdown cell, 85 gallon drums could be opened remotely
and the 55 gallon drum removed using the box breakdown manipulator.
Once the 55 gallon drum becomes exposed it may be visually inspected to
determine the extent of damage or leakage, from which a decision can be
made whether it should be cleaned and/or repacked either remotely or
manually. The 85 gallon overpack will then be size reduced using the box
breakdown manipulator. It is likely that some manual operation will be
required to assist in processing 85 gallon drums containing absorbent. This
will give rise to occupational exposure and some additional risk of puncture
wounds.

i
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2) The WRAP 2A drum entry system is based on that of WRAP 1. With this
system it is possible for an 85 gallon dru_n to gain entry into the enclosure,
however this requires modifications to be made to the entry bagless transfer
port which will give rise to occupational exposure and a some risk of
puncture wounds.

d. Plant Throughput

1) The box breakdown cell is required to process approximately one box per
month. On an average, it will take much less than one month to process a
box in the box breakdown cell. If two weeks are allowed to process a box,
then a total of 600 weeks (12 boxes/year x 2 weeks/box x 25 ,/ear work-
off) would be required over the lifetime of the plant to carry out this task in
the box breakdown cell. Assuming a 30 year operating life, the available
time is 1050 weeks (35 weeks/year x 30 years), which leaves another 450
weeks (1050-600) in the box breakdown cell to perform other operations.
If approximately 700 overpack drums are to be processed (Reference
6.7.5.a) over the lifetime of the plant, and if each drum takes 1 day to
process, then 140 weeks will be required to process overpacks in the box
breakdown c¢11.The available 450 weeks to carry out additional operations
thus far exceeds the 140 weeks required to process overpacks containing
absorbent.

2) The CDR indicates that the size reduction and repack enclosure can at
maximum process 11,500 output drums per year and that this exceeds the
FDC required output of 7,500 drums per year.

3) Based on these figures it is reasonable to assume that the size reduction and
repack enclosure can process an additional 28 (700/25 year plant life) input
overpacks per year, assume this to be equivalent to 60 output drums per
year.

Operability and Maintainability

1) Routing drums through the box breakdown cell will require additional
maintenance of equipment and hence additional exposure and risk of
puncture wounds.

2) In order for 85 gallon drums to enter the glovebox enclosure modification is
required to the drum entry facilities. Also when the 55 gallon drum is
removed from the overpack the absorbent material will be lifted out of the
overpack with the 55 gallon drum. This will be much more difficult to clean
up than in the box break down cell where a smooth flat floor can be
provided on which to carry out this operation.

Demonstrated Technology/Development Requirements

1) It is unlikely that there will be additional development requirements to those
for the baseline CDR box breakdown cell.

I i i iiii
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2) The WRAP 1 design will have to demonstrate that the enclosure can handle
85 gallon drums. The WRAP 2A plant must however process drums up to
3000 ib in weight and some consideration must be given to up-rating the
WRAP 1 systems from 1000 lb.

f. Flexibility

1) The box breakdown cell provides additional processing flexibility and hence
can receive more complex waste types.

g. Equipment Cost

1) It is estimated that 85 gallon drums containing absorbent could be processed
in either the box breakdown cell or the size reduction enclosure with no

major additional increases to the CDR TEC.

h. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

i. Waste Minimization Including Secondary Waste Generation

1) No significant differences are considered to exist between each option in
volume reduction of process waste or in the generation of secondary
wastes.

6. Conclusions

a. 85 gallon drums containing absorbent should be opened, sampled, size reduced as
necessary and repacked in the box breakdown area of WRAP 2A prior to shredding
in the size reduction enclosure.

b. The proposal to route 85 gallon drums containing absorbent through the box
breakdown areas is in line with the CDR philosophy.

7. Recommendations

.... a. The WRAP 2A Title I design should progress on the basis that 85 gallon drums
containing absorbent are opened, size reduced as necessary and repacked in the box
breakdown area prior to shredding,
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TABLE 6.7

ASSESSMENT OF PROCESS ROUTES FOR 83 GALLON DRUMS WITH ABSORBENT - EVALUATION MATRIX

ALT G1 = Pre Treat 83 Gallon Drum in Box Breakdown I
ALT G2 - Open 83 and 55 Gallon Drum and Process Waste in Shred and Repack Enclosure

RS = Raw Score

WS -, Weighted Score

11i1 ii i | i i ii

Evaluation Criteria Weighting Faotmr Soore Range ALT Ol ALT G2

RS WS P.S WS

Potential Hazards 15 % | -5 3.0 0.45 3.0 0.45

Throughput 15 % 1-5 3.0 0.45 3.0 0.45

Ops & Main 15% 1-5 4.0 0.80 2.0 0.30

Dam Tech/Dev 20% 1-5 3.0 0.OO 3.5 0.70
i

Flexibility 15% 1-5 3.5 0.53 3.0 0.45

Equipment Cost 10% 1-5 3.0 0.30 3.0 0.30

Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 0.15

Waste Min 5% 1-5 3.0 0.15 3.0 0.15

Total 100% 3.23 2.95
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6.8 Process Routes for Immobilized Waste and Supercompacted Drums

1. Introduction

a. The purpose of this assessment is to determine the most effective method of
processing immobilized waste and supercompacted drums.

2. List of Alternatives

a. ALT H1 = Route through Box Breakdown

b. ALT H2 = Route Directly to Shredders

3. Descriotion of Alternatives

a. ALT H1 Route through box breakdown.

1) Drums are coarse size reduced and repacked into 55 gallon drums in the box
breakdown cell then transferred to Size Reduction where the waste is
shredded.

=

2) The FDC specifies that WRAP 2A has the capability to shred and process
drums that have already been immobilized and drums that have been
supercompacted. Preliminary size reduction inthe box breakdown cell prior
to shredding in the size reduction and repack enclosure is considered to
comply with this FDC requirement.

b. ALT H2 Route directly to shredder.

1) Drums are processed in the size reduction enclosure through the shredder
route. A ram is likely to have to be fitted at the shredder inlet to force
drums into the cutters.

4. DescriDti0n of Evaluation Matrix Scorina

a. Assume WRAP 2A produces a total 2 days of product drums per year
(approximately 100 drums/yLar) which do not comply with WAC and have to be
reprocessed in WRAP 2A. In addition, the FDC specifies that WRAP 2A will
destructively examine 1% of the immobilized produce drums (approximately 90
drums per year). It is assumed that most of supercompacted drums arise from
WRAP 1 and that the numbers will be minimal in comparison to the immobilized
drums.

b. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.8. The
evaluation matrix is given in Table 6.8, located after the evaluation matrix -
description.

_ |
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c. Potential Hazards

1) The WRAP 2A CDR proposes to use cutting equipment in the box
breakdown cell to size reduce the immobilized waste into smaller pieces,
which can more easily be shredded. This operation will however cause dust
generation which will have to be controlled and will result in additional clean
up operations and hence dose uptake. In addition heat and possibly sparks
will be generated during cutting operations which give rise to potential fire
and explosion problems.

2) Attempting to shred immobilized drums in the shredders will cause wear and _
damage to the shredder cutters and may ultimately result in complete failure
of the shredders. In order to shred immobilized drums of waste, Shredder
vendors have recommended the use of a feed ram to push the drum into the
shredder cutters. The feed ram is a large piece of equipment which will
require additional maintenance. As with carrying out pre treatment in the box
breakdown cell, shredding immobilized drums will generate dust and require
clean up operations.

d. Plant Throughput

1 ) The main size reduction operations for cutting up the immobilized drums can
be carried out in parallel with box breakdown operations, only limited use of
the manipulator will be required to load the size reduced waste into a new
drum for transportation to the shred and repack enclosure.

2) If approximately 190 drums are to be processed over the lifetime of the plant
and each takes 1 day to process, then 38 weeks will be required to process
immobilized drums and supercompected drums in the box breakdown cell.
It has already been established in Section 6.7.5d that 450 weeks exist (over
the lifetime of the plant) in which the box breakdown area is available to

process items other than boxes, and of this 450 weeks, 140 weeks are
required to process 85 gallon drums containing absorbent. Hence sufficient
space capacity exists in the box breakdown area for 38 weeks of processing
immobilized drums and supercompacted drums.

3) The WRAP 2A CDR indicates that the size reduction and repack enclosure
can at maximum process 11,500 output drums per year and that this
exceeds the FDC output of 7,500 output drums per year. As for the study
assessing process routes for 85 gallon drums containing absorbent it is
reasonable to assume that the size reduction and repack enclosure can
process an additional 190 input immobilized drums per year, assume this to
be equivalent to 380 output drums per year=
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e. O'perabilityand Maintainability

1) Routingdrumsthrough the box breakdown cell will require maintenance of
equipment and hence additionalexposureand risk of puncture wounds.

2) The feed ram requiredto pushthe druminto the shreddercutters will result
in additional maintenance operations.

3) Both alternatives will produce dust during processingoperationswhich will
require clean up operations. However as both options propose the use of
shreddingto reducethe waste sizedown to 2" x 2" x 2" and alternative H1
proposesadditionalcoarse size reduction techniques in the box breakdown
cell this will produce the higher of the two dust problemsand require the
greatest clean up operations.

4) When assessingthe abilityof each alternativeto carry out the requiredtask,
pre treatment of the immobilizeddrum in the box breakdown cell gives the
greatest confidance. Discussionswith shreddervendorshave indicatedthat
coarse size reductionof immobilizedwaste prior to shreddingwould be the
preferred alternative.

f. Demonstrated Technology/Development Requirements

1) Sawing techniques exist in industry to cut concrete items eg. abrasive
wheels, diamond ropes.

2) Large shreddersexist in industry, and initial discussions with vendors
indicate that shredding55 gallondrums filledwith concrete will be possible,
but require the use of a ram to push the drums into the shredder cutters.
However it is likely that a single/double shredder unit will require more
testing anddevelopmentif requiredto processimmobilizeddrumsin addition
to the wide variety of wastes that are to be treated in WRAP 2A.

g. Flexibility

I) The box breakdown cell provides additionalprocessingflexibilityand hence
will have additionalprobabilityin being ableto treat 8 wider variety of "out
of specification" immobilizeddrums.

h. Equipment Cost

1) Pretreatment of the immobilizeddrumsinthe box breakdowncell represents
the baselineCDR TEC.

Q

L
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2) Size reduction of immobilized drums will require an feed ram to push the
drum into the shredder cutters, the additional cost is estimated as follows:

Equipment Cost

Feed Ram 20.0

Feed Ram Enclosure 80.0 !
i

Total 100.0

i. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

j. Waste Minimization Including Secondary Waste Generation

1) Size reducing the immobilized drums in both the box breakdown cell and in
the shredder will result in more dust and hence secondary clean up wastes.

2) Shredding of whole immobilized drums will probably give rise to additional
shredder maintenance and breakdown wastes.

5. Conclusions

a. Both drums of immobilized waste and supercompacted drums should be size
reduced into shreddable pieces and repacked in the box breakdown area of WRAP
2A prior to shredding in the size reduction enclosure.

b. The proposal to route immobilized waste, supercompacted drums and 85 gallon
drums containing absorbent through the box breakdown area is in line with the CDR
philosophy. The implication of routing these wastes through the box breakdown
area has been addressed in sections 6.7 and 6.8 and no impact on throughput is
anticipated.

6. Recommendations

a. The WRAP 2A Title design should progress on the basis that both drums of
immobilized waste and supercompacted drums are size reduced into shreddable
pieces and repacked in the box breakdown area prior to shredding.
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, TABLE6-8
ASSESSMENT OF PROCESSROUTESFOR IMMOBILIZEDWASTE AND SUPERCOMPACTEDDRUMS - EVALUATION MATRIX

ALT H1 ,- Pre Treat Immobilized Waste and Supercompected Drams in Box Breakdown
ALT H2 ,- Route Directly to Shredder

RS - Raw Score

WS - Weighted Score

i i, i

Evaluation Crit_ie Weighting Fao_r Soots Range ALT H1 ALT H2

RS WS RS WS
i

Potential Hazards 16% 1-5 2.6 0.38 2.0 0.30

Throughput 15 % 1-5 3.0 0.45 3.0 0.45

Ops & Main 15% 1-5 3.5 0.53 2.6 0.38

Dam Tech/Dev 20% 1-5 3.0 0.00 2.0 0.40

Flexibility 15 % 1-5 3.0 0.45 2.0 0.30

Equipment Cost 10% 1-5 3.0 0.30 2.5 0.25

Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 O.15

Waste Min 5% 1-5 2.5 0.13 3.0 O. 15

Total 100 % 2.98 2.38
.............
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6.9 Waste Entry into Containment

1. Introductior_

a. The purpose of this assessment is to determine the most effective method of
transferring waste or drums of waste into the shredder and direct repack enclosure.

2. List of Alternatives

a. ALT J1 = Transfer Drums of Waste into Containment using Simple Double Lidding
Systems

b. ALT J2 : Transfer of Waste into Containment using Simple Double Lidding
Systems

c. ALT J3 = Bag Drums of Waste into Containment

d. ALT J4 = Bag Waste into Containment

3. pescriotion of Alternatives

a. ALT J1 Transfer drums of waste into containment using simple double lid systems.

1) A bagless transfer system is used to allow full drums of waste to be
transferred into containment in a similar manner to that used in WRAP 1.

Once inside containment the drum would be opened, waste removed and the
empty drum disposed of as waste.

b. ALT J2 Transfer of waste into containment using simple double lid systems.

1) A bagless transfer system will be used to remove the lid from a drum while
maintaining containment, thus allowing waste items to be removed from the
drum. After waste has been removed from the drum, the drum lid is

replaced using the bagless transfer system and the empty drum removed for
reuse, storage or treatment.

c. ALT J3 Bagging drums of waste into containment.

1) A large bagging port will be used to bag full drums of waste into
containment. This alternative is a reversal of the standard bagging operation
used to remove active waste from containment. Once inside containment

the drum would be opened, waste removed and the empty drum shell
classed as waste.
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d. ALT J4 Bagging of waste into containment.

1) A large bagging port would be used to bag waste into containment from a
drum. The sequence of operations would be as follows:

-.

a) Initial state - bagging port with bag and a drum with lid.

b) Connect bagging port and outside of drum with a second bag.

c) Remove initial bag on bagging port thus exposing drum lid.

d) Remove lid from drum.

e) Remove waste from inside drum.

f) Replace drum lid onto drum.

g) Seal weld and cut bag connecting bagging port and outside of drum.

4. Alternatives Screened From Further Evaluation

a. Alternatives - J3 & J4

1) These alternatives are not to be evaluated.because of the difficulties

associated with performing bagging operations through large diameter
bagging ports, these are described as follows:

a) The gloveboxes are maintained below atmospheric pressure and,
therefore, the forces exerted on the bag/seal between bag and
containment, due to the pressure differential acting on the projected
area of the bagging port, _ 'ill make the operation very difficult and
increase the risk of breaking containment.

b) The flexibility/dexterity required to carry out bagging results in it
being a manual operation. Hence if bagging operations were carried
out as a production process to introduce drums/waste into
containment, it would be labor intensive and result in increased

personnel radiation exposure and increased risk of accidents.

c) Bagging techniques generate secondary waste.

d) The high risk of ripping bags when passing pieces of waste through
the bagging port into the bag.
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5. Descriotion of Evaluation Matrix Scorina

a. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.9. The
evaluation matrix is given in Table 6.9, located after the evaluation matrix
description.

b. Potential Hazards

1) Removal of waste from drums at the entry enclosure (ALT J2) will be
unacceptable by manual operations. The use of a remote tool to lift waste
from the drum will probably result in some of the waste being dropped by
the remote tool, this consequently will have to be recovered either by the
tool or by manual methods.

2) Removing waste from drums using a remote tool will require operator
involvement to control the tool, if the operator has to observe the waste
removal at the glovebox face then additional radiation exposure will be
incurred.

3) The baseline design proposes the full drum to be transferred into
containment (ALT J1). In this case the drum clamp band is removed
remotely. If the drum lid is to be removed using a bagless transfer system
(ALT J2) then prior to offering the drum up to the bagless transfer port the
drum clamp band will have to be removed. This is an additional operational
stage which if carried out manually will incur additional radiation exposure.

c. Plant Throughput

1) The WRAP 2A plant is required to process approximately 25 drums of waste
per day. The WRAP 2A baseline design proposes the use of bagless transfer
techniques to allow full drums of waste to enter containment, this method
allows the required plant throughput to be achieved.

2) It will be difficult to achieve the required throughput when removing waste
from drums using a single remote tool and bagless transfer port.

d. Operability and Maintainability

1) As discussed in the safety evaluation for alternative J2, the drum clamp
band will have to be removed prior to the lid being removed using a bagless
transfer system. Removal of the drum clamp band is an additional
operational stage which if carried out manually will incur additional dose.

2) Removal of waste using a remote tool will be labor intensive. In addition, it
is improbable that the tool will be able to remove all waste from the drum,
particularly for the wide variety of waste WRAP 2A will have to process.
The removal of waste using a remote tool is likely to require additional clean
up from dust generation and spillage of waste.
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3) Some drums processed by WRAP 2A have been generated from retrieval
operations and may have their lids damaged. It will be difficult to remove the
lid from a drum using bagless transfer techniques if the lid has been
damaged or if the lid is tightly pressed into the drum.

4) On removal of waste from the drum (ALT J2), the empty drum shell must
then also be processed. If carried out within WRAP 2A this will also have to
be carried out within an enclosure.

e. Demonstrated Technology/Development Requirements

1) Bagless transfer of drums into containment will be demonstrated as part of
the WRAP 1 project. BNFL in the UK have carried out extensive testing of
bagless transfer systems both actively and inactively.

2) BNFL in the UK are investigating the use of petal grabs to retrieve waste
from storage silos, this work is on a much larger scale (3 feet diameter petal
grab) and would probably have to be repeated at the drum size for WRAP
2A.

f. Flexibility

1) No significant differences are considered to exist between the two
alternatives.

g. Equipment Cost

1) Drums of waste can be transferred with relative ease within an enclosure.
If waste was to be lifted out of a drum it would have to be placed into a
secondary container to be transferred to the process. The cost of this
container would, however, be small.

2) Removal of waste from the drum at the bagless transfer port (ALT J2) would
not require any drum delidding equipment and hence reduce the cost by
approximately:

Equipment Cost

- Band Saw 3.0
Lid Remover 10.0

Total 13.0

h. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

i
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i. Waste Minimization Including Secondary Waste Generation

1) The transfer of waste into containment using a remote tool will lead to more
clean up operation as a result of dust generation and spillage of waste and
consequently produce additional secondary wastes.

6. Conclusions

a. The most suitable method of transferring waste into containment is to transfer full
drums of waste into containment using simple double lidding systems.

7. Recommendations

a. The WRAP 2A Title I design should include simple double lidding systems and drum
handling equipment for transferring full drums of waste into containment.
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TABLE 6.9I

ASSESSMENT OF PROCESS ROUTES FOR WASTE ENTRY INTO CONTAINMENT - EVALUATION MATRIX

ALT J1 - Begless Transfer Drums of Waste Into Containment

ALT J2 - Bagless Transfer of Waste Into Containment

RS : Raw Score

WS - Weighted Score

J i ,, , ......
|

Evduation Criteria I Weighting Faotor 8ogre Range ALT J1
ALT J2

RS WS RS WS

Potential Hazards 15 % 1-5 4.0 0.60 3.0 0.45

Throughput , 15 % 1-5 4.0 0.60 1.0 O.15

Opa & Main 15% 1-5 4.0 0.60 1.0 0.15

Dam Tech/Oev 20% 1-5 3.0 0.80 2.0 0.40

Flexibility 15 % 1-5 3.0 0.45 3.0 0.45

Equipment Cost 10% 1-5 3.0 0.30 3.5 0.35

Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 O.15

Waste Min 5% 1-5 3.0 0.15 2.0 0.10

Total 100% 3.45 2.20
,,
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6.10 Impact of Anti-Floatation Devices

1. Introduction

a. The purpose of this assessment is to determine the most suitable method of
introducing anti-floatation devices into the process.

b. At present it is not known whether anti-floatation devices will be required to
prevent waste floating in the grout or polymer matrix. However, some wastes are
known to have relatively low densities (plastics etc.) and the likelihood that these
wastes will float cannot currently be eliminated. For the purpose of the assessment
it will be assumed that anti-floatation devices are required.

2. List of Alternatives

a. ALT K1 = Anti-Floatation Device Fitted Before Dispatch to the Size Reduction and
Repack Enclosure.

b. ALT K2 = Anti-Floatation Device Fitted at the Size Reduction and Repack Enclosure
After Filling With Waste

c. ALT K3 = Anti-Floatation Device Fitted at the Polymer/Grout Processes Prior to
Filling

3. Description of Alternative_;

a. ALT K1 Anti-floatation device fitted before dispatch to size reduction and repack
enclosure.

1) Anti-floatation devices are fitted to the empty drums prior to delivery for
filling at the enclosures. The devices are removed before the drum is filled
with waste and replaced when full.

b. ALT K2 Anti-floatation device fitted at size reduction and repack enclosure after
filling with waste.

1) A supply of anti-floatation devices are held at the drum filling station of the
enclosures, when the drums have been filled with treated waste the devices

are fitted prior to the drum lid being installed.

c. ALT K3 Anti-floatation device fitted at polymer/grout prior to filling.

1) No provision is made for anti-floatation devices at the Size Reduction, Pug
Mill or Special Waste enclosures, these will be fitted at the polymer/grout
facilities. Fitting of anti-floatation devices would then be assessed by
polymer/grout studies.

iii
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4. Descriotion of Evaluation Matrix Scorino

a. An illustration of the alternatives evaluated is given in Appendix A, Sheet 6.10. The
evaluation matrix is given in Table 6.10, located after the evaluation matrix
description.

b. Potential Hazards

1) If anti-floatation devices are fitted at the size reduction, Grout or Polymer
enclosures, then either bagging or bagless transfer equipment will have to
be provided to allow the anti-floatation device to be introduced into the
enclosure. Any operations which allow transfer items into/out of an
enclosure have some associated risk of breaching containment, this is
however considered to be small. If bagging techniques are employed then
this will be labor intensive and will incur additional operator radiation
exposure. If bagless transfer is used this will require additional maintenance.

2) Bagless transfer is being proposed to allow waste to be loaded into new
drums at the size reduction and repack enclosure and to allow drums to
immobilized at the grout and polymer enclosures.

c. Plant Throughput

1 ) Fitting the drum with an anti-floatation device before dispatch to open, sort
and size reduction will probably mean that the device will have to be
removed at the shred and repack enclosure while waste is loaded into the
drum. However it is anticipated that the time to carry out this operation
would only be in the order of 2-3 minutes and could be carried out in parallel
with drum handling, opening and sorting operations within the enclosure.

2) Similarly if the anti-floatation device was introduced at either the size
reduction, grouting or polymer enclosures, this could be carried out in parallel
with drum filling operations.

3) No significant differences in throughput are considered to exist between the
location at which the anti-floatation device is fitted to the drum.

d. Operability and maintainability

1 ) Introducing the anti-floatation device before dispatch to the shred and repack
enclosure will allow removal, for waste filling, to be carried out in
conjunction with lid removal and drum filling. This operation will be carried
out remotely.

i nn lull i
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2) Introducing the anti-floatation device at either the shred and repack
enclosure or the grout/polymer enclosures will require additional handling
operations to tran,qfer the device to and into the enclosures. If bagging
techniques are employed then this will be labor intensive and will incur
additional operator radiation exposure. If bagless transfer is used this will
require additional maintenance.

;

e. Demonstrated Technology/Development Requirements

1) BNFL make use of anti-floatation devices in encapsulation plants at Sellafield
in the UK. Anti-floatation devices are fitted to new drums entering the plant _

prior to entering the process. The anti-floatation device is remotely
removed from the drum prior to loading waste into the drum, then remotely
replaced once the drum is filled with waste. BNFL do not introduce anti-
floatation devices after drums are filled with waste or grout.

f. Flexibility

1) No considerable differences in flexibility are considered to exist between
each alternative.

i

g. Equipment Cost

1) Additional bagging/bagless transfer facilities will be required if anti-floatation
devices are fitted at either the shred and repack, grout or polymer

enclosures. This will increase the design and construction costs of
alternative K2 and K3 by approximately $25K.

h. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

j. Waste Minimization including Secondary Waste Generation

1) Additional bagging/bagless transfer techniques required to introduce anti-
floatation devices into the shred and repack, grout or polymer enclosures will
produce some additional clean up and maintenance wastes. If bagging
techniques are adopted this will generate additional secondary wastes.

5. Conclusions

a. At present it is not known whether anti-floatation devices will be required to
prevent waste floating in the grout or polymer matrix. However, some wastes are
known to have relatively low densities and the likelihood that these wastes will float
cannot currently be eliminated. For the purpose of the assessment it has been
assumed that anti-floatation devices will be required.

ii _ i i
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b. Waste anti-floatation devices should be fitted to the drum before dispatch to the
size reduction enclosure. At the size reductionenclosurethe anti-floatation device
is removed remotely in order to allow the drum to be filled with waste, after which
the anti-floatation devicewill be replaced. The samerationale appliesto basketsto
prevent waste sinking to the bottom of the drum, disposablepaddles for in drum
mixing and anti-vortex devices, if required. In some cases removal of the device
may not be required to allow the drum to be filled with waste.

6. Recommendations

a. Furtherwork shouldbe carriedout on waste characterization, in orderthat the grout
and polymerprocessescan confirm that waste anti-floatation devicesare required.

b. When the necessity for anti-floatation devices is confirmed, the WRAP 2A title
designshouldincludeanti-floatation handlingfacilitiesin the SizeReduction,Sludge
Repack and Special Waste enclosures. Also, design of the new drum and anti-
floatation deviceshouldbe initiated. Thisshouldbe coordinatedwith other internal
drum devices such as anti-sinkingbaskets, in-drum mixing paddles,etc.
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TABLE 6.10
IMPACT OF ANTI-FLOATATION DEVICES - EVALUATION MATRIX

ALT K1 ,, Anti-Floatation Device Fitted Before Dispatch to Open/Sort/Size Reduction

ALT K2 - Anti-Floatetion Device Fitted st Open/Sort/Size Reduction After Filling with Waste I

ALT K3 :- Anti-Floatation Device Fitted at Polymer/Grout After Filling With Waste

RS = Raw Score

WS = Weighted Score

i i , i,i i|lii, i i
I

Evaluation Cdtede I Weighting Fimtor Some Range ALT K1
ALT 1(2 ALT K3

RS WS RS M RS WS
i

Potential Hazards 15 % 1-5 3.5 O.53 3.0 0.45 3.O 0.45

Throughput 15 % 1-5 3.0 0.45 3.0 0.45 3.0 0.45

Ops & Main 15% 1-5 3.5 0.53 3.0 0.45 3.5 0.53

Dam Tech/Dev 20% 1-5 3.5 0.70 3.0 0.60 3.0 0.60

Flexibility 15% 1-5 3.0 0.45 3.0 0.45 3.0 0.45

Equipment Cost 10% 1-5 4.0 0.40 3.5 0.35 3.5 0.35

Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 0.15 3.0 0.15

Waste Min 5 % 1-5 3.5 0.18 3.0 0.15 3.0 0.15

I

Total 100% 3.38 3.05 3.13 J

m
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6.11 Enclosure Entry Systems

1. Introduction

a. The purpose of this assessment is to determine the most effective enclosure entry
configuration to introduce drums into the size reduction and repack, pug mill and
special waste processes.

2. List of Alternatives

a. ALT L1 = Individual Entry to Each Process Line

b. ALT L2 = Single Common Entry to the Process Lines

c. ALT L3 = Double Common Entry to the Process Lines

3. De_criotion of Alternatives

a. ALT L1 Individual entry to each process line.

1) An entry box is included for each of the Size Reduction, Pug Mill and Special
Waste enclosures which contains all the facilities for drum receipt, lid
removal, drum hoisting/travel and enclosure entry hatch. This provides a
controlled and segregated entry into the individual enclosures.

b. ALT L2 Single common entry to all process lines.

1) A single entry box is provided to supply waste drums to the Size Reduction,
Pug Mill and Special Waste enclosures. A transfer mechanism relocates the
drum from the entry enclosure to the entry point of the appropriate process
line.

c. ALT L3 Combination entry systems.

1) Two entry enclosures serve the three process lines. This can be achieved

by the following arrangements.

a) Double common entry to Pug Mill and Size Reduction Enclosures.
4.

A dedicated entry box is provided for the Special Waste and Common
entry for the Pug Mill and Size Reduction.

b) Double common entry to Special Waste and Pug Mill Enclosures.

A dedicated entry box is provided for the Size Reduction and
common entry for the Pug Mill and Special Waste.
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c) Double common entry to Special Waste, Pug Mill and Size Reduction
Enclosures.

Two entry boxes are provided to serve the Size Reduction, Pug Mill
and Special Waste enclosures, a transfer mechanism positions the
drum at the appropriate enclosure.

5. Descrintion of EvaluationMatrix Sc0IjDIz

a. An illustration of each alternative evaluated is given in Appendix A, Sheet 6.1 1.
The evaluation matrix is given in Table 6.11, located after the evaluation matrix
description.

b. Potential Hazards

1) The purpose of the entry system is to allow drums of waste to enter

containment with minimal risk of breaching containment. Each alternative
meets this requirement and minimal difference is considered to exist
between each alternative with respect to safety.

c. Plant Throughput

1) WRAP 2A is required to process approximately 25 drums per day based on
single shift working. The WRAP 2A CDR proposes the use of individual entry
enclosures to each process line, with this arrangement the CDR time and
motion assessment concludes that plant throughput can be achieved. The
CDR time and motion assessment allows seven (7) minutes for a drum to

enter containment through the entry enclosure and an additional five (5)
minutes for the drum lid to be removed. It will, however, not be possible for
each line to process 25 drums per day in each process line using a single
entry enclosure to allow drums to be introduced into containment (i.e 75
drums per day).

2) Breakdown of a single entry enclosure will stop all size reduction and repack
operations. With the individual entry or double entry alternatives, if one entry
facility breaks down then it will still be possible for operations to continue
in another enclosure.

d. Operability and Maintainability

1) Drum entry and lid removal are non manual operations and hence no
difference exists between operating one or more entry facilities.

2) The greater the number of entry facilities the higher the maintenance
requirements.
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e. Demonstrated Technology/Development Requirements

I) The method of drum entry into containment and drum lid removal is based
on WRAP I technology and will require to be demonstrated as part of the

+ WRAP 1 project. Each alternative utilizes similar drum entry and drum
openingequipment and minimal difference is considered to exist between
each alternative.

f. Flexibility

1) Individual or double entry facilities will allow each line to operate
independently. Breakdown/repair of one entry facility will not prevent the
plant from operating. A single combined entry facility does not give this
flexibility.

g. EquipmentCost

1) The cost of an entry facility and lid removal equipment is estimated as
follows:

Equipment Cost
_K

Lift Table 8.9
Enclosure 61.7
Simple Double Lid 25.5
Drum Hoist 5.8
Drum Lifter 2.0

Sliding Hatch 12.5
Drum Pusher 3.5
Band Saw 3.0
Lid Remover 10.0

Total 132.9

h. Based on these figures the cost of each alternative is estimated as follows

Alternative Number of entry and Cost SK
lid removal Facilities

L1 3 396
L2 1 132
L3 2 264

i. EquipmentProcurementSchedule

1) No significant differencesare consideredto exist between each alternative
from an equipment procurement schedulestandpoint.
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j. Waste Minimization Including Secondary Waste Generation

1) Individual entry facilities will produce the greatest maintenance and
decommissioning wastes.

5. Conclusions

a. Utilization of individual entry enclosure to each of the Size Reduction, Sludge
Repack and Special Waste lines is the most suitable entry configuration for
introducing drums of waste into containment. This represents the CDR baseline
design. _

6. RQcommQndations

a. The WRAP 2A Title I design should progress, as specified in the CDR, on the basis
that each of the Size Reduction, Sludge Repack and Special Waste lines has its own
entry enclosure.
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TABLE L

ENCLOSURE ENTRY SYSTEMS - EVALUATION MATRIX

ALT L1 - Individual Entry to Each Process Line

ALT L2 - Single Common Entry to All Process Lines

ALT L3 - Doubie Common Entry to Process Lines

RS - Raw Score

WS - Weighted Score

i, i |1 iiii

Evaluation Criteria Weighting Fm_tor 8ogre Range ALT L1 ALT 1.2 ALT L3

RS WS RS W8 RS WS

• Potential Hazards 15% ' 1-5 3.0 0.45 3.0 0.46 3.0 0.45

Throughput 15 % 1-5 4.0 0.80 2.0 0.30 3.0 0.45

Ops & Main 15% 1-5 2.5 0.38 3.5 0.53 3.0 0.45

Dam Tech/Oev 20% 1-5 3.0 0.80 3.0 0.80 3.0 0.80

Flexibility 15 % 1-5 4.0 0.60 2.0 0.30 3.0 0.45

Equipment Cost 10% 1-5 2.0 0.20 4.0 0.40, 3.0 0.30

Equipment Procurement Sched 5% 1-5 3.0 0.15 3.0 0.15 3.0 0.15

Waste Min 5 % 1-5 2.5 0.13 3.5 0.18 3.0 O. 15

Total 100% 3.10 2.90 3.00
i

i i
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7.0 DISCUSSION OF PREFERRED ALTERNATIVES

7.1 Shredded Waste Size Control

I. The preferred alternative for achieving shredded waste size control is to demonstrate
that two shredders when operating in series can repeatedly produce waste of an
acceptable size within a given tolerance. Prior to shredding an initial screening of the
waste is carried out on the sorting table to remove any items which are unsuitable for
shredding. After shredding the waste will be visually inspected to confirm the final
waste size is acceptable for immobilization using vibro encapsulation techniques.
Currently, all waste is targeted to fall within 2"x2"x2" after size reduction. This size is
however a target size and not a specified by regulations. Discussions with shredder
manufacturers indicate that it is not possible to guarantee that two shredders when
operating in series will produce shredded waste within the targeted size of 2"x2"x2".
If the 2"x2"x2" becomes an absolute requirement then either screening or sorting the
waste will almost certainly be required thus increasing the complexity and cost of the
process.

2. BNFL experience in the UK suggests that when encapsulating solid materials in a free
flowing grout, the maximum size of the waste that can be satisfactorily encapsulated
is bounded by the physical size of the container in which the waste and grout is to be
mixed. WHC intends to carry out vibro encapsulation tests, the results of which will
provide a clearer indication of the most suitable waste sizes that can be best immobilized
using vibro encapsulation techniques.

3. In order to determine the most suitable make and model of the selected shredder, further
work will be required to fully define the characteristics of the waste to be shredded.
Shredding trials on surrogate wastes would assist in determining the average final
shredded waste size that can be consistently produced by the shredding equipment.

7.2 Shredder Power Requirements

1. Shredders achieve size reduction by way of 2 slow rotating shafts fitted with
intermeshing cutters which crush and shear the material drawn into the cutters by the
cutter rotation. High torque is required to perform this function at the slow operating
speeds necessary to allow feed back to stop rotation when non-compliant material is
present. This feature minimizes machine jamming and prolongs the life of cutter and
drive components. Shredders can be driven either hydraulically or electrically. Electrical
power is the preferred type of drive because it is cleaner and simpler than hydraulic
drives and does not generate active hydraulic fluid or hydraulic oil contaminated
secondary wastes.

i

2. Several companies manufacture shredders for size reduction of waste material. Shredder
selection is based on the characteristics of the waste to be shredded and the degree of
size reduction required. A Shredding system similar to that proposed for WRAP 2A has
been designed and built by the Stock Equipment Company, this system uses Shred Pax
40 HP electrically driven shredders. However, the wastes processed by the Stock
shredding system are not as varied or as heavy in nature as the WRAP 2A wastes and
hence it is likely a higher power shredder will be required for WRAP 2A.
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3. In order to establish the most suitable shredding equipment to process the WRAP 2A
wastes further work is required to fully characterize the waste which requires shredding.
Discussions should continue with shredder vendors to establish the most suitable

shredder design (i.e. shredder cutter spacing, number of hooks on cutter etc). These
discussions may lead to shredding trials being carried out at vendors sites or at WHC.

7.3 Dust Control and Hazards

1. The preferred alternative for dust and hazard control during shredding operations is to
provide a sliding hatch over the shredder feed hopper combined with a local exhaust
from the shredder enclosure. '

2. The proposed sequence of operations to achieve dust and hazard control during
shredding operations is as follows:

a. Initial conditions - Waste on the sorting table after sorting.
Shredder off

Sliding Hatch covering shredder feed hopper

b. Sliding hatch opened and waste loaded into the shredder from the sorting table.

c. Waste is observed in the shredder feed hopper via CCTV to ensure problems will
not be encountered during shredding.

d. Sliding hatch closed over shredder feed hopper.

e. Shredders turned on and waste shredded.

3. During this sequence of operations the local ventilation can be operated continuously or
interlocked to operate during the shredding operation only.

4. Dust will be generated during the shredding operation carried out in WRAP 2A. Based
on experience gained by BNFL in the UK, the risk of fire and/or explosion occurring
during shredding operations cannot at present be discounted for WRAP 2A.

7.4 Shredder Installation

1. The preferred alternative for installation of the shredders in the glovebox suite is to make
• - the shredder housing an integral part of the glovebox enclosure. It will be more suitable

for the shredders to be in line rather than at 90% to each other, drive systems to the
shredders should be external to the glovebox enclosure and accessible to simplify
maintenance/replacement. The shredder housing/glovebox enclosure will be fabricated
from stainless steel and bolted to adjacent enclosures using flanges, seals and anti-
vibration mountings. The load of the shredder should be taken through structural
steelwork external to the shredder enclosure. Viewing windows and gloveports will be
required for maintenance operations.
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7.5 Single Route for Shredded and Non-Shredded Wastes

1. The preferred alternative for processing dry wastes in the open, sort and size reduction
enclosure is to:

a. Shred wastes which require size reduction.

b. Directly repack wastes which do not require size reduction, without shredding the
waste.

This principal is primarily driven by the fact that it is unnecessary to shred waste
which does not require size reduction and that shredding material such as dry
powder, ash and soil will give rise to unnecessary dust generation, increased
contamination & clean up requirements and increase the load on the filtration
system. Increasing the amount of airborne dust may increase the potential of dust
explosion.

2. The drum entry, opening, tipping and sorting facilities for the open, sort and size
reduction enclosure are based on similar equipment used in WRAP 1. This equipment is

__ currently at Title II design and sufficient confidence exists that re-evaluation as part of
the WRAP 2A ACDR is not considered cost effective or necessary. However specific
differences in design requirements between the two facilities will have to be addressed
during Title I and Title II design, i.e., increase in drum weight, positioning of viewing
windows and gloveports etc. The open, sort and size reduction glovebox will be
fabricated from individual stainless steel enclosures (drum entry, sorting etc) which are
bolted together by flanges and seals. As a result of the size of the open, sort and size
reduction glovebox, it will be necessary to have supporting steelwork external to the
shredder enclosure.

7.6 Process Routes for Empty Drums

1. The preferred process route for ampty drums arising from the size reduction area of
WRAP 2A is compaction and loading into 85 gallon overpacks for disposal as LLW. At
present the proposed design solution is to have a dedicated empty drum compactor and
load out facility in WRAP 2A and that this will be connected to the size reduction, sludge
repack and special waste enclosures. This allows empty drums to be processed at the
source of generation thus minimizing the movement of empty drums around the facility.
An alternative solution would be to transfer the empty drums in overpacks to the LLW
supercompactor in WRAP 1 for compaction and loading into disposal overpacks.
Although this alternative reduces the capital cost of WRAP 2A it does significantly
increase material handling requirements between WRAP 2A and WRAP 1 and also makes
operation of WRAP 2A reliant on operation of WRAP 1.

2. The current proposal to demonstrate the drum is empty and hence suitable for disposal
as LLW is by visual inspection using CCTV equipment. If after inspection a drum is not
considered to be empty then the drum can be shredded and treated as LLRMW along
with the main WRAP 2A feed. As an alternative to shredding, the option exist to clean
up the drum which is not considered to be empty (i.e. classified as LLW), the decision
of whether to clean or shred a drum can be made on an individual drum basis.
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3. In addition, WRAP 1 Change Request 55 proposes that empty drums are compacted and
loaded into 85 gallon drums for disposal as LLW. Compaction and loading of empty
drums into 85 gallon overpacks is thus consistent with the WRAP 1 design philosophy.

4. In order for empty drums to be compacted and loaded into 85 gallon overpacks the FDC
must be revised to allow output from WRAP 2A to be in 85 gallon drums as well as 55
gallon drums.

7.7 Process Routes for 85 Gallon Drums Containing Absorbent

1. The preferred alternative process for 85 gallon drums containing absorbent is to pretreat
the drum in the box breakdown area of WRAP 2A prior to shredding in the size reduction
enclosure. This solution is dependent on the number of 85 gallon drums which are
expected to contain absorbent. This study assumes a total of approximately 700 x 85
gallon drums containing absorbent will be processed in WRAP 2A, if this number
increases then re-evaluation of throughput in the box breakdown area will be necessary.

2. The box breakdown area will require the flexibility to deal with treatment of a number
of uncertain waste forms which may arise in boxes. This flexibility can be used to
overcome the problems associated with treating 85 gallon drums containing absorbent.
The 85 gallon drum will firstly be removed by the box breakdown equipment and the
extent of damage to the 55 gallon drum inside assessed. If damage to the 55 gallon
drum is minimal it may be possible for it to be cleaned and loaded directly into a new
overpack for transfer to the open, sort and size reduction enclosure. If the 55 gallon
drum is damaged it will be opened and the contents repacked into a new 55 gallon drum
for transfer to the open, sort and size reduction enclosure, inside an overpack. The 85
gallon drum shell will be size reduced and loaded into a new 55 gallon drum, together
with any absorbent released during processing, and transferred to the open, sort and size
reduction enclosure in e new overpack.

7.8 Process Routes for Immobilized Waste and Supercompacted Drums

1. The preferred alternative process for immobilized waste and supercompacted drums is
to pretreat the drum in the box breakdown area of WRAP 2A prior to shredding in the
size reduction enclosure. As for 85 gallon drums containing absorbent this solution is
dependent on the number of immobilized drums and supercompacted drums which are
expected require processing. This study assumes approximately 190 immobilized drums
and minimal supercompacted drums will be processed in WRAP 2A each year. It is
assumed that the 190 immobilized drums per year comprise of 100 drums which are
produced by either the grout or polymer processes which do not comply with WAC and
90 drums which require destructive examination (i.e 1% of the immobilized drums

produced by WRAP 2A). If this number increases then re-evaluation of throughput in
the box breakdown area will be necessary.

WRAP0258
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2. The WRAP 2A CDR proposes to use cutting equipment in the box breakdown cell to
slice the immobilized drums into disks which can then be broken down into smaller

pieces and loaded into a 55 gallon drum for transfer to the open, sort and size reduction
enclosure for shredding. Supercompacted drums can be size reduced in the box
breakdown cell using remote tooling. Pretreatment of these wastes in the box
breakdown cell will reduce the wear and potential damage to the shredding equipment.

7.9 Waste Entry into Enclosures

1. The preferred method of transferring waste into containment is to transfer full drums of
waste into containment using simple double lid systems. The drum entry facilities for the _
open, sort and size reduction enclosure are based on similar equipment used in WRAP
1.

2. The use of simple double lidding systems reduces the risk of operator wounds, exposure
and breaching containment associated with bagging techniques. Simple double lidding
systems also minimize secondary waste generation.

7.10 Impact of Anti-Floatation Devices

1. The preferred method of introducing anti-floatation devices into the processes is to pre-
fit the anti-floatation device in the drum before dispatch to the size reduction, sludge
repack and special waste enclosures. The anti-floatation devices could be pre-fitted in
the drum before delivery to WRAP 2A, or could be procured separately and iitted in the
drum in the WRAP 2A new drum receipt area. The same rationale applies to baskets to
prevent waste sinking to the bottom of the drum, disposable paddles for in drum mixing
and anti-vortex devices if required. In some cases removal of the device may not be
required to allow the drum to be filled with waste.

2. The proposed sequence of operations for loading waste into the drum which has
previously been fitted with an anti-floatation device is as follows:

a. Anti-floatation device is fitted to drum prior to dispatch to enclosures.

b. Drum is transferred to enclosure and offered to waste load out bagless transfer
port.

c. Lid of drum is removed at bagless transfer port.

d. Anti-floatation device is removed from drum using remote tool.

e. Waste is loaded into drum.
I

f. Anti-floatation device is replaced in drum using remote tool.

g. Lid of drum is replaced at bagless transfer port.

ii ii iii i i ii
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h. Drum is lowered from bagless transfer port and transferred to storage prior to
polymer or grout processing.

3. As for the in drum mixing paddles, the anti-floatation devices will most likely be made
of carbon steel.

4. The anti-floatetion device works on the principle that the weight of the device is always
sufficient to overcome the buoyancy force exerted by the waste being immersed in the
polymer or grout medium while the encapsulation material is still fluid.

7.1 1 Drum Entry Enclosure Arrangement

1. The preferred entry configuration for introducing drums into containment is to utilize an
individual entry enclosure to each of the size reduction, sludge repack and special waste
process lines. The main reasons for this is to provide independent operation for each
process line ie. if only one entry facility was provided then breakdown of this single
entry facility would stop all operations in the size reduction ares. Individual entry
systems also provides some flexibility by allowing drums to enter at one enclosure entry
facility and be transferred to an alternative processing line using the transfer tunnel,
should one of the entry enclosures be blocked.

2. The drum entry facilities for the open, sort and size reduction enclosure _re based on
similar equipment used in WRAP 1. However specific differences in design r_quirements
between the two facilities will have to be addressed duringTitle I and Title II design, i.e.
increase in drum weight, positioning of viewing windows and gloveports etc. The entry
facilities will be from stainless steel fabricated enclosures which are bolted to adjacent
enclosures by flanges and seals.

WRAP0258
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APPENDIX A
ENGINEERING SKETCHES
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APPENDIX B
VENDOR DATA

II m

WRAP 2A ACDR EQUIPMENT CONTACTS 6237008

STUDY 1604-5 5/01/93
,i i i iii i

Vendor/Supplier Equipment Type Telephone Contact
ii i i ,ii m| H

Saturn Shredders John Crowley
Grand Prairie, Texas (214) 790-7800

i iHi

Shred Pax Shredders Jill Myers
Wood Dale, Illinois (708) 595-8780

i

SSI Shredders Joyce Beasley
Wilsonville, Oregon (503) 682-3633

Williams Shredders Harold Groves
St. Louis, Missouri (314) 621-3348

,,r
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Aluminum, magnesiumandcopperscrapsizereduction
utilizinBa SaturnModel 62-40HT.HiBher Torque, larBer
diameter shafts and wider gears make the new "HT
Series" shredders the best choice for reducin8 cable,
wire, tubing, sheet, extrusions, castinss, etc. for
granulation and/or melting.

+

Municipal solidwasteisprocessedasreceived I__ _
from packer trucksin thisSaturnModel 72-50
Mobile Shredder. MSW and bulky household
waste are conveyed to the hopper by a metal
belt infeed conveyor. The material is then
shredded and dischar8ed from an adjustable
heiEht conveyor. Saturnprovidesstationaryor
mobile systemswithsinglesourceresponsibility.

Saturn providescomplete systemsto shred
andconvert palletsandother in-plantsolid
wastesinto usableboiler or furnace fuel.
Through fast,costefficient size reduction,
incineration is improved and storage

problems eliminated.



Drools, flashings, purgings, and chunks of plastic are
pre-processed to a uniform size suitable for secondary
high speed grinding. Sawing and guillotining are
virtually eliminated with Saturn's Rotary Shear I_
Shredders. Other benefits include increased /
throughput capacity, more efficient downstream I
operation, and improved metal detection capabilities. L..

Wood waste is shredded and prepared for boiler fuel

supplement. In-plant materials such as pallets, card-
board, crates, plastics, tires, and drums can be
reduced for landfill disposal or fuel preparation.

Saturn's Mobile Tire Shredder prepares

tires for disposal at a major landfill.
Saturn Mobile Shredders offer greater

versatility along with conveyor in-feed
and discharge for greater thru-put and
ease of operation. Saturn Shredders are
also usedto prepare tires for use asa fuel
supplement.

3



HYDRAULIC DRIVE

Saturn's hydraulic drive design, low cutting
speed and high shaft torque significantly
reduce costly repairs from self destruction
damagecommonly associatedwith highspeed
shredders.

SHREDDER SIZES

Shredder inlet feed openings are suited to
each processing system requirement. Inlet
openings range in length up to 96" and up to
50" in width. Shredder size isdetermined by Saturn's patented Hydraulic Power Packageis designedto
system design requirements and available provide the proper drive systemto fit any need. Hydraulic

PowerPackagesprovideinstantautomaticreversingfor ant_,
space, jamming capability.Sizeand horsepowerof hydraulicur_

range from S0 HP to 600 HP. Chemical duty and explosior_i
proof designsareavailable._

Saturn offersconveyorsfor all types of systems,including a
complete line of both steel and rubber belt conveyors.
Strength,durabilityandversatilityare all provenassetsof the

Saturn's low speed, high torque radial piston Saturn conveyor line. Saturn's experienced engineers can
hydraulic motors provide the correct torque design and integrate an effective, economical conveyor
for optimum shredder performance, Motors system for virtually any facility.

vary in size up to a maximum of 19,520foot- I
pounds of torque per motor.

!

t.% i. ,. :
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"__= A modern, on-site test facilityenablesSaturn to
evaluate customer requirements prior to the
purchaseof a Saturn ShreddingSystem.Product
samples can be conveyed, shredded and
magnetically separated for analysis. If the
customer isunable to attend the test in person,a
complete test report with photographsor video
tape will be provided.

_ All Saturn Shredders are pre-tested prior to
shipment to the customer.

CUTTERS
Portable shredders are completely self-

Saturn Shredder cut- containedto servicetransferstations,collection

ters can be mounted sites, remote landfills and multiple plant
various configura- sites.Saturn's mobile systemsreduce most

s to fit specific solidwastesincluding wood, metal, paper,
d s f o r e n d - tires,cable,polycarbonates,etc.,forrecycling,

p_oduct sizing and energy generation or disposal.These self-
throughput. Note 2" sufficient modelsfeature adiesel-hydraulic
and 4" arrangement poweredshredder,optionalhydrauliccrane
shown, with grapple, plus a discharge conveyor

•_- --- --.... with winch for lowering or raisingit to the
desiredangle.
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ALUMINUM,
Aluminum transmission casesare shredded in

Saturn's Model 72-50, which is designed for
heavy industrial and large volume municipal
or bulky waste shredding.

* Patented hydraulic drive system

* Rotary shear cutting action

* Low-speed, high-torque shredding

* Non-jamming instantaneous reversal

Saturn Model 36-22 used for product

security destruction prior to sale of paper
bales to pulp mills.

_r Minimum noise, dust and energy
requirments

* No troublesome materials sorting

* Low initial cost and maintenance

* No expensive mounting foundations

I IIII IIIIII ii iiii iiiii

SATURN SHREDDER DATA

MODEL CUTTER OVERALL ESTIMATED_r
NUMBER POWER SURFACEAREA (LxWxH) WEIGHT (POUNDS)
|ll II i illEI

36-22 75 HP 36"x 22" 75"x 30" x 16" 8,000
44-28HT 100 HP 44" x 28" 109" x 36" x 28" 11 t600

L62 40liT 200 HP 55" x 38" !30" x 48" x 40' ........ 28.(lnn
II

72-46HT 300 HP 72" x 45" 139" x 55.5" x 46" 38,000
72-50HT 400 HP 72" x 50, 150' x 70" x 49- 46,000 /,-_,
96-50HT 400 HP 96" x 50" 174" x 70" x 49" 52,000
96-50HT 600 HP 96" x 50, 180, x 78" x 48" 56,000

Weight without Hopper.
Stand or Fluids.

COMPLETE MOBILE SYSTEMSAVAILABLEIN MOST MODELS
i |111 I II I IIllll I I I iiii iiiiiii
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The SaturnHigh Density Compaction Systemallows
PCB capacitors are shredded prior to incineration on-site shredding and compaction of low level
process, activated waste (LLAW) at nuclear power plants.

MAC/Saturn offers a full line of stationary in-plant, or portable equipment for shredding contaminated
materials at hazardous waste sitesor pre-processin 8 incineration facilities.

Typical applications include"
LOW LEVELACTIVATED WASTE

..... • * HEPA FILTERS

• DRUMS * CONSTRUCTION/DEMOL;TION DEBRIS
• PCB CAPACITORS * CLOTH (CANVAS, RAGS, CLOTHING)
• MISC. DEBRIS AT HAZARDOUS * PLASTIC SHEETING, BUCKETS

WASTE CLEAN-UP SITES' * PALLETS
Wood, Plastic, Metal, * PVC PIPES& TUBES
Concrete, Dirt, etc. * METAL (DRUMS, WIRING, ETC.)

• WOOD
• CONCRETE

y, _ v._y'V _ ...- ......

Tree waste, industrial waste, furniture,
mattresses, construction and demolition debris

are all processed in Saturn's larger 300HP and _.
400 HP machines. Volume reduction of up to
6:l is typical in these applications. Shredders "_ '_
can be fed by crane/grapple, front end loader

._orinfeed conveyor. Saturn canalsoprovide high
)eed grinders if additional size reductions is
!quired for composting.



TOTAL SYSTEM DESIGN AND SERVICE

Saturn offers a complete line of shreddinf"
_-'- equipment to handlevirtuallyanywastereduction,.

requirement. Basedon testruns in our on-site test
facilities, our engineers will design a system
specifically for your material. With Saturn's
patented hydraulic drive and automatic anti-
jamming capabilities, troublesome materials are
readily reduced without stresson shredder or
shredder drive system.

• . Our servicedepartment offerstrainedtechnicians
available on 24 hour notice. Most replacement

":'-_, parts are availablefor immediatedelivery. Saturn
shredders are availablein manysizes,in mobile or
stationary designs, and with either electric-

". hydraulic, or diesel-hydraulicpower.

SATURN SHREDDERS F _,__'':.............
ForAllYourWasteReductionNeeds!

* IN-PLANT WASTEAND ENERGYRECOVERY
* HAZARDOUS AND NUCLEAR LOW RAD

* SOLID WASTE (MSW)
* PALLETSAND WOOD PRODUCTS
* TIRESAND RUBBERPROCESSING
* FERROUSAND NON FERROUSMATERIALS

INCLUDING DRUMS, WIRE CABLE, ETC. CENTRAL LOCATION
* BATTERY PROCESSING
* PRODUCT DESTRUCTION Saturn's facilities, located seven (7) miles from theDallas/Ft.Worth Airport, are easilyaccessiblefrom any
* PLASTIC PRODUCTS AND SCRAP part of the country. Parts and service can be at your

locationin a minimal amountof time.

--Sales and Service--

MAC Corporation/ SaturnShredders
(214) 790-7800 TELEFAX(214) 790-8733 t

201 EastShady Grove Road

Grand Prairie, Texas 75050
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HighTorque- HighProduction
Shred Pax's patentedslowspeed,hightorquejam-resistant,design,

insuresefficientprocessingof a fullrangeof materials.

TypicalShreddingApplicationsInclude:
mCircuitBoards mSteelTurnings n MetalStampings
mPallets mCPO mWastetoEnergy
mMetalCastings mHazardousWaste mPlasticProducts
m55GallonDrums• WhiteGoods i AutoandTruckTires

t drive transfers100%of theavailablehorse- I HospitalWaste m GlassProducts n CorrugatedSteel
r to the cutting chamber, m Asbestos • SteelCans i AluminumCans

n MunicipalSolid m Construct!on u Pharmaceutical
_ _'_';-:_,_ ;_: ,. Waste Oebrit Products

"_ ShredPaxMeetstheChzlle_ue
in a comprehensive report commissioned by the U.S. Departmentof

Energy,the Shred Paxshredderwascomparedinperformanceanddesign
to otherindustrialslowspeed, hightorqueshreddingequipment.The results

....... were dramatic.The patentedShred Pax
ao

._ "electro-mechanical,directdrivewas shownto
• j _ ---- -, requirelesshorsepowerwhileproducingmaxi-

,, mumtorqueandthrough-putcapacities'-..
==L-,,_-_z_.-_-_' evenwhencomparedto hydraulicunitswith

overseventimesthe horsepower.Over-allthe

•y pre-processordirectsandfeedsmaterialinto ='_'_-" ShredPax shredderwas determinedto be "the. .. leastexpensive,mostenergy efficient;with the

_reddingchamberforincreasedthrough-put. _----,_',, . ! lowestanticipatedmaintenancecost."

f

FreeTesting
To meet your challenge. Put ShredPaxto the

test - your representativewillgladlyarrangefor
a shreddingteston any materialsyouprovide.
Yoursampleswillbe returnedwitha complete
test reportand videotape.

w_

dedaxialplayfeatureallowsshaftstoflexand
virtuallyeliminatingshahlatigueandfailure. .............................

o.

.,_, e_ '="_



FlexShafts
"_ a Singlebulldrivegearapplies

fullpowerto bothshaftsfor
Bull OriveGear maximumtorque.

z Heavyduty,hexshapedshafts
easilywithstandsevereshock
loadsminimizingstress.

• Patentedknifedesign.

• Variablecutterconfiguration
foroptimizingsizingand
through-put.

• Lownoiseanddust.ShaftGears

• Modelsfrom7.1/2hpto 300hp
tomeetyourrequirements.

MotorGeais • Compact,modulardesignfor
easeofinstallation.

• Mobileorstationary
installation.

• Performanceengineeredfor
longlife andlow
maintenance.

a 2 yeardrivetrainwarranty.
, ,

m Fullpartsandcustomer
servicesupporL

Cutter Knives

• ShredPaxlawspeed,high-
torqueshreddersandacces-

ShreddingChamber seriesaremanufactured
underU.S.PatentNumbers
3845907,3880361,3981455,
4247056andotherspending.

requirementsare m Heavydutyknivesprovideyearsof servicewithout u Smalldiametercuttingknivesprovidemaximum
iI')moIm4) PtltM|4't_eqm_lq_0 8_..... d.- J.e'L...s. _wf" • • , ,"
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SHRED PAX...
We Cut Your Problems
Down to Size ,

AcknowledgedLeader.
In 1971, Shred Pax, the originator of slow

speed,hightorque shreddertechnology,intro-
ducedits firstmodel,the AZ-7. Sincethen,
Shred Pax has designedand builtthousands
of highlyefficient,reliableshreddersand
shreddersystemsto meet andsolveourcus-
tomersneeds. =..:.

- _':.--:_7-iCompleteSystemDesign. _: "
Toda;y,Shred Pax offersa completelineof _:'

shreddingand auxiliaryequipmentcapableof
handlingthe mostdemandingrequirements. :..
Whereverthere's a need forvolumereduction
and processingof wastefordisposal,recy-
clingorsecurity,there'sa Shred Paxshredder
sizedto meet that need.

PrecisionEngineered.
Shred Pax productsare precisionengi-

neered,incorporatingexclusiveandpatented
designfeatureswhichtranslateintosuperior
shredderperformance.Shred Pax shredders
are builtsolid,understringentqualitycontrol (
procedures,for yearsof satisfactoryoperation
and lowmaintenance.

3ust0merSupport.
A factory directed parts and service depart-

ment providesthe back-upsupportyou
require.With a completeinventoryof critical
itemsinstock,customerscan relyon rapid
partsaccessand minimumprocessinginter-
ruption.Shred Pax shreddersare economical
to own andoperate, offeringoutstanding
investmentpaybackratios.

Let Shred Pax Go to Work for You

SHRED PAX
CORPORATION

>-136 WestCommercialAve.
WoodDale,IL 60191-1304

_' Phonel(708)595-8780
,. -" Faxl (708)595-9187



SHRED MODELAZ-80PAX

FEATURES& BENEFITS
Direct Drive Operation II Electro.Mechanical Operation

100% powerappliedto cutters/noconversionloss. Economicalto use: Lowenergyconsumption.
II Patented Cutter Knife Design Lowoperatingcosts.

Wear resistantforlongservicelife. [] Slow Speed Operation

II Spring Steel Hex Shaft Design: Quiet,minimumdustgeneration.
Patented Axial Play Control • Heavy Duty Constr_ction

Permits shaft Flex/Power distributed over Requiresnospecialfoundation/lowinstallationcost.
entire shaft perimeter. II Compact Modular Design

i Power Distributes To Either Shaft Minimumspacerequirements- mobileorstationary
Providesdeliberate,consistentshreddingaction installation.
forall typesof material. • Finest Quality Components; Precision

• Exclusive Anti-Shock Gear Reducers Manufactured
500% shock-loadabsorption:conservativeservice Reliable performance, ease of maintenanceand long life.
factor of two.

Ii Electro-Magnetic In Line Overload Sensors • In House Engineering and Design
Automaticreversingactionduringoverloadcondition. Systemsto meet alltypesof applications,gradationandthru-putrequirements.

• Maximum Torque, Minimum Horsepower II 2 Year Drive Train Warranty
Reducesmaterialvolume 50% to 80%. Fullpartsandcustomerservicesupport.

APPLICAtiONS
utomobile Tires I Metal andPlasticDrums I PalletsI ConstructionDebrisI FurnitureProductsI Purgings,Metal,PlasticI

JckTires I WhiteGoods I Aluminum,SteelCans I ComputerHardwareI HazardousWaste I CorrugatedMetalI Municipal
lid Waste I Rubber Products I Batteries I Electronic ProductsI General PlantWaste I Fiberglass I Heavy Gauge Metal

Products I Corrugated Skid Boxes I Metal Castings I General Waste

i ,i i i i i
irp i ,,, ,, P'



SPECIFICAtiONS ,
AZ-BO

i,i i l l=ll

MOOEL AZ80 CUTrlHGCHAMBER AZ80
H.P. (2)40 Width(inside) 32 in.
Motor(s)...3PH. TEFC Length(inside) 62 in.
Voltage 460 # of knives 32
Hertz 60 *Std.KnifeThickness 47mm(17/e')
Approx.Wt. 18.000Ibs. KnifeArrangement AsDesired

i

**Standandhopperdimensionscanbealteredtofitcustomerspecifications. *'OimeMlons(MachineOnly):Dimensionsshownarenominalandsubjectto
Hopperdimensionswillvarywithapplication, change.Ifdimensionsand/orspecificationsarecritical,pleaseconsultthefactory.

OPtiONS& ACCESSORIES
• Rotary Preprocessor i Automatic Controls • Pneumatic Feeders

• Matched Pax Pump • Mobile Installation • Electric Eye Sensor

• Autonlatic "Kick-Out" Doors • Variable Knife Thicknesses i Infeed and Discharge Conveyors

• Custom Designed Hoppers

Shred Pax low-speed,high-torqueshreddersandaccessoriesare manufacturedunderU.S. PatentNumbers3845907, 3880361,
3981455, 4247056 and otherspending.

PAxSHRED --
136 West CommercialAve.

, WoodDale, IL 60191-1304
PhoneI (708) 595-8780 (_ _ _ _ p,,m,
FAX I (708) 595-9187



SPECIFICATIONS, , , ,,

MODEL AZ45 AZ45P MODEL AZ45 AZ45P
H.P. (2)20 (2) 20 **STANDARDHOPPERDIMENSIONS
Motor(s)...3PH. TEFC TEFC HeightD 28 in. 28 in.
Voltage 230/460 230/460 WidthE 40 in. 40in.
Hertz 60 60 LengthF 56 in. 66 in.

,,

ITrINGCHAMBER FLOORSPACEREQUIRED.

(inside) 20in. 20in. WidthG 46 in. 46 in.
)gth(inside) 43in. 53in. LengthH 110in. 120in.

IPofknives 34 42 "'*OverallFit.I 77 in. 77in.
"Std.KnifeThickness 31mm(1 1/4') 31mm(1 1/4") Approx.Wt. 5,800Ibs. 6,200Ibs.
KnifeArrangement AsDesired As Desired

.......... •"StandandhopperdlmeMiomcanbealteredtofitcustomerspecifications.
DIMENSIONS(MachineOnly) Hopperdimensionswillvarywithapplication.
HeightA 22in. 22in. "'Dimensions(MachineOnly):Dimensionsshownarenominalandsubjectto
WidthB 39in. 39in. change.Ifdimensionsand/orspecificationsarecritical,pleaseconsultthefactory.

LengthC 99in. ,,, 109in.

OPTIONS& ACCESSORIES
m Rotary Preprocessor = Explosion Proof Motors and _ • Custom Designed Hoppers

• Matched, Pax Pump Electrical Panel • Pneumatic Feeders

• Automatic "Kick-Out" Doors • Mobile Installation • Electric Eye Sensor

• Automatic Controls • Variable Knife Thicknesses • Infeed and Discharge Conveyors
• Special Application Knives

=I

Shred Pax low-speed,high-torqueshreddersand accessoriesare manufacturedunderU.S. PatentNumbers3845907, 3880361,
3981455, 4247056 and otherspending.

SHREL
IPmhjl I_J' 136 West Commercial Ave.

' _,_A Wood Dale, IL60191-1304' ---'. " Phone I (708) 595-8780
'"_" FAXI (708) 595-9187
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SHRED MODELAZ-45/45P
limb A 11_r

_,- __ __ I i i II Illi i
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FEATURES& BENEFITS
!1 Direct Drive Operation = Electro-Mechanical Operation

100% power appliedto cutters/noconversionloss. Economicalto use: Lowenergyconsumption.
II Patented Cutter Knife Design Lowoperatingcosts.

Wear resistantfor longservicelife. i Slow Speed Operation

II Spring Steel Hex Shaft Design: Quiet, minimumdustgeneration.
Patented Axial Play Control • Heavy Duty Construction

Permits shaft Flex/Power distributed over Requiresno specialfoundation/lowinstallationcost.
entire shaft perimeter. [] Compact Modular Design

i Power Distributes To Either Shaft Minimumspace requirements- mobileorstationary
Providesdeliberate,consistentshreddingaction installatinn.
for alltypes of material. • Finest _uality Components; Precision

i Exclusive Anti-Shock Gear Reducers Manufactured
500% shockloaderabsorbtion:conservativeservice Reliable performance, ease of maintenance
factorof two. and long life.

[] Electro-Magnetic InLine Overload Sensors i In House Engineering and Design
Automaticreversingactionduringoverloadcondition. Systemsto meet alltypesof applications,gradationandthru-putrequirements.

II Maximum Torque, Minimum Horsepower
Reduces materialvolume50% to 80%. • 2 Year Drive Train Warranty

Fullpartsand customerservicesupport.

APPLICAtiONS
Pallets I Aluminum, Steel TurningsI Aluminum, Steel Cans I Plastic Products I Light Gage Metals I Wood Scrap I
LaminatesI CorrugatedI DrumsI Glass I HospitalWaste I DefectiveProductI AutomobileTiresI Office,ApartmentWaste
I PharmaceuticalWaste I Books,Newspaper,CPO's I CircuitBoardsI RubberProductsI Product,DocumentDestructionI

FiberglassI BatteriesI GeneralWaste





I

ShreddingSystems,inc.,offersyou electric •
arhydraulicshreddersforrotaryshearpower. ._

, ' Quality Features

• Lowspeed--high torque
• Counter-rotating,anti-jamdrive

, • Lownoiseanddust
' • Minimumfoundationrequirements

• Lowoperatingandmaintenancecost
t • Wearresistantcutters

_ • Heavydutyconstruction
-lydraulicandelectric
_rivesfrom10to500HP

p.

_

The rotary shear shredder for:

:" •Materialrecoveryand recycling
• Incinerationandmaterialdestruction

Pallets • Compactionandvolumereduction
• .,.

Types of material processed

• In-plantindustrialwaste
• Hazardous/nuclearwaste

•Drums C'• Hospital/pharmaceutical
• Pallets
• Paper/corregated
• Tires/rubberproducts
• Plastics/toys

)rums Tires • Municipalwaste



Models available with Infeed openings from 20" x lS"
to 100" x 52" to meet your processing requirements.

MODELs DRIVEsYSTEM ...... MOTORsIzEs

Electric SingleDirect/In-Line 10-100HP
DualDirect/In-Une 60-300HP

Hydraulic Single/DirectCouple 25-250HP
Dual/DirectCouple 300-500HP

CUSTOMSIZING PERAPPLICATION

i
t

Material testing

ShreddingSys-
tems,Inc.,per- :_
formsa complete
shreddingtestof

Shredderwithoptional anymaterial "
ramassist . yourcompanyprovides.Youareinvited

towitnesstheentiretestingprocess.
Weprovideyouwitha sampleof "
theshreddedmaterialanda video

, tapeofthe test,accompaniedbya
completetestanalysis.Thistest

;." - informationenablesustodetermine
,_,_,: thecorrectsystemforyourshredding

-", needs.L..

*': _ "" 1

Complete system design and ' ,-.
engineering support - . ! '• _, , \

.L" .....

Ourstaffofexperiencedengineersensurethat :_".*i . ..

ourtechnologyisbestappliedtoyourindi- ._':,.i_._..::_i._• ,,-.-. , .-

, vidualneeds.Wewilldesigna systemthateffi-
; cientlymeetsyourrequirementswhile
i maximizingon-lineproductionreliability.We

i carefullytestourequipmentbeforeshipping,

maintainingstrictqualitycontrolinaccordance
; tothespecificationsoftheAmericanSocietyof

. MechanicalEngineers(ASME).

Customdesignedsystems
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Low Horsepower
Low speed coupled with high torque hydraulic
drive to reduce power requirements for certain joba

_--- Easy, Low Cost Installation
Only minimal foundation of normal concrete slab,
or equal leg support, required.

Low Maintenance
_ugged construction plus automatic unjamming
Lction through rotor reversal and resetting tOminimize
hutdown_

Low Hazard
_ow_speed does not create high windage and ignition C

; is found in high speed shredders; minimizes fires
_n_'xplosion_

Environmentally Safe
Shearing action is quiet; creates little or no dust.

Gear Box
Forged billet spur gears are supported on either side

by bearings to prevent transfer of gear separating loads
to hydraulic drive motor bearing_

.... i

Ease of Accessibility
Bushings allow pull out and removal of front
cover exposing shafts and cutter disks for
maintenance without disassembling bear-

inga Shafts are fully supported at other end
by double row, self aligning spherical roller
bearing_

Open Bottom
Permits maximum throughput with product
size controlled by disk size and tooth pattern.

Other Features_,
Large feed opening. Removable hopper
section. Oversized bearings and shafts.

Heavy-duty construction throughout, and

t optional portability.



Ripshear Shredders
The Williamspatentedcontrolsystemisin-

dependant of motor current or hydraulic
pressurespikesthatcauseneedlessreversals
Onboard programmable computer* detects
jams viaactualshaftstoppage,permitting
continuous operation at full hydraulic
pressurewithout reversals

Williams offers a full range of custom designed cutting discs, tailored for your

particular application. • Programmable, onboard computer provides self.
View of Ripshear with feed hopper
removed shows counter-rotating, y clearingmaterialsandflowSelf-dischargecontrol,of uncntshables plus
meshed disc cutters that effectively
shred MSW/OBW. _..

Williams system
supplied to shred
OBW at a refuse to
energy facility.

.q(

III Ir ___J_u;,

Programmable Computer
....... " ' " ' _"- "' *As an exclusive, the Williams Ripshear

Single Source for a Reduction System a compact, onboard computer that

Williams can engineer detects a jam through actual shaft stoppage
and build a reduc- as opposed to the conventional, preset

tion system to your pressure limit. This permits continuous
specific needs with operation at full pressure without rever.
full responsibility. As sals.., an exclusive feature.* The pro_Tamm-
shown-here, a typical able computer also adds the dimensicn of

system could include: distributive control to the Ripshear.

• Custom Designed Some other hydraulic systems on shredders
Infeed Hopper will reverse when they arrive at full

• Ripshear Shredder operating pressure, even though the shred-

• Williams Century ding process may be continuing. This istantamount to a motor coming up to full load
Mark Apron Pan and then being reversed simply because it is
Discharge Conveyor. at full load. With the Williams computer this

cannot occur and the Ripshear can utilize the

full pressure capabilities of its hydraulic com-
Typical installation of large Ripshearand ponents without reversingunless a true
Williams apron pan conveyor, mechanicaljam develop_

"Patent Nos. 4.721,257
4,452,400
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........... "_'"'-"-"_, Let us show you how all the many lea-
' tures of the Ripshear can be personalized

to your specific needs in our Customer

Service Laboratory, consisting of a
complete test-run facility and a CAD/
CAM computer-backed engineering
department. Contact your Williams
representative for details. Or write
direct.

• ] As you read about our products in this
brochure, please remember we have a

CAD/CAM backed engineering depart-
ment that stands ready to help you meet
any specific waste processing needs and
objectives.

Exclusive side discharge**
permits automatic removal of uncrushables after detec. (" "
tion ofjams A side door opens and the rotor nearest the

door reverses to convey uncrushables out of chamber. HYDRAULIC POWER UNIT
**Pat. Ncx 4.529.134

!, ' ....... . .x.

l _j _
o

TOP VIEW SIDE VIEW FRONT VIEW

I Motor
HP-Size i(hpirpm)

O) so/
18oo

(1) loo/
12o0

O) loo/
12oo

O) _so/
18oo

(t) 15o/
18oo

(2) _so/ k_.
18oo

(4) 1.501
1800

Williams Patent Crusher & Pulverizer Company
2701 NORTH BROADWAY • ST. LOUIS, MISSOURI, U.S.A. 63102 • 314-621-3348 • TELEX NO. 6841035 • FAX 314_136-2639
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WRAP FACILITY, DOE-RL UNITEI) ENGINEERS& CONSTRUCTORS
DE-AC0_91RL11946 I_rojectNo. 6237.008

1.0 OBJECTIVE

I. The purpose of this study is to evaluate the sludge repackingfacilitiesprovidedwithin
the WRAP 2A CDR baselinesuch that the optimum equipment and waste processing
routes can be establishedon which Title I designcan proceed_.

1.1 Scope

I. The scopeof this study is to evaluate those areas of the SludgeRepackingr'rocesses
and equipment for which potentia; risk or uncertainty exists within the Conceptual
DesignReport (CDR) baselinedesign2. Specific areas of studyI are listed as follows:

a. Evaluate equipment that is capable of processingboth sludge and dry particulate
feedstreams in WRAP 2A. This part of the study will identify the most suitable
equipment for processingWRAP 2A sludgesand dry particulates.

b. Evaluate alternative processroutes for the WRAP 2A sludge and dry particulate
feedstreams. This part of the study will identify which feedstreams are routed
throughthe equipment identified in section 1.I. la above.

c. Evaluate processroutes for plastic bags.

d. Identify additive requirements, if any, for the preferred sludge processing
equipment.

3. The study will not re-evaluate those areasof interest which are common to both the
sludge processingline and the shred and direct repack line, where these areas have
alreadybeenaddressedby the Open, Sort and SizeReductionStudy3, but will take the
relative findingsfrom this study. These are as follows:

a. Processroutes for empty drums.

b. Processroutes for 85 gallon drumscontainingabsorbent.

c. Waste entry into enclosures.

d. Impact of anti-flotation devices.

e. Drum entry into enclosures.

1.2 Background

1. In June 1992 UE&C prepared the CDR for WRAP 2A2. The CDR identified the
requirement for processesand equipment to open, sort and size reduce and process
drumsand boxesof waste enteringthe facility and repackthis waste into new drums
for immobilization in either a grout or polymer matrix. The CDR baseline design
defined a Size ReductionRepackingSystem for processingheterogeneoussolidsand
dry active wastes, and a Sludge Repack System in which sludge or wet particulate

e wastes were to be processed.

'1eo_6SludOoRop'=kJn_"-W_PO31'S '
07/15/93 Page 1



WRAP FACIUTY, DOE-RL UNWED ENGINEER8& CONSTRUCTOR8
DE-AC06-91RL11946 Project No. 6237.008

2. The CDR baseline design identifies the requirement for two separate enclosures within
the Size Reduction and Repacking area:

a. Size Reduction and Repack Enclosure - In the CDR the Size Reduction and Repack
enclosure is designated to process the bulk of the dry active wastes entering the
facility via one of two processing lines within the enclosure. Large items of dry
active waste will be shredded in the Shredding Line to a size which is suitable for
immobilization using vibro encapsulation techniques. Materials such as soils and
ash will be directly repacked into new drums in the Direct Repack line. The two
lines utilize a common vibrating table and weigh hopper system to load waste into
new drums. Uncertainties identified in the CDR relating to the Size Reduction and
Repack enclosure are addressed in the Open Sort and Repack Study 3.

b. Sludae Repack Enclosure - In the CDR waste forms which are sludge like in nature
are designated to be processed within the Sludge Repack enclosure in order to
homogenize, pretreat and meter the sludge into new drums. An illustration of the
CDR baseline design Sludge Repack enclosure is shown in Appendix A, Figure 1-1.

3. The CDR review identified some uncertainties in the sludge repack process and
equipment for which further investigation is required to confirm their suitability or
establish alternative handling methods.

4. The following CDR design review comments will be addressed in this study:

Comment # Comment

13 Sludge processing feedstream to be confirmed for compatibility with
equipment design.

81 Assess lubricating requirements for the sludge feedstreams.

135 The pug mill should be sized and considered for use for feedstreams
2A, 2B, 2C, 7 and 8. The pug mill will be necessary to homogenize
some (if not all) of these feedstreams due to clumping or aggregation
that might be characteristic of the waste or has occurred to the
waste during storage.

5. The following CDR uncertainties will be assessed by this study2.

a. The determination of whether, and if so how much, of an appropriate fluid is
required to assist sludge, crystalline solid and absorbed chemicals to be processed
in the sludge processing equipment.

b. The ability of the sludge processing equipment to process plastic bags or the
requirements for removing plastic bags at the sorting table..

c. The accuracy to which the weight of waste can be measured in a weigh hopper
when being continuously fed from the sludge processing equipment.

iiimm
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1.3 Purpose and Need

1. The purpose is to define a system which resolves uncertainties identified in the CDR
and to resolve CDR comments to ensure that the processes and equipment specified
will achieve the required FDC in a cost effective way.

2. The study is needed to determine the optimum equipment and process routes for the
Sludge Repack area on which Title I design can proceed.

1

3. The optimum equipment will have the following process objectives:

a. Delumping

b. Homogenization

c. Controlling moisture content of waste by either adding absorbent for free water
removal or adding water for dilution.

d. Mixing waste and chemical additives capability to carry out chemical pretreatment.

e. Transportation and metering waste.

f. Ability to deal with waste having physical characteristics from dry powders,
clumps of friable material and wet sludges.

4. The optimum process routes for the feedstreams (that do not require shredding) will
be based on the foliow_,_g objectives:

a. Operability and IVtaintainabi_ity

b. Flexibility

c. Plant Throughput

d. Waste Minimization/Secondary Waste Generation

ii iii

1604-6 Sludge Repacking - WRAP0319
07/15/93 Page 3



WRAP FACILITY, DOE-RL UNITED ENGINEERS & CONSTRUCTORS
DE-AC06-91RL1194e Project No. 6237.008

2.0 SUMMARY

1. This study evaluates those areas of the Sludge Repacking process and equipment for
which potential risk or uncertainty exists within the CDR baseline design. The study
identifies the process objectives that equipment must meet for processing both sludge
and dry particulate wastes, and systematically evaluates a range of equipment to
achieve these objectives against a pre-determined set of evaluation criteria. The study
concludes that the most suitable equipment, to process both WRAP 2A sludge and dry
particulate feedstreams, is 8 pug mill to deiump and homogenize the waste followed
by a screw feeder to meter the processed waste into new drums.

2. The pref6rred waste feedstreams process routes selected by this study are provided
in Table 2-1 below:

i i I

TABI, E :_-1
PREFERRED PROCESS ROUTES FOR WRAP 2A FEEDSTREAMS

I

WRAP 2A Feedsueem Dry Partioulate 'Wet Pardaulate ion Exohange sludge

Ruing Ropm_k R_uk

1 B 183 H Crystalline Solid • Preferred ........ .....
fill l l l _:_

1 C 183 H Sludge • Preferred

2A Ammonium Sulfate '" • ............ Preferred 0ption'al'
i i

2B Ion Exchange Resins • Preferred

2C Metal Sludge ........ • Preferred

6 Absorbed Chemicals • ........ Preferred .......
ii, ,,

7 Incinerator Ash • ' Preferred Optional 2

8 Contaminated Soils • " Preferred Optional 3
i , | , i

Not:e:

1. Requwesroutmgthrou_ the dudge repackline to me reducetumlx of frmblematqmd, if they occurafter peck_kngby the
generatordueto the hygresco_cnotwe of thernatohal.If • dry powderMatemrnamtamedthe matanalran go throughthe direct
rll_ _ •I Iollctld m _JlO

2. Tl_e w_to strum 0hm_l becon_lored forel:trendrout_O throughthe dkectr_x:k wee. PreimWwyinformationindicstesthst
the _reanw w_l containk_mpeof metaland largeIXeCesof conorote.Thee• rnatarlaiewhicharenot friable_d formordy• pmlJcm
of the fesds_esm can be ilmtMedfor xdddmnai_re reductionby dr•riding whilethe parbcui•te is loadedinto drumsfor Istor
egnetedtremrmmt.

3. Th_ wesle stzum shouldbe handledin • mannerim_rliorto fNdetrum 7 if manynon-friablemateriels(i.e. stones)are present.

3. The study also evaluates process routes for the disposal of plastic bags in which waste
has been contained within a drum. This study confirms the preferred process option
is to route plastic bags to the Size Reduction enclosure for shredding.

4. The study also discusses and identifies additive requirements to assist sludge and dry
particulate waste processing. Addition of VES or styrene to the pug mill to assist
polymer processing in the pug mill is not a preferred option clue to the safety problems
of fire and explosion associated with these materials. Although the polymer process
can accept waste containing a certain water content, this should be as low as
practical. In order to dry out the sludge for processing in polymer the preferred additive
is absorbent. Wastes which are to be immobilized in grout can be diluted into a slurry
by adding water and mixing in the pug mill.

i804-6 Sludge Repecking - WRAPO31S
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Equipment Evaluation

1. Conclusions

a. It is recognized that some pretreatment of waste may be required for sludge and
dry particulate wastes which are to be immobilized using agitated mixing
techniques. Although the extent of this pretreatment is at present unknown it is
estimated that the equipment required to process the waste must be able to c_.rry
out the following objectives:

1t Delump and deagglomerate friable components.

2) Achieve a product of homogeneous regular particle size and consistency of
mix, by visual inspection.

3) Control moisture/water content (primarily free water removal).

4) The capability to mix dry or liquid additives.

5) Control particle size. The maximum output particle size is anticipated to be
112"x112"x112".

6) The capability to transport and meter waste into a new drum within a target
accuracy of ±2% by mass. This target is based on similar waste loading
accuracies used by BNFL in the UK.

7) Handle densities up to 90 Ibs/ft 3. It is anticipated that the density of the
waste will effect sizing of the selected equipment (i.e. motor HP) rather than
be a major factor in selecting the generic type of Sludge Repacking equipment.

8) Handle viscosities up to 120,000 cp.

9) The equipment selected must be capable of a maximum feed rate of 30 ft3/hr.
This is based on the ability to handle a maximum plant throughput of
approximately 25 input drums per day (150 ft3/day, assuming the drums are
not 100% full) as identified by the CDR baseline design. Assuming the
maximum density of waste, the equipment must be capable of achieving a
maximum mass feed rate of 2700 Ibs/hr.

b. The most suitable piece of equipment to meet process objectives for the WRAP 2A
sludge and dry particulate feedstreams is a pug mill to mix the wastes followed by
a screw feeder to meter the processed waste into the new drums.

-- 2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that the combination of
a pug mill and screw feeder should be incorporated into the WRAP 2A facility to
process those wastes which require pretreatment prior to immobilization.

1604-6 Sludge Repacking- WRAP0319 .......
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3.2 Process Routes Evaluation

1. Conclusions

a. As a result of the uncertain physical characteristics of the WRAP 2A wastes,
agglomeration of dry powder and particulate wastes cannot be disregarded.
Consequently,it ha_beenassumedthat all nonshreddedwastes requiredelumping
and homogenizingprior to immobilization.The preferred process routes for non
shreddable feedstreams is providedin Table 2-1,

2. Recommendations

a. The WRAP 2A Processdocumentationshouldberevisedto route all wastes which
do not requireshreddingthrough the sludge repack line. A continualreview of the
WRAP 2A waste characteristics,particularly with respect to feedstreams 2A, 7
and 8, must be performed inorderto optimizethe waste treatment processroutes
and minimize unnecessary treatment and handling. Additionally administrative
controls particularlywith respect to schedulingwaste campaignsare important in
terms of minimizingequipment downtime for clean up.

3.3 ProcessRoutes For Plastic Bags

1. Conclusions

a. Plastic bags arisingfrom drum openingoperations in the sludge repack enclosure
should be transferred to the Size Reductionand Repack enclosureand shredded.
The pug mill and screw feeder are not capable of processingplastic bags.

2. Recommendations

a. The WRAP 2A Title I design shouldprogresson the basisthat empty plastic bags
from the sludgerepack areashould be shreddedin the Size Reductionenclosure.

3.4 Sludge Additive Requirements

1. Conclusions

a. Addition of VES or styrene to assist processingin the pug mill is not a preferred
option due to the safety probleLnsof fire and explosion associated with these
materials.

b. Although limited informationexists on the characteristicsof the sludge it is likely
that some of the sludge will be water based, havinghigh moisture content or even
contain free water. Although the polymerprocesscan accept waste containinga
certain water content, this should be as low as possible. In order to dry out the
sludge for processingin polymerthe preferredadditive is absorbent.

c. The addition of water to the sludgewhen being homogenizedin the pug mill may
assist start up of the paddle in the drum for grout immobilization.

2. Recommendations

a. The WRAP 2A Title I design should progress on the basis that provision to add
either absorbent or water to sludge in the pug mill is included in the Sludge
Repackingenclosure.

1604-6 Sludge Rep_king- WRAP0319
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4.0 UNCERTAINTIES

1. Limited information exists at present on the physical and chemical characteristics of
the wastes to be processed in WRAP 2A. In order for the Sludge Repacking study to
be carried out, assumptions !_ave been made for the characteristics of the WRAP 2A
wastes such that alternative processes and equipment could be evaluated and a
preferred baseline design identified. Accurate information on the actual characteristics
of the WRAP 2A wastes will hence give greater confidence in the preferred baseline
design.

2. The type of immobilization process(es) to be used in WRAP 2A will be determined by
the Single Immobilization Study. As this infor,nation is at present unavailable, this
study assumes the CDR baseline design of both grout and Vinyl Ester Styrene (VES)
polymer lines being required to immobilize waste. As long as the CDR baseline design
of polymer and grout are current this study is valid. It is recognized that the Single
Immobilization Study could recommend a combined grout and Polyethylene (PE)
polymer process to immobilize waste however, it is not anticipated that this would
have any significant impact on the selection of the Sludge Repacking equipment.

3. The sludge processing equipment is required to homogenize sludge (and if required mix
pretreatment additives) to assist paddle start up and in drum mixing in the agitated
mixing lines in WRAP 2A. The extent of homogenization required in the sludge
processing equipment has yet to be defined and will Pffect retention/mixing times in
the sludge processing equipment. The level of homogenization required from the sludge
processing equipment will be established by the agitate d mixing tests carried out by
WHC.

4. The potential impact of the Debris Rule on WRAP 2A is currently unknown and is not
addressed in this study at the request of WHC. However, it is anticipated that the
Debris Rule will not have any major impact on the Sludge Repacking equipment in
WRAP 2A.

5. Some uncertainty exists as to the physical condition of the waste feedstreams from
drum to drum (i.e., has agglomeration occurred or is waste a free flowing particulate).
Accordingly, the study will identify potential feed conditions and preferred and optional
process routes and verify that equipment is sized and selected in accordance with the
most flexible and conservative case, which is to assume the limiting physical
characteristics and to route all waste which does not require shredding through the
pug mill.

6. As a result of the uncertain physical characteristics of the WRAP 2A wastes, lumping
of dry powder and particulate wastes cannot be disregarded. Consequently, it has been
assumed that all waste which does not require shredding, require delumping and
homogenizing prior to immobilization.

1_:)4-6 Sludge Repaeking - WRAP0319 ......
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5.0 BASIS FOR STUDY

5.1 Criteria

5.1.1 FDC Requirements

I. The criteria for the processes and equipment evaluated in this study are subject to the
following general (FDC)4 requirements.

a. Minimize waste generated by maintenance and operations.

b. Transfer systems for all dry materials shall be enclosed and have adequate
provisions for the collection of dust and particulate materials.

c. Transfer systems shall be provided which reduce or eliminate waste generated
during transfer operations.

d. All equipment shall be designed and constructed to be resistant to any expected
corrosive conditions.

e. Capability to determine and control the weight of containers of waste.

f. Ability to screen all particulate waste to remove lumps and foreign objects.

g. Surfaces are to be suitable for decontamination and manufactured to minimize
potential for accumulation of contamination.

h. Equipment should be configured to optimize in place maintenance.

i. Equipment shouid be configured to minimize the effects of component failure
(including; control, monitoring and utility failure).

j. Throughput shall be based on single shift operation 5 days per week with a 70%
facility availability.

k. The facility shall be designed to minimize the release of radioactive and hazardous
materia!s.

I. Equipment shall be designed to meet the criteria for special equipment.

m. The process enclosure and equipment shall be designed for operation,
decontamination and decommissioning.

5.1.2 Process Objectives

I. These objectives and requirements are the basis for selection and evaluation of the
Sludge Repacking components:

a. Delump and deagglomerate friable components.

b. Achieve a product of homogeneous regular particle size and consistency of mix,
by visual inspection.

c. Control moisture/water content (primarily free water removal).

1604-6 Sludge RepIK:king - WRAP0319 ..........
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d. The capability to mix dry or liquid additives.

e. Control particle size. The maximum output particle size is anticipated to be
1/2"x1/2"xl/2".

f. Transport and meter waste into a new drum within a target accuracy of ± 2% by
mass. This target is based on similar waste loading accuracies used by BNFL in the
UK.

g. Handle densities up to 90 Ibs/ft =. It is anticipated that the density of the waste will
effect sizing of the selected equipment (i.e. motor HP) rather than be a major factor
in selecting the generic type of Sludge Repacking equipment.

h. Handle viscosities up to 120,000 cp.

i. The capability to handle WRAP 2A sludges, wet particulate, dry particulate and ion
exchange resin feedstreams as identified in Table 5-1.

j. The equipment selected must be capable of a maximum feed rate of 30 ft3/hr. This
is based on the ability to handle a maximum plant throughput of approximately 25
input drums per day (150 ft3/day, assuming the drums are not 100% full) as
identified by the CDR baseline design. Assuming the maximum density of waste,
the equipment must be capable of achieving a maximum mass feed rate of 2700
Ibs/hr.

5.2 Equipment Screening and Evaluation Logic

1. The alternative pieces of equipment and equipment combinations will undergo a two
stage assessment to determine the most suitable piece of equipment to meet the
process objectives. An initial screening of the equipment will be carried out to
eliminate alternatives which do not meet the process objective. A more detailed
evaluation will then be carried out to assess those alternatives which pass the initial
screening, against a predetermined list of evaluation criteria. A diagram illustrating the
logic used to carry out the screening and evaluation process is given in Appendix A,
Figure 5-1.

5.2.1 Screening Criteria

1. The purpose of the screening criteria is to eliminate alternatives which do not meet
process objectives for all physical characteristics of the waste and there is no
overriding reason to support further evaluation.

2. Screening criteria are as follows:

a. Functional Criteria ('Shall")

FDC and other mandatory requirements are to be reviewed in this section. Each
alternative shall be compared to that criteria.

b. No Ju=tification for Further Evaluation

Alternatives which do not merit further evaluation can be eliminated from further
study at this stage providing a technical justification to support the elimination is
given.

07/15/93 Page 9
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TABLE 5-1

WRAP 2A FEEDSTREAM PHYSICAL CHARACTERISTICS SUMMARY

mmlmm mmmmm _ m __m

WRAP 2A Dry Wet Dry Wet Ion Exdlanile load
Feedetream Partioulate PKdoulate Size Reduoedl Size Reduoedl Ruins lki@kez

Ovwsized Oversized

20,625 (2.8%)
1A 183 H Solidified Liquid

11_ 183 H Crystalline Solid 32,500 (4.5%)

C 183 H Sludge 35,000 (4.8%}
10 183 H Miscellaneous Cleanup 4,813 (0.7%) 4,813 (0.7%)

2A Ammonium Sulfate 261,500 (36.1%) 53,500 _7.4%)
_1_ Ion I_xchanae Resins

_C Metal Sludge 76,250 (10.5%)
2D RO Filter Elements
3 Dry Active Waste 52,500 (7.2%) 8,750 (1.2%)

4 Construction Debris 28,875 (4.0%)
5A Mercury/Mercury Contaminated 12,900 (1.8%)

Waste

5B Reactive Motels 440 (<0.1%)

5C Lead/Lead Contaminated Waste 735 (0.1%) 11,764 (1.6%)
5D Miscellaneous Metals 3,035 (0.4%)

6 Absorbed Chemicals 42,500 (5.9%)
7 Incinerator Ash 57,500 |7.9%)
8 Contaminqted Soils 1--7,000 (2.3%)

Total' Plant Feed 411,440 (56.8%) 111,250 (15.3%) 102,858 (14.2%) 34,188 (4.7%) 53,500 (7.4%) 11,764 (1.6%)
___ _ mmmmmammlmm

._L_!:

1 Values are FT3 volume
Values in ( ) ere volume %

2 Lead bricks are considered part of the dry sized reduced/oversized waste type for physical characterization

3 streams considered for equipment evaluation

1604-6 Sludge Repecking- WRAP0319 Page 10
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5.2.2 Evaluation Criteria

1. Alternatives which are not eliminated by the screening evaluation, are considered
against a list of evaluation criteria. Each individual evaluation criteria is given :

a. A weighting factor.

b. A raw score in the range 1-5, reflecting the potential relative merits of the
alternative. The raw score is determined by comparing the alternatives against each
other rather than against absolute criteria.

2. The total scoring is calculated by multiplying the raw score selected and the weighting
factor.

3. Evaluation Criteria. Weiohtina Factors and R_w Score

a. Criteria: Potential Hazards

1) Weighting Factor: 15%

2) Raw Score

All processes must be safe, however equipment arrangement or complexity may
increase the potential for hazards to develop. Factors to consider include operator
dose exposure; human factors; potential for operator puncture wounds; potential
for leaks, spills or uncontrolled releases; potential for dropping objects; potential
for flammable gas generation. This category is judged subjectively, and the scoring
will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

b. Criteria: PlantThrouahout

1) Weighting Factor: 15%

2) Raw Score

All processes must meet the required FDC throughput. Alternatives are compared
against each other to determine which offers the greatest potential to exceed the
FDC throughput. This category is judged subjectively, and the scoring will be as
follows:

Best 5
Good 4
Above average 3

Average 2 eFair 1

i im4-eSludQ,R_==_,= - W_AP0alS
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c. Criteria: Ooerabilitv and Maintainability

1) Weighting Factor: 15%

2) Raw Score

Ability of the operator to view and carry out all required routine operations and
maintenance activities. Labor requirements for Cperations and maintenance.
Potential for modularization of equipment. Complexity of equipment and process

configuration. Materials of construction in relation to their conditions of service
(corrosivity, temperature etc).

Operability and maintainability also represents a direct reflection of how the
equipment performs in carrying out the specified task. In order to be considered for
evaluation each alternative must be judged as capable of achieving the required
task with various degrees of effectiveness.

This category is judged subjectively, and the scoring will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

d. (_riterio: .D_monstrated Technql0gv/Develooment Reouirements

1) Weighting Factor: 15%

2) Raw Score

The ability to demonstrate that the equipment has been successfully operated
within the nuclear industry over a reasonable period of time. Whether the
equipment has operated successfully outside the nuclear industry over a reasonable
period of time. Whether the equipment requires a development program. This
category will be judged subjectively, and the scoring will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

1'604-6 Slu(_geRepa©king- WRAPO31S ........
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e. Criteria: Flexibility

1) Weighting Factor: 15%

2) Raw Score

The ability to meet potentially changing criteria. The capability to accommodate
future expansion, change out requirements or potential waste conditioning. This
category will be judged subjectively, and the scoring will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

f. Criteria: Eouioment Cost

1) Weighting Factor: 15%

2) Raw Score

The cost of each alternative will be calculated and scores awarded which reflect

the comparative cost of each alternative. This category will be judged subjectively,
and the scores will be as follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

g. Criteria: Eouioment Procurement Schedule

1) Weighting Factor: 5%

2) Raw Score

An assessment will be made to determine how each alternative meets the project
schedule. Scores will then be awarded based on the following:

Improves to schedule 5
Meets schedule 3

Delays schedule 1

i 604-6 Sludge Repacking- WRAP0319
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h. (;riteria: Waste Minimization/Secondary W_t_te Generation

1) Weighting Factor: 5%

2) Raw Score

The ability to reduce the overall waste volume. Generation of no significant
secondary wastes. Generation of additional waste which can be dealt with in
WRAP 2A. Generation of additional waste which has to be dealt with in another
facility. This category will be judged subjectively, and the scoring will be as
follows:

Best 5
Good 4

Above average 3
Average 2
Fair 1

5.3 Process Routes Evaluation

1. Having carried out the equipment screening and evaluation assessment, the most
suitable piece of equipment capable of processing both sludge, wet particulate, dry
particulate and ion exchange resin feedstreams will be identified. Having established
this equipment, and recognizing the uncertainty of the waste characteristics, the
option exists to route the waste feedstreams through either the sludge repack
equipment or the direct repack line.

2. The purpose of the process routes evaluation is to identify which feedstreams should
be routed to the sludge repack equipment aria which may optionally be routed to the
direct repack line, based on the treatability requirements and/or physical characteristics
of the waste.

3. Alternatives will be considered against the following evaluation criteria and ranked
against each other for the individual evaluation criteria.

a. Ooerabilitv and Maintainability

1) Labor requirements for operations and maintenance. Complexity of carrying
out process operations. Operational clean up and decontamination
requirements. Degree of routine and breakdown maintenance.

2) Operability and maintainability also re0resents a direct reflection of how the
equipment performs in carrying out the specified task. In order to be
considered for evaluation each alternative must be judged as capable of
achieving the required task with various degrees of effectiveness.

b. Flexibility

1) The ability of the process to meet potentially changing criteria, i.e. physical
characteristics of the waste, waste lots of varying sizes.

l"eo,r.aSludo.R,,p,;,;_,_- w1_31s .....
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c. Plant Throuohout

1) All processes must meet the required FDC throughput. Alternatives are
compared against each other to determine which offers the greatest potential
to exceed the FDC throughput.

d. Waste Minimization/Secondary Waste Generation

1) The ability to reduce the overall waste volume. Generation of no significant
secondary wastes. Generation of additional waste which can be dealt with in
WRAP 2A. Generation of additional waste which has to be dealt with in
another facility.

5.4 Assumptions

5.4.1 Study Prerequisites

1. There are no prerequisites to initiate the vendor and literature search for sludge
repacking processes and equipment.

2. CDR baseline design.

5.4.2 Study Assumptions

1. The particle size of material after processing in the sludge processing equipment is
anticipated to be 1/2"x1/2"x1/2". The maximum particle size after processing is at
present not known, and the target size of 1/2"x1/2"x112" is at present an estimate
based on engineering judgement.

2. The density of the sludge to be processed is up to 90 Ibs/ft 3. It is anticipated that the
density of the waste will effect sizing of the selected equipment (i.e. motor HP) rather
than be a major factor in selecting the generic type of Sludge Repacking equipment.

3. Any solid waste items which may exist in the sludge (metal clumps, tools, rocks etc)
are be removed using the sorting manipulators before the sludge enters the sludge
processing equipment.

4. Viscosities up to 120,000 cp.

5. Waste is to be metered into a new drum within a target accuracy of ± 2% by mass.
This target is based on similar waste loading accuracies used by BNFL in the UK.

6. As a result of the uncertain physical characteristics of the WRAP 2A wastes,
agglomeration of dry powder and particulate wastes cannot be disregarded.
Consequently, it has been assumed that all non shredded wastes require delumping
and homogenizing prior to immobilization.

ii= i
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6.0 SELECTION OF ALTERNATIVES AND SOLUTIONS

6.1 Equipment Evaluation

1. Introduction

a. The purpose of this assessment is to evaluate equipment that is capable of
processing both sludge and dry particulate feedstreams in WRAP 2A. This study
will identify the most suitable equipment for processing WRAP 2A sludges and dry
particulates.

2. List of Alternatives considered

a. ALTA1 = PugMill

b. ALT A2 = Pug Mill with Screw Feeder

c. ALT A3 = Screw Feeder

d. ALT A4 = Ribbon Blender

e. ALT A5 = Ribbon Blender with Screw Feeder

f. ALT A6 = Single/Multiple Shaft Agitator

g. ALT A7 = Single/Multiple Shaft Agitator with Screw Feeder

h. ALT A8 - Double Arm Kneading Mixer

i. ALT A9 = Double Arm Kneading Mixer with Screw Feeder

j. ALT A10 = Intensive Mixer

k. ALT A1 1 = Intensive Mixer with Screw Feeder

I. ALT A12 = Porcupine Processor

m. ALT A13 = Porcupine Processor with Screw Feeder

n. ALT A14 = Positive Displacement Pump

o. ALT A15 = Positive Displacement Pump with Screw Feeder

1604-6 Sludge Repeoklng- WRAP0319 .........
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3. (_eneral Discussion of Alternatives

a. The alternative arrangements consist of 8 major categories of mixing components
arrayed with various metering components. Only one type of component (screw
feeder) is capable of metering and mixing. However, the screw configuration
which optimizes metering capabilities tends to minimize the equipments capability
to homogenize the feedstream. This will be discussed further in the evaluation
section. Additionally, the alternatives can be grouped as, batch mixers ALT A4,
A6, A8 A10 and A3 (cone and screw) which require a transport mechanism to load
and unload, and continuous mixers ALT A1 and A3 (trough and screw) and ALT
A1 5 which are capable of unloading and transporting as part of their basic design. '

b. In some cases, for the purpose of evaluation, we have reviewed a mixer type such
as trough and screw and also listed 8 derivative type, i.e., porcupine processor
which is a variation of a screw feeder with segmented flights and breaker bars to
aid agitation.

4. $oecific Descriotions of Alternatives 5

a. Alternate A1 Pug Mill (Figure 6-1, Appendix A)

1) This equipment consists of single or multiple shafts (co or counter rotating)
fitted with short heavy paddles or knives. The shafts are mounted in a trough
or cylinder to hold and transport of the material being processed. The paddles
may or may not intermesh. The clearances are wide so that there is
considerable mass mixing with little likelihood of jamming or damaging
paddles. The paddles impact the material and push it forward as they cut
through it. Pug mill development has progressed from the original low speed
(up to approximately 60 RPM) to new higher speed adaptations (up to 2500
RPM). When used in higher RPM ranges the material to be mixed is essentially
suspended in the air in the shell. This permits liquid/solids mixing without
forming lumps and promotes mixing of dry materials.

b. Alternate A2 Pug Mill with screw Feeder (Figure 6-2, Appendix A)

1) This is a combination of A1 and A3. In this arrangement, the pug mill is the
mixing element and the means of transport from where the drum is
sorted/emptied to a fill hopper on a screw feeder which meters feed into a
new drum. Utilizing a combination of weigh scales and volumetric control of
feeds allows diversity in achieving/monitoring waste loading.

16O4-6 Slud
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c. Alternate A3 Screw Feed

1) This equipment is available in two broad categorie s for continuous or batch
processing.

a) Continuous Mixino (Fiaure 6-3. ADoendix A) - For continuous processing
(trough and screw) this equipment may consist of single or multiple
shafts (rotors) which continuously roll the feed over as it is transported
towards the discharge. In its simplest form a single shaft continuous
screw flight is utilized. This can provide for accurate metering (provided
there are no void spaces) as material displacement is directly related to
shaft rotation. However, this efficient transport limits mixing to a
localized rolling of independent sections of material and does not provide
for mixing through the batch. In order to enhance mixing various
adaptations exist such as; variation in pitch configurations, segmented
flights, discontinuous flights etc. These adaptations seek to improve
mixing by recirculating portions of the feedstream thereby increasing
retention time intermingling different portions of the feedstream and
improving homogeneity throughout the batch. This, however, limits the
equipment metering capability.

b) Batch Mixing ((;one _nd Screw) (Fiaure 6-4, Aooendix A) - This
equipment is generally configured vertically. An orbiting screw from the

. bottom of the vessel to the top in a continuous pattern. This may be
supplemented by a high speed delumper (shearer) in the bottom of the
vessel.

d. Alternative A4 Ribbon Blender (Figure 6-5, Appendix A)

1) A ribbon type blender is generally operated at lower RPM's (up to 60 RPM).
It mixes in the laminar range (if materials are high viscosity) as it forces
viscous materials to follow a torturous path. Depending upon clearances with

a the vessel wall it is generally referred to as a gentle mixing action. It is not
. exceptionally good at eliminating agglomerates and if utilized in a process

which adds liquids to the feedstream it would require the installation of Mullers
which are a broad paddle type agitator designed to eliminate clumps of
agglomerate by rubbing them against the vessel wall.

e. Alternative A5 Ribbon Blender with Screw Feeder

1) This is simply a combination of A4 and A3 using the ribbon blender as the
primary mixing element and a hopper and volumetric screw feeder for metering
waste into the new drum.

I

604-6 Sludge Rep_king - WRAP0319
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f. Alternative A6 single/Multiple Shaft Agitator (Figure 6-6, Appendix A)

1) These mixers are high intensity mixers combing vortex flow and high shear
rates. Blades at the bottom of the vessel scoop batch material upward. The
resulting high shear stresses and blade impact reduce agglomerates and aid
dispersions. However, energy requirements are quite high at least 8 hp/ft 3
plus mechanical losses. These mixers are particularly suited for rapid mixing
of powers and granules with liquids or dissolving of resins or solids in liquids.

2) A variation of this mixer developed by Charles Ross & Son Company utilizes
a disperser blade in conjunction with an anchor type agitator.

g. Alternative A7 Single/Multiple Shaft Agitator with Screw Feeder.

1) This is a combination of A6 and A3.

h. Alternative A8 Double Arm Kneading Mixer (Figure 6-7, Appendix A)

1) This machine consists of two counter-rotating blades in a rectangular trouqh
curved at the bottom to form two longitudinal half cylinders and a saddle
section. The mixing action is a combination of bulk movement, smearing,
stretching, folding, dividing and recombining. Clearances are generally quite
tight between the blades and the trough. Blades may be tangential or
overlapping. Optional blade configurations are available for a number of
materials. This equipment is well suited to pastes or plastic mass types of
material.

i. Alternative A9 Double Arm Kneading Mixer with Screw Feeder.

1) This is a combination of A8 and A3.

j. Alternative A IO Intensive Mixer (Banbury Type)

1) This is really a variation of the double arm kneading mixer. It's mixing blades
or rotors are entirely enclosed in cylindrical chambers that meet tangentially
with a saddle. The limited clearances between the blades, which resemble
parallel helices, and the wall provide high intensity mixing. This equipment is
widely used in the rubber and plastics industry.

k. Alternative A1 1 Intensive Mixer with Screw Feeder.

1) This is a combination of A10 and A3.

_-6_ WSAP031S
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I. Alternative A12 Porcupine Processor (Figure 6-8, Appendix A)

1) This is a variation of A3. It is a screw feeder which has evolved to segmented
flights in order to recirculate material and increase retention time. It is also
commonly fittod with breaker bars to increase agitation. In site remediation
operations it is frequently used in bulk treatment of soils. The scale is
generally large and the unit may be heated to drive off Volatile Organic
Compounds (VOC's).

m. Alternative A13 Porcupine Processor with Screw Feeder

1) This is a combination of A12 and A3.

n. Alternative A14 Positive Displacement Pumps.

1) This category is intended to cover all "Solids Handling Pumps". The most
common examples are slurry pumps (centrifugal), diaphragm pumps
(reciprocating) and positive displacement shaft pumps (twisted shaft/
elastomer jacket) "Moyno" type pumps. These pumps all require significant
fluids (adequate to suspend solids) in order to function and therefore can not
accommodate the full range of physical properties. They generally do not
deagglomerate or mix by design. However, self wiping zero clearance
combination mix and positive displacement pumps are available. Dense phase
pneumatic pumps are not considered to be at all suitable due to extensive
contamination issues.

o. Alternative A15Positive Displacement Pump with Screw Feeder

1) This is a combination of A14 and A3.

5. Sludoe Drvinq

8. The option exists to provide thermal drying capabilities to the equipment listed in
ALT 1 to ALT 15 to primarily drive of free water from the waste. The thermal
drying capability would be provided by surrounding the mixing equipment with a
heating jacket. This alternative is not considered worthy of further evaluation, for
the following reasons:

1) The quantity of free water present in a drum is expected to be small.

2) Free water which is present in waste to be immobilized in grout can be mixed
back into the waste.

3) Free water which is present in waste to be immobilized in polymer can be
absorbed using absorbent added to remove this free water will also be small.

4) Adding heating jackets to the mixing and metering equipment alternatives will
give rise to additional maintenance and clean up problems.

1'60_t_6S'iudgeRepecking- WRAP0319 ........
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6. Eauioment Screened From Further Evaluation

a. A summary of the number of process objectives each alternatives satisfies is given
in Table 6-1. Alternatives that have been screened from further evaluation are as
follows:

1) Alternative - A 14

a) The positive displacement pump (ALT A14) does not have the ability to
delump, homogenize, pretreat or control the particle size of waste to any
degree by design and hence is not considered worthy of further
evaluation.

2) Alternatives - A3 & A15

a) The screw feeder (ALT A3) and the combination of positive displacement
pump & screw feeder {ALT A15) have a limited ability to delump,
homogenize and pretreat waste and are not considered for further
evaluation.

3) Alternatives - A1, A4, A6, A8, A10 & A12

a) The pug mill, ribbon blender, single/multiple shaft agitator, double arm
kneading mixer, intensive mixer and porcupine processor all posses the
ability to delump, homogenize, pretreat and control the particle size of
materials, but do not possess the ability to meter waste to any degree
of accuracy.

b. When combined with a screw feeder to transport and meter the delumped,

homogenized and gre-treated wastes, each of the mixing devices listed have the
ability to satisfy all process objectives. The alternatives which meet these process
objectives and are considered suitable for further evaluation are listed as follows:

ALT A2 - Pug mill with screw feeder

ALT A5 - Ribbon blender with screw feeder

ALT A7 - Single/multiple shaft agitator with screw feeder

ALT A9 - Double arm kneading mixer with screw feeder

ALT All - Intensive mixer with screw feeder

ALT A13 - Porcupine processor with screw feeder

1604-6 Sludge Repacking - WRAP0319 ' '
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TABLE 6-1
SLUDGE REPACK - EQUIPMENT SCREENING

mmllmammm

PROCESS

NO. EQU|PMENT ALTERNATIVE OBJECTIVES SCORE REMARKS
ACHIEVED ......--......--

mmwm..i,,,,-_.

1 PUG MILL 1234578 7 LIMITED METERING CAPABILITY

2 PUG MILL WITH SCREW FEEDER 12345878 ---------_ MEETS ALL PROCESS OBJECTIVES

SCREW FEEDER 678 3 LIMITED ABILITY TO DELUMP, HOMOGENIZE AND
PRETREAT

4 RIBBON BLENDER 1234578 7 WILL NOT METER

5 RIBBON BLENDER WITH SCREW FEEDER _ 12345678 8 MEETS ALL PROCESS OBJECTIVES

6 SINGLE/MULTIPLE SHAFT AGITATOR 1234578 7 WILL NOT METER

SINGLE/MULTIPLE SHAFT AGITATOR WITH SCREW FEEDER 12345678 8 MEETS ALL PROCESS OBJECTIVESmmm,mmi,,,mm

8 DOUBLE ARM KNEADING MIXER ----'----'-- 1234578 7 WILL NOT METER -.-.-------

9 DOUBLE ARM KNEADING MIXER WITH SCREW FEEDER 12345678 .--..----8 MEETS ALL PROCESS OBJECTIVES

10 INTENSIVE MIXER _1234578 ---------7 WILL NOT METER

11 INTENSIVE MIXER WITH SCREW FEEDER 12345678 8 MEETS ALL PROCESS OBJECTIVES

12 PORCUPINE PROCESSOR 1234578 LIMITED METERING ABILITY

13 PORCUPINE PROCESSOR WITH SCREW FEEDER _ 12345678 _ MEETS ALL PROCESS OBJECTIVES

14 POSITIVE DISPLACEMENT PUMP (SOLIDS PUMP) 678 3 WILL NOT DELUMP, HOMOGENIZE AND PRETREAT FULL
RANGE OF PHYSICAL CHARACTERISTICS

15 POSITIVE DISPLACEMENT PUMP WITH INTEGRAL MIXER AND 678 _ WILL NOT DELUMP, HOMOGENIZE AND PRETREAT FULL
RANGE OF PHYSICAL CHARACTERISTICS

WITH SCREW FEEDER mmmmmmlmm

PhyadcdCharacteristicsof thoWuto Notes
I_oceeeOb_ectiveq 1. A positivedimc4acerrmntpump couldb used
1 DelumpendDeegglometmteFriableComponents DqfPowdw (Flowablel

• Dqt Powderwith LumpeandAgglomwatel a,zanalternativeto s mcteenfeedu forany option.
2. Homogenize Wet Particulatu
3. ControlMoiatufe/WaterContent
4. Al_ty to Mix Additives Wet Particuleteewith LumpsandAgglomuitee
5. ConUolParticleS_zoto 112"x1/2"xl12" CloyType Sludges
8. ContinuousTrenlGcctandMotorWrasSeto • 2% by Mmse CIW Type Sludgeswith LumpsandAgglornmstes
7. HandleDensitiesUp to 90 IbMft] Wet Sludges
8. HandleViscoitiee Up to 120.000 cp Wet Sludgeswith LumpsandAgglon'watu

1604-6 Sludge Repecking - WRAP0319 Page 22
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7. Description of Eauioment Evaluation Matrix

a. The sludge repack equipment evaluation matrix is given in Table 6-2.

b. Potential Hazards

1) General

a) It is intended that each alternative will require operator involvement at the
sorting table and that the sludge/dry particulate processing operations will
be automatic. Operational exposure will hence be similar for each
alternative.

2) Alternative A7 - Single/multiple shaft agitator with screw feeder and Alternate
A9 - Double arm kneading mixer with screw feeder

a) These pieces of equipment require that the mixing vessel is inverted to
discharge the processed waste. This increases the potential for waste to
spill material during the discharge operation and hence additional clean up
operations. These two alternatives have subsequently been awarded lower
scores.

c. Plant Throughput

1 ) General

a) Plant throughput is more der)endent on the operating mode of the
equipment and supporting systems (loading, unloading etc.) than
equipment sizing. This is because at this stage of the design equipment
of any capacity (horse power, volume etc.) can be provided by vendors.
Therefore, this section will consider operational modes which include, but
are not limited to, batch verses continuous operation, mixing cycles, load
and discharge operations, material retention etc.

2) Alternative A2 - Pug mill with screw feeder

b) This functions as a continuous mixer with no downtime for loading or
unloading. There is little material retention, even with sludge feeds,
because of the smooth paddle and mixing cylinder design and therefore
drum to drum processing can probably proceed with minimal downtime for
inspection and clean up. The screw feeder is not integral with the mixer
but functions independently to control the drum filling process and
therefore the equipment can be operated in parallel rather than
sequentially if the series of feed drums is compatible.

Wi_Ae0319 ....
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TABLE 6-2

SLUDGE REPACK EQUIPMENT EVALUATION MATRIX SUMMARY SCORING

1604-6 Sludge Repacking- WRAPO319 Page 24
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3) Alternative A5 - Ribbon blender with screw feeder

a) The ribbon blender functions primarily as a batch type mixer. Unloading
requiresan intermediatestep to open the bottom dischargeand power the
mixer to drive out the material. There is a much higher likelihoodof sludge
retention due to the broadcontinuousconfiguration of the paddles

4) Alternative A7 - Single/multipleshaft agitator with screw feeder

a) The single/multiple shaft agitator functions primarily as a batch type
mixer. Unloadingrequiresseveral intermediate steps to open and unload
the mixing vessel. Material retention is likely particularly with sludges.

5) Alternative A9 - Double arm kneading mixer with screw feeder

a) This is a batchtype operation.Unloadingrequirestipping the vesselor use
of an integral screw feeder located between the blades in order to
dischargematerial. After the mixing cycle is complete the mixer must be
powered to force material to the unloading screw feeder. This integral
screw feeder would be independent of the screw feeder used to meter
processedwaste into drumsin order to allow for unloadof the mixer in a
continuousfashion. Material retention is likely particularlywith slurries.

6) Alternative A1 1 - Intensive mixer with screw feeder

a) This functions in a batch mode similar to the doublearm kneadingmixer.
However, its design requires the use of a ram type feeder in order to
presentmaterial to the mixing blades.The clearance between the mixing
blades and the mixing vessel are very small which results in high
operational power requirementsand small batch sizes. This equipment is
least likelyto accommodateplant throughputandhence is awarded a low
score.

7) Alternative A13 - Porcupineprocessorwith screw feeder

a) The porcupine processor operates in a continuous mode with no
intermediate stepsfor loadingor unloading.However, mixingis enhanced
by the use of static breaker bars. These porcupine processor can
however, accumulate waste between the breaker bars and the screw
flight, particularly between campaignedlots of differing waste types, i.e.
sludgesfollowed by dry particulates. Accumulation of this waste over a
periodof time may result in downtime for inspectionand cleaning.

d. Operability and Maintainability

1) General

a) It is intendedthat each alternativewill requireoperator involvementat the
sorting table andthat the sludge/dryparticulate processingoperationswill
be automatic. Eachof the alternativeswill hence requirea similarnumber
of operators.

WRAP031S
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2) Alternative A2 - Pug mill with screw feeder

a) The pug mill is a very robust piece of equipment which is designed to
process material such as soil and sludge. Consequently, it is less
susceptible to damage as a result of processing hard items which may be
present in the waste, and hence will require minimal breakdown
maintenance and repair. The pug mill mixing paddles are individually
mounted on the mixing shaft and damage to one blade will not result in
the equipment being shut down, this also allows paddles to be easily
replaced or adjusted without removing the mixing shaft. Limited clean up
is required between campaigns.

3) Alternative A5 - Ribbon blender with screw feeder

a) In general, ribbon blenders are designed to mix regular type feeds and
hence are more likely to be susceptible damage when mixing a wide
variety of waste. Replacement of the ribbon blade necessitates that the

both the ribbon blade and the mixing shaft are removed from the mixing
vessel. In addition, scheduled clean up will be required due to cumulative
material accumulation.

4) Alternative A7 - Single/multiple shaft agitator with screw feeder

a) The single/multiple shaft agitator is _ relatively large/complex piece of
equipment which will be difficult to maintain/dismantle. In addition,
scheduled clean up will be required due to cumulative material
accumulation.

5) Alternative A9 - Double arm kneading mixer with screw feeder and Alternative
A1 1 -Intensive mixer with screw feeder

a) These pieces of equipment require that the mixing vessel is inverted to
discharge the processed waste, this isan additional operation not required
by the other alternatives. The double arm kneading mixer and the intensive
mixer utilize counter rotating shafts and are hence more complex and
difficult to maintain than the other options. The intensive mixer operates

with very low clearance between the mixing shaft and the mixing vessel
which causes the equipment to operate at higher stresses and
necessitates the equipment to require cooling. In general the double arm
kneading mixer and the intensive mixer are used to mix regular feeds. In
addition, scheduled clean up will be required due to cumulative material
accumulation.

WRAPO319 ..........
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6) Alternative A 13 - Porcupineprocessorwith screw feeder

a) The porcupine processoris a very robust piece of equipment which is
designed to process material such as soils. Consequently, it is less
susceptibleto damageas a resultof processinghard items which may be
present in the waste, and hence will require minimal breakdown
maintenance and repair. The porcupine processor mixing flight rotates
between breaker bars which will accumulate material and require more
clean up than the pug mill. In addition, if the sludge/dry particulate
containsany hardobject which may not be removed from the waste while
on the sorting table (i.e. rocks in the basin sludge, shredded drums or
cindersin the ash) then these may jam between the breaker barsand the
screw flight of the porcupineprocessorthus resulting in the equipment
beingshut down untilthe blockage is removed. Replacementof the mixing
flight will require the full mixing shaft to be replaced. In addition,
scheduled clean up will be required due to cumulative material
accumulation.

e. Demonstrated Technology/DevelopmentRequirements

1) General

a) None of the alternatives have been demonstrated to delump and
homogenizewaste in the nuclearindustry.

2) Alternative A2 - Pugmill with screw feeder

a) Pug millsare commonly usedto processsludges, soils, clay etc. outside
the nuclear industry. Concord Resources Group (commonly known as
Highway 36) intend to use a pug mill to mix hazardous waste prior to
immobilization.

3) Alternative A5 - Ribbonblenderwith screw feeder

a) Ribbonblendersare usedoutsidethe nuclearindustryto mix regularfeeds
such as powders and dry particulates.

4) Alternative A7 - Single/multipleshaft agitator with screw feeder

a) BNFLusese singleshaft in-drumagitator paddle to mix dilute radioactive
slurries and cement powder in order to immobilize the slurry in a grout
matrix. Standard single/multiple shaft agitators are used outside the
nuclear industry to dissolvepowders and dry particulates in liquids.

5) Alternative A9 - Doublearm kneadingmixer withscrew feeder and Alternative
A11 - Intensive mixer with screw feeder

WRA_)31S ......
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a) Double arm kneadingmixersand intensivemixersare mainly usedoutside
the nuclear industryto mix rubber, plastics and resins.

6) Alternative AI 3 - Porcupineprocessorwith screw feeder

a) Porcupineprocessors are used outside the nuclear industry to break up
and mix soils. They are frequently used in the land remediation of
hazardouswaste and contaminated soils.

f. Flexibility

I) Alternative A2 - Pug mill with screw feeder

a) The pug mill is a very robust piece of equipment which can be used to
process• wide variety of materials and consequentlyis likely to be able
to accommodate a greater variety of waste feedstreams. Throughput is
increased by increasingmixer speed while verifying adequate mixing.

2) Alternative A5 - Ribbon blender with screw feeder and Alternative A7 -
Single/multipleshaft agitator with screw feeder

a) These pieces of equipment are used to process regular feeds such as
powders and hence cannot be used to mix a wide variety of materials.
Throughput is a function of load, unload and mixing times.

3) AlternativeA9 - Doublearm kneadingmixer with screw feederand Alternative
A1 1 - Intensive mixer with screw feeder

a) These pieces of equipment utilize very small clearances betweer_ the
mixing blade and the mixing vessel and are most suitable for processing
smoothpastetype materials.Throughputis 8 function of load, unloadand
mixing times.

4) Alternative A13 - Porcupineprocessorwith screw feeder

a) The porcupine processoris a very robust piece of equipment which is
suitable for handling a variety of wastes. However, the porcupine
processoroperatesby passingthe screw flight past breakerbarsmounted
from the mixingvessel wall, this consequentlyincreasesthe likelihoodof
material being caught in this clearance and subsequent jamming of the
machine. Jammingof waste between the breakerbarandthe screw flight
of the porcupineprocessorwill place some restrictionson the range of
waste that can be processedby the machine.

WRAP0319 .........................
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g. EquipmentCost

1) Alternative A2 - Pug mill with screw feeder

EquipmentCoat
SK

Pug Mill 20.0
Screw Feeder 10.0

Total 30.0

2) Alternative A5 - Ribbonblenderwith screw feeder

Equipment Cost
OK

RibbonBlender 30.0
Screw Feeder 10.0

Total 40.0

3) Alternative A7 - Single/multipleshaft agitator with screw feeder

EquipmentCost
SK

Single/Multiple Shaft Agitator 70.0
Screw Feeder 10.0

Total 80.0

4) Alternative A9 - Double arm kneadingmixer with screw feeder

EquipmentCost
SK

Double Arm KneadingMixer 500.0
Screw Feeder 10.0

Total 510.0

WRAP031S
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5) Alternative A11 - Intensive mixer with screw feeder

Equipment Cost
SK

Intensive Mixer 500.0
Screw Feeder I0.0

Total § I 0.0

6) Alternative A13 - Porcupine processor with screw feeder

Equipment Cost
SK

Porcupine processor 30.0
Screw Feeder 10.0

Total 40.0

h. Equipment Procurement Schedule

1) General

a) No significant differences are considered to exist between each alternative
from an equipment procurement schedule Standpoint.

i. Waste Minimization/Secondary Waste Generation

1) General

al All alternatives will be required to process a wide variety of wastes such
as sludges, soils, dry particulates etc. and will consequently require a high
degree of clean up, particularly between feedstream campaigns.

2) Al*,ernative A2 - Pug Mill with screw feeder, Alternative A5 - Ribbon blender
and screw feeder and Alternative A7 - Single/multiple shaft agitator with
screw feeds.

a) No significant differences are considered to exist between each alternative
from a waste minimization/secondary waste generation stand point.

3) Alternative A9 - Double arm kneading mixer with screw feeder and Alternative
A1 1 - Intensive mixer with screw feeder

a) The high forces which occur between the mixing shaft and the mixing
vessel will press waste into the shaft and vessel surface and will
subsequently make clean up more difficult and possibly require
decontamination.

WRAPO319
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4) Alternative A13 - Porcupine processor with screw feeder

a) The porcupine processor will accumulate material between the screw
flight and the breaker bar which will result in additional clean up
requirements.

8. Conclusions

a. It is recognizedthat some pretreatment of waste may be required for sludge and
dry particulate wastes which are to be immobilized using agitated mixing
techniques. Although the extent of this pretreatment is at present is unknown it
is estimated that the equipment required to process the waste must be able to
carry out the following objectives:

I) Delump and deagglomerate friable components.

2) Achieve a product which is visibly homogeneous.

3) Control moisture/water content

4) The capability to mix dry or liquid additives.

5) Control particle size. The maximum output particle size is anticipated to be
1/2"x1/2"x1/2".

6) The capability to transport and meter waste into a new drum within an
accuracy of :1:2% by mass.

7) Handle densitiesup to 90 Ibs/ft3.

8) Handle viscositiesup to 120,000 cp.

9) The equipmentselected must be capable of a maximum feed rate of 30 ft3/hr.
This is based on the ability to handle a maximum plant throughput of
approximately25 input drums per day (150 ft3/day, assumingthe drums are
not 100% full) as identified by the CDR baseline design. Assuming the
maximum density of waste, the equipment must be capable of achieving a
maximum mass feed rate of 2700 Ibs/hr.

b. The most suitablepiece of equipmentto meet processobjectivesfor the WRAP 2A
sludge anddry particulate feedstreamsis a pug millto mix the wastes followed by
a screw feeder to meter the processedwaste into the new drums.

9. Recommendations

a. The WRAP 2A Title I design shouldprogresson the basis that the combinationof
a pug mill and screw feeder should be incorporatedinto the WRAP 2A facility to
processthose wastes which require pretreatment priorto immobilization.

WRAP0319
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6.2 Process Routes Evaluation

1. Introduction

a. For the purpose of discussion five options are described as limiting conditions for
normal process operation. These options envelope all possible variations of the
two available process routes. After an optimum case is selected, that maximizes
process flexibility and related evaluation criteria, then the waste feedstreams will
be discussed individually, describing the physical characteristics of the feed that
are controlling methods of treatment.

2. List 0nd Descriotion of Alternatives

a. Alternative B1 (Fixed Routes)

All dry particulate feedstreams are processed through direct repack line. Ion
exchange resins and wet particulate are processed through the sludge repack line.

b. Alternative B2 (Single Route)

All feedstreams are processed through the sludge repack line.

c. Alternative B3 (Single Route)

All feedstreams are processed through the direct repack line.

d. Alternative 1_4(Prioritized Routes)

All feedstreams routed to sludge repack line as primary process route. The direct
repack line is available as a secondary route.

e..A. Iternative B5 (Prioritized Routes)

-

All feedstreams are routed to the direct repack as the primary process route. The
sludge repack line is available as a secondary route.

3. Evaluation of ProcessRoutQ_

a. As a result of the uncertain physical characteristics of the WRAP 2A wastes,
agglomeration of dry powder and particulate wastes cannot be disregarded.
Consequently, it has been assumed that all which do not require shredding will
require delumping and homogenizing prior to immobilization.

b. The summary scoring of the process route evaluation is given in Table 6-3. The
ts_)le indicates that the sludge repack line should be utilized as the primary process
route for all subject feedstreams with the direct repack line maintained as an
optional (secondary) process route.

WRAP0319 .....
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SCORING SUMMARY PROCESS ROUTES EVALUATION

,. I r I

ALT Oper& Flexibility Plat WmmB Averq, Remark.
Maint Throughlm_ Oenermlion

ii i i i i ,,. i,

B1 2 3 3 5 3.25 Lack of absolute control of incoming

wlmtee physical state reduces this

options viability.

B2 4 4 4 4 4 This option is slightly less flexible than

the optimum option.

B3 1 1 1 1 1 This option's not acceptable in any

category.
i i , i , i,,, i

B4 § 5 § 3 4.5 This option is the most flexible and

most likely to exceed existing plant

throughput rates.

B5 3 2 2 2 2.25 Places too high a priority on direct

repack.
,,, ,ip i |

w AP0319 .....
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c. Having identified the primary and secondary process routes availableTable 6-4
providesoperationslogicfor each feedstream campaign:

TABLE 6-4

..... PROCESS ROUTE DISCUSSION
Feedltream Pmoeee Route Dieouaeion

1S Requires routing through sludge repack in order to size reduce lumps of friable

183H material. However, if determined upon inspection to be consistently dry powder direct

Crystalline repack is acceptable.
Solid

1C Requires routing through sludge repack as it is identified as wet to semi dry sludge
183H Sludge with crystalline inclusions. Therefore it requires size reduction of friable material and

subsequent homogenization.

2.A Requires routing through sludge repack to size reduce lumps of friable material; if they

Ammonium occur after packaging st generator due to hygroscopic nature of the material. If dry

Sulphate powder state is maintained material can go through the direct repack line ee selected
in the CDR.

i, |

2B Requires routing end metering vie the sludge repack line. May be wet slurry.

ion Exchange
Resin

2C Requires routing and via the sludge repack line. Will be a clay like material.

Metal Sludge

6 Requires routing through the sludge repack line in order to delump and homogenize.
Absorbed
Chemicals

7 This waste stream should be considered for primary routing through the direct repack

Incinerator area; if it is likely that the stream will contain lumps of metal and large pieces of
Ash concrete. These materiels which ere not friable and form only a portion of the

feedatraam can be isolated for additional size reduction by shredding while the

particulate is loaded into drums for later agitated treatment.

8 This waste stream should be handled in a manner similar to 7 if many non friable

Contaminated materials (large stones) are present.
Soils

4. Conclusion_

a. As a result of the uncertain physical characteristics of the WRAP 2A wastes,
agglomeration of dry powder and particulate wastes cannot be disregarded.
Consequently, it hasbeenassumedthat all wastes which do not requireshredding
will require delumping and homogenizingprior to immobilization.The preferred
processroutesfor non shreddedfeedstreams is providedin Table 6-5.

5. Recommendations}

a. The WRAP 2A Processdocumentationshouldbe revisedto routeall wastes which
do not requireshreddingthroughthe sludge repack line. A continual review of the
WRAP 2A waste characteristics,particularly with respect to feedstreams 2A, 7
and 8, must be performed in orderto optimizethe waste treatment processroutes
and minimize unnecessary treatment and handling. Additionally administrative
controls particularlywith respectto schedulingwaste campaignsare important in
terms of minimizing equipment downtime for clean up.

W_APO319 .....
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TABLE 6-5
PREFERRED PROCESS ROUTES FOR WRAP 2A FEEDSTREAMS

L w"AP2A_F.,d_,,--- ", e,_,_m wit P_ew _"_,_.,¢, _l,do,R,_,_ _r._ R.p._
Ruin.

1B 183 H Crystalline Solid 32,50'0 (4.5%) .... Preferred

1 C 183 H Sludge' 34,00 (4.8'%) .... Preferred

2A_Ammoniurn Sulfate 261,500 (36.1%) .... Preferred Optional

2s 10,Sxchan",",,N ....... S3.SO0(7.4_) Preferred
2C-Metai Sludge ' 76,250 (10.5%) Preferred

6 -Absorbed Chemicals '42,500 (5.9%) .......... Preferred

7 Incinerator Ash '57,500 (7.9%) ..... Preferred Optional '

8 Contaminated Soils 17,000 (2.3%) .............. Preferred Optional
IIIII , _ , i i i ,i i , ,

Notes:

1. Values are ft3 volume

2. Values in ( ) are % volume of total plant feed

_NRAPO31S ....................
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6.3 Process Routes For Plastic Bags

1. Introduction

a. The purpose of this assessment is to determine the most suitable method of
processing the plastic bags after the bag is opened and the sludge removed onto
the sorting table.

2. List of .A.Iternatives

a. ALT C1 = Feed into sludge processing equipment

b. ALT C2 = Shred the plastic bags

3. Description of Alternatives

a. ALT C1 Feed into sludge processing equipment

1) This alternative proposes that the plastic bags are processed along with the
sludge in the sludge processing equipment. The plastic bag will be have to be
size reduced during this process such that, after processing, the size of any
piece of the bag is acceptable for processing in either grout or polymer.

b. ALT C2 Shred the plastic bags

1) Once the plastic bag and the sludge has been separated using the sorting
manipulators, the bag is transferred to the Size Reduction and Repack
enclosure in an empty drum for shredding.

c. It is likely a plastic bag which has contained sludge will remain as LLRMW and
cannot be classified as purely LLW when empty. Therefore, compaction and
disposal of plastic bags as LLW has not been considered as part of this study. In
addition there is a possibility that some plastic bags will have degraded/leaked over
a period of time in storage or become torn during filling or emptying operations.
Hence it is likely that some drums that have contained plastic bags will be
contaminated with sludge and cannot be classified as purely LLW when the plastic
bags have been removed and also could not be routed for compaction.

4. Description of Evaluation Matrix

a. In section 6.1 the pug mill type mixer was identified to be the most suitable piece
of equipment to process sludge and dry particulate materials in the Sludge
Repacking enclosure. This section will hence evaluate the alternatives of processing
plastic bags in the pug mill and shredding plastic bags in the Size Reduction and
Repack enclosure.

_/RAPO'319
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b. In order to evaluate the most suitable method of processing plastic bags, the
number of plastic bags expected to be processed must be established. The baseline
CDR design is based on information that all waste to be processed in WRAP 2A is
packaged within plastic bags which are in turn contained within drums. Currently
existing waste is packaged in plastic bags and all future waste will be packaged in
rigid liners. Approximately 25,000 drums of waste will be processed in the Sludge
Repack enclosure, if it is assumed that 85 % of these drums will contain rigid liners
and 15% contain plastic bags, then approximately 4,000 plastic bags will arise in
the Sludge Repack enclosure.

c. Although limited Information exists at present on the 90 rail liners, it will not be
possible to process them in the pug mill. As for the plastic bags, it is likely that a
rigid liner which has contained sludge will remain as LLRMW and cannot be
classified as purely LLW. Consequently the only viable process alternative for the
rigid liners is shredding in the Size Reduction and Repack enclosure.

d. The evaluation matrix for this study is given in Table 6-6.

e. Safety

1) Neither alternative has major safety implications.

f. Plant Throughput

1) Processing plastic bags in the pug mill will inhibit the ability of the equipment
to homogenize the sludge, increase the required mixing time and hence reduce
throughput.

2) Alternative C2 represents the baseline CDR design in which it is proposed that
plastic bags be removed from the waste when on the sorting table, placed
back into the empty drum and transferred to the Size Reduction enclosure for
shredding. Drum liners can also be transferred to the Size Reduction and
Repack enclosure for shredding in the same manner.

g. Operability and Maintainability

1) Processing plastic bags in the pug mill will cause the plastic bags to become
entangled around the pug mill shafts and blades, this will require additional
operator involvement to remove the plastic bags.

2) Although there are more operations involved to transfer the plastic bags to the
Size Reduction enclosure for shredding, these can be carried out automatically
and will not require significant operator involvement. An the number of plastic
bags to be shredded is anticipated to be relatively low (approximately 1 5% of
the drums will have waste contained in plastic bags) it is proposed that the
cheapest and simplest method of handling and transporting the plastic bags to
the shredder is individually in the drum in which the plastic bag and waste was
contained.

3) Both the shredder and pug mill can be configured such that prime movers are
mounted outside containment with through wall drives to the equipment.

WRIe031b............
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PROCESS ROUTES FOR PLASTIC BAGS

ALT C1 = Feed into Sludge Processing Equipment
ALT C2 = Shred Plastic Bags

RS = Raw Score

WS = Weighted Score

mammmma.,mm. ° i • I i,,i i ill i i , ,i i i i

Evaluation Criteria Weighting Score ALT C1 ALT C2
Factor Range

Safety 15% 1-5 3.0 0.45 3.0 0.45
i i

Throughput 15% 1-5 3.0 0.45 3.0 0.45
ii i i

Ops & Main 15% 1-5 2.0 0.30 3.0 0.45

Dem Tech/Dev 15 % 1-5 2.0 0.30 3.0 0.45
i

Flexibility 15 % 1-5 3.0 0.45 3.0 0.45
iml i

Equipment Cost 15% 1-5 3.0 0.45 3.0 0.45
ii ml HI,I

Equipment Procurement Sched 5 % 1-5 3.0 0.15 3.0 0.15

Waste Min 5% 1-5 3.0 0.15 2.5 0.13
i i

i L

Total 100% 2.7 2.98
i

iNRAP0319
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h. Demonstrated Technology

1) Shredding of soft wastes such as plastic bags is carried on outside the nuclear
industry. The Waste Treatment Complex at BNFL's Sellafield Site in the UK
was originally built to shred soft wastes.

2) Pug mills are not normally used for processing waste mixed with plastic bags.

i. Flexibility

1) No significant differences in flexibility are considered to exist between each
alternative.

j. Equipment Cost

1) The alternatives of processing plastic bags in the pug mill or in the shredder
requires no additional equipment than that identified in the baseline CDR
design and there is no difference between each alternative from an equipment
cost standpoint.

k. Equipment Procurement Schedule

1) No significant differences are considered to exist between each alternative
from an equipment procurement schedule standpoint.

I. Waste Minimization Including Secondary Waste Generation

1) Shredding plastic bags which have contained sludge is likely to result in some
of the sludge coated on the inside of the plastic bag to be transferred onto the
shredder. This will increase shredder clean up requirements and secondary
waste generation. The amount of sludge transferred from the plastic bag to
the shredder is not expected to be significant.

5. Conclusions

a. Plastic bags arising from drum opening operations in the sludge repack enclosure
should be transferred to the Size Reduction and Repack enclosure and shredded.

6. Recommendations

a. The WRAP 2A Title I design should progress on the basis that empty plastic bags
from the sludge repack area should be shredded in the Size Reduction enclosure.

WRA_-3_--
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6.4 Sludge Additive Requirements

1. The current CDR baseline design proposes that waste from the sludge repacking
enclosure is immobilized in either a polymer or grout matrix. Addition of either polymer
or grout based liquors may therefore be required to assist mixing or dilution of the
sludge:

a. Grout

If the sludge is to be immobilized ingrout, then water will be used for mixing and
dilution. Addition of water to dry particulate material is likely to give rise to
additional cleaning requirements although in general, addition of water to the
sludge will not give rise to additional safety problems.

b. Polymer

If the sludge is to be immobilized in polymer then either Vinyl Ester Styrene (VES)
or Styrene (solvent) should be used for mixing and dilution. Addition of either
material to the sludge in the sludge repacking enclosure will give rise _o additional
safety problems, in particular fire and explosion. Either VES or Styrene have a
greater potential to interact with the waste if added prior to mixing. This may lead
to either premature polymerization or deactivation of the resin due to catalytic or
inhibiting effects of compounds within the waste. This may cause additional clean
up problems in the sludge processing equipment and also additional problems in
achieving satisfactory immobilization in the polymer process.

c. The type of immobilization process(es) _o be used in WRAP 2A will be determined
by the Single Immobilization Study. As this information is at present unavailable,
this study will assume the CDR baseline design of both grout and polymer lines
being required to immobilize waste.

2. The type of additive introduced into the pug mill to assist processing is related to the
characteristics of the sludge. The three additives that could be introduced in the pug
mill are:

a. Absorbent to dry sludge with a high moisture/water content.

b. Water to dilute solidified waste that is to be immobilized in grout.

c. VES/Styrene to dilute solidified waste that is to be immobilized in polymer.

3. Addition of VES or styrene to assist processing in the pug mill is not a preferred option
due to the safety problems of fire and explosion associated with these materials.

I"ll II I II II
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4. Although limited information exists on the characteristics of the waste it is known that
some of the sludge is water based having high moisture content or even contain free
water. VES resin or Styrene are immiscible with water. Therefore, any free water must
be emulsified to be contained within the VES or Styrene liquid phase as the
discontinuous (Droplet) phase. The mixing intensity required for emulsification is in the
order of 0.1 HP/ft 3. It is therefore preferable to reduce the free water content in the
waste before being immobilized in polymer. In order achieve this, it is proposed that
the water in the sludge is absorbed prior to being transferred to the polymer process.

5. The sludge which is fed to WRAP 2A will have varied moisture/liquid content which
may range from dried out cake to a liquid type sludge. In order to immobilize the sludge
in grout, water will have to be added to the waste prior to the addition of cement
powder. This water can either be added at the grouting process area or in the sludge
repack area or both. In the grouting process it is proposed that the in drum mixing
paddle is activated and the sludge stirred in the drum prior to the addition of water or
grout powder. In order to assist start up of the paddle in the drum it may be beneficial
to add water to the sludge in the pug mill. WHC immobilization trials will provide
information on mixing paddle performance, from which the water addition requirements
can be established.

6. The WRAP 2A Title I design should progress on the basis that provision to add either
absorbent or water to the waste processed in the pug mill is included in the Sludge
Repacking enclosure.

;4VRAPO31S ......
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7.0 DISCUSSION OF PREFERRED ALTERNATIVES

7.1 Sludge Processing Equipment

1. Discussion with vendors indicates that a single shaft pug mill style blender with a drive
of approximately 5 HP would be suitable to process WRAP 2A sludge. The pug mill
utilizes individually mounted paddles which are staggered along the mixer shaft to
provide impact energy, mixing and forward motion to the material being treated.
Material progression can be adjusted by altering the pug mill shaft speed. The pug mill
will be constructed from stainless steel to eliminate corrosion problems associated with
processing the sludge. The pug mill drive will be located external to the glovebox
enclosure to simplify maintenance and replacement operations. A breaker bar can be
integrally mounted on the front end of the equipment to breakdown lumps and assist
in homogenizing sludge in the pug mill. The pug mill is primarily used for mixing,
homogenizing and transferring sludge forward, and is of limited use for accurately
metering sludge into new drums. Discussions with vendors has identified 8 surge
hopper and volumetric feeder to accumulate treated material and meter it into new
drums.

7.2 Sludge and Dry Particulate Process Routes

1. Process route selection has been arrived at by reviewing the subject potential
feedstrearns and assuming the most conservative physical state, (i.e. All sludge and
dry particulate feedstrearns include large irregular agglomeration and lumping) that
requires pre-treatment. It should be noted that three feedstreams in particular should
be considered for treatment in other than the Sludge Repack line. Two; contaminated
soils and incinerator ash may contain large dense chunks of non friable material
together with dry particulate. If this is the case and these items either cannot
satisfactorily or efficiently be removed from the waste using the manipulators before
being charged into the pug mill, then neither of these waste feedstreams is truly
compatible with the sludge repack line. Ammonium sulfate which may be a relatively
fine light all dry powder which is easily repacked without physical pre-treatment may
give rise to contamination problems if processed in the pug mill. In order to maximize
facility flexibility, the direct repack line is sized to accommodate all potential
feedstreams.

7.3 Process Routes For Plastic Bag and Rigid Liners

1. Initial information from WHC indicates that sludge will arrive at the Sludge Repack
enclosure in the following containers:

a. Sludge which is contained in HDPE 90 rail rigid liners inside 55 Gallon drums.

b. Sludge which is contained in 10 rail plastic bags inside 55 Gallon drums.

c. Sludge which is contained in 10 rail plastic bags inside HDPE 90 rail rigid liners
which in turn have been placed in 55 G81drums.

iiii i i i

WRAPO319 - -
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2. As stated previously it is likely that both plastic bags and rigid liners which have been
in direct contact with the sludge will remain as LLRMW and cannot be classified as
purely LLW when empty. In addition it is possible some drums that have contained
plastic bags will be contaminated with sludge as a result of the plastic bag leaking and
also cannot be classified as purely LLW. Therefore, compaction and disposal as LLW
of plastic bags, rigid liners and some drums is unlikely to be possible. Consequently the
only viable process alternative for the plastic bags and rigid liners is shredding in the
Size Reduction and Repack enclosure.

3. In order to shred the plastic begs, the empty container in which the sludge and plastic
bag was contained, can be used to t,ansport the plastic bag to the Size Reduction and
Repack enclosure. Once at the Size Reduction end Repack enclosure both plastic bag
and empty drum will be shredded.

7.4 Sludge Additive Requirements

1. Addition of Water to waste to assist Immobilizatior_ in Grout

a. At present it is not known whether addition of water to the sludge during
homogenization in the pug mill will be required to assist in drum mixing operations
for the grout process. However the possible range of water which might be added
the Sludge in the Sludge Repack enclosure can be estimated as follows:

1) Lower Limit of Wate,- Additive

If WHC grouting trials determine that there is limited or no benefit in adding
water to the sludge or dry particulate waste prior to being processed in the
grout area, then the addition of water to the waste in the Sludge Repack
enclosure will not be required.

Upper Limit of Water Additive

In order to estimate the Upper Limit of water which might have to be added
in the pug mill, consider the following assumptions:

a) All water is added to the waste in the pug mill and not in the grouting
area.

b) The quantity of water present in the sludge will be deducted from the
quantity required for the grout formulation.

c) The composition of the grout is 0.35 H20 : 1.0 Ordinary Portland Cement
(OPC)/Blast Furnace Slag(BFS)

d) The density of grout is 90 Ib/ft 3

e) The density of sludge is 90 Ib/ft _

wRZPo=ls .....................
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f) The density of water is 62.5 Ib/fta

g) The minimum moisture content of the waste is 0% by weight.

h) The average moisture content of the waste is 20% by weight.

i) The quantity of water which may be added to the sludge is calculated in
Table 7-1 below:

TABLE 7-1
AODITION OF WATER TO SLUDGE

The sue of sludge in s drum - Vol of drum X % fill X Density of sludge
- 7•4 X 0.9 X 90 ibe
- 600 Ibs

For Min moisture content (0%) 800 Ibmie solid
0 Ibmie water

For Average moisture content (20%) 480 Ibmie solid
120 Ibmie water

Mass of grout to be added - Mum of Solid content of sludge
- 870 Ibmfor Min moisture content

,,, 480 Ibe for Average moisture content

Mass of grout to be added - MaN + Mess + Mews
of of of
OPC/PFA Water Water

Added in Sludge

Hence--

Mase of Water Added " - Mue - Mass Mass
of of of
Grout OPC/PFA Water

in Sludge

Mess of Water for Minimum - 000 - (111.35)Xe00 - 0
Moisture content - 156 Ibe

Maximum Volume of Water -, 156162.§
- 2.50 ft_

Mesa of Water for Average - 480 - (1/1.35)X480 - 120
Moisture content - 4.0 Ibs

Average Volume of Water ,, 4.0162.5
- o.oef_

b. The quantity of water which might have to be added to the sludge in the pug mill
is hence estimated to be in the range 0 - 2.5 ft3. If all the water is added to the
sludge in the pug mill and not in the grout area then on average0.06 ft_ of water
will have to be added to each batch of sludge•

ii i i i i. i i
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2. Addition of Absorbent to Waste to Allow Encaosulation in Polymer

a. It is recognizedthat any free water that is present in the waste, will have to be
removed to allow it to be immobilized in a polymer matrix. Discussions with
vendorsaindicate that productsare availablethat have an absorptionefficiency in
the order of 400% (i.e. 1 Ib of absorbent will absorb 4 Ibs of water). If it is
assumedthat as a worst case, 15% of the volume of a drum will be free water
requiringremoval, then:

Mass of water requiringabsorption
: 0.15 X 7.4 X 62.5 : 691bs

Mass of Absorptionmaterial required
= 69/4 = 18 Ibs

Volume of Absorbentmaterial @ 5 Ibs/ft 3
= 18/5 = 3.6ft3

b. If in a worst case the absorptionefficiency of the absorbent was only 100% (i.e.
1 Ib of absorbentwill absorb 1 Ib of water) then;

Mass of absorption material required
: 69 Ibs

Volume of absorptionmaterial @ 5 Ibs/ft3
= 69/5 = 13.8 ft3

c. The quantity of absorbentmaterial which might have to be added to absorb free
water in a drum is hence estimated to be in the range 0-13.8 ft3

wRX_31s
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DISCHARGE

ALTERNATIVEA3 - CONEANDSCREWVERTICALMIXER(BATCHMIXING)
FIGURE6-4
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PLOWSTYLE PADDLESTYLE

OPTIONALAGITATORCONFIGURATIONS

HORIZONTALCONFIGURATION 10" PADDLEGATE
WITHDOUBLEHELICALRIBBON DISCHARGE

ALTERNATIVEA4 - RIBBONBLENDER
I. TYPICALOP[RAIING SPE[DS

I 2_ - 50 RPU.

i, FIGURE6-5

i III



INLET

K OPTINALADJUSTABLEDEFLECTORBAFFLE

FORCEDCIRCULATION
IMPELLER

DISCHARGE

NOTES -
ALTERNATIVE AG - SINGLE SHAFT AGITATION FOR SOLIDS CONFIGURATIONISSHOWN WITH

BOTTONDRIVE

t FIGURE6-6

I
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NOTES ;
ALTERNATIVEA8 - DOUBLE-ARMKNEADERMIXER 1. _ OPERAnNCSPEEDS

25 - 50 RPkt.

1 FIGURE6-7 _. VESSEL IS SHOWN ROTATED
AND OPEN FOR DISCHARGE
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8" DIAMETERINLET
(nm,ou.2PLY[S)

L_ INLET WITHBUE)ESM::CH
CURVEDSLI(_TLY

TO PROVIDEFORWARD
BREAKERBARS MOVEMENTOF MATERIAL

/\ . . _/

__? _I_I___,1]B,/
- UI'H__H -

PORCUPINEACIIAIOR DISCHARG[
(SEGMENIEDSCREWFLIGHTS)

ALTERNATIVEA12 - PORCUPINE PROCESSOR

J FIGURE6-8
a
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APPENDIX B
VENDOR CONTACTS

II IIIInll I I I I 111111 I I I I

WRAP 2A ACDR EQUIPMENT CONTACTS 6237008
STUDY 1604-6 05/07/93

............ , i i ,11 , ii , iiii , ,11.=., , i i

VENDOR/SUPPLIER EQUIPMENT TYPE TELEPHONE CONTACT
H,,,,f ii ii. i i i i i

1 SCOTT PUG MILLS/HIGH SPEED DAVID GRIMES
NEW PRAGUE, MN BLENDERS 800-284-9519

i i r i [ I ililllll i lill i i i , i ,,, ,, ,i

2 J.C. STEELE PUG MILLS/EVEN FEEDERS RICHARD STEELE

STATESVILLE, NC 216-362-1177

3 ACRODYNE PUG MILLS/SCREW FEEDERS AL PETERSON

DENVER, CO 303-458-5024
ii

4 HAYES & STOLZ HORIZONTAL BLENDER - RIBBON KEITH HOLT BILL HASKINS

INDUSTRIAL TYPE 800-725-7272 303-220-9151

FT WORTH, TX

5 KTRON SCREW FEEDERS JOE LAWRENCE

PITMAN, NJ 609-589-0800

S CHARLES ROSS & SON DOUBLE ARM KNEADER TOM O'SHAUGHNESSY
IO VERTICAL CONE BLENDER 816-234-0500

HAUPPAUGE, NY MULTIPLE SHAFT AGITATOR
(POWER MIX)

7 MUNSON MACHINERY HORIZONTAL BLENDER TOM BASHANT

UTICA, NY RIBBON/PADDLE TYPE 315-797-0090

8 TECHNA-FLO, INC. SCREW FEEDERS ' BILL HASKINS

LITTLETON, CO HORIZONTAL BLENDERS 303-220-91 § I
i

9 PAUL O. ABBE' INC. RIBBON BLENDERS J.R. HOFFMANN
KNEADERS 201-256-4242

III i i

1604-0 Sludge Repscking - WRAP0318
06/22/93 -- Appendix B-I
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Problems mixing hard-to-handlematerialsare easily mixer tub. Designed for easy maintenance, each
solved with Scott Equipment Company's Pugmill Scott Pugmillis equipped with full length doors over
Mixer. Scott's unique design features twin counter the agitators, outboard pillow blockbearingsand eas-
rotating shafts with four rows of adjustable paddles ilyreplaceableshaft seals.
on each shaft to vary retentiontime• Everyother pad- With the capacity to handle anywhere from 1 ton
die on the shaft is slightlysmaller and reversed in di- to 250 tons of product per hour, the Scott Pugmill
rection of the product flow to increase agitation and Mixer providesheavy-duty mixing actionfor materials
retention time in the mixer. Every Scott Pugmill is de- such as sand, soil,cement, hazardouswaste, fly ash,
signed for a specific application with consideration sludgewith lime,and baghouse dust.
given to corrosion,abrasionand maintenance. When it comes to revolutionizing the industry,

Scott Pugmill's are constructed of carbon steel, Scott Equipmentis a leader. Even when you're mixing
stainlesssteel and abrasionresistantsteel for years of the most difficult materials, Scott has the mixer to
durable and dependable operation• In highly abrasive perform the job.
or corrosive situations, liners are available for the

o°

• .o-
•

""_..__._ .... _._.......__ ;_'o • • : ............. ..,====_,,==,=,,8_ ,=,,,,-=.=,,_,..
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Scott Equipment has establisheddurabilityin mixers, blenders, ;;"._
bulk material bins and size reduction equipment. Still, we've con- _
:inued to innovate the industry by perfecting our equipment for I[___

twenty-six years. Scott places specialemphasis on quality _t
workmanship to ensure low maintenance and dependable per- .P_I_al'P'. ; ._,
formance from every product we manufacture.

......................+--+++-+++++++-++.........+. .............. scot',:After all, you wouldn't want EQUIPMENT COMPAN.,
to mix us up with anyone else. .605FourthAvenueNorthwest

New Prague, MN 56071
612-758-2591

612-758-4377 Fax



INGREDIENT BIN
CYCLONE

FAN 15 HP

_JRLOCK

COOLER/DRYER FAN 15 HP
30'X 144'
CARBON STEEL

I

AIRLOCK ,

CC1¢1:EQUIPMENTCOMPANY

605 Fourth Avenue Northwest
New Prague, MN 56071

612-758-2591
612-758-4377 FAX



FOR MORE CONSISTENT HIGH-TEMPERATURE MEAL

If cooling and moisture problems are • The uncomplicated design of the Scott
keeping you from getting the consistent Cooler/Dryer makes it inexpensive every
processed meal you need for proper way you look at it. A unique but simple
packaging and storing, you now have a cylinder totally encloses the product, so you
solution. It's the new Scott Cooler/Dryer, experience littleproduct loss into the air
and it's just the equipment to ensure better stream. It uses ambient air, so it's cost-
handling of meal or powder products that effective to operate. And maintenance
have been heated to temperatures of 160- costs are predictably low.

220 degrees F. The Scott Cooler/Dryer is ideal for cooling
If you have a hot product, you are probably and drying your linseed meal, cottonseed
experiencing condensation and difficulty in meal, rape seed meal and numerous other
unloading your bins and your bulk trucks, products.

You may even be inviting salmonella And with a production rate of up to 30 tons
problems if you have condensation caused per hour, you'll find the new Scott Cooler/
by hot meal. Dryer a valuable addition to your meal
That's why you'll like this. The Scott processing operation.
Cooler/Dryer will not only cool your For more information on making that
product, it will enable you to add moisture happen, just contact your Scott
when necessary, representative.

Car IF IT'S NEW

SC01 YOU,NOTSFROMSCOTT!tl

EQUIPMENTCOMPANY

1-800-333-9519





Feeder Is available
" ..... , "_=. _to control flow to

-----r --'_ blender.

_ j, Production range
_j,,___. .._ 1 ton to 250 ton

.... per hour. t Rpm up to
1200 rpm's.

Drive sizes
to 200 hp.

Steam Jacketed
if desired.

, Paddles are
threaded into solid

High Production/High Speed .,...c.n_..,ju.,.,and replaced. Available in

Continuous Blenders m,,_s,..,or.,.,n,...,e.,.
This machine will combins dry materials together. It will also add
liquids to powder without lumps being formed. By varying the
speed, the Scott High Speed Blender can agglomerate powders
such as dried skim milk powder. Scott has used this machine to
mix liquids with bag house dust and other potentially hazardous
waste products for disposal purposes. It will mix and produce a
product dry, one that is only slightly moistened, a smooth paste
or a lump free slurry. It can be jacketed to heat or cool. The
wear parts are adjustable and replaceable and made of various
materials to accomodate the product.

High Speed Blender Dimensions (Inches)

Model A B C D E F G H I J K L M N O P R S HP

1648 60 48 36 8 16 28 10 31 34 12 8 91/_ 33 11 10 16 19 5 5-15 , , _..,...,._...-.._.,,

i 1660 76 60 48 12 16 28 10 31 34 12 8 91/= 45 11 10 16 19 5 15-30 ,i',
I 2072 92 72 54 14_h 20 30 13 39 39 16 10 11_/z 55 14 12_h 22 24 6 30-60 ,.

'[........... 2090 111 91 60 141h 20 30 13 39 39 16 10 111h 74 14 121h 22 24 6 50-100 _,-,

- t . ' II ' 'o '
la'l M - "- I 1/2"
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L ' C ACCESS DOOR

,o 1 \j,
a -----

--------- K -'----- RIGHT SIDE VIEV

Turbo BlenderDimensions(Inches)
, ' ! '""" i '" "' ""

" IModel A B C D E F G H I J K L M N O R HP, , , ,

1042 73 36 10 15 10 6 7 9 ,,,,,8 12 ,,,, 15 161/_ 81_ 8 7 32 10

1442 73 36 14 161A 121h 7 7 9 8 14 17 20 10 10 9 29 20....
,,

1648 80 40 16 19 13 8 8 10 10 16 19 22 11 11 10 33 40.... ,,,

24 27 14 13 121/1 44 60
2060 94 50 20 20 14 10 10 14 14 22 I

Ultra High Speed
Continuous Turbo Blender

• U

This continuous machine is similar to the Scott High
Speed Blender in many respects. It will operate at
higher speeds up to 2500 rpm. It has the mixing
blades closer together. It is made in smaller sizes
down to a 10" cylinder and equipped with special duty
,',utboard bearings and is carefully balanced to run at

:a high speed. We can equ=p this machine with a Steam manifold. Production up to Sanitary construction
variety of removable panels for easy cleaning and it 75 ton per hour. up to 3a dairy finish.
is available in 304 or 316 stainless steel sanitary
design to whatever polish desired.

.... •._, " _........... _.Z_.._

Easy removable
Outboard pillow clean out door. Horsepower
block bearings. Separate up to 100 hp.

repackable seals.
iii|1

i i ii I

We will be pleased to quote on any of these items of equipment. , ..

EQUIPMENT COMPANY 605 Fourth Ave. NW., New Prague, MN56071
• (612) 758-2591

...................... _.. _....: ..._ .... Fax (612) 758-4377r_- • " - -. - ,x

, :.,, ,, ._'-,;;"..:_rz',, ':';"..:_.3._. -'-- ;";_,.,.-')



.............. J m'o.-..... 'r.n._,.,o,,d.r..m.,._an.(i"o,,..) _---' --'1 ---o-'1
i

Model A B C D E F O - "'--"_._.,,m.
...... - ,.... _ - -II ::- _,_ ._

..... . ....... _. -- . ,,,, II ,' ..

i 18" x 132" 19 132 24_h 19 8 19 25_h
, ..,m....

20" x 144" 21 144 26_h 21 10 21 28_h
, ,,, _

24-x_.-. ..........2s _56 3o,/, 2s _o 2s 34,/, _.' u

........ :.,:.:.,._7.::-_-"::-_:7.._:-.',:5_.'._--.-_.-'::r._,--:

There are many applications where the continuous

process works better than the batch system• When HighProduction/Lowthe following conditions exist continuous mixing may

be the best system. Speed Tender Blend

_ The number of Ingredients are limited. Two to six Continuous Machine
ingredients usually work very well.

:: The product is produced in fairly long runs without Tender Blend, a continuousmachine,is designed
Ingredient changes, to mix productswith largerparticlesizes,pelleted

products,flakes and whole grains.Ideal for corn-
: The ingredients used in the product are in biningliquidswithcoarse products.Used for

reasonably large amounts. Micro ingredients may coatingparticleswith a liquid,syrupor color if
need to be diluted to increase the volume used in desired.Tender Blendis availablein carbonor
the total mix. stainlesssteel withspecialsanitarydesign r

If the total process in the plant is continuous then finishesavailableas an option.
the mixing process should be evaluated. The ScottTender Blend alsoperformsas a con-

"" Because the continuous mixer is small and holds a tinousblender. In many casesit will replacea
small amount of material at one time, clean up is batchmixerwhere the processis bettersuitedto
much easier, a continuousmix.

When the above conditiGr_s apply the foflowing will Scottcan workwithyouto designa systemfor your
be accomplished: product.We havethe experienceto assist you.

1 Large production This machine willproducethe rate you require
• froma few hundred poundsperhourup to 400

2. Low production cost tonsper hour.
3. Quafity product



I Drive may be ratable to improve Liquid manifold can beperformanoe when I wide range of externally mounted or In I
..... products are being mixed, spray assembly In the inlet.

•rri ..

°...,m .,,.rob _.,mm,,_ B
..

.

,

• ": .

• " "i. • r .i. • ........ " "

• . _ ,.
).q.,

..: . ..-: ., Full removable . .o -'_"

"-_" bottom for easy i " ":=_'-

clean out. .
The paddles are

adjustable to in- /
crease or decrease Hinged magnet

Ihe Intensity of the location.mix. Adjusting ;he
paddles will also
adjust the fill height

In the mixer. Removable cover

for cleaning and __

Ribbon minimum adjusting paddles.
of 112" thick by 1" ';
wide, and can be
produced thicker
and wider on larger
sized machines.

. /-.._"
;. .

r,EU r£/r

T

Scott Minute Mix 200 Dimensions (Inches)

_4odlil TPH CF A B C D E F G H I

24" x 96" 25 25 24 96 10 8 10 20 31 106 34
,,., ,

' 24" x 12(_" 32 31 24 120 70 8 10 20 31 132 34

30" x96" 41 39 30 96 13 10 13 26 36 108 38

30" x 120" 51 49 30 120 13 10 13 26 36 132 38



• t

r

v. Mixer can be supplied
with steam Jacket.

S

............. Scott MinuteMix200
__ The Scott Minute Mix 200 will give You Condi.

: tioning with a retention time of 1 minute and
: temperatura exceeding 200 degrees fahrenheit.

. ' Scott Minute Mix 200 is available in carbon or
.... ' ' " stainless steel construction.

Adjustable .paddles even out flow of proOuct
' and steady load to pellet mill or extruder. The

./ _. mixing paddles can be adjusted to increase
or decrease retention time in the mixer.

_ _

2L

=,,,-

. w"" • _'-.". - .-.----...

• e -,.-.,. ....

Temperature
probe location.

Motor reducer drive
usually equipped Steam manifold Steam Jacketwith
with variable speed and valves located Insulation cover.
AC controllers, opposite of drive.



DogFood CornFeed Fertilizer Cement

!, _'"_"

CakeMix Cereal

_,

.,

Powdered Drink Plastic Instant Coffee Pharmaceuticals il
h

' The PerfectMix. !
Once again, Scott Equipment has created the perfect recipe. Scott Equipment also makes other durable machines to held

It starts w,th the perfect miX. Whether it be plastics, cake mix with your material processing. So to perfect your recipe, start
. or pow0ered drinks, our Heavy Duty Stainless Steel Horizontal with the perfect mix. Start w_h Scott Equipment. After all, you

: Mixers handle complete mix cycles in under four minutes. Our wouldn't want to mix us up with anyone else.
Mixer will accurately mix many textures, from fine pOwders to

ii. coarse ingredients.

._ Our blenders continuously blend from 1 to Out crushers are available from 9" x 9" to Our Pugmill Mixer provides heavy-duty mix.
2.50 tons per hour with up tO 200 hi) end 48" x 72" wgth venous tooth configurations, irlg action for hard to handle materials such
2.000 rpm's. The wear parts can be ad- They come *n many finishes and can also be Is fly ash. sludge with lime and bag house
lusted and replaced, and they're made of supplied with a sizing screen. They can de- dust. It's equipped with counter rotating
vat,ous materials. The blenders will make a lump agglomerations and crush a variety of sohd steel shahs and alternating adlustable
consastent blend from f;ne powders to I materials including plastics, food and ¢heml- paddle sailings. Special liners offer abrasive
slurry wmthout lumps, cllls, res,stance, end oil bath spur gears prey*de

maximum performance w_th minimum noise.

.., IF IT'S NEW h f-- i COI_ 605 Fourth Avenue NW
" YOU KNOW IT'S New Prague, MN 56071

;: FROM SCOTT,,, qq_ 612-758-2591"J EQUIPMENTCOMPANY Fax612-758-4377,,

"1-800-264.-9519
Mixers • Blenders • Bulk Material Bins, Particle size Reduction * Feeders, Pit Elimin.ators
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Scott designs and manufactures a superior size Because the teeth can be moved close together
reduction machine, the Dominator Crusher.This or far apart, a wide range of materials can
equipment breaksup and crushesa varietyof ma- be crushed and different end-product sizes can
terials includingbones, chemicals, food, salt, and be achieved.
fertilizer. The Crusher also delumps virtually all Our Crusheris availablein carbonsteel, stain-
agglomerations and chunks, less steel, standard, and special food grade fin-

The Dominator Crusher has six different tooth ishes. It ranges from 9"x9" to 48"x48" to ac-
configurations, a unique feature which makes it commodate your changing needs and can be
more efficient. This unparalleled design allows operated with or without a sizingscreen.
a greater variety of products to be broken up.

...... = .....





QUALITY ENGINEERED
TO MEET TODAY'S INDUSTRIAL NEEDS

For Smoother,

More Dependable Mixing

of All Types of Dry Ingredients

HORIZONTAL MIXERS

HORIZONTAL DROP-BOTTOM MIXERS

FAST, EFFICIENT PRE-MIXERS

MIXER AND SURGE-HOPPER COMBINATIONS

MIXERS WITH SCALE HOPPERS

-- SCCII.
TOLASTFORTOMORROW EQUI PMENT COMPANY
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S WL.t, HEAVY-DUTY RIBBON
Constructed in close-wrapped, balanced
design.

Triple-mixing action insures smoother, more
efficient blending of ingredients.

Available in either mild or stainless steel.

5a_'t31L'[SANITARY DESIGN RIBBONS

Sam_ triple-action mixing as with standard
ribbon assembly.

Polished sanitary design to help eliminate
cross contamination between mixing runs.

Optional air-purge design through main
shaft to give complete cieanout when use of

CI drop-bottom is not appropriate.

. Also available in either mild or stainless
steel.

SI::O1L'I: POLISHED SANITARY INTERIORS

Generous radius of rounded inside corners helps elimi-
nate contamination between mixer runs.

All mixers can be furnished in either mild or stainless
steel.

s,c,ALS ALSThe Standard Scott Seal is a reservoir-type stuffing box. - ( (_

Air Purge and plain Packing Gland'type seals are f°r t s¢°" l
special applications. Ai,s=,apu,g= P,ck,_,Gl,,,d

Air Purge seals prevent leakage of fine materials.

Air or sanitary seals.., or any other types that may be I I;:' '"Lu_:ll-_ I_LU I'_

.) required ... also are provided.

BUILT FOR TODAY _f] =C=_=_
TO LAST FOR TOMORROW
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HORIZONTAL " .., ....... """
MIXERS

•; Sanitary construction in either mild
Insure accurate mixing or stainless steel.

of all types of products , Ribbonor paddle design.With slide-gate or full drop-bottom discharge.

from fine, powdered . Drop-bottom provides greater protection
against contamination.

materials to coarse- Complete mix cycles of under four minutes. .-

ground ingredients ' ,- in 60 to 500 cubic-foot capacities.

- _

__ _ _,_,,'_. BUILT FOR TODAYTO LAST FOR TOMORROW RU GG EDLY-BU ! LT

., _.. Heavy-plate tub bottom and end plates.

_' An oil bath guard gives the chain drive
continuous lubrication.

Special seals to fit individual requirements.

,:" A wide range of liquid manifolds is available
for varied liquid applications.

" Can be equipped with large air vent to equalize
= pressure from surge to mixer in drop-bottom

models.

,-_ Jacketed mixers for heating and cooling
the product also available.

=





HIGH-PERFORMANCE

PRE-MIXERS

Capacities from one cubic foot

to 50 cubic feet

'_. Heavy-duty construction in either mild or
stainlesssteel.

"" Ribbonor paddledesign.
Slide-gateor fulldrop-bottomdischarge.

: All pre-mix units can be epoxy-coatedfor
special applications.

: Jackets also available for heating and
coolingof product.
Alsocan be furnishedwithsurgehopperor
bagginghopperbeneaththe mixer.

, __.,..,_. -,.-.----- ... /.-.

: m • #i ", m-_.t' B'"_T/_:['jj : ' ..L • ,, " . ,-P'. -. " "

wnazjs your. ........--i--. ._:_'_:_"-"-,:_ _, M_x_ng ovro_lem....,5C0_'1C JACKETED .:_" _:',_ __:,o'_'',_:
_ All Scott In-du'StrialMixers _recustom_:.

LABORATORY MIXER i • _'__-'--.- .....'--,,,.;=..........built to meet.sPecmc proouct on re-.-.

• quirements;So if you have a m=xing
' Completesanitarydesign. ) _."._._:':" '" :

problem. :. call Scott. There's no oh-
Jacketscan be suppliedforsteamheat,hot
water heat or coldwater forcooling, ligation. And our engineers will be

help "In either mildor stainlesssteel, i glad to you work it out.



:ml,;,l,,-itt.-I; DROP-BOTTOM MIXERS
For Use With

sco= ° li ;Specially Designed " ... ! i
Surge Hoppers ,-_ J! I

_ ; • ..,b .... . ' , :_,,p, ".. !.'

For easy unloading _'" .... "'"=' ' -
and fast, efficient ¢leanout _ i __"- _...,

between mixing runs
o

Mixer-Surge Hopper combinationspeeds i

up production. .. _ ,... _._
Available with several types of conveyors: "" .t/'"_=:_ "_'=_'"
screw, paddle-drag and flat-bottombar. J "_._'_.
Can be furnished with different _ -
lengths of conveyorextensions. /" '" __;P""

•-_..,_"r:"'1 ' '-"
Surge conveyor can be equipped "_ " :"
with curved sectionthat inclinesup to 30_'_" '

C' _C;C_'IL_ t BUILT FOR TODAY TO LAST FOR TOMORROW

5ff,_LL, DROP-BOTTOM:GATE i "5f,_u,L, SCALE HOPPER.!_.'_.:,:-
• . _. , ...._.-._....,.1. • . " I. ".. :,_"_) ".',- " _,., "
• ._ ""=' %,._." t_"_.,_. _,',,,_._, " " -: "";'.,.,".'...."_" _ For moi'e accurate measurement ....

Rugged, single drop-bottorri"g;_teis leak- _ " "
proof and givescompletedischarge... . . _[ of..all......Ingredients -"_/!':-,".,:'-"-::.,,.":,_:;"

-:, ..;?.:.,, • .., ! • , .,_.

Requires minimalservicingor ,_djusting. p _ Drop-gate.or.slide-gatedescharge..,,.._:,• ._..
_] Adaptabletoeitherload-cellor leverscales._i_ No felt, rubberor other sealing materials are

used yet a positively tight seal is obtained. : _ Builtto customer'sspecifications.

' .2' I_ -- .... __,_,,_"

' 0 /

I •/

| Y'

i
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Scott drop bottom mixerwith .. ...
the large air interventto elimi- • _"/

hate dust.Scoop mountmotor ' _.
reducer andoil bathguardfor •

I type III lubrication and long _..:-
chain life... Theoilbath guard ,_--

t

is standard equipment on all ,-,.-_.'.i,

'areequippedwithchaindrives. !" "" : •

The oil lubrication extends _.,chain and sprocket lifeby up : : ,-"
to three times. " "

. .

------ f

SCQ DROP BOTTOM MIXERS "

::':: :.," .
., . . :, :

..: _ bottommixerwithlarge
" "-, ;. _ airventandaircylindertooperate

.... .

-'- gate. The oversizedinterventon
- : Scottdropbottommixersallows

il "_;;i; air exchangebetweenthe mixer
_;-...'-_..;,

,_ ,.. and surge bin to occur which
;_ helps eliminatedustcontamina-

I. '-_ tion. Thisis standardequipment

i on allScottdrop bottom mixers.
Ventaircapacityrangesfrom288

i _ _ square incheson the small mix-ers to 840 square incheson the
. large mixers.

o" .

; " " Airrestdctorsare provided on all
- . Scott dropbottomair cylinders

toregulatethespeedofthegate
i " for dustcontroland productdis-, w-

.:- charge control.
.._;: .

" _' J' "" " _''" "_" "-'" L. - . .

,..,,a,=m,bA..,



HEAVY-DUTY MIXERS -

MIXF.R DIMF'NSII_N_
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• Also available in Intermediate sizes.

• All mixing capacities based on 30 pounds per cubic-toot material.

All Scott Equipment products can be custom built to fit user requirements,

SCO'C oo.,.,,605FourthAvenue N.W.,New Prague,MN 56071,Phone:612-758-2591
FAX #: 758-4377



Ultra Sanitary Seal Split Packing Gland Seal
USDA3ADairystanclarclseal. Graphiteor nylonpacl_ng.

fordisassembly._" t-_
Allflanges _ JJ/_

Optional
Features F.o_ _,o_

The seals shown are the Air Purge Packing
basic seal designs offered on Seal Gland Seal
the Scott Horizontal Mixer. Airpurgepacking 3 ormore

Thesesealswillmeetmostof I i glandsealsare I dngs of packing

the requirements for today's availablefor available.
mixing industry. If you have a special applications.

particular problem with yo_Jr Air purge seals- preventleakage
product, Scott will be happy offinematedals.

ocu,omo our
Polished Sanitary
Interior
Generous radius of
rounded insidecorners helps

= eliminate contamination
between mixer runs.

All mixers can be furnished :.._

in either mild or stainless :.,
a_

steel.

=

What,=,'- A, Scott Industrial Mixersare custom built to meet specific

_ur ixJrlg productionreq.irernent.Soityouh_ve_r.ixing_ro_,em
M

call Scott. There'sno obligation.And our engineers will be glad tooblem? help you work it out.



Hinged Drop Gate

Optional
Features

Dscharge
Gates
Scott Equipmentoffersa Hinged Plug Gate Sanitary Knife Gate
wide variety of discharge
gates. These gates are avail-

_zblein sizes ranging from 2" 1!_ e . l_l/

:liameter to 36" diameter.
With the ribbon design agita-
tor, the discharge gate can

", located on either end of
•

.e mixer or in the center

_' "e mixer. The paddle =

=Inagitator must have
he discharge located in
he center of the mixer.
"he different discharge
lates available from Scott
-quipment Company will
neet your needs. Custom
_esigned discharges are
llso available.

Pivot Gate Pipe Flange Adapter



B

A. Sanitary construction in B. Heavy-plate tub bottom
either mild or stainless and end plates.

steel. Oil bathguard gives the chain
Ribbon or paddle design, drive continuous lubrication.

Wide variety of dischargers Special seals to fit individual
available, requirements.

Complete =,_ixcycles of Wide range of liquidmanifoldsunder four minutes.
is available for varied liquid C'

Available in 1 to 500 applications.

cubic foot capacities. Jacketed mixers for heating
=" and cooling the product also

available in mild or stainless
steel.
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Built For
Today... .....
TOLast c_c_T_ _._._o._,,.
For cur,, _"'MODE,, SlZE cCOM,_A e C D. E F
Tomorrow , ,o,, _, 3__o_ _ _ ,

..... ..... HM243 24X36 (,28) (61o_(914_(a_4)_e4_ (TzD cm_)
i - :.--__._-_T'._3[_ ....... 20' 3"ii' 48 10 23 34 38

HM304 30X48 (,56) (76;_)(1219) (254) (584) (864) (965)i ,,.

35 40 48 10 23 44 48
HM404 40X.48 (,99) (Im6_ :Zmg_cram4:_o4_ (me: (wm_,

44 40 60 10 23 44 48
HM405 40X60 (.!,24) (,101_.6.)(!524)(_54) 0584)(uze) (1_!.9._

53 44 60 10 23 50 56
HM445 44X60 (1,5) (_tle, (1524) (_54) (584) (1270)(142a)

63 ..... 48 60 10 25 54 60
HM485 48X60 (1,78) (1219._(_sa,) (_s_) (_35) (_37a)(;_a_)

75 48 72 10 25 54 60
HM486 48X72 (_,12) (_z_9:(leag) (a54) (635) ,:.137a)(15a4)

....101 48 96 12 28 54 60
HM488 48X96 (2,86.) (_t_) (a43e) (3o_) (Tt_)Io.37_)(_sa,_-
......... 113 4'8'lOB 12 28 54 60

HM489 48XI08 (3.19) czm_(2743) (305) (?11) (1372)(1524)

"126 48 !20 14 30 54 60
i,HM4810 48X120 (3.56) _m_;(3048)(356)(7,6;:)(_-37a_ (tSa4)

151 48 144 14 30 54 60
HM4812 ....48X144 (4,27) (_m_)(_,_e_(_6) (7_a)(z_?_)(_a_

159 54 120 14 30 60 66
Scott HM5410 54X120 (4.5) (137a)(3048) (356) (76a) (15_4)(IG76)
Equipment ..... 191 54 144 14 30 60 66
Company HM5412 54X144 (5,4.) q37_)(3_}e)(3,_(,)(762)(15_4)(IGT&)

_3 54 168 14 30 60 66
605 HM5414 54X168 (6,31) (137_)(4267) (356) (768) (15_4_(16"/6)

FourthAve.N.W. 236 60 144 14 34 66 72
HM6012 60X144 (6,68.) q524; (365e" (_56) (e64) (i_,76)_!e_=9;New Prague ....

255 60 156 14 34 66 72
Minnesota HM6013 60X156 (7,2?_) (15e4)(396a)(356)(864)(1676)(18_9)
56071 275 60 168 14 34 66 72

HM6014 60X168 (7,78) (15_4)(4267)(356) (es_) (I676) (I029)

(612) 758-2591 350 66 180 !4 34 72 78
x(612)758-4377 ,,,HM6615 66X180 (9,91) (_76) (4572)'(356)(8&4)(1829)f.lgeI)

IAPPROXIMATEDIM. VARIES DEPENDINGON I-fl]R$EPOVCR REOUIR[MENT$. !

IDIFFERENT SIZE MACHINES AVAILABLE UPON REQUEST.
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Sanitary Design \
ibbons

Constructed in close- "-
wrapped balanced design.

Triple-mixing action insures
smoother, more efficient
blending of ingredients.

Polished sanitary design to _!!_

help eliminate crosscontam-
ination between mixing runs.

Optional air-purge design
through main shaft to give
complete cleanout.

Available in either mildor ,,
stainless steel.

Paddle Agitator '" _"

AssemblYpo,_shedsanitary _.. :i-'!£_)i._._1"_/

Allows for easy cleaning

of agitator assembly, i.Available in _ / "_! _ ,.,
design up to 3A Dairy Stan- -_ ,_,_'i_i .;:__ \\_! _ Jr.:"" L'_.: .' ."_

_lard if desired. _:_

r,vailable in mild or stainless
steel construction. /_-

Paddle blades are adjustable
and replaceable to maintain
close tolerance to mixer
bottom in non-sanitary

models. _.....

Jacketed
Laboratory
Mixer :,
Complete sanita_ _3
design.

Jackets can be supplied *'
for steam heat. hot water .. I :,
heat or cold water
for cooling. _

lilable in either
ild or stainless steel.
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• e

e=e A "_ '•',', All shafts and bearings are ex.
tremely easy to replace. \"

' '\k_'_'-_The front trunnion wheels are .

standard items that we stock and F_J_ ]
can be easily replaced by re- _' "
moval of only four bolts. "_

";" Power supplies range from 71/2 " _ ""_-
HP for the 2-ton mixer to 20 HP for . .. ! .s,--.-,
the 4-ton unit. _'--"'--"

•,,, With proper loading and unload-
ing, it is possible to achieve pro-

_'"'o. duction of 90 tons per hour with /__ ' ....

our 2-ton, high-capacity mixer.

• ,
#"

, o . ,

"
_,.a,m,.o .

..............

NO AUGERS OR RIBBONSto become coatedand _'O_J:il | P,C£'_/._,2 _;. _';_,,,,_.,,.,rr,-.r-'.,,,,,.__-.,..,L. C ,,"

bind as a resultof condensationor sweatinginside F,,_d CU_ r_,'_i_ir_ Co..,_.. the mixer. The forward/reverserotationof the drum
andheavy,angledstainlessormildsteelbaffleplates _'['_[1 t_

assure virtuallya 100 percentdischarge. _O_ _':i_!_=C_'_ _,__''"

,mlIa•mmam,am,m_ II I • iii ii1,=,
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-P Sturdy, all-welded construction.

- I lie _.',;.'. ,_., Mixing and discharging is done by
_;,.._ heavy stationary paddles welded in-
,:,_ _ side the mixer drum.
i .'.,Z"° I

...,_. . ; Bearings and seals do not come in di-.: _ , " s" , """

i " rect contact with the material.
;., Because there are no ledges and no

:'__i seals inside the mixer, it is easier to

" 1 ' clean.
""'Complete cleanout eliminates con-*'="•

_.,I L . tamination."_ i,,_...__. . "; "A full 2-ton mixing cycle, including (.-..
,..--------_ ! i[ i -"_ cnarg,ng, m,xlng and dtscharg,ng, can ,.

L _L' be completed ,n 90 seconds.
I,

SPECIAL GUARDS OVER TRUNNION OPTIONAL SWING INLET-DISCHARGE

WHEELS insure greater safety when DOOR provides easier access to the interior
mixer is inoperation. Thestressand strain of the drum. This allows faster,more efficient

on these wheels iscriticalsincethe entire cleanoutaftermixingrunsandgives greater (
drum rotates on them. protectionagainstcontamination.
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SPECIFICATIONS

C

I " ' I--L II m

m

' :o /
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..... MIX[R DIMENSIONS iin,.)
• +

$IZC CAP c_r_. _P A I C D £ I" G M I J l L n W

eZlZ_ _0 3-5' 73:5 5a 59 01.5 _ _5 7_ 6 61 to '7 I'J Is _ 1_
Ill'_O _W) 5-7 S 73 _ 48 107 81.5 :;I_.Z_ 72 (, _ 10 '7 19 16 30 IS

_104,0 60 5-7.5 735 6O 12_. 81.5, :_._ 7z , _ 1o :, 1'_ i(, :_ i 16
It0)_ 75 7 5.-]0 7q5 60 1_. 87 _ '_.c_ 71t ' 6 99 10 7 tq 16 3_ . 16
ROll0 80 10-15 83.5 60 1_ 915 _0.2_ 14 6 lO_ I0 '7 19 16 _1_ 11

II!lOO 100 15-¢"_) 94.5 60 1:30 104.5 47.7_ 94 l 107 10 ? lq !6 _WI t'O
RD140 140 _0'- 30 86.5 96 166 9'6.5 43 7_ 16 l 14:) I0 7 19 , 16 44 _)
t0170 170 :30 8_5 I_0 174 '975 45._ 06 19 I17 10 '7 lq L. 16 60 _0

IOc_5 _ _0 97.S 1_0 174 109._ SIZ'S q_ 10 167 10 "7 Iq |6 44 _q)
+RDZT_ _75 75 1075 |L:_ 174 IIe) 5 _.Z'_ 100 10 16,7 t0 '7 IS 16 &0 _0
_T'I: DINCN$1ON$ |ASC_ ON U_° I]_CY-Ill¢J.udtC_ C)4UTI Ib v_l_m-.C.d[_q DR/V1C.

Other _:HIGHSPEEDLIQUIDBLENDERS We willbe pleased
" HORIZONTALMIXERS

Precision Engineered ' LIQUIDCONDITIONINGFEEDERS to quote on any of these

Products _ EXTERNALFATAPPLICATIONREELS
: HEAVY-DUTYBATCHMIXERS items of equipment.

also available from ( HIGH.SPEEDCONTINUOUSMIXERS
c HORIZONTALWEIGHBLENDERSYSTEMS

SCU 1.1L;
,: COMPLETEBATCHMAKE-UPSYSTEMS -. ..... - .:
(-' MODULARSTEELPANELS ..... -" ..... : ""- :: '

All SCC3'I_I; EQUIPMENT Products Can Be Custom-Builtto Fit Users' Requirements

o . • . • . . .

•. ., _:w: ",, . - " • •, , .

sco +: c
" EQUIPME : '

IF ITS NEW '
,oux,,ow,,'_ NT O.
FROMSCOTT _ 605 Fourth Ave. N.W., New Prague, Minn. 56071 612/758-2591

FAX #: 758-4377





Paul O. Abb6 Mixers have Iorlg been noted for their efficiency In mixing dry

powders and granular materials, adding small quantities of liquids to a dry _...___/_batch, and for flowing pastes. Recentmodifications in design, and the addition

of auxilia ry equipment have, however, greatly increased their field of usefulness. _ll_l___ _
Other operations, which they are efficiently performing in many plants, are.
deaerating--drying--chilling--crystallizing--as well as various chemical
reactions.

CUSTOM BUILT--Certaln features are in- adaptable for cold water, brine and other

herent in the design of our Ribbon Mixers. coolants or hot water, steam, and oil. Suitable

They are sufficiently flexible, however, to baffling insures positive, uniform circulation.
permit any changes that may be necessary to PRESSURES--A.S.M.E. code construction
meet a specific operating requirement. This where high pressures are involved. No. 0 Ribbon Mixer_bowl tilts for discharge.
flexibility, combined with our wide expe- VACUUM-.All sizes cbn be built for vacuum
rience in the mixing field, enables us to cut- 4.
tom build a mixer that will best perform Itm operation. ;_e.2

job for which it is intended. COVER--Designed for vacuum, pressure
or dustproof construction--all with limit

BOWL and ends are of heavy welded steel switches.
co¢Istruction to assure rugged, leakproof unitL
Inside comers are fillet welded. Slotted ends SANIT/kRY DESIGN for food and phorma- (_

can be furnished, when required, ceufical products requiring fast, easy cleon-
lng, in full compliance with government regu-

RIBBON AGITATOR for either center or end lotions.

discharge. Various styles are available to
suit specific operating conditions. Those most SUPPORTS are heavy sieel structurals welded

commonly used are described o_ page $. to mixer body, providing reasonable workingclearance underneath. Changes in the height

BEARINGS_A,nti-friction spherical bearings of these can be easily incorporated to suit
suitable for radial and thrust loads are any specif'u:operatingrequlrement.

mounted outboard. DISCHARGE_Center or end discharge, as

SHAFT SEALS_The adjustable gland type desired. The valves most commonly supplied

seal, described on page 6, is standard. Close are illustrated on page 6. with satety grate.
tolerance shaft alignment (described in the MOTOR DRIVES--D_e to plant space prob- Jacket for temperature control and vacuum

coq_struction details of our agitators on page iems and customer preference, we provide a cover permit extensive opportunity for research
,5) assures efficient seal operation. Seals are choice of two basic drive arrangements: in this pilot unit. Cantilever mounting and high

easily serviced. There are many other types I) "Shaft-Pack" drive similar to figures 5 & 6. stands are for convenience in discharging.
of special seals that can also be adapted to 2) Roller Chain drive similar to figures 4 & 7.

our mixers. Either of these drives is mounted on a bose Variable speed drive on this pilot mixer pro-
LIQUID SPRAYaSpray nozzles add liquids which is welded to the mixer stand. The motor rides a method for determining the most practi.
in controlled amounts for uniformly blending can be located beneath the mixer bowl or at I ca/ operating speed. Torque conditions can
liquids and solids. A practical liquid spraying the end. also be corrected by adjustment in speed if

system is illustrated in fig..5.5 on page 12. Other special drive arrangements such as product has any tendency to density during

TEMPERATURE CONTROL--Jackets are V-belt and S_lent Chain can also be furnished, mixing cycle.
!

2 PAUL O. AB._BEINC. ,,_3



Jel i>aclctram end for convenience in daJchorg-
ing. Mixer is driven by means of geormotor
and roller chain.

Fig.$

_J ........ _ ' " ..... ' _.. Supports are set back from end of bowl to pro-

• ":': "'";;'_:"_'-',:..-, i vide additional space for discharge. This is
optional on any mixer. Mixer is driven by• ... ,_. . i',nm.

Jacketed for temperature control. Dump cover
on bottom fits flush with the inside of bowl and

is jack_led the same as the rest of the bowl. Set
back supports provide additional space for dis.
charge. Mixer is driven by "Shaft.Pack"

Vacuum Ribbon Mixer with jacket for tempera- drive.
ture control_for mixing and de.aerating flow.

ing pastes such as plastisols, toothpastes, ad-
hesives, etc. It con also be successfullyused for
solvent and moisture removal.

_----fkm F,O.7

I Code jacket for high working pressures. SplitI
! stands can be supplied for any desired height.

Mixer is driven by gearmotor and roller chain.



............ . .

ilmm=. _ _,_ ;,, Double Ribbon Agitator with mullers. The addi.
_Double Shaft Ribbon Mixer designed for con- f e. 13 -- " "_ V tion of the mullers provides a spatula.like act,on

v Sinuousslurry mixing and jacketed ior tempera. ------. which rubs out all lumps whether of dry or pasty
Sure control. Agitator arrangement combines material; they also prevent particle reaggrega.
the conventional ribbons (which slowly move Single Shaft Continuous Mixer with variable lion, especially important when blending small
the mau from the feed to the discharge end) speed motor. Material is fed through flanged amounts of liquid in o dry base, and intensify
and mullers which act as spatulas, wiping out feed opening in cover at one end of bowl and the mixing action of fine powders.
any lumps in the batch. Note unique space- discharged at opposite end at a uniform rote

saving drive arrangement, by means of an adjustable overflow. Optional __" _ " ......
equipment includes a series of spray nozzles ___r11__ t
for feeding liquid at o uniform rate as ma-
terial passes through the bowl.

- _ " _.. "'\ Fig.18
"L Doubi,. Ribbon Agitator with flanged shaft.

The flanges on each end are bolted to mating
flange; attached to the main shafts. By unbolt-
ing these the entire blade assembly can be

-- quickly and easily removed for thorough clean-
ing, without disturbing bowl ends, seals, bear-
ings or drive. Flanges can be supplied with
any blade design.

Fig. 14

|enter, End, and

(antinuuus Diszhurge •
Standard construction consistsof extra heavy "_
steel tubing to which are welded steel arms F,g.19
for attaching the ,ibbons. The ends of the .............. ".,:_S Double Ribbon Split Agitator. This agitator is
tubing are taper bored to accommodate F,0.I._ excellent for efficiently mixing flowing pastes.
toper stub shafts which extend through the Double Ribbon Agitator with interrupted outer It can also be used for dry blending.
ends of the bowl and bearings. This design flight. This arrangement is the mostpopular of

insuresperfectalignmentoftheentireassem- all, as it very evenly distributes the mass of __ / -Ill! I

bly--it provides exceptional strength and material throughout the entire length of the
rigidity--and also permits easy removal of bowl, thereby insuring a uniform mixing action.
the blade assembly if this is ever necessary. It is especially effective on flow.resistant

All agitators are basically designed to insure materials.
a thorough inter-mixing action and are equip- I .

ped with both inner and outer ribbons, with f'Q'_

the exception of the double ribbon split Wiper strips are supplied in many installations

agitator. The outer ribbon tends to move the where the blade must be in close contact with
mate'rial in one direction, and the inner ribbon the bowl. This illustration shows a section of a

in the reverse direction. The relative proper- single split ribbon agitator equipped with wiper
tlons in pitch and length of the ribbons are strip. These strips can be supplied in leather,

important in producing the most efficient mix- ;,,__;,,,,_:. " -.T._..._....... _... asbestos, Tygon, Teflon, nylon and other
ing action, as well as quick and thorough dis- _.g.16 materials.

charge. Double Ribbon Agitator with continuous outer

The agitators illustr:_tecl areme tyl:)esmost flight. This design provides the same type of
commonly SUpl:)llecI,and theycanbe made action as the interrupted outer flight blade in Special mixing blades for Double Shaft Con-
for either center or end discharge. SuppliecI figure above. It is used where material is free tinuous Mixer. Mullers, paddles, and ribbons
in steel, stainless and otl_er materials, flowing, and for continuous operation, have been combined for continuously mixing a

_ ...... heat.sensitive chocolate product.

ILIL----- ' _ - T _ ---'| ' - -
II,L"-- -.*. _'-..,'-, -.,." _',_.-I_ I1,, n^,,. O. ABBE INC.

__ ,, 5



F_ design and construction of the Paul O. Abb_ Double Shaft Mixers are the
The

result of many years' experience in the chemical processing industries. They are

S_, D___ truly heavy duty mixers that can be counted on for many years of dependable,"U uninterrupted service.

-w,o.,.o,.o,_.,..,,..,d.d
to insure a rugged leakproof unit. Sturdy ribs
Installed on the ends prevent end deflection.

Bowl capacities greatly exceed mixing capo-
city. This is especially desirable for bulky
material and additional thinning prior to dis- No. OB and OA Laboratory Mixers. Mixer is
charge. Height of bowl can be extended, fitted with jacket for temperature control.
when required.

BLADES overlapping or tangential. Tangen-

tial blades are usually supplied with differen- fig.
Hal speeds. No: 18 and 1A Mixers. Bowl is jacketed for

GEARS--Heavy duty machine-cut spur gears temperature control.
completely enclosed in dust-tight gear cases.

BEARINGS---Heavy duty anti-friction spheri- ' ""

col bearings suitable for both radial and "_
thrust load, mounted outboard and installed _ '_)
in precision machined housings that are an ¢

integral part of the ribs and supports.
additional bearing at the end of the drive

shaft provides extra support and prevents ............
...... 'qwm:.',_-._r--_ _ I Fig.28any overhung load. . - _....._,:. _.

SHAFT SJEALS--Gland type--easily occas. "..... ; '
!

"ble for adjustment and maintenance. True , .. , ,,

.fignment of blade shafts helps insure seal _
efficiency. High vacuum seals, when required. ,_'_ LL-41
Laboratory mixers are equipped with oil and
dust-tight lip seal.

TEMPERATURE CONTROL jackets encircling
the bowl are adaptable for cold water, brine

'1[
and other coolants or hot water, steam, and
oil. S_;table baffling insures positive, uniform /
circulation.

PRESSURES--A.S.M.E. Code _',onstruction-- _i0._t
where high pressures are involved.

VACUUM--All mixers can be designed for
high vacuum operation.

COVERS--Dustproof--or special designs for
vacuum and pressure furnished as optional Tilted view of No. ! through No. 5 Mixer.
equipment.

DUMP hydraulically operated on all sizes
from the No. 1 and larger; manual on No. IA
and smaller.

SANITARY CONSTRUCTION for food and

pharmaceutical products requiring fast, easy
cleaning in full compliance with government
regulations.

MOTOR DRIVES--Size No. 5 and smaller

are directly coupled to gear reducer and
motor. Larger sizes starting with the No. 7
are driven by means of V-belt and motor.

Other drive arrangements can be supplied.

'_TEFIIALS OF CONSTRUCTION--Steel,

.sinless steel, and other materials. Linings _. 30
of rubber and plastic are also available.

FINISH--8owI Interiors and blades can be No. 1 through No. 5 Mixer. Domed cover is for

polished, as required. - vac,,,,,operation. PAUL. O. ABBE INC. 7
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For discharging the average dry batch, our Pivot slide gate valve. __pivot slide gate or flush plug valve is recom-

mended. These con be operated manually or p

by remote control, such as air operation.
l

Various types of housing are availabl(_ to

connect to any discharge system.

For discharging light pastes, our flush plug

valve, or the conventional types of ball, gate
Gland Type Stuffing Box. This is the type of

or plug valves are used.
stuffing box most commonly supplied with

The location of the valve is optional and cle- f,i. 24 Paul 0. Abb_ Ribbon Mixers. The amount of

lends upon the particular application. All _ packing used will vary depending upon the

discharge ol:>eningshavesafetygrate. _ application. Gland is easily adjusted for
maintaining a tight, dustless seal. Other types

r._--"--_ Rack and pinion slide gate valve, handwhee/ of shaft seals are available for special

./ / operated, applications.

/

... . .
: Fig.22

F,g.25 ' '._

Air operated flush plug valve. Flush plug valve.



These light duty mixers are lower cost sigma type mixers intended for pastes

comparabletoheavypaintsandinks, aswellasmanydrymixingoperations. _jOi__l_i_'Built in the same precise manner as their heavier counterparts, they can be

* counteduponforuninterruptedservice. F_

Blades are formed steel designed to permit
the some mixing action as the conventional
sigma blade. They are mounted on steel arms

_ L -- connected to heavy steel tubing running

O . . ; .. _". through the mixer. The ends Qf the tube are• ..._'.'- . ._.

t : I_ _.,:_ _,_,... _ taper bored to accommodate stub shafts ex-
, _."_..*_',_ tending through the ends of bowl and bear-

I ' "'. :..'_-"_- ing. This construction assures perfect align-ment sufficient for vacuum operation, if

, desired. Discharge is accomplished by use of

L a plug, gate, or boll valve, which is located, in the bottom of the bowl and connected to
_. both "U" segments. Additional construction

-.. details are the same as outlined for our Rib-
bon Mixers on page 2.

1

I
S Fig.38 t !

This jacketed mixer is capable of mixing 2000

gallons per batch. The finished batch is dis.
charged directly into drums for shipment to
customer.

Internal view of mixer shows general design
of mixing blades. F_.40

,,,.,,.

Jacketed for high pressure, each bowl segment
rio.39 equipped with its own flush plug valve to be

operated independently of the other.

• , |

..... Floor ....
hwl iiizio0 Overlie Clearance Space ForAver. Approx.

Size Capacity (opocit_ Heighl UnderIowl Inches Loads Ship.Wt.
GoUens Gallons lobes In(hot ..... HP Lbs.

Lglh. W_d/h Jacketed mixer with low stands for mounting
I' 38 25.... 41 24 SS........ 14 I 1100 close to floor to connect with storage facilities

| IS 50 47 |4 63 30 2 1400 on floor below. Switches on each end of the
__ ) 150 1|0 62 36 14 36 S 2300 mixer control air operated valves.

4 22S 1SO iS 36 94 41 1_t 3200
., ,,

S 300 200 68 36 99 44 IO 4100

-- 6 450 300' '" ;s u 10s s4 'IS "ssH, ,,,,,.,,,

7 750 500 01 36 123 64 25 7200

,,- 8 , 1050 /SO .... 90 42 136 12 40 9200 ,
9 1400 1|Oil 95 42 142 80 50 12,000

,0 ,,. "0 i ,,o ,, ,,o 0, ,, ,,.o00
I, .so -. I....|00 4, Ioo• 1o Io, 'li,so, PAUL O. ABBE INC. 9i ii iilift



The sigma type mixing blade has proven
most popular for most mixers. Either over.

lapping or tangential arrongement_ con
be supplied. When tangential blades are
used, it is customary to operate at differ.
entiol speeds,

Another popular blade isthe disperslo¢_blade.

No. 7 Mixer and larger with single end drive, f_e.3l Sigma blade.

F,g. 34
Dis,persian blade.

Fig.32 Fig.3,$

No, 7 Mixer and larger with double end drive. Overlapping blades in mixer bawl.



Standard design of Rola.Cones 48" dia. and

larger. Choice of discharge valves. Gear guard
optional.

Fig. 4_

Standard design of Rata.Cones 18" to 42" dio.
Choice of discharge valves.

• F,g. 4

Fig. 46
/

[t"

Standard design of Blenders 18" to 42" dia.
with "Shaft.Pack" drive.

60" dia. Rata.Cone with special high stands
for additional working clearance.

"" Rata-Cone with boiled cone segment for instal.
lation of special liner.



The Rata-Cone is unexcelled for rapid, homogeneous blending of dry and semi- _)_.. __ _

dry products. To operate, it is revolved end over end, moving the materials in

and out of the constricted conical areas. This causes a folding/spreading action

that insures a thorough inter-meshing of all the ingredients in the batch.

The range of products being successfully mixed includes colors, plastics, flour,

drugs, pharmaceuticals, metal powders, minerals, fibers, and many others.

Fig,42

Standard design of 9" and 12" dia. laboratory

coo..o,..,., .,o,spe-
cial cleaning or sterilization. Can be furnished

EFFiCiENT--Variations in weight of materials CONE SEGMENTS--Completely welded to
or their proportions do not affect results, rugged centerbandmwith solid steel trunnions
Overblending or classificotlon cannot occur, heavily ribbed to body.

Results ore constant batch after batch. LATHE TURNEDmThe complete cone assem-
FAST--With most products onit minutes are bly is placed in a lathe, and the trunnionsare
required to insure a complete mix. machined'to insure perfect alignment.

VERSATILE_It will handle fibrous materials, LOADING DOOR u Quick opening -:. and
as well as the average powders and granules, amply large for loading and cleaning.

The addition of an atomized spray nozzle DISCHARGE VALVES--See page 13 for
makes it possible to uniformly distribute details.

liquids in limited quantities throughout the BEARINGSuHeavy duty anti-frictlon pillow

dry batch, blocks. Fi0.

GENTLEmDespite its efficiency and the STANDS_Operating clearances are indi-

speed at which it mixes, the size and shape of coted in the chart on page 13. Special 3-Cone Laboratory Unit. Cones r,_n be quickly
the ingredients are not affected. Heat sensk heights can be supplied to suit specific ap- removed for special cleaning or for inter.
tive materials can be mixed without fear of plicafions, change with other cones. Open guard auto-
damage. MOTOR DRIVES--18" to 42" dia. Blend- matically shuts off power for safety. Casters
EASY TO OPERATE--Large feed openings
and discharges simplify loading and unload- ers el • driven by gearmotor and roller chain, permit easy moving from one area to another.or by "Shaft-Pack" drive if preferred. The
ing. The absence of any baffles or constric- larger units are equipped with gearwheel
tions in the interior, combined with the angle and pinion for connection to gearmotor. All

of the cones, insures complete discharge of drives are installed on a rugged steel base
the finished batch. Cleaning between batches that is on integral part of the main stand.

is easy and fast. GEAR GUARD--Completely enclosing gear
ECONOMICAL_Power costsare low in cam-

and pinion, can be furnished when required.
par/son to other types of blender. No main-
tenance except occasional lubricationmno SANITARY CONSTRUCTION--For food and
attention while running, pharmaceutical products requiring fast, easy

cleaning in full compliance wig government

J_bL regulations.MATERIALS OF CONSTRUCTION--Blenders

_]lmi_lJmF __ can be built with various metals like steel,

I _ stainless steel, Monel, bronze, aluminum, etc.•. When the material being processed might

"1"__' be contaminated by metal contact, or when

.... _ ' the Blender, one of several types of plastic
c," rubber linings con be furnished. F_. 44

FINISH--Stanclarcl Blenders are furnished

with a mill finish on all inlerlor surfaces. Detachable cone makes it possible to load andI,, ,, , ,. ,o,m w.n oo°,r°,.,o*,o
10 ,"AUL,,. ABBE, N ,t_,_ required, change with another cone.



to 42" dia, Other types shown con be supplied,

Weighing systems can be furnished with our
equipment. This illustration shows a hydraulic
type load cell installed between the main
bearing and support of our Rote-Cone Blend-

I'" " "
er. Under this system the load weight is con-
verted _nto exactly proportional pressures

which may then be displayed gravimetricaUy
on suitable indicators, or recorders.

Fig. _16

Fig.59
I

8utterflxvalvew,th,..,I,..t,.plac,ble_alv. _:
seat, Standard on all Rata.Cones 48" dia. and B _ "- *'--;'-_" ';
larger. These can be supplied with hondwheel - ....... '--." ":-.. ,,,-
or handle, and they are available in different .'-_:.'_.-a_'.
metals and resilient seals. " _."-_:*_>'C_'_._l

Fig. 60

Ill _'

I I i Ill

Air Operated Valve. Retractable sleeve op- ilezimum.;o Fleer51_e Neigkt
|'Mid (lenrnnce AppfnL

tional, for extra convenience and safety. Op- Oim. OpiretiltI talkMote,& (tuningYot_ UnderYelve HPe* 5hip.we.
eraticm of the valve is controlled by a switch Inches lope(ely ltelnelicIrike clarence)(u. ft. Inches Lbt.
installed on the main support of the Rata- (u.ft. ,. Inckes I_hes
Cone or in some other convenient location. 9 .2 0.14 2hl6 , 11 4 I/4 _ 70 _

12 .5 lJ ]6xll 19 3 I/4 80
The air supply for the valve is permanently 18 1.1 I.I 54:]0 40 18 I/3 250

piped from the switch through the center of 14 ].9 2.S 65136 54 II I/] 330
the tru_rtion. N 1.7 S.O 72x45 "63 ..... 18 3/4 500 .....

The retractable sleeve insures against exces- ]6 I].S ' 0.0 15x53 71 10 I 650

sire dust and spillage. When this is used, the 42 21 '13 1416| 11 |l | 1500

btender is exactly positioned with the aid of a 4i .32 21 101169 69 * ] .... 2000 ....
magnetic brake on the motor. A dual control $4 45 30 llOs17 71 * 5 2500
switch extends the retractable sleeve into the 60 ...... 62 41 130104 06 * S 3000 ....
Opening of a storage bin, forming a tight seal. i6 l] " S4 131192 ..... 92 * 7_ 3600
Another switch opens the butterfly for dis- 72 i|l 70 144xl00 100 * 11 4100
charge. The same valve can be used for dust- 11 ! 117 tl 1501100 100 * 15 4tOO
free loading, as well, by spatting this in an 84 172 114 ' lSlsll6 116 * 20 5800
vpright position. When desired, the retract- 90 |10 13S 115x1|4 924 * 20 6600
able sleeve can be equipped with a gosketed 96 ISS |iS ittxt]l 131 * 25" 7500

mating flange for a tight seal against flanges 108 365 240 220xl48 Ill * 40 9600
on the discharge bin or loading hopper. This 1|0 500 325 234116| 162 * 50 115|0

arrangement not only insures dustless opera- *s,-,e c/e_,e_, e,,_,.
finn, but it also eliminates any danger of e°_o,,,,,e/e HPmw-e_,,aJ bend e. m,*,,_,me_g IOOj_,_, N, c,d_kloeb.
product exposure to the atmosphere. °°°_,a_. o/_ref_-I_ ce/_ocBhe| _n repre_ 6,S_ of loin/,e/vine.

i i
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For Liquidsand Solids Blending,
and Solids (outing added liquids) have a tendency to re.

aggregate and form lumps while being
The Paul C). Abb& Rata-Cone is an excellent medium for adding liquids to a dv'y base-., mixed or become cakey in storage. For
for blending and solids coating. The liquid is dispensed in the form of a fine mist by these o mechanical (inlernal) agitator can
means of a stationary spray nozzle located above the mass of dry material, as the be provided to aid in their complete dis.

Rata-Cone is revolved. This insures a fine, uniform coating on the ever-changing surface persian. Simultaneously the ogitatorhelps
of the dry product. The absence of any mechanical agitator for liquids distribution speed up the blending process. Fibrous
within the moving batch prevents all danger of change in the size and shape of the materials con be successfully blended

particles and the possibility of excessively wet areas, with powder without forming clusters,
when the agitator is used.

The most popular agitating element isthe off. _ L% t% _ p,
set tooth shown in the cut-away illustration.
Additional agitating elements are also shown

at the right. In the cut-away illustration we
show the liquid spray nozzle which issometimes
used in conjunction with the mechanical agitator.

Cross pin agitating element. F,g.52

1 I

Fig. 53
Straight pin agitating element.

Cut-away view of Rata-Cone illustrates f'g
method for adding liquids without moving
parts. As the Rata-Cone revolves, the spray Serrated blade element.
nozzle remains stationary. The liquids line is
run to the outside through the center of the
trunnion where it is locked iw,a fixed position.

Liquid pressure systemmconnected to Rata.
Cone Blender for uniformly adding liquids to

dry powders.

iii i iiii
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motor.

Approx.
Lengl_ W_k NP* Slup,WI,

_so Ikkm Imlm Lks,,

I 0,urn IS 16 t4 S_.
!Orums . , ,91 , Z6 I tO0
] 0,urns 141 26 I_ I11tl

fig. 63

4 0rums 116 26 | ]SIll

Three Drum Roller. Thesedrums are of o spec/al S Otto 22i 26 ] 1OH

heavy construction for mixing metal powder& *_,uw ,eq_e_ cm,v_,_,de_, e,,lud ce,,_/e_.
Each drum is copab/e of handling 2000 Ibs.

of powder. Paul O. Abbi Drum Rollers are ideally suited
for mixing and ball milling small batches.

These rugged, heavy duty machines are built
in single and multiple units, with spacing ad-
justable to accommodate different size

drums. They are equipped with.wide, flat,
rubber covered wheels, which provide excel-

lent traction and long service. The entire
assembly is mounted on a rolled steel base-

plate.

I flg. 64

i

Five Drum Unit.
..

Ro. 65

III I n ii i I

Topend Slenderd llinhnun AppreLSize hrlMi Ovoid Overd HP Ship.WI.
He. Openings Noigkl Ntighl* LIIs.

IKhes Inches llches
N IOxll II IO ¼ i0'0 "'

I _Ox20 36 II 2 525
, ,,

| 20z40 36 II S 945

°Lo_'e/t poud_Je he0ghl, w/tote keodroom ia i/reded.

Paul O. Abb_ Lump Breakers are used for
dispersing aggregates and restoring caked
powders to their original conditic_l. These
machines are equipped with hammers which
revolve at moderate speeds and beat the

Fig.66 material until it passes through a perforated
screen. They can also be installed either at
the feed m discharge end of ribbon mixers
where objectionable aggregates must be I

therem°vedflnishedduringpi'oduct.themixing operation and in PAUL O. ABBE INC: 15



There are many processes involving mixing and dispersing in which some degree of

[' impact and attrition is required to disperse hard aggregates.
Paul O. Abb& Cylinder Mixers, including our conventional type Ball and Pebble Mills,

are commonly employed in suchapplications. For detailed information concerning these
mills, send for our complete catalog on Boll and Pebble Mills.

i

Large Jar Mill. The jar ij madeof "Lumard",
which i, an alumina reinforcedceramic body
that haJ exce//entresistanceto abralion and

impact. It is made in one piece for ease in
cleaning. Paul O. Abb_ Jar Mill8 are made in
jixes ranging from I/1pint to 57 gallonl total
volume. For camp/eta detaib send for Jar
Mill Catalog.

Fig. 61

I I I I

00000000000000000000 QOO_O_OOO_O_O_OO_O_OQ_O_O_O_O_O
• _'lllilllilillllllilllillllilllllilillll_r_--

Paul O. Abb_ Inc. does agree that it will replace F.O.B. Little Falls any part of any machine

sold by it which is found to be defective, either in material or workmanship as determined by
an inspection authorized by it, within one year from date of shipment to the original

purchaser. With respect to all components or parts of any such machine made by other
manufacturers, the warranty of the manufacturer of such component or part shall govern

for the time period specified by said manufacturer and Paul O. Abb(_ Inc. shall have no

obligation or responsibility with respect to same. There are no implied warranties and no

representations as to performance. Paul O. Abb_ Inc. is not responsible for any
consequential damages due to any defect in the product or the operation of same. In no

event shall the product be returned without authorization.

i iiii
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& CONSTRUCTORS

A Raytheon Company Date: 6110193

We.tern Operetiona Time: 11:00 a.m.
Page 1 of 1

From: A. SHARPE To: JIM LAF1SON

Company: UE&C Company: CELITE CORPORATION
PO BOX 519
LOMPOC, CA 93438-0519

Phone: 303-843-3361 Phone: 805-735-7791

Project No.: 6237.008

Subject: MATERIAL TO ABSORB FREE WATER

Topics of Conversation:

1. Mr. Larson was given background information on the WRAP 2A requirement to a._sorb free water
from waste which is to be immobilized in polymer.

2. Mr. Larson recommended use of the following absorbent:

Name: Microcell E

Maximum Absorbent Efficiency: 550%

Average Absorbent Efficiency: 400% (i.e., 5 Ib of Microcell E will absorb 20 Ibs of water)

Bulk Density: 5 Ib/Cuft

PH' 10

3. Mr. Larson would send information on this product to UE&C.

A. Sharpe

TC93035.008 06115193
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WRAP FAClMI_, DOE-RI. UNITED ENGINI!BM • -_..-__=-3-;C.--
DE-ACOe-91RLlle4e Prohl_ No. II_l?.00t

1.0 OBJECTIVE

To prepare a Sampling Plan for WRAP 2A which will identify the process samples required
and detail the location, method and frequency of taking each sample.

1.1 Scope

A. Review the sampling requirements for the WRAP 2A facility in light of changes made
to the process or mechanical design during the ACDR. The review will encompass
current requirements stated in the FDC or formal interpretations provided by WHC.

B. Define the sampling requirements and techniques for process, verification,
certification and archive sampling. This includes identifying any testing required to
confirm prototype sampling techniques.

C. Evaluate the analytical methods, the data requirements for each sample, the need for
archive of product samples and equipment needs of the defined sampling scope.
Develop the philosophy outlined by the sampling schedule in the CDR so that specific
testing such as strength, pH, water detection can also be quantified.

O. Produce a definitive Sample Plan for WRAP 2A.

1.2 Background

A. Sample management as defined in the WRAP 2A CDR encompasses five major
objectives:

• Lot verification of waste feedstreams
• Process control
• Certification of treated waste product
• Destructive examination of treated waste product
• Archival samples of treated waste product

B. The following CDR design review comments will be addressed in this study:

Comment # Comment

48 Core drilling lubricating fluid to be determined.

122 Evaluate provisions for sampling/disposal of absorbent in 85
gallon overpacks.

123 Assess methods of 3ampting suitable for larger or non-
homogeneous items.

185 Evaluate the analytical provision required within the Sample
Management Area (SMA) in WRAP 2A in order to handle those
samples requiring a quick turnaround of results.

186 The effectiveness of the current sample philosophy for waste lot
verification shall be confirmed.

w.A_o343,so- ...........
07/12/93 Page 1



WRAP FACILITY, DOE4tI. UNIT1. ENGINENm & (_N_Itli_IroIw
0E-ACOg-ilRL11944 Pmhl_ No. 1&3"/.000

1.3 Purpose and Need

A. Sampling is critical to the operation of WRAP 2A. It will be used to confirm the
characterization of waste entering the facility where necessary so that an appropriate
treatment process including binder formulation can be determined. Process samples
will demonstrate that product quality requirements are being met. Samples of the
treated waste product will be taken where necessary to confirm that the final
wasteform meets the disposal acceptance criteria and to support waste disposal
certification.

B. All these requirements were identified in the CDR, but there was no attempt to
optimize the number of samples to be taken or to detail methods of sample collection.
These aspects need to be resolved prior to Title I design.

i,1= i ii. i ....

WRAP0343.90
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WRAP FACIUTY, DOE41L uNrrlm ENGINaH_ • Gl_.um_m-C..-._
DE-ACOG-91RL1194il I_(_eet No. II_l_/.OOO

2.0 SUMMARY

A. This study reviews the sampling requirements of the WRAP 2A facility using the CDR
Sample Management Schedule as a basis for discussion. All aspects of the sampling
process are discussed including why, how, where and when the sample will be taken,
where the sample will be analyzed and potential impacts on the CDR design of the
Sample Management Area.

B. The study identifies twenty one sample points and twenty two samples as being
required in WRAP 2A in order to satisfy both regulatory and process requirements.
Of these 9 will be analyzed within the WRAP 2A Sample Management Area, 12 will
be analyzed at an external facility and one-will be analyzed at source. In-line
"sampling" methods have not been discussed in the study where no physical sample
will be taken as these will have no impact on the design of the Sample Management
Area.

C. The analytical capabilities of the WRAP 2A SMA are equipment for determination of
pH, equipment to determine bulk specific gravity, equipment to determine
conductivity, equipment to determine penetration resistance, equipment to determine
the viscosity of binder materials, equipment to test the compressive strength of
immobilized product sample cubes, titration equipment to determine the quality of
polymer raw materials and general laboratory equipment such as measuring vessels
to allow the split between organic and aqueous phases in bleed liquor from polymer
encapsulation to be determined. All other sample analysis within the SMA will be by
visual inspection of solidified samples. However, sample preparation equipment will
be required to allow destructive examination of samples (though not destructive
examination of product drums which will take place in the Box Breakdown Area).

D. A proposed Sample Plan for the WRAP 2A facility is presented in Appendix A of this
report.

WRAPO343.90

O7/12/93 Page 3
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Recommendations

A. The CDR Sample Management Schedule should be revised to incorporate the
following changes:

1. Product Certification sampling is to be undertaken in the Grout and Polymer
Immobilization Areas for immobilized sludges and particulates.
Macroencapsulated products will be sampled in the SMA.

2. Raw binder material storage vessels shall have sample points but there should
be no routine sampling of these materials.

3. Process samples of binder material mixes should not be taken routinely and will
be at the discretion of the operator.

4. Lot verification should routinely be by visual inspection in the
Open/Sort/Repack Area and the Box Breakdown Area. However, if required, a
sample may also be taken in these areas.

5. Sampling of acid,caustic and decontaminant solutions to determine strength
should not be required.

B. The sample handling capability of the Sample Management Area in WRAP 2A should
not be reduced in scope from that detailed in the CDR. However, archive storage of
product samples is unnecessary and should be deleted from the FDC.

C. The need to provide equipment for destructively examining product drums should be
removed as 8 requirement of the FDC.

D. The CDR drawings should be revised to show those sample points detailed in the
proposed Sample Plan.

= E. The CDR design of the storage facilities for VES resin, VES promoter and VES
catalyst should be re-examined, the outside storage of these chemicals under a
sunroof could expose them to temperatures in excess of I O0°F and could cause
degradation of the chemicals.

F. As part of the ACDR design effort, process and block flow diagrams will be revised
as needed to reflect changes in the design, including changes in the Sample
Management Schedule.

3.2 Conclusions

A. The proposed sample plan fully complies with regulatory requirements and FDC
requirements for process sampling within the WRAP 2A facility.

B. The proposed Sample Plan presented in this report should be used as a basis for
detailed design of the WRAP 2A sampling facilities,

w.
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4.0 UNCERTAINTIES

A. This section details certain assumptions, made in support of this study, which may
prove to be incorrect in the future. The uncertainties are as follows:

1. Waste Stream Chemical and Physic;el Characteristics: At this time wastes
currently in storage that will be processed in WRAP 2A are poorly
characterized. If these wastes are not appropriately characterized before they
are transported to WRAP 2A it may be necessary to sample every drum and
then return the drum to storage while the sample is analyzed. This would have
serious implications on WRAP 2A and on the transportation system between
the storage facility and WRAP 2A. It would be far easier to sample the waste
at the storage facility prior to sending it to WRAP 2A. However, this option is
outside the scope of this study. Consequently it has been assumed that waste
lots will normally be well characterized prior to arriving at WRAP 2A. Therefore
the maximum sampling requirement will be as specified in the FDC. Once
existing wastes are better characterized and more is known about future
wastes it is assumed that the FDC sampling frequencies will be revised based
on a statistical assessment.

2. Samnlina Methods: In selecting sampling equipment, waste physical prol_rties
have been assumed based on the waste description. Should the waste physical
properties prove to be different to those assumed in this study it may be
necessary to use alternative sample techniques in order to obtain a
representative sample.

3. Polymer _rlcansulation Samnle NO,4 - Bleed Liouor: In the CDR this liquor is
assumed to be aqueous and therefore can be routed to the Active Waste
Collection Tank. This assumption may be incorrect as the liquor could be
organic. If this is the case then this sample will be required in order to
determine the composition of this liquor and a discharge route to the
Hydrocarbon Waste Tank will have to be provided in the event that the liquor
is principally organic.

4. Polymer Encansulation Sample No. 3 - Mixed VES P01ymQrand Catalyst: Under
normal circumstances there will be a high level of confidence in the ability of
an item of equipment to perform the duty for which it is installed in an
operating plant. This confidence is generally based on past experience in
industry and specific testing for purpose of the equipment prior to installation

= and during commissioning. In-line mixers have not been used in industry for the
mixing of VES type polymers. Hence, even though it is proposed to fully test
in-line mixing of VES polymer prior to installing this equipment in WRAP 2A,
it is thought prudent to take a sample of the mixed binder material periodically
during operation to provide confidence that the in-line mixer performance does
not deteriorate with use.

WRAP0343.90
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5. Archivino of Product Samples: This is identified in the FDC as a requirement
for WRAP 2A. However, it is not clear why it will be necessary to archive
samples if they have already been successfully tested and the results of the
tests have been logged in the records retention facility within WRAP 2A. If
samples were to be archived, the archive store would be subject to RCRA
sample storage requirements. As there appears to be no benefit from holding
samples after they have successfully passed testing and noting the implications
of including a long term radioactive mixed waste store in WRAP ZA it is
recommended that archive storage of product samples is deleted from the FDC
and from WRAP 2A.

6. CDR Baseline: It is assumed that the CDR baseline process will not change.
Should the Single Immobilization Study recommend a change to the CDR
approach there will be impacts on the findings of this study.

WRAPO343.SO
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5.0 BASIS FOR STUDY

5.1 Criteria

5.1.1 FDC Requirements

A. The WRAP Module 2A shall provide all necessary environmentally controlled space,
equipment and ancillary items necessary for managing non-radioactive and radioactive
solid and liquid samples including, but not limited to the following:

• Sample radiation dose rate screening.
• Sample storage, segregation and repackaging.
• Analytical and test capabilities including pH, bulk specific gravity, conductivity,

compressive strength and penetration resistance.
• Immobilized waste form destructive examination of samples.
• Sample pig handling shall be provided including lag storage, loading/unloading,

decontamination, receipt and shipping.
• Archive storage of representative samplings of all final waste forms from each

lot for the life of this facility.
• Sample shipping to other laboratories.
• Office space for sample tracking, protocol management and analytical results

tracking.
• Storage space for laboratory operating supplies.
• Obtaining analytical results electronically from the laboratory.
• Capability to bar code label all samples.
• The sample preparation area shall be designed to prevent cross contamination

of samples.
• Capability to extract a representative sample of treated waste for certification

of waste form and provide radionuclide data to support low-level waste
category determination assay.

• Capability to extract samples from a container lot to verify record information.
• Capability to destructively examine treated waste drums exiting the facility.

5.1.2 Study Criteria

5.1.2.1 Study Basis

A. A review of the sampling needs of the WRAP 2A facility will be undertaken. In each
area, the number of samples required, the information to be determined from each
sample and the sample method will be reviewed.

5.1.2.2 Potential Study Impacts

A. The study will incorporate any additional sampling requirements identified by other
ACDR studies.

WRAPO343.90

07112/93 Page 7



WRAP FACIUTY, DOE4qL _ mQINEmqll • (:_NalrltLiiCTO_l
DE-ACO(I-91RL1 lm ProjoM No). 112_7.000

5.2 Assumptions

5.2.1 Study Prerequisites

A. This study will be initiated using CDR data.

5.2.2 Study Assumptions

A. The sampling philosophy adopted for WRAP 2A shall satisfy all FDC requirements,

WRAPO343.90
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6.0 DESCRIPTION OF ALTERNATIVES AND SOLUTIONS

6.1 Listing of Alternatives

6. I. I Introduction

A. This section describes alternative sample methods which may be applicable for use
in WRAP 2A. Section 6.2, Detailed Description, will evaluate which of the following
methods is most applicable for each material to be sampled.

B. The sampling method selected for each waste stream will be dependant on a number
of factors, the main ones are as follows:

• Physical State: The sampling device will vary according to whether the
sample is liquid, gas, solid or multiphase.

• Volume: The volume of waste will be represented by the number and
size of samples taken and hence will impact on the sample
equipment and sampling strategy.

6.1.2 Liquid Waste Samplers

6.1.2.1 Composite Liquid Waste Sampler (Coliwasa) 1'3

A. The Coliwasa is a device used to sample free-flowing liquids and slurries contained
in drums, shallow tanks, pits and similar containers. The Coliwasa consists of a tube
equipped with an end closure that can be opened and closed while the tube is
submerged in the material to be sampled. This sample technique is unsuitable for
closed tank systems but may be used for tanks with manwav access points.

6.1.2.2 Weighted Bottle or Bomb Sampler 1'3

A. The weighted bottle and bomb sampler work using similar principles and are used for
sampling liquids and free-flowing slurries in tanks or ponds. These samplers consist
of a reservoir, a method of closing the reservoir and a line that is used to lower and
raise the bottle/bomb. This sample technique is unsuitable for closed tank systems
but may be used for tanks with manwav access.

6.1.2.3 Sample Valve

A. A sample valve is used for taking samples of free-flowing liquids from vessels or
pipework. In the case of a direct tap-in to a vessel the head of liquor in the tank will
be used to fill the sample vessel. Where the sample point has to be at a higher
elevation than the vessel the liquor will be pumped through a recirculation loop past
the sample valve and back to the tank. A number of pumps could perform this duty
though care will be required to ensure that the materials of construction are
compatible with the waste to be sampled and clean-ouUmaintenance requirements.

i n In lull
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6.1.3 Dry Granular/Powdered Material Samplers

6.1.3.1 Thief 1'2

A. A Thief is used to sample dry granules or powdered wastes whose particle diameter
is less than one third the width of the slots in the Thief. A Thief consists of two
slotted concentric tubes. The outer tube has a conical pointed tip that permits the
sampler to penetrate the material to be sampled. The inner tube is rotated to open
and close the sampler.

6.1.3.2 Scoops and Shovels 1.='=

A. Scoops and Shovels are mainly used to sample granular or powdered material in bins,
shallow containers and conveyor belts, however they could be used with sludge type
material if required.

6.1.4 Sludge Samplers

6.1.4.1 Trier 1'2"_

A. A Trier is used to sample moist or sticky solids with a particle diameter less than one-
half the diameter of the Trier. A Trier consists of a tube cut in half lengthwise with
a sharpened tip that allows the sampler to cut into the material to be sampled.

6.1.4.2 Scoops and Shovels 1,='3

A. Scoops and Shovels are mainly used to sample granular or powdered material in bins,
shallow containers and conveyor belts, however they could be used with sludge type
material if required.

6.1.5 Solid Material Samplers

6.1.5.1 Auger :'='a

A. An auger is mainly used to sample hard or packed solid wastes or soil but could also
be used to sample high viscosity sludges. There are two types of Auger. First is a
sharpened spiral blades attached to a hard metal central shaft which is used to lift the

loosened waste from the sample area. This method tends to mix the waste layers
that are being sampled and therefore is not applicable where there are stratified layers
which require sampling. The second type is a Hollow-core Auger which is used to
remove waste to the desired depth for sampling. Once at the required depth a split
spoon is used to take a sample of the waste.

6.1.5.2 Core Sampler 4

A. A Core Sampler is mainly used to sample hard or packed solid wastes or soil, but
could also be used to sample high viscosity sludges. A Core Sampler consists of a
tubular drill bit with a cutting teeth on the annulus of the tube. The Core Sampler is
drilled into the waste and when it is retracted the sample remains in the center of the
drill. In the case of wet particulates the "Core Sampler" would be a split spoon which
would be pushed or driven into the waste to take the sample.

iii ii
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6.1.5.3 Manipulators

A. Manipulators are used to pick samples of large solid items from either a sorting table
or a container. The sample will be obtained using a snip and swipe method as
proposed for WRAP Module 1.

6.1.6 immobilization Waste/Binder Mix Samplers

6.1.6.1 Sleeve-in-Sleeve

A. A sleeve-in-sleeve device is used for obtaining samples of stabilized/ immobilized
material. The sleeve-in-sleeve unit is inserted into the waste/binder mixture prior to
set-up and the inner sleeve is removed with the waste core intact. The outer sleeve
remains in the waste and the resulting void space is filled with a filler.

6.1.7 Gas Samplers

6.1.7.1 Sample Valve

A. A sample valve is used for sampling gases which are under pressure. Gas streams
which are not under pressure will be sampled by using a pump to pull a sample of the
gas stream through a tap-in point in the process system and then through a filter or
scrubber system. In WRAP 2A an isokinetic sampling system similar to that proposed
for WRAP 1 will be used. This system continuously samples the exhaust gases and
monitors the gas flowrate. This allows the concentration of the contaminants to be
calculated.

6.2 Detailed Discussion

6.2.1 Introduction

A. The WRAP 2A CDR Sample Management Schedule s is shown in Figure 6-1. For each
sample point identified in the schedule, data used to justify the sample being included
in the CDR schedule will be presented. The justification will then be reviewed in a
discussion section which will determine if the sample is required or whether the data
from the sample can be generated from some other source.

B. For those samples which are deemed to be necessary the sample method, sample
analysis required and where the analysis will be undertaken will be described. This
information is detailed in Sections 6.2.2 through 6.2.1 1 below and the results are
tabulated in Table 6-1. The proposed WRAP 2A sample plan which details the
findings of the study is given in Appendix A.

i i,i i
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TABLE 6-_1
WRAP 2A CDR SAMPLE SCHEDULE

,, .,,._H i III

Simple Metedd To Be Where To Be ..... CDR Date Re.amended Chlngee Io
Number Sampled Semlfled Roman For CDR Sample Where CDR Dati (Whe_ Aneilnmd)

Sample Frequenoy Analyzed
' I lllll I II I II I I

SPECIAL WASTE AREA SAMPLES

1 Shredded Heat Mercury- Determine Once Per Off Site Not Required

Treated waste Evaporator Mercury Content Day

2 Stabilized Jar Mille Determine Once Per Off Site Not Required --
Mercury Mercury Content Day

,inl

3 Stabilized Product Drum To Characterize Once Per Off Site Not Required
Mercury Waste iDrum

i i.i ,

4 Shredded Lead Shredder Determine Size Once Per At Source Not Required
and Mercury Discharge Bins Distribution Day

5 Shredded Load Product Drum To Cheracter0ze Once Per Off Site Not Required
Waste Drum

6 Deactivated Humidifier Determine Once Per SMA Not Required
"Reactive" Discharge jOxidizing Potential Day
Metals Conveyor

7 Deactivated Product Drum To Characterize Once Par Off Site Not Required
"Reactive" Waste Day
Metals

8 Scrubber Off-gas Off-gas Flue Determine Once Per At Source Mercury C°ntontN°t
Mercury Content Day Required, Moisture Content

tin-Line Monitoring) And pH
Check (SMA) Required

"'9 Scrubber Scrubber Drain Determine Once Per At Source Oilaolved Salt; .......

Blowdown Line Chamicat Day 'Concentration Required (In-
Composition ,Line Monitoring)

sAMPLE MANAGEMENT AREA SAMPLES .........

1(11) Incoming WaRt. WaRt. Drum Lot Verification Once Per Off Site Required If P0orly -
IDrum Characterized (SMA)

i n lllll

(b) Outgoing Product Drum Certification Once Per Off Site To Comply With FOC
Product Drum Requirements (SMA)

i

POLYMER ENCAPSULATION SAMPLES

1 ......Mixed VES Polymer Mixing Determine Once Par iAt Source Required Infrequently (SMAi
Polymer Tank Chelical Day

Composition

2 Hydrocarbon Hydrocarbon Detarmme Once Par At Source Required (External Facility)
Wastes Waste Tank Chemical Week

Coml:)olition

3 Mixed VES And in-line Mixer, Conti'rm Once Par At Source Requored Infra¢lusntiv (SMA-i
Catalyst Successful mix Day

4 Ion Exchange Liquor Catch Determine once Per' SMA Check For Organlc/Aqueoul
Effluent Drum Comlooaltion Day Liquor Required (SMA)

5 VES/Waste Product Drum Certification of Once Par Off Site Required (External Facility)
Product Product Drum

6 VES Promoter Storage Tank Quality Control Once Par At Source Required Infrequently (SMA')
Week

7 " ves'c'atatyst Stor;ge Tank Quality Control Once Per At"Source Required Infrequently (sMA)
Week

8 VES Resin Storage Tanks Quahtv Control Once Par At Source Required Infrequently (SMA)
Week

i
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TABLE 6,1 (CONTINUED)

WRAP _.A CDR SAMPLE SCHEDULE

GDR Data ReaD, mended Chitin to
Materiel To lie What= To Be

Sampled Sampled Ree_n For CDR Sample Wh_re CDR Data (Whim Andlrmd)
Sample Frequen_ Analyzed

GROUT IMMOBILIZATION SAMPLES

.....i Grout Powder' Storage Silos .....Quii ity Control Onos Par At Source Requice_ Infrequently
Month Per (External Facility)
Silo

i ,,i,,i,,,L,i

2 Polymer =wMet,"J Ou'liWControl One,Per AtSour"Requ,red SMA)
Additive Drum Month

3 Grout Powder Silos/Weigh Qu;;;ty Control Ten Per Day At Source Not Required
Blend= Hoppem .

4 Liquid Grout Wet Grout Quality Control Ten Par Day At Source Visc_ty Ch-3-_._.-n_.'V (AtSourcel. Infrequent Tooting
Mixing Tank Of Cured Seniti= (aMA).

,,,11,1 L i

5 Vibrogrouted Product Drum Cert0fioat0on Of Once Per Lot Off Site R=quir¢,_, (Extemet F_=-3_'t_).
Product =roduct

6 Ag0teted Grout Product Drum Certification Of Once Per Lot Off Site Required (Exti_ml F___.';-f).
Product Product

7 Grout Bleed Pump Oeten_mne Once Per SMA Not Requi_d
Water Discharge Line Radionuclide Month

Inventory --
ii.......

SECONDARY WASTE SAMPLES

1 Non-active ........Collect|on De'terrain= Once Per At Source )H Required When T_,,-,,_ie
Aqueous Waste Tanks Chemical Two Months Full {SMA).

Composition

2 Active Aqueous Collection .... Determine Once Per $MA Not Required
We,to Tanks Redionuclid, Two Months

Inventory
,i

......3 Treated Active Collection Tank Determine Once Par SMA Required When T_i-,k le Full.
Waste Chemical Two Months Detailed Characterization

Compos0tion and Anetysimand Redio©hernicel
Redionuclide Compomt0on (External
Inventory Facility).i i

BOX BREAKDOWN'AREA SAMPLES .......

1 Lead, Misc. Box Breakdown To Chsr'ecterlze Once Per Off Site Not Conaide_e_ Furi;-,Gr
Waste And And Ropack Waste Month (Samo e= Box Breakdown

IHEPA Filters Sample No. 2).

2 Lead, Misc. Box Breakdown Lot Verification Once Per Lot Off Site RequoredInfrequently
Waste And And Repack (External Facdity)
-IEPA Filters

SIZE REDUCTION AND REPACK SAMPLES ......

1 Wastes For " Shredder/ 1_'oCharacterize iOnce Par Off Site Required Infrequently
Shredding Repack Waste Month (External Facility|

Enclosure

2 Wastes For Pug ,Pug 1_0Characterize Once Per Off Site Required Infrequently
Mill Proc;;iing Mill West= Month (External Facdity)

3 We=tee For Shredder/ To Characterize 'Once Par Off Site Required infrequently
Direct Repack Repack West= Month (External Facility)

Enclosure

O7112/93 Page 14
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TABLE 6-1 (CONTINUED)
WRAP 2A CDR SAMPLE SCHEDULE

llll I I HI I I llll

Sample MMwlet To h Where To Be CDR Data Recommended Changes to
Number Sinpied Sampled Reason For CDR Sample Where CDR Data (Where Andyzed) l

Sample Frecluenoy Analyzed
...... I I I I1' I

'AQUEOUS MAKE-UP SAMPLES

I Acid Acid Feed Tank Verify Acid Once Per At sour(:e No't Required
Strength Two Months

ii i gl i

2 Ceustlo Soda Caustic Feed Verify CeusU© Once Per At Source Not Required
Solution Tank Strength Two Months

i ll ii i iii

3 Decontem DeaontKn Verify Solution Once Per. At Source Not Required
Solution Solution Feed Strength Two Months

Tank
I II I I II _ IIr __ II "

HVAC SAMPLES

Gases Content Two Weeks Through Filter Required,
Filters Analyzed For
Chemical And Radionuclide

Composition (External

.... iF_ili_)"
0FF-GA8 SAMPLES

-- i

1 Off-gas A©tive 0ff-gas FilLs're Test For Leekl After Filter At Source Not Considered Further
Tanks Installation

2 Off-gee Size Off.gas Filters Test For Leeks After Filter At Source Not Considered Further
Reduction Installation

3 Off-gas Polymer Off-gas Filters Test For Leaks After Filter At Source Not Considered Further
Encap Area Installation

4 Off-gee ...... Off-gas Filters Test For Presence once Per At Source In-Line Monitoring For
Polymer Encep Of Hydrocarbon Week Hydrocarbons Required
Area

5 Off-gas Grout Off-gas Filters Test For Leaks After Filter At Source Not Considered Further
Silos Installation

i H i

0 Off-gM Grout Off-gas Filter. Test For Leaks After Filter At Source iNot Conmdered I'urther
Immob Area Installation

7 Off-gu Special Off-gas Filters Test For Presence Once Per ....At Source In-Line Monitoring For
Waste Area Of Hydrocarbon Two Weeks Hydrocarbons Required

8 off-gas SornDla Off-gas Filters Test For Presence Once Per At Source In-Line Monitoring For
Fume Hoods Of Hydrocarbon Two Weeks Hydrocarbons Required

9 Off-gel-- Non- off-gee--Filters Test For Leaks After Filter At Source Not Considered Further
active Tanks Installation

IIIIIII I
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6.2.2 Special Waste Samples

6.2.2.1 Sample No. 1: PFD H-2-140650
BFD H-2-140648

MATERIAL TO BE SAMPLED : HEAT TREATED SHREDDED MERCURY
CONTAMINATED WASTE

WHERE TO BE SAMPLED : MERCURY EVAPORATOR (H-06-201)
REASON FOR SAMPLE : TO DETECT PRESENCE OF MERCURY
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 13.3 Cu Ft / DAY
HOLDING VESSEL VOLUME : 14.7 Cu Ft (EVAPORATOR VOLUME)

DISCUSSION OF CDR DATA

A. The evaporator is sized so that it can treat one days arisings of waste as one batch.
This is based upon the time required to heat the evaporator, allow the mercury to
evaporate and then cool the evaporator. Consequently, assuming that it is necessary
to sample the waste after evaporation, the basis is to take one sample per day would
have to be continued.

B. It will not be necessary to take this sample provided that the equipment has been
tested at full scale with surrogate waste forms prior to the plant going operational.
This will demonstrate that provided the waste has been kept at a specific temperature
for a specific length of time in the evaporator, the mercury content is no longer
significant (below 0.2 rag/liter and non-toxice). A second reason why it will not be
necessary to sample this waste is that the retorting of mercury contaminated waste
is a technology based treatment standard and therefore the treated waste does not
need to be sampled. In order to confirm that the equipment is functioning as
designed, the evaporator temperature will be recorded throughout the processing
period.

CONCLUSION

A. The CDR Special Waste Sample No. 1 will not be required in WRAP 2A and will not
be considered further in this study,

WRAPO343.gO .......
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6.2.2.2 Sample No. 2: PFD H-2-140650
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : AMALGAMATED MERCURY
WHERE TO BE SAMPLED : JAR MILLS (X-06-201 A,B)
REASON FOR SAMPLE : TO DETERMINE IF ELEMENTAL MERCURY IS

PRESENT IN THE WASTE
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 1.8 Cu Ft-./DAY (AMALGAMATED)
HOLDING VESSEL VOLUME : 4 X 1 LITER JAR MILLS

DISCUSSION OF CDR DATA

A. Each day there will be approximately 52 batches (one liter each) processed through
this equipment. The CDR recommends that one sample per day is taken to confirm
that the amalgamation process is working.

B. It is proposed to confirm that the process is working as expected by checking for
elemental mercury remaining after the amalgamation process. It will not be necessary
to _ake this sample as it will be demonstrated prior to the plant going operational, that
provided sufficient amalgamating chemical has been added to the mercury and the
Jar Mills have been operated for a specific length of time that all elemental mercury
will be amalgamated. The other reason why it will not be necessary to take this
sample is because the amalgamation of mercury ;s a technology based treatment
standard and there is no regulatory requirement to sample the product.

CONCLUSION

A. The CDR Special Waste Sample No. 2 will not be required in WRAP 2A and will not
be considered further in this study.

i i iii ii i i
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6.2.2.3 Sample No. 3: PFD H-2-140649
BFD H-2-140648

C0R DATA

MATERIAL TO BE SAMPLED : AMALGAMATED MERCURY PRIOR TO
IMMOBILIZATION

WHERE TO BE SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER DRUM
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 1.8 Cu Ft ] DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The amalgamated Mercury will be placed, in bottles, into product drums for
immobilization. The number of bottles per drum has yet to be determined, however
it is proposed that the drum will be filled to a prsdetermined level prior to the sample
being taken. This sample was identified in the CDR as being required for waste
characterization purposes. For the characterization to be meaningful, it would be
necessary to demonstrate that a representative sample had been taken. The nature
of this waste within the drum would make this difficult to demonstrate.

B. It will not be necessary to take this sample as this waste will have been characterized
prior to amalgamation and the amount of amalgamating chemical added will be
known, hence the chemical composition of the drummed waste will be known
without sampling. The other reason why it will not be necessary to take this sample
is because the amalgamation of mercury is a technology based treatment standard
and, therefore, there is no regulatory requirement to sample the product.

CONCLUSION

A. The CDR Special Waste Sample No. 3 will not be required in WRAP 2A and will not
be considered further in this study.

WRAP0343.90
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6.2.2.4 Sample No. 4: PFD H-2-140649
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : SHREDDED LEAD AND MERCURY
CONTAMINATED WASTE

WHERE TO BE SAMPLED : SHREDDER DISCHARGE BINS (T-06-101 A,B)
REASON FOR SAMPLE : TO DETERMINE SIZE DISTRIBUTION
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 0.3 Cu Ft / DAY LEAD CONTAM. WASTE

24.3 Cu Ft/DAY MERCURY CONTAM. WASTE
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. Shredding of this waste will be carried out for two reasons: first to reduce the waste
to an optimum size for macro-infilling within a product drum and second, in the case
of mercury contaminated waste, to expose additional surface area to allow mercury
evaporation in the evaporator.

B. It will not be necessary to take this sample in order to determine the size distribution
of the waste for macro-infiiling. The impact of waste particle size on macro-infiiling
has been investigated to some extent by BNFL in the UK and the general conclusions
are as followsT:

• Provided the bulk of the waste has dimensions in excess of 1/4 inch then the
waste can be successfully vibromixed providing a high fluidity binder is used.

e There is no upper limit on particle dimension other than the drum dimensions.

C. In order to confirm that the shredder is performing to the required standard, i.e. that
the particle size range for mercury evaporation is not exceeded either due to wear of
any components or simply because of the properties of the waste being shredded, a
visual checking position will be provided either using a camera or a window. In order
to minimize problems due to the wear of the cutting blades, this equipment should
be inspected during routine maintenance periods and blades replaced as appropriate.
If, during testing of the equipment, certain waste types are shown to exceed the
maximum allowable particle size on occasions, atl lots of that waste should be given
a double pass through the shredder as part of operating philosophy.

CONCLUSION

A. The CDR Special Waste Sample No. 4 will not be required in WRAP 2A and will not
be considered further in this study.

WRAP0343.80
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6.2.2.5 Sample No. 5: PFD H-2-140649
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : SHREDDED LEAD
WHERE TO BE SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER DRUM
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 0.5 Cu Ft / DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The problem here will be how to take a sample which is representative of the whole
drum. In order to do this it would be necessary to tip out the drum contents and take
a random sample using manipulators.

B. The waste will be fully characterized before it enters WRAP 2A, hence it will not be
necessary to take this sample as nothing will have been done to change the
characterization other than it will have been size reduced. A second reason why it will
not be necessary to take this sample is because macro-encapsulation of radioactive
lead is a technology based treatment standard and therefore there is no regulatory
requirement to sample the product s.

CONCLUSION

A. The CDR Special Waste Sample No. 5 will not be required in WRAP 2A and will not
be considered further in this study.

mli i i imlll i
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6.2.2.6 Sample No. 6: PFD H-2-140651
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : DEACTIVATED "REACTIVE" METALS
WHERE TO BE SAMPLED : HUMIDIFIER DISCHARGE VIBRATORY

CONVEYOR (CV-06-301)
REASON FOR SAMPLE : TO DETERMINE THE OXIDIZING POTENTIAL
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : SAMPLE MANAGEMENT AREA
MATERIAL THROUGHPUT : 0.8 Cu Ft./DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The reactive metals are segregated as they enter the humidifier into coarse and fines
streams (assumed split is 50:50 coarse:fine). Only the fine material has the potential
to react and hence requires treatment. The humidifier is sized to treat 0.5 cu ft / day
of the reactive fines and in the CDR it is proposed to sample once per day. This
sample is to confirm that the process is working as designed.

B. It will not be necessary to take this sample provided that the equipment has been
tested at full scale with surrogate waste forms prior to the plant going operational to
demonstrate that this process will always produce a deactivated product. The only
parameter that needs to be carefully controlled in order to ensure that the process is
working as designed is the humidity of the air entering the humidifier. This data is
determined using Special Waste Area Sample No. 8.

(;ONCLUSION

A. The CDR Special Waste Sample No. 6 will not be required in WRAP 2A and will not
be considered further in this study.

i
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6.2.2.7 Sample No. 7: PFD H-2-140649
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : DEACTIVATED "REACTIVE" METALS
WHERE TO BE SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 0.8 Cu Ft /DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. It will not be necessary to take this sample as this waste will have been characterized
prior to deactivation, hence the chemical composition after deactivation can be
determined without sampling.

CONCLUSION

A. The CDR Special Waste Sample No. 7 will not be required in WRAP 2A and will not
be considered further in this study.
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6.2.2.8 Sample No. 8: PFD H-2-140651
BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : SCRUBBER OFF-GAS
WHERE TO BE SAMPLED : OFF-GAS FLUE
REASON FOR SAMPLE : TO DETERMINE MERCURY CONTENT
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 13 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. This sample was identified in the CDR as being required to determine the mercury
content of off-gases being released into the vent system and hence determine the
efficiency of the scrubber.

B. The sampling of mercury in-line is possible, or a grab sample (using a Tedlar bag for
example), followed by analysis of the gas using a mass spectrometer could be used.
However, the need to take this sample has to be questioned. The off-gases from the
scrubber will routinely contain mercury; the scrubber will not remove 100 % of the
mercury in the gas stream. For this reason there is a down stream filter to remove
any mercury which passes through the scrubber. This sample point is between the
scrubber and the filter and hence performs no other task than to provide data on the
amount of mercury in the gas stream at this point.

C. This scrubber will also remove acidic vapors from the gas stream. It is important to
check that the scrubber is removing all the acidic vapors otherwise there will be
corrosion of the ventilation ducting. Consequently a sample of the off-gas will be
required. A grab sample will be taken via a valved tap-in point. The vapor will be
condensed and analyzed for pH in the SMA.

D. Another "sample" which will be required but was not identified in the CDR is to
determine the moisture content of the off-gas. This is required as the off-gas will be
used as a feed to the reactive metals humidifier which must be maintained at a pre-
determined humidity when treating reactive metal fines. As it is not proposed to treat
mercury wastes and reactive metals at the same time it will not be necessary to
sample the off-gas for any contaminants which may be carried over into the
humidifier.

E. In order to determine the moisture content of the gas stream a physical sample could
be taken, however, the moisture content of a gas stream can be determined using in-
line instrumentation.

i
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CONCLUSION

A. The CDR Special Waste Sample No. 8 to determine the mercury content of the off-
gas will not be required in WRAP 2A and will not be considered further in this study.
However, a sample of the off-gas will be required to determine the pH of the vapor
leaving the scrubber and the moisture content of the off-gas.

B. The preferred method of determining the moisture content is to use an in-line method
as this does not require 8 physical sample to be taken through the SMA and will
provide a continuous reading of the moisture content.

RECOMMENDED SAMPLE METHOD: NONE (IN-LINE MONITORING)

C. The only method identified to determine the pH of the off-gas is to take a grab
sample via a sample valve. The vapor will then be condensed and analyzed for pH in
the SMA.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

WRAP0343.90
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6.2.2.9 Sample No. 9: PFD H-2-140651

BFD H-2-140648

CDR DATA

MATERIAL TO BE SAMPLED : SCRUBBER BLOWDOWN
WHERE TO BE SAMPLED : SCRUBBER RECIRCULATION LOOP
REASON FOR SAMPLE : TO DETERMINE CHEMICAL COMPOSITION
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : TBD
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF (;DR DATA

A. As this waste has only one disposal route and that is to the Active Waste Collection
Tank, T-07-201, where it will be combined with other wastes, the sampling of this
waste in the scrubber recirculation loop serves no purpose in terms of providing an
analysis which could be used for determining the characterization of the immobilized
product from this waste. One reason for taking this sample would be to confirm that
the waste contains mercury and hence has to be designated as a hazardous waste
stream and treated accordingly prior to land disposal. However, it can be determined
from process knowledge that this waste stream will always contain mercury during
the three years that mercury is campaigned through the plant and therefore there is
no need to sample prove this fact _. Prior to mercury being campaigned in WRAP
2A there will be no regulated hazardous materials in this waste stream. The only
reason why this sample would be required would be to monitor the build-up of salts
in the scrubber liquor as a result of removing acidic vapors from the off-gas. The
actual chemical composition would be of no importance and a simple check of the
change in conductivity of the scrubber liquor would provide sufficient information to
determine when the scrubber liquor may need to be changed. This can be determined
relatively easily using in-line instrumentation.

CONCLUSION

A. The CDR Special Waste Sample No. 8 will not be required in WRAP 2A and will not
be considered further in this study. However, a sample of the scrubber liquor will be
required to monitor the conductivity of the liquor to determine the dissolved solids
build-up.

B. The preferred method of determining the extent of salt build-up in the scrubber liquor
is to use an in-line technique as it does not require a physical sample to be taken and

= handling through the SMA and it will provide a continuous reading of how the salt
concentration is changing.

RECOMMENDED SAMPLE METHOD: NONE (IN-LINE MONITORING)

-- i i , i nl
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6.2.3 Sample Management Area Samples

6.2.3.1 Sample No. l(a): PFD H-2-140633
BFD N/A

MATERIAL TO BE SAMPLED : INCOMING WASTE DRUMS
WHERE TO BE SAMPLED : WASTE DRUM
REASON FOR SAMPLE : LOT VERIFICATION
SAMPLE FREQUENCY : DAILY
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 5.86 (55 GALLON DRUMS/DAY)

: 6.0 (83 GALLON DRUMS/DAY)
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The regulations (40-CFR-264.131° and WAC 173-303-300 e) require that the owner
or operator sample the waste "if necessary". If the waste has already been
characterized before entering WRAP 2A and a visual inspection can confirm that the
waste type is as expected, then there is no requirement to sample any drums. The
FDC _ requires that there is "Capability to extract samples from a lot of containers to
verify record information including:

• Receipt of drums and boxes into the enclosure.
• Handling to extract a representative sample from :t least one drum of a lot or

20 % of the waste containers of a lot which ever is greater.
• Exiting the container out of the enclosure and transport back to storage."

B. It will be possible to take samples from opened containers in the Open/Sort/Repack
Area and in the Box Breakdown Area and, if required, it will be possible to repack the
waste in new drums and return it to storage. Hen¢s it would be possible to comply
with both the regulatory requirements and the requirements of the FDC without
having any sampling facilities in the SMA. The only potential problem would be if a
lot of drums when opened did not appear to have the same characteristics as
recorded on the paperwork accompanying the drums. In this case, where there may
be a large number of samples required, there would be implications on the throughput
of WRAP 2A.

C. All wastes should be well characterized before they are routed to WRAP 2A. For
wastes that are not well characterized or where the amount of a particular waste
component which may affect the immobilization process is unknown (eg. nitrate
content) a sample will be required both for lot verification and as a 'process' sample
to allow the binder formulation to be determined. This may require the drum to be
tipped out in the Open/Sort/Repack area or box breakdown area.

=n L __ I I -----
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D. Raw waste feedstreams brought into this area for lot verification fall into four
categories of physical characteristics for sampling:

• Dry Particulates
• Wet Particulates (and sludges)
• Solid Loose Items
• Solidified Liquids

E. Alternatives for sampling raw waste drums are to tip the waste onto a sorting table
and to use a manipulator or scoop to take a random sample, or to use an Auger or
Core Sampler to sample solids in-drum, or to use a Trier, Scoop, Auger or Core
Sampler to sample sludges in-drum, or to use a Thief or a Scoop to sample dry
particulate solids in-drum.

CONCLUSION

A. Lot verification should be routinely carried out by visual examination in either the
Open/Sort/Repack Area or in the Box Breakdown Area especially when the properties
of the incoming waste stream are well characterized and vary little between lots. Only
if there appears to be a discrepancy between the appearance of the waste and the
waste characterization accompanying the drum should a sample betaken. The wute
should then be rapacked into a new drum and sent back to storage. This waste drum
would the be treated as a reject from the incoming lot and would be dealt with as a
new lot of one drum. Following analysis of the sample if it is decided that a
significant number of drums will need to be sampled, the sampling should take place
in the SMA. For waste streams that are not well characterized or where there is
significant differences are expected between the properties of one lot with the next,
it is recommended that drums are taken direct to the SMA for sampling to allow lot
verification/process sampling to be performed prior to bringing a large number of
drums from that lot into the plant. Analysis of samples will be undertaken at an
external facility. The frequency of taking samples needs to be reviewed statistically
once there is sufficient information known about the waste feedstream characteristics
to make such an exercise meaningful.

B. The sample technique employed for each type of waste will be dependant on whether
the sample is taken from the drum or if the waste is tipped out of the drum prior to
sampling. If an out of drum technique were to be employed it would require the
addition of a sorting table to the Sample Management Area. This is undesirable as it
would mean that after sorting/sampling, the waste would have to be rapackad into
a drum in this area. If a new drum were used there would be the problem of how to
dispose of the old drum. If the waste were repacked into the original drum there
would be the problem of handling the contaminated drum without spreading the
contamination through the area. The addition of a sorting table is also undesirable as
it would require significantly more equipment in an area of WRAP 2A which is already
tight for space and could have impacts not only on the SMA but on the layout of
adjoining areas. Finally, it should be recognized that the prime reason for taking these
samples is to confirm that the waste is as described on the accompanying manifest.
It is not being taken in order to perform a detailed characterization of the waste. It

will be possible to achieve such a confirmation by sampling from the top of the drum.
For these reasons only in-drum techniques are considered necessary within the SMA
and hence other methods will not be considered further.
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C. Dry particulates: Dry particulates could be sampled using a Thief or a Scoop held by
a robotic arm or manipulator. However a scoop could only be used to take a sample
from the surface of the drum and therefore may not be representative of the whole
drum contents. A Thief would be pushed into the waste before being opened so that
the waste would be sampled at varying depths through the drum. Also, if more than
one sample point was required, with a Thief it would be possible to take samples
from near the center of the drum or at the edge. With e Scoop, all the samples would
be from the surface layer of the waste.

RECOMMENDED SAMPLE METHOD: THIEF/MANIPULATOR

D. Wqt Particulates (and Sludoes): Wet particulates could be sampled using a Trier,
Scoop, Auger or a Core Sampler held by a robotic arm or manipulator. Some of the
same arguments apply as for dry particulates in that a Scoop could only be used to
sample the surface layer of the drum where as a Trier, Auger or a Core Sampler could
sample the full depth of the drum at any position on the cross section of the drum.
There is little difference between a Trier, Auger and a Core Sampler in terms of
obtaining a sample from wet particulates other than when transferring the waste to
the sample container. With both the Trier and the Auger the core taken is exposed
and hence there is the possibility of waste being dropped from the sampler and
contaminating the area. With a Core Sampler the waste is held within the sampler
until it is released by opening the sampler.

RECOMMENDED SAMPLE METHOD: CORE SAMPLER/MANIPULATOR

E. Solid Loose Items: It has to be questioned as to why this sample is required. In terms
of the stabilization and immobilization processes, the route that each waste will take
is clearly defined. The regulations 1° state that the waste shall be inspected and if
necessary sampled to determine if it matches the identity specified on the
accompanying manifest. For this waste type, a visual inspection should be sufficient
to determine if the waste matches the identity specified on the manifest. However,
if there is doubt as to the nature of the waste, it should be adequate to take a sample
from the top of the drum with manipulators to determine the waste type. For some
larger items it may be necessary to cut a piece of the waste as a sample however this
would also require the use of the manipulator to hold the cutting device.

RECOMMENDED SAMPLE METHOD: CUTTING DEVICE/MANIPULATOR

F. Solidified Liauids: Solidified liquids could be sampled using either an Auger or a Core
Sampler held by a robotic arm or a manipulator or the drum could be sawn into pieces
to allow a sample to be taken. Sawing a raw waste drum is undesirable as it would
require destruction of the drum. Hence, the waste would have to be repacked before
it could be returned to storage to await the sample results. If the sample were taken
with a Core Sampler or an Auger, the drum would still be intact and could be returned
to storage. Comparing a Core Sampler with an Auger: The major problem which
would be encountered with an auger is that it would be unable to cut through any
solid items, for example steel bar, that may be in the waste. This would effectively
prevent samples being taken from certain WRAP 2A waste product drum,,'. Diamond
tipped core drills however would be able to cut through virtually any material held
firm in an immobilized product and hence would be ideal for WRAP 2A where the
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physical properties of the waste can vary so much. Whether a core sampler or an
auger is used it will be necessary to use a lubricant to keep the sample device cool
as it is beir_g drilled into the product. There are many lubricants which could be used
however the two most common are water and air. Either of these could be used in
WRAP 2A. If water were used as the lubricant it could be filtered and recycled and
when it requires disposal it could be immobilized in grout. If air were used there
would be no secondary wastes other than the dust generated by the drilling process.
Hence, the design would have to ensure that the dust was contained and does not
contaminate the enclosure. Such a system has been tested successfully by WHC. If
sampling is required, a Core Sampler should be used and air should be used as a
lubricant.

RECOMMENDED SAMPLE METHOD : CORE SAMPLER

G. These samples will only be taken if there is uncertainty about the waste
characterization of particular drums being routed to WRAP 2A, or if, when visually
inspected, the drum contents are not consistent with the waste characterization
documentation which accompanies the drum. The extent of the characterization
required will be determined on a case by case basis.
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6.2.3.2 Sample No. l(b): PFD H-2-140633
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : OUTGOING PRODUCT DRUMS
WHERE TO BE SAMPLED : WASTE DRUM
REASON FOR SAMPLE : CERTIFICATION
SAMPLE FREQUENCY : DAILY
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : NOT KNOWN
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The regulatory requirements for certification of outgoing treated wastes and
treatment residues are set forth in 40-CFR-268.7 = and WAC 173-303-140 e. The
requirements vary depending on the waste designation category and the
corresponding treatment standard.

B. If the treatment standard is expressed as concentrations in the waste extract (TCLP
limits) the certifier must state familiarity with the treatment technology and operation
of the treatment process, and must certify that the process has been operated and
maintained properly so as to comply with the performance levels specified in 40 CFR
268.7, Subpart D (treatment standards) °.

C. If the treatment standard is expressed as a technology based standard, the
certification must state that the waste has been treated by the required technology,
in accordance with the requirements of 40 CFR 268.42 (technology based treatment
standards).

D. If the treatment standard is expressed as concentrations in the waste, compliance
with the treatment standard must be certified by stating that the hazardous
constituents are undetectable or below the regulatory limits.

E. The FDC 11requires that there is "Capability to extract a representative sample of all
treated waste for certification of successful treatment and provide radionuclide data
required to support low-level waste category determination assay. At a minimum the
capability to sample at least one container in each lot or 10 % of the exiting lot of
drums, which ever is greater."

F. Alternatives for sampling the product drum are to use a saw to cut the drum into
pieces and then take a sample or to use a Core Sampler or Auger to sample the
product or to take a sample of the product before it sets up and while it is still in the
grout/polymer immobilization areas. This second alternative has clear advantages over
other techniques in that it does not require destruction of the final product.

G. If the product is sampled before it sets up it will be possible to use a Coliwasa,
sample cup or a sleeve-in-sleeve device for many of the waste types. Solid items
which have been macroencapsutated will be difficult to sample. It may be possible
to put a case together for not sampling all vibro-infilled products as
macroencapsutation may be a BDAT process for some of the waste streams.
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H. If destructive examination of a product drum is required 11this can be performed in the
Box Breakdown Area. However, if a macroencapsulated product requires sampling
and it is not wished to destroy the product completely this will have to be carried out
with a Core Sampler or an Auger in the SMA.

CONCLUSION

A. There will be no requirement to take product certification samples in the SMA other
than to take a sample of a macroencapsulated product.

B. Macroencapsulated product drums could be sampled using either an Auger or a Core
Sampler held by a robotic arm or a manipulator, Comparing a Core Sampler with an
Auger: The major problem which would be encountered with an auger is that it would
be unable to cut through any solid items, for example steel bar, that may be in
macroencapsuiated product. This would effectively prevent samples being taken from
certain WRAP 2A waste product drums. Diamond tipped core drills however would
be able to cut through virtually any material held firm in an immobilized product and
hence would be ideal for WRAP 2A where the physical properties of the waste can
vary so much. Whether a Core Sampler or an Auger is used, it will be necessary to
use a lubricant to keep the sample device cool as it is being drilled into the product.
There are many lubricants which could be used however the two most common are
water and air. Either of these could be used in WRAP 2A. If water were used as the
lubricant it could be filtered and recycled and when it requires disposal it could be
immobilized in grout. If air were used there would be no secondary wastes other than
the dust generated by the drilling process. Hence, the design would have to ensure
that the dust was contained and does not contaminate the enclosure. Such a system
has been tested successfully by WHC. If sampling is required, a Core Sampler should
be used and air should be used as a lubricant.

RECOMMENDED SAMPLE METHOD : CORE SAMPLER

C. This sample is taken for certification purposes. The sample will be tested for one or
more of the following criteria:

• Compressive Strength
• Leachability Index
• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion
• Free Liquids
• Hazardous Characteristics
• Toxicity Characteristics

D. The ability to destructively examine product drums is a requirement of the FDC.
However, the need to do this is unclear if there is the capability to sample the final
product. WRAP 2A will have the capability to destructively examine products in the
Box Breakdown Area. However, it is recommended that this option is not exercised
and the need to provide destructive examination in WRAP 2A is removed from the

• FDC.
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6.2.4 Polymer Encapsulation Samples

6.2.4.1 Sample No. 1: PFD H-2-140621
BFD H-2-140619

CDR DATA

MATERIAL TO BE SAMPLED : MIXED VES POLYMER
WHERE TO BE SAMPLED : POLYMER MIXING TANK (T-05-401)
REASON FOR SAMPLE : TO DETERMINE CHEMICAL COMPOSITION
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 886 GAL L DAY
HOLDING VESSEL VOLUME : 1058 GAL

DISCUSSION OF CDR DATA

A. In this tank the VES resin, extender and promoter will be mixed prior to being
transferred to the drum. The plant will be designed so that the agitator used to mix
these materials will always produce a homogenous mix within a specified residence
time. This will be demonstrated prior to the plant going operational. The polymer
composition will be determined using process knowledge. A batch of polymer will
contain sufficient binder material to complete one full day's throughput of drums.
Depending on when the batch is prepared, the binder may be used over a period of
two days. This sample is required to determine if the binder material has started to
polymerize and hence the viscosity of the mix has increased to an extent where it is
unsuitable for waste ;nfilling. Analysis of the sample viscosity will be performed in the
SMA.

B. This material is sampled in the Polymer Mixing Tank (T-05-401). These wastes could
be sampled using either the weighted bottle/bomb sampler technique or a Coliwasa
or using a pump or by draining some of the liquid from the tank direct into a sample
jar through a valved connection.

CONCLUSION

A. The CDR Polymer Encapsulation Sample No. 1 will be required in WRAP 2A.

B. As the polymer raw materials are volatile and toxic, man access into this area will be
restricted. However, as this sample will only be required infrequently and man access
will be permitted into this area provided suitable protective equipment and breathing
apparatus is worn, it is recommended that 8 simple sampling method is used which
will allow the sample to be taken in the area by an operator rather than by some
remote technique which may require long lengths of pipework where blockages could
occur due to improper cleaning after the sample has been taken. Any of the
suggested methods could be used to take this sample. The polymer could be
sampled using a Coliwasa or a suitably designed weighted bottle. Alternativeiy a
sample point could be put in the existing pump discharge line. As the polymer system
will be flushed routinely with solvent it is unlikely that the polymer will set up in the
pipework and block the sample point. If a sample valve were used it would allow the
sample to be collected easily and an appropriate sample vessel may be used to send
for analysis.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. The sample will be tested for viscosity to confirm that the binder has not started to
polymerize.
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6.2.4.2 Sample No. 2: PFD H-2-140621
BFD H-2-140619

(;DR pATA

MATERIAL TO BE SAMPLED : HYDROCARBON WASTES
WHERE TO BE SAMPLED : HYDROCARBON WASTE TANK (T-05-402)
REASON FOR SAMPLE : TO DETERMINE CHEMICAL COMPOSITION
SAMPLE FREQUENCY : ONCE PER WEEK
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : TBD
HOLDING VESSEL VOLUME : 1100 GAL

DISCUSSION OF CDR DATA

A. These wastes arise from the polymer/catalyst/promote_ storage tanks and are
inactive. In general, these wastes will be diluted using solvent to allow them to be
easily removed from the plant. This sample is required for hazardous waste chain-of-
custody manifest purposes. A waste sample will be taken and routed through the
SMA for analysis at an external facility. This waste stream will be sampled once the
normal fill level has been reached. Waste discharge routes to the tank will be
interlocked closed during taking of the sample and will remain closed until the tank
has been emptied and is ready to accept new waste effluents.

B. These wastes ara sampled in the Hydrocarbon Waste Tank (T-05-402). These wastes
could be sampled using either the weighted bottle technique or via a sample valve in
the process pipework or by draining some of the liquid from the tank through a
sample valve.

CONCLUSION

A. The CDR Polymer Encapsulation Sample No. 2 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capital cost.
However, on safety grounds this alternative is potentially dangerous as they would
normally require an operator to come in close contact with the hydrocarbon waste.
Even draining from the tank through a specialized sample valve is undesirable as it
would require the operator to be close to the tank and hence put him in danger if
there were a leak in any part of the system. This waste will be sampled via a sample
valve in the process pipework.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. This sample is required to allow the chemical composition to be determined. The
waste will be a dilute solution of polymer components in an organic solvent.
Information on the chemical composition will be required by the disposal facility prior
to accepting the waste.
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6.2.4.3 Sample No. 3: PFD H-2-140621
BFO H-2-140619

CDR DATA

MATERIAL TO BE SAMPLED : MIXED YES POLYMER AND CATALYST
WHERE TO BE SAMPLED : IN-LINE MIXERS (M-05-404 THRU 407)
REASON FOR SAMPLE : TO CONFIRM SUCCESSFUL MIX
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : AGITATED MIXING - 648 GAL/DAY VIBRO-

MIXING - 210 GAL/DAY VACUUM
DEWATERING -32 GAL/DAY

MIXING THROUGHPUT : 5 GAL PER MINUTE

DISCUSSION OF CDR DATA

A. In-line mixers are used to mix the VES resinextenderpromoter with the catalyst prior
to being transferred to a drum for vibro-infilling. The system will be designed to
provide a homogenous mix. However, use of an in-line mixer for polymers is presently
an untested technology and therefore even though the mixer will have been tested
prior to installation in the plant it is felt prudent that a sample point is provided so
that mixer performance can be monitored against time. For this reason a sample point
will be provided. Analysis of sample will take place in the SMA.

B. As these are in-line mixers, the only sample method identified is to use a valve in the
pipework downstream of the mixers.

(;:ONCLUSION

A. The CDR Polymer Encapsulation Sample No. 3 will be required in WRAP 2A.

B. The polymer mix will be sampled via a valve in the mixer discharge line.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. This sample will be allowed to set-up and then will be tested for compressive strength
to assess if complete mixing is occurring.

ii i
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6.2.4.4 Sample No. 4: PFD H-2-140621
BFD H-2-140619

CDR DATA

MATERIAL TO BE SAMPLED : WATER FROM ION EXCHANGE DEWATERING
OR ENCAPSULATION BLEED LIQUOR

WHERE TO BE SAMPLED : LIQUOR CATCH DRUM (V-05-401)
REASON FOR SAMPLE : TO DETERMINE ACTIVITY AND CHEMICAL

COMPOSITION
SAMPLE FREQUENCY : ONCE PER DAY
WHERE ANALYZED : SAMPLE MANAGEMENT AREA
MATERIAL THROUGHPUT : 65 GAL / DAY
HOLDING VESSEL VOLUME : 70 GAL

DISCUSSION OF CDR DATA

A. As this waste has only one disposal route and that is to the Active Waste Collection
Tank, T-07-201, where it will be combined with other wastes, the sampling ot this
waste at this location serves no purpose in terms of providing an analysis which
could be used for determining the characterization of the immobilized product from
this waste. One reason for taking this sample would be to determine if the waste has
to be designated as a hazardous waste stream and treated accordingly prior to land
disposal, however, this information could be determined by using the initial waste
characterization data and process knowledge 9. This would eliminate the need to take
this sample for the reasons identified in the CDR5.

B. One possibility not identified in the CDR is that this liquor could be a mixture of
organic materials, for example Styrene, in which case the liquor should not be
discharged to the Active Waste Collection Tank. An alternative discharge route from
the Liquor Catch Drum should be provided so that organic liquors can be routed to
the Hydrocarbon Waste Tank (T-05-402). Hence a sample point will be required so
that the routing of the waste can be determined. Analysis of the sample will take
place in the SMA.

C. In order to allow this liquor to be sampled prior to it being discharged from the Liquor
Catch Drum a recirculation loop will have to be included in the design. This will allow
the liquor to be pumped to a sampte point and recirculated back to the vessel.

CONCLU$1QN

A. Polymer Encapsulation Sample No. 4 will not be taken for the reasons given in the
CDR. However, a sample will be required to determine if the waste liquor is organic,
aqueous or a combination of both (in which case the relative quantities of organic
material vs. aqueous liquor will need to be known to determine the most appropriate
routing for this waste).

II lib lEE II I III
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B. The CDR design for this part of the plant will need to be revised to incorporate a
route to the Hydrocarbon Waste Tank and a recirculation line for the Liquor Catch
Drum. Only one sample technique has been identified to collect this material and that
is to use a sample point in the recirculation pipework of the Liquor Catch Drum.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. This sample is required to determine the composition of the bleed liquor. This does
not need to be a detailed analysis as it will only be used to determine the routing of
the liquor i.e. either to the Hydrocarbon Waste Tank or to the Active Liquor Collection
Tank.
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6.2.4.5 Sample No. 5: PFD H-2-140621
BFD H-2-140619

CDR DATA.

MATERIAL TO BE SAMPLED : VES/WASTE PRODUCT
WHERE TO BE SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : CERTIFICATION OF THE PRODUCT
SAMPLE FREQUENCY : ONCE PER DRUM
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 236.8 Cu Ft / DAY (37 DRUMS / DAY)
HOLDING VESSEL VOLUME : NIA

DISCUSSION OF CDR DATA

A. The regulatory and FDC requirements for certification of treated waste product is
detailed in the discussion section of SMA Sample 1(b). Agitated product drums may
be sampled for certification purposes in this area. The product could be sampled prior
to curing by using a Coliwasa, a sample cup or a sleeve-in-sleeve device.
Macroencapsuiated products are discussed under SMA Sample l(b). Analysis of
samples will take place at an external facility.

CONCLUSION

A. In order to comply with the FDC, WRAP 2A will have the capability to take samples
from agitated product drums in the Polymer Encapsulation Area. The frequency of
taking samples needs to be reviewed statistically once there is sufficient data about
the waste feedstream characteristics to make such an exercise meaningful.

B. It is recommended that samples of agitated waste products are either taken in the
Polymer Encapsulation Area before the product sets up or that a sleeve-in-sleeve
device is used so that the sample can be easily extracted once the product has set-
up. As the product will be completely homogenized prior to the sampte being taken,
any of the suggested sample methods would be acceptable. However, in terms of
minimizing the risk of contaminating equipment in the polymer encapsulation area the
sleeve-in-sleeve method is preferred as it does not require the sample to be extracted
until the product has set-up where as the other techniques require the sample to be
extracted while the binder is still fluid where there is the risk of dripping waste/binder
material onto equipment. Another reason why the sleeve-in-sleeve device is preferable
is that the sample can be extracted from the product off-line. Hence there will be no
implications on throughput. The other samples would need to be extracted while the
product drum was positioned at the mixing station.

RECOMMENDED SAMPLE METHOD: SLEEVE-IN-SLEEVE
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C. This sample is taken for certification purposes. The sample will be tested for one or
more of the following criteria:

• Compressive Strength
• Leachability Index

• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion

• Free Liquids
• Hazardous Characteristics

• Toxicity Characteristics
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6.2.4.6 Sample No. 6: PFD H-2-140620
BFD H-2-140619

(;DR DATA

MATERIAL TO BE SAMPLED ' VES PROMOTER
WHERE TO BE SAMPLED • STORAGE TANK (T-05-304)
REASON FOR SAMPLE • QC AND TO CHECK FOR PREMATURE

POLYMERIZATION

SAMPLE FREQUENCY • ONCE PER WEEK
WHERE ANALYZED ' AT SOURCE
MATERIAL THROUGHPUT • 5 GAL / DAY
HOLDING VESSEL VOLUME " 140 GAL

DISCUSSION OF CDR DATA
!

A. The onus for demonstrating that the VES promoter meets quality control standards
when it is delivered will be placed on the supplier who should provide qualiW
assurance documentation. However, this promoter is stable and will not degrade
unless heated. This promoter will not self polymerize as suggested in the CDR. If the
promoter is kept in sealed drums in a temperature controlled environment it can be
kept for years without degrading _'13. If the promoter is exposed to air its reactivity
will not change with time though it will darken in color. Consequently there should
be no reason to sample this promoter on a routine basis if the promoter storage
temperature is carefully controlled. However, the current CDR design shows that this
material will be stored outside with a sun roof for protection. The maximum ambient
temperature on the Hanford site can be in excess of 100° F. At these temperatures
the promoter would quickly start to degrade. It is recommended therefore that the
CDR design of the storage facilities for this material be re-examined so that its
temperature c6n be carefully controlled. If process problems occur during operation
of the plant and it is suspected that the VES promoter may be the cause of the
problems or if the temperature of the storage facilities is allowed to rise it may be
necessary to take a sample. For this reason a sample point will be provided. Analysis
of samples will take place in the SMA.

B. These wastes are sampled in the Promotor Storage Tank (T-05-304). These wastes
could be sampled using either the weighted bottle technique or via a sample valve in
the process pipework or by draining some of the liquid from the tank via a sample
valve.
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CONCLUSION

A. The CDR Polymer Encapsulation Sample No. 6 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capital cost,
followed by draining direct from the tank or taking a sample from a sample valve on
the existing pump discharge. On safety grounds all these alternatives are potentially
dangerous as they would normally require an operator to come in close contact with
the YES Promoter. However, this tank is in a well ventilated area and operator access
to this area will normally be required when deliveries of raw materials ere made. Of
the suggested sample methods the preferred method is to take a sample from a
sample valve in the process pipework. If the weighted bottle technique were used it
would require the operator to be on a platform above the tank which would expose
him to any fumes rising from the tank and if he were affected by fumes would make
his escape from the vicinity of the tank difficult. Draining direct from the tank could
be problematic as the sample line may have the tendency to block and there may be
insufficient head in the tank to clear the blockage. This would expose the operator
to further risk in trying to unblock the sample line.

RECOMMENDED SAMPLE METHOD : SAMPLE VALVE IN PIPEWORK

C. The VES promoter has a long shelf life if kept at the correct temperature and is
unlikely to start to decompose in the timeframe that it is held in WRAP 2A, however,
samples may be taken in order to produce a test YES product and confirm that the
promoter has not started to decompose.

iii i i i
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6.2.4.7 Sample No. 7: PFD H-2-140620
BFD H-2-140619

CDR DATA

MATERIAL TO BE SAMPLED : VES CATALYST
WHERE TO BE SAMPLED : STORAGE TANK (T-05-303)
REASON FOR SAMPLE : QC AND TO CHECK FOR PREMATURE

POLYMERIZATION
SAMPLE FREQUENCY : ONCE PER WEEK
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 5 GAL PER WEEK
HOLDING VESSEL VOLUME : 140 GAL

DISCUSSION OF CDR DATA

A. The onus for demonstrating that the VES catalyst meets quality control standards
when it is delivered will be placed on the supplier who should provide quality
assurance documentation. However, this material has a limited shelf life after which

it will start to degrade. This material will not self polymerize as suggested in the CDR.
Provided that the catalyst is kept in sealed drums in a temperature controlled
environment and is used within the timeframe of its working life (Note: AKZO
Chemicals provide a guarantee of quality of 3 months following delivery, however the
catalyst should not start to degrade within the first 12 months following delivery 14,1=
there should be no requirement to sample this material on a routine basis. However,
the current CDR design shows that this material will be stored outside with a sun roof
for protection. The maximum ambient temperature on the Hanford site can be in
excess of 100 ° F. At these temperatures the catalyst would quickly start to degrade.
It is recommended therefore that the CDR design of the storage facilities for this
material be re-examined so that its temperature can be carefully controlled. If process
problems occur during operation of the plant and it is suspected that the VES catalyst
may be the cause of the problems or if the temperature of the storage facilities is
allowed to rise it may be necessary to take a sample. For this reason a sample point
will be provided. Samples will be analyzed for their active oxygen content le in the
SMA.

B. These wastes are sampled in the Catalyst Storage Tank (T-05-303). These wastes
could be sampled using either the weighted bottle technique or by pumping to a
sample point or by draining some of the liquid from the tank via a sample valve.

li II hill i I 1__
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CONCLUSION

A. The CDR Polymer Encapsulation Sample No. 7 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capital coat,
followed by draining direct from the tank or taking a sample from a tap-in point on
the existing pump discharge. On safety grounds all these alternatives are potentially
dangerous as they would normally require an operator to come in close contact with
the VES catalyst. However, this tank is in a well ventilated area and operator access
to this area will normally be required when deliveries of raw materials are made. Of
the suggested sample methods the preferred method is to take a sample from a valve
in the process pipework. If the weighted bottle technique were used it would require
the operator to be on a platform above the tank which would expose him to any
fumes rising from the tank and if he were affected by fumes would make his escape
from the vicinity of the tank difficult. Draining direct from the tank could be
problematic as the sample line may have the tendency to block and there may be
insufficient head in the tank to clear the blockage. This would expose the operator
to further risk in trying to unbtock the sample line.

RECOMMENDED SAMPLE METHOD: PUMP TO SAMPLE VALVE

C. The VES catalyst has a long shelf life if kept at the correct temperature and is unlikely
to start to decompose in the timeframa that it is held in WRAP 2A, however, samples
may be taken in order to test for active oxygen content of the material le.

iii
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6.2.4.8 Sample No. 8: PFD H-2-140620
BFD H-2-140619

CDR DATA

MATERIAL TO BE SAMPLED : VES RESIN
WHERE TO BE SAMPLED : STORAGE TANKS (T-05-305 A,B)
REASON FOR SAMPLE : QC AND TO CHECK FOR PREMATURE

POLYMERIZATION
SAMPLE FREQUENCY : ONCE PER WEEK
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 815 GAL /DAY
HOLDING VESSEL VOLUME : 2 X 5900 GAL

DISCUSSION OF CDR DATA

A. The onus for demonstrating that the VES resin meets quality control standards when
it is delivered will be placed on the supplier who should provide quality assurance
documentation. However, this material has a limited shelf life (3 months) after which
it will start to polymerize 17. Consequently, care will be required when ordering
supplies of this material to ensure that it will be used within the timeframe of its
working life. in the CDR two 5900 gal tanks are identified for the storage of YES
resin and the throughput of resin for the process is approximately 800 gal per day.
Hence, WRAP 2A has sufficient storage capacity for approximately 15 days operation
(3 weeks assuming a 5 day week). Consequently, there should be no requirement to
sample this material on a routine basis. However, the outside storage of VES resin
could expose the resin to temperatures in excess of 100°F, and may cause
degradation of the resin. For this reason, the CDR design of the storage facility
(under a sunroof) should be re-examined. If process problems occur during operation
of the plant and it is suspected that the VES resin may be the cause of the problems
it may be necessary to take a sample. For this reason a sample point will be provided.
Analysis of samples will take place in the SMA.

B. These wastes are sampled in the Resin Storage Tank (T-05-305 A, B). These wastes
could be sampled using either the weighted bottle technique or using a sample valve
in the process pipework or by draining some of the liquid from the tank direct into a
sample jar through a valved connection.
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CONCLUSION

A. The CDR Polymer Encapsulation Sample No. 8 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capitol cost,
followed by draining direct from the tank or taking a sample from 8 valve in the
process pipework. On safety grounds all these alternatives are potentially dangerous
as they would normally require an operator to come in close contact with the VES
resin. However, this tank is in a well ventilated area and operator access to this area

will normally be required when deliveries of raw materials are made. Of the su(_3e_ed
sample methods the preferred method is to take a sample from a valve in the IXOCeU
pipework. If the weighted bottle technique were used it would require the operator
to be on a platform above the tank which would expose him to any fumes rising from
the tank and if he were affected by fumes would make his escape from the vicinity
of the tank difficult. Draining direct from the tank could be problematic as the sample
line may have the tendency to block and there may be insufficient head in the tank
to clear the blockage. This would expose the operator to further risk in trying to
unblock the sample line.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. VES resin has a reasonable shelf life if kept at the correct temperature and is unlikely
to start to polymerize in the timeframe that it is held as a raw material in WRAP 2A.
However, it will be possible to do a visual check if polymerization has started to occur
as polymer strands will form in the liquid. No further testing should be necessary.

i i i
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6.2.5 Grout Immobilization Samples
I

6.2.5.1 Sample No. 1: PFD H-2-140607
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : BFS, OPC, PFA AND GROUT ADDITIVE
WHERE TO BE SAMPLED : STORAGE SILOS (T-05-101 THRU 104)
REASON FOR SAMPLE : QUALITY CONTROL
SAMPLE FREQUENCY : ONCE PER MONTH PER SILO
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : OPC - 4.1 Cu Ft/DAY BFS - 21.7 Cu Ft/DAY

PFA & ADDITIVE - NOT KNOWN

HOLDING VESSEL VOLUME : T-05-101 (ADD) - 1140 Cu Ft T-05-102 (PFA) -
5250 Cu Ft T-05-103 (BFS) - 5250 Cu Ft
T-05-104 (OPC) - 1140 Cu Ft

DISCUSSION OF CDR DATA

A. Certification that the grout bulk raw materials meet quality control requirements when
delivered will be placed on the supplier. If process problems occur during operation
of the plant and it is suspected that the grout raw materials may be the cause of the
problems or if raw materials have been held in the silos for a long period due to the
plant being shut down for maintenance it may be necessary to take a sample. For this
reason a sample point will be provided. Due to the low frequency of taking a sample
and the extensive analytical equipment required to determine the physical and
chemical properties of the grout raw materials, analysis of the sample will be
performed at an external facility.

B. These powders could be sampled directly from the silos using a thief or a tap-in point
could be put in the screw feeder off the bottom of each silo.

CONCLUSION

A. The CDR Grout Immobilization Sample No. 1 will be required in WRAP 2A.

B. These materials could be sampled using a thief direct from the silos or by taking a
sample from the screw feeder when the powder is being transferred. Using a thief
would require the manhole to be opened on the top of the silo; this is not desirable
as it would be a time consuming activity and, if the weather were bad, would result
in the grout powders becoming wet and setting up prematurely. If a sample point
were put in the screw conveyor at the base of the silo the operator could easily and
quickly take a sample when powder was being transferred. If it was decided to take
a sample when powder transfer to the plant was not required, it would be possible
to remove a spool piece from the pipework after the screw feeder and feed the
powder into bags or a collection vessel.

RECOMMENDED SAMPLE METHOD: DIRECT FROM SCREW FEEDER

WR
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C. Samples of grout powders will be analyzed to confirm that they comply with the
purchasing requisition specifications and the following ASTM specifications:

• C989 - Ground Granulated Blast Furnace Slag
• C618 - Pulverized Fly Ash
• C150 -Type 1/11Portland Cement
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6.2.5.2 Sample No. 2: PFD H-2-140607
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : POLYMER ADDITIVE
WHERE TO BE SAMPLED : RAW MATERIAL DRUM
REASON FOR SAMPLE : QUALITY CONTROL
SAMPLE FREQUENCY : ONCE PER MONTH
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : TBD
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The ability to mix a polymer modified grout was included in the CDR because of the
uncertainty as to whether grout only and VES only binders could successfully
immobilize all WRAP 2A feedstreams at high waste Ioadings. The type of polymer
additive was not specified. However, it may be assumed that if a polymer additive
is required that the problems associated with storage of this material will be the same
as for VES resin (Polymer Encapsulation Sample No. 8) and hence the sampling
requirements will be the same.

B. It is assumed that this material will have similar properties to VES resin and therefore
the sample techniques available will be the same i.e. weighted bottle, pump or
draining direct from the tank.

CONCLUSION

A. The CDR Grout Immobilization Sample No. 2 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capital cost,
followed by draining direct from the tank or taking a sample from a valve in the
process pipework. On safety grounds all these alternatives are potentially dangerous
as they would normally require an operator to come in close contact with the polymer
additive. However, this tank is in a well ventilated area and operator access to this
area will normally be required when deliveries of raw materials are made. Of the
suggested sample methods the preferred method is to take a sample from a valve in
the process pipework. If the weighted bottle technique were used it would require the
operator to be on a platform above the tank which would expose him to any fumes
rising from the tank and if he were affected by fumes would make his escape from
the vicinity of the tank difficult. Draining direct from the tank could be problematic
as the sample line may have the tendency to block and there may be insufficient head
in the tank to clear the blockage. This would expose the operator to further risk in
trying to unblock the sample line.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. It is assumed that this material will be similar in nature to VES resin (Polymer
Encapsulation Sample No.8) and will therefore require similar analysis.
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6.2.5.3 Sample No. 3: PFD H-2-140608/609
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : OPC, BFS, PFA AND POWDER BLENDS
WHERE TO BE SAMPLED : SILOS/WEIGH HOPPERS (T-05-201THRU 211)
REASON FOR SAMPLE : QUALITY CONTROL
SAMPLE FREQUENCY : TEN PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 4.1 Cu Ft/DAY OPC 21.7 Cu Ft/DAY BFS PFA

ETC. UNKNOWN
HOLDING VESSEL VOLUME : 65 Cu Ft OPC SILOS 170 Cu Ft BFS AND PFA

SILOS 20 Cu Ft WEIGH HOPPERS

DISCUSSION OF (;DR DATA

A. It should not be necessary to take samples to confirm the quality control of powders
within the process. Process control will ensure that the correct amounts of powder
are transferred from the bulk storage silos to downstream vessels and it should be
demonstrated on test equipment that the process control is within the required
tolerances for product quality.

CONCLUSION

A. The CDR Grout Immobilization Sample No. 3 will not be required in WRAP 2A and will
not be considered further in this study.
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6.2.5.4 Sample No. 4: PFD H-2-140608
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : LIQUID GROUT
WHERE TO BE SAMPLED : WET GROUT MIXING TANK (T-05-212)
REASON FOR SAMPLE : QUALITY CONTROL
SAMPLE FREQUENCY : TEN PER DAY
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 27.9 Cu Ft / DAY
HOLDING VESSEL VOLUME : 8 Cu Ft

I_ISCUSSION OF CDR DATA

A. It should not be necessary to sample this material to determine if the correct amount
of each binder component has been delivered to the mixing tank as the process
control features should ensure the correct mix is achieved. A simple check on
viscosity will confirm that mixing is progressing as required and that the fluidity of
the grout is within the parameters required for vibro-infilling. The viscosity check
would need to be undertaken at source as the grout will start to gel once recirculetion
in the mixer is stopped. In-line viscosity measurement is not recommended as the
instrument is difficult to clean fully between batches of grout and hence will fail or
become inaccurate due to grout build-up. If confirmation of the cured grout properties
is required it will be relatively simple to take a sample of the grout for archive
purposes; analysis oi the sample would not be for process control purposes. Analysis
of the cured sample will take place in the SMA.

B. Liquid grout is prepared by mixing cement powders with water in tank T-05-212.
Once a liquid grout has been produced, it is kept fluid by recycling through a pump
and back into the mixing tank. The liquid grout could be sampled directly from the
mixing tank using a Coliwasa or a sample valve in the grout recirculation line could
be used.

CONCLUSION

A. The CDR Grout Immobilization Sample No. 4 will be required in WRAP 2A.

B. The liquid grout could be sampled using a Coliwasa or alternatively a sample point
could be put in the grout recycle line. As the whole of the grout system including the
sample point will be flushed with water following grout preparation it will be possible
to use the tap in point without the concern of whether the grout will set up in the
pipework and block the sample point. If the tap-in point were used it would allow the
sample to be collected easily and an appropriate sample vessel may be used which
could also act as the mould for the grout to set up in, or as the vessel for
determination of the viscosity.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. This sample will be tested for viscosity and then, if required, allowed to cure. The
cured product will be tested for compressive strength.
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6.2.5.5 Sample No. 5: PFD H-2-140608
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : MACROENCAPSULATED PRODUCT
WHERE TO BE SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : CERTIFICATION OF THE PRODUCT
SAMPLE FREQUENCY : ONCE PER LOT
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 55.7 Cu Ft / DAY (8.32 DRUMS / DAY)
HOLDING VESSEL VOLUME : N/A

I;)ISCUSSION OF CDR DATA

A. The regulatory and FDC requirements for certification of treated waste product is
detailed in the discussion section of SMA Sample No. 1(b). Macroencapsulated

products could not be representatively sampled in the Grout Immobilization Area.
Sampling of macroencapsulated products is discussed under SMA Sample l(b).

_ONCLUSION

A. In order to comply with the FDC, WRAP 2A will have the capability to destructively
examine macroencapsulated products in the Box Breakdown Area or to take • core
sample in the SMA. Sampling of macroencapsulated products in the Grout
Immobilization Area will not be considered further in this study.
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6.2.5.5 Sample No. 6: PFD H-2-140609
BFD H-2-140606

CDR DATA

MATERIAL TO BE SAMPLED : AGITATED GROUT PRODUCT
WHERE TO 6E SAMPLED : PRODUCT DRUM
REASON FOR SAMPLE : CERTIFICATION OF THE PRODUCT
SAMPLE FREQUENCY : ONCE PER LOT
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 66 Cu Ft / DAY (9.34 DRUMS / DAY)
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA,

A. The regulatory and FDC requirements for certification of treated waste product is
detailed in the discussion section of SMA Sample No. 1(b). Product drums may be
sampled prior to curing by using a Coliwasa, a sample cup or a sleeve-in-sleeve
device. Analysis of samples will take place at an external facility.

CONCLUSION

A. In order to comply with the FDC, WRAP 2A will have the capability to take samples
from agitated product drums in the drum mixing area. The frequency of taking
samples needs to be reviewed statistically once there is sufficient data about the
waste feedstream characteristics to make such an exercise meaningful.

B. It is recommended that samples of agitated waste products are either taken in the
Grout Immobilization Area before the product sets up or that a sleeve-in-sleeve device
is used so that the sample can be easily extracted once the product has set-up. As
the product will be completely homogenized prior to the sample being taken, any of
the suggested sample methods would be acceptable. However, in terms of minimizing
the risk of contaminating equipment in the polymer encapsulation area the sleeve-in-
sleeve method is preferred as it does not require the sample to be extracted until the
product has set-up where as the other techniques require the sample to be extracted
whilst the binder is still fluid where there is the risk of dripping waste/binder material
onto equipment. Another reason why the sleeve-in-sleeve device is preferable is that
the sample can be extracted from the product off-line. Hence there will be no
implications on throughput. The other samples would need to be extracted whilst the
product drum was positioned at the mixing station.

RECOMMENDED SAMPLE METHOD: SLEEVE-IN-SLEEVE

I III IIIII I I IIIII
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C. This sample is taken for certification purposes. The sample will be tested for one or
more of the following criteria:

• Compressive Strength
• Leachability Index
• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion
• Free Liquids
• Hazardous Characteristics
• Toxicity Characteristics
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6.2.5.7 Sample No. 7: PFD H-2-140609
BFD H-2-140606

CDF_DATA

MATERIAL TO BE SAMPLED : BLEED WATER FROM GROUTED PRODUCT
WHERE TO BE SAMPLED : DISCHARGE LINE FROM PUMP P-05-203
REASON FOR SAMPLE : TO DETERMINE RADIONUCLIDE INVENTORY
SAMPLE FREQUENCY : ONCE PER MONTH
WHERE ANALYZED : SAMPLE MANAGEMENT AREA
MATERIAL THROUGHPUT : UNKNOWN
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. Under normal process conditions the grouting formulations used in WRAP 2A should
not produce any bleed water on the final product. If WRAP 2A does produce grouted
products which routinely has bleed water on the surface of the product, this is an
indication of the wrong grout formulations or wrong waste Ioadings being used and
the plant should cease operation until these problems are resolved. On an infrequent
basis an abnormal product may be produced, as a result of adding insufficient grout
to the waste for instance, under these circumstances it may be assumed that the
bleed water has the same properties and constituents as the original waste and
therefore does not need to be sampled in order to categorize it. If a 'normal' product
is produced which has bleed water on the surface, the amount of liquid is likely to be
so low that it will be impossible to remove the liquor from the drum and transfer it
to the Active Waste Collection Tank, T-07-201. Under these circumstances it would
be better to let the drum stand in the cure area until the bleed water has evaporated
(Note: the hydration temperature of the drum and the surrounding temperature in the
cure area will assist evaporation).

B. Assuming that the capability to remove bleed water from a drum is retained as
currently identified in the CDR (i.e. a dedicated abnormal product station is not
provided in the facility) this waste has only one disposal route and that is to the
Active Waste Collection Tank, T-07-201, where it will be combined with other
wastes. The waste designation will be known through process knowledge.In order
to determine the waste characterization for the final product, the waste must be in
its final form prior to immobilization, hence sampling upstream of the Active Waste
Collection Tank will be meaningless.

CONCLUSION

A. The CDR Grout Immobilization Sample No. 7 will not be required in WRAP 2A and will
not be considered further in this study.

WRAPO343.90

07112/93 Pipe 53



IIAClUTY.DOg-m. UNITEDBNaBmRI & (mN811mGtillm
OI!.AC01-BIRL111441 _ lle. IUl17.00e

6.2.6 Secondary Waste Samples

6.2.6.1 Sample No. 1: PFD H-2-140659
BFD H-2-140657

MATERIAL TO BE SAMPLED : NON-ACTIVE AQUEOUS WASTE
WHERE TO BE SAMPLED : COLLECTION TANKS (T-07-101 A,B)
REASON FOR SAMPLE : TO DETERMINE CHEMICAL COMPOSITION
SAMPLE FREQUENCY : ONCE EVERY TWO MONTHS
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 5 GAL / DAY
HOLDING VESSEL VOLUME : 500 GAL EACH

DISCUSSION OF CDI_ DATA

A. This waste consists mainly of aqueous make-up system flushes and air compressor
condensate. The CDR shows that analysis is required to characterize the waste to
determine whether it is suitable for recycle to grout make-up or whether it requires
disposal. This analysis is shown as being undertaken in the SMA, however the CDR
PFDs show that this waste should be fully characterized to confirm that it contains
no hazardous or radioactive material: such an analysis could not be performed in the
SMA without the provision of a mass spectrometer. The need to determine a detailed
characterization of this waste has to be questioned as there is no possible route
identified in the CDR where this waste could be contaminated with either hazardous

or radioactive material. Consequently it is recommended that this sample is only
analyzed for pH to allow the waste to be neutralized and reused as a feed to grout
preparation. The pH analysis could be undertaken in the SMA. This waste stream will
be sampled once the normal fill level has been reached. Waste discharge routes to the
tank will be interlocked closed during taking of the sample and will remain closed until
the tank has been emptied and is ready to accept waste.

B. This sample will be taken directly from the collection tanks (T-07-101 A, B). This
waste will be predominantly wate¢ with potentially a small amount of contamination
and will be sampled using either the weighted bottle technique or via a valve in the
process pipework or by draining some of the liquid from tile tank via a sample tap-in
point.

ii all i ii i I

WRAPO343.90

07112/93 Page 54



WHAP FA(:IUTY. DOE-tU. UNITIB) IENGINIWR8& C_N811it/_roIl_
OE.AC06-SlRL119441 PreheatNe. ila37.0041

CONCLUSION

A. The CDR Secondary Waste Sample No. 1 will be required in WRAP 2A.

B. The Weighted Bottle technique is clearly the cheapest in terms of capital cost,
followed by draining direct from the tank or taking a sample from a valve in the
process pipework. Operator access to this area is unrestricted. Of the suggested
sample methods the preferred method is to take a sample from a valve in the process
pipework. If the weighted bottle technique were used it would require a platform to
be constructed above the tank to allow the operator to lower the bottle into the
waste. This is less desirable on safety grounds than other techniques which will allow
the operator to take the sample from the ground. Draining direct from the tank could
be problematic as the sample line may have the tendency to block and there may be
insufficient head in the tank to clear the blockage. This would expose the operator
to further risk in trying to unblock the sample line.

RECOMMENDED SAMPLE METHOD: SAMPLE VALVE IN PIPEWORK

C. This waste will be sampled to determine if it is contaminated with any hazardous
material. Potential contaminants of this waste stream have yet to be identified.
Analysis for pH will be done in the SMA.

-- II I III III I I
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6.2.6.2 Sample No. 2: PFD H-2-140659
BFD H-2-140657

MATERIAL TO BE SAMPLED : ACTIVE AQUEOUS WASTE
WHERE TO BE SAMPLED : COLLECTION TANK (T-07-201)
REASON FOR SAMPLE : TO DETERMINE RADIONUCLIDE INVENTORY
SAMPLE FREQUENCY : ONCE EVERY TWO MONTHS
WHERE ANALYZED : SAMPLE MANAGEMENT AREA
MATERIAL THROUGHPUT : 160 GAL / DAY
HOLDING VESSEL VOLUME : 10,000 GAL

DISCUSSION OF CDR DATA

A. This waste consists of aqueous wastes from immobilization processes, special waste
treatment, decontamination/wash down processes, HVAC and other miscellaneous
wastes. No wastes ere generated in this tank and therefore the waste designation for
the effluents in this tank will already be known based on the source of the feeds to
this tank. Analysis is required to characterize the effluent prior to immobilization.
However, prior to immobilization this waste undergoes treatment in the Treated
Active Waste Tank where it is sampled, neutralized and then resampled.
Consequently any sample results from the Active Waste Collection Tank would be
meaningless.

CONCLUSION

A. The CDR Secondary Waste Sample No. 2 will n(,t be required in WRAP 2A and will
not be considered further in this study.
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6.2.6.3 Sample No. 3: PFD H-2-140659
BFD H-2-140657

MATERIAL TO BE SAMPLED : TREATED ACTIVE WASTE
WHERE TO BE SAMPLED : COLLECTION TANK (T-07-202)
REASON FOR SAMPLE : TO DETERMINE RADIONUCLIDE INVENTORY
SAMPLE FREQUENCY : ONCE EVERY TWO MONTHS
WHERE ANALYZED : SAMPLE MANAGEMENT AREA

MATERIAL THROUGHPUT : 161 GAL/.DAY
HOLDING VESSEL VOLUME : 3000 GAL

DISCUSSION OF CDR DATA

A. This analysis is required to characterize the waste to determine whether or not the
waste should be immobilized in WRAP 2A or whether it should be sent for off site
disposal. For those wastes which require encapsulation the pH of the waste will have
to be determined and the waste neutralized prior to immobilization. All of this analysis
is shown in the CDR as being undertaken in the SMA, however, the detailed
characterization analysis required will need to be performed at an external facility.
This waste stream will be sampled once the normal fill level has been reached. Waste
discharge routes to the tank will be interlocked closed during taking of the sample
and will remain closed until the tank has been emptied and is ready to accept waste.

B. This sample will be taken directly from the collection tank (T-07-202). This waste will
be predominantly water with potentially a small amount of contamination and will be
sampled using either the weighted bottle technique or via a sample valve in the
process pipework or by draining some of the liquid from the tank via a sample valve.

CONCLUSION

A. The CDR Secondary Waste Sample No. 3 will be required in WRAP 2A.

B. Although there is man access to this area, access is restricted and therefore should
not be used for taking routine samples. Consequently on safety grounds the weighted
bottle and draining direct from the tank alternatives are not desirable as they would
normally require an operator to enter the potentially active area. Hence, the preferred
alternative is to take the sample via a valve in the process pipework.

RECOMMENDED SAMPLE METHOD : SAMPLE VALVE IN PIPEWORK

C. This sample will be taken to fully characterize the waste and to confirm that the pH
is within acceptable limits for immobilization in grout. The waste will be analyzed for
both its chemical and radiochemical compositions.
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6.2.7 Box Breakdown Samples

6.2.7.1 Sample No. 1: PFD H-2-140628 SHT 2
BFD N/A

MATERIAL TO BE SAMPLED : LEAD, 183H BASIN MISC. CLEAN-UPWASTE
AND HEPA FILTERS

WHERE TO BE SAMPLED : BOX BREAKDOWNAND REPACKCELL
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PERMONTH
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 0.01 BOX/110 GAL DRUMS PERDAY
HOLDING VESSELVOLUME : N/A

DISCUSSION OF CDR Dp,TA

A. This sample is additionalto the lot verification sample(Sample No. 2 below) endas
such will not normallybe required to be taken. However, in the event that a poorly
characterized waste is accepted into the plant, it will be possibleto sample at this
point rather than repackinga drumand sendingit to the SMA.

CONCLUSION

A. The CDR Box BreakdownSample No. 1 is the same as Box BreakdownSample No.2
and therefore will not be consideredfurther in this study.
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6.2.7.2 Sample No. 2: PFD H-2-140628 SHT 2
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : LEAD, 183H BASIN MISC. CLEAN-UP WASTE
AND HEPA FILTERS

WHERE TO BE SAMPLED : BOX BREAKDOWN AND REPACK CELL
REASON FOR SAMPLE : LOT VERIFICATION
SAMPLE FREQUENCY : ONCE PER LOT
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 0.01 BOX/110 GAL DRUMS PER DAY
HOLDING VESSEL VOLUME : N/A

D_S(;.USSION OF CDR DATA

A. The regulatory and FDC requirements for lot verification of incoming waste and
certification of treated waste product is detailed in the discussion sections of SMA
Sample Nos. 1(a) and l(b).

B. Boxes and drums of waste brought into this area contain solid material and will be
broken down using manipulators. The size reduced waste will then be placed in new
55 gallon drums for immobilization. In the CDR the intent is that if lot verification is
required that one of the "new" drums is sent to the Sample Management Area for
this purpose. However, if required, a sample could be taken from the broken down
box/drum using the manipulator in this area and placed in a sample bottle and
transferred for analysis using a purged port bagless transfer system. This would
remove the need to send the "new" drum to the SMA. No other sample techniques
are identified for this waste.

C. Product drums which are to be destructively examined will be treated in the same
manner as solidified waste. Material not required for the sample will be recycled back
through the immobilization process.

CONCLUSION

A. Lot verification of these wastes should be routinely carried out by visual examination
in the Box Breakdown Area. 0nly if there appears to be a discrepancy between the
appearance of the waste and the waste characterization accompanying the drum
should a sample be taken. The waste should then be repacked into a new drum and
sent back to storage. This waste drum would then be treated as a reject from the
incoming lot and would be dealt with as a new lot of one drum. Following analysis
of the sample if it is decided that more drums from the lot need to be sampled, the
sampling should still be carried out in the Box Breakdown Area unless the number of
drums to be sampled is sufficiently large as to affect the throughput of other
drums/boxes in the Box Breakdown Area. In which case the sampling would have to
be done in the SMA with a Core Sampler. Analysis of samples will take place at an
external facility. The frequency of taking samples needs to be reviewed statistically
once there is sufficient known about the waste feedstream characteristics to make

O such an exercise meaningful.

Ill I III Ill In I I III

WRAP0343.90

07/12/93 Pooo59



WRAP FACILITY, DOE-RL UNrllm ENGINllUl • CONaTRUCTORa
OE-ACO6-S1RL11944 _a_mt No. il237.00e

B. Only one sample technique has been identified for this area and that is to use
manipulators to place pieces of solid waste into a sample jar and transfer to analysis
using a purge port bagless transfer system.

RECOMMENDED SAMPLE METHOD: MANIPULATORS

C. Lot verification samples will only be taken if there is uncertainty about the waste
characterization of particular drums being routed to WRAP 2A, or if, when visually
inspected, the drum contents are not consistent with the waste characterization
documentation which accompanies the drum. The extent of the characterization
required will be determined on a case by case basis.

D. Samples taken for certification purposes will be tested for one or more of the
following criteria:

• Compressive Strength
• Leachability Index
• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion

• Free Liquids
• Hazardous Characteristics
• Toxicity Characteristics

i ill i
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6.2.8 Size Reduction and Repack

6.2.8.1 Sample No. 1: PFD H-2-140628 SHT 1
BFD N/A

(;:DR DATA

MATERIAL TO BE SAMPLED : FEEDSTREAMS 1A, 1D, 2D, 3, 4 AND 5D
WHERE TO BE SAMPLED : SHREDDER/REPACK ENCLOSURE (GB-05-521)

(SORTING/TIPPING TABLE ST-05-521 A)
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER MONTH
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 30.6 RAW WASTE DRUMS / DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF (;;OR DATA

A. As discussed under Sample Management Area Sample No. l(a), this sample point
should be used for lot verification. In the event that the waste does not appear to
have the same characteristics as described on the accompanying paperwork when
examined visually, the waste should be sampled and then repecked into a 55 gallon
drum and returned to storage whilst the results of the sample analysis are processed.
This waste drum would then be treated as a reject from the incoming lot and would
be dealt with as a new lot of one drum. Analysis of samples will take place at an
external facility.

B. Wastes which are well characterized will be brought straight into this area and tipped
onto the sorting table. If the waste does not appear to comply with the waste
description accompanying the drum a sample could be taken using the manipulator
in this area and placed in a sample bottle and transferred for analysis using a purged
port bagless transfer system. No other sample techniques are identified for this
waste.

CONCLUSIQN

A. The CDR Size Reduction and Repack Sample No. 1 will be required in WRAP 2A.

B. Manipulators shall be used to place pieces of solid waste into a sample jar and
transfer to analysis using a purge port bagless transfer system.

RECOMMENDED SAMPLE METHOD: MANIPULATORS

C. Lot verification samples will only be taken if there is uncertainty about the waste
characterization of particular drums being routed to WRAP 2A, or if, when visually
inspected, the drum contents are not consistent with the waste characterization
documentation which accompanies the drum. The extent of the characterization
required will be determined on a case by case basis.
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6.2.8.2 Sample No. 2: PFD H-2-140628 SHT 1
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : FEEDSTREAMS 1 B, 1C AND 6
WHERE TO BE SAMPLED : PUG MILL (GB-05-541) (SORTING TABLE ST-

05-541 )
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER MONTH
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 6.72 PRODUCT DRUMS / DAY
HOLDING VESSEL VOLUME : N/A

I

I;)ISCUSSION OF CDR DATA

A. As discussed under Sample Management Area Sample No. 1, this sample point
should be used for lot verification. In the event that the waste does not appear to
have the same characteristics as described on the accompanying paperwork when
examined visually, the waste should be sampled and then repacked into a 55 gallon
drum and returned to storage whilst the results of the sample analysis are processed.
This waste drum would then be treated as a reject from the incoming lot and would
be dealt with as a new lot of one drum. Analysis of samples will take place at an
external facility.

B. Wastes which are well characterized will be brought straight into this area and tipped
onto the sorting table. If the waste does not appear to comply with the waste
description accompanying the drum a sample could be taken using a scoop held by
the manipulator in this area and placed in a sample bottle and transferred for analysis
using a purged port bagless transfer system. No other sample techniques are
identified for this waste.

CONCLUSION

A. The CDR Size Reduction and Repack Sample No. 2 will be required in WRAP 2A.

B. A scoop held by the manipulator will be used to place waste into a sample jar and
transfer to analysis using a purge port bagi_ss transfer system.

RECOMMENDED SAMPLE METHOD: SCOOP/MANIPULATOR

C. Lot verification samples will only be taken if there is uncertainty about the waste
characterization of particular drums being routed to WRAP 2A, or if, when visually
inspected, the drum contents are not consistent with the waste characterization
documentation which accompanies the drum. The c ,:tent of the characterization
required will be determined on a case by case basis.

i
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6.2.8.3 Sample No. 3: PFD H-2-140628 SHT 1
BFD N/A

(_DR DATA

MATERIAL TO BE SAMPLED : FEEDSTREAMS 2A, 2B, 2C, 5C, 7 AND 8
WHERE TO BE SAMPLED : SHREDDER/REPACK ENCLOSURE (GB-05-521)

(SORT/TIPPING TABLE ST-05-521 8) =
REASON FOR SAMPLE : WASTE CHARACTERIZATION
SAMPLE FREQUENCY : ONCE PER MONTH
WHERE ANALYZED : EXTERNAL FACILITY
MATERIAL THROUGHPUT : 14.41 RAW WASTE DRUMS / DAY
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. As discussed under Sample Management Area Sample No. 1, this sample point
should be used for lot verification. In the event that the waste does not appear to

have the same characteristics as described on the accompanying paperwork when
examined visually, the waste should be repacked into a 55 gallon drum and returned

, to storage whilst the results of the sample analysis are processed. This waste drum
, would then be treated as a reject from the incoming lot and would be dealt with as

a new lot of one drum. Analysis of samples will take place at an external facility.

B. Wastes which are well characterized will be brought straight into this area and tipped
onto the sorting table. If the waste does not appear to comply with the waste
description accompanying the drum a sample could be taken using the manipulator
in this area and placed in a sample bottle and transferred for analysis using a purged
port bagless transfer system. No other sample techniques are identified for _his
waste.

CONCLUSION

A. The CDR Size Reduction and Repack Sample No. 3 will be required in WRAP 2A.

B. Manipulators will be used to place pieces of solid waste into a sample jar.

RECOMMENDED SAMPLE METHOD" MANIPULATORS

C. Lot verification samples will only be taken if there is uncertainty about the waste
characterization of particular drums being routed to WRAP 2A, or if, when visually
inspected, the drum contents are not consistent with the waste characterization
documentation which accompanies the drum. The extent of the characterization
required will be determined on a case by case basis.
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6.2.9 Aqueous Make-Up Samples

6.2.9.1 Sample No.l: PFD H-2-140687
BFD N/A

(;l_R DATA,

MATERIAL TO BE SAMPLED • ACID
WHERE TO BE SAMPLED • ACID FEED TANK (T- 12-101 )
REASON FOR SAMPLE • TO VERIFY ACID STRENGTH
SAMPLE FREQUENCY • ONCE EVERY TWO MONTHS
WHERE ANALYZED • AT SOURCE
MATERIAL THROUGHPUT • 0.5 GAL / DAY
HOLDING VESSEL VOLUME • 75 GAL

I;;)ISCUS_ilON OF CDR DATA

Ao This sample is only required if a very accurate acid concentrations are required and
if the process control for metering the acid and water into the Acid Feed Tank is
particularly inaccurate. As this dilute acid is only to be used for pH adjustment where
the aim is likely to be to achieve a product within a range of pH only and because it
should be possible to meter the required amOunts of water and concentrated acid into
the Acid Feed Tank with some accuracy it should not be necessary to take this
sample.

CONCLUSION

A. The CDR Aqueous Make-Up Sample No. 1 will not be required in WRAP 2A and will
not be considered further in this study.

i

i
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6.2.9.2 Sample No.2: PFD H-2-140687
BFD N/A

(;DR DATA

MATERIAL TO BE SAMPLED : CAUSTIC SODA SOLUTION (NaOH SOLN.)
WHERE TO BE SAMPLED : CAUSTIC FEED TANK (T-12-102)
REASON FOR SAMPLE : TO VERIFY CAUSTIC STRENGTH
SAMPLE FREQUENCY : ONCE EVERY TWO MONTHS
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 0.5 GAL / DAY
HOLDING VESSEL VOLUME : 75 GAL

DISCUSSION OF CDR DATA

A. This sample is only required if a very accurate caustic soda solution concentrations
are required and if the on-line pH control for metering the caustic soda and water into
the Caustic Feed Tank is particularly inaccurate. As this dilute caustic is only to be
used for pH adjustment where the aim is likely to be to achieve a product within a
range of pH only or for chemical scrubbing of off gasses and because it should be
possible to meter the required amounts of water and concentrated caustic soda into
the Caustic Feed Tank with some accuracy it should not be necessary to take this
sample.

CONCLUSION

A. The CDR Aqueous Make-Up Sample No. 2 will not be required in WRAP 2A and will
not be considered further in this study.

i ii
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6.2.9.3 Sample No.3: PFD H-2-140687
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : DECONTAMINANT SOLUTION
WHERE TO BE SAMPLED : DECON SOLUTION FEED TANK (T-12-103)
REASON FOR SAMPLE : TO VERIFY SOLUTION STRENGTH
SAMPLE FREQUENCY : ONCE EVERY TWO MONTHS
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : NORMALLY NO FLOW
HOLDING VESSEL VOLUME : 150 GAL

DISCUSSION OF CDR DATA

A. This sample is only required if a very accurate decontaminant solution concentrations
are required and if the process control for metering the decontaminant and water into
the Decon Solution Feed Tank is particularly inaccurate. As this dilute decontaminant
will only be used to enP_ancethe cleaning efficiency of the decontam sprays used in
the plant if required and because it should be possible to meter the required amounts
of water and co:_,cen_rateddecontaminant solution into the Decontam Solution Feed
Tank with some accuracy it should not be necessary to take this sample. This is the
approach taken by BNFL in the UK for making up decontamination solutions.

CONCLUSION

A. The CDR Aqueous Make-Up Sample No. 3 will not be required in WRAP 2A and will
not be considered further in this study.
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6.2.10 HVAC Samples

6.2.10.1 Sample No.l: PFD H-2-140727 & 729
BFD N/A

MATERIAL TO BE SAMPLED • EXHAUST GASES
WHERE TO BE SAMPLED • DISCHARGE STACK
REASON FOR SAMPLE • TO =)ETERMINE SOLIDS (RADIOACTIVE AND

HAZARDOUS) CONTENT OF EXHAUST GASES
SAMPLE FREQUENCY " ONCE EVERY TWO WEEKS
WHERE ANALYZED • SAMPLE MANAGEMENT AREA
MATERIAL THROUGHPUT • 71,280 CFM
HOLDING VESSEL VOLUME • N/A

DISCUSSION OF (::DR DATA

A. In the CDR it only identifies sampling the stack exhaust gases for radionuclide
content. This is consistent with regulatory requirements. However it will probably be
a requirement that the gases are also analyzed for their hazardous components,
though in terms of the type of sampling equipment required there will be little
difference between the method used to collect a sample for radiochemical analysis
and that used for chemical analysis. Exhaust gases from the ventilation stack will be
sampled continuously and the gas flowrate recorded so that the average discharge
rate over a fixed time period can be calculated. This analysis is currently shown as
being undertaken in the SMA, however if a detailed characterization is required it may
be necessary to perform this analysis at an external facility.

B. This sample will be taken direct from the stack using an Isokinetic Exhaust Stack
Monitoring System. This requires the use of rake type probes (multiple probes)
inserted into the stack. This system will measure the total air volume passing through
the stack and collect representative stack exhaust particulates on a filter. With this
information the concentration of particles being exhausted can be calculated.

CQNCLUSION

A. The CDR HVAC Sample No. 1 will be required in WRAP 2A.

B. A continuous sample of the exhaust gases will be taken by pulling a fixed volumetric
flowrate through a filter. The method used to obtain this sample will be in accordance
with 40 CFR 61 Subpart Hle.

RECOMMENDED SAMPLE METHOD: PUMP TO SAMPLE POINT

C. This sample point will collect particulates carried in the exhaust off-gases. The
particulates will be analyzed for their chemical and radiochemical compositions.
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6.2.11 Off-Gas Samples

6.2.11.1 Sample No.1: PFD H-2-140600
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM ACTIVE TANKS
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-101 A,B)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION OF FILTER
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 170 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF (;DR DATA

A. The DOP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study.

CONCLUSION

A. The CDR Off-Gas Sample No. 1 will not be considered further in this study.
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6.2.11.2 Sample No. 2: PFD H-2-140600
BFD N/A

(;DR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM SIZE REDUCTION
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-102 A,B)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION OF FILTER
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 6000 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The DOP test is not a process sample, it is simply a te,,_tperformed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford size on all HEPA filter systems and therefore needs no further description in
this study.

CONCLUSION

A. The CDR Off-Gas Sample No. 2 witl not be considered further in this study.

i'
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6.2.11.3 Sample No. 3: PFD H-2-140600
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM POLYMER ENCAPSULATION
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-103 A,B)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION OF FILTER
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 200 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The DOP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study.

CONCLUSION

A. The CDR Off-Gas Sample No. 3 will not be considered further in this study.
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6.2.11.4 Sample No. 4: PFD H-2-140600 SHT 2
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM POLYMER ENCAPSULATION
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-103 A,B)
REASON FOR SAMPLE : CHECK FOR PRESENCE OF HYDROCARBONS
SAMPLE FREQUENCY : ONCE PER WEEK
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 200 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. This sample is required to confirm that the carbon adsorbers are removing all
hydrocarbons in the off-gases. The exhaust gases from the carbon adsorbers will be
sampled continuously. Analysis of samples will take place at source.

B. This sample could be taken using a similar system to that used for stack exhaust
sampling i.e. using rake type probes inserted into the ventilation duct or could be
determined using an in-line detection method. In-line detectors can be set up to take
a direct reading of the amount of any particular organic material in the gas stream.

_,_ONCLUSION

A. Of the two sample methods identified the preferred method is to use an in-line
detector. This would provide an instantaneous indication of a break down of the filter
and would not require a physical sample to be taken. If a physical sample were to be
taken it could result in volatile organics or other contaminants being released into the
atmosphere for a period of days depending on the sample frequency and the turn
around time for sample analysis.

RECOMMENDED SAMPLE METHOD: NONE (IN-LINE MONITORING)

B. The CDR Off-Gas Sample No. 4 will be required in WRAP 2A but will be obtained
using in-line detection methods and therefore will not be discussed further in this
study.

lib III I I I roll I
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6.2.11.5 Sample No. 6: PFD H-2-140600
BFD N/A

MATERIAL TO BE SAMPLED : OFF-GAS FROM GROUT SILOS
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-105 A,B)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 200 CFM (MAX)
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDI_ DATA

A. The silo filters will not be HEPA filters and will not required a DOP test to be
performed. Hence this sample will not be required.

CONCLUSION

A. The CDR Off-Gas Sample No. 5 will not be considered further in this study.
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6.2.11.6 Sample No. 6: PFD H-2-140600
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM GROUT IMMOBILIZATION
WHERE TO BE SAMPLED : OFF-GAS FILTER (F-04-106)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 2500 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The DOP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study.

CONCLUSION

A. The (3DR Off-Gas Sample No. 6 will not be considered further in this study.
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6.2.11.7 Sample No. 7: PFD H-2-140600
BFD N/A

_DR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM SPECIAL WASTE
ENCLOSURES

WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-107 A,B)
REASON FOR SAMPLE : CHECK FOR PRESENCE OF HYDROCARBONS
SAMPLE FREQUENCY : ONCE PER TWO WEEKS
WHERE SAMPLED : AT SOURCE
MATERIAL THROUGHPUT : 1220 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The DOP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study.

B. The second sample to confirm that the carbon adsorbers are removing all
hydrocarbons in the off-gases is required. Exhaust gases from the adsorbers will be
sampled continuously. Analysis of samples will take place at source.

C. The sample to confirm that the carbon adsorbers are working could be taken using
a similar system to that used for stack exhaust sampling i.e. using rake type probes
inserted into the ventilation duct or could be determined using an in-line detection
method. In-line detectors can be set up to take a direct reading of the amount of any
particular organic material in the gas stream.

CONCLUSION

A. Of the two sample methods identified for confirming the performance of the carbon
adsorbers the preferred method is to use an in-line detector. This would provide an
instantaneous indication of a break down of the filter and would not require a physical
sample to be taken. If a physical sample were to be taken it could result in volatile
organics or other contaminants being released into the atmosphere for a period of
days depending on the sample frequency and the turn around time for sample
analysis.

RECOMMENDED SAMPLE METHOD: NONE (IN-LINE MONITORING)

B. The sample to check for presence of hydrocarbons will be required in WRAP 2A but
will be obtained using in-line detection methods and therefore will not be discussed
further in this study. The test of HEPA filter efficiency will not be considered further
in this study.
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6.2.11.8 Sample No. 8: PFD H-2-140600
BFD N/A

CDR DATA

MATERIAL TO BE SAMPLED • OFF-GAS FROM SAMPLE FUME HOODS AND
DRUM SAMPLING ENCLOSURE

WHERE TO BE SAMPLED • OFF-GAS FILTER (F-04-108)
REASON FOR SAMPLE • CHECK FOR PRESENCE OF HYDROCARBONS
SAMPLE FREQUENCY • ONCE PER TWO WEEKS
WHERE ANALYZED • AT SOURCE
MATERIAL THROUGHPUT ' 1200 CFM
HOLDING VESSEL VOLUME • N/A

DI_;CUSSION OF CDR DATA

A. The POP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency. This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study. Analysis of samples will take place at source•

B. The second sample to confirm that the carbon adsorbers are removing all
hydrocarbons in the off-gases is required• The exhaust gases from the carbon
adsorbers will be sampled continuously.

e C• The sample to confirm that the carbon adsorbers are working could be taken using
a similar system to that used for stack exhaust sampling i.e. using rake type probes
inserted into the ventilation duct or could be determined using an in-line detection
method. In-line detectors can be set up to take a direct reading of the amount of any
particular organic material in the gas stream•

CONCLUSION

A. Of the two sample methods identified for confirming the performance of the carbon
adsorbers the preferred method is to use an in-line detector. This would provide an
instantaneous indication of a break down of the filter and would not require a physical
sample to be taken. If a physical sample were to be taken it could result in volatile
organics or other contaminants being released into the atmosphere for a period of
days depending on the sample frequency and the turn around time for sample
analysis.

RECOMMENDED SAMPLE METHOD: NONE (IN-LINE MONITORING)

B. The sample to check for presence of hydrocarbons will be required in WRAP 2A but
will be obtained using in-line detection methods and therefore will not be discussed
further in this study. The test of HEPA filter efficiency will not be considered further
in this study.
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6.2.11.9 Sample No. 9: PFD H-2-140600
BFD N/A

(_DR DATA

MATERIAL TO BE SAMPLED : OFF-GAS FROM NON-ACTIVE TANKS
WHERE TO BE SAMPLED : OFF-GAS FILTERS (F-04-109 A,B)
REASON FOR SAMPLE : TEST FOR LEAKS
SAMPLE FREQUENCY : AFTER INSTALLATION
WHERE ANALYZED : AT SOURCE
MATERIAL THROUGHPUT : 20 CFM
HOLDING VESSEL VOLUME : N/A

DISCUSSION OF CDR DATA

A. The DOP test is not a process sample, it is simply a test performed by the operator
of the facility to check the filter efficiency• This is a standard test performed at the
Hanford site on all HEPA filter systems and therefore needs no further description in
this study.

CONCLUSION

A. The CDR Off-Gas Sample No. 9 will not be considered further in this study.

i
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6.3 WRAP 2A Sample Management Area Evaluation

6.3.1 SMA Analytical Capabilities

A. The only analytical capabilities identified in this study as being required in the
WRAP 2A SMA are equipment for determination of pH, equipment to determine the
viscosity of binder materials, equipment to test the compressive strength of
immobilized product sample cubes, titration equipment to determine the quality of
polymer raw materials and general laboratory equipment such as measuring vessels
to allow the split between organic and aqueous phases in bleed liquor from polymer
encapsulation to be determined. All other sample analysis within the SMA will be by
visual inspection of solidified samples. However, sample preparation equipment will
be required to allow destructive examination of samples (though not destructive
examination of product drums which will take place in the Box Breakdown Area). The
analytical requirements for each sample point are presented in tabular form in Table
6-2 below.

TABLE 6-2
WRAP 2A SMA ANALYTICAL CAPABILITIES

I I I

SAMPLE FOR ANALYSIS I ANALYSIS REQUIRED ! COMMENTS
,, i ii iii i i i i i i iiii i i

i

SPECIAL WASTE AREA SAMPLES

No.8 Scrubber Off-Gas 1 pH determination I To confirm scrubber is functioning

! i correctly
POLYMER ENCAPSULATION SAMPLES

No.1 Uncatalyzed VES Polymer Viscosity determination Used to determine if binder is
starting to polymarize

No.3 Catalyzed VES Polymer i Compressive strength =roduct Quality .......

No.4 Bleed Liquor Measure relative volumes of Used to determine routing for

organic end aqueous phases disposal _f the bleed liquor

No.6 VES Promoter Determine compressive strength of To check for degradation of the
a test specimen of VES binder promoter

No.7 VES Catalyst Titration to check for active oxygen To check for degradation of the
content catalyst

No.8 VES Resin Visual check/viscosity To check for degradation of the
determination resin

GROUT IMMOBILIZATION SAMPLES

No.2 Polymer Additive Visual check/viscosity i To check for degradation of the

determination t polymerNo.4 Liquid Grout Compressive strength Product quality

SECONDARY WASTE SAMPLES*

No.1 Non-act=ve Aqueous l PH determination 1To allow pH adjustment for

Waste I l immobilization with grout

I

No.3 Treated Active Aqueous pH determination I To allow pH adjustment for

Waste ! immobilization with grout
= rl . ,, , . , , I

* These samples will also be analyzed at an external facility to determine their chemical composition.

i iiii
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B. In the CDR, it was proposed that the SMA would have four fume hoods of which one
was to be used for the small scale analysis to be performed in the SMA. For greater
flexibility it is proposed that two of the fume hoods be designated 'active' and two
designated 'inactive' and that all four fume hoods are equipped to be used to perform
small scale analysis work and to be used for sample repackaging. The fume hoods
will be positioned and labelled so that there is a clear distinction between the active
and inactive fume hoods. In addition the inactive fume hoods will not be equipped to
handle shielded sample pigs. The SMA will be manned by competent laboratory
personnel and therefore further physical methods of preventing samples being treated
in the wrong fume hood will not be necessary.

6.3.2 SMA Throughput

A. In the SMA the term 'throughput ' is used to signify the flow of samples through the
facility. Three categories of sample were proposed in the CDR. Table 6-3 explains the
categories and gives the total of samples in each category.

TABLE 6.3
WRAP 2A SMA THROUGHPUT

=m I

Samples for 11enet[wto Samples for analysis wil_hin Sempkm for endylie Iooli to
extemd endytlad fa_oiMty SMA prooe_

Daily Weekly Monthly Daily Weekly Monthly Daily Weekly Monthly

CDR Design 9 0 5 2 1 3 7 4 15
,

Study 1so4- e 3 3 4 0 5 1 0 0
10

, i

B. From the above table it can be seen that although there has been a significant
reduction in the number of samples in comparison with the CDR, the number of
samples which need to be routed through the SMA (i.e. not including samples
analyzed at source) has not changed significantly as a result of this study. Hence, the
two fume hoods for the handling of active samples and the two fume hoods for the
handling of inactive samples will still be required.

6.3.3 SMA Sampling Equipment

A. Although it is proposed that lot verification of well characterized wastes is done
visually in either the Open/Sort/Repack Area or the Box Breakdown Area, there will
still be the requirement to sample poorly characterized drums in the SMA. Hence the
following equipment for this purpose will be required:

1. Core Sampler

2. Manipulators

3. Sample Thief (To be operated using the manipulators)

iii r
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6.3.4 SMA Archiving of Product Samples

A. An area was set aside in WRAP 2A for the purpose of holding archive samples of
product. As it is proposed to test each sample and record the results of those tests
in the SMA, there does not seem to be any justification for also archiving some of the
sample. If samples were to be archived, the archive store would have to be controlled
as a long term radioactive mixed waste storage area which would have implications
on the operation of the SMA. As there appears to be no benefit from holding samples
after they have successfully passed testing and noting the implications of including
a long term radioactive mixed waste store in WRAP 2A it is recommended that
archive storage of product samples is deleted from the FDC and from WRAP 2A.

6.4 CDR Design Review Comments

6.4.1 Comment 48 - Identify Core Drilling Lubricant

A. The CDR comment was that the water supply to the core drilling equipment was not
shown on the PFD. The answer given by the AE was that some other lubricating fluid
will be used.

B. Whichever lubricant is used it will need to be supplied to the area, there will need to
be a collection system for the lubricant and/or the dust generated and there will need
to be a disposal route for the waste lubricant and/or powdar. Hence in answer the
CDR Review Comment: The PFD does need to be updated to show the Core Drilling
lubrication system - whichever lubricant is used.

C. In answer to the side issue that has now been raised and that is which lubricant shall
be used, the most common lubricants used when core drilling are water and air.
Either of these could be used in WRAP 2A. If water were used as the lubricant it
could be filtered and recycled and when it requires disposal it could be immobilized
in grout. If air were used there would be no secondary wastes other than the dust
generated by the drilling process. Hence, the design would have to ensure that the
dust was contained and does not contaminate the enclosure. Such a system has been
tested successfully by WHC. In conclusion, if sampling is required, a Core Sampler
should be used and air should be used as a lubricant.

6.4.2 Comment 122 - Sampling 85 Gallon Overpacks

A. 55 gallon drums will be placed in 85 gallon overpacks if the integrity of the drum is
suspect and waste is leaking from the drum. Under these circumstances it would be
undesirable to remove the 55 gallon drum from the overpack unless it was proposed
to treat the waste and repack it in a new 55 gallon drum for treatment. The area of
WRAP 2A designed for this is the Box Breakdown Area where it will be possible to
sample both the 55 gallon drum and the 85 gallon overpack. As there wilt be
relatively few drums requiring processing via this route the Box Breakdown Area will
have sufficient capacity to handle these wastes and there will be no requirement to
take 85 gallon drums into the SMA.

B. The effect on the analytical results of using air as the core drilling lubricant should be
negligible as only dust is generated. If water were used as the lubricant, a slight
leaching of the sample might be possible. If water were encapsulated with the
sample, lubrication water might slightly distort the analytical results.

i illl
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6.4.3 Comment 123 - Sampling Larger Items

A. This comment was specifically aimed at the sampling of wastes such as dry active
waste or construction debris. As stated in Section 6.2.3.1, it is hoped that it will be
unnecessary to sample these wastes provided that it is confirmed visually that the
waste is "debris'. However, in the event that a sample of a sheet of plastic or a piece
of wood is required the most appropriate place to do this is in the Open/Sort/Repack
Area after the waste has been tipped onto the sort table. If an item of waste is
suspect it could be sampled using the manipulators which could also be used to hold
a cutting tool in order to obtain a small sample if necessary.

6.4.4 Comment 185 - SMA Analytical Provisions

A. This comment related to the fact that there was no mention of the SMA analytical
capability in the CDR. The AE response to this comment was to include Figure 1.10-1
in the CDR. This study reviews Figure 1.10-1 and identifies what analysis is required
in the SMA in Section 6.3.1.

6.4.5 Comment 186 - Sample Philosophy For Lot Verification

A. This comment was questioning how representative it was taking a sample from the
top of each drum. This issue has been addressed in Section 6.2.3.1 and different
sample techniques suggested for different waste types. However, the AE response
to this comment still holds true and that is that these samples are for verification of
the lot only, not to provide a sample so that the waste can be fully recharacterized.

i WRAPO343.90
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7.0 DISCUSSION OF PREFERRED ALTERNATIVES

A. A detailed discussion of the sampi;ng alternatives and preferred options is presented
in Section 6.0. The conclusions drawn from this section have allowed a proposed
sample plan for WRAP 2A to be compiled. The proposed sample plan is attached to
this report as Appendix A.
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APPENDIX A
PROPOSED WRAP 2A SAMPLE PLAN

1.0 Introduction

A. The WRAP 2A Sample Plan is based on the findings of the ACDR Process Sample
Study 1604-10 and will be used as the basis for detailed design of the WRAP 2A
sampling system and SMA.

B. The Sample Plan shall describe the objectives and details of the sampling effort and
how they will be performed including which samples are required and why they are
required, how samples are to be taken, sample frequency, sample analysis
requirements and the function of the SMA in WRAP 2A.

C. Figure 1 shows the position of the various sample points within WRAP 2A.

2.0 Listing of WRAP 2A Samples

A. A total of twenty two samples have been identified as being required to satisfy both
regulatory and process requirements of WRhP 2A. A listing of the sample points and
the materials to be sampled is given in Table 1.

3.0 Sample Detailed Description

3.1 Special Waste Area: Sample No.8 - Scrubber Off-gas

A. This sample is required to confirm that all acidic vapors are being removed by the
scrubber system. If acidic vapors are detected it would be an indication that the
scrubber system had failed. A grab sample will be taken through a valved connection
in the off-gas pipework. The sample will be taken to the SMA where the vapor will
be condensed and tested for pH.

3.2 Sample Management Area: Sample No. l(a) - Incoming Waste Drums

A. The Sample Management Area shall have the capability to extract a representative
sample from at least one drum of a lot or 20 % of the waste containers of a lot
whichever is greater. However, these samples will normally only be taken if there is
uncPrtainty about the waste ,:haracterization of particular drums being routed to
WRAP 2A, or if, when visually inspected, the drum contents are not consistent with
the waste characterization documentation which accompanies the drum. In either
case a full characterization of the waste will be required including: chemical and
physical properties, water content, pH etc.

B. Dr_ particulate materials such as Feedstream 2A, Ammonium Sulphate, will be
sampled using a Thief which will be pushed into the drum using a robotic arm. The
Thief containing the sampled material shall be placed in a container and posted out
of the enclosure. The sampled material will be removed from the Thief in one of the
sample fume hoods and repackaged in a bar coded sample container and logged onto
the data record system prior to transfer to an external facility for analysis. The Thief
will be cleaned and then posted back into the enclosure for reuse.
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TABLE 1
WRAP 2A SAMPLE REQUIREMENTS

i I.

Pmmmo Staple Mmm_l To Be Wtmre To Be Remmn FeeSemMe Santa Method Samite Freclum_y AmdyMe

Sample No. Stapled Seeemled Required An_=_l

Pokl

(Figure 1|

SPECIALWASTE AREA SAMPLES

21 8 S(mJbb_ Spead W-to Promme Saw,e: Valved Samp_ Non-Routine pH Of Vm3_ SMA

Off-G_ Area To Detemline If P_nt j(Dunng Mercury Cm_nsete

Semebee b Working IC=rm=iOnl

SAMPLE MANAGEMENT AREA SAMPLES
i :l

1 1(al =IncomingWaits S_e FDC'/Reguletory 10 Thief See: Cheenir_ And Externd

Drum Monegeemmt Requ_ement: Core Sampler WRAP 2A FOC Phylir_t Fm=lity

Area !To Cheeectmize Pmxty Mon_tm Pr_

Characterized Wmtm

1 1 (b) Outoq Sample FOCI' Requirement: Core Sm_plee See: Chemicd _ Extemd

Product Drum= Monegemem C_ficmicm Of WRAP 2A FOC Phy_ied Fm_ity

Area M_oonmmeulated Pro¢_tim

Product i

POLYMER ENCAPSULATION SAMPLES

2 1 Mixed VES Potym_ Mixing Process Sample: Vdved Sern_e At Opeeetcr Determine SMA

Polymer Tank To DeteemmeThe Point Oiecretmn Vieeomty

(T-05.401) Quality Of Mixing

3 2 Hydrocmtbml Hydrocarbon Process Sm114e: Vdved Sm_l_e Non-Rm..tine Chem/cal External

Wmtm Waste Tank Detailed Chem/cll Point (Whqm Tank le Cmnpomtion Fm_ity

(T-05-402) Andysm Required For Full)

Off-Site Oism:ed i i H:

4 3 Mixed VES In-line Mixem Proem Sunpte: Valved Sunple At Opeeetcr Product SMA

Polymer and (M-05-404 thru To Confirm Suc©mmful iPoint Discretion Hornogonedy
Catsiyet 4071 Mix And

Comm'msive

Strength

5 " 4 Product Bleed Liquor C_ch Process Sin: Vdved Sempte Non-Routine Measure SMA

Liquor Drum To Determine If Liqucr Is Point (Abnom_t Retetive

(V-05-401) Organic Or Aqueous Product) Volumu Of

Organic And

iAqueo_

iPhmm

6 5 VES/Waste Product Drum m FDC" Requirement: Sernme Cup Or See: Chenvcal And Extwnai

Product Polymer Encap Product Certification Coliwasa WRAP 2A _DC Physicol Fecility

(A0itmed Arem Proc_rtim

Product)

7 0 VES Promoter Stcrage Tank Procen S_mp4e: V-'red Smnl)le Non-Routine Comprumve SMA

(T-05-304) Qudity Check Point (Time/Temp Strength Of

Depondmt) Test S_ecimen

8 7 VES Catalyst 'Storqe Tank Proem S_m_e: iVatved Sm Non-Routine T_retion To iSMA

(T-05-303) Quality Cheek Point (Tm_e/Tem_ Determine

Dependant) Active Oxygen

Content
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TABLE 1 (CONTINUEDI
WRAP 2A SAMPLE REQUIREMENTS

i T i .l| i •

Proceeo Samp_ M_enal To Be Whore To Be Re.on For Sample Samp_ Meth4d Sample Fmque_w Am#v_e Wh_e

Simple No. Stapled S_pisd Required An_yzed

Poim

(Figure 1)l
,, ,, Hi i ill i ii ,,i, i i

9 8 VES Resin Storage Tank Pro_ Samlde: Valved Santo No_-Roubne Visual Che_k, SMA

T-O5-30§ Quality Cheek Point (Time/Temp Visc_mity

A. B| Dependant)
ii ii i i ii

GROUT iMMOBILIZATiON SAMPt.ES
, m|l i

10 1 PFA, OPC, BFS Storage Silos Procm Sample: Valved Sampler Non-Rotmne Chemical And iExtarnal

and Grout (T-05-101 thru Quality Check Point (13rne/Temp Physical Facility

Additive 104) Dependant) Propartim
, i,i i i

11 2 Polymer Raw MMimal Procels Sample: Valved Sample Non-Routine Visual Check, ISMA

Additive IDr_m Quality Cheek Point ITmne/l"omp Viscosity
i

Dq_dant)
ii im i . i ,,.. i

12 4 I.k:luidGrout Wet Grout ProcessSamldo: Valved Sample 1. Oaity Viscosity, At Source,

IMixino Tank 1. Determine Point 2. At Opormor Corn_oeeive SMA

(T-OS-212) Viscosity [Discretion Strength

2. Product Quality

113 6 Agitated Grout Product Drum In FDC Requ_ement: Sleeve-in-Sleeve See: Chemical And External

Product Grout Irnmob Product Certification Smnldar WRAP 2A FDC Physical Facility

Area ProDertiu
• , i ,., iH

SECONDARY WASTE SAMPLES
i ,,

14 1 Non-Activs Collection Tanks Regulatoryg Valved Sampls Non-Routine pH, SMA,

Aqueous Wasts (T-07-101 Requ#ement: Point (When Tank is Chemical Extomal

A. B| Detailed Chemical Full) I Cormomtion if Fasility

Anolyeis Required For Off-site

Off-Sits Disposal Disposal

Raqu_red

Treated .........15 3 Active Collection Tank RegulaRorye Valved Samlcde Non-Routine pH. SMA,

Waste (T-07-202) Requirement: Point When Tank Is Chemical External

Detailed Chemical Full) Comt)aeition Facility

Analy=m Required To

Determine Trsetment

IDispoaal Route
i .., ,, ,

BOX BREAKDOWN AREA SAMPLES
., , , i. , .

16 2 Lead, Misc. Box Bremkdown FDCl'/Reguletory 1° Manipulator= See: Cherrvc=dAnd External

Waste And And Repock ;Requirement: WRAP 2A FDC Physicol Facility

HEPA Filter= Arss To Characterize Poorly Propertias

Nibro-tnfilled Characterized Wastas

Product Drums
_|,, , ,, H ,

SIZE REDUCTION AND REPACK SAMPLES

17 1 Shreddabis Size Reduction FOC'/ReguimorV 1° Monmulmtore See: Chemical And External
-

Wits And Repack Requirement: WRAP 2A FDC Physical F_ility

Area To Ch_acterizs Poorly Pro/)ortias

(ST-05-521 Characterized W_tas

A)
,,.
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TABLE 1 (CONTINUED)
WRAP 2A SAMPLE REQUIREMENTS

j i

Pror.eae Simpte Matedal To Be Whom To Be Fk.m_ For Samlm Samlde Method 8omlde Freqummyi Anatym Whom

Smm No. smmd Sammd Req._ed An_vzed

Poim

(Figure 1)

18 2 Wutm For Pug Size _ FOC'/Ro0uim_y TM Scoop / See: Chornicd And External

Mill Prm:emNng And _ _: IVlanilxdmor WRAP 2A FOC Phyoieat Faciiity

Area To Char_te_te Pmxty Proportkm

(ST-05-541) Choractorized Wmtm

19 3 Wastes For Size Fteductkm FDC'/Regui_m_t TM MandMatm . See: Chmm©al And Extmmat

Direct Repack And Recmek P,ecluiremmt: WRAP 2A FDC Phyei©ol Foc_ity

Area To Ch_actamze Poorty Pro_m_m

(ST-05-521 BI Charoctehzod WeatN
p

HVAC SAMPLES
i i

20 I iHVAC Exhawt Diechorgo Stack Rog_atory TM Vdvod Samldo Samc4mJ ChorniP_._And Extornal

Guea Requiremem: P_nt Cantintmusty Radiochemi_al Facility

To Charactqmze Coml_ition

Off-Gmea
Ir i ii nln

n
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TABLE 1 (CONTINUED)
WRAP 2A SAMPLE REQUIREMENTS

C. Wet particulates and sludges such as Feedstream 1C, 183H Basin Sludge, will be
sampled using a "Core Sampler'. It is assumed that the physical properties of these
wastes will be such that it will be possible to simply push the sampler into the waste
using the same robotic arm as used to take a sample with a Thief. The "Core
Sampler" containing the sampled material shall be pieced in a container and posted
out of the enclosure. The sampled material will be remov,_d from the "Core Sampler"
in one of the sample fume hoods and repackaged in a bar coded sample container 3nd
logged onto the data record system prior to transfer to an external facility for
analysis. The "Core Sampler" will be cleaned and then posted back into the enclosure
for reuse.

D. Solid loose items will be sampled using a mechanical grab. The robotic arm used to
take samples of dry particulates and sludges will be designed to take the grab sample
from the drum. This will remove the need for a manipulator specifically to take this
sample and hence minimizing equipment requirements in the sample enclosure. The
sample will be placed in a sample container and posted out of the enclosure for bar
coding and logging onto the data record system.The sample will then be transferred
to an external facility for analysis,

E. Solidified Liquids such as Feedstream 1A, 183H Basin Solidified Liquid, will be
sampled using a Core Sampler. For these wastes the Core Sampler will be designed
with a cutting edge and will be drilled into the waste. The Core Sampler will be
lubricated with air hence it will be necessary to place the equipment for taking core
samples from solidified wastes in a booth to contain any dust generated and prevent
contamination of other equipment in the sample enclosure. The Core Sampler
containing the sampled material shall be placed in a container and posted out of the
enclosure. The sampled material will be removed from the Core Sampler in one of the
sample fume hoods and repackaged in a bar coded sample container and logged onto
the data record system prior to transfer to an external facility for analysis. The Core
Sampler will be cleaned and then posted back into the enclosure for reuse.

3.3 Sample Management Area: Sample No. l(b) - Outgoing Product Drums

A. Macroencapsulated products will be sampled using a Core Sampler. For these wastes
the Core Sampler will be designed with a cutting edge and will be drilled into the
waste. The Core Sampler will be lubricated with air hence it will be necessary to
place the equipment for taking core samples from solidified wastes in a booth to
contain any dust generated and prevent contamination of other equipment in the
sample enclosure. The Core Sampler containing the sampled material shall be placed
in a container and posted out of the enclosure. The sampled material will be removed
from the Core Sampler in one of the sample fume hoods and repackaged in a bar
coded sample container and logged onto the data record system prior to transfer to
an external facility for analysis. The Core Sampler will be cleaned and then posted
back into the enclosure for reuse.
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TABLE 1 (CONTINUED)
WRAP 2A SAMPLE REQUIREMENTS

3.4 Polymer Encapsulation Samples: Sample No.1 - Mixed VES Polymer

A. This sample will be required to confirm that correct levels of ingredients such as VES
resin, styrene and promoter are present. The sample will be taken from a valve in the
process pipework as the polymer mix is being transferred to the drum. The sample
will not normally be taken for every batch of polymer made. However, during
commissioning and infrequently during operation of the plant it will be possible to
take samples to confirm that the correct quantities of each binder material are being
mixed in the tank. A reduction in quantity of one of the constituents could indicate
that one of the feed lines to the tank is becoming blocked and hence reducing the
flow of that material to the tank. The sample will be collected in a sample container
and taken to the SMA for bar coding and logging onto the data record system and
viscosity analysis.

3.5 Polymer Encapsulation Samples: Sample No.2 - Hydrocarbon Wastes

A. This sample is required to allow the chemical composition to be determined. The
waste will be a dilute solution of polymer components in an organic solvent.
Information on the chemical composition will be required by the disposal facility prior
to accepting the waste. The sample will be taken from a valve in the process
pipework. The stream will be sampled prior to discharging the tank contents and
feeds to the tank will be interlocked closed during taking of the sample and will
remain closed until the tank has been emptied and is ready to accept waste. The
sample will be collected in a sample container and taken to the SMA for bar coding
and logging onto the data record system. The sample will then be transferred to an
external facility for analysis.

3.6 Polymer Encapsulation Samples: Sample No.3 - Mixed VES Polymer And Catalyst

A. This sample is required to confirm that complete mixing of the VES polymer and
catalyst is occurring in the in-line mixers. The sample will be taken from a valve on
the discharge of the in-line mixers. The sample container shall act as a mould in
which the polymer will be allowed to cure. Once cured the sample will be posted out
of the encapsulation area and taken to the SMA for analysis. Analysis will be simply
a visual check on a section through the sample. The sample will not normally be
taken for every drum of product. However, during commissioning and infrequently
during operation of the plant it will be possible to take samples to confirm that mixing
process for the polymer and catalyst is working as designed.

3.7 Polymer Encapsulation Samples: Sample No.4 - Bleed Liquor

A. This sample is required to determine the composition of the bleed liquor. This does
not need to be a detailed analysis as it will only be used to determine the routing of
the liquor i.e. either to the Hydrocarbon Waste Tank or to the Active Liquor Collection
Tank. Sample analysis will consist of simply allowing the aqueous and organic phases
to separate and the determining the relative volumes of each phase. This analysis will
be performed in the SMA. The sample will be taken from a valve in the process
pipework. The sample will be taken whenever bleed liquor is detected on the surface
of a product drum.

i
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TABLI_ 1 (CONTINUED|
WRAP 2A SAMPLE REQUIREMENTS

3.8 Polymer Encapsulation Samples: Sample No.5 - VES/Waste Product

A. This sample is taken for certification purposes. The sample will be tested for one or
more of the following criteria:

• Compressive Strength
• Leachability Index
• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion
• Free Liquids
• Hazardous Characteristics
• Toxicity Char6cteristics

Within Wrap 2A there shall be the capability to extract a representative sample from
at least one container in each lot or 10 % of the exiting lot of drums, whichever is
greater.

B. Prior to the mix being allowed to cure a Sleeve-in-Sleeve Sampler will be inserted into
the product. Once cured the sample will be withdrawn from the drum and posted out
of the Polymer Encapsulation Area and taken to the SMA where it will be repackaged
in a bar coded sample container and logged onto the data record system. The sample
will then be transferred to an external facility for analysis.

C. Samples of vibro-infilled product drums can only be obtained from the product after
it has cured. In order to do this the cured product drum will be transferred to the
Sample Management Area for Core Sampling. Handling of these samples are
discussed under SMA Sample l(b).

3.9 Polymer Encapsulation Samples: Sample No.6 - VES Promoter
Sample No.7 - VES Catalyst

A. Both these materials have long shelf lives if kept at the correct temperature and are
unlikely to start to decompose in the timeframe that they are held in WRAP 2A,
however, samples may be taken in order to produce a test VES product and confirm
that the promoter and catalyst have not started to decompose. The sample will be
taken from a valve in the process pipework for each tank. Test products from the
samples will be prepared in one of the fume hoods in the SMA to confirm that the
promoter has not started to decompose. The product will be tested for compressive
strength. A titration method will be used to determine the active oxygen content of
the catalyst to confirm that it has not started to decompose.

3.10 Polymer Encapsulation Samples: Sample No.8 - VES Resin

A. VES resin also has a reasonable shelf life if kept at the correct temperature and is
unlikely to start to polymerize in the timeframe that it is held as a raw material in
WRAP 2A. However, it will be possible to do a visual check if polymerization has
started to occur as polymer strands will form in the liquid. A viscosity check will also
be performed as further confirmation that the VES has not started to polymerize. The
sample will be taken from a valve in the process pipework for the tank. The sample
will be examined in the SMA.

i i iiii ii iii
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TABLE 1 (CONTINUED)
WRAP 2A SAMPLE REQUIREMENTS

3.11 Grout Immobilization Samples: Sample No. 1 - Grout Powders

A. Samples of grout powders will be analyzed to confirm that they comply with the
purchasing requisition specifications and the following ASTM specifications:

• C989 - Ground Granulated Blast Furnace Slag
• C618 - Pulverized Fly Ash
• C150 -Type 1/11Portland Cement

The grout powders have a long shelf life unless exposed to moisture. Hence this will
be a non-routine sample which will only be taken if it is suspected that the stored
powders are not to specification. The samples will be taken from tap-in points on the
screwfeeders at the base of each silo. The sample will be collected in a sample
container and taken to the SMA for bar coding and logging onto the data record
system. The sample will then be transferred to an external facility for analysis.

3.12 Grout Immobilization Samples: Sample No.2 - Polymer Additive

A. It is assumed tha_ this material will be similar in nature to VES resin (Polymer
Encapsulation Sample No. 8) and therefore will be sampled in the same manner and
will require the same analytical techniques.

3,13 Grout Immobilization Samples: Sample No.4 - Liquid Grout

A. These samples are required to confirm that complete mixing of the grout is occurring
in the in-line mixers. The samples will be taken from a valve in the process pipework
for the Wet Grout Mixing Tank. The first sample will be tested for viscosity at source
to confirm that the fluidity of the grout is within the required parameters for vibro-
infilling. A second sample may then be allowed to cure if required. Once cured this
sample will be taken to the SMA for compressive strength analysis. A sample will
not be kept and allowed to cure for every batch of grout prepared. However, during
commissioning and infrequently during operation of the plant it will be possible to
take samples to confirm that mixing process for liquid grout is working as designed.

3.14 Grout Immobilization Samples: Sample No.6 - Agitated Grout Product

A. This sample is taken for certification purposes. The sample will be tested for one or
more of the following criteria:

• Compressive Strength
• Leachability Index
• Biodegradation
• Thermal Cycling
• Radiation Stability
• Immersion
• Free Liquids
• Hazardous Characteristics
• Toxicity Characteristics

• .. ,,. _ ____
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TABLE 1 (CONTINUEDI
WRAP 2A SAMPLE REQUIREMENTS

Within WRAP 2A there shall be the capability to extract a representative sample from
at least one container in each lot or 10 % of the exiting lot of drums, whichever is
greater.

B. Prior to the mix being allowed to cure a Sleeve-in-Sleeve Sampler will be inserted into
the product. Once cured the sample will be withdrawn from the drum and posted out
of the Grout Immobilization Area and taken to the SMA where it will be repackaged
in a bar coded sample container and logged onto the data record system. The sample
will then be transferred to an external facility for analysis.

3.15 Secondary Waste Samples: Sample No. 1 - Non-active Aqueous Waste

A. This waste will be sampled to determine if it is contaminated with any hazardous
material. Potential contaminants of this waste stream have yet to be identified. The
sample will be taken from a valve in the process pipework of the Non-active Aqueous
Waste Tank. This waste stream will be sampled prior to discharging the tank contents
and feeds to the tank will be interlocked closed during taking of the sample and will
remain closed until the tank has been emptied and is ready to accept waste. The
sample will be collected in a sample container and taken to the SMA for bar coding,
logging onto the data record system and analyzed for pH level to allow the pH to be
adjusted for eventual immobilization with grout. The sample will then be transferred
to an external facility for analysis.

3.16 Secondary Waste Samples: Sample No.3 - Treated Active Waste

A. This sample will be taken to fully characterize the waste and to confirm that the pH
is within acceptable limits for immobilization in grout. The waste will be analyzed for
both its chemical and radiochemical compositions. The sample will be taken from a
valve in the process pipework of the Treated Active Waste Collection Tank. This
waste stream will be sampled each time the tank is filled from the Active Waste
Collection Tank. Feeds to the tank will be interlocked closed during taking of the
sample and will remain closed until the tank has been emptied and is ready to accept
waste.The sample will be collected in a sample container and taken to the SMA for
bar coding and logging onto the data record system. The sample will be tested for pH
and then transferred to an external facility for analysis. When details of the chemical
and radiochemical composition are known the routing of the waste will be
determined. If the waste is to be immobilized in grout its pH will be adjusted and then
the tank contents re-sampled to confirm that the pH is within prescribed limits. This
analysis will be undertaken in the SMA.

3.17 Box Breakdown Samples: Sample No.2 - Lead, 183H Basin Misc. Clean-up Waste and
HEPA Filters

A. The Box Breakdown Area shall have the capability to extract a representative sample
from at least one drum of a lot of incoming waste or 20 % of the waste containers
of a lot whichever is greater. However, these samples will normally only be taken if

" there is uncertainty about the waste characterization of particular drums being routed
to WRAP 2A, or if, when visually inspected, the drum contents are not consistent
with the waste characterization documentation which accompanies the drum. In
either case a full characterization of the waste will be required including: chemical
and physical properties. Only one sample technique has been identified for this area

III I I II II ml I II II II IIII III II I I Illl IIIIII I I
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TABLE 1 (CONTINUED}
WRAP 2A SAMPLE REQUIREMENTS

and that is to use manipulators to place pieces of solid waste into a sample container
and transfer out of the area using a purge port bagless transfer system. The sample
container will then be transferred to the SMA for bar coding and logging onto the
data record system. The sample will then be transferred to an external facility for
analysis.

B. The Box Breakdown Area shall also have the capability to extract a representative
sample from at least one container in each lot of solidified vibro-infilled product drums
or 10 % of the exiting lot of drums, whichever is greater. The drums will be broken
up using tools in the Box Breakdown Area and-then a sample taken and routed for
analysis as described above for incoming waste drums/boxes.

3.18 Size Reduction and Repack Samples: Sample No. 1 - Shreddable Wastes
Sample flo.3 - Wastes For Direct Repack

A. The Size Reduction and Repack Area shall have the capability to extract a
representative sample from at least one drum of a lot of incoming waste or 20 % of
the waste containers of a lot whichever is greater. However, these samples will
normally only be taken if there is uncertainty about the waste characterization of
particular drums being routed to WRAP 2A, or if, when visually inspected, the drum
contents are not consistent with the waste characterization documentation which
accompanies the drum. In either case a full characterization of the waste will be
required including: chemical and physical properties. Only one sample technique has
been identified for these wastes and that is to use manipulators to place pieces of
solid waste into a sample conta;ner and transfer out of the area using a purge port
bagless transfer system. The sample container will be transferred to the SMA for bar
coding and logging onto the data record system. The sample will then be transferred
to an external facility for analysis.

3.19 Size Reduction and Repack Samples: Sample No.2 - Wastes For Pug Mill Processing

A. This sample is also for lot verification of incoming waste and as such will be handled
as described for the above Size Reduction and Repack Samples. The only difference
will be that this sample will be taken with a scoop held by a manipulator.

3.20 HVAC Samples: Sample No.1 - Exhaust Gases

A. This sample point will collect particulates carried in the exhaust off-gases. The
particulates will be analyzed for their chemical and radiochemical compositions.
Exhaust gases from the ventilation stack will be sampled continuously and the gas
flowrate recorded so that the average discharge rate over a fixed time period can be
calculated. The exhaust gases will be sampled by pulling a known flowrate out of the
stack via a series of pitot tubes and through a filter medium to remove components
of interest. Routinely the filters will be replaced and placed into sample containers.
The sample containers will be transferred to the SMA for bar coding and logging onto
the data record system. The samples will then be transferred to an external facility
for analysis.
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TAJ_LE 1 (CONTINUED)
WRAP 2A SAMPLE REQUIREMENTS

4. SMA Operation

A. The Sample Management Area consists principally of a sample enclosure and a
laboratory area. The sample enclosure will be equipped to lift a 55 gallon drum into
the area, de-lid the drum, take a sample of the waste, re-lid the sampled drum, place
the drum into an empty 83 gallon drum and relid the 83 gallon drum so that it can be
returned to storage. The laboratory area will be where samples are bar coded and
logged onto the data record system. The area will also have four sample fume hoods,
two for the handling of active samples and two for the handling of inactive samples.
The sample fume hoods will be equir)ped to perform any simple analysis work
required or to be used for repacking samples for transfer out of WRAP 2A.

4.1 Drum Sampling

A. The drum to be sampled will be placed on a lift table below the 55 gallon drum entry
port in the sample enclosure. The simple double lid port above the drum is opened
and the drum raised partly into the enclosure using the lift table. The drum hoist picks
up the drum and places it on the drum band removal, de-lidding and sample extraction
station. The enclosure simple double lid entry port is then closed and the drum lid
removed. A sphincter port is opened to allow the sample container to be posted into
the enclosure. A sample of the waste is extracted and the sample container posted
back out of the enclosure for transfer to an external analytical facility. The 55 gallon
drum is re-lidded and then an empty 85 gallon drum is placed below the enclosure
simple double lid entry port. The 85 gallon drum is de-lidded and the 55 gallon drum
is placed in the 85 gallon drum using the enclosure hoist. The 85 gallon drum is then
re-lidded and the overpacked 55 gallon drum is returned to the external storage
facility.

4.2 Sample Handling

A. Non-radioactive samples will be transported to the SMA in standard sample
containers. Radioactive samples taken out of Zone I areas will be transported to the
SMA in shielded sample pigs. These will be collected in racks and will be delivered
by manual powered hand cart. Samples which require analysis by external analytical
facilities but which do not require repackaging will be bar coded and logged onto the
data record system prior to dispatch. Samples which require repackaging or analysis
within the SMA will be placed in the designated sample fume hood. The fume hoods
will be positioned and labelled so that there is a clear distinction between the active
and inactive fume hoods. In addition the inactive fume hoods will not be equipped to
handle shielded sample pigs. The SMA will be manned by competent laboratory
personnel and therefore further physical methods of preventing samples being treated
in the wrong fume hood will not be necessary.

i|i iii
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GLOSSARY

Blending: The intermingling of miscible fluids to produce some degree of uniformity.

Coating: Layering of one material to cover another.

Emulsification: The creation of a mixture consisting of a liquid dispersed in an immiscible liquid in droplets
of larger than colloidal size.

Homose_mity: A measure of the uniformity of structure or composition throughout the sampled material.

Impeller: The terms paddle, impeller and agitator are used interchangeably in this study to describe wetted
portions of the mixer in contact with waste and binder.

Laminar (Viscous) Flow: Condition or Flow in which particles of the liquid follow separate non-intersecting
paths with little or no eddying or turbulence.

Mixing: The production of uniformity between materials that may or may not be miscible.

Mixing Horsepower: Measures actual power transmitted from impeller to fluid,

Mixing Intensity: For the purposes of this study it is a measure of energy per unit volume of mixed
materials.

Mixing Time: Time required to perform mixing operation to obtain an acceptable product, i.e. process
objsctives achieved.

Particle Dispersion: The state of a mixing process which relates to the degree of diffusion of solids
throughout the mixing tank. (i.e. measure of radial dispersion of solids.)

Particle Suspension: The state of a mixing process which at a minimum lifts solids off the bottom of the
mixing tank. (i,e. measure of axial dispersion of solids.)

Pumping Capacity: Volume flow rate of material to be mixed measured normal to the face of the impeller.

Residence Time: Time required to vibrate size reduced solids in a binder matrix to achieve process
cbjectives, i.e. eliminate voids.

Shear Rate: Instantaneous rate of change of velocity at a particular point in the fluid measured as the slope
of the velocity gradient.

Transition Flow: Intermediate flow regime which displays properties of laminar and turbulent flow.

Turbulent Flow: Condition of flow in which particles of liquid follow randomly intersecting paths. In
addition to the main flow path eddy flows and independent flow streams may break off eddy and/or return=

to the main flow.

i i i
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1.0 OBJECTIVE

This study will evaluate screened methods to mix waste with an immobilization binder.
Various in-drum and out-of-drum mixing techniques will be studied to determine advantages
and disadvantages of each. The study will recommend mixing option(s) which will handle
all waste feedstreams currently identified for WRAP 2A.

1.1 Scope

A. Perform literature search of equipment/technologies relating to stirred, vibro and
tumbling mixing and other methods.

B. Review work at industrial sites and other DOE facilities.

C. Contact and research equipment vendors.

D. Establish a file source for vendor and DOE facility data. (Includes performance/cost/
configuration).

E. Identify general requirements for mixing process variables and describe ranges of
mixer operation related to waste/binder physical properties to allow initial screening
of each identified mixing option.

F. Evaluate each screened equipment option based upon standardized criteria.

G. Identify potential modifications to drum holder/liners, mixer blades, blade attachment,
anti-flotation and anti-vortex devices, etc. for the selected alternatives.

H. Evaluate the relative merit of in-drum vs. out-of-drum mixing.

1.2 Background

A. Due to the diversity of waste feedstreams processed in WRAP 2A, techniques to mix
these wastes in an immobilization binder that meets disposal criteria is critical in the
overall processing scheme. The WRAP 2A CDR proposes two types of in-drum mixing
techniques to mix grout or polymer binder with the various feedstreams. Finely
divided particulates in dry or wet sludge form are to be mixed with grout or polymer
using agitated or stirred techniques. Large particulates (greater than 2" x 2") from
shredding operations or other large forms such as lead bricks or crushed HEPA filters
are to be encapsulated in binder using in-drum vibratory techniques. The purpose of
vibratory mixing techniques is to eliminate air pockets or void spaces in the monolith
during macro encapsulation of the waste.

Bo This study will address an array of other mixing options which would allow micro or
macro encapsulation of WRAP 2A feedstreams to meet waste disposal requirements.
The advantages and disadvantages of each technique will be weighed with respect to
developmental status, flexibility to exceed waste performance specifications waste
minimization, systems throughput, design construction impacts, safety, operations,
maintenance, and capital cost. A recommendation will be proposed for a preferred
mixing alternative, including mixer blades/agitator design recommendations.

Study 16_$-3 WNte Mixing Technique Evalultion - VVRAP0287
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C. This study will investigate mixing alternatives for three immobilization binders:

1. Grout

2. Thermoset Polymers

3. Thermoplastic Polymers

D. Each binder will be evaluated with respect to appropriate in-drum or out-of-drum
mixing techniques. This study will interface closely with the single immobilization
option (Study #1 ) and the Waste Form Qualification (WFQ) treatability study impacts
(Study #2) to assess the feasibility of each immobilization option. The Open/Sort/Size
Reduction study will provide input to this study for Size Reduced Waste Feedstream
particle size and geometry. This study will also interface with equipment
demonstration/testing programs.

E. The following CDR Design Review comments will be addressed in this study:

Comment # Comment

25 Studies required to determine the relative merits of in-drum
vs. out-of-drum mixing

206 Evaluate In-drum vs. out-of-drum mixing for immobilization

1.3 Purpose and Need

A. The waste mixing techniques evaluation study is necessary to define mixing operation
as a function of waste type and immobilization binder. Until a final immobilization
option or options are selected that is capable of handling all WRAP 2A waste
feedstreams, the waste mixing evaluation will cover a broad spectrum that identifies
current commercialized techniques for each binder type. This study, in combination
with the WFQ treatability work, will have specific input into the single immobilization
option binder study for all waste feedstreams. Also, in combination with the single
immobilization study, an integrated waste treatment system employing mixing
techniques recommended in this study will be developed.

B. Issues related to waste mixing which require further definition in the study are listed
below. The effects of, and potential resolution of these issues will be addressed in
Section 7.4.

1. Container configuration (free board, joints, etc.).

2. Mixer blade and blade attachment design details.

3. Use of drum liners.

4. Preload sequence (waste, binder, or mixer paddle). Reference Section 5.1.1 .A.3
and .7.

5. Dealing with "Sinkers" or "Floaters". )
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2.0 SUMMARY

2.1 Purpose of Study

A. This waste mixing technique evaluation study is necessary to define the preferred
mixing operation (equipment and procedures), as a function of waste type and
immobilization binder, to be utilized to initiate WRAP 2A Title Design.

2.2 Preferred Alternative and Basis for its Selection

A. The study has developed mixing techniques which must be related to binder and
waste stream. It was determined that no single technique is acceptable for all
feedstreams regardless of the binder utilized. The basis for the selection of the
preferred alternatives was, primarily, accumulated scoring on the following evaluation
criteria: Potential hazards, operability, maintainability/reliability, demonstrated
technology/development requirements, capital cost, process flexibility, waste mixing
effectiveness, and waste minimization. This was ultimately supplemented by the
requirement to accommodate all waste feedstreams. Approximately 19 volume % of
WRAP 2A feedstreams are size reduced materials which cannot be treated by any of
the evaluated techniques. To treat these streams it was necessary to re-introduce
vibratory mixing which had earlier been screened from evaluation due to limited
application to the population of all waste feedstreams.

B. The technical changes to the CDR baseline which are recommended based upon
evaluation findings are summarized as follows:

1. The vacuum draw system will not be utilized as a mixing option. However, it
will be retained for potential use in free water removal from the top of treated
polymer drums.

2. The five existing single shaft agitators will be increased in horsepower as
identified in the study. Additionally one will be revised for use as a high speed
disperser.

3. The vibratory mixers will be utilized as identified in the CDR baseline without
change.

4. Impeller configurations will be adapted as identified in the evaluation.

C. Table 2-1 provides the summary matrix of preferred alternative mixing techniques as
selected by this study.
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TABLE 2-1
PREFERRED MIXING TECHNIQUE ALTERNATIVES

I i iizl

PREFERRED ALTERNATIVE WITH GROUT BINDER

EQUIPMENT TYPE/WASTE FORMS DRY WET DRY SIZE WET SIZE ION EXCHANGE
PARTICULATE PARTICULATE REDUCED REDUCED RESIN

CONFIGLi_; ', TION: Single Shaft Agitator Mixer (In Drum) a • •
Preferred Preferred

SPEED RANGE: 0-350 RPM Infinitely Variable feedstream #'s feedstream I's

MOTOR: 3 Hp - Air Motor Drive 7 & 8 2C

DRIVE: Gear Driven Potential Potential Potential

SHAFT: 7/8" Diameter, Stainless Steel Drive Shaft with feedstream #'= feedstream #'= feedstream # 2B
Quick Release Coupling lB, 2A, 5B, 8 1C

AGITATOR: BNFL Style or
Open Bow Tie
Type or Double Blade Impeller Disposable (Lost)
Paddles

SYSTEM COST: $3,000 (per unit)

CONFIGURATION: Vibrating Table (Waste In Drum) • •
Preferred Preferred

SPEED RANGE: 0-1200 RPM feedstream re feedstream #'s

MOTOR: Two (2) 0.8 Hp Counter Rotating Motors 1D, 3, 4 & SD 1D & 2D

FREQUENCY: 2,400 CPM Potential Potential
feedstreams 5A feedetremn IIA

SYSTEM COST: $15,000 (includes ell controls) (per unit) & 5C

Note: The preferred and potentially treatable feedstreams ere distinguished for information.

Costs do not include consumables.

Study 1604-3 Waste Mixing TechniqueEvaluation -WRAP0287
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TABLE 2-1 (CONTINUED_
PREFERRED MIXING TECHNIQUE ALTERNATIVES

PREFERRED ALTERNATIVE WITH THERMOSET POLYMER BINDER

EQUIPMENT TYPE/WASTE FORMS -'--'--'DRY _WET DRY SIZE WET SIZE ION EXCHANGE
PARTICULATE PARTICULATE REDUCED REDUCED RESIN

CONFIGURATION: Single Shaft Agitator Mixer (in Drum) •' Preferred Preferred

ED RANGE: 650-3200 RPM feedstream dr feedstreem B

• _OTOR: 15 Hp, 1800 RPM (1C) (2B)

DRIVE: Variable Speed Belt

SHAFT: 1-3/4" Diameter, Stainless Steel Drive Shaft with Potential
Quick Release Coupling feedstream #

ITATOR: High Speed Disperser Type Blade in a Disposable 2C
(Lost) Configuration

SYSTEM COST: $6,300 (per unit)

CONFIGURATION: Vibrating Table (Waste In Drum) Preferred Preferred

SPEED RANGE: 0-1200 RPM feedstream # feedstreern #5A & 5C (1A)

OTOR: Two (2) 0.8 Hp Counter Rotating Motors
Potential Potential

QUENCY: 2,400 CPM feedstream # feedstream #

SYSTEM COST: $15,000 (includes all controls) (per unit) 1D, 3.4, 5D 1D, 2D

CONFIGURATION: Single Shaft Agitator Mixer (In Drum) •Preferred

SPEED RANGE: O-350 RPM Infinitely Variable feedstream #

)TAR: 3 Hp - Air Motor Drive (1B, 2A, 5B, 8)

DRIVE: Gear Driven

SHAFT: 7/8" Diameter, Stainless Steel Drive Shaft with Potential
Quick Release Coupling teedstream 7 &

8
;ITATOR: BNFL Style or

Open Bow Tie

Type or Double Blade Impeller Disposable (Lost)
Paddles

SYSTEM COST: $3,000 (per unit)

Note: The preferred end potentially treatable feedstreams are distinguished for information.

Costs do not include consumables.

Stud"--'_1604-3 Waste Mixing Technique Evaluation - WRAPO287 Page 5
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]'ABLE 2-1 (CONTINUED)
PREFERRED MIXING TECHNIQUE ALTERNATIVES

PREFERRED ALTERNATE WITH THERMOPLASTIC POLYMER BINDER

EQUIPMENT TYPE/WASTE FORMS DRY WET DRY SIZE WET SiZE
PARTICULATE PARTICULATE REDUCED REDUCED RESIN

CONFIGURATION: Twin - Counter Rotating Shalt Extruder • • •
Potential Potential Potential

THROUGHPUT: 1500 Ibs/hr leedstrearns # feedstraams E feedstraam # 2B

MOTOR: 250 Hp DC (1B, 2A. 5B, 0, (1C. 2C)
7.81

SHAFT: Stainless Steel

AGITATOR: Combination Mix/Extrude Screw Flights

SYSTEM COST: $420.000 - 530,000 (per unit)
(dependent upon options) _

CONFIGURATION: Vibrating Table (Waste In Drum) • •Potential Potential

SPEED RANGE: 0-1200 RPM feedstream # feedstrearns #
I 1D, 1D. 3. 4, tA. 1D. 2D
MOTOR: Two (2) 0.8 Hp Counter Rotating Motors 5A, 5C, 5D

FREQUENCY: 2,400 CPM

SYSTEM COST: $15.000 (includes all controls) (per unit)

Note: The preferred end potentially treatable feedstreams are distinguished for information.

Costs do not include consumables.
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2.3 Impact to CDR Capital Cost

A. In order to develop this cost data it must be assumed that the current process
configuration and binder selections are applicable. In the current CDR 65 volume %
of the waste feed is treated with thermoset polymer and the remaining 35 volume %
are treated with grout. The CDR capital cost impacts are as follows:

Thermoset Polymer Process
• Upgrade 3 mixers to 3 Hp assuming

low speed agitation at high viscosities.
(0-350 RPM @ 120,000 cp) 9 2625

• Upgrade 1 mixer to 15 Hp assuming
slurried ion exchange resins which requires
use of high speed disperser at high
viscosities. (650-3200 rpm @ 120,000 cp) 9 4425

Subtotal
Thermoset Polymer $ 7050

PeroutProcess
• Upgrade the mixer to 3 Hp low speed

agitation. (0-350 rpm) _ 1000
Subtotal $ 1000
Grout Process

Total CDR Capital Cost Impact 9 8050

B. It should be noted that if a thermoplastic polymer binder is added to the process the
impact to CDR capital costs must be re-evaluated in detail to account for all spinoff
facility modifications. In very rough terms it requires basic mixing equipment outlays
of up to $530,000. Also, since it cannot treat all waste streams, at least one other
binder and its associated equipment must remain in the facility in a scaled version
from the CDR baseline. This detailed analysis is not within the scope of this study.
It will be addressed in the single immobilization study which will address additional
material handling equipment and other associated requirements.

C. Disposable paddle costs are estimated to be from 9200.00 to 9500.00 per drum
depending upon impeller and closure lid configurations. This data is based solely upon
preliminary manufacturer's estimates. These consumable costs are not included in
capital cost estimates.

_04-3 Write Mixing Technique Evaluation - WRAP0287
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Recommendations for Current Design Basis

A. The waste mixing techniques and process configurations as detailed in the CDR are
to be finalized for initiation of title design with the following changes incorporated.

1. For the thermoset polymer process it is recommended that the vacuum draw
system be maintained for the potential removal of free water only. It will not
be utilized as a mixing option. This was based upon the systematic evaluation
of the process. Three of the existing 0.5 horsepower single shaft mixers are to
be upgraded to 3 horsepower and the fourth is to be replaced with a 15
horsepower high speed disperser.

2. For the grout process the existing single shaft mixer is to be upgraded from 1
horsepower to 3 horsepower.

3. All stirred mixers will incorporate lost paddle systems.

4. The impeller configurations will be: BNFL paddle, open bow tie, or double
impeller type for low RPM use and disperser type for the high RPM machine.

5. The vibratory mixers identified in the CDR baseline are acceptable as is.

6. If the CDR baseline is modified to include thermoplastic polymers a counter
rotating twin screw extruder is recommended for the waste forms identified in
Table 2-1.

7. The required horsepowers are provided by vendors based upon test data for
their impellers and the estimated material physical properties provided. Data for
the BNFL anchor style impeller is not available and estimated horsepowers which
are derived from previous BNFL experience must be verified by testing.

B. Recommendations for supporting work.

1. Testing of surrogate wastes with various agitator configurations is imperative
to finalize agitator selection and mixer motor sizing and to initiate details of
drum/agitator interface.

2. Additional tests of surrogate wastes and binder formulations should be
performed utilizing vibratory techniques to assess required binder viscosities.

3.2 Conclusions

A. In general, the CDR baseline has been validated by this study The proposed systems
performed acceptably in the following eight evaluation areas:

1. Potential Hazards - Potential for operator dose uptake or injury.

IM IIII,I _n i iJll i| =,J|Study 1604-3 Waste Mi g Technique Evaluation - WRAP0287
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2. Operability- Ease of operation,clean-up,set up, and adjustment of mixing
parameters.

3. Maintainability/Reliability - Evaluation of maintenance frequency and difficulty.

4. Demonstrated Technology/Development Requirements - Demonstrated
experience within commercial or DOE arena.

5. Capital Cost - Relative ranking of estimated capital cost.

6. Process Flexibility - Capability to use equipment with multiple binders or waste
forms.

7. Waste Mixing Effectiveness - Ability to meet or exceed current waste
performance specification.

8. Waste Minimization - Minimization of secondary waste volumes.

A detailed discussion of the evaluation process is provided in Section 6.4. The
summary of relative scoring is provided, by binder, in Tables 6-5, 6-6 and 6-7, and is
accompanied by Detailed Discussion as appropriate.

B. The following specific conclusions have also been demonstrated:

1. Stirred Techniques: Based upon the subject evaluations the stirred mixing
technique utilizing a single shaft agitator and lost paddle generated the highest
combined score for grout and thermoset polymer binders. However, it was
eliminated for use with thermoplastic polymer binders. This technique scored
as high or highest in all areas of evaluation except for technology development
and waste mixing effectiveness. The lower technology development score was
due to the limited use of lost paddle techniques in the states. However, the
method has been researched extensively and used successfully by BNFL. The
lower score on mixing effectiveness resulted from comparison to extremely
intensive mixers such as double planetary types. The use of single shaft mixers
with disposable or lost paddles is clearly demonstrated as being the most
simplistic, adaptable and operationally effective means to provide waste/binder
mixing in WRAP 2A for all waste feedstreams except size reduced materials.
The preloaded waste and lost paddle is the most effective means possible for
limiting equipment contamination. The single shaft agitation equipment has
been widely used and is easily understood, operated, and maintained.
Continued testing and refinement of waste feedstream unknowns and
waste/binder formulations will allow development of one or more impeller
(paddle) configurations and further optimization of the process.

0ell 2/93 Pege9
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2. Vibratory Techniques: As noted earlier, vibratory techniques provide the only
acceptable means of disposingof size reduced wastes in grout or thermoset
polymerbinders. It is acceptable, but not preferred, for use with thermoplastic
polymer binders. This techniquehadbeen screenedprior to evaluation because
of its limited potential waste feed volumes. However, subsequent to the
evaluation processit was reintroducedto accommodate feedstreemsfor which
no other acceptable treatment processhad been identified (see section 7.1).
The vibratory processidentified in the CDR baselineis acceptable.

3. ExtrusionTechniques: If thermoplasticpolymer bindersare added to the CDR
baseline,they very likelymust beutilizedin conjunctionwith other bindersdue
to their limited waste feedstream capabilities. The acceptable waste mixing
technique for particulatewastes is a counter rotating twin screw extruder. It
is possiblebut not desirableto use vibratory techniquesfor oversizematerials.

Study 1604-3 Weete Mixing TechniqueEvaluation-WRAP0287
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4.0 UNCERTAINTIES

A. This section details certain assumptions, made in support of this study, which ma_
be questioned in the future. For the purposes of discussion they are broken down into
broad categories which are intended to envelope several related topics. The
categories include: Plant throughput and capital costs.

4.1 Plant Throughput
!

A. The assumed waste feedstream physical characteristics are listed below. Section
5.1.3 summarizes the assumptions regarding waste feedstreams volume percentages
and process variables utilized in the mixing technique evaluation.

B. Other assumed waste feedstream physical properties as detailed in Section 5.2.2B.

1. Assumed viscosity range 130 - 120,000 cp.

2. Density up to 100 Ibs/ft 3.

3. Ion exchange resins are to be provided in slurried form.

C. Binder Selection

1. The current CDR configuration and binder selections are assumed as correct
(refer to summary in Table 2-1).

2. Thermoplastic polymer will not be utilized unless the single immobilization or
waste form qualification studies indicate that grout orthermoset polymer binders
cannot reliably or economically be used for all waste feedstream forms.

4.2 Capital Costs

A. Operating Expenses Using Lost Paddle: The expenses related to impeller consumption
have been estimated on a per drum basis for reference only. These costs have not
been included in the capital cost evaluation because they are part of the consumable
costs for plant operation.

B. Operating Expenses Using Fixed Paddle: The cost of repair or replacement of reusable
paddle systems have not been included in the capital cost evaluation.

4.3 Summary of Uncertainties

A. It should be noted that, aside from incorporation of thermoplastic polymers in the
facility design, the final waste/binder mixture viscosity (assumed value is noted above)
is the greatest uncertainty at this point. This may impact mixer motor-sizing, mixer
effectiveness and, potentially, impeller sizing. Testing performed on surrogate wastes
with various impeller configurations will provide the data needed to finalize these
design details.

Study 1604-3 WNta Mixing Technique Evaluation - WRA'PO287 .........
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5,0 BASIS FOR STUDY

5.1 Criteria

5.1.1 FDC Requirements

A. The criteria for developing waste mixing techniques for immobilization of pretreated
waste in an appropriate immobilization binder shall be subject to the following FDC
requirements.

I. The system must be capable of adapting to changing immobilization
formulations.

2. Treated waste shall be packaged into new 55 gallon drums.

3. Feeding of dry waste materials to the mixing process shall be by conveyance
system.

4. Capability shall be available for extracting samples for verification of successful
treatment.

5. Capability to allow tracking of waste container contents entering the treatment
areas to the exiting containers shall be provided as required per the regulations.

6. Provisions to accommodate controlled delivery systems for dry and liquid agents
to support treatment shall be i_rovided.

7. The capability to determine and control the weight of the containers of waste
for disposal during treatment and addition of volume fillers as needed shall be
provided.

5.1.2 Study Criteria

5.1.2.1 Immobilization Binders

A. The study will be directed at evaluating techniques for mixing pretreated waste with
immobilization binders. The immobilization binders assumed to be used in this study
are as follows:

1. Grout or modified cements.

2. Thermoset polymers.

3. Thermoplastic polymers.

ii
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5.1.2.2 Waste Types

A. Each type of binder and the corresponding type of waste feedstream which is
solidified with a given binder will dictate the range of waste mixing techniques to be
evaluated. The following types of waste feedstreams which represent, in physical
terms, those to be processed in WRAP 2A will be evaluated in the study:

1. Dry particulate (powder or crystalline solids, contributing feedstreams: 1B, 2A,
5B, 6, 7, 8).

2. Wet particulate (sludge, contributing feedstreams: 1C, 2C).

3. Dry oversize or size reduced solids (2" x 2"). (Contributing feedstreams: 1D,
3, 4, 5A, 5C, 5D)

4. Wet oversize or size reduced solids (2" x 2"). (Contributing feedstreams: 1A,
1D, 2D)

5. Wet ion exchange resin beads. (Contributing feedstreams: 2B)

5.1.2.3 Mixing Techniques

A. Mixing techniques evaluated will be specific to the type of waste and the type of
immobilization binder used to solidify the waste. In general, the mixing techniques
can be separated into one of two general mixing philosophies:

1. In-drum mixing.

2. Out-of-drum mixing.

B. In-drum mixing is defined to be mixing that takes place in a new standard 55 gallon
drum. This type of mixing can be further divided into mixing where waste is
preloaded into drums and/or binder is preloaded. The method by which the waste or
binder is delivered to the 55 gallon drum will depend on the sequence of addition.

C. Out-of-drum mixing is defined as mixing that takes place outside of the 55 gallon
drum which is used as the final disposal package for the solidified and immobilized
waste feedstream. Out-of-drum mixing will be specific to the type of waste and
immobilization binder employed (e.g., use of heated extruders for mixing of waste and
thermoplastic polymer binder).

s,-dv 1eo4.3W.,. Mi,_a T.=_u Ev_.,_o.- w_Poze7
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5.1.2.4 Mixing Alternative Study Matrix

A. The following matrix gives the mixing options considered for this study as a function
of type of waste and type of immobilization binder.

..........' In-Drum Mixing Teahniquee X
Out-of-Or'am Mixin_ Teohniquee 0

Immobilization Binder ........ Grout ' ThemtoNt Poiymer I Thermopludo

I........ Polymer
i=1 == i i

1. Dry particulate X,O X,O X,O

=.Wetpaniculate ' X.O XlO " X.O
3. Dry size reduced/oversized ..... X,O X (Note li' X (Note 1)

41 Wet size reduced/oversized X,0 ..... X (Note 1) X (Note 1)
i==lii ii i,. M

5. Wet ion exchange resin (slurried) X,O X,O X,O
, .el ill i ii = ii ii

Note 1: Out of drum mixing techniques for dry or wet size reduced/oversized solids with polymer
binders was not considered due to an inability to identify specific applicable equipment types
from vendor and literature sources.

5.1.2.5 Mixing Process Objectives

A. The overall objective of the mixing system is to provide a homogeneous mixture of
waste and binder. The mechanisms used to obtain this overall objective can be broken
down into six distinct mixing process objectives:

1. Blending of Waste and Binder: This objective is required for all wastes and binders
where the ingredients must be uniformly mixed to the extent required to allow any
chemical reactions required for solidification of the binder or interaction between
binder and waste to allow chemical stabilization of the waste. This objective is
relevant only to grout or thermoset binders.

2. Coating of Waste with Binder: coating is a mixing mechanism that requires
encapsulation of each waste particle. The coating may be microencapsulation, as
in the case of small particulate waste, or macroencapsulation as required for large
lead bricks. Coating is typically applicable only to physical encapsulation binders
such as thermoset or thermoplastic binders.

3. Waste Particle Suspension in Binder: Waste particulates tend to settle and
compact in the mixing vessel due to gravity. This objective attempts to provide
the degree of mixing required to suspend the waste particles in tee binder. The
degree of particle suspension can vary from producing motion of all particles along
the vessel bottom to having a uniform vertical suspension of all particles
throughout the drum, irrespective of particle size. The former condition is required
to set in motion preloaded waste in-drum and is, therefore, applicable to all in-
drum stirred mixing applications where preloaded particulate waste is used. The
particle suspension mixing objective (i.e. degree of axial dispersion of solids) will
be applicable to all binders.

Study 1604-3 Waste' Mixing TechniqueEviduation- WRAP0287
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4. Waste Particle Dispersion in Binder: Particulate waste may tend to agglomerate
after homogenization and repack of the waste for final solidification. This is
particularly true of preloaded particulate waste in-drum. The mixing process must
be capable of breaking up the agglomerated waste into its original particle
constituents and dispersing the waste in the binder matrix (i.e. radial dispersion
of solids). Particle dispersion is a process objective for any binder used to solidify
waste that has potential particulate agglomerates.

5. Elimination of Free Water in Binder: In cases where the waste may contain excess
or free water, the mixing process must be capable of dispersing the water
throughout the matrix so that it can be encapsulated within the matrix or
vaporized and removed as vapor. This mechanism is only applicable to thermoset
or thermoplastic binders where water is not required for chemical reaction.
Thermoset polymers will require a dispersion of water into an emulsion of fine
water droplets which approach the waste particle size. Thermoplastic polymers
require enough mixing to promote intimate contact between the hot binder and
water to promote vaporization and offgassing of the water.

The assumption that free liquids may be present in the waste prior to
immobilization must be validated by further feedstream characterization data.
Currently, this study assumes that Feedstream 2A, rinsed ion exchange resins, will
be received as a 20 wt% solids slurry. This waste may be treated in several ways
as is discussed in Section 6.4.1.8 waste minimization. The waste may be
dewatered prior to or during immobilization which will produce a waste water
stream which must be treated as a potential primary waste stream. The water
could be absorbed onto an absorbant such as diatomaceous earth, but doing so
will increase the primary waste volume considerably. The final option is to treat
the water with the ion exchange resins in a single immobilization step where free
water is emulsified in the polymer matrix.

It is assumed in this study that any waste feedstream category that is designated
as "wet" may potentially contain unabsorbed free water. Even if the sludge
repack area uses additional absorbent to absorb free water during repack, there
is always the potential for free water to separate during standing while the
repacked drums await immobilization. This conservative assumption may be
modified as additional feedstream characterization data becomes available.

6. Filling of Waste Void Space with Binder: Size reduced waste material may have
large or irregular shapes which have significant void space. This type of material
will be encapsulated using vibro-mixing techniques rather than stirred mixing.
Generally, void space filling process objective requirements will be applicable to
all three binders when used with vibro-mixing

B. The six mixing process objectives described above can be related to specific mixing
variables for each combination of waste category and binder Two of the most critical
mixing variables are mixing intensity and residence time. Residence time is stirring or
vibrating time depending on the application. It is possible to have one or more mixing
process objectives for each combination of waste and binder. Table 5-1 is a matrix
which indicates the primary mixing objectives for each combination as well as listing
an estimated range of residence times and agitation or vibration intensities as provided
by literature sources (Reference 9).

i
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TABt, E 5-1
MIXING PROCESS OBJECTIVES AND RANGES OF MIXING VARIABLES

WASTE cATEGORY MIXING OBJECTIVES/ GROUT THERMOSET THERMOPLASTIC
MIXING VARIABLES POLYMERS POLYMERS

i i

Dry Particulate Objective" 1) 3) 4) 3) 2) 4) 3) 2) 4)
Intensity (Hp/ft=) 13) 2} 2)
Agitation Time (Min) 2) 1) 1)

i i,i i

Wet Particulate Objective" 1) 3) 4) 3) 2) 4) 5) 3) 2) 4) 5)
Intensity (HI)/flP) 3) 2) 2)
Agitation Time (Min) 2) 2) 3)

Dry Size Reduced/Oversized ;Objective" 0) 5) O)
!Intensity (Hp/ft 3) 1) 1) 1)
Vibration Time (Min) 2) 2) 2)

i i i

Wet Size Reduced/Oversized Objective" 5) 6) 5) 6) 5)
Intensity (Hp/ft 3) 1) 2) 2)
Vibration Time (Min) 2) 2) 3)

Ion Exchange Resins Objective ° 1) 3) 4) ...... 5) 2) 3) 4) 5) 2) 3) 4)
Intensity (Hp/ft 3) 3) 2) 2)
Agitation Time (Min) 2) 2) 3)

i

Lead Bricks" • Objective" 2) 2) 2)
Intensity (Hp/ft 3) 1) 1) 1)
Vibration Time (Min) 1) 1) 1)

I i i,i i i

Objectives: 1) Blendi.g Intensity Ranges:° •" 1) Low: Up to .03 Hp/ft 3
2) Coating 2) Med: .03 to .08 Hplft a
3) Particle Suspension 3) High: >.08 Hp/ft a
4) Particle Dispersion
5) Elimination of Free Water Agitation or Vibration: 1) Short: 0 - 10 Min
6) Elimination of Void Space Time Requirement 2) Mad: 10 - 20 Min

3) Long: • 20 Min

Notes:

° Objectives listed in order of priority
•" Lead bricks are considered part of dry size reduced/oversized waste type for physical characterization.
• •" Mixing intensity ranges as taken from reference 9 are as follows:

1) Low: Low to moderate power, up to 0.0 Kw/m 3
2) Mad: Moderate to high power, 0.0 to 2 Kw/M 3
3) High: High to very high power, • 2 Kw/M 3

i i i
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5.1.3 Screening and Evaluation Criteria

5.1.3.1 Screening Criteria

A. The screening criteria are used to eliminate alternatives from further consideration or
detailed evaluation. These criteria are defined as follows:

1. Fpnctional Criteria ('Shalls")

Existing FDC and other mandatory requirements should be identified in this
section. In particular, relevant waste performance specifications should be
detailed (eg. voidage, compressive strength, leachability, free liquids). These
criteria are "go/no-go" criteria - they must be complied with to allow an option
to go on to further (relative) assessment.

2. Preliminary Screenina

Mixing options will be screened initially from the many mixing techniques
available industrially or commercially. This screening will judge the ability of the
mixing equipment to handle solids with physical characteristics similar to that
expected for the WRAP 2A feedstreams. The mixing systems will be screened
based upon the following criteria:

a. Demonstrated commercial or industrial use in a similar full scale or pilot
application.

b. Versatility of the mixing system to handle a moderately diverse range of
waste form physical characteristics. This is defined to be at least three or
more physical waste forms as identified in the study matrix.

c. Ability of mixing system to process a minimum of 50% of the total WRAP
2A waste feedstream volume throughput as shown in attached Table 5-2.

d. Refer to Section 6.0 for details of the preliminary screening process.

3. No Justification for Furl;h_r Evelpa_ion

If a study identifies any alternatives which clearly using engineering judgement
do not merit further evaluation, then these alternatives can be eliminated at this
stage providing a full justification can be made to support the elimination.

A screening on the basis of engineering judgement for selected mixing
techniques is given in Section 6.3, List of Screened Alternatives. This screening
judges potential use of an immobilization binder with each mixing technique.
Matrixes showing the screened mixing techniques as a function of binder are
given in Tables 6-2 and 6-3 in Section 6.1.

i ii i
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TABLE 5-2
WRAP 2A FEEDSTREAM PHYSICAL CHARACTERISTICS SUMMARY

WRAP 2A Dry Wet Dry Wet bn Exdtange Lead
Feedstreem Particulate Particulate Size Redu¢_ll Size Reduoedl Resins Bricks2

Ovwdzed Oversized

1A 183 H Solidified Liquid 20,025 (2.8%)

1B 183 H Crystalline Solid 32,500 (4.5%)
1C 183 H Sludge 35,000 (4.8%)

1.D 18.3 .H.Misc..ellaneousCleanup 4,813 (0.7%) 4,813 (0.7%)
2A Ammonium Sulfate 281,500 (30.1%)

2B Ion Exchange Resins 53,800 (7.4%)

2C Met.a! ,.Sludge !78.250 (10.5%)
2D Re Filter Elements 8,750 (1.2%)

3_ Dry Active Waste 52,500 (7.2%)
4 Construction Debris 28,875 (4.0%)

5A Mercury/Mercury Contaminated 12,900 (1.8%)
Waste

5B Reactive Metals 440 (< O. 1% )

5C Lead/Lead Contaminated Waste 735 (0.1%) 11,784 (1.8%)
5D Miscellaneous Metals 3,035 (0.4%)
0 Absorbed Chemicals 42,500 (5.9%)

7 Incinerator Ash 57,500 (7.9%)

8 Contaminated Soils 17,000 (2.3%)

TOTAL I 411,440 (58.8%) 111,250 (15.3%) 102,858 (14.2%) 34,188 (4.7%) 53,500 (7.4%) 11,764 (1.6%)

Notes:

1 Values are FT ] volume

Values in ( ) are volume %

2 Lead bricks are considered part of the dry sized reduced/oversized waste type for physical characterization

3 _ streams to be treated with grout per CDR baseline

WRAP0287
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5.1.3.2 Evaluation Criteda

A. All alternatives which are not eliminated by the first level evaluation, progress for
further consideration using a predetermined list of evaluation criteria. Each individual
evaluation criteria is given:

1. A weighting factor.

2. A range of raw scores reflecting the potential relative merits of the alternative.

B. Scoring is calculated by multiplying the raw score selected and the weighting factor.

C. Evaluation criteria, weighting, and scoring factors.

1. Potential Hazards

a. Weighting Factor: 10%

b. Scoring Factor:

All processes have some potential hazards to be considered during the
evaluation, however, all processes must be acceptably safe. Factors to consider
include operator dose exposure; potential for operator injury; potential for leaks,
spills or uncontrolled releases; potential for dropping objects; and potential for
flammable or hazardous gas generation.

Best 5
Good 4

Average 3
Below Average 2
Marginal 1

2. Operability

a. Weighting Factor: 10%

b. Scoring Factor:

Assessment of ease of operation and ability to adjust mixing parameters without
excessive operator intervention. Also includes ability to clean-up equipment
between batch operations or on a scheduled interval as well as ease of startup
and shutdown of mixing equipment.

Best 5
Good 4

Average 3
Below Average 2
Marginal 1

WRAP0287
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3. Maintainability/Reliability

a. Weighting Factor: 10%

b. Scoring Factor:

Evaluation of the equipment maintenance requirements in terms of minor routine
servicing or major equipment changeout due to equipment failure. The
frequency of major equipment servicing or changeout will be related, to a large
extent, to equipment reliability.

Best 5
Good 4

Average 3
Below Average 2
Marginal 1

4. Demonstrated Technology/Development Requirements

a. Weighting Factor: 20%

b. Scoring Factor:

Evaluation of the current status of technology development for a mixing
configuration. Rating is based upon past experience in a similar application and
potential for further development if significant uncertainties are identified.
Similar experience is related to waste form, binder, and equipment type.

Nearly identical full scale production experience 5
at a commercial or DOE facility

Similar Full Scale Production Experience at a 4
Commercial or DOE Facility

Similar Pilot Scale Experience at a
Commercial or DOE Facility 3

Bench Scale Experience Only 2

No Demonstrated Experience 1

iii ii . i iiii ii i i ii iii
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5. Capital Cost

a. Weighting Factor: 10%

b. Scoring Factor:

Comparison of total estimated capital cost of proposed mixing equipment. This
cost will exclude all support systems for mixing such as raw material or waste
storage and feed systems as well as any secondary waste collection or
treatment,

Least Capital Cost 5
Below Average Capital Cost 4
Average Capital Cost 3

Above Average Capital Cost 2
Greatest Capital Cost 1

6. Process Flexibility

a. Weighting Factor: 20%

b. Scoring Factor:

The percentage of time that the mixing equipment can operate with multiple
binders and/or waste forms. This flexibility will allow a train of mixing
equipment to be used more efficiently with less idle time during mixing
operations.

Total Percentage of Time Equipment Can Be Used

Highest 5
Next Highest 4
Average 3
Below Average 2
Lowest 1

i ii

WRAP0287
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7. Waste Mixing Effectiveness

a. Weighting Factor: 10%

b. Scoring Factor:

The capability to provide an overall homogeneous mixture by utilizing one or
more of the six mixing process objectives (blending, coating, particle
suspension, particle dispersion, elimination of free water, and elimination of void
space).

The ability to meet or exceed current or future anticipated waste performance
specifications for product homogeneity.

i

Best 5
Good 4

Average 3
Below Average 2
Marginal 1

8. Waste Minimization

a. Weighting Factor: 10%

b. Scoring Factor:

The overall minimization of secondary waste volume for an equivalent process
system. Factors such as primary waste Ioadings and generation of secondary
waste treatable within or outside of WRAP 2A will be considered.

Least amount of secondary waste volume 5
Below average amount of secondary waste volume 4
Average amount of secondary waste volume 3
Above average amount of secondary waste volume 2
Greatest amount of secondary waste volume 1

5.2 Assumptions

5.2.1 Study Prerequisites

A. There are no prerequisites to initiate the vendor and literature search for mixing
techniques as a function of general waste type and immobilization binder.

5.2.2 Study Assumptions

A. Mixing technique evaluation will be limited to the following immobilization binders:

1. Cement/Grout.

2. Thermoset Polymer.

3. Thermoplastic Polymer.

WRAP0287
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B. Waste feedstream types will be generic physical representations of the specific
feedstreams identified in the CDR issued July 1992. These waste types and their
physical properties will be:

1. Dry or wet particulates.

2. Dry or wet size reduced solids. (Includes solid lead bricks)

3. Wet ion exchange resins (slurried).

4. Material densities up to 90-100 Ibs/ft = (S.G. up to 1.5)

5. Viscosities from 130 to 120,000 cp.

6. Maximum batch size 25 ft3. This was selected based upon engineering
judgement and a review of the limiting conditions of the polymer line. In order
to provide a basis for review out of drum mixing must accommodate larger
batch sizes than a single drum. Based upon a review of the polymer line up to
three mixers could be replaced by one batch mixer.

C. Waste mixing techniques evaluated will be in-drum or out-of-drum depending on the
waste type and immobilization binder. The sequence of binder, additive, or waste
addition may vary depending on mixing technique. Further, it is assumed that all
waste will be preloaded in drum for the in-drum mixing techniques.

D. Immobilized waste in any of the three binders must satisfy appropriate waste
performance specification for disposal. This includes compliance with the following
regulations:

1. Washington Administrative Code (173-303) which defines treatment and
packaging of hazardous waste.

2. Hanford Site Radioactive Solid Waste Acceptance Criteria (WHC-EP-O063) which
defines site specific disposal criteria. For example, internal void spaces in the
solidified waste shall not exceed 10% of the final container volume.

3. EPA Land Disposal Restrictions.

E. Free liquids in the solidified waste shall not exceed 0.5% (40 CFR 265.314).

F. Results of the Waste Form Qualification test program may allow elimination of one or
more immobilization binders, and corresponding mixing techniques, if test results do
not meet waste performance specifications.

WRAP0287

03/04/93 Page 23



WRAP FACILITY. DOE.RL UNITED F.NGiNEERa& CONSTRUCTORS
DE.AC0a-91RI.1194S I_roteotNo. 6237.008

6.0 DESCRIPTION OF ALTERNATIVE AND SOLUTIONS

6.1 Screening of Alternatives

A. A preliminary screening of waste mixing alternatives was accomplished using the
preliminary screening criteria listed in Section 5.1.3.1. The methodology used for this
preliminary screening is shown in Figure 6-1 Waste Mixing Technique Screening Logic
Diagram. Listing of all potential mixing techniques available from a literature search
is shown in Table 6-1. Table 6-2A is a matrix which identifies the mixing techniques
which were considered for further screening as a result of the literature search. The
initial screening criteria was demonstrated experience in commercial full scale or pilot
operations with similar waste feedstreams as predicted for WRAP 2A. Table 6-2B
entitled Equipment Manufacturer's capabilities and cost provides detailed information
for all techniques identified in Table 6-2A. Table 6-3 gives the results of the first
screening.

B. The mixing techniques screened using the demonstrated experience criteria were
further screened using an assessment of waste form versatility. A mixing technique
passed this second screening if it was capable of use with a minimum of three or
more waste types. Another criteria for this second screening was that a candidate
mixing technique be capable of mixing at least 50 vol % of the total WRAP 2A feed
as earlier shown on Table 5-1. Table 6-4 gives the results of the final screening. The
results yielded four mixing options per binder for both in-drum and out-of-drum
operations. The single shaft agitator for in-drum mixing was further broken down into
"with" and "without" lost paddle mixing techniques due to potential variations in the
final evaluation. This gave a final result of five mixing options for grout and thermoset
binders and four mixing options for thermoplastic binders that will be formally
evaluated. Table 6-4B summarizes remaining equipment capabilities and costs.

6.2 Description of Alternatives Considered

6.2.1 Mixing Options with Grout Binder

6.2.1.1 Potential Options for In-Drum Mixing

A. Agitated Mixing (Single Shaft)

(See Figure 6-2)

1. Based upon vendor discussions and other reviews of equipment performance
this method of mixing has been most widely used at DOE sites to treat dry or
wet particulate waste and ion exchange resins with grout.

2. The agitated mixer is assembled in modular form, and consists of four major
components:

a. The drive assembly, this can be either electric or pneumatic dependent on
the speed and torque requirement.

i j i ii i i=1
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TABLE 6-1

POTENTIAL IN-DRUM AND OUT-OF-DRUM MIXING TECHNIQUES FOR INITIAL SCREENING

IN-DRUM OUT-OF-DRUM ' coMMENTS

Single Shaft impeller
• Radial-Flow Impeller iFIow away from shaft. Baffles generally used.

- Flat Blade Turbine P(WP,IER) P|WP,IER) High shear rule end turbulence i.e. gas-liquid and liquid-liquid contacting.
- Bar Turbine P(WP, IER) P(WP,IER) High speed, highest shear rate.
- Anchor Impeller P(DP,WP, IER) P(DP,WP, IER) High-viscosity (5000 to 50,000 cP) blending end heel transfer applications. Close radial

clearances (<5% of I.D.). Crossbars used without power penalty.

• Axial-Flow Impeller Flow parallel to shaft. Solids suspension, blending and heat transfer. Baffles may be used.

- Marine Impeller Produces downward flow. Maximum viscosity 5000 cP for small batches (< 100 gel).
- Axial-Flow Pitched P(DP,WP.IER) P(DP,WP,IER) Four blades @ 45 degrees. Wide range of use.

Blade P(DP,WP,IER) P(DP,WP,IER)
- Axial-Flow Variable F P(DP.WP.IER) Three blades, blade angle end width decrease from hub to tip. Used in large tanks.

Blade P(DP,WP,IER) P(DP,WP,IER) Very high viscosity (>75,000 cP). Inner flight pumps up. outer flight pumps down.

- Double Spiral

Planetary Mixer P(DP,WP,IER) P(DP,WP,IER) Two hollow blades sweep walls end wipe each other. Used for mixing thick pastes and
viscous materials in laminar flow regime.,

Horizontal Mixer/Blender These are all used fGr mixing or processing thick pastes and viscous materials in laminar flow
regime.

• Double-Arm Kneader F Used to mix pastes. Close clearances between blades.

• Trough and Screw F Used primarily for heat transfer of solids.
• Ribbon Blender P(DP,WP, IER) Usually used to wet out or coat a powder.
• Plow Mixer F High speed shaft rotation. Used to break up solids in a paste or slurry (solids dispersion).
• Pug Mill F Used to mix mineral an d clay products.

Vertical Mixer/Blender Generally used in laminar and transition flow regimes.
• Cone end Screw P(DP,WP,IER) Orbiting helical screw. Excellent low-energy blending. Reversing screw aids oischarge.
• Twin-Blade Conical F Used to mix pastes. Close clearances between blades.

Mixer
• Helical Ribbon P(DP,WP, IER) Used in polymerization reactions to achieve uniform blending.

(Low Speed Auger)

Intensive Mixer (Benbury) F Used in plastics end rubber industries. Cios e clearances. Laminar flow regime.

Horizontal Extruder P(DP,WP, IER) Used primarily to mix end melt pol.ymerl. High mixing intensity. Laminar flow regime.

Evaporator Mixer P(DP,WP,IER) Combines liquid evaporation end mixing on rotating heated drum generally with 8 vacuum.

Pump Assisted
• Jet Mixing F Generally used in large volume (> 1000 gel) end low viscosity (<30 cP) turbulent
• Static Mixer F applications.

Primarily used in blending of low to medium viscosity liquids.

Air SperginQ F Air used for solids suspension if particles are not free settling.
Drum Rotation P(IER) Drums ere rotated on drum rollers or end-over-end. Used to mix lower viscosity material s.

Vibration P(DSR,WSR,LB) Drums are vibrated to "in-fig" voi d spaces around oversized solids.

Vacuum Draw P(IER) Binder displaces aqueous phase surrounding solids which is drawn off by vacuum.i I I I

P - Passes DP = Dry Particulate DSR = Dry Size Reduced IER ,, Ion Exchange Resins

F -- Fails WP = Wet Particulate WSR -= Wet Size Reduced LB = Lead Bricks

WRA0287
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TABLE 6-2A

MIXING TECHNIQUE/BINDER MATRIX

MIXING TECHNIQUE GROUT BINDER THERMOSET BINDER THERMOPLASTIC BINDER

IN-DRUM

AJ Single Shaft Agitator Mixer X X _

B1) Vibratory Pencil X _ _ :

B2) Vibratory Table X X X

C) Drum Rotation X X X

D) Planetary Mixer X X X

XEl Low Speed Auger

F) Vacuum Draw _ X _

OUT-OF-DRUM

A) Single Shaft Agitator Mixer _ X _

B) Rotating Mixer X _ _

C) Horizontal Blender X X X

D) Planetary Mixer X _ X
X

E) Extrusion Mixer _ _

XF) Thin Film Evaporator _ _

X Considered for Further Evaluation (see Section 6.2)
Screened from Further Evaluation (see Section 6.3)

m
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EQUIPMENT: MANUFACTURERS, CAPABILITY. AND COST
I II

Manufacturer/ Mix Method Batch Size Physical Properties Equipment Capabilities Eatimated Notes

E:_luipment Coat

Best Model Vibratory In Drum 1,000 lb. total load limit. 2.4 CPM. $15,000 This system is not
GD-0-2338-1980-0-(2) Table Binder Material must flow. 1.6 Hp. viscosity dependent.

Electric Powered 1,000 lb. load max. However, binder must

Vibratory Grid Deck be able to flow.
Table

Cleveland Vibratory Vibratory In Drum Binder material must flow. 7,500 - 15,000 VPM. $3,0OO Wide range of
Pencil Up to 3 Hp. components available.

Diameter of influence up to
72".

Input force up to 4,220
Ibs.

Lightnin Low Speed In Drum Up to 120,000 CP. 0-350 RPM. $3,000 Wide range of
Model tXJA300 Agitation Up to 1.5 S.G. Double blade impeller, horsepower and
Air Driven 3 Hp air driven, propeller/impeller
Gear Drive designs available.

Single Shaft Mixer

Munson Model XHD-2- Horizontal Out-of-drum Up to 2,500 lb. batch size. 40 RPM. $40,315 Paddle type discharge

112-555 Blending 25 tt= 100 Iblft z density. 15 Hp. gate.
Horizontal Paddle SS vessel with In excess of 120,000 CP.

Blender sanitary finish

Ross Double planetary Option (A) In excess of 200,000 CP. ;15 Hp. (A) t71,143 Includes a significant
HDM-55 mixer. In-Drum 100 ibolft _ 3 to 1 speed, number of optional

Option (B) Range up to 40 RPM. (B) $79,211 items - controls and lift
Out-of-Drum Air/oil hydraulic lift. mechanisms.
25 ft3 SS vessel

Hayes & Stolz Horizontal Out of Drum Up to 2,700 Ibs. 30 Hp. 05,714
Belt Driven Horizontal Blending 25 Cu Ft. 90-1OO Ibs. ft3
Paddle Mixer Batch 200-I 20,000 CP

Hockmeyer High Speed In Drum Up to 150,000 CP 15 Hp. $6,350 Intended for use with
• HV-15 Agitation Up to 1.5 S.G. lVariable belt drive, high speed disperser

High Speed Single Shaft Densities up to 12.5 600-3200 RPM. blade.

Disperser Ibslgallon Explosion proof motor.
I

Berstorff Counter rotating 1500 Ibs/hr Up to 120,OOO CP. !250 HP.D.C. !500,OOO to Cost is dependent upon

Extruder Mixer twin screw continuous 25-30 wt% solids max. 1,000,000 control options.
extrusion.

WRA0287
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b. The impeller is attachedto a single shaft which can be designed to cope
with a large range of mixing speeds. The impellers can be interchangeable
to deal with differing flow requirements.

c. The drive coupling which automatically couples and decouples to the
agitator shaft in the case of "Lost Paddle" agitation. The coupling must be
easily accessed for removal and cleaning of impellers if they are to be
reusable.

d. The agitator mount which is designed to accommodate raising and
lowering of the agitator or drum assembly. The mounting arrangement in
the CDR is a fixed mixer mount which the drum is elevated to meet.

3. Equipment Specifications

a. For the purposes of discussion and costing a baseline mixer has been
established which is equivalent to the CDR design basis. This mixer is a

lightnin type single shaft fixed mount mixer. It is gear driven and speed is
infinitely variable from 0 to 350 rpm. The manufacturer recommends an
air motor because of ease of operation, simplicity and durability. This
motor can be run to stall without damage.

b. This baseline equipment equipped with a 3 Hp motor and a twin blade
impeller, or open bow tie impeller, can easily accommodate viscosities in
excess of 120,000 centipoise, and densities of 100 Ibs/ft _. However,

complete data is not available for the BNFL impeller and will have to be
developed during testing to establish a relationship between the variables
of horsepower, rpm, viscosity, and specific gravity.

I

c. The equipments' capability of dealing with size reduced materials is
primarily a function of how much damage the impeller can sustain before
failure and available clearance around the impeller.

d. Adequate mixing of materials which have been plated out on drum surfaces
or are compacted into the corners of drum base/side intersections are
difficult to quantify without direct observation. The failure to achieve
complete mixing in these situations has been observed on other DOE sites.
These problems can be mitigated with the use of disperser type agitators
which have higher speeds and pumping capacities at the cost of higher
horsepower requirements. Optionally, the process objectives may be
achieved by use of an open Bow Tie or BNFL type impeller which has been
designed with extremely close clearances or flexible wipers to achieve a
scraping effect near the container surface. This will aid in particle
suspension and ultimately particle dispersion.

w,;_Po=a7 ..........
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e. In a limited number of situations (e.g. thermoset polymer binder with wet
particulate or ion exchange resin wastes) a high speed (650-3200 RPM)
mixer with an 8" diameter disperser impeller is required in order to emulsify
free water and achieve complete encapsulation in the polymer. At
viscosities up to 120,000 centipoise this requires a 15 horsepower motor.

f. Motor horsepowers have been increased over estimates in CDR because
of current conservative assumptions with respect to viscosities. We are
now using very conservative viscosities of up to 120,000 (based up WVNS
data) as opposed to the original CDR estimates of 200-300 cp based upon
vendor's polymer viscosities and BNFL's grout viscosities.

B. Vibratory Mixing (Referred to as mixing though actually only eliminates voids in waste
form)

Descriotion (Pencil Tvoe see Fioure 6-3A)

1. This type of vibratory mixer is inserted in the drum and directly contacts the
mixing ingredients. The mixer is suitable for size reduced, oversized, and resin
wastes.

2. The air powered vibrator has only one moving part, a precision ground hard
chrome piston, the external vibration transmitter is an alloy steel stud that
protrudes from the hand sized piece of equipment. This can be inserted into
sacrificial transmission tubes that will stay with the finished product.

3. Equipment Specifications

a. The vibrators reviewed for this study are extremely simplistic and can be
provided as air or electric driven units.

b. Motors are available up to three horsepower.

c. Frequencies of vibration from 7,500 to 15,000 V.P.M. are available.

d. Manufacturers describe the units as achieving "diameters of influence" in
concrete from 14" to 72" and output or centrifugal forces from 800 to
4,220 Ibs.

Descriotion (Table TvDe, see Fiaure 6-3B)

1. Vibratory tables provide external indirect mixing energy input into the drum
contents and are suitable for eliminating air pockets or void spaces and limited
mixing. Therefore they are more suitable for distributing grout throughout
oversize or size reduced solids than intimate mixing of particulate waste.

WRAPO2S7

03/04/93 Page 31



I

>,(

.-.-.-4

11

tt )le

II
u

OPTION| DI . OPTION2

i - I
o

• o
!

e •

DISPOSABLEROD

NOTE
I.OPIK)NSI AND 2 DEPIClTWO VIBRATOR

FIGURE6-3A CONFIGURATIONOPTIONS.

PENCILTYPEVIBRATORS
..

P
g



E_

I. IABL[ U_S AIR ORIV(N
[CCENIRICLY W(IGN|[D
I,IOTORS

_-Tononor-uao -]-r .... 4-

( )?_'1?"_(' ') (
1

k ' 'i i-_,_1 ....
J .......

S_DEV_E"W

FIGURE6-3B
IN-DRUM VIBRAIINGMIXINGI'ABLE

l
.o



WRAP FAC_J'rY, OOE-RL UNWED F..NGINIWR8 & CONIITRUCTORS
DE-ACO6-91RL1194e I_qeat No. t237.00a

2. A vibrating table consists of two steel fabrications; the upper component is the
table, this is attached to the lower fabrication by four anti-vibration mounts.

The motion is generated by two opposing motors, located on the upper
fabrication. The motor shafts are fitted with adjustable concentric weights. The
speed of the motor and the size of the weights determines the frequency of !
vibration required. The waste drum will be anchored to the surface of the table
during operation.

3. Equipment Specifications

a. For purposes of discussion and costing the mixer identified in the CDR
design basis is described. The mixer is rated for a full 1,000 lb. load. It
is powered by two 1,200 rpm, 0.8 horsepower each, (total 1.6
horsepower) fully adjustable counter rotating motors. The vibration
frequency from each motor is approximately 2,400 cpm.

b. It is not possible to determine viscosity ranges which can be acceptably
accommodated by the equipment without direct observation. The required
duration of vibration (residence time) is expected to increase as viscosities
increase.

c. The process can handle solids of all sizes which can be fit into the drum
provided that they do not wedge against drum interior and prohibit binder
circulation. This can be controlled by use of an inner basket to suspend
material in the drum.

C. Drum Rotation

Description

1. Drum rotation can be used for mixing of oversize, size reduced, and other
non-homogeneous waste forms. Because there is no direct mixing energy input,
drum rotation is not normally suitable for mixing finely divided particulates.
Additionally, it completely coats the drum interior surfaces and would plug any
drum vent/filter system that may be utilized.

2. The drum rotator would initially start from a vertical position possibly receiving
the drum from a conveyor system, it would than pivot through 90 ° to the
horizontal mixing position. The preloaded drum will lie horizontally on rubber
faced steel rollers. The drum may be rotated in either direction to achieve total
void filling. The in-drum mixing mechanism could simply be a short length of I
section steel beam.

i ii i
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3. Equipment Capabilities

a. This equipment can be constructed in a variety of rpm ranges and
directions of rotation.

b. Various tests have been performed, including tests at West Valley which
incorporated the use of mixing weights (angle iron) inside the drum.

Various internal weldments can also be used to modify the material flow
patterns while the drum is rotated. However, due to the nature of the
mixing action the system is inhibited by viscosity end the level of drum fill.
In extreme instances, centrifugal force rotates the contents with the drum
and very little mixing is achieved.

D. Agitated Mixing (Low Speed Planetary)

Descriotion (See Roure 6-4)

1. Planetary mixers were developed for highly viscous fluids and are best suited for
blending dry or wet particulates or resins at relatively high waste Ioadings. Due
to the nearly complete coverage of the drum volume with mixing agitators and
close wall tolerance in the drum, this technique is an excellent prospect for
mixing preloaded waste with grout.

2. The planetary mixer consists of a mixing vessel which in this case will be a DOT
55 gallon drum. The double planetary mixer consists of two agitators that
revolve around a common axis, the blade advances along the vessel wall and
transports the material to the center of the vessel for mixing. A containment
tube will seal against the 55 gallon drum and the immobilization material can be
added via an inclined nozzle on the containment tube sidewall.

3. Equipment Specifications

a. The equipment reviewed for this study can handle viscosities up to
400,000 centipoise.

b. Speed can be varied from 12 to 40 rpm utilizing an adjustable frequency
controller.

c. Because of the close agitator blade tolerances this equipment cannot
handle size reduced materials which exceed the clearance dimensions of

the paddles.

mBi I II I ii iiiii III
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6.2.1.2 Potential Options for Out-Of-Drum Mixing

A. Horizontal Blending

Descriotion (See Fiaure 6-5)

1. Blending of non-densely packed particulate waste with grout may be applicable
to this type of operation. The shear rate is higher for s horizontal blender than
s standard rotating mixer due to independent agitator rotation.

2. Most horizontal blenders consist of a rigidly constructed tank with a 2:1 length
to diameter ratio. An agitator will rotate within the confines of the tank. The
configuration of the blades vary from standard helical, plow to paddle style
dependent on application. The blades are welded to a drive shaft or tube which
penetrate the walls of the hold tank where shaft seals retain the mixing
compounds within the tank. The drives are designed to specific requirements.
There are several alternatives for discharge techniques, all of which can be
remotely operated.

3. Equipment Specifications

a. The equipment reviewed for this study can handle viscosities in excess of
200,000 centipoise.

r

b. Batch size is 25 ft3 (for purpose of study to obtain uniform data).

c. RPM is fixed at 40, however, the drive can be modified with a frequency
control to operate over a 3 to 1 speed range.

d. This equipment can be purchased in any batch size, power range, and with
a variety of agitator configurations.

e. The ability to deal with size reduced material is limited by agitator to mix
vessel clearances.

B. Rotating Mixing

Descriotion

1. Rotating mixers with fixed blades using simple vessel rotation are commonly
used to mix concrete or cement formulations. Therefore this technique is

probably most applicable to large "aggregate" size particulates or shradded
waste.

i i i i
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2. The rotating mixer differs from the horizontal blender in that the blades and the
vessel rotate together and it is the tumbling action that completes the mixing.
The equipment is supported on a rigid frame, the rotating drum is held by
adjustable journal roller assemblies. The feed spouts are positioned in the non-
rotating component. The shape of the vessel ends promote directional flow into
the main chamber. The mixer is driven by a conventional fan cooled motor with
a chain drive to the mixing drum sprocket.

3. Equipment Capabilities

a. This equipment can be configured to roll longitudinally or tumble.

b. For the purposes of this study we assumed a batch capacity of
approximately 25 ft 3.

c. The effectiveness the mixing process can be facilitated by baffles or other
internal weldments in the mixing vessel. It is possible to procure a rotating
mixer with an independently driven internal agitator.

C. Agitated Mixing (Low Speed Planetary)

Descriotion (See Fiovre 6-6)

1. Similar to in-drum planetary mixing system except that mixing vessel is a
prefabricated container capable of holding custom mixing batches. Removal of
grout/waste mixture can be accomplished by pumping or hydraulic ram
assembly.

2. Equipment Specifications

a. With this system the manufacturer can optimize the mixing vessel and
mixing paddle configuration. The optimum configuration utilizes paddles
that are roughly square (lid = 1). This allows the use of standard gearing
and components to achieve a design where the paddles overlap the vessel
centerline with each pass. Therefore, the paddles wipe each other as they
rotate and leave no undisturbed areas in the mixing vessel. Deviation from
standard design may increase costs, lower efficiency and reduce reliability.

WRAPO287
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6.2.2 Mixing Options with Thermoset Polymer Binder

6.2.2.1 Potential Options for In-Drum Methods

A. Agitated Mixing (Single Shaft)

D_e=sraiti

1. Similar to the agitated mixing system for grout. If utilized at high RPM's with
a disperser type impeller it is well suited for mixing wastes with high water
content with polymer such as wet sludge or ion exchange resin. This is due to
the high shear rate emulsification of water into fine droplet sizes which are more
efficiently encapsulated. Sequence of addition (i.e. fluidizing waste prior to
binder addition) is more significant here due to polymer set times which are
much shorter than grout.

2. Equipment Capabilities

a. This equipment is similar to the agitated mixing equipment described for
grouting operations. However, for use with thermoset binders it will
probably be run at different RPM's and with different impeller
configurations. The final RPM/impeller configuration requires direct
observations of the mixing process to support equipment selection.

B. Vibratory Mixing (Table Type)

Descriotion

1. Similar to vibrating table for grout. The oversize or size reduced waste is
preloaded in-drum and catalyzed thermoset polymer is added during drum
vibration to eliminate air pockets.

2. Equipment Specification

a. There is no basis for equipment performance requirements that are any
different than those established for grouting operations.

C. Drum Rotation

Description

1. Similar to grout drum rotation method except that the polymer catalyst may
require segregation in the sealed drum. This could be done by loading the
catalyst in friable capsules that would allow polymer activation after initiation
of the drum rotation.

i i ii i
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2. Equipment Capabilities

a. Identical to grout binder equipment.

D. Agitated Mixing (Planetary)

1. Identical to planetary mixing system proposed for grout. Low shear rate mixing
is best applied to dry or slightly moist particulate waste at relatively high waste
Ioadings providing a highly viscous mixture. This type of mixing operation will
not emulsify large amounts of water and would not be suitable for high water
content wastes such as ion exchange resins. We take this position assuming
that ion exchange resins are received in a 20 wt% solids slurry form for
treatment. Refer to mixing process objectives Section 5.1.2.5.

2. Equipment Specification

a. Identical to grout binder equipment.

E. Agitated Mixing (Low Speed Auger)

Description

1. This mixing system, developed by Stock Equipment Co., has been used
exclusively for mixing non-dense dry particulate waste such as incinerator ash
with low viscosity VES polymer resin. The apparatus uses a low shear rate
polymer coating technique and is not capable of emulsifying high water
concentrations. All past mixing experience with this system has dealt with
preloaded polymer resin in 55 gallon drums. The fragile construction of the
mixer wiping blades is not designed for high viscosity binders or wastes.

2. The waste container is a standard DOT 17H 55 gallon drum which is preloaded
with a mixer tube containing a fixed mixing helix. A wiper blade attached to the
tube serves as an anchor and stirrer. Catalyst in friable capsules is preloaded
into the agitator tube and the drum is prefilled with promoted VES resin. Waste
is added through a filler nozzle in the drum lid center. After initiating mixing
tube rotation catalyst is released. The waste is then fed through the rotating
mixing tube and is forwarded out the bottom for mixing with catalyzed polymer.

_VRAP0287 ' '
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F. Vacuum Dewatering

1. The vacuum dewatering system, developed by Diversified Technologies, is
designed specifically for dewatering and solidifying ion exchange resins with
VES polymer resin. The system is capable of use with standard 55 gallon drums
or large liners up to 200 ft =in volume. There is effectively no increase in treated
waste volume since the polymer merely displaces water occupying the
interstitial space between resin beads.

2. Premixed catalyzed polymer is distributed as a layer on top of the resin bed. As
the polymer is added, a vacuum drawn from the vessel bottom pulls the polymer
through the resin bed thoroughly coating all resin beads. Displaced water flows
from the vessel to a collection drum for separate disposal.

6.2.2.2 Potential Options for Out-Of-Drum Methods

A. Agitated Mixing (Single Shaft)

1. Dry or wet particulate wastes or wet ion exchange resins are mixed with
thermoset polymer in a large capacity agitated mixing vessel. The polymer is
not catalyzed during the bulk mixing with waste. The catalyst is added
downstream of the primary mixing vessel. Potential methods for mixing catalyst
with the polymer coated waste include another mixing vessel, static mixer, or
in-line transfer pump. The downstream mixing vessel could be a disposable 55
gallon drum.

2. Equipment Capabilities

a. This equipment is identical to grouting equipment except for differences in
operating parameters as noted earlier. (i.e. Emulsification of water will
require a combination of higher speeds, greater mixing intensity and/or
longer residence time).

B. Horizontal Blender

Description

1. Similar to grout blending with particulate type waste or dewatered resins.
However, due to the relatively low speed mixing provided by this type of
equipment, there is little emulsification of water wesent in wet particulate
waste.

2. Equipment Capabilities

a. This equipment is identical to grouting equipment.

wRAP0287 ......
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6.2.3 Mixing Options with Thermoplastic Polymer Binder

6.2.3.1 Potential Options for In-Drum Methods

A. Vibratory Mixing (Table Type)

1. Heated thermoplastic polymer is added to a 55 gallon drum containing preloaded
oversize or shredded waste. The vibratory device is exterior to the drum such

as a vibratory table. Supplemental heat is added to the drum during the mixing
process.

2. Equipment Specification.

a. This equipment is identical to grouting equipment (excluding supplemental
heating).

B. Agitated Mixing (Low Speed Planetary)

1. Heated thermoplastic polymer is added to a 55 gallon drum for mixing with dry
or moist particulate waste using stirring or agitation. The waste can be
preloaded in-drum or added gradually with the binder to the drum. Supplemental
heat is added to the drum during mixing.

2. Equipment Specification.

a. This equipment is identical to grouting equipment (excluding supplemental
heating).

C. In-Drum Rotation Mixing

DescriD_;iQn

1. Heated thermoplastic polymer and dry particulate or size reduced waste are
added to a 55 gallon drum. The drum is sealed and rotated on a mechanical
device. Supplemental heat is added during mixing. Wet wastes cannot be
processed due to the difficulty of removing water vapor.

2. Equipment Capabilities.

a. This equipment is identical to grouting equipment (excluding supplemental
heating).

WRAP0287
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6.2.3.2 Potential Options for Out-Of-0rum Methods

A. Extrusion Mixing

Descriotion (See Fiaum 6-7)

1. Thermoplastic polymer and dry or wet particulate waste or ion exchange resins
are mixed in a heated extruder. Single and twin screw (co-rotating or counter
rotating) are available and provide a tradeoff of cost, mixing effectiveness and
flexibility. Vented extruders provide removal of steam or other volatiles. The
extruded polymer encapsulated waste is discharged to a 55 gallon for
subsequent cooling and solidification as a monolith.

2. Equipment Specification: For the purposes of this study the following
parameters were utilized:

a. The extruder is provided with a 250 horsepower DC motor.

b. 1500 Ibs/hr maximum is the material discharge rate assuming
approximately 40 weight % polyethylene.

c. Large size reduced material cannot be accommodated beyond equipment
clearances.

d. The extruder was configured with twin - counter rotating screws.

e. Cost estimates include integral screw feeders for input of waste and
binder.

B. Thin Film Evaporation Mixing

Descriotiqn

1. Dilute waste (less than 25 to 30 wt% solids) and thermoplastic polymer are
mixed in a thin film on the internal surface of a heated evaporated vessel. The
large surface area of the vessel provides extensive heat transfer capabilities for
vaporization of water. Mixing of the binder and waste occurs through use of a
mechanical rotor which wipes the vessel surface. Encapsulated waste
discharges by gravity flow to a 55 gallon drum for cooling and solidification.

C. Agitated Mixing (Low Speed Planetary)

De_(;ript_n

1. Particulate wastes and heated thermoplastic polymer is mixed in a large capacity
agitated mixing vessel. The mixing vessel is heat jacketed and agitated by use
of a high torque planetary type mixing impeller. Mixed polymer and waste are
removed from the mixing vessel using gravity flow or a hydraulic ram assembly
depending on viscosity.

WRAPOj'U .....
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2. Equipment Specifications.

a. Identical to grouting equipment (excluding supplemental heating).

D. Horizontal Blender

1. Similar to grout blending with particulate waste types. Horizontal blending tank
can be heat jacketed as well as the agitator if it is of a spiral or helical design.
Discharge to a 55 gallon drum could be accomplished by tilting of the blending
tank and simultaneous operation of the agitator.

2. Equipment Capabilities.

a. Identical to grouting equipment (excluding supplemental heating).

6.3 List of Screened Alternatives

6.3.1 Alternatives Screened Based Upon Demonstrated Technology

A. The following mixing alternatives were screened from further consideration based
upon an engineering judgement and demonstrated technology assessment. This
assessment judges the practicality of using selected mixing techniques with various
binders. Refer to Table 6-1 in Section 6.1 for a matrix of alternatives screened from

further consideration as discussed in the following assessments.

6.3.1.1 Grout Mixing Options

6.3.1.1.1 In-Drum Options

A. Vacuum Draw

1. Not considered due to the inherent high viscosity of grout/water binder mixture
and lack of any applicable experience.

B. Low Speed Auger

1. System designed specifically for low viscosity thermoset polymers and is not
compatible with abrasive grout mixtures.

I II '1 II III III
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TABLE 6-3

MIXING OPTIONS FROM INITIAL SCREENING

MIXING OPTIONS WITH GROUT BINDER

EQUIPMENT TYPE/WAStE FOR,'MS I "DRY PARTICUI_ATE J' 'Wi:I PARTICULATE iJ DRY'SIZE REDUCED"| WET SIZE'REDUCEu I ION 'EXCHANGE RESINIIIIIIIiii II l I III I I | ......

................. IN-DRUM
I r Ill I I l l I II l

SINGLE SHAFT AGITATOR MIXER = • •,,,, ,.,,

V"IBRATORY TABLE ............... • • •
VIBRATORY PENCIL ' • ' m " ' •..... ,,, ,, ,,.

DRUM ROTATION • •
PLANE-_ARY MIXER • k .......... •

....... OU1_-OF-DRUM .......
I I I I II I

I-_oRIZONTAL BLENDER • • •, , = ,,,,,,

ROTATING MIXER • =• ,,,.

PLANETARY MIXER • • •
ii i i II I III II i| I ii ii

MIXING OPTIONS WITH THERMOSET POLYMER BINDER

EQUIPMI_NT"TYPE/W_,STE FOI_MS DRY PARTICULATE WET PARTICULATE DRY SIZE REDUCED Wl:i SIZE REDUCED ION EXCHANGE RESIN
................ IN-DRUM .............

I I If I I I I III II

SlrdGLE SHA_=T AGITATOR MIXER • • •. |. ,,, , ..

_/IBRATORY TABLE " • • •,,, ,,

DRUM ROT/_TION . . • •
PLANETARY MIXER , • • . ,, ,, •
Low SPEED AUGER • .
VACUUM DRAW •i

.... OUT-OF-DRUM
Ill I I • I L I I III III

SIN'GLESHAFT"AGITATOR MIXEI_ " " I • ,,, ,, ,
HORIZONTAL BLENDER • I • ••, ,, ,,, i i l iii i i ii i

MIXING OPTIONS WITH THERMOPLASTIC POLYMER BINDER

EQUII_MENT TYPE/WASTE FORMS DRY PARTICULATE I. WET PARTICLI'LATE" DRY SIZE REDUCED WET SIZE REDUC,Eu J i()N EXCII_,NGE'RESIN
..... IN'DRUM .........

I I II III I II II I I II

_IIBRATORY MIXER ,. • • , •
'I'LANET/_RY MIXER • • •
DRUM ROTATION • •
................ oUT-OF-DRUM......

I I ! III I rm I I I II I

EXTRUSION MIXER • • •
THIN FILM "EVAPORATOR ' • ......... ..... •
PLANETARY MIXER '" ' • • , , . •
HORI:ZONTAL BLENDER • • •

II I I ii i i " II ll II l II i i I I

Note: See process descriptions for each equipment type for further explanation of type of waste form applicable to a oiven mixing process.
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6.3.1.1.2 Out-Of-Drum Options

A. Single Shaft Agitating Mixer

1. Not considered due to the difficulty of using this arrangement to mix high
specific gravity slurries in large volumes without moving the mixer throughout
the vessel or providing for a recirculation loop on the vessel.

B. Extrusion

1. Grout mixture is too coarse and abrasive for extruder mechanical tolerances.

C. Thin Film Evaporator

1. Water evaporation is not appropriate since water is required for grout hydration.

6.3.1.2 Thermoaet Polymer Mixing Options

6.3.1.2.1 In-Drum Options

A. Vibratory Pencil

1. Not considered due to high potential for significant operational problems should
resin contaminate vibrating mechanism. Additionally, there is no known use of
the equipment in this manner and vibratory effects on polymer are entirely
unknown.

6.3.1.2.2 Out-Of-Drum Options

A. Planetary Mixer

1. Ruled out due to the high surface area of the mixer paddles, shafts and other
rotating elements which present a significant potential for polymer resin build
up, and are quite difficult to clean. Also, planetary mixers are not capable of the
free water emulsification, required for encapsulation in polymer.

B. Rotating Mixer

1. Not considered due to the high surface area of the mixer internals which present i
a significant potential for polymer resin buildup. Also, reliable mechanical
sealing of polymer vapors would be difficult to attain.

C. Extrusion

1. Ruled out due to low viscosity of polymer resin and low likelihood of an extruder
successfully feeding the liquid resin.

WRAP0287 .....
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D. Thin Film Evaporator

1. Vaporization of volatiles in resin would occur during waste drying.

6.3.1.3 Thermoplastic Polymer Mixing Options

6.3.1.3.1 In-Drum Options

A. Vacuum Draw

1. Eliminated due to high temperature required to maintain polymer in molten form
causing potential flashing of water and inability to maintain vacuum.

B. Low Speed Auger

1. This custom modified mixing system for thermoset polymers is not designed to
operate in a high temperature, high viscosity mixing environment.

C. Single Shaft Agitating Mixer

1. Ruled out due to high inherent high viscosities of thermoplastic which is better
suited for planetary agitated mixing.

D. Vibratory Pencil

1. Eliminated due to high potential for significant operation problems should
thermoplastic contaminate vibrating mechanism. Additionally, there is no
industry experience with this system.

6.3.1.3.2 Out-Of-Drum Options

A. Rotating Mixer

1. Not considered due to high surface area of the mixer internals surface area and
potential for significant polymer buildup.

B. Single Shaft Agitating Mixer

1. Eliminated due to high thermoplastic viscosity better handled via planetary

mixing.

6.3.2 Alternatives Screened Based Upon Waste Type Versatility

A. The following mixing techniques were screened out based upon the inability to handle
at least three or more waste physical characteristics or were unable to mix at least 50
volume % of the total WRAP 2A throughput.

i|

W.APO=S7 ....
03/04193 Page 50



WRAP FACILITY. DOE-RL UNWED ENGINEERS & CONITRUCTORa
O|-ACO4.SlRL11948 I_a_eo! No, 6237.008

6.3.2.1 Grout Mixing Options

6.3.2.1.1 In-Drum Options

A. Vibratory Table and Pencil

1. Ruled out due to the limited capability of handling only 26.3 volume % of the
WRAP 2A feed in the form of dry and wet size reduced solids and ion exchange
resins.

!
B. Drum Rotation

1. Eliminated since this technique can handle only dry and wet size reduced solids
which comprise only 18.9 volume % of the WRAP 2A waste feed.

6.3.2.1.2 Out-of-Drum Options

A. Rotating Mixer

1. Ruled out for the same reason as the in-drum drum rotation mixing method.

6.3.2.2 Thermoset Polymer Mixing Options

6.3.2.2.1 In-Drum Options

A. Vibratory Table

1. Ruled out due to the maximum throughput capability of only 26.3 volume % of
total WRAP 2A feed.

B. Low Speed Auger

1. Eliminated due to demonstrated experience with only a single waste type, i.e.
dry particulate solids. Also, no experience with preloaded waste in-drum.

C. Vacuum Drum

1. Ruled out for inability to handle more than one waste type, ion exchange resins,
which comprise only 7.4 volume % of the total feed.

l illnl lUll I _ iii im
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6.3.2.3 Thermoplastic Polymer Mixing Options

6.3.2.3.1 In-Drum Options

A. Drum Rotation

1. Not considered due to applicability to only two different waste physical
characteristics comprising only 18.9 volume % of WRAP 2A waste feed.

6.3.2.3.2 Out-of-Drum Options

A. Thin Film Evaporation

1. Screened out since this technique is applicable to only dilute wet particulate or
ion exchange waste forms.

6.4 Detailed Discussion

6.4.1 Evaluation of Alternatives

A. Those options which were recomm3nded as a result of the preliminary screening
process (Table 6-4) advanced to formal evaluation. This evaluation was performed i

using the evaluation criteria listed in Section 5.1.3.2, This criteria and the
corresponding weighting factors are listed as follows:

Weiahtin_ Factor

1. Potential Hazards 10%

2. Operability 10%

3. Maintainability/Reliability 10%

4. Demonstrated Technology 20%

5. Capital Cost 10%

6. Process Flexibility 20%

7. Waste Mixing Effectiveness 10%

8. Waste Minimization 10%

iiiii Biiii i lib

WRAPO287

03/04/93 Psge 52



WRAP FACILITY, DOE-RL UNITED ENGINEERS& CONSTRUCTORS
OE-AC36-SlRL11946 Project No. 6237.008

TABLE 6-4

MIXING OPTIONS FROM FINAL SCREENING

MIXING OPTIONS WITH GROUT BINDER

OUT-OF-DRUM

MIXING OPTIONS WITH THERMOSET POLYMER BINDER

OUT-OF-DRUM

MIXING OPTIONS WITH THERMOPLASTIC POLYMER BINDER
I

EQUIPMENT TYPE/WASTE FORMS DRY PARTICULATE WET PARTICULATE DRY SIZE REDUCED _ ION EXCItANI31: FII::_IN
IN -DRUM

OUT-OF-DRUM

EXTRUSION MIXER • •
PLANETARY MIXER • a •
HORIZONTAL BLENDER • • •

NOTES: III With end without loaf paddle

I2) Without Ioet paddle
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C. Tables 6-5, 6-6 and 6-7 summarize the waste mixing evaluation scoring comparison
for grout, thermoset polymer, and thermoplastic polymer binders, respectively.

D. The following section gives a detailed description of the methods used to assign
relative scores to each evaluation criteria. The scoring follows the scoring factors
listed in Section 5.1.3.2.

6.4.1.1 Potential Hazards

In this evaluation, the five factors that describe the potential for hazardous operation
are described in Section 5.1.3.2. Evaluation criteria are scored for each of the three
binders using both in-drum and out-of-drum mixing devices. All five factors were
weighted equally and the average score was "rounded" to the nearest whole number.

A. Grout Binder

1. The detailed evaluation of potential hazards for grout binder is shown in Table
6-8.

a. Grout Binder with In-Drvm Mixinq

1) Sinale Shaft Aaitat0r with Lost Paddle" The "lost paddle" agitator
includes the use of a prefitted lid with integral fill ports. Assuming
that the waste is remotely preloaded into the drum and the drum is
sealed prior to removal from confinement and transfer to the grouting
area, this method minimizes operator exposure and the potential for
operator injury, as well as the potential for leaks, spills or other gross
contamination. This results in an average raw score of 5.

2) Sinale Shaft Aaitat0r without lost Paddle: The reusable paddle may
require cleaning and/or adjustment between uses. Also it implies the
drum may be opened during and after mixing operations and a
contaminated fill head/paddle assembly must be placed in the next
drum. This increases potential for contamination and operator dose
uptake. This results in an average raw score of 4.

3) Planetary Mixer: This mixer is similar to the single shaft reusable
paddle mixer with respect to the potential for contamination when
transferring a new drum to the mixer area. However, the operator
dose exposure and potential for operator injury are greater than the
reusable paddle. Therefore, the average raw score for the planetary
mixer is 3.

iii ii i
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TABLE 6-5

WASTE MIXING EVALUATION SCORING COMPARISON - GROUT BINDERS

| EVALUATION POTENTIAL ()PERABILITY MAINTAINABILITY TECHNOLOGY CAPITAL PROCESS WASTE MIXING WASTE TOTAL
CRITERIA HAZARDS /RELIABILITY DEVELOPMENT COST FLEXIBILITY EFFICNENCY MINIMIZATION

WEIGHTING 10% 10% 10% 20% 10% 20% 10% 10% 100%
FACTOR

IN-DRUM MIXING EQUIPMENT NOTE 1
I

FLAWSCORE 5 4 5 4 5 3 3 5
SINGLE SHAFT AGITATOR

ADJUSTEO 0.50 0.40 0.50 0.80 05 0.OO 0.30 0.50 4.10
WITH LOST PADDLE

SCORE

RAW SCORE '2 3 4 6 5 3 3 4

SINGLESHAFT AGITATOR ADJUSTED 0.20 0.30 0.40 1.00 0.50 0.00 0.30 0.40 3.70
WITHOUT LOST PADDLE SCORE

RAW SCORE 2 3 2 4 2 6 4 3

PLANETARY MIXER ADJUSTED 0.20 0.30 0.20 0.80 0.20 1.00 0.40 0.30 3.40
SCORE

OUT-OF-DRUM MIXING EQUIPMENT NOTE 2 I IIIIIII

RAW SCORE 3 2 2 4 3 6 5 2

HORIZONTAL BLENDER ADJUSTED' 0.30 0.20 0.20 0.80 0.30 1.00 0.50 0.20 3.50
SCORE

RAW SCORE 3 3 2 2 2 3 5 2

PLANETARY MIXER ADJUSTED 0.30 0.30 0.20 0.40 0.20 0.60 0.50 0.20 2.70
SCORE

NOTES: 1. ASSUMES WASTE PRELOADED IN DRUM
2. ASSUMES WASTE ADDED SIMULTANEOUSLY WITH OR AFTER BINDER

ii
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TABLE 6-6

WASTE MIXING EVALUATION SCORING COMPARISON -THERMOSET POLYMER BINDERS

EVALUATION POTENTIAL OPERABILITY MAINTAINABILITY TECHNOLOGY CAPITAL PROCESS WASTE MIXING WASTE TOTAL
CRITERIA HAZARDS /RELIABILITY DEVELOPMENT COST FLEXIBILITY EFFICIENCY MINIMIZATION

WEIGHTING 10% 10% 10% 20% 10% 20% 10% 10% 100%

FACTOR I
I

IN-DRUM MIXING EQUIPMENT NOTE I

RAW SCORE 4 3 5 4 5 3 3 4

SINGLE SHAFT AGITATOR ADJUSTED 0.40 0.30 0.50 0.80 0.50 0.60 0.30 0.40 3.80
WITH LOST PADDLE SCORE

RAW SCORE 2 2 4 3 5 3 3 3

SINGLE SHAFT AGITATOR ADJUSTEO 0.20 0.20 0.40 0.60 0.50 0.60 0.30 0.30 3.10
WITHOUT LOST PADDLE SCORE

RAW SCORE 2 2 2 2 2 5 . 3 2

iPLANETARY MIXER ADJUSTED 0.20 0.20 0.20 0.40 0.20 1.00 0.30 0.20 2.70
SCORE

OUT-OF-DRUM MIXING EQUIPMENT NOTE 2

RAW SCORE 2 1 4 4 5 2 5 1

SINGLE SHAFT AGITATOR WITHOUT ADJUSTED 0.20 0.10 0.40 " 0.80 0.50 0.40 0.54) 0.10 3.00
LOST PADDLE SCO_E

RAW SCORE 2 1 2 1 3 5 4 1

HORIZONTAL LENDER ADJUSTED 0.20 0.10 0.20 O.20 0.30 1.00 0.40 0.10 2.50
SCORE

NOTES: I. ASSUMES WI,STE PRELOADEDIN DRUM

2. ASSUMES WASTE ADDED SIMULTANEOUSLY WITH OR AFTER BINDER
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TABLE 6-7

WASTE MIXING EVALUATION SCORING COMPARISON - THERMOPLASTIC POLYMER BINDERS

I

EVALUATION PC)TENTIAL OPERABILITY MAINTAINABILITY TECHNOLOGY CAPITAL PROCESS WASTE MIXING WASTE TOTAL
CRITERIA HAZARDS /RELIABILITY DEVELOPMENT COST FLEXIBILITY EFFICIENCY MINIMIZATION

WEIGHTING 10% 10% 10% 20% 10% 20% 10% 10% 100%
FACTOR

I

IN-DRUM MIXING EQUIPMENT NOTE 1

RAW SCORE 2 2 2 ! 2 5 3 3

PLANETARY MIXER ADJUSTED 0.20 0.20 0.20 0.20 0.20 1.00 0.30 0.30 2.80
SCORE

I

OUT-OF-DRUM MIXING EQUIPMENT NOTE 2
I

II

RAW SCORE 2 1 2 4 3 5 4 2

HORIZONTAL BLENDER ADJUSTED 0.20 0.10 0.20 0.80 0.30 1.00 0.40 0.20 3.20
SCORE

RAW SCORE 2 1 2 2 2 3 4 2

PLANETARY MIXER ADJUSTED 0.20 0.10 0.20 0.40 0.20 0.80 0.40 0.20 2.30
SCORE

RAW SCORE 2 5 2 5 I 2 5 5

EXTRUSION MIXER ADJUSTED 0.20 0.50 0.20 1.00 0.10 0.40 0.50 0.50 3.40
SCORE

NOTES: 1. ASSUMES WASTE PRELOADED IN DRUM
2. ASSUMES WASTE ADDED SIMULTANEOUSLY WITH OR AFTER BINDER
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TABLE 6-8

EVALUATION OF POTENTIAL HAZARDS FOR GROUT BINDER

POTENTIAL HAZARDS FACTORS

l o,.,.,,oo..l ,o,.,,,,. f ,o,.o,,,,._.._._,o,._;,. __--_---__:::._
Exposure | Operator injury | Spills or Uncontrolled I Dropping Objects I or MaZer_S _iaS I

Releases Generation

In-Drum Mixing Equipme t

Out-Of-Drum Mixing Equipment
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b. Grout Binder with Out-Of-Drum Mixina

1) Horizonl;al Blender: This blender must incorporate sta3ed mixing and
fill operations. It therefore has additional potential for leaking while
transferring waste binder mix to the final drum. However, the
system can use a fully enclosed mix chamber with remote fill and
drain capability and therefore can be operated in a manner
commensurate with single shaft reusable paddle. Because operator
dose exposure risk is greater than the single shaft reusable paddle,
this resulted in an average score of 2.

2) Planetary Mixer: This type of mixer is commensurate in potential
hazards to the our-of-drum horizontal blender. The average score for
this mixer is 2.

B. Thermoset Polymer Binder

1. The detailed evaluation of potential hazards for thermoset polymer binder is
shown in Table 6-9.

a. ThQrmoset Polymer Binder with In-Drum Mixina:

1) $in qle Shaft Agitator with Lost Paddle: The potential for hazardous
operation of this mixer with thermoset polymer binder is greater than
with grout binder because of the increased potential for operation
exposure to chemical fumes using thermoset polymer. Therefore, the
average score for this mixer is 4.

2) $inale Shaft Aaitator without Lost Paddle: This mixing approach also
increases the potential for operator exposure to more hazards than
with a grout binder because of the potential for chemical fumes being
released during drum changeover and during paddle cleaning. The
average score for the agitator with reusable paddle is 3.

3) Planetary Mixer: This is very similar to the rating for planetary mixer
used with grout binder except the potential for chemical fumes from
using thermoset polymer decreases the average score from 3 to 2.

b. Thermoset P01ymer Binder with Out-Of,Drum Mixina

1) _;ingle Shaft AQitator without Lost Paddle: This is very similar in
regards to potential hazards as the in-drum single shaft/reusabl_
paddle. However, the larger tank and paddle has the potential for
increased emissions of chemical fumes both during operating and
cleaning periods. This results in an average score of 1 for this out-of-
drum option.

WRAP02'87 ....
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TABLE 6-9

EVALUATION OF POTENTIAL HAZARDS FOR THERMOSET POLYMER BINDER

POTENTIAL HAZARDS FACTORS
. •

Operator 0ose Potential for Potential for Leaks. Potential for Potential |_ Fl_.._mable Avwage

Exposure Oparatex Injury Spills or Uncontrolled Dropping Objects or Hazardous Gas Scoce
• Releases Genwation

In-Drum Mixing Equipment

Single Shaft Agitator w0th Lost Paddle 5 S 3 5 3 4

Single Shaft Agitator'without Lost Paddle 2 2 I 2 1 2w__

Planetary Mixer 2 2 1 2 _ 1 2

Out-Of-Drum Mixing Equipment

Single Shaft Agitator without Lost Paddle 2 3 2 3 1 2

Horizontal Blender 2 3 2 3 1 2
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2) Horizontal Blender: The horizontal blender is very similar to the out-
of-drum single shaft agitator with reusable mixer and is also a more

complicated and hazardous piece of equipment to operate than the .i
horizontal blender used with grout binder. This produces an average
score of 1 for this type of mixer.

C. Thermoplastic Polymer Binder

1. The detailed evaluation of potential hazards for thermoplastic binder is shown
in Table 6-10.

a. Thermoplastic Polymer Binder with In-Drum Mixina

1) Plapetarv Mixer: The hazardous aspects of operating a planetary
mixer with thermoplastic polymer are considered to be greater to
those operating a planetary mixer with grout binder because molten
polymer is used with a heated polymer tank, heated polymer lines and
external clamp-on drum heater. This gives an average score of 3 for
a planetary mixer with thermoplastic polymer binder.

b. Thermoplastic Polymer Binder with Out-Of-Drum Mixina

1) H0rizonl;_l Blender: The potential for hazardous operations with a
horizontal blender utilizing a molten thermoplastic polymer binder are
considered more severe to operating a horizontal blender with grout

binder, resulting in an average score of 2. A heated polymer tank,
heated polymer lines, heated horizontal blender and clamp-on drum
heater will all increase potential hazards to the operators.

2) Planetary Mix_r: The potential hazards factors for operating an out-
of-drum planetary mixer using molten polymer are essentially the
same as those for operating out-of-drum thermoplastic processing
with a horizontal blender. Operations _ill include a heated polymer
tank, heated lines for polymer and polymer/waste mixtures, a heated
planetary mixer and clamp-on drum heater. This yields an average
score of 2 for the out-of-drum planetary mixer.

3. Extrusion Mixer: This mixer is unique in that is not used with any
other binder. The operation is more complex (involving high

temperature electric heaters and high pressure extrusion of molten
polymer) than a horizontal blender or planetary mixer but clean-up
between shifts is normally not required. Thus, no significant hazard
differences are seen between the extrusion mixer and the horizontal

blender or planetary mixer and the resultant average score for the
extrusion mixer will be a 2.

i i i iii im iii
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TABLE 6-10

EVALUATION OF POTENTIAL HAZARDS FOR ]HERMOPLASTIC POLYMER BINDER

°

Planetary Mixer 2 1 2 2 2 2

Out-Of-Drum Mixing Equipment

Horizontal Blender 2 2 3 3 2 2

Planetary Mixer 2 2 3 3 2 2

fusion Mixer 2 2 3 3 2 2
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6.4.1.2 Operability

A. Grout Binders

I. Ln-Drum Mixino

a. Sin_e shaft Aoitator With Lost Paddle: It is assumed that this mixer is
provided with variable frequency motor control or some other means to
infinitely adjust mixer RPM. Paddle configuration and RPM adjustments
can be accommodated remotely and this provides considerable flexibility
to adjust mixing parameters prior to and during mixing (assuming paddle
configuration is acceptable) there is limited ,:lean up with the lost paddle
method and start up and shut down operations are minimal. This was

given a raw score of 4.

b. Sinqle Shaft Agitator without Lost Paddle: Assuming controllable RPM
features as noted above this system will require operator action to change

out paddle and requires some action to clean impellers between batches.
The start up and shut down operations are also affected by the
requirement to clean or adjust paddles. However, paddle location in-drum
can be adjusted. This was assigned a raw score of 3.

c. Plpnetarv Mixer.: This type of mixer can be adjusted to modify speed,
agitator tyl_e, agitator diameter and mixing intensity. However, operator
action is required to change out agitators and significant cleaning with
water may be required between batches. Contact maintenance may be
required to change out agitators. Therefore, a raw score of 3 was
assigned.

2. Qut-of-Drum Mixing

a. Hori_onl_al Blender: This system is convertible for agitator type, diameter
and speed. Agitator location is fixed within a heavily contaminated zone
and extensive contact maintenance is required to change out agitators.
Very significant clean up with water is required between batches.
Therefore a raw score of 2 was assigned.

b. Plane_taryMixer: Again the system is easy to operate as noted in the in-
drum mixer write up. Out of drum use requires auxiliary vessel clean up
besides mixer clean up, however this was not significant enough to affect
the raw score of 3.
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B. Thermoset Polymer

1. In-Drum Mixina

a. Sinole Shaft Aaitator with Lost Paddle: Operability considerations are
generally the same as with grout binder and therefore the raw score is
assigned at 4.

b. Sinale Shaft Aoitator without Lost Paddle: Operability consideration are
generally the same as with grout binder however, clean up is significantly
more difficult with thermoset polymers (solvents required) and therefore
the raw score has been dropped one point to 2.

c. Planetary Mixer: Operability consideration are generally the same as with
grout binder however, clean up is significantly more difficult with
thermoset polymers (solvents required) and therefore the raw score has
been dropped one point to 2.

2. Out-Of-Drum Mixina

a. $inale Shaft Aaitator wil;hout Lost Paddle: This is similar to the in-drum
single shaft agitator except that significantly more clean up is involved with
the auxiliary vessel and therefore a score of 1 is assigned.

b. Horizontal Blender: Operability consideration are generally the same as
with grout binder however, clean up is significantly more difficult with
thermoset polymers (solvents required) and therefore the raw score has
been dropped one point to 1.

C. Thermoplastic Polymer

1. In-_rum Mixina

a. pI0netarv Mixer: Operability considerations are similar to thermoset binder
use. Score assigned is 2.

2. Out-Of-Drum Mixing

a, Horizontal Blender: Operability considerations are identical to thermoset
binder use. Score assigned is 1.

b. Planetary Mixer.: The overwhelming impact to operability is clean up
between batches. Score assigned is 1.

c. Extrusion Mixer: This equipment is designed specifically for use with
polymers. Clean up merely requires shut down of waste flow with
continued thermoplastic feed. Raw score is 5.

ii ii i iiiiii
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ft Aaitator withQut I_ostPaddle: This mixer is quite similar to the
9nt of binder selection. Additionally, ft agitator with lost paddle described above except that the
)d water, has not been addressed in t and paddle may require maintenance related to erosion as a
,an up, binder selection and waste ixing abrasive formulations. Since the paddle is not assumed to
ler operability, process flexibility and d each cycle it has the potential to require some contact

reviewed from a mechanical ce of cop_.aminated components. All mixers are protected from
_placement standpoint, dc failure (should a paddle jam or strike a rigid object) by various

0compensating mechanisms. Accordingly this mixer was given
re of 4.

_l.J._:These single shaft mixers are Mixer: The mixer drive is fairly complex and subject to
t drive arrangements, direct, geared, _ce requirements which are higher than single shaft agitators.
;ro! and the mounting methods may lly, due to the configuration of the equipment disassembly and
e mixershould include consideration place is more difficult and time consuming. The paddle
nce out of the area if required. It is ¢ion is also more complex and it requires operator contact
aintenance will be contaminated, _ce to remove and/or adjust. Accordingly it was given an average
sposable agitators. Therefore this mof 2.
_ility and ease of maintenance and

I Blender: The reliability of the horizontal blender is on a par with
,taw mixer. The equipment drive and paddle components are

._LI.g.:This system is quite similar to and contact maintenance of major contaminated components is
/e except that the mixer/shaft and y required. It was given an average raw score of 2.
_d to erosion as a result of mixing
_is not assumed to be dropped each , Mixer: Because of the necessity for much higher level of control
s some contact maintenance of Jmentation, the extruder mixer appears to have a lower reliability
s are protected from catastrophic / other mixer with respect to electrical controls of various
rigid object) by various torque/slip ms. However, vendors dispute this and indicate high levels of

ly this mixer was given a raw score us operation. Additionally, all major components except the drive
e likely to becontaminated and will, at some point, require contact
lnce. This maintenance will include a significant in place

s fairly complex and subject to _bly of the machine. Therefore, the extruder was given a raw
ligher than single shaft agitators. 2.
)f the equipment disassembly and

time consuming. The paddle pment
]nd it requires operator contact

ccordingly it was given an average

;haft agitators operating without the lost paddle technique are
_ly used in the commercial and DOE industry to mix grout and
. DOE facilities which have previously utilized this mixing
_e on a full scale basis include Rocky Flats Plant, West Valley,

ah River, and Hanford. Rocky Flats has developed an in-drum I
system identified as OASIS (Organic and Sludge Immobilization

iii i ii ii I= | i
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System). This system utilized a Lightnin 2 horsepower variable speed
mixer with 2-11.3" diameter impellers2_. The unit was used to mix
approximately 30 gallons of liquid organic waste or sludge with
Envirostone cement at a rate of up to seven drums per 8 hour shift. West
Valley has also used a high shear lightnin mixer to mix LLWTF sludge with
dry portland cement for a total production of approximately 1250 drums3).
However, it was found that over 50% of these drums contained free liquid

after the curing stage and have been slated for reprocessing using a double
planetary mixer. Use of a single shaft agitator with lost paddle mixing is
less widespread and the only known commercial use, for treating mixed
wastes, is overseas with BNFL at WPEP and EP2. This process, developed
after over 10 years of experimentation, has proven successful for dilute,
water slurries; waste forms that may represent a portion of the WRAP 2A
feedstreams. Planetary mixing, in-drum, has been demonstrated on a full
scale limited basis only at West Valley with LETF sludges similar to WRAP
basin sludges.

b. Therefore, on the above demonstrated experience basis, single shaft
agitators without lost paddle are rated 5, followed by single shaft with lost
paddle, and planetary mixing, both with a 4 rating.

2. Out-Of-Drum MixinQ

a. The use of horizontal blending mixers such as pug mills or screws for
mixing LETF metal sludges with grout have been demonstrated full scale
on a limited basis at the Rocky Flats Plant in Bldg. 374. The RFP mixing
system was used to mix dried LETF sludge with portland cement in a pug
mill. The system was eventually discarded due to severe dusting problems
which rendered the process offgas scrubber inoperative. There were also
significant quality control problems related to assuring that all cement and
waste was well mixed. However, since this mixing technique is no longer

used in lieu of a redesign of the mixing system in favor of an in-drum
agitated system, the techmque is rated a 4. Planetary mixing of grout with
waste out-of-drum is not practiced at any known DOE or commercial
facility on a full or pilot scale basis. Therefore the technique is rated a 2
until this type of operation is verified in industry.

B. Thermoset Binders

1. In-Drum Mixina_

a. The method of mixing waste with thermoset binders such as VES resin or
water extendable polyesters has almost exclusively been done with single
shaft agitators. Stock Equipment Company has demonstrated a disposable
single shaft auger type mixer for mixing dry incinerator ash with VES resin.
This mixing was on a commercial basis using preloaded polymer and in-
drum mixing agitators at Aerojet. Since this method did not use preloaded
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waste in-drum the rating is downgraded from 5 to 4. Use of high speed
agitators without lost paddle adaption has been used by Diversified
Technologies via several mobile treating units at various DOE facilities. As
such, this type of operation was considered to be a limited capacity type
operation and rated a 3.

b. Planetary type mixers have not been demonstrated for mixing waste with
thermoset polymers at a commercial, DOE, or laboratory facility. However,
there is evidence of use of planetary type mixers for mixing of particulate
ammonium perchlorate crystals with thermoset polymer. This operation is
practiced by United Technologies to produce solid rocket propellant under
extremely hazardous operating conditions. As such, the technique was
upgraded from 1 to 2.

2. Out-Of-Drum Mixin0

a. The use of high speed, single shaft agitators to mix ion exchange resins
with VES resin has been demonstrated commercially in 200 ft3 liners by
Diversified Technologies. However, this technique assumes that the vessel
is disposable and does not allow reuse of the vessel for subsequent
batches, which would be the intent of this out-of-drum mixing technique.
As such, the rating is downgraded from 5 to 4.

b. Horizontal blending of waste with thermoset polymers, out-of-drum, has [

no known demonstrated application commercially or in the laboratory.
Therefore, this mixing technique is rated 1.

C. Thermoplastic Binder

1. In-Drvm Mixinq

a. Mixing of thermoplastic polymers with waste, in-drum, has not been
attempted using any known mixing technique. This is due to the inherent
problems of heating the drum to maintain a molten state long enough to
mix the thermoplastic. As such, planetary mixers are rated 1 for
demonstrated technology.

2. Out-Of, Drum Mixina

a. Thermoplastics such as sulfur cement and asphalt or bitumen have been
successfully mixed with a wide variety of waste materials. Oxidized
asphalt has been employed extensively overseas to encapsulate radioactive
ion exchange resins and evaporator concentrates with high nitrate salts.
Commercial processing facilities are located in Austria, Belgium, Finland,
France, Germany, Japan, Sweden, and Switzerland. The most common
mixing technique is a full scale extruder or thin film evaporator depending

iiii ii i ill
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on the waste water content. Brookhaven National Laboratory, in
conjunction with other DOE facilities such as Rocky Flats Plant, has
performed extensive laboratory and pilot scale testing using single screw
extruders. Most of their testing has involved mixing of molten low density
polyethylene with high nitrate salt wastes. Waste Ioadings of 70 wt%
have been obtained in 1 1/4" diameter laboratory extruders and 60 wt%
for 4 1/2" diameter production size extruders capable of steady state
throughputs of 1000 Ib/hr11. Therefore the extruder is rated 5 for
demonstrated technology due to its full scale and wide spread use. Both
horizontal and vertical thin film evaporators are used commercially overseas
to dry and encapsulate salt slurries with bitumen. However, the use of
horizontal mixer-evaporators appears to be significantly less common than
vertical units. Therefore the horizontal blending mixing technique is
downgraded from 5 to 4.

b. The use of low speed wiping type mixers for asphalt blending is commonly
used in commercial applications in this country. Many agitator
manufacturers (Meyer, Hockmeyer, etc.) supply single shaft or twin shaft
concentric low speed mixers that have been commercially used in this
application. However, specific use of planetary mixers for mixing
thermoplastics has only been done at a laboratory scale (Brookhaven
National Lab) using bench scale equipment. Modified sulfur cements have
been used to encapsulate incinerator ash at 55 wt% Ioadings. Due to the
extensive commercial experience with low speed wiping type mixers for
thermoplastics the planetary mixing technique which employs the same
principal as the wiping type mixer was upgraded from 1 to 2, which
indicates bench scale experience.

6.4.1.5 Capital Cost

A. Capital cost is considered to be independent of binder selection, assuming a system
has been identified as compatible with a particular waste/binder combination. Where
appropriate, options such as mix vessels are quoted. The relative relation to CDR
baselines are discussed, but scoring is based upon absolute costs.

1. In-Drum Mixinq

a. .Single Shaft Agitator: The CDR baseline mixer cost is in the $3000 range.
This is for a 3 horsepower low speed mixer (0-350 RPM) suitable for use
with grout or polymer (dry particulate only). However, polymer requires a
high speed mixer with a disperser blade when used with wastes requiring
emulsification of free water. The proposed configuration is a 15
horsepower high speed (650 - 3200 RPM) disperser. Its cost is
approximately $6,300. For the pu,'poses of the study the high speed mixer
cost is utilized as a worst case and is scored a 5.

WRAP0287
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b. Planetary Mixer: The equipment complete with hydraulic lift and all related
controls is $71,200. This system cannot be configured independent of the
lifting mechanism. It is by far the most complex of the paddle type
mechanical mixers and is scored a 2.

2. Out-of-Drum MixinQ

a. Sinale Shaft Aaitator: The basic mixer cost is in the $3,000 range. Out-of-
drum jacketed mix vessel is estimated at approximately $8,000 for a 25
ft= vessel. Total equipment arrangement cost is $11,000. For polymer
binders, the system configuration results in a one for three mixer
replacement or a differential cost of $5,000. This is given a score of 5.

b. Planetary Mixer: The equipment complete with hydraulic lift and all related
controls is $71,200. An auxiliary mix vessel is an additional $8,000.
Therefore, the total equipment arrangement cost is $79,200. For polymer
binders the system configuration results in a one for three mixer
replacement or differential cost of $73,200. This is given a score of 2.

c. Horizontal Blender: Vendor quotes run from $19,000 to $ 42,000. Total
equipment cost utilized for this estimate is $42,000. For polymer binders
the system configuration results in a one for three mixer replacement or a
differential cost of $36,000. This is given a score of 3.

d. Extrusion Mixer: This mixer is a drastic departure from the CDR.
Estimated costs (including feed mechanisms) can range from $420,000 to
$530,000 for a twin screw extruder capable of handling the throughput
necessary to process all particulates and sludge waste feedstreams
requiring polymer encapsulation. The extruder score is 1. The impact of
mixer one for three or one for four replacement is negligible in this
instance.

3. Lost Paddl_ Expenditures:

In order to estimate lost paddle expenditures we have utilized cost ranges based
solely upon vendor preliminary estimates for paddle manufacturing costs.

,,., ,, .,.

Binder Confiouretion Cost Estimate Ranges Averaqe Cost
,,, . ,.,, m,,, ,

Grout Bow tie/BNFL $100-900 $500
i. , i .,,- .,, ,,. ,, ,.,, ,.,

iPolymer Disperser/Bowtie $55-390 $222
,.,. i , , ,, , , ,,

Estimated par drum costs:

Grout Paddles $ 500.00

Polymer Paddles $ 222.00
, i., .=HH, lira IIIII I I I .I Ill, . ,

For the purposes of discussion lost paddle operational costs provided for
information but have not been added to the capital cost scoring. It should be
noted that mockup testing may provide design refinements which lower paddle
COSTS.

ii i i
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6.4.1.6 Process Flexibility

A. To allow a more equitable comparison, mixing equipment used for in-drum mixing will
be compared separately from mixing equipment used for out-of-drum mixing.

B. In-Drqm Mixinq Eqqioment

1. In Table 6-11, three types of in-drum mixing equipment are evaluated for
process flexibility. They are:

a. Single shaft agitator with lost paddle.

b. Single shaft agitator without lost paddle.

c. Planetary mixer.

2. The total calculated time (i.e. number of binders x volume %, summed for each
waste form) that each type of in-drum mixing equipment can be used with the
three binders and five waste forms is shown in Table 6-1 1. The three types of
in-drum mixing equipment can be ranked as follows:

r"

Total Calculated Time

Type of In-Drum Mixing Equipment Equipment can be Used Score

Planetary mixer ........ 238.5 ' 5
, i i.. ,

Single shaft agitator with lost padciia 159.0 3

"Sing,..ha.agi,°,o,withou;Is',;;,ddl. 1590 3
i II I I II II

3. The score for each type of in-drum mixing equipment is then entered on Tables
6-5, 6-6 and 6-7 that compare the eight evaluation criteria for each type of
binder.

C. Out-Qf-Drum Mixinq Eauiomenl;

1. In Table 6-12, four types of out-of-drum mixing equipment are evaluated for
process flexibility. They are:

a. Single shaft agitator with(_ut lost paddle.

b. Planetary mixer.

c. Horizontal blender.

d. Extrusion mixer.

ii iii i
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TABLE 6-!!

PROCESS FLEXIBILITY EVALUATION FOR IN-DRUM MIXING

WASTE FORMS AND PERCENT OF TOTAL WASTE

Type of Mixing Type of Binder Dry Particulate Wet Particulate Dry Size Wet Size Ion Exchange Total Calculated

Equipment Reduced Reduced Resin Time EquipmentCan Be Used

56.8 vol% 15.3 vol% 14.2 vol% 4.7 vol% 7.4 vol%
I

Single Shaft Agitator Grout X X X
with Lost Paddle Thermoset Polymer X X X

Thermoplastic Polymer __ -- -- --
TOTAL 2 x 56.8 = 113.6 2 x 15.-_-- 30.6 0 0 2 x 7.4 = 14.8 159.0 3

Single Shaft Agitator Grout " X X X
without Lost Paddle Thermoset Polymer X X X

Thermoplastic Polymer
TOTAL 2 x 56.-_'= 113.6 2 x 15.3 -- 30.6 0 0 2 x 7.-4-_'= 14.8 159.0 3

Planetary Mixer Grout X X X
Thermoset Polymer X X X
Thermoplastic Polymer X X__ __ __ X

TOTAL 3x56.8 = 170.4 3x 15.3 = 45.9 0 0 3x7.4 = 22.2 238.5

X Denotes that this type of equipment can be used with a particular binder and a particular waste form.
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TABLE 6-12

PROCESS FLEXIBILITY EVALUATION FOR OUT-0F-DRUM MIXING

WASTE FORMS AND PERCENT OF TOTAL WASTE

Type of Mixing Type of Binder Dry Particulate Wet Particulate Dry Size Wet Size Ion Exchange Total Calc,_,!ated :>core
Equipment Reduced Reduced Resin Time EquipmentCan Be Used

56.8 vol% 15.3 vol% 14.2 vol% 4.7 vol% 7.4 vol%

Single Shaft Agitator Grout
without Lost Paddle Thermoset Polymer X X X

Thermoplastic Polymer _ _
TOTAL 1 x 56.-_= 56.8 1 x 15."_= 15.3 ! 0 O 1 x 7.4 = 7.4 79.5 2

Planetary Mixer Grout X X X
Thermoset Polymer

Thermoplastic Polymer X X _ _ X
TOTAL 2 x 56.8 = 113.6 2 x 15.3 = 30.6 O 0 2 x 7.4 = 14.8 159.O 3

Horizontal Blender Grout X X X
Thermoset Polymer X X X

Thermoplastic Polymer X X _ _ X
TOTAL 3 x 5t_.8 = 170.4 : 3 x 15.3 = 45.9 0 0 3 x 7.4 = 22.2 238.5 5

Extrusion Mixer Grout
Thermoset Polymer

Thermoplastic Polymer X X _
TOTAL 1 x56.8 = 56.8 1 x 15.3 = 15.3 0 0 1 x7.4 = 7.4 79.5 2

X Denotes that this type of equipment can be used with a particular binder and a particular waste form.
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2. The total calculated time that each type of out-of-drum mixing equipment can
be used with the three binders and five waste forms is shown in Table 6-1 2, the

four types of out-of-drum mixing equipment can be ranked as follows"

I , , , ,,,,,,

Total Calculated Time

Type of Out-Of-Drum Mixing Equipment Equipment can be Used Score

Horizontal blender .... i38.5 ...... 5

Planetary mixer ...... 159.0 " 3

single Ihait agitator without lost peddle 79.5 2

Extrusion mixer ...... 79.5 ' 2
, i i ii ii ii i ,,| ii ,.., , ,,

3. The score for each type of out-of-drum mixing equipment is then entered on
Tables 6-5, 6-6 and 6-7 that compare the eight evaluation criteria for each type
of binder.

6.4.1.7 Waste Mixing Effectiveness

A. Grout Binders

1. Ln-Drum Mixinq

a. Waste mixing effectiveness is a measure of the capability of a given mixing
technique to produce a homogeneous mixture in a reasonable amount of
time. Assuming preloading of waste for in-drum mixing operations,
product homogeneity will be related to that portion of the total drum
volume that can be adequately covered by the mixer operating internals.
This requirement is related to the mixing process objective of particle
suspension where preloaded waste must be initially set in motion or
suspended from the drum bottom. After the suspension is established, the
process objectives of particle dispersion or blending can be accomplished.
Particle dispersion will apply particularly to wet particulates that tend to
agglomerate in the preloaded waste. Planetary mixers are capable of
sweeping the entire drum volume with intersecting agitator blades. The
agitator blades have close tolerances with the drum walls and bottom and
will allow effective particle suspension and dispersion with preloaded
waste. This type of mixing also provides a low shear rate kneading
operation which is sufficient to blend waste with grout. As such, the
planetary mixer is rated highest of all in-drum mixing techniques at a 4.

b. Single shaft agitators, with or without !ost paddle, are generally less
effective than planetary mixers in sweeping the entire drum cross section.
Therefore unless the shear rate is quite high, the mixing time very long or
viscosities very low, mixing of preloaded waste is less effective than
planetary mixing. Therefore single shaft agitators are rated a 3.
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2. Out-Of-Drvm Mixinq

a. Mixing of many waste types, especially particulates and ion exchange
resins, are easily accomplished out-of-drum. This is because the sequence
of addition of waste, binder, or other additives can be adjusted to allow
optimum mixing efficiency. Also, out-of-drum mixing vessels can be
designed to have smooth internal surfaces that can allow close tolerances
between the vessel wall and mixer internals. Therefore the potential for

dead spots or unswept portions is minimized. By controlling the sequence
of addition, there is less chance of waste agglomeration and better control
of particle suspension and dispersion than the in-drum mixing systems.

b. The two out-of-drum mixing devices considered, the horizontal blender and
planetary mixer, are both capable of sweeping the entire mixing vessel and
adjusting the sequence of material addition. As such, both mixing
techniques are rated at 5, the best potential for mixing homogeneity.

B. Thermoset Binders

1. In-Drum Mixino_

a. Thermoset binders such as VES resin or water extendable polyesters have

lower inherent viscosities than grout and may yield better mixing results
with single shaft agitators than viscous grouts or thermoplastics. Also, in
the case of wet wastes with free water, it is necessary to produce high
shear rates during mixing to emulsify the free water. Although single shaft
agitators are capable of producing high shear rates in localized areas of the
drum, optimum mixing will still be limited by potential dead spots when
waste is preioaded in the drum. Planetary mixing will adequately cover the
drum volume to allow solids suspension, dispersion, and low shear coating

of particulates but may not produce sufficient high speed shear rate to
emulsify water. Therefore single shaft and planetary mixing techniques are
both rated 3 as average for mixing particulate waste with thermosets.

2. Out-of-Drvm Mixin.q

a. Generally, as with grout, out-of-drum mixing of waste with thermoset
polymers will be more efficient than in-drum mixing due to better control
of mixing vessel geometry and sequence of material addition. The single
shaft agitator can be designed to cover a majority of the drum volume by
use of multiple agitator props or vessel internals. This also applies to the
horizontal blender. However, the single agitator is rated better than the
horizontal blender (5 vs. 4, respectively) for thermosets due to the higher
potential shear rate capability of the single shaft agitator which will allow
better emulsification of any free water.

WRAPO287
03/04/93 Page 75



WRAP FACILITY, DOE-RL UNITED ENGINEERS & CONSTRUCTORS
OE-AC06-91RL11946 Proje(:t No. 8237.008

C. Thermoplastic Binders

1. Ln-Drum Mixing

a. Mixing efficiency of thermoplastic binders with waste will be governed to
a large extent by the degree of agitator coverage of the entire drum
volume. Again. as with thermoset polymer, the primary mixing objectives
will be to suspend and disperse the preloaded waste and to thoroughly
coat all waste particulates. This is especially true due to the high inherent
viscosity of thermoplastics. However, thermoplastic viscosity is, in turn,
highly dependent upon polymer temperature which will be very difficult to
control during in-drum mixing. Use of external heating jackets or internal
drum bayonet heaters will be very difficult on a large scale basis.

b. Therefore, without proper temperature control, in-drum mixing of
thermoplastics will be very difficult. The mixing efficiency of planetary
mixers will be average, 3, at best.

2. Out-Of-I_rum Mixina

a. Mixing of thermoplastic polymers with all waste forms is best
accomplished in an out-of-drum mixing device where precise temperature
control is possible. Temperature control is best accomplished when the
heat transfer surface area is greatest per unit volume of binder. Of the
mixing techniques suggested for out-of-drum thermoplastic mixing, the
extruder has the highest heat transfer surface area per unit volume. It also
has the potential for multiple, independently controlled, heating zones. A
carefully controlled temperature profile throughout the barrel length is
possible. Also due to the short residence time, polymer and waste are not
degraded due to extended exposure to elevated temperatures. The
dispersion, suspension and coating of particulates with thermoplastic
polymer are easily controlled mixing objectives when processing sludges
or other fine particulate waste. The excellent heat transfer capability of
the extruder allows removal of any free water as vapor with proper barrel
and screw design. Other process parameters which can be easily
controlled, such as throughput (screw speed) and pressure drop (orifice
plate opening size) allow a good homogeneous mixed product. These
advantages allow the best rating for the extruder for product homogeneity,
ore5.

b. The other out-of-drum mixing techniques, horizontal blender and planetary
mixer, score lower than the extruder. Their rating, 4, is still higher than

= the in-drum mixing techniques. This is because the mixing vessel can be
fabricated with a heat transfer jacket and close tolerances can be achieved
between the mixing internals and vessel wail. Therefore, particulate
suspension and dispersion capabilities are higher for the out-of-drum
mixers.
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6.4.1.8 Waste Minimization Evaluation

A. In this evaluation, the use of a lost paddle is not considered an increase in the primary
waste volume for two main reasons: 1 ) The paddle volume is not a significant portion
of the drum volume. The BNFL lost paddle has been estimated to be less than one
percent of the drum volume (based on BNFL drawings) 2) If a reusable BNFL type
paddle was used, and the paddle was lifted out of the drum after mixing, the small
amount of settling due to the paddle being removed (say 1-2 percent) would not make
"topping off" the drum feasible. Thus, using the lost paddle technique would not
increase the volume of primary waste being handled compared to mixing without a
lost paddle.

B. Secondary waste considered is the dust generated by grout operations, fumes
generated by thermoset or thermoplastic polymers, w_ter produced from dewatering
of ion exchange resin, and solid or liquid waste produced from clean-up of permanent
mixing devices (i.e., mixers that do not use a "lost paddle"). The relative amounts of
dust from grouting operations or chemical fumes from thermoset polymer or
thermoplastic polymer operations can be ranked as follows:

" High • Fumes from thermoset polymer
• Dust from grouting

Low • Fumes from thermoplastic polymer

Some proposed methods for cleaning the paddles are:

• Wiping the paddles with disposable wipes wetted with a water/solvent (water
for grout, chemical solvent for polymers).

• Using a high pressure water/solvent spray.
• Stirring the paddles in a drum (in-drum mixing) or tank (out-of-drum mixing) filled

with water/solvent.

Since the method of cleaning is not precisely defined, the form of secondary waste
is also not known. However, for the purposes of this report, the amount of secondary
waste produced from cleaning either grout, thermoset polymer, or thermoplastic
polymer from a particular type of agitator were ranked equally.

When considering cleaning a particular type of binder from various types of mixers,
the size (surface area) and number of the mixing paddles must be considered. For out-
of-drum mixing, all mixing vessels were assessed to be about 25 ft 3 in volume. The
ranking of secondary waste from cleaning of the mixing devices can be shown as
follows:

..... Out-of-Drum In-Drum
High • Planetary Mixer, Horizontal Blender • Planetary Mixer

• Agitator without Lost Paddle • Agitator without Lost Paddle

Low • Extrusion Mixer (normally no • Agitator with Lost
clean-up between batches) Paddle

-
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C. For the purpose of this evaluation, both in-drum mixers (without lost paddles) and out-

of-drum mixers were assumed to be cleaned at the end of each operating day. O

D. Grout Binder

1. The waste minimization evaluation for grout binder is shown in Table 6-13. In
this table, the relative amount of secondary waste for the three in-drum mixing
types and the two out-of-drum mixing types are compared to each other for the
waste forms considered.

2. Grout Binder with In-Drum Mi:_ing

a. The three in-drum mixing types evaluated were:

1) Single shaft agitator with lost paddle.

2) Single shaft agitator without lost paddle.

3) Planetary mixer

b. Single Shaft Agitator with Lost Paddle

1) Dry or Wet Particulate Waste. These were both given a score of 5
since the only secondary waste generated is some dust from the
grouting operation.

2) Ion Exchange Resin Waste (Slurried). This was also given a score of
5 since the only secondary waste generated is some dust from the
grouting operation and no waste water was produced since the
waste was slurried.

3) Average Score. The single shaft agitator with lost paddle had an
average score of 5.

c. Single Shaft Agitator without Lost Paddle

1) Dry or Wet Particulate Waste. These were both given a score of 4
due to the increase in secondary waste volume caused by agitator
clean up.

2) Ion Exchange Resin Waste (Slurried). This was given a score of 4
since there was an increase in agitator clean-up waste volume. No
waste water was generated due to the use of slurried resin.

3) Average Score. The single shaft agitator without lost paddle had an
average score of 4.

WRAP02S7 ........

03/04/93 Page 78



4k
FACILITY, DOE-RL UNITED ENGINEERS& CI_RUCTORSProjectN'o. 6237.008

CO6-91RL11946

TABLE 6-13
WASTE MINIMIZATION EVALUATION FOR GROUT BINDER

i ,

" WASTE FORMS

Dry Particulate Wet Particulate Dry Size Reduced I Wet Size Reduced Ion Exchb-ige Resin" Average

! Raw Score
i iii

In-Drum Mixing Equipment
m _mzm

Agitator w/Lost Paddle 5 5 (S) 5 5
Dust Dust (N/A) (NIAI Dust

Secondary Waste No paddle clean-up No mixer clean-up No mixer clean-up

Agitator wig Lost Paddle 4 4 (S) 4 4
Dust Dust (N/A) (N/A) Dust

Secondary Waste Paddle clean-up Paddle clean-up Paddle clean-up

Planetary Mixer 3 3 (SI 3 3
Dust Dust (N/A) (N/A) Dust

Secondary Waste (2) Blades clean-up (2) Blades clean-up (2) Blades clean-up

iii

Out-Of-Drum Mixing Equipment _ m,,mm_mm

Horizontal Blender 2 2 (S) 2 2
Dust Dust (N/A) (N/A) Dust

Secondary Waste Blender clean-up Blender clean-up Blender clean-up

Planetary Mixer 2 2 (S) 2 2
Dust Dust (N/A) (N/A) Dust

Secondary Waste Mixer clean-up Mixer clean-up Mixer clean-up

1) All ion exchange resin feedstreams are assumed to be in a slurried condition and can be processed without dewatering since the water is compatible
with grout binder.

(S) = Slurried

(N/A) = Not Applicable

,,i.
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d. Planetary Mixer

1) Dry _r Wet Particulate Waste. These were both given a score of 3
due to the increase in secondary waste volume caused by clean-up
of the two relatively large mixing paddles.

2) Ion Exchange Resin Waste (Slurried). This was given a score of 3
since the secondary waste was equivalent to the dry or wet
particulate waste using the same mixer (due to mixer paddle clean-
up).

3) Average Score. The planetary mixer was given an average score of
3.

3. Grout Binder with Out-Of-Drum Mixing

a. The Two Out-of-Drum Mixing Types Evaluated Were:

1) Horizontal blender

2) Planetary mixsr

b. Horizontal Blender

1) Dry or Wet Particulate Waste. These were both given a score of 2
due to the increase in secondary waste volume (larger blender paddle
and inside area and transfer piping than in-drum mixing creates more
clean-up waste) compared to the planetary mixer (score of 3).

2) Ion Exchange Resin Waste (Slurried). This was given a score of 2
since the increase in the secondar,/ waste volume was similar to
using the horizontal blender to process dry or wet particulate waste.

3) Average Score. The horizontal blender had an average score of 2.

c. Planetary Mixer

1) Dry or Wet Particulate Waste. These were both given a score of 2
since the increase in secondary waste volume is similar to a
horizontal blender mixing the same waste.

2) Ion Exchange Resin Waste (Slurried). This was given a score of 2
since the increase in secondary waste volume is almost identical to

horizontal blender processing the same waste.

3) This was given an average score of 2.
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E. Thermoset Polymer Binder

1. The waste minimization evaluation for thermoset polymer binder is shown in
Table 6-14. In this table, the relative amount of secondary waste volume for
the three in-drum mixing types and two out-of-drum mixing types are compared
to each other for the waste forms considered.

2. Thermoset Binder with In-Drum Mixing

a. The three in-drum mixing types evaluated were:

1) Single shaft agitator with lost paddle.

2) Single shaft agitator without lost paddle.

3) Planetary mixer.

b. Single Shaft Agitator with Lost Paddle

1) Dry or Wet Particulate Waste. These were both given a score of 4
i since the volume of fumes generated from this polymer process were

considered greater than the dust generated by grouting using the
same lost paddle mixing technique.

2) Ion Exchange Resin Waste (slurried). This was given a score of 4
since the volume of secondary waste generated was considered to
be similar to dry or wet particulate. Because the resin was slurried
no waste water volume was generated.

3) Average Score. This was given on average score of 4.

c. Single Shaft Agitator without Lost Paddle

1) Dry or Wet Particulate Waste. These were both given a score of 3
due to the increase in secondary waste caused by the clean-up of the

permanent agitator compared to the same waste with lost paddle
(score of 4).

2) Ion Exchange Resin Waste (Slurried). This was given a score of 3
since the secondary waste volume is equivalent to dry or wet
particulate (score of 3) using an agitator without lost paddle.

3) Average Score. This was given an average score of 3.

i i i iiii i
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TABLE 6-14

WASTE MINIMIZATION EVALUATION FOR THERMOSET POLYMER BINDER

In-Drum Mixing Equipment 4_ mmmmm mmmmmmmmmmmmmmmwmmmmmmmmmm _
Agitator w/Lost Paddle 4 4

Fumes Fumes (N/A) (N/A) Fumes

Secondary Waste No paddle clean-up No paddle clean-up No paddle clean-up.._p.__

Agitator wig Lost Paddle 3 3 (S} 3 3
Fumes Fumes (N/A) IN/A} Fumes

Secondary Waste Paddle clean-up Paddle clean-up Paddle clean-up

Planetary Mixer 2 2 DW) 1 2
Fumes Fumes (NIAI (N/A| FumesWater

Secondary Waste (2} Blades clean-up (2) Blades clean-up (2I Blades clean-up

_ m,m_mmm.mmmm" _ _ _ _
_ mmmmmm
SI 1 1

Agitator w/o Lost Paddle 1 1
Fumes Fumes (N/A) (N/A) Fumes

Secondary Wast( Agitator clean-up Agitator clean-up Agitator clean-up

Horizontal Blender 1 1 _ DW} 1
Fumes Fumes (N/A) (N/A} FumesWater

Secondary Waste Blender clean-up Blender clean-up Blender clean-up

_ m,mm_mmmmm,mmmm _ mmmmmm,mmmamu _

1) All ion exchange resin feedstreams are assumed to be in a slurried condition and the water is either emulsified by high speed agitators or removed
(as a secondary waste} before mixing with thermoset polymer in low shear rate mixers such as the planetary mixer and horizontal blender.

(S} = Slurried
(DW) = Dewatered
(N/A} = Not Applicable
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d. Planetary Mixer

1) Dry or Wet Particulate Waste. These were both given a score of 2
since the increase in secondary waste volume (due to clean-up of the
double planetary mixer blades) is greater than the waste volume
generated during clean up of the agitator without a lost paddle.

2) Ion Exchange Resin Waste (Dewatered). This was given a score of
1 since the increase in secondary waste due to clean-up of the
permanent mixer blades and due to waste water generated from
dewatering was greater than dry or wet particulate with no waste
water.

3) Average Score. The planetary mixer had an average score of 2.

3. Thermoset Binder with Out-Of-Drum Mixing

a. The two out-of-drum mixing types evaluated were:

1) Single shaft agitator without lost paddle.

2) Horizontal blender.

b. Single Shaft Agitator without Lost Paddle.

1) Dry or Wet Particulate Waste. Both of these were given a score of
1 since the increase in secondary waste due to clean-up of a large
mixer tank and paddle was greater than the waste increase for the
planetary mixer using the same waste in drum.

2) Ion Exchange Resin Waste (Slurried). This was given a score of 1
since the increase in secondary waste volume was similar to dry or
wet particulate using the same agitator.

3) Average Score. The single shaft agitator without lost paddle had an
average score of 1.

c. Horizontal Blender

1) Dry or Wet Particulate Waste. These were both given a score of 1
based on a large increase in secondary waste (due to clean-up waste
from the large blender volume and mixing internals) similar to the
agitator without lost paddle.

WRAP0287
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2) Ion Exchange Resin Waste (Dewatered). This is given a score of 1
_ased on a large net increase in secondary waste due to the large
amount of waste generated during clean-up of the large blender and
mixing internals. Since this waste is dewatered, there is also an
increase in waste water volume.

3) Average Score. The horizontal blender has an average score of 1.

F. Thermoplastic Polymer Binder

1. The waste minimization evaluation for thermoplastic polymer binder is shown
in Table 6-15. In this table, the relative amount of secondary waste volume for

the one in-drum mixing type and three out-of-drum mixing types are compared
to each other for each of the waste forms considered.

2. Thermoplastic Binder with In-Drum Mixing

a. The in-drum mixing type evaluated was:

1) Planetary mixer

b. Planetary Mixer

1) Dry or Wet Particulate Waste. These were both given a score of 3
since the increase in secondary waste volume was considered similar
to mixing the same waste with a planetary mixer and grout binder.

2) Ion Exchange Resin Waste (Dewatered). This is given a score of 2
since the secondary waste volume is increased compared to dry or
wet particulate (using the same mixer) due to an increase in waste

+ water volume.

3) Average Score. The planetary mixer is given an average score of 3.

3. Thermoplastic Binder with Out-Of-Drum Mixing

a. The three out-of-drum mixing types evaluated were:

1) Horizontal blender

2) Planetary mixer

3) Extrusion mixer
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TABLE 6-15

WASTE MINIMIZATION EVALUATION FOR THERMOPLASTIC POLYMER BINDER

n-Drum Mixing Equipment

Planetary Mixer 3 3 DW) 2 3
Less fumes Less fumes (N/A} (N/A} LessfumesWater

Secondary Waste (2) Bladesclean-up (2) Blades clean-up (2| Bladesclean-up

Out-Of-Drum Mixing Equipment m,mm.mmmm
m

Horizontal Blender 2 2 DW) 1 2
Less fumes Less fumes (N/A} (N/A) LessfumesWater

SecondaryWaste Blenderclean-up Blenderclean-up Blenderclean-up

Planetary Mixer 2 2 (DW} 1 2
Lessfumes Lessfumes (N/A) (N/A) LessfumesWater !

SecondaryWaste Mixer clean-up Mixer clean-up Mixer clean-up

Extrusion Mixer 5 5 (N/A} (N/A} S) 5 5
Less fumes Less fumes LessfumesWater Boil-Off

SecondaryWaste No mixer clean-up No mixer clean-up No mixerclean-up

I| All ion exchangeresin feedstreams are assumedto be in a slurriedconditionand the water is either removed (as a secondarywaste} before mixing
with molten thermoplasticpolymerin low shearrate mixerssuch as the planetarymixerand horizontalblenderor boiledoff in the extrusionmixer.

:

(S} = Slurried
(DW) = Dewatered
(N/A) = Not Applicable

WRAP0287 Page 85
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b. Horizontal Blender

1) Dry or Wet Particulate Waste. These were both given a score of 2
since the secondary waste volume is increased, compared to in-drum

planetary mixing of the same waste, due to the extensive clean-up
required for the large blender and mixing internals.

2) Ion Exchange Resin Waste (Dewatered). This is given a score of 1
due to the increase in secondary waste volume compared to mixing

dry or wet particulate waste. Major volume increase results from
waste water generated during dewatering.

3) Average Score. The horizontal blender had an average score of 2.

c. Planetary Mixer

1) Dry or Wet Particulate Waste. These were both given a score of 2
since the increase in secondary waste volume was considered similar
to the horizontal blender using the same waste.

2) Ion Exchange Resin Waste (Dewatered). This was given a score of
1 since the increase in secondary waste volume was considered
similar to the horizontal blender processing ion exchange resin waste.

3) Average Score. The planetary mixer had an average score of 2.

d. Extrusion Mixer

1) Dry or Wet Particulate Waste. These were both given a score ot 5
since the secondary waste volume consists of less fumes than
thermoset polymer using in drum mixing with lost paddle (score of 4)
and since the extrusion mixer does not normally need to be cleaned
when it is shut down, thus generating no clean-up waste.

2) Ion Exchange Resin Waste (Slurried). This was given a score of 5
since secondary waste volume was similar to dry or wet particulate
using an extrusion mixer. The extrusion mixer would normally not
require cleaning before it is shutdown.

3) Average Score. The extrusion mixer had an average score of 5.

_VRAP0287 ..................
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6.4.2 Selected Alternatives

The formal evaluation of mixing alternatives yielded the following relative total scores
for the highest rated option for each binder:

Total

@ind@r Mixina Te_hnigues Score

Grout 1) Single Shaft Agitator with lost 4.10
paddle -In-drum

Thermoset 1) Single Shaft Agitator with lost 3.80
paddle -In-drum

Thermoplastic 1) Extrusion Mixer - Out-of-Drum 3.40

Single shaft agitators with lost paddles in-drum are recommended as the best mixing
technology for grout or thermoset binders. This option normally scores higher in
potential hazards, operability, maintainability, and waste minimization than the single
shaft agitator without lost paddle tachnique.

However, extrusion mixing is the alternative of choice for thermoplastics due to very
high scores in the operability, technology development, mixing effectiveness, and
waste minimization categories. Waste minimization is a chief advantage of extruders
because of volume reduction of the primary waste, if it contains water, due to
vaporization of the water. However, it must be noted that extruders also score
extremely low in categories such as maintainability, capital cost and process flexibility.
Twin screw extruders are the most versatile type but still will not handle a great
variety of waste particulate sizes. The initial capital cost of these extruders is very
high and the potential maintenance costs are also potentially very high.

The above recommended mixing techniques do not apply to the small throughput
waste types such as dry and wet size reduced solids. The mixing techniques which
were applicable to these waste types (such as vibratory mixing) were screened out
due to low throughput capability and will be considered in the final discussion of
preferred alternatives to allow mixing of 100% of the WRAP 2A feedstreams.

_VRAP0287

03/04/93 Page 87



WRAP FACILITY. OOE-RL UNITED ENGINEERS Ik CONSTRUCTOR8
DE-AC06-91RL 11946 Project No. 6237.008

7.0 DISCUSSION OF PREFERRED ALTERNATIVES

7.1 Selected Alternatives from Screening

A. Prior to initiating the evaluation of mixing techniques it was necessary to screen the
potential alternatives assembled from the literature search. This was done in order to
limit the evaluation process and avoid "high scoring" on extremely efficient but limited
scope equipment. This screening required the elimination of techniques that could not
be used with three or more waste types and with at least 50 volume % of the WRAP
2A waste feedstreams. Using this approach the final preferred alternatives were
selected by evaluation. As a result of this selection logic two waste types, dry size
reduced and wet size reduced, which account for approximately 19 volume % of
WRAP 2A feeds cannot be accommodated by the preferred alternatives. It was
therefore necessary to review the following screened (in-drum) options specific to
these waste types for inclusion in the preferred alternatives selection (Section 7.3).

Thermoset Polymer ThermoDlastic Polymer
_roul_ Binder Binder Binder

• Vibratory Table • Vibratory Table • Vibratory Table

• Vibratory Pencd
• Drum Rotation • Drum Rotation • Drum Rotation

Note that the single potential out-of-drum technique, rotating mixer, was not
reconsidered because of the consistently low scoring of out-of-drum techniques when
used with the majority of binders and mixer types. Of the remaining screened
techniques only two, vibratory table and drum rotation, are suitable for use with all
three binders. Of these two the vibratory table was selected for re-inclusion, based
upon a simplified evaluation:

• It is considered to exhibit the least potential hazard to the operator.

• It has the highest level of operability with minimum operator intervention.

• It has a high level of reliability and is easy to maintain.

• It is a technology proven and utilized by BNFL.

• Capital costs are consistent with CDR estimates - configuration of installation
does not require modification of existing proposed facility.

• Process flexibility is maximized.

• Waste mixing effectiveness has been demonstrated to be acceptable.

• Secondary waste generation is minimized.

B. Accordingly, vibratory mixing utilizing a vibratory table has been included in the final
selected alternatives to assure treatment capability for all waste forms.

I ii i III I II III
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7.2 Selected Alternatives from Evaluation

A. The mixing options retained for evaluation after final screening are summarized in
Table 6-4. They have been categorized by binder, in-drum vs. out of drum mixing and
by waste form. Some techniques are identified for evaluation in several categories.
The detailed evaluation has been described in Section 6.4.1. The summary of
selected alternatives is provided in Section 6.4.2.

B. The alternatives remaining after evaluation and their suitability with selected binders
is detailed below. Also, specific details of compatibility with previous CDR details is
noted.

1. In-drum mixing utilizing a single shaft agitator with a (disposable) lost paddle
was the consistent high scorer during the evaluation. It is acceptable for use
with grout and thermoset polymer binders and is consistent with FDC
requirements and all CDR details.

2. Out-of-drum mixing utilizing an extrusion mixer is suitable for use only with
thermoplastic polymer binders. It does not reflect the details of the initial CDR
findings and represents a dramatic cost impact. However, it was consistent
with our direction to review an additional binder for use in WRAP 2A.

7.3 Final Selected Alternatives

A. The final selected alternatives include the mixing techniques developed as a result of
the evaluation findings and a reintroduced screened technique required to
accommodate all remaining waste types. This provides a series of techniques which
are compatible/optimized for all waste and binder combinations identified in the CDR.
The completed listing follows.

1. Selected Mixing Techniques

a. The single shaft agitator with lost paddle in-drum has been selected for use
with grout and thermoset polymers. It is not compatible with large or
oversized size reduced solids.

b. The extrusion mixer has been selected for use in out-of-drum mixing with
thermoplastic polymers. It is not suitable for large or oversized size
reduced solids.

c. The vibratory table has been selected for use with grout, thermoset and
thermoplastic polymers for mixing in-drum of size reduced solids.

d. The recommended design details for the selected alternatives are discussed
in Section 7.4.

WRAP0287
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7.4 Design Details for Selected Alternatives

A. The following recommendations have been developed as a result of the evaluation of
mixing technique alternatives and from discussions with mixer appara*us vendors and
users.

1. Container Configuration: The mixing container shall be 55 gallon drums as
specified in the Functional Design Criteria. The containers (standard 17H steel
drums with fully removable heads) should be lined with polyethylene. Lining
thickness is to be determined by testing. The composite container shall be
similar to containers developed by ENPAC Corporation. Drop in liners shall not
be utilized as they require additional handling during mixing operations. The
lining shall be provided on all portions of the drum which will remain in constant
contact with the waste form. The lining shall be radiused as required to
enhance particle suspension at reduced power and to avoid joints or pockets
which may allow excsss waste material to accumulate without mixing with
solidification agents.

2. Container Free Board: In no case shall more than 10% by volume of the
container remain unfilled. The limited permissible void space at the top of the
container may require the use of a vortex suppression device during agitated
mixing operations. This vortex suppression device is intended to limit spillage
only, it is not required to improve mixing efficiency. There are two potential
options:

• If the drum contents are mixed using a single shaft agitator with the
closure lid off, a disposable annular ring can be fitted into the drum. See
Rgure 7-1. This flat ring snaps in place and literally deflects the vortex
swell which may form near the outer perimeter of the drum as material
near the mixer centerline is deflected outward and upward by the agitator.

• If mixing with a single shaft agitator is performed with a closure lid or
mixer alignment lid in place no other vortex suppression device is required.

If vibratory mixing is being performed container free board is limited solely by
maximum permissible void space limitations.

3. Mixer Impeller and Impeller Attachment Details

a. The selected low speed f_ixing techniques include three proposed impeller
configurations. Low speed (0-350 RPM) single shaft agitator mixing will
be accomplished with grout and thermoset polymer binders utilizing either
1) a BNFL anchor style impeller, 2) an open bow tie anchor style impeller,
or 3) a simple twin bladed impeller as detailed in Figure 7-2.

i " ======
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b. High speed (600-3200 RPM) single shaft agitator mixing will be
accomplished with an 8" c;iameter disposable disperser type blade see
Figure 7-3.

c. Blade Attachments: The lost paddle attachments are intended to facilitate
totally remote operation. A potential concept is the use of a socket type
drive (see Figure 7-2) which is compatible with the CDR baseline lift table
drum positioning design. This drive would be spring loaded and include a
positioning pin.

4. Preload Sequence: The preload sequence for waste agitator and binder is
currently conceived as follows:

a. Grout In-Drum Mixing/Thermoset Polymer In-Drum Mixing

1) In this situation the paddle will be preloaded into the waste drum
prior to the drum being presented into the open/sort/repack
enclosure. Waste will then be loaded in around the paddle. In the
case of waste to be treated with grout binders the necessary fluids
content may also be added at this point. Please refer to the sludge
repack evaluation study.

2) The loaded drum will then be transferred to the applicable process
enclosure. The paddle will be mated to the mixer drive and slowly
accelerated to mixing speed. After a predetermined time delay the
binders will be added and mixing will continue until setup or a
predetermined torque load is achieved.

3) The loading sequence does not alter the CDR baseline which complies
with all FDC requirements.

b. Thermoplastic Polymer Binder Out of Drum Mixing

1) The binder may be introduced to extruder mixer followed by the
addition of waste. The addition ports would physically located
separately along the extruder barrel and therefore the binder and
waste addition would be controlled independently and concurrently.
Optionally waste and binder addition could be concurrent through a
single addition port.

2) The loading sequence requires the procurement of additional screw
feeders to comply with FDC requirements.

5. Sinkers and Floaters

a. The encapsulation of size reduced materials will be performed utilizing
vibratory techniques. All wastes will be placed in a mesh basket which
stands inside the drum. This basket contains the waste during vibration
and eliminates the potential for waste to travel to the extreme surfaces of
the monolith.

wmAm=e'1 +
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APPENDIX A

VENDOR CONTACTS

WRAP 2A ACDR MIXING EQUIPMENT CONTACTS 6237008
STUDY 1604-3 1/15/93

VENDORISUPP_LIE_R EQUIPMENT TYPE TELEPHONE CONTACT

1 BERSTORFF CORP TWIN SCREW HEATED GENE STROUPE

CHARLOTTE, NC EXTRUDERS 704-523-2614

2 B.E.S.T. INC. VIBRATORY GRID DECK TABLES RICHARD BREUDIGAM

CLEVELAND, OH 218-362-1177

3 CLEVELAND VIBRATOR PENCIL TYPE VIBRATORS PATRIClA GEORGE

CLEVELAND, OH 216-623-5944

4 D.W. DAIGLER LIGHTNIN SINGLE SHAFT HIGH DAVE DAIGLER

DENVER, CO SPEED MIXERS 303-757-4981

5 HAYES & STOI.Z HORIZONTAL BLENDER - PADDLE KEITH HOLT

INDUSTRIAL TYPE 800-725-7272

FT WORTH, TX

6 HOCKMEYER EQUIP DISPERSERS, CONCENTRIC STEVE GUNTNER

CLAREMONT, CA MULTIPLE SHAFT MIXERS 714-626-2909

7 MUNSON MACHINERY HORIZONTAL BLENDER - PADDLE TOM BASHANT

UTICA, NY TYPE 315-797-0090

8 MYERS ENGINEERING LOW SEED SINGLE SHAFT AGIT & STEVE LODATO

BELL, CA HIGH SPEED DISPENSERS 213-560-4723

9 CHARLES ROSS & SON TWIN SHAFT LOW SPEED TOM O'SHAUGHNESSY

CO PLANETARY MIXER 516-234-0500

HAUPPAUGE, NY

10 SILVERSON MACHINES, HIGH SHEAR HIGH SPEED WILLIAM DIETSCHE

INC. EMULSIFIERS 413-525-4825

EAT LONGMEADOW, MA

i
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1.0 OBJECTIVE

This study will determine if a singleimmobilizationprocesscan be usedto treat allWRAP
2A feed streams in compliance with FDColdrequirementsand if not, will evaluate the
optimum immobilizationprocessfor each feedstream. Each processshall be compared
using the same base feedstreamdata. Any significantchangesin the base data during
preparationof the reportshallbeinvestigatedandtheir impact on the resultsof the study
reported in a sensitivity analysis section.

1.1 Scope

A. Review previous literature surveysm) and process evaluationsm) and identify all
processeswhich could potentiallytreat all WRAP 2A feedstreams and comply with
FDC requirements.

B. For each processselected for further evaluation assesswhether it will be necessary
to pretreat and/or use low waste loadings in order to achieve product quality
requirements.

C. Compareeach processselected for further evaluation using standardizedcriteria to
determinethe most appropriatetechnologyforWRAP 2A. Section 6.2.1.4 identifies
the processconfiguration boundaryfor option evaluated.

1.2 Background

A. The WRAP 2A CDRcI°)has provided two processroutes for immobilizationof feed
streams i.e. grouting and encapsulationwith polymer. Two routes were adopted
because, without significant pretreatment or low waste loadings for some
feedstreams, it was not possibleto identify one processto treat all wastes. Due to
the diversityof physicalpropertiesof WRAP 2A feed streams, each processroutehas
two mixingtechniquesprovidedfor inthe CDRto accommodate the different physical
propertiesof the wastes.

B. The following CDR design review comments will be addressedin this study:

_menl; # (;ommen_
15 Develop modificationsrequiredfor 48 hour storage of grout drums.

16 Considereliminatingagitated grout processby usingagitated polymer
processinstead.

201 Evaluatethe stabilizationmethods to identify most suitable process,
i.e., grout or polymers,for various types of waste material

C. Potential immobilizationtechniquesconsideredfor use inWRAP 2A includedthe use
of cementitious materials, organicbindersand inorganicbinders. Forthe purposesof
this study it was assumedthat the equipment requiredfor handlingall cementitious
bindermaterials would be similarand therefore it would not be necessarytG identify
only one material for evaluation.

WRAP0366
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D. The organic binders fall into two categories; thermosetting polymers and
thermoplastic polymers. Vinyl Ester Styrene (VES) was selected as the thermosetting
polymer to be evaluated for the reasons identified in the CDR and that is because
there is vendor information which provides experience of encapsulation of similar
waste forms to WRAP 2A. Polyethylene was selected as the thermoplastic polymer
to be evaluated based on the fact that there is direct DOE site experience of
immobilizing wastes in polyethylene at Rocky Flats Plant and at Brookhaven National
Laboratory.

E. Inorganic binders were not considered worthy of further evaluation as there is limited
experience of using these materials for immobilization of wastes with similar
characteristics to those expected at WRAP 2A.

F. Oetails of VES, polyethylene and grout properties are given in Section 6.2.

1.3 Purpose and Need

A. In the COR, WRAP 2A i,: designed as 8 two process plant using similar mixing
technology in each proces3 but employing different immobilization binders. If 8 single
immobilization process can be defined there is the potential for large savings on both
capital and operating costs.

B. This study will compare the three "single" immobilization process options selected
from the literature survey and two "dual" immobilization process options (defined later
in Section 5.1.2.1). Based on the results of this study a decision will be taken
whether to proceed with the current CDR design or to 8 different process
configuration.

WRAPO388

12/28/93 Page2



I
WRAP FACILITY, DOE-HL UNITED ENGINEERS& CONSTRUCTOR8 I
Dli-AC041-11iRL11944 _oje_ No. 6237.008 /

!

2.0 SUMMARY

A. This study considers immobilization binders which may be suitable for treating WRAP
2A feedstreams. Three single binder options: grout, Vinyl Ester Styrene and
polyethylene and two dual binder processes: VES/grout and polyethylene grout are
selected for detailed evaluation to determine the best process option for WRAP 2A
feedstreams. For the purpose of the study it is assumed that pretreatment options
will be limited and that reduced waste Ioadings will be the primary method of ensuring
that waste form performance specifications are complied with.

B. A detailed analysis of the five selected options is performed based on the following
evaluation criteria:

Process Hazards
Operability
Maintainability end Reliability
Demonstrated Technology/Development Requirements
Capital Cost
Raw Materials/Operating Cost
Flexibility
Waste Minimization

C. As there are • number of assumptions made in the study related to waste
throughputs, waste Ioadings and agitator costs, a sensitivity analysis is performed to
confirm the process selected as the best option.

D. This study recommends a dual polyethylene/grout process as the best process for
WRAP 2A. The rough order of magnitude (+/- 25%) total estimated cost of this
option is $79,946,000. The ROM total estimated cost for the CDR option is
$81,068,000 based upon the July 31, 1992 WRAP Module 2A TEC estimate.

ill II i I i ii
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3.0 RECOMMENDATIONS AND CONCLUSION8

3.1 Recommendations

A. Section 6.4, Evaluation of Alternatives, clearly shows that WRAP 2A should
incorporate a grout process and a polymer process. This will ensure that the facility
has the flexibility to treat the wide range of waste types which will be routed to
WRAP 2A at waste Ioadings which will minimize the volume of product for disposal.
Section 6.4 also shows that in terms of process hazards, cost and waste
minimization, a process using polyethylene is significantly better for WRAP 2A than
a process using Vinyl Ester Styrene. Hence, it is recommended that the WRAP 2A
design is based on a polyethylene/grout process.

3.2 Conclusions

A. The Advanced Conceptual Design Report for WRAP 2A should be based on a three
line process using polyethylene extrusion encapsulation, vibro-grout encapsulation and
sludge/particulate grout solidification.

WRAP0366 ....... - - - .................
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4.0 UNCERTAINTIES

A. Waste stream chemical and physical characteristics:

When this study was initiated the only source of information on the waste stream
chemical and physical properties was the WRAP 2A CDR documentation (3' lo. 20).
Since then WHC have provided draft feedstream data sheets (a2jwhich have been used
in the sensitivity analysis section of this study. However, this information will be
subject to change and therefore, until all the waste feedstreams are fully
characterized there will be some uncertainty as to the precise treatment to be used
in WRAP 2A for some feedstreams.

B. Binder selection:

Over the next few years there will abe a continuing development program to identify
binder formulations most applicable for each feedstream. Until this work is
completed, details of the treatment process for each feedstream cannot be finalized.

C. Waste Ioadings/product quality:

The waste Ioadings used in this study were based upon previous experience with use
of each binder for solidification of similar wastes to that expected for WRAP 2A. As
development of the binder formulation progresses, the individual waste Ioadings may
change.

WRA_3ee......................................
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5.0 BASIS FOR STUDY

5.1 Criteria

5.1.1 FOC (ll Requirements

A. The single immobilization option must meet the following FDC requirements:

1. The system must be capable of controlling and easily changing immobilization
formulations.

2. The system must be capable of conditioning, de-activating and immobilizing low-
level RMW.

3. Treated waste shall be packaged into new 55 gallon drums.

4. Handling of dry waste materials, if required, is to be accomplished by a
conveyance system.

5. Capability shall be available for extracting samples for verification of successful
treatment.

6. Capability to track waste entering the treatment areas to the exiting containers
as required by the regulations.

7. Provisions for bulk storage with ventilation and controlled delivery systems for
dry and liquid agents to support treatment shall be provided.

8. The capability to determine and control the weight of the containers of waste
for disposal during treatment end addition of volume fillers as needed shall be
provided.

9. The WRAP 2A process shall be designed to treat 29,000 cf of waste each year.

10. Treatment shall be non-thermal. (i.e. processes shall operate at less than
500°F).

11. Immobilization means shall comply with Land Disposal Restrictions (21_and
provide a waste form compatible with DOE, local and national jurisdictional
requirements as referenced by the FDC.

5.1.2 Study Criteria

5.1.2.1 Study Basis

A. An evaluation will be performed on the following immobilization processes considered
suitable for WRAP 2A.

1. A cement based grouting process (undergoing waste form testing at Hanford).

2. Thermosetting polymer encapsulation (undergoing waste form testing at
Hanford).

_Po366 .....
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3. Thermoplastic polymer encapsulation (developed by Brookhaven National
Laboratory and Rocky Flats Plant).

4. The grouting process defined in A.1 above and the thermosetting polymer
encapsulation process defined in A.2 above.

5. The grouting process defined in A.1 above and the thermoplastic polymer
encapsulation process defined in A.3 above.

B. This study will identify pretreatment and/or reduced waste loading requirements for
each WRAP 2A feedstream if required to achie/e an acceptable product in each of the
above immobilization processes, end will evaluate the economics of such options.

C. Each immobilization process will consist of common unit (_perations which will be
evaluated in this study. The unit operations include the following:

1. Binder/Additives Bulk Storage.

2. Binder/Additives/Waste Delivery System.

3. Waste Pretreatment

4. Binder/Additives/Conditioned Waste Mixing System.

5. Treated Waste Cure/Monitoring System.

6. Secondary Waste (Off-gas, Liquids etc.) Treatment System.

5.1.2.2 Potential Study Impacts

A. This study will not rely primarily on existing data from the CDR baseline. Test results
from WI=Q testing will be utilized as results become available from the WFQ study,
1604-2, and the mixing study, 1604-3. It is n_. anticipated that such results will
significantly alter the results of this study. This test work will be used to confirm
study assumptions. Findings which will be of interest to this study include:

1. Binder formulation.

2. Waste Loadings

3. Cure times, peak exotherm temperature and free water generation.

4. Product quality data such as TCLP, compressive strength,
immersion/leachability, biodegradation, radiation stability, thermal cycling and
hazardous characteristics.

5. Waste mixing technique.

6. Pro-treatment requirements.

B. If appropriate, recommendations will be made for additional development work for
both the WFQ study and the mixing study.

i . i ii
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5.1.3 Screening and Evaluation Cdteda

Ao All potential options for single immobilization of all feed streams to WRAP 2A that are
identified in the literature search will be evaluated based on standardized criteria. This
criteria will consist of screening and evaluation criteria.

5.1.3.1 Screening Cdteda

A. This study will use the following preliminary screening criteria to allow a reduction of
the total available immobilization options applicable to this study. This will give a
reasonable number of options to evaluate per formal criteria. The screening criteria
are:

1. Compliance with the FDC and other mandatory requirements.

2. Demonstrated commercial or industrial use in 8 similar application.

B. For all options meriting further evaluation, preliminary mass balances and block flow
diagrams will be prepared.

5.1.3.2 Evaluation Criteria

A. All alternatives which are not eliminated by the first level evaluation will undergo
further evaluation using a pre determined list of criteria. Each individual evaluation
criteria is given :

1. A weighing factor.

2. A range of raw scores reflecting the potential relative merits of the alternative.

B. Scoring is calculated by multiplying the raw score selected and the weighing factor.

C. Evaluation criteria, weighing, and scoring factors.

1. Process Hazards

a. Weighing Factor: 15%

b. Scoring Factor: All processes obviously must be acceptably safe. Factors
to consider include operator dose exposure; human factors; potential for
operator injury; potential for leaks, spills or uncontrolled releases; potential
for dropping objects; potential for flammable or hazardous gas generation;
potential process hazards due to storage and/or use of reagent feed
streams.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

WRAP0366 ............
12128/93 Page8



WRAP FACILITY, DOE-RL UNITED ENGINEERS& CONSTRUCTOR8
DE-AC06-91RL11948 Project No. 6237.008

2. Operability

a. Weighing Factor: 15%

b. Scoring Factor: A£sessment of impact of immobilization binder type on
plant clean out operations,includingnumberof operationsand plantdesign.
Assessment of the ease of adjusting binder formulations. Assessment of
the startup and shutdown operation requirements.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

3. Maintainability and Reliability

a. Weighing Factor: 10%

b. Scoring Factor: Assessment of equipment replacement/maintenance
requirements. Assessment of routine maintenance requirements.
Assessment of equipment reliability.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

4. Demonstrated Technology/DevelopmentRequirements

a. Weighing Factor: 15%

b. ScoringFactor: Evaluationof the currentstatus of technologydevelopment
for a process configuration. Rating is based upon past experience in a
similar or identical application and potential for further development if
significant uncertainties are identified. Identical and similar experience is
related to waste form, binder, and equipment type.

Best 5
Above average 4
Average 3
Below Average 2
Worst 1

H,== i , i ii i
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5. Capital Cost

a. Weighing Factor: 10%

b. Scoring Factor: Comparisonof total estimated capital cost of proposed
process system with the equivalent CDR base case system cost. Cost
impacts to supportingprocessor utility areas will also be considered.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

6. Raw Materials/OperatingCosts

8. Weighing Factor: 15%

b. ScoringFactor: Comparisonof total estimated raw material/operatingcost
of each processsystem with the CDR base case system.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

7. Flexibility

a. Weighing Factor: 10%

b. ScoringFactor: The capabilityto meet or exceed currentwaste acceptance
criteria (WAC) for multiple waste feedstreams usingthe minimum number
of finder formulations/processvariations (see Table 5.1 for details of WAC
criteria). The capability to accommodate future WAC disposal and
regulatory criteria that is more restrictive.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

V_'RAP0366 ...........
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8. Waste Minimization

a. Weighing Factor: 10%

b. Scoring Factor: The overall minimization of primary and/or secondary
waste. Factors such as primary waste Ioadings and generation of
secondary waste treatable within or outside of WRAP 2A will be
considered. The evaluation will be based on the minimum number of drums
generated per unit volume of waste processed.

Best 5
Above average 4
Average 3
Below average 2
Worst 1

5.2 Assumptions

5.2.1 Study Prerequisites

A. There are no prerequisites to this study, however studies 1604-2 (Waste Form
Qualification) and 1604-3 (Waste Mixing) may impact on the direction of this study
as results emerge (see Section 5.1.2.2 for possible impacts).

B. Immobilized waste in any of the three binders will satisfy appropriate regulatory
acceptance criteria for disposal. This includes compliance with the following
regulations:

1. Washington Administrative Code (173-303) which defines treatment and
packaging of hazardous waste.

2. Hanford Site Radioactive Solid Waste Acceptance Criteria (WHC-EP-O063)
which defines site specific disposal criteria.

3. Land Disposal Restrictions, 40 CFR 268.

4. DOE Order 5820.2A Radioactive Waste Management.

C. In addition to the above, the immobilized waste should also comply with the following
recommended criteria:

1. Licensing Requirements for Land Disposal of Radioactive Wastes, 10 CFR 61.

5.2.2 Study Assumptions

A. Literature searches and contacts with industry will be used to assess any potential
changes to the CDR approach. The study will evaluate the relative merits of each of
the alternative processes (single or multiple) based on documented information from
industry or the literature.

B. Waste feedstream characteristics for this study will be based on the latest draft
feedstream specification data (32j. The feedstream throughputs will be based on the
CDR throughputs.

wRAP0366 .................
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C. All waste feedstreams for WRAP 2A can be immobilized via one or more of the
selected study immobilization techniques and all waste feedstreams will be
immobilized using one of the selected study processes prior to disposal.

D. For the purpose of this study it is assumed that pretreatment will be limited and that
reduced waste Ioadings will be the primary method of ensuring that the waste form
performance specifications, summarized in Table 5-1, are complied with by all
products.

TABLE 5-1 WRAP 2A WASTE FORM PERFORMANCE SPECIFICATIONS

Waste Form Chmactedstlc Test Method Acceptance Criteria

ASTM D695 or ASTM C39 Strength > 500 Ibf/in 2

Leachability Index ANS 16.1 Leach Index > 6

Biodegradation ASTM G21 and G22, ASTM No Growth, Strength > 500
D695 or ASTM C39 Ibf/in 2

Thermal Cycling ASTM B553, ASTM D695 or Strength > 500 Ibf/in 2 after 30

ASTM C39 cycles

Radiation Stability ASTM D695 or ASTM C39 Strength > 500 Ibf/in 2 after
irradiation to 10a red

Immersion ASTM D695 or ASTM C39 Strength > 500 Ibf/in 2 after 90

day water immersion

Free Liquids ANS 55.1 Free Liquid < 0.5%

Hazardous Characteristics 40 CFR 261 Not Ignitible, not corrosive, not
reactive

Toxicity Characteristics EPA 1311 (TCLP), EPA TCLP leachable constituents
6010 below EPA limits"

* EPA limits as described in 40 CFR 268.41, Table CCWE

ANS = American Nuclear Society
ASTM = American Society for Testing and Materials
EPA = U.S. Environmental Protection Agency
TCLP = Toxicity Characteristic Leaching Procedure

WRAP0366 ' ' ' '
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6.0 DESCRIPTION OF ALTERNATIVES AND SOLUTIONS

6.1 Listing of Alternatives

A. The following alternatives have been selected for evaluation:

1. Grouting

2. Thermoplastic Polymer Encapsulation

3. Thermosetting Polymer Encapsulation

4. A combination of Grouting and Thermoplastic Polymer Encapsulation.

5. A combination of Grouting and Thermosetting Polymer Encapsulation.

B. With suitable pretreatment and/or reduced waste Ioadings it is possible that any of
these processes could immobilize all WRAP 2A feed streams. This study will
investigate immobilization of raw waste feed streams and practical
pretreatment/reduced waste Ioadings options. Each process shall be evaluated based
on demonstrated technology, practicality, safety and economic grounds.

6.2 Detailed Discussion

6.2.1 Grouting

6.2.1.1 Description

A. Introduction

1. Grout is a mixture of cementitious material(s) and water, proportioned to
produce a pourable consistency without segregation of the constituents (4). In
the context of the WRAP 2A CDR the cementitious material is a blend of
Ordinary Portland Cement (OPC) and either ground granulated Blast Furnace Slag
(BFS) or Pulverized Fly Ash (PFA)(l°j. An alternative cementitious material, not
discussed in the CDR, is a modified gypsum cement intended for low level
radioactive waste solidification, for example, U.S. Gypsum Company
"Envirostone" (e).

2. Hydrating (i.e. curing) grout pastes are chemically very active systems c5).
Concentrated alkali hydroxide solutions present in pores of OPC create a very
high internal pH in the range of 13.0 - 13.5. Conditioning of any acidic waste
material is essential to avoid an exothermic (i.e. heat generating) acid-base
reaction between the waste and cement which could disrupt proper setting of
grout or crack the grout monolith. The high alkalinity of grouts is advantageous
in that most embedded metallic wastes are then passivated against corrosion_1z).
Sulfate solution wastes respond undesirably in an alkaline environment.
Sulfates react with phases of the cured cement to create products, principally
calcium sulfo aluminates, of greater volume than the original reactants, cracking
the grout monolith tl _). However, sulfates can be grouted if the grout formulation
is tailored to minimize the reaction of the sulfates with the cement materials.

WRAPO3ee ....
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3. Precise determination of the appropriate cementitious material formulation(s) can
not be made in this study because the complete waste characterization data and
developmental work, cited as necessary in the CDR, is not available. However,
the general properties and effects of the potential grout constituents will be
discussed in the following paragraphs in order to provide a background for their
selection and relative value to the process.

B. Portland Cement

1. Portland cement is the artificial mixture of lime, silica, alumina, iron oxide, and
gypsum developed in the early nineteenth century by the construction industry
to address the considerable variations in the properties of natural cements
produced from rock quarried in different localities t6'7). The composition,
sampling procedures and testing procedures of Portland cement are fully
documented by, and specifiable under, nationally recognized standards such as
those published by the American Society for Testing and Materials (ASTM).
This documentation, and hence control in manufacture, of portland cement
makes it an appropriate choice as a cementitious material in the WRAP 2A
waste solidification process. Since approximately 99 percent of all concrete
construction in the U.S. utilizes Portland cement under either ASTM C150 or
ASTM C595, material complying with the desired specification would be widely
(and thus, relatively inexpensively) available (u).

2. Portland cement is a hydraulic cement, in that, unlike non-hydraulic types (e.g.
plaster), it will fully set and harden underwater (i.e. without air contact).
Hydraulic character is then a requirement for proper homogenous in-drum curing
of the waste form product. This is because as the cement paste cures, it
essentially sinks somewhat in the water with which it is mixed, potentially
bringing a standing layer of displaced water to the top of the casting, a
condition known as bleedingc4_.By careful control of the water content of the
waste/cement mix the amount of bleed water generated can be eliminated.

3. Other hydraulic cements, such as natural cement, pozzuolana cement and
hydrated lime do not offer the wide availability, documented composition or
prerequisite structural properties provided by Portland cement c71.

4. In recent years, the level of technical sophistication in the knowledge of Portland
cement mineralogy has increased substantially owing to the use of scanning
electron microscopy and other modern analytical methods. From microscopic
observation, researchers are able to predict strength and curing properties of the
various cement compositions produced when mix, fineness, and kiln parameters
are changed. As a result, the manufacturing process is controlled to the extent
that five specific types of Portland cements exist under ASTM C150 with
differing characteristics (Sj.The general purpose specification, ASTM C 150 Type
I, also known as Ordinary Portland Cement (OPC), was selected for the WRAP
2A CDR process since the particular characteristics of the other types are not
necessary (1°1. OPC represents 87 percent of the U.S. Portland cement
production and is thus widely available tS).

WRAP0366 ...........
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5. In the constructionindustry, Portlandcement is often blendedwith pozzuolanic
materials or other cementitious materials, most notably pulverized fly ash or
ground granulated blast furnace slag. The intent is to improve specific
characteristics of the cement both during the fabrication process and in the
cured productm). The improvementsderived are essential to the usefulnessof
Portland cement in waste immobilization so each is discussed in detail in
subsequentparagraphs. The blending practice is common enough at the point
of manufacture that a separate specification ASTM C595 exists, defining six
types of Portland cement blends-C41.However, in the WRAP 2A process it is
desirable to have the flexibility to formulate a blend that is optimal for
radioactivewaste immobilization,so cement blendedwith pozzuolanicmaterial
or othercementitious materialsto • construction industry standard may not be
appropriate. Therefore, the Portland cement constituent in the WRAP 2A
ProcessFlow Diagrams is the ASTM CI 50 t47)Type I (OPC) form.

C. Blast FurnaceSlag

1. Blast furnace slag is a nonmetallic product, consisting of silicates end
aluminosilicatesof calcium,developedina molten conditionsimultaneouslywith
ironin a blast furnacec41.Blastfurnace slag is utilizedas a structural material in
two forms. If slowly cooledin air upon removalfrom the blast furnace, the slag
solidifies into a crystalline porous stone. While having no cementitious
propertiesof its own, air-cooledslag is mixed as an aggregate with cement to
form a type of concrete. If rapidly chilled upon removal from the furnace,
usually by water spray, the slag solidifies into hard, glassy, noncrystalline
particles. Groundinto • granulatedpowder, the rapidlycooledslag particlesare
much morechemically active and if combinedwith lime the slag becomesvery
cementitiouscm(Note: some slags contain a high lime content and hence are
sufficiently cementitious in nature not to require the addition of further lime).
It is only this latter product, groundgranulatedblast furnaceslag (GGBFS), that
is applicableto the WRAP 2A immobilizationprocess.

2. Slagcement, producedby mixing GGBFSwith calcium hydroxidein the form of
lime, hasfoundapplicationsas a hydrauliccement since 1774 m. However, slag
cement alone is significantly slower setting than Portland cement, so that the
modern uses of GGBF:S,includingits utility in waste immobilization, involve
blending GGBFS with Portland cement. In this case the calcium hydroxide
necessary for the reaction of the GGBFS into a cement comes from the
hydration of the Portland cement_m. Additionally, the heat generated by the
Portland cement hydration accelerates the setting of the slag cementn2j.

3. The reaction is of major importance to the utility of portlandcement grouts as
a successful waste immobilizationbinder. As the Portland cement hydrates,
calciumhydroxideis releasedand accumulatesin the poresof the cement paste.
The presenceof GGBFSmeansthat the pores, which would otherwise contain
soluble calcium hydroxide deposits, instead become sites of slag cement
formation. Essentiallythe poresof the Portlandcement are filled, at least partly,
with the slagcement, significantlydecreasing the permeabilityof the bindertin.
The reducedpermeabilityshouldimprovethe leachabilityindexof the binderas
determined by ANS 16.1 procedurecompared to OPC alone.

WRAP0366 ...............
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4. Cement hydration is a heat generating reaction. The amount and rate of heat
generation are functions of the composition and fineness of the cement ("_. In
waste immobilization tests in the U.K. involving OPC filled 55-gallon drums,
centerline temperatures in excess of 110°C (230°F) were recorded. Such
temperatures may lead to boiling of the reactant water, resulting in waste
particulate release, improper cure, and cracking of the binder (13j. Combining
GGBFS with the OPC produces a blended cement with a reduced heat of
hydration and lower peak temperature "3'°).

5. Other characteristics noted for GGBFS - OPC blended cements compared to
unmodified OPC include improved flowability, increased setting time, both
increased and reduced bleeding, reduced strength loss when cured at elevated
temperature, virtual elimination of expansion during curing and improved
resistance to sulfate attack. These characteristics function in direct proportion
to the ratio of GGBFS to OPC constituents and also to the relative chemical
activity of the GGBFS constituent. The GGBFS relative chemical activity is in
direct proportion to the ratio of surface areas and hence the fineness, of the
powders. As an example, for a given weight ratio of GGBFS to OPC, bleeding
is reduced if the GGBFS is finer than the OPC and increased if the GGBFS is
coarser (g).

6. The chemical composition, physical properties (e.g. fineness), sampling, testing,
storage,and inspection requirements of GGBFS can be specified under a U.S.
National industrial standard, ASTM C989 _e).

D. Fly Ash

1. Contrary to common household usage, ash by its technical definition is not
unburned hydrocarbon residue but rather white to gray color oxides of the
inorganic minerals present as trace elements in a fuel. Fly ash is the finer grain
product light enough to be carried off in the exhaust gas and is collected by
cyclone separators and electrostatic precipitators in the stack systems of
pollution abatement. Fly ash from the combustion of pulverized coal, called
Pulverized Fuel Ash (PFA), consists principally of oxides of silicon, aluminum,
calcium and iron, with traces (1% - 10%) of carbon "_). PFA, is pozzuolanic
meaning that, while not cementitious itself, it becomes so when combined with
the calcium hydroxide (4). While it has few uses as a cement itself (10) it has
been extensively employed by the construction industry as a constituent in
blended Portland - PFA cements since the 1930s "1). Due to its wide use,
substantial scientific research has been conducted on PFA in mixture with
Portland cement (OPC), yielding well documented information on chemical
behavior and mechanical property effects (l_j.
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2. The properties of OPC - PFA grouts are similar to OPC - GGBFS grouts when
compared to OPC alone. Oespite a longer setting time, the OPC - PFA mixtures
have lower heat generation and temperature rise, lower permeability, improved
sulfate resistance and reduced tendency to expand upon curing. The spherical
shape of the PFA particles makes the OPC - PFA paste more easily pumped for
a given water content than OPC alone, so that less water in excess of the
hydration requirement is needed to provide a flowable grout for proper filling and
mixing during in-drum waste immobilization. Less excess water in the paste
means not only less potential for bleeding, but also lower permeability in the
waste form product because more volume of the drum is occupied by solids as
the grout sets"lb. As in the case with GGBFS, the influence of PFA on the
properties of OPC -PFA grout is a function of its proportion in the mixture.
Ratios ranging from 1 PFA : 40PC to 15 PFA : 10PC are in common use by
construction industry, depending on the properties desired "41.

3. The chemical composition, physical properties (e.g. fineness), sampling, testing,
storage, end inspection requirements of PFA can be specified under a U.S.
national industrial standard, ASTM C618 t16D.

E. Gypsum Based Cements

1. There are a number of cementing materials consisting of calcium sulfate that are
produced by the partial or complete dehydration of gypsum, CaSO4 2H20.
Natural deposits of gypsum provide the raw material for manufacture. There are
no examples of where purely gypsum based cements have been used for
solidification of radioactive mixed wastes. However, the United States Gypsum
Company has developed a polymer modified gypsum cement called
'Envirostone' which has been successfully demonstrated on a number of
radioactive mixed wastes (ej.

6.2.1.2 Waste Immobilization History

A. Introduction

1. This section summarizes current experience of cement solidification of mixed
waste by other facilities. The experience is mainly at US DOE sites, but also
refers to experience in the UK and France.

B. Pacific Northwest Laboratory (PNL)/Hanford Grout Technology Program, Pilot - Scale
Test, 1986 t46).

1. This test evaluated finished properties of a particular grout blend when
combined with a non-radioactive simulated liquid waste and then pumped 150
ft. as slurry to cure in a 60 ft. x 29 ft. lined trench. Sampler tubes inserted to
various depths in the monolith prior to hardening provided pilot-scale data of
waste form product.

WRAPO366
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2. PNL used8 grout formula of 41% Type I/II PortlandCement, 40% ASTM C618
Class F fly ash, 11% Attapulgite Clay and 8% lllitic Clay. The waste stream
was a solutionof sodium phosphateand sodium s_Jlfate,producedto simulate
the neutralized phosphoric acid and sulfuric acid used for primary piping
decontaminationend ionexchanger regenerationrespectively. Waste pH was
12.2 with negligibleamounts of LDR metals. The attempted waste loadingin
wt-% can not be determined directly from the report data because the waste
stream density is unavailable. The waste form criteria applied included
compressive strength (on standard), corrosivity per Washington DOE Method
83-13, leachabilityindex per ANS 16, I, and TCLP.

3. Mean compressivestrengthdata variedin the range 258-440 psi. The monolith
was determined non-corrosive (pH < 12.5), however, bleed water was
corrosive. Bleedwater was reabeorbedwithin 30 days. Leachabilityindex was
satisfactory, ranging from 7.7 to 9. I as curing progressed. TCLP was not
conclusivedue to the small amount of LDR metals present.

C. West Valley Nuclear ServicesCo. (WVNS)/Sludge SolidificationProgramProduction-
Scale, 1988-89 ce'221,

1. WVNS unsuccessfullyattempted immobilizationof radionuclidecontaminated
aqueous sludge from their Low-Level Waste Treatment Facility (LLW'rF). The
reports reviewed do not characterizethe LLVVTFwaste completely. The WVNS
in-drum solidificationprocess consisted of pouring dry portland cement into
approximately 2000 55-gallon drums, each roughly half-full of the sludge.
Mixing consisted of rollingeach drum on a horizontal rollermachine with iron
mixing bars sealed inside.

2. Visual inspectionsof cured productsappearedto be satisfactory. The program
was halted when some storeddrumswere found leakingwater. Subsequently
it was found that over half of the drums processedcontained an averageof I0
gallonsof free water in pockets where mixing of sludge with cement had never
taken place. After drainage,these drumscontinued to release waterc22.23).

3. The WVNS processwas clearly deficient as many drumsgreatly exceeded the
< 0.05 % volumefree water criteria. Althoughthe cause was attributedto poor
mechanical mixing, there is no assurance from the data that the waste load
would have allowed acceptable product even if the mixing had been thorough.

4. WVNS has successfullyimmobilizedsupernatantfrom a high-levelliquidwaste
tank. The waste is a slurrywith a total solidscontent inthe range 37-41 wt-%.
The slurryis mixed with PortlandCement in high shearmixers and then poured
into squaredrumsand allowed to cure. By 1990, approximately I0,000 drums
of product had been producedand so far only 27 appear not to meet product
quality requirements.

D. WVNS/NuPack Services Inc/Laboratory Scale Test and Full - Scale Demonstration,
October 1989 _IeI.

I. NuPack services was contracted by WVNS to develop a more carefully
consideredprocess for LLWTF sludge as a result of the previouslydiscussed
failure. Ten drumsof waste were immobilized.
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2. Despite improvements in viscosity control and agitation during mixing, half the
_JuPackproduct failed NRC end DOE disposal/burial criteria. The two best of the
satisfactory drums had waste Ioadings of 24 and 26 wt-% as compared to the
8 failed drums which ranged 52-64 wt-%.

E. Rocky Flats Plant (RFP) 207A Solar Evaporator Pond Sludge, Full - Scale, 1986-88 _s_.

1. RFP unsuccessfully attempted to immobilize high nitrate waste by mixing with
OPC in a pug mill and a concrete mixer truck then pouring the mixture into
cardboard boxes to cure. Over half the 16,000 boxes processed this way failed
waste form criteria for the intended disposal site. Inappropriate use of
equipment intended for concrete (where mixing is enhanced by the aggregate
stones) for a grout process may have contributed to the failures. Unfortunately,
there apparently was also a loss of process control during the program, so it is
not known what the actual waste loading of the acceptable products were.

F. Oak Ridge National Laboratory (ORNL) K-25 Plant Evaporation Pond Sludge, Full -
Scale Production leD.

1. This unsuccessful process at Oak Ridge produced 46,000 89 and 96 - gallon
drums containing evaporation pond sludge processed by mixing with blended
grout. The grout consisted of 50 wt-% Portland cement 50 wt-% PFA with an
air entrainment agent the waste loading was 50 wt-%.

2. After storage, corrosion of some drums indicated free liquid trapped inside, with
about 6% of drums actually leaking liquid. Poor process control and improper
grout formulation are the attributed causes, although the attempted waste load
is roughly that which also proved excessive in the NuPack tests.

G. Los Alamos National Laboratory (LANL) TA-50 and TA-55 Processes ca).

1. Nitric acid based aqueous waste from plutonium production operation at LANL
was distilled in an evaporator, generating two waste streams; distillate treated
by the TA-50 process; and sludge treated by the TA-55 process. Waste form
criteria in both cases was the WIPP criteria.

2. The TA-50 process precipitated radionuclides from the distillate by
neutralization. The resulting sludge was poured in 23 gallon I(_ts into a drum
with 282 Ibs Portland cement, 3 gallons vermiculite and 2.5 tlallons sodium
silicate. Mixing involved tumbling the drums at 25 rpm for 20 minutes. At the
time of the source referenced (December 1990) there had been no evidence of
unsatisfactory results attributed to this process, although some drum corrosion
had occurred due to weathering.

3. In contrast to the TA-50 results, the TA-55 process failed when a large
percentage of the product were found to be g_,_,erating substantial amounts of
free liquid. In this case the binder used was the "Envirostone" commercial
gypsum - polymer product, chosen based on compatibility with the acidic (pH
= 4) waste sludge. The on-going liquid generation may be due to radiolysis of
the cement as the waste activity level was high. Quantitative data on the
weight - % waste load was not proved. However, attempts to eliminate the
problem by adjusting the waste load delayed but did not prevent liquid
generation.
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H. Westinghouse Hanford Company (WHC)/Hanford 183-H Solar Evaporator Basin
Waste.

1. Solidificationof this waste, which is now feedstream 1A to WRAP 2A(l°D,was
attempted using a commercialspecial - purpose grout "Sorbond LPC-II". The
LPC-IIgrout (which is 70% OPC/25% lime) was mixed in 2323 lb. batcheswith
320 gallonsraw liquidwaste. The mixed batcheswere loaded into 55 - gallon
drumsC2sD.

2. Failureof the waste form was noted two years later when drumsbeganto swell
and corrosionbecame evident. One cause of the swelling is attributed to be
chemical attack by sulfates in the waste, which form expansive hydration
products (aluminosulfates)discussedin Section 6.2.1.1 .A.2. It would follow
then, that a lower waste load is necessaryto ensurethe integrity of a grouted
waste form with sulfate - containing waste. Due to the time that transpires
before failures become evident, empiricaldata would be difficult to obtain.

I. RockyFlat Plant(RFP)/Organicand SludgeImmobilizationSystem (OASIS), Full-Scale
Production, 1984 c24D.

1. Followingthe experienceof the RFPLow-Level OrganicImmobilization(Section
6.2.1.2E) the OASIS was developed to solidify both aqueous precipitation
sludgeandTRU organicliquids. While the waste characterizationisnot detailed
inthe reportreviewed(24j,the sludgeis cake removedfrom filters throughwhich
hydroxideprecipitatedaqueousmetallicsludge(from plutoniumproduction)had
passed. The TRU organicliquids are predominatelyhydraulic oil, solventsand
lathe coolants. The waste form qualificationin both cases is WIPP criteria.

2. Forsludge, the OASIS mixes OPC, water and the waste in the waste drum by
rotary agitator for five minutes. Water additionis controlledby the measured
moisture content of the sludge. OPC addition is programmed to achieve an
establishedwt-% in the product. Tests of six productsamples rangedfrom 40-
50 wt-%. All samples passedwaste form criteria

3. For organic liquid, the OASIS uses "Envirostone" cement as the binder.
Addition of the waste liquid, the three "Envirostone"constituents, and water
occur in programmed sequence in predetermined amounts. Tests of eight
product samples rangedfrom 33-39 wt-% waste.

J. Rockwell Hanford Operations (RHO)/Solid ShreddedCH-TRU Waste Immobilization,
Laboratory- ScaleTests, 1986 (=6j.

1. This programdetermined optimal OPC grout formulationand mixing technique
for CH-TRU solid shreddedwaste expected to be immobilizedat the then pre-
conceptual WRAP 2A facility. The surrogate waste used contained
miscellaneous metals, glass rubber, cloth and wood debris which appear
representative of what is now CDR feedstreams 3 and 4c2°j. Waste forms
programwere 3" x 6" cylindersand 6" x 6" cubes. Waste form criteria was the
WIPP-WAC with additionalcompressivestrength requirementson the product
and rheologicalrequirementson the grout.

L
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2. The program determined that a grout formulation of OPC and water in a 0.7
water/cement ratio mixture with 3 wt-% bentonite clay produced acceptable
results. Waste loading, which was not manipulated for this study, was
approximately 20 wt-%.

3. Because waste forms produced in this program were not full-size product,the
data is of limited value since there may be scale up problems due to the cure
exotherm at 55-gallon drum scale.

K. U.S. Ecology/Pacific Nuclear/Ammonium Sulfate Liquid Waste Immobilization c2ej,

1. Discussion with Pacific Nuclear indicates they have successfully grouted
ammonium sulfate salt solution (in this case 20-30 wt-% solids, pH = 10.5)
using a "modified" (proprietary) Portland cement binder. Waste form criteria
included Washington State Department of Ecology land disposal restrictions. A
waste form was produced with 78-83 wt-% waste loading, but due to the
ammonia off-gassing the product was honeycombed.

2. A significant hazard associated with grouting this feedstream is ammonia gas
evolution which is triggered by the cement hydration. Pacific Nuclear stated
maximum evolution in the first 2 hours of curing, requiring vent holes in the
monolith.

L. British Nuclear Fuels plc (BNFL)/Cumulative experience in Grouting Radioactive
Wastes, 1982 - Present_41)"3)(=_"=e)(=°_.

1. Development of grouted waste immobilization technology by BNFL has to date
involved a 10 year $50 + million effort leading to commissioning of (several)
major grouting plants. The success of grout as an immobilization medium for
non-heat generating wastes has resulted in its adoption for all currently
identified wastes of this kind by BNFL. Experiences with wastes relevant to
WRAP 2A are summarized in the following paragraphs. (Note: The regulatory
requirements for product quality are different in the UK compared to the US.
Hence TCLP testing is not required).

2. A notable feature of BNFL/AEA grout immobilization projects is the development
of specific blends of OPC and GGBFS or PFA, each optimal for a particular
waste feedstream. Use of the pozzuolanas began when pure OPC generated
unaccepts:_e exotherms during hydration when used in full-size waste forms
(refer to Section 6.2.1.1c) _13j. Successful immobilization of particular waste
feedstreams relevant to WRAP 2A is discussed in the following paragraphs.

3. Ion Exchanaer Resin: The waste resin involved was a sludge of 81 wt-% damp
polystyrene powder, 10 wt-% hydrated lime with the remainder mostly metal
oxides. Sludge dry solids were 30 wt-% total weight. Satisfactory waste form
was produced with a 90 wt-% GGBFS/10 wt-% OPC grout blend at a waste
load of approximately 20 wt-%.

_. 4. Nitric Acid Liouids: Allowing the waste liquid to "age" after neutralization,
precipitated aluminum from solution. This solution was immobilized using a
90 wt-% GGBFS/IO wt-% OPC grout.

w_,_3ee ...........
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5. CH-TRU Solid Wastes: Wastes consisting of materials corresponding to CDR
feedstreams 3 and 4 were immobilized by a 75% PFA/25 wt-% OPC grout.

6. Light Metals: Solids containing sodium, potassium, and aluminum require pre-
treatment and/or careful formulation to prevent excessive reaction and gas
generation _2B_.

7. _: Water content of the grout must be balanced with that already present
in the sludge to avoid excess bleeding, creating free water on the waste form
product c2s).

8. Absorbed Oraanics: Absorbents which are completely saturated will dewater
the grout c2s).This could prevent adequate cement hydration, leaving parts of the
waste form uncured.

9. _;oluble Salt Solutions: Solutions bearing up to 40 wt-% sodium nitrate have
been successfully immobilized at waste Ioadings of up to 20 wt% nitrate
solution. Ammonia (3 wt-%) and calcium (1.4 wt-%) nitrate solutions have also
been successfully immobilized.

M. (CEA) Nuclear Research Center, Cadarache, France/Immobilization of Incinerator
Ashes C. 1990 _3°).

1. The CEA conducted research of incinerator ash immobilization with grout in an
effort to maximize waste load. While the major result of the effort was
development of a composite cement/polymer formulation, data was also
obtained on purely grout matrices which are relevant to WRAP 2A. Waste form
criteria was not quantitatively reported, but compressive strength, permeability
and solidification exotherm were compared to a baseline grout formulation
which was currently acceptable.

2. The baseline grout consisted of 51% OPC, 24% GGBFS and 25% PFA. This
formulation was satisfactory with up to 20 wt-% incinerator ash waste load.
It was found that waste ash could be substituted for the PFA in the baseline
blend, which would be in addition to the ash normally embedded in the final
matrix. Satisfactory product was obtained with a 34 wt-% ash waste load by
this approach.

N. Westinghouse Hanford Company (WHC)/WRAP 2A Waste Form Qualification Program
Laboratory - Scale Tests, 1992 q4e)

1. The primary intent of this on-going program is to verify the ability of various
mixed waste immobilization binders to produce satisfactory waste form products
given the waste feedstreams particular to WRAP 2A.

2. The waste form criteria for screening were to (a) obtain a hard set within a 6 to
48 hr time frame and (b) obtain a subjectively acceptable waste loading.
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3. Screening tests concluded the following formulations as appropriate in the case
of each surrogateC4a_:

a. Feedstream 1D (183H Miscellaneous (sandblast grit)) with high copper
content - ASTM C150 Type III portland cement at a water to cement ratio
of 0.4. Waste load was 42 wt-%. Type III was chosen to offset the set
retardant properties of transition series metals such as copper.

I_ Feedstream 1D (183H Miscellaneous (sandblast grit)) with high nitrate
content -9:1 weight ratio GGBFS to ASTM C150 Type III Portland cement
at w/c : 0.4. Waste load was 42 wt-%. Observations indicated nitrates

did not affect the set time of slag cement, however, some Portland cement
was necessary to initiate set within a reasonable time.

c. Feedstream 2C (L-045 Plant Metal Sludge) - Neat ASTM C150 type III
portland cement at w/c : 0.83. Waste loading was 15 wt-%.
Formulations with type I cement and GGBFS produced satisfactory, but not
optimal, product.

d. Feedstream 7 (Incinerator Ash) - Slag cement was regarded as chemically
similar to the waste ash, so was chosen here. Formulation was 9:1 weight
ratio GGBFS to ASTM C150 Type III Portland cement at w/c = 0.55.
Waste loading was 30 wt-%.

e. Feedstream 2A (C-018 Plant Ammonium Sulfate) - The waste in this case
is very acidic. A proprietary gypsum-based cement was chosen to avoid the
acid-base reactions discussed in Section 6.2.1.1, which in this situation
would evolve ammonia gas. This waste accelerated the gypsum set. By
adding 2 wt-% citric acid to the proprietary cement a satisfactory set was
achieved. Waste loading was 20 wt-% at w/c = 0.5.

4. Performance testing was conducted using laboratory-size specimens of the
formulations determined in the screening tests. Waste forms of the Feedstream
1D (high Cu), 1D (high N03), 2C, and 7 formulations passed all criteria.
Gypsum-based waste simulants of the Feedstream 2A formulation failed
compressive strength criteria in as-cast, irradiated, liquid-immersed, and
thermally cycled conditions (4aj.

6.2.1.3 WRAP 2A Feedstream Waste Loading Assumptions

A. Feedstream 1A (183H Solar Basin Waste - Solidified Liquid)

1. The characterization data (2o.32)indicates this waste contains mostly sulfate and
nitrate metal salts. The waste also carries LDR code DO07 for chromium,
however, the primary concern limiting waste loading is chemical compatibility
between the waste and grout.

2. Original analysis of this liquidq421was: Nitrate, 380,000 mg/I; Sodium, 140,000
mg/I; moisture, 57 wt-%. Hence, the total concentration of nitrates in the
feedstream is estimated to be 18 wt-%.

i i | j
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3. Based on the failure experiences with waste loads exceeding 25 wt-% (WVNS,
ORNL), and the uncertainty of waste performance under more rigorous criteria
in the case of the RFP OASIS data (40-50 wt-%), 25 wt-% is estimated to be
the maximum waste loading for feedstream 1A. Success by WVNS/NuPack at
this level confirms the credibility of the estimate.

Feedstream 1B (183H Solar Basin Waste - Crystalline Solids)

1. The chemical characterization of this waste is similar to that of 1A. A waste
loading of 25 wt-% is estimated, based on the experience at WVNS/NuPack.

C. Feedstream 1C (183H Solar Basin Waste - Sludge)

1. The chemical characterization of this waste is similar to that of 1A and 1B. A
waste loading of 25 wt-% is estimated based on the WVNS/NuPack work.

D. Feedstream 1 D (183H Solar Basin Waste - Miscellaneous Cleanup)

1. The sandblast grit that constitutes most of this waste is not quantitatively
characterized (2°J2_. It is assumed that because the grit was used to scour the
solar basin waste residues (including nitrate salts) from the basin surface, the
concentration of nitrates in this grit will be much lower than that in the solar
basin waste itself. When WHC developed surrogates to represent Feedstream
1D (Section 6.2.1.2.0), the nitrate concentrations chosen were 1.1 wt-% and
4.7 wt-% (2°j.

2. Based on the WHC Waste Form Qualification work using surrogate 1D waste,
the waste loading is estimated at 40 wt-%.

E. Feedstream 2A (LETF; C-018 Ammonia Sulfate)

1. Characterization data for this future waste stream predict a pH of 4 and up to
83 wt-% ammonia sulfat@ 2). As discussed in Section 6.2.1, mixing the
strongly acidic waste with the strongly basic grout will create a highly active
reaction liberating toxic ammonia gas. An effort to pretreat (i.e. adjust) the
waste pH prior to mixing would mean that the ammonia would be evolved at the
pretreatment stage. Either case would require secondary effluent treatment
equipment for the ammonia gas.

2. As discussed in Section 6.2.1.1 .E, the modified gypsum cement systems have
a neutral pH. No ammonia gas would be generated upon mixing with
ammonium sulfate, eliminating the need for secondary waste treatment. The
obstacle in applying modified gypsum cement grout to feedstream 2A is that the
test specimens in the WHC Waste Form Qualification work failed compressive
strength criteria in all conditions (dry, water immersed, irradiated and
biodegraded), with strengths of 70 psi or less at 20 wt-% waste loading.

3. Based on the WHC experience a waste loading of 10 wt-% will be assumed.
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R Feedstream 2B (LETF; Ion Exchange Resin)

1. The characterization data c2o.321indicates this waste will be resins of the styrene
divinyl benzene type. The resin will be in the form of solid beads, 0.3 to 1.2
mm in size.

2. Based on the experiences of the AEA in the UK, it is estimated that ion
exchange resins (Feedstream 2B) can be grouted at a waste loading of 20 wt-%.

G. Feedstream 2C (LETF; L045 Sludge)

1. The characterization data c2o.32)indicates that this will be a clay like substance
with a moisture content of 70-80%, composed mainly of ferric hydroxide.

2. WHC Waste Form Qualification testing has shown that this waste stream can
be successfully immobilized in OPC at 15 wt-%. In the UK, BNFL use a mixture
of PFA and OPC to encapsulate ferric hydroxide sludges with a solids loading
of up to 10 wt-%. The solids loading in this case is limited due to the viscosity
of the flocculent waste. If the flocs are de-natured to a particulate, waste
Ioadings of 30 wt-% solids are expected to be achievable c41_.

H. Feedstream 2D (LETF; RO Filter Elements)

1. RO filter elements will be shredded and then macroencapsulated. The
components of the filter elements will not react with grout, hence the waste
loading factor is determined by the maximum volume of waste which will fit in
a drum. Assuming a treated bulk density of 40 Ib/ft 3, this permits a waste
loading of 58 wt-%.

I. Feedstream 3 (Dry Active Waste)

1. It is assumed that there will be no components in this waste which will react
with grout, hence the waste loading factor is determined by the maximum
volume of waste which will fit in a drum. Assuming a treated bulk density of
40 Ib/ft 3, this permits a waste loading of 58 wt-%.

J. Feedstream 4 (Construction Debris)

1. It is assumed that there will be no components in this waste which will react
with grout, hence the waste loading factor is determined by the maximum
volume of waste which will fit in a drum. Assuming a treated bulk of 60 Ib/ft 3,
this permits a waste loading of 51 wt-%.
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K. Feedstream 5A1 (Elemental Mercury)

1. This waste will be amalgamated prior to immobilization. It has been assumed
the amalgamated product will be tipped into a drum for in-drum agitated mixing
(not placed, in bottles, in the drum for vibro-mixing as was the design in the
CDR). The amalgamated mercury will not react with the grout, however, the
waste loading will be limited by the 1000 Ib maximum drum weight allowed.
Assuming a density of 408 Ib/ft 3 for the amalgamated mercury. The maximum
waste loading possible is 21 wt-%.

L. Feedstream 5A2 (Mercury Contaminated Waste)

1. This waste will be shredded and the mercury evaporated prior to immobilization.
It is assumed that there will be no components in this waste which will react
with grout, hence the waste loading factor is determined by the maximum
volume of waste which will fit in a drum. Assuming a bulk density of the
treated waste of 40 Ib/ft _. This permits a waste loading of 51 wt-%.

M. Feedstream 5B (Reactive Metals)

1. This waste stream will be deactivated prior to immobilization. The waste
loading will be limited by the 1000 Ib maximum drum weight allowed.
Assuming a treated waste bulk density of 200 Ib/ft 3, the maximum waste
loading possible is 30 wt-%.

N. Feedstream 5C1 (Elemental Lead)

1. There is a technology based treatment standard for lead which states that
macroencapsulation using an inert inorganic material shall be used. For this
study it is assumed that grout does comply with this requirement.

2. The waste loading will be limited by the 1000 Ib maximum drum weight
allowed. The density of lead is 710 Ib/ft 3, hence the maximum waste loading
possible is 18 wt-%.

O. Feedstream 5C2 (Lead Contaminated Waste)

1. It is assumed that macroencapsulation of this waste in grout complies with the
technology based treatment standard for lead.

2. It is also assumed there will be no components in this waste which will react
with grout, hence the waste loading factor is determined by the maximum
volume of waste which will fit a drum. Assuming a bulk density for the
shredded waste of 80 Ib/ft 3. this permits a waste loading of 55 wt-%.

R Feedstream 5D (Miscellaneous Metals)

1. It is assumed that there will be no components in this waste which will react
with grout, hence the waste loading factor is determined based on the maximum
drum weight allowed of 1000 lb. Assuming a bulk density of 450 Ib/ft 3, the
maximum waste loading possible is 20 wt-%.
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O. Feedstream 6 (Absorbed Chemicals)

1. The characterization data (2o,32)indicates that this waste will be absorbed liquids,
spent resin (excluding LETF facilities) and some asbestos.

2. Without better characterization data it is assumed that there will be chemicals
in this waste which will affect the rate of grout curing and therefore the waste
loading will be limited.

3. For the purpose of this study a waste loading of 20 wt-% will be assumed.

R. Feedstream 7 (Incinerator Ash)

1. WHC Waste Form Qualification testing has shown that this waste stream can
be successfully immobilized in a 9:1 BFS: OPC binder at a waste loading of
30 wt-%. This figure has been used for this study.

S. Feedstream 8 (Soils)

1. The characterization data c=o.==)indicates that this waste could be contaminated
with toxic metals, acids, nitrates, alkalies and pesticides.

2. Without better characterization to specify the quantities of these contaminants
in the waste, it is assumed that they will be in sufficient quantity to affect the
rate of grout curing and therefore the waste loading will be limited.

3. For the purpose of this study a waste loading of 20 wt-% will be assumed.

6.2.1.4 Process Operation

6.2.1.4.1 Process Description

A. The block flow diagram for the grout only solidification process is shown in Figure 6-
1. The concept is identical to the baseline CDR design for the waste feedstreams that
are pretreated by campaigning in the special waste area. These unit operations
involve size reduction of mercury and lead bulk contaminated solids, evaporation of
mercury from bulk solids, and amalgamation of elemental mercury. The size reduction
pretreatment operation for feedstreams 1A, 1D, 2D, 3, 4, and 5D is also identical to
the CDR baseline. Homogenization of all particulate feedstreams (1B, 1C, 2A, 2B,
2C, 6, 7, and 8) will occur in a pug mill operation similar to that employed in the CDR.
The capability will exist to add pretreatment additives, as required, to the pug mill unit
operation to absorb free moisture or chemically stabilize heavy metals.
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The in-drum repack areas will employ the same load-out techniques as the CDR
baselin_ The only change is that additional load out facilities will be required due to
the greater drum throughput, resulting from reduced waste Ioadings from tho,te used
in the CDR. Facilities for binder storage will be limited to grout materials such as
OPC, BFS, and PFA. The storage silos will be designed to maintain an atmosphere
above the grout which is virtually moisture free. This will maximize the shelf life of
the grout powders. There will be no requirements for polymer or solvent storage as
well as waste hydrocarbon storeg_

C. Solidification will be performed using in-drum vibro-mixing for size reduced material
or stirred mixing for particulate material. There will not be any capability for vacuum
dewetering. The number of vibro and stirred mixing stations will increase over the
CDR configuration due to the lower waste Ioadings and increased throughput. Curing
will occur in the solidification enclosure as described in the CDR. The overall
cure/storage/shipping requirements will increase proportionally to drum throughput.

D. Should it be necessary to reprocess a drum because it has failed product quality
requirements, the product would have to be size reduced to a size compatible with
the WRAP 2A processe&

6.2.1.4.2 Material Balance

A. The associated material balance for the grout only system is given in Table 6-1.
Based upon the assumed waste Ioadings discussed previously, the total treated waste
drum throughput is estimated to be approximately 135 drums/day. The total treated
waste volume is about 895 ft'/day which corresponds to an overall average waste
loading of 15.7%.

6.2.1.5 Process Reliability

A. Raw Material QC

1. Hydration of grout is a complex series of chemical reactions. Consistent
mechanical properties and acceptability of waste form products depend on
consistent chemical and physical properties in the constituents. For example,
the cementitious activity of GGBFS is dependent to a large extent on its glass
content and fineness ("l. The development of a satisfactory grout formulation for
a particular waste feedstream will be of questionable value if the grout
constituents vary widely in chemical and physical properties from those used in
developing the formula. The vendor of the grout raw materials for WRAP 2A
will be provided with a detailed specification for the powders to ensure that
product quality is not put at risk due to uncontrolled changes in the binder
properties.

B. Equipment Maintenance Requirements

1. Data regarding failure rates and maintainability of equipment is derived from
production-scale operation. Data has not been readily available for production-
scale mixed waste immobilization programs reviewed to date, probably because
of the attention directed to obtaining successful immobilization. However,
substantial experience exists in the cement products industry which would
indicate that it should be possible to obtain low maintenance grout equipment
for use in WRAP 2A.
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TABLE6-1 GROUTONLYPROCESS- WASTELOADINGS

INCOMINGWASTE PRI=IPvF.ATMENT _..@_1.I--HE_ATM_'4T i.---r.V,,.,,z.a._=

WASTE WASTE _--Pu_..A]_-u it,tAlP..:b WAuzt: BINDER BIND_ DRYMIX P,_3OUCT __-T I DRL.!__'S.
STREAM STREAM BULK VOLL,;ME BULK PARTICLE LOADING FORMLI.ATION FORMt.CATIONREQUIRBAB_ DENSITY _ SPBPPED
NO. DESCRIPTION DENSITY DENSITY DENSrW DENSITY

(L_R./CF) (CF/YR) n_CF") (LR!CF) (WT%) (I .p_ ,a_ _ (CF/YR) [:]FIJMSH_

1A 183HSLDLIQ 100 825 100 130 25 9.'1BFS:OPC 122 183333 124 2668 401
1B 1831-1CRYSTAL 60 1300 60 140 25 9:1BFS:OPC 122 173333 126 2480 372

69 100 25! 9:1 BFS:OPC 122 214667 115 3347 5031C 1831'4SLUDGE 69 1400

1D 183HMISC 60 385 78_5 105 40 9:1BFS:OPC 122 25667 114 5051 762A C018SALT 88 10460 111 10 ENVI_E 80 61385331 82 111847 16794
21] ION EXRESIN 55 2140 55 77 20 9:1BFS:OPC 122 348741 109 5397 810!
2C L045SLUDGE 75 3050 75 140 30 3:1PFA:OPC 116 385370 122 6255 938
i20 ;t0 FILTER 30 350 40 50 58 3:1BFS:OPC 143 5632 69 263 30
3 DAW 30 2100 45 58 58 3:1BFS:OPC 143 33793 77 1405 211
4 3ONSTDE]3RIS 40 1155 60 100 51 3:1BFS:OPC 143 32880 117 772 116
5A1 k/IERCURY# 30 313 30 408 21 9:1BFS:OPC 122 28809 142 320 48
5A2 MERCURYCON7 22 4256 40 58 51 9:1 BFS:OPC 122 (_637' 78 2354 353
50 REACTMETAL# 200 147 200 240 30 9:1 BFS:OPC 122 52045 142 700 105
5(31 =iEMLEAD # 83 846 83 710 18 9:1 BFS:C)PC 122 24,5206 142 2819 423
5C2 .EADCONT 58 44 80 105 55 9:1 BFS:C)PC 122 1547 112 41 6
5D MISCMETALS# 200 607 200 450 20 9:.1BFS:OPC 122 361963 142 4285 643
6 ABSORBCHEM 90 1700 90 90 20 3:1BFS:OPC 143 4531333 128 5971 087
7 NCINASH 35 2300 35 90 30 9.1BFS:OPC 122 139136 110 2434 365
8 SOILS 90 680 90 90 20 9:1BFS:OPC 122 181333 174 28g2 404

+ 9077960 158554 230)7

NOTES: + THISTOTALASSUMESTHATALLWASTESTREAMSAREPROCESSEDSIMULTANEOUSLYANDNOT/kS_NGNS
# "rilEAMOUNTOF WASTEPER DRUMIS LIMITEDBYWEIGHTFORTHESEWASTESTREAMS
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6.2.1.6 Process Hazards

A. Binder Material Exposure

1. Eye and skin protection from cement and cement admixtures (GGBFS, PFA) is
necessary as these powders can cause serious dermatitis and eye injuries.
Wash facilities are necessary should inadvertent exposure occur.

B. Storage/Handling Safety

1. OPC and GGBFS are siliceous non-organic materials, however, there is a
potential dust explosion hazard related to storage of these materials.

2. PFA, while predominantly inorganic, can contain up to approximately 6% carbon
and still comply with ASTM C618. NFPA 8503 pertains to systems handling
pulverized fuel, but is mandatory only for material at or exceeding 8% volatile
content. There exists a potential dust explosion hazard related to the storage
of PFA.

C. Process Equipment Safety

1. No unusual hazards are associated with a grouting process equipment operation.

6.2.1.7 Process Cost

A. Raw Materials

1. Raw materials are considered as being those materials (other than the waste)
that comprise the final wasteform products. Included are drums, paddles, and
binder materials. Raw material costs are developed on TaMe 6-2.

2. Cost bases for TaMe 6-2 are as follows:

Drums: $125/ea (polymer lined)q4el
Paddles: $500/ea (grout design) c37D
OPS: $80/ton (49)
GGBFS: $100/ton c5=
PFA: $36/ton =a_j
Envirostone (Modified Gypsum): $1330/ton c6=)

3. Raw material costs are carried forward from TaMe 6-2 to the total cost
development on TaMe 6-4.

B. Operating Costs

1. Operating costs are considered as being those costs necessary to complete the
process under evaluation, but not related to anything physically comprising the
final wasteform products. These costs are identified as being waste
pretreatment costs, secondary treatment costs and land burial disposal costs.
Operating costs are developed on TaMe 6-3.

WRAP0366
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2. Cost basis for land burial disposal is assumed as 890/CF (estimate).

3. Operating costs are carried forward from Table 6-3 to the total cost
developmenton Table 6-4.

C. Plant/Capital Equipment f

1. Plant andcapitalequipmentincludeseach deviceor system identifiedbya block
on the applicableblockflow diagram, Cost bases were data from the WRAP 2A
CDR"°j capacity factored to match the throughputs and residencetimes of the
process option under evaluation. Plant and capital equipment costs are
presentedon Table 6-4.

i i
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TABLE 6-2 GROUT PROCESS RAW MATEFtlALCOST

IKX_ _bYAL

FEEDSTREAM FEEDSIREAM DRUMS DRUM MIX._ PADOLE GFIOUT DRY MIX OPC I _,_',r--- PFA GYPSUM RAWCOSTI_TIg:Wld"

NUMBER DESCRIPTION D RUMS/M:I)SHIPPED (K-L/YR )COST TYPE (K-$/W_)COST FORMUU&TION REQUtREMENT(K-LBS/'4_ (II/M_ J ($/1R)I;;;u_a I _.,_.ro, COST($/M:t) C(_T($/M:I) (K-S/MR)________ .--------_

1B 183H (:]:i_3TAL 3721 47 AGITATED 188 9:.1BFS:OPC 173 _J 7705; 241
lC 16314SLUOGE 503 63 AGITAll_) 252 9:.1BFS.QPC 215 880_ 9675! 3;_11
1O 183Ft_ 78 10 VIB::IO 9:.1Bt=B_OPC 26 104_ 1170 40011_
2A COle SALT _6794 20Be AGITATED _ MOO.GIfPSUM 0t37
2B ION EXRESlN 010 101 AGITATED 405 9:1 BFS:OPC 348 1388 18i708
2(3 L045 SLLJ3GE i31 117 AGITAIU3 470 3:1PFA:OPC 508 5080 8118E 588
2D R O FILTIE3q 39 5 VIERO 3:1 BI=S_PC 6 0O 5
3 O A W 211 2e Vlg:tO 3:1 IFS_PC 34 a40 1275 a
4 COt_T _ 110 15 Vl_:tO 3:1 B:S:OPC 33 3;310 1230 16

5A-1 ELEMTMERCURY 48 6 AGITATED 24 8:1BFS_:; 385 1480 10425 48
5A-2 MERCURYCONT 353 44 VlEFIO 8:1 BFS.OPC 67 288 3015 47

58 REACTMETALS 105 13 AG,'TATED 53 9:1 BI:SO:_ 52 _0l 2340 i_1i
5C-1 ELEMENT LEAD 423 53 Vtg:lO 0:t BI=S_PC 20_ _ 04410; I
5(3-2 LEADCONT' 6 1 VtSRO tl 8FS.OPC 2 0 00

50 MIST::METALS 643 80 VIBRO 9:.1BI=9_PC 814 _ _18830 la0
6 ABSORB(21EM Ira7 112 AGITATED 448 3:1BFS_PC 453 4530 10088 982
7 INC_NASH 365 46 AGITATI_ 183 9:1 BFS_PC 130 558 11258

6 SOIL_ 404 51 AGII"A_ 202 9:.1fiX)PC 101 7"J4 0145 _B1

TOTAL ___..._ i 2938 10810 11821_ _ _ _ 4Q011__..__ 1_

If ldl ltl



TABLE 6-3 GROUT PROCESS OPERATINGCOST

SECONDARY TOTAL

FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING
NUMBER DESCRIPTION SHIPPED COST COST COST

(DRUMS/YR) (K- $/YR) ($/YR) (K- $/YR)

1A 183H SLD UQ 401 267 0 267
1B 183H CRYSTAL 372 248 0 248
1C 183H SLUDGE 503 335 0 335
1D 183H MISC 76 51 0 51
2A C018 SALT 16794 11185 0 11185
2B ION EX RESIN 810 539 0 539
2C L045SLUDGE 939 625 0 625
2D R O FILTER 39 26 0 26
3 DAW 211 141 0 141
4 CONST DEBRIS 116 77 0 77

5A- 1 ELEMTMERCURY 48 32 0 32
5A- 2 MERCURYCONT 353 235 0 235

5B REACT METALS 105 70 0 70
5C- 1 ELEMENTLEAD 423 282 0 282
5C- 2 LEAD CONT 6 4 0 4

5D MISC METALS 643 428 0 428
6 ABSORBCHEM 897 597 0 597
7 INCIN ASH 365 243 0 243
8 SOILS 404 269 0 269

TOTAL 23505 15654 0 15654

If lds 1



TABLE 6-4 GROUT PROCESS TOTAL COST

INITIAL ANNUAL
EXPENSES EXPENSES

(K-S) (K-$/YR)

PLANTAND CAPITALEQUIPMENT:
SPECIALWASTEPRETREAT 1180 N/A
SPECIALWASTEREPACK 440 N/A
SIZE REDUCE/HOMOGENIZEPRETREAT 2741 N/A
SIZE REDUCE/HOMOGENIZEREPACK 918 N/A
VIBRO- MIXINGSTATION 468 N/A
STIR- MIXINGSTATION 741 N/A
BULKGROUTSTORAGE 1633 N/A
CURE/STORAGE/SHIPPING (NOTE1) 4071 N/A

RAW MATERIALCOST N/A 17903

OPERATINGCOST N/A 15654

TOTALEXPENSES 12192 33557

NOTES" (1) INCLUDES$ 985K BUILDINGFLOOR SPACECOSTS FORCURE/STORAGE

If lds lts
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6.2.2 Thermoplastic POlymerEncapsulation

6.2.2.1 Description

A. Introduction

1. The physicalcharacterof organicmoleculeschangeswith increasingmolecular
weight. Organic polymersimprove in their structural integrity with continued
increaseof molecularweight. However,to be useful as polymer immobilization
binder,a minimum molecularweight of the order of 1400 is necessary. It is
partly insufficientmolecularweight that makes the naturalexamples of organic
solids such as paraffin waxes (molecular weight 254) unsuitable. Properties
such as toughness,stress-crackresistance,highermelt temperature,andhigher
melt viscosity, are properties enhanced by increased molecular weight (also
called degree of polymerization)of a given polymertlTj.

2. To be useful as an in-drumwaste immobilizationbindera polymermaterial must
be able to be poured as a liquid, filling the waste drum, and then solidify with
the waste encapsulated. Certain polymer materials, categorized as
thermoplastics, do not develop chemical bonds between adjacent chain
molecules. The separatebut intertwined polymerchains are heldtogether only
by relativelyweak electrostatic(i._ Van Der Weals) forces, bindingthe material
into a solidstateLThe electrostaticforce is heat sensitive,becoming weakeras
temperature increases, allowing chains to slide past each other (material
softens) and at melt temperature chains freely flow as liquid. Cooling re-
establishesthe electrostaticforce between separate chains, creatinga solid in
a new shape. Duringthis processthe individualchain moleculesdo not break
down. The degree of polymerizationis unchangedwhether the materialis inthe
form of pellet grainsin a shipment bag, a liquid, or cast into a large drum. Only
the influence of electrostatic forces and the macroscopicshape have varied.
This character is termed thermoplastic and is in marked contrast to the
thermosetting characterdiscussedin Section 6.2.3. The differencesbetween
thesetwo charactersof polymerssignificantlyimpact processingconcernswhen
applied to WRAP 2A.

3. Thermoplastic polymerswhich have been used to solidify low to intermediate
level radioactive or mixed waste on a commercial or pilot basis include
polyethylene(PE), bitumen,and sulfurcement. Bitumen or oxidizedasphalthas
been extensivelyused overseas to encapsulateradioactiveion exchangeresins
and evaporatorconcentrateswith highnitrate salts. The most commonmethod
of mixing waste with thermoplastic bindersis a full scale extruder or thin film
evaporator dependingupon the waste water content. Commercial processing
facilities (using bitumen) are located in Austria, Belgium, Finland, France,
Germany, Japan, Sweden, and Switzerland. The use of sulfur cement and
polyethylenefor waste encapsulationhas also been demonstrated,although on
a significantlysmallerscale than bitumen.

imu i i i i iii
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B. Polyethylene

1. PE is a thermoplastic developed in the late 1930s and now the most widely
used polymer c171.When employed as a waste immobilization binder, molten PE
is thoroughly mixed with waste, so that upon solidification, the waste is coated
and embedded in a plastic monolith. This isolates the waste from the
environment by macroencapsulation as defined under 40 CFR 268.42.

2. PE is one thermoplastic employed in waste immobilization to dateIls' lgl. Control
of the PE polymerization process allows manufacturers to produce many
variations of the PE structure, presenting differences in processing requirements
for the user, and in properties of the product. Polymerization in a low pressure
reactor creates polymer chains with few side branches, the high-density PE
(HDPE) form. HDPE has a sharp melting point changing suddenly between solid
and low-viscosity liquid at a relatively high temperature. Shrinkage in the mold
can occur upon solidification and the product is a hard material more susceptible
to chipping. Manufacture in a high pressure reactor creates many branches in
polymer chains, the low-density PE (LDPE) form. LDPE demonstrates gradual
softening (or hardening) through its melt range, which occurs at a lower
temperatur_ The product is relatively resilient and flexible, mold shrinkage (e.g.
within a waste drum) is reduced c17D.Based on the effects of these character
variations applied to waste immobilization processes, LDPE has been selected
for all such programs to date "s' :oi.

6.2.2.2 Waste Immobilization History

A. Introduction

1. Laboratory-scale, pilot-scale and limited production scale feasibility tests with
waste immobilization have been performed using PE. The depth of experience
is not as extensive as in grouting.

2. In most cases, PE was attempted on waste in which grouting had proven
unsuccessful without unacceptably low waste Ioadings.

B. Brookhaven National Laboratory (BNL), Laboratory-Scale and Pilot-Scale Tests,
1991(_8J.

1. The BNL waste was sodium nitrate salt such as would result from neutralization
of nitric acid used in fuel reprocessing. Binder used was LDPE with melt index
of 55 g/10 minc_8_. The production-scale process involved feeding dry
granulated LDPE along with the salt through a vented, 380 psi, 300°F, 4.5 inch
off-the-shelf extruder at net flows exceeding 1,000 Ibs/hr. Filling each 30 gallon
drum required approximately 25 minutes.

WRAP0366
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2. The waste form criteria complied with "NRC Technical Position on Waste Form*
(which supports 10 CFR 61 ), EPA hazardous waste criteria per 40 CFR 261 and
OOT solid oxidizer transport criteria per 49 CFR 173 'e). Tests of product with
60 wt-% waste loading correlated with data from earlier laboratory scale
product which satisfied all waste form criteria. Extensive bench and laboratory
scale tests have been performed with extruders ranging from 0.75" to 1.25"
diameter at rates ranging from 20 to 30 Ib/hr.

C. Rocky Flats Plant (RFP) Polymer Solidification Program, Laboratory - Scale, 1992 -
Present.

1. Only interim reports (3e)are available from this extensive on-going program,which
is complementary to the earlier BNL work. With the processability and stability
of LDPE binder already demonstrated by BNL, the focus of the RFP work to date
has been in achieving satisfactory TCLP of EPA regulated LDR metals which are
found in salt wastes. For this program, LDR concentrations from 50 ppm to
5000 ppm have been spiked into sodium nitrate salt surrogate waste (1°_.

2. The TCLP test involves crushing the subject waste form to 8 specified size, then
immersing in liquid to determine if LDR metals leach out. Because the crushing
step breaks down the encapsulation around the waste particles, the procedure
has generated unsatisfactory results for PE binders when high concentrations
of LDR metals are spiked into the waste salt. RFP has obtained satisfactory
TCLP results on five LDR metals by pretreating the waste salt with calcium
oxide (C80). The CaO reacts with the metals, creating 8 less soluble metal
hydroxide which resists leaching into water even when unencapsulated (_91.This
form of pretreament is applicable to any pure encapsulation technique; for
example, Vinyl Ester Styrene encapsulation.

3. The RPF report(3e_states that the high force needed to crush the PE monolith in
producing 8 TCLP sample represents an implausible situation in repository
environments. Therefore, the TCLP procedure penalizes an encapsulating
immobilization medium such as PE, resulting in unwarranted failures of leaching
criteria.

6.2.2.3 WRAP 2A Waste Feedstream Waste Loading Assumptions

A. General

1. Unlike grout, polyethylene encapsulation waste loading is not limited by the
chemical compatibility of the waste and binder as no chemical reaction takes
place between them. The waste is immobilized by being coated by the binder.

B. Feedstream 1A-1D (183H Solar Basin Waste)

1. Immobilization history indicates PE performs satisfactorily with dried particulates
such as stream 1B, though pretreatment may be necessary to stabilize TCLP
metals.
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2. No history exists for streams such as 1A, 1C and 1D, however developments
in sludge experience indicate PE should apply satisfactorily to 1A and 1C, if 1C
is dried first and 1A is crushed to a particulate. Stream 1D would require
shedding of boxes shovels and bucketsc2°'32)into approximately 2" x 2" pieces
that can be in-filled in-drum with liquid polyethylene.

3. In the absence of actual waste stream test data it will be assumed waste

Ioadings for stream 1A, 1B, 1C will approximate the 60 wt-% of the BNL data
minus 20 wt-% CaO to pretreat TCLP metals, resulting in 40 wt-% waste
loading. Stream 1D (misc. cleanup) will be assumed as 60 wt-% waste load.

C. Feedstreams 2A-2D (LETF Secondary Solids)

1. Although characterization data is minimal, immobilization of metal sludge stream
2C might correspond to positive BNL/RFP experience with salt waste spiked
with TCLP metals.

2. No history exists for streams similar to 2A, 2B and 2D. Although test data is
unavailable, it appears PE should be inert and therefore compatible with streams
2A, 2B, and 2D.

3. Waste loading in the case of metal sludges (stream 2C) will be assumed as
similar to the BNL salt waste data (60 wt-%) minus 20 wt-% for TCLP metal
pretreatment resulting in 40 wt-%. Waste loading for streams 2A, 2B and 2D
will be assumed as 60 wt-% based on the BNL data. (Note: Where necessary,
streams will need to be dried prior to extrusion).

D. Feedstream 3 (Compactible Solids)

1. Based on characterization data c2o.32)Feedstream 3 will be compatible with PE
but will require cross-cut shredding of all waste material (plastic bottles, gloves,
clothing etc.) to allow in-drum filling with liquid polyethylene from the extruder.

2. Waste loading will be assumed as 70 wt-%.

E. Feedstream 4 (Construction Debris)

1. Based on characterization data c2o.32)feedstream 4 will be compatible with PE.
Scaffolding and concrete chunks will require volume reduction by shredder/rock
crusher to allow in-drum in-filling with liquid polyethylene.

2. Waste loading will be assumed as 70 wt-%.

WRAP0366
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F. Feedstream 5A-5D (CampaignedMetals)

1. Feedstream5A-1, amalgamated mercury,will be stabilizedpriorto polyethylene
encapsulation and will not off-gas. Feedstream 5A-2, bulk mercury
contaminatedwaste, will be pretreated usingBDATmercury removaltechnology
prior to polyethylene encapsulation and will not cause significant mercury
vaporization. Mercury, if present in the zone of a vented extruder, will vaporize
along with any moisture at the extruder temperature of 300°R This results in
an off-gas which must be processed by condensing out water containing
mercury. The mercury ladenwater stream must be handledby BDATaccording
to mercury concentration.

2. Based on the characterizationdatac2°)feedstreams 5B, 5C, and 5D should be
compatible with PE. Feedstream 5B contains no TCLP metals, so no
pretreatment is required. Feedstream 5C (lead) and 5D (miscellaneousmetals
contain TCLP metals. However, 5C does not require pretreatment if PE is the
bindersince 40 CFR 268.42 permits waste code D008 lead to be exempt from
TCLP if a macroencapsulationbinder (such as PE) is used. Feedstream 5D is
assumed to be size reduced into relatively large 2" x 2" particle sizes. This
shouldnot posea leachabilityproblem when in-filledwith a liquid polyethylene.

3. Waste loadingsare assumedas 60 wt-% for 5A, 60 wt-% for 5B and 65% to
70% for Feedstreams 5C and 5D depending on weight limitations for the
solidified product in-drum.

G. Feedstream 6 (AbsorbedChemicals/SolidifiedLiquid)

1. No immobilization history has been found for PE used with waste of this
characterizationC2°);it isassumedthe PEand waste are compatible. Waste does
not contain TCLP metals_2°j. Pretreatmentis not necessary.

2. Waste loading is assumedas 40 wt-% due to possiblepresence of chemicals
which may be incompatiblewith polyethylene.

H. Feedstream7 (IncineratorAsh)

1. Meaningful characterization of this feedstream is not yet determinedt2°). It is
assumedPE and the waste are compatible. It is likely that incineratorash will
contain TCLP metals under 40 CFR 268.41 or 268.43, so pretreatment is
necessary.

2. Waste Ioadingscould be as high as 60 wt-% basedon data availablefrom tests
performed by Stock Equipment Company on Aerojet incinerator ash
encapsulatedin VES resinwhich should give similarresultsfor polyethylen@1).
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I. Feedstream 8 (Contaminated Soil)

1. Meaningful characterization of this feedstream is not yet determined_2°_.It is
assumedPEand the waste are compatible. It is possiblethat contaminatedsoil
will contain TCLPmetals under 40 CFR 268.41 or 268.43, so pretreatment is
necessary.

2. Waste loadingis assumedas 40 wt-% based on the BNL/RFPdata.

6.2.2.4 ProcessOperation

6.2.2.4.1 ProcessDescription

A. Refer to Rgure 6-2 for the block flow diagramillustratingthe polyethylene polymer
only solidificationprocess. The waste feed pretreatment involvingspecialwaste, size
reduction, and homogenization/dryingis identical to the grout only case with the
exception of the need to dry the wast_ The pretreated waste repack and interim
storage area will vary from the grout only case based upon lower drum throughput
requiring fewer loadout stations for special waste and size reduced waste. All
particulate waste from homogenizationwill be stored in interimstoragefeed hoppers
priorto solidificationwith polyethyleneinthe extrusionunit operation. Binderstorage
is limited to polyethylene pellets which can be stored and transferred by methods
similar to dry grout materials. The binder pellets have an unlimited shelf life and
hence the size of storagefacilities will be optimized.

I_ Waste and polyethylene mixing will occur in the extruder for dried particulate
materials. The mixed waste and polymer will be extruded into new drums at
approximately300 °F and will be transferred to a curingarea for coolingto ambient
temperatures. Coolingto a temperature low enoughto allow the drumto be moved
will take about 2 days. While cooling, the polyethylene product may shrink away
from the drum wall. However, shrinkagewill not be significant and will not affect:
product quality.

C. Size reducedwaste, repackedinto new drums,will be preheatedin a forcedair drying
chamber. The drums and waste will be heated to approximately200°F to drive off
any waste moisture present as this could interfere with in-drum vibro-mixing of
melted polyethylene with wasteL Also, preheated waste will prevent premature
solidification of the melted polyethylene before adequate void space in-filling can
occur. Melted polyethylenewill besuppliedat maximumrecommendedtemperatures
from the extruder (-450°F) for a majority of the waste.

WR'APO366 .............

12/28/93 Page41



WRAP FACILITY, DOE4M. UNITED ENGINEER8& 0ONSTRUCTOIW
DE-AC04kB1RL111)441 I_rojeotNo. 6237.008

D. The high operating temperature of the extruder will vaporize water and volatile
materials in the wast_ A numberof the WRAP 2A feedstreamscontain water and/or
mercury and therefore an extruder with 3 to 4 heated and vented sections will be
used to allow the vapor to be released. If off-gases are not vented in the extruder,
the polyethylenemelt will tend to foam as it is extruded producingan unacceptable
product. Off-gas producedfrom the vented extruder and waste preheater/dryerwill
be routed to off-gastreatment where condensibleswill be removed and pretreated.
Pretreatment will consist of processingin a Duolite ion exchange bed to remove
mercury which might carryover with the condensat_ The pretreatedeffluent will be
combined with other active waste water and transferred to the Hanford Liquid
Effluent Treatment Facilityfor final treatment. The small volume of spent resin will
be pretreated for mercury in the special waste evaporator and solidified in
polyethylen_

E. Should it be necessaryto reprocessan immobilizedwaste drum becauseit has failed
productquality requirementsthe productwould need to be shreddedto pellet sizeto
allow it to be refed to the extruder. The failed product could then be remelted and
additionalpolyethylenecould beadded as necessaryto improve the productquality.

6.2.2.4.2 BinderAvailability

A. The binder recommendedfor WRAP 2A is Low Density Polyethylene. This material
is widely available from a number of suppliersand hence there will be no supply
problems.

6.2.2.4.3 Material Balance

A. The polyethyleneonly solidificationmaterial balanceis given in Tables6-5. The total
treated waste volumeisestimated at 328 ft'/day correspondingto a drumthroughput
of about 50 drums/day. This providesan overall averagewaste loading of 52.5%.
Approximately 280 gal/day of condensateis producedfrom the off-gas.

WRA_3ee .........
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FIGURE 6-2
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TABLE 6-5 POLYETHYLENE ONLY PROCESS - WASTE LOADINGS

INCOMING WASTE PRETREATMENT RNAL TREATMENT t'HUUUU I

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LBICF) (LB/CF) (WT%) (LBICF) (t_R/YR) (tR./CF) (CF/YR) DRUMS/YR)

1A 183H SLD LIQ 100 825 100 130 4_)' POLYETHYI-ENE 57 123750 74 2806 4211B 183H CRYSTAL 60 1300 60 140 POLYETHYLENE 57 117000 75J 2610 392
lC 183H SLUDGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 52774
1D 183H MISC 60 385 75 105 60 POLYETHYLENE 57 15400 79 490_
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058 ! 2862
2B ION EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 436
2C .045 SLUDGE 75 3050 75 140 40 POLYETHYLENE 57 343125 75 7654 1149
20 R O FILTER 30! 350 40 50 60 POLYETHYLENE 57 7000 53 333 50
3 D A W 30 2100 45 58 70 POLYETHYLENE 57 27000_ 58 1560 2341
4 CONST DEBRIS 40 1155 60i 100 70 POLYETHYLENE 57 19800 82 809 122
5A1 _IERCURY 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 20
5A2 VlERCURY CON1 22 4256 40 58 60 POLYETHYLENE 57 62421 58 270g 407
5B REACT METALS 200 147 200 2401 60 POLYETHYLENE 57 19600 105 466 70
5Cl ELEM LEAD # 83 846 83 710 65 POLYETHYLENE 57 37478 142: 75e 114
5C2 LEAD CONT 58 44 80 105 70 POLYETHYLENE 57 1094 84 43 7
5D MISC METALS # 200 607 200 450 69 POLYETHYLENE 57 55310 142 1240 186

'6 _,BSORB CHEM 90 1700 g0 g0 40 POLYETHYLENE 57 229500 67 5726 860
'7 INCIN ASH 35 2300 35 g0 50 POLYETHYLENE 57 80500 70 2307 346
8 SOILS 90 680 90 g0 401 POLYETHYLENE 57 91800 67 2291 344

+ 2074050 57405 8619r_TA i 34058

NOTES: . THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS
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6.2.2.6 Process Reliability

A. Raw Material QC

1. Quality Control (QC) of raw material in a PE immobilization process will be less
demanding than in the case of grouting. There is only one binder agent to
address, the PE itself. Since PE is an inert macroencapsulating binder, the
quality of the immobilization is not sensitive to chemical interactions between
waste and binder, making detailed QC of binder chemical composition
unnecessary.

2. Sufficient specifications for the raw PE would include density, physical form
(granule size),and melt index.

L Equipment Maintainability

1. The binder stream equipment necessary for PE extrusion has a well documented
history in the commercial plastics industry. No conditions particular to the PE
waste immobilization process exist which would be unusually detrimental to the
equipment.

2. The relatively larger degree of volume reduction needed for PE immobilization
using an extruder necessitates additional shedding/crushing capability in the
waste stream, when compared to grouting or thermosetting processe,¢ This
additional equipment increases maintenance demands and lowers overall system
reliability.

6.2.2.6 Process Safety

A. Binder Material Exposure

1. Exposure to PE powder results in relatively little hazard to personnel. There are
no established TLV or PEL values. Ventilation is recommended to meet the
standard of "Good General Ventilation" (Typically 10 air changes/hour) with
local exhaust or dust respirators required only if the recommendation can not be
met. Eye and skin protection and wash facilities are recommended as good
practice, however, burns from contact with molten material is the only explicit
hazard identified c3e,43j.

B. Storage/Handling Safety of Raw Materials

1. PE powder can form an explosive dust-air mixture. Even though the PE will be
stored as pellets, the precautions established by NFPA 654, typical for most
process industries, should be applied t3e,43).

2. PE is combustible. Water or Dry chemical are the recommended extinguishing
agents_3e.43).
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C. Storage/HandlingSafety of Waste BinderProductt:s'4=

1. The polyethylene waste form is s non-explosive, safe material to produce,
transport and stor_ It will not cause explosion or detonation by itself even if
stored at temperatures up to well over 100°C. The waste form is thermally
stable to temperatures well above 300°C. A hazardsanalysisstudy by Hughes
Associatesfor Rocky FlatsPlantconcludedthat low level radioactivesalt waste
encapsulatedin polyethyleneappearedto have minimal fire hazardsasso_Jiated
with storage of the productc4=.

D. ProcessSafety

I. Since personnel will normally be excluded from the process space during
operation, the hazard of burnsfrom molten PE should be avoidable.

2. The temperatureof the PE process will be sufficient (about 300OF) to release
mercury vapor from mercury contaminated waste. This is unavoidableif the
extruder is vented to preventfoaming of the PE melt. Handling of a toxic off-
gas is required.

3. The extruderoperateswellaboveambient pressureandtemperaturehencethere
is the potential for releaseof material if there is a failure of the equipment.

6.2.2.7 Process Cost

A. Raw Materials

1. Raw materials are consideredas being those materials (other than the waste)
that comprise the final wasteform products. Included are drums, and binder
materials. Raw material costs are developedon TaMe 6-6.

2. Cost basisfor TaMe 6-6 are as follows:

Drums: $125lea (polymer lined)c4eD
Polyethylene: $6801ton (estimate)

3. Raw material costs are carried forward from TaMe 6-6 to the total cost
developmenton TaMe 6-8.

B. Operating Costs

1. Operatingcostsare consideredas beingthose costsnecessaryto complete tl_e
processunder evaluation,but not relatedto anythingphysicallycomprisingthe
final wasteform products. These costs are identified as being waste
pretreatment costs, secondarytreatment costs and land burial disposalcosts.
Operatingcosts are developedon TaMe 6-7.

2. Cost basis for land burialdisposalis assumedas $90/CF (estimate).
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3. Operating costs are carried forward from Table 6-7 to the total cost
development on Table 6-8.

C. Plant/Capital Equipment

1. Plant and capital equipment includes each device or system identified by a block
on the applicable block flow diagram. Cost bases were data from the WRAP 2A
CDR t2e) proportioned to match the throughputs and residence times of the
process option under evaluation. Plant and capital equipment costs are
presented on Table 6-8.

III -- I IIII I '111 I I
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TABLE 6-6 THERMOPLASTIC POLYMER PROCESS RAW MATERIAL COST

__________ RAW

FEEDSTREAM FEEDSTREAM DRUMS DRUM MIXER BINDER BINDER MATERIALS
NUMBER DESCRIPTION SHIPPED COST TYPE REQUIREMENT COST COST

(DRUMSNR) (K-$/YR) (K- LBS/_'R) (K-II_YR) (K-$/YR)
42 95

1A 183H SLD LtQ 421 53 VIBRO 89
1B 183H CRYSTAL 392 49 EXTRUDER 117 40
lC 183H SLUDGE 527 66 EXTRUDER 145 49 115
1D 183H MISC 74 9 VIBRO 15 5 14!
2A C018 SALT 2862 358 EXTRUDER 614 209 567
2B ION EX RESIN 436 55 EXTRUDER 78 27 81
2C L045 SLUDGE 1149 144 EXTRUDER 343 117 260
2D R O FILTER 50 6 VIBRO 7 2 9i
3 D A W 234 29 VIBRO 27 9 38
4 CONST DEBRIS 122 15 VIBRO 20 7 22

5A- 1 ELEMT MERCURY 20 3 EXTRUDER 85 29 31
5A-2 MERCURY CONT 407 51 VIBRO 62 21 72

5B REACT METALS 70 9 EXTRUDER 20 7 16_
5C-1 ELEMENT LEAD 114 14 VIBRO 321 109 123
5C-2 LEAD CONT 7 1 VIBRO 1 0 1

5D MISC METALS 186 23 VIBRO 124 42 65
6 ABSORB CHEM 860 108 EXTRUDED 230 78 186
7 INCIN ASH 346 43 EXTRUDED 81 28 71
8 SOILS 344 43 EXTRUDED 92 31 74

2506 852 1930
TOTAL 8621 1078

If lds
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TABLE 6-7 THERMOPLASTICPOLYMER PROCESS OPERATING COST

SECONDARY TOTAL

FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING
NUMBER DESCRIPTION SHIPPED COST COST COST

(DRUMS/YR) (K- $/YR) ($/YR) (K- $/YR)

1A 183H SLDLIQ 421 280 136 281
1B 183H CRYSTAL 392 261 136 261
1C 183H SLUDGE 527 351 136 351
1D 183H MISC 74 49 136 49
2A C018 SALT 2862 1906 6120 1912
2B ION EX RESIN 436 290 0 290
2C L045SLUDGE 1149 765 0 765
2D R O FILTER 50 33 0 33
3 D A W 234 156 0 156
4 CONST DEBRIS 122 81 0 81

5A- 1 ELEMTMERCURY 20 13 0 13
5A- 2 MERCURYCONT 407 271 0 271

5B REACTMETALS 70 47 0 47
5C- 1 ELEMENTLEAD 114 76 0 76
5C- 2 LEADCONT 7 5 0 5

5D MISC METALS 186 124 0 124
6 ABSORBCHEM 860 573 0 573
7 INCINASH 346 230 0 230
8 SOILS 344 229 0 229

TOTAL 8621 5742 6664 5748

If lds lts



TABLE 6-8 TH ERMOPLASTICPOLYMER PROCESS TOTAL COST

INITIAL ANNUAL
EXPENSES EXPENSES

(K-S) (K-S/YR)

PLANTAND CAPITALEQUIPMENT:
SPECIALWASTEPRETREAT 1180 N/A
SPECIALWASTEREPACK 241 N/A
SIZE REDUCE/HOMOGENIZEPRETREAT 2741 N/A
SIZE REDUCEREPACK 82 N/A
HOMOGENIZEDWASTESTORAGE 5 N/A
WASTE PREHEATER/DRYER 100 N/A
VIBRO-MIXING STATION 162 N/A
EXTRUDERSTATION 721 N/A
PE STORAGE 22 N/A
CURE/STORAGE/SHIPPING (NOTE 1) 1565 N/A
OFFGASTREATMENT 15 N/A

RAWMATERIALCOST N/A 1930

OPERATINGCOST N/A 5742

TOTALEXPENSES 6834 7672

NOTES : (1) INCLUDES$ 380K BUILDINGFLOORSPACECOSTSFORCURE/STORAGE

If lds 1
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6.2.3 Thermoset POlymer Encapsulation

6.2.3.1 Description

A. Introduction

1. When a polymer material has its chain molecules cross-linked by chemical bonds
(as opposed to the relatively weak electrostatic attraction in thermoplastics) the
material is classified as a thermoset polymer. Unlike thermoplastic materials,
which can be delivered from the manufacturer as a completely polymerized
products, thermoset materials require a two-stage polymerization; part is done
by the manufacturer and part by the user. This allows the user to form the
material (by casting, molding, or etc.) into the final product before initiating
cross-linking, which bonds the chains into a permanent shape. Thermoset
polymers cannot be melted and reformed since the energy required to break
down the cross-linking bonds is also sufficient to break down the linear chains,
destroying the entire polymer.

2. Generally, the polymerization process is interrupted by the manufacturer at the
point where mostly linear chains have developed. The material is delivered as
a liquid organic resin, which flows allowing the user to form the product. For
some resins, the user initiates cross-linking by applying substantial heat and
pressure to the resin in the mold. With other resins, the manufacturer delivers
a catalyst and, possibly, a promoter, which when combined with the resin at
room temperature, start the cross-linking growth of chains.

3. Applied to waste immobilization, cross-linking at room temperature by using
chemical catalysts is desirable since it avoids complex thermal and pressurized
processes Early in-drum immobilization work with thermoset materials
employed urea-formaldehyde resin, which is cross-linked by an acidic catalyst.
The acidic conditions created a very reactive and exothermic situation where
susceptible waste material and process equipment corroded readily. Moisture
in the waste became highly acidic and laden with pollutants, weeping out of the
waste form, attacking the drum. Additionally, urea-formaldehyde is
biodegradable, hardly a desirable feature for land disposal of radionuclides.

4. Most recently, commonly used thermoset polymers for radioactive waste
solidification have been water extendable polyesters and vinyl ester styrene
(VES) resin. Although water extendable polyester can be used to encapsulate
waste with high water contents the resulting monolith does not have reliable
structural integrity due to shrinkage during gradual water evaporation. Also, the
tensile and compressive strength properties of polyester are not as high as VES
resin.

B. Vinyl Ester Styrene

1. Vinyl Ester Styrene (VES) is a material with a particularly complex chemistry
involving two different monomers. A vinyl ester is polymerized into polyester
chains and mixed into solution with a second monomer, styrene, which also
serves as a solvent. When the user adds a promoter and a peroxide catal'tst the
styrene reacts to cross-link the polyester chains together, forming a thermoset
polymer. Details of VES chemistry are presented in a reference document (23j.
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2. The polymerization reaction proceeds in two phases. The first, is the formation
of a gel where styrene has sufficiently reacted so that the resin is no longer
highly volatile or free flowing. Gel time (which normally ranges from 5 to 30
minutes) is adjustable based upon ambient temperature and formulation. The
second phase, is an exothermic reaction where cross linking of the styrene and
polyester occurs and the resulting monolith is cured. This curing step results in
a temperature rise and fall with time which is dependent upon many variables
such as VES resin reactivity, catalyst promoter formulation, waste specific heat
and loading, and size of monolith. Detailed calculations that address cure time
and peak exotherm temperature as a function of the above variables are
presented in the Waste Form Qualification Treatability Study 1604-2.

6.2.3.2 Waste Immobilization History

A. Introduction

1. Test data on various thermoset polymers as hazardous or mixed waste
immobilization binders exist at least as far back as 1979. Data specifically for
the investigation of VES to solidify Hanford surrogate wastes was obtained
recently under contract with Stock Equipment Company t3"'_).

B. Dow Chemical Radioactive Waste Solidification Experience with VES Resin

1. Dow chemical developed the VES resin technology for potential solidification of
low to intermediate level radioactive wast_ The initial VES resin (Dow 101)
was developed by the styrene polymer R&D group to solidify BWR & PWR
reactor concentrates, ion exchange bead and powdered resins, filter aid sludge,
decontamination waste and dry salts. A topical report procuced in 1988 c33)gave
favorable waste loading and NRC 10 CFR 61 waste form testing results.
Maximum volumetric Ioadings for the above wastes ranged from 60% to 67%.

2. However, Dow did not pursue commercial application of the VES resin
technology for nuclear resin solidification. Although Dow still markets a wide
range of VES resins (Derakane 411,470, and 510) they do not recommend, and
in fact, expressly prohibit the use of their resin for this purpose due to potential
liability issues. Dow transferred the VES resin solidification technology to
Diversified Technologies t_3)and placed the process and the topical report in the
public domain.

I

C. Diversified Technologies VES Resin Solidification Experience

1. Diversified Technologies currently utilizes the technical knowledge developed by
Dow Chemical for radioactive waste solidification. Diversified Technologies has
direct experience with solidification of ion exchange resins, decontamination
solutions, and reactive metals. A revision to the Dow Topical Report(_j was
issued to present data obtained by Diversified Technologies loading
decontamination solutions high in heavy metals dissolved solids in VES resin.
These metals included iron, nickel, copper, and chromium.

II II I IIII I I

WRAP0366

12/28/93 Page 52



WRAP FACILITY, DOE-RL UNITED ENGINEEIW & CONSTRUCTOR8
DE-ACO6-91RL11946 Projeot No. 6237.008

2. Diversified Technologies has also developed vacuum dewatering technology for
bead ion exchange resin& This technique has been demonstrated commercially
using solidification containers as large as 200 fta. This technology has the
advantage of solidifying slurried bead resins in place with virtually no volume
increase_ The solidified waste volume Ioadings are near 100%. However, the
resulting waste water must be treated as an organic mixed waste since it may
potentially contain residual quantities of VES resin.

3. Direct encapsulation of reactive metals such as zirconium shavings has been
demonstrated by Diversified Technologies at INEL(34).Trial tests were performed
where zirconium chips that normally would spontaneously combust with air
could be encapsulated in VES resin in 1 gallon containers under water. The
resulting monolith was tested for flame resistance and would not sustain
combustion after removal of the flame sourc_ Very high Ioadings in the range
of 60 wt-% to 70 wt-% have been easily obtained.

D. Stock Equipment Company, Commercial Solidification of Radioactive Salts and
Incinerator Ashc31j.

1. Stock Equipment Company developed a commercial the process in 1981 to
solidify dry sodium sulfate salt with 5% incinerator ash for Aerojet Corporation.
The process utilized a mixing technique where preloaded VES polymer, in-drum,
was combined with hot dry salt in an explosion resistant enclosure using a
proprietary mixing agitator. The solidification technique was developed
specifically for dry particulate waste and would not be applicable to dense solids
or slurries containing water that must be emulsified. The waste Ioadings of dry
salt in DOW 101 binder exceeded 70 wt-% for a majority of the runs.

E. Stock Equipment Company/Polymer Immobilization Technology Testing - Waste Form
Verification, Laboratory - Scale, 1992(35'44L

1. This test program utilized VES to immobilize four forms of surrogate waste
representing WRAP 2A feedstream¢ The Type I surrogate approximated the
actual Feedstream 2A LETF ammonium sulfate salt. Type 2 surrogate
approximated the Feedstream 1C 183H solar basins 1 and 2 metal nitrata salt
sludge. Type 3 surrogate approximated the Feedstream 1C 183H solar basins
3 and 4 metal nitrate salt sludge. Type 4 surrogate approximated the
Feedstream 1B metal sulfate/nitrate crystallized solids. All surrogates contained
at least one LDR metal in excess of the 40 CFR 268 limit for land disposal.
Waste form qualification criteria included the requirements of 10 CFR 61, and
the NRC technical position on waste form.

2. Test specimens were in the shape of cylinders, with dimensions normally 1 1/2"
x 2" tall. The specimens were tested for compressive strength, radiation
stability, resistance to biodegradation, resistance to thermal degradation,
presence of free liquids, leachability, degradation due to immersion, TCLP and
hazardous characteristics of the final waste form.
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3. The test specimens passed all test criteria except for Type 1,2 and 4 surrogates
which failed TCLP testing for mercury (type 3 surrogate did not contain
mercury).

F. Stock Equipment Company/Polymer Immobilization Technology Testing - TCLP
Verification, Laboratory Scale, 1993 ta6D.

1. This test program was to repeat TCLP testing of Type 1, 2 and 4 surrogates to
determine if waste form could be produced with VES which would pass TCLP
for these surrogates.

2. Test specimens were cast both as 1 1/2" x 2" tall cylinders and 9 mm x > 9
mm tall cylinders. The variation was necessary as Stock's TCLP testing
incorporated three different procedures for collecting the necessary data. The
intention was to compare the test outcomes when the test specimens are (a)
cast originally in the small (<9.5 mm) size required by the TCLP, (b) size
reduced by crushing a larger specimen (the accepted EPA practice) and (c) size
reduced as in (b) with the very small remnants (< 1.0 mm) removed.

3. Exotherms were recorded to indicate complete specimen curing.

4. All waste form products satisfied the acceptance criteria with the exception of
the Type 1 and 2 surrogates which failed TCLP requirements when tests were
performed using the two techniques that involved size reduction. This would
suggest that in order to use VES for these wastes and pan TCLP testing, the
accepted EPA practice of crusting the product to reduce it to less than 9.5 mm
would not work and it would be necessary to prepare a cast sample for testing.

6.2.3.3 WRAP 2A Feedstream Waste Loading Assumptions

A. Feedstream 1A-1D (183H Solar Basin Waste)

1. Due to the same origin as 1B and 1C, Feedstream 1A (solidified liquid) is
assumed to have an equivalent waste loading of 25 wt-%.

2. The Stock Type 4 surrogate waste was characterized as similar to feedstream
lB. Based on the Type 4 data, estimated waste loading for Feedstream 1B is
25 wt-% due to chromium and mercury TCLP results.

3. The Stock Type 2 surrogate waste was characterized as similar to Feedstream
1C. Based on the Type 2 data, estimated waste loading for feedstream 1C is
25 wt-%, also due to chromium and mercury TCLP results.

4. Feedstream 1D (miscellaneous 183H Basin waste) is characterized as organic
and inorganic solid scraps (poly bags, liner strips, etc.) (2°_. While no VES
immobilization data is available, it is assumed that VES performance with this
waste should be no less than that of PE. Based on the PE estimate, waste
loading of Feeds-ream 1D in VES is estimated at 60 wt-%.
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B. Feedstreems 2A-2D (LETF Secondary Solids)

1. The Stock Type 1 surrogate waste test provides data for Feedstream 2A
(ammonium sulfate). Based on that data, waste loading for Feedstream 2A is
estimated at 25 wt-% due to mercury TCLP results.

2. Feedstream 2B (ion exchanger resin), although not fully characterized (2=most
likely consists of plastic resin beads, contaminated by radionuclides but without
EPA toxicity characteristics. In this case, VES immobilization performance
should be similar to PE, so a waste load of 60 wt-% is estimated.

3. Feedstream 2C (metal sludges) is not fully characterized (2°)but most likely has
an EPA toxicity characteristic based on LDR metals. The heavy metals will be
present in the sludge as stable hydroxides with limited solubility. Therefore a
waste loading of 40 wt-% is assumed which will allow adequate safety margin
for TCLR

4. Feedstream 2D (Filter Elements) is characterized as all organic materials (le) and
should be compatible with VES as it is with PE. Waste loading is estimated as
60 wt-%.

C. Feedstream 3 (Compactible Solids)

1. Based on characterization data t2°)the plastic bottles, gloves, and clothes which
predominately constitute Feedstream 3 should be compatible with VES.

2. Waste loading is estimated as 70 wt-%.

D. Feedstream 4 (Construction Debris)

1. Based on the characterization data c=°)the concrete, metal and wood scrap of
Feedstream 4 should be compatible with VES.

2. Waste loading is estimated at 70 wt-%o

E. Feedstream 5A-5D (Campaigned Metals)

1. Feedstreams 5A-1, amalgamated mercury, and Feedstream 5A-2, pretreated
bulk mercury contaminated waste, will have the mercury stabilized or removed
prior to solidification in VES resin. It is not anticipated that enough free mercury
will be present to cause TCLP problems. A waste loading of 40 wt-% is
predicted for both feedstreams which lies midway between the 25 wt-%
recommended for 183Fi and LETF waste containing mercury and the CDR
baseline design.

2. Feedstream 5B, reactive metals, do not pose a TCLP problem since zirconium
and beryllium are not LDR metals. Estimated waste loading are 60 wt-%, the
same as the CDR baseline design.
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3. Feedstraam 5C-1, elemental lead, and 5D, miscellaneousmetals, will be loaded
at the maximum drum weight limit which correspondsto 60.3 wt-% and 64.0
wt-%, respectively.This is becausethe listedmetalswill be present in relatively
large bricks or 2" x 2" size reduced pieces which can easily be
macroencapsulated.TCLPwill eithernot be applicableto the waste form (asfor
macroencapsulatedlead) or should not be a significant problem due to limited
surface area exposure. However, further characterizationof the miscellaneous
metals feedstream must quantify the listed metals such as chromium or
cadmium to determine the physicaland chemical form of the metals and any
potential pretreatment requirements. Feedstream 5C-2, shredded bulk
contaminated lead will be loaded at 70 wt-% which is considered to be the
maximum using vibro-mixingtechnology.

R Feedstream6 (AbsorbedChemicals/SolidifiedLiquids)

As with the PE thermoplastic,this waste feedstream is assumedto be loaded at 40
wt-% in VE_ resin due to the potential for the presence of organic or inorganic
absorbedchemicals_Suchchemicalsmay potentiallyinterferewith the polymerization
reaction. Furthertesting or characterizationmay modify this assumption.

G. Feedstream7 (IncineratorAsh)

1. Characterizationof this feedstream is virtually non-existent(2°). Incinerator ash
generallyconsistsof siliceousmaterial with highconcentrationsof LDRmetals.
Such a material shouldnot interfere with VES polymerizationso it is assumed
that the VES will perform similarto PEas a binder. Stock Equipment Company
successfullyloaded sodiumsulfate with incineratorash in a polymer matrix at
waste Ioadings exceeding60 wt-% t31).

2. Waste loading for Feedstream7 in VES is estimated to be 47 wt-% basedupon
volume limitationsof incineratorash preloadedin-drum.

H. Feedstream8 (ContaminatedSoil)

1. Meaningful characterizationof this feedstream is not yet determined(z°). It is
assumedVES and the waste are compatible. It is possiblethat pretreatment of
LDR metals in the soil will be necessaryto achieve satisfactory TCLP. This
situation is similar to that discussedfor PE.

2. Based on the same assumptionused for this feedstream with PE, the waste
loading in VES is estimated at 40 wt-%.
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6.2.3.4 Process Operation

6.2.3.4.1 Process Description

A. Figure 6-3 shows the block flow diagram which describes the configuration for the
VES polymer only solidification process. As with the grout and polyethylene only
process, all pretreatment unit operations are identical. All waste is repacked into new
drums for mixing with VES resin usit g stirred unit operations for particulate waste
and vibro for size reduced wast_ Per the recommendation of the waste mixing
study, vacuum dewatering of ion exchange resins is not utilized as a solidification
step.

Polymer resin, catalyst, promoter, extender, and cleanup solvent will be stored,
transferred, and mixed similar to methods used in the CDR. VES resin and catalyst
have limited shelf lives (up to 3 months) and must be kept in a temperature controlled
environment. If the temperature of the store rises above 50°C the raw materials will
begin to degrade quickly. Hence storage facilities will be temperature controlled and
sized on plant throughput requirements. Tanks containing solvent or waste solvent
will be stored underground in ventilated vaults. The polymer resin and additives will
be stored outdoors in cooled tanks and premixed in a dry tank. Catalyst will be added
directly to stirred mixing or via static mixers to vibro mixing solidification.

C. Treated waste curing will be carried out in a separate cure/store area with dedicated
ventilation system as done in the CDR. Cure time is assumed to be 48 hours during
which time the product may shrink. The shrinkage may be up to 9% (35Dbut will not
affect product quality.

D. High exotherm temperatures will occur in the VES product when curing (see WRAP
2A ACDR Study 1604-2, WFQ Treatability Study). These temperatures will be high
enough to drive off moisture and volatile materials from the waste. Hence the cure
area will be well ventilated. Off-gas treatment will be the same as for the
polyethylene extrusion process described in section 6.2.2.4.1 .D.

E. Should it be necessary to reprocess an immobilized waste drum because it has failed
product quality requirements, the product would have to be cut into pieces suitable
for vibro-infilling (approx 2 x 2 x 2 in).

6.2.3.4.2 Binder Availability

A. Suppliers of Vinyl Ester Styrene include DOW Chemicals, Ashland Chemicals and
Reichold Chemicals. These manufacturers could each meet the WRAP 2A
requirements in terms of the quantities of material required, however, DOW Chemicals
have stated that they would not supply VES for use as a waste encapsulation binder.
This is of concern as other suppliers may, at some later date, choose to follow DOWs
example.
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6.2.3.4.3 Matedal Balance

A. The detailed material balance for the VES polymer only system is given in Table6-9.
The total treated waste volume is estimated to be 540 ft3/day requiring a drum
throughputof about 81 drums/day. This correspondsto an overallwaste loadingof
about 32.6 wt-%.

6.2.3.5 Process Reliability

A. Raw Material QC

1. The VES solidificationprocess is a complex chemical reaction which is very
sensitive to the quality of the resin, promoter, and catalyst. The inventory of
these materials must be monitored to assure that it is consumed within the
manufacturer's recommended shelf life, or there is a risk of lowered reactivity
or degradation.

B, EquipmentMaintainability

1. The VES solidification equipment will be designed to prepare a batch of
promoted VES resin on a daily basis. The catalyst will be metered into the
premixed resin at the final stage of solidification. However, there is still a
significant potential for premature polymerization if the timing of batch
preparation, quantities of catalyst or promoter additives, or other process
variablesere not carefully controlled.

2. Despitethe use of careful processcontrol,there will be a routineneed to clean
polymerized resin from piping and mixing equipment. The most serious
consequence of the cleaningwill be the use of volatile and toxic and so!vents
which could posea significant hazard to operators. In-line static mixers,used
to mix catalyst wit;; promotedVES resin will requiredaily,if not more frequent,
cleaning or replacement. In-drum mixing equipment such as agitators are
assumedto be expended with the waste and will not require solventcleanout.
However,any spillsdue to overfillingin the mixing area will requireaction based
upon the severity of the spill and the likelihoodof jeopardizingoperations.

C. ProcessControl

1. Preparation of VES is very precise operation if a quality product is to be
produced. Hence, highly accurate metering of all components will be required.

W_A_3ee ............
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FIGURE 6-3
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TABLE6-,¢J VESONLYPROCESS- WASTELOADINGS

INCOMINGWASI w.. ---_ENT FINAL_

W-_ WASTE _TRF_ATED _ _ -- BINDER _ _ _ _

STREAM _ BULK VOLUME BULK PAR_ LOADING FORIVlULATIONFORMULATIONREQUIREMB,,IT DENSITY VOLUME SHIPPED
NO. )ESCP,FT1ON DENSITY DENSITY DENSITY DENSITY

1A 1831-1SLDLIQ 100 825 100 130 25 VESPOLYMER 64 247500 74 4477 6724190 629

1B 183HCRYSTAL 60 1300 60 140 25 VESPOLYMER 64 234000 74 5465
lC I83H SLUDGE 69 1400 69 100 25 VESPOLYMER 64 1212_1 71 i 821
1D 183-1MISC 60 385 75 105 60 VESPOLYMER 64 84 69
2A 3018 SALT 88 10460 88 111 25 VESPOLYMER 64 2761440 72 51159 7682
2B ION EXRESIN 55 2140 55 77' 60 VESPOLYMER 64 78467 71 274Z 412i
2C L.045SLUDGE 75 3050 75 140 40 VESPOLYMER 64 343125 82 6960 1045
2D R O FLTER 30 350 40 50 60 VESPOLYMER 64 7000 55 319 48VESPOLYMER 64 27000 60 1505 226
3 DAW 30 2100 45 58 70
4 CONSTDEBRIS 40 1155 60 100 70 VESPOLYMER 64 19800 86 769 116
5A1 _IERCURY 30 313 30 408 40 VESPOLYMER 64 14085 97 242 36
5A2 VIERCURYCON' 22 4256 40 58 40 VESPOLYMER 64 140448 62 3795 57C
5B _:.ACTMETALS 200 147 200 240 60 VESPOLYMER 64 19600 115 427 64
5C1 LEMLEAD# 83 846 83 710 60 VESPOLYMER :! 47597 141 838 12S
5C2 .EADCONT 58 44 80 105 70 VESPOLYMER 1094 88 41 6
5D MISCMETALS# 200 607 200 450 64 VESPOLYMER 64 69781 141J 1353 203 !i
6 NBSOFBCHEM 90 1700 90 90 40 VESPOLYMER 64 229500 73 5263 790
7 INClNASH 35 2300 35 90 47 VESPOLYMER 64 90777 74 2304 346
8 SOILS 90 6801 90 90 40 VESPOLYMER 64 91800 73 2105 316

-- + 47"2B214 94415 14176
TOTAL 34058

NOTES: + THISTOTALASSUMESTHATN.L WASTESTREAMSAREPROCESSEDSIMULTANEOUSLYAND NOTASCAIk_NGP_
# THEAMOUNTOFWASTEPERDRUMISLIMITEDBYWEIGHTFORTHESEW,e_TE
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6.2.3.6 Process Hazards

A. Binder Material Exposure

1. Vinyl ester styrene is essentially polyester resin dissolved in a styrene monomer.
As such, the hazards of the binder are similar to styren(L Repeated exposure
at concentrations above the TLE & PEL (50 ppm TWA, 100 PPM STEL) may
cause damage to the human central nervous system, liver, kidneys, or
respiratory tracL Styrene is a benzene derivative, and as such may be a suspect
carcinogen altho, Jghanimal mutagenicity teats are inconclusiv_

2. The promoter (dimethyl toluidine) and catalyst (benzoyl peroxide) anticipated to
be used in the solidification process are also hazardous to personnel in terms of
exposure and reactivity. Dimethyl toluidine in contact with strong oxidizing
agents (such as benzoyl peroxide) will produce nitrogen oxide gas(NOx).

3. Methylene chloride, the polymer solvent, is extremely volatile, a suspected
carcinogen and a listed substanc_ The TLV is 200 ppm and the OSHA standard
is 500 ppm.

Storage/Handling Safety of Raw Materials

1. Styrene is a Class 1C liquid with a flashpoint in the range of 74-84°F. The
explosive limits of styrene in air are 1.1% and 6.1% for the lower and upper
limits, respectively.

2. Dimethyl toluidine and benzoyl peroxide are not volatile or explosive but each
is capable of reacting violently with incompatible materials to produce noxious
vapors. Methylene chloride is a practically non-flammable material with lower
and upper flammable limits in air of 12% and 19%, respectively. However,
methylene chloride is extremely volatile with a vapor pressure of 380 mm Hg
@ 22°C.

II

3. The CDR baseline design assumes that the binder and styrene are contained in
temperature controlled tankage outdoors to prevent premature polymerization
and limit fire hazards within the building. Both fresh and spent methylene
chloride are stored in an underground ventilated vault to minimize the exposure
to operators in the event of a spill or leakag_

C. Storage/Handling Safety of Waste Binder Productc3°_

1. VES resins show a high degree of resistance to thermal aging, corrosive
environments. It also has a high ignition temperature in the range 400 to 500°R

D. Process Safety

1. The VES solidification process does not require elevated temperatures for the
= initial geiling reaction just after mixing. However, the treated waste will

experience an exotherm which may present a hazard with respect to off-gassing
from the drums or external drum temperatures in excess of 200°F. It is
anticipated that the curing drums will be held in a ventilated cure/store area to
minimize contact with operators. However, it may be necessary to inspect a
certain percentage of drums after curing to assure no free liquids are present.

........ IIII _ I IIII I I I IIIII II II III
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6.2.3.7 Pro©assCost

A. Raw Materials

1. Raw materials are consideredas beingthose materials (other than the waste)
that comprise the final wssteform product& Included are drums, paddles,and
bindermaterials. Raw material costs are developed on Table6-10.

2. Cost bases for Table6-10 are as follows:

Drums: $125/ea (polymer lined)_)
Paddles: #500/ea (grout design)mj

$222/ea (polymer design)(3:1
VES: $3200/ton ml

3. Raw material costs are carried forward from Table 6-10 to the total cost
development on Table6-12.

B. Operating Costs

1. Operatingcostsare consideredas beingthose costs necessaryto completethe
processunderevaluation, but not relatedto anything physicallycomprisingthe
final wasteform products. These costs are identified as being waste
pretrestment costs, secondarytreatment costs and land burial disposalcosts.
Operatingcosts are developedon Table6-11.

2. Cost basisfor land burialdisposalis assumed as $90/CF (estimate).

3. Operating costs are carried forward from Table 6-11 to the total cost
developmenton Table6-12.

C. Plant/Capital Equipment

1. Plantandcapital equipmentincludeseach deviceor system identifiedby a block
on the applicableblockflow diagram. Cost baseswere data from the WRAP 2A
CDR(2ejproportioned to match the throughputs and residence times of the
process option under evaluation. Plant and capital equipment costs are
presentedon Table 6-12.

i
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TABLE 6-10 THERMOSET POLYMER PROCESS RAW MATERIAL COST

TOTAL RAW

FEEDSTREAM FEEDSTREAM DRUMS DRUM MIXER PADDLE BINDER BINDER MATERIALS
NUMBER DESCRIPTION SHIPPED COST TYPE COST REQUIREMENT COST COST

(DRUMS/YR) (K-$/YR) (K-$/YR) (K-LBS/YR) (K-$/YR) (K-$/YR)

1A 183H SLD LIQ 672 84 VIBRO 248 397 481
1B 183H CRYSTAL 629 79 AGITATED 140 234 374 593
1C 183H SLUDG E 821 103 AGITATED 182 290 464 749
1D 183H MISC 69 9 VIBRO 15 24 33
2A C018 SALT 7682 960 AGITATED 1705 2761 4418 7083
2B ION EX RESIN 412 52 AGITATED 91 78 125 268
2C L045 SLUDGE 1045 131 AGITATED 232 343 549 911
2D R O FILTER 48 6 VIBRO 7 11 17
3 D A W 226 28 VIBRO 27 43 71
4 CONST DEBRIS 116 15 VIBRO 20 32 47

5A- 1 ELEMT M ERCU RY 36 5 AGITATED 8 192 307 320
5A-2 MERCURY CONT 570 71 VIBRO 140 224 295

5B REACT METALS 64 8 AGITATED 14 20 32 54
5C- 1 ELEMENT LEAD 126 16 VIBRO 407 651 667
5C-2 LEAD CONT 6 1 VIBRO 1 2 2

5D MISC METALS 203 25 VIBRO 157 251 277
6 ABSORB CHEM 790 99 AGITATED 175 230 368 642
7 INCIN ASH 346 43 AGITATED 77 91 146 266
8 SOILS 316 40 AGITATED 70 92 147 257

5353 8565 13032
TOTAL 14177 i 1772 2695 _

If 1de lts



TABLE 6-1 1 TH ERMOSET POLYMER PROCESS OPERATING COST

SECONDARY TOTAL

FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING
NUMBER DESCRIPTION SHIPPED COST COST COST

(DRUMS/YR) (K- $/YR) ($/YR) (K- $/YR)

1A 183H SLD LIQ 672 448 0 448
1B 183H CRYSTAL 629 419 0 419
1C 183H SLUDGE 821 547 0 547
1D 183H MISC I 69 46 0 46
2A C018 SALT I 7682 5116 0 5116
2B ION EX RESIN 412 274 0 274
2C L045 SLUDGE 1045 696 0 696
2D R O FILTER 48 32 0 32
3 D A W 226 151 0 151
4 CONST DEBRIS 116 77 0 77

5A- 1 ELEMT MERCURY 36 24 0 24
5A- 2 MERCURY CONT 570 380 0 380

5B REACT METALS 64 43 0 43
5C- 1 ELEMENT LEAD 126 84 0 84
5C- 2 LEAD CONT 6 4 0 4

5D MISC METALS 203 135 0 135
6 ABSORB CHEM 790 526 0 526
7 INCIN ASH 346 230 0 230
8 SOILS 316 210 0 210

TOTAL 14177 9442 0 9442

If lds



TABLE 6-12 TH ERMOSET POLYMER PROCESS TOTAL COST

INITIAL ANNUAL
L.Ar'_.NSES EXPENSES

(K-S) (K-$/YR)

PLANTAND CAPITALEQUIPMENT:
SPECIALWASTE PRETREAT 1180 N/A
SPECIALWASTE REPACK 276 N/A
SIZE REDUCE/HOMOGENIZEPRETREAT 2741 N/A
SIZE REDUCE/HOMOGENIZEREPACK 660 N/A180 N/A
VlBRO- MIXINGSTATION 186 N/A
STIR-MIXING STATION
POLYMER/ADDITIVESTORAGE 490 N/A
POLYMER/ADDITIVEPREMIX (NOTE 1) 24 N/A
CURE/STORAGE/SHIPPING 2918 N/A

RAW MATERIALCOST N/A 13032

OPERATINGCOST N/A 9442

TOTAL EXPENSES 8655 22474

NOTES" (1) INCLUDES$ 888K BUILDINGFLOORSPACECOSTSFORCURE/STORAGE

If lds lts
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6.2.4 Grout and Thermoplastic Polymer Encapsulation

6.2.4.1 Process Operation

6.2.4.1.1 Process Description

A. The grout and polyethylene polymer solidification process is illustrated as two
potential process configurations. Figure 6-4 shows the BFD for Case 1 while Figure
6-5 illustrates Case 2. The basic difference is that Case 1 shows the same type of
binder treatment using grout or polymer for each feedstream as was used in the CDR.
Polyethylene was simply substituted for VES resin for feedstreams treated via
polymer and waste Ioadings were adjusted based upon previously stated estimates.
Case 2 assumes that all particulate waste can be treated via polyethylene using the
extrusion mixing unit operation. There is no requirement for stirred mixing for
solidification of particulate waste with grout in Case 2, therefore the stirred mixing
unit operation is totally deleted. All size reduced feed requiring vibro in-filling is
assumed to be accomplished using premixed grout and water as binder. The only
exception is lead bricks or size reduced elemental lead, which is macroencapsulated
in-drum with molten polyethylene to achieve the maximum waste loading per drum.
(Note: waste loading is limited by the weight of the product drum, hence, the lighter
the binder material density is, the more lead can be put in a drum). Preheating of the
elemental lead is not required due to the high density and resulting small volume of
lead which is easily surrounded by molten polyethylene.

B. As shown on Figure 6-4, Case 1 is a complex process requiring 3 solidification unit
operations; polyethylene extrusion, grout stirred mixing, and grout and polyethylene
vibro mixing. Also, to allow in-drum vibro mixing of polyethylene with size reduced
waste, a waste preheat and drying pretreatment step is required similar to that used
in the polyethylene only process. Binder storage is provided for polyethylene, dry
grout, and premixed wet grout for vibro-mixing. Off-gas from the extruder and waste
preheater is treated in an off-gas and condensate pretreatment system similar to the
polyethylene only process. A cure/storage area is provided and sized to
accommodate cure time for grouted waste and sufficient time for polyethylene
cooling.

C. Case 2, as shown on Figure 6-5, is a greatly simplified process in that solidification
processes involving stirred mixing of grout and waste and vibro-mixing of waste and
polyethylene have been eliminated. The preheating and drying of waste for
polyethylene vibro-mixing is also eliminated. Also, the off-gas treatment and
condensate pretreatment systems deal with a smaller volume of secondary waste
since the moisture in the size reduced waste is used within the grout solidification
process. Only vapor from the polyethylene extrusion process is collected for
treatment.

6.2.4.1.2 Material Balance

A. Detailed material balances for both Case 1 and Case 2 for the polyethylene and grout
solidification process are given in Tables 6-13 and 6-17, respectively. Case 1 shows
a total treated waste volume of 339 ft3/day or a drum throughput of 51 drums/day.
Case 2 estimates a treated waste volume of 341 ft3/day or about 51 drums/day.
Although the total throughput is about the same for both cases, Case 1 treats about
69 vol-% of total waste with polyethylene while Case 2 treats about 71% via
polyethylene.

WRAPO3e6 ........
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FIGURE 6-4
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TABLE 6-13 POLYETHYLENE AND GROUT PROCESS - WASTE LOADINGS CASE 1

INCOMING WASTE PRETREATMENT FINALTREATMENT I'HVUU_, i

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LB/CF) (LB/YR) (LB/CF) (CF/YR) /DRUMS/YR)

1A 183H SLD LIQ 100 825 100 130 40 POLYETHYLENE 57 123750 74 2806 421
1B 183H CRYSTAL 60 1300 60 140 40 POLYETHYLENE 57 117000 75 2610 392
lC 183H SLUDGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 5271
1D 183H MISC 60 385 75 105 40 9:1 BFS:OPC 122 25667 114 505 76
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80! 19058 2862
2B ON EX RESIN 55 2140 55 77 80 POLYETHYLENE 57 78467 68 2905 436
2C L045 SLUDGE 75 3050 75 140 30 3:1 PFA:OPC 116 395370 122 6255 939
2D R O FILTER 30 350 40 50 58 3:1 BFS:OPC 1431 5032 69 263 39
3 D A W 30 2100 45 56 58 3:1 BFS:OPC 143 33793 77 1405 211
4 CONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 772 116
5A1 _ERCURY # 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 20
5A2 _ERCURY CON1 22 4256 40 58! 60 POLYETHYLENE 57 62421 56 2709 407
5B REACTMETAL # 200 147 200: 240 60 POLYETHYLENE 57 19600 105 466 70
5C 1 ELEM LEAD # 83 846 83 710 65 POLYETHYLENE 57 37478 142 756 114

'5C2 LEADCONT 58 44 80 105 70 POLYETHYLENE 57 1094 84 43 7
50 AISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 361963 142 4285 643
6 _BSORB CHEM 90 1700 90 90 40 POLYETHYLENE 57 229500 67 5726 860

7 INCIN ASH 35 2300 35 90 30 9:1 BFS:OPC 122 139136 110 2434 365
201 9:1 BFS:OPC 122 181_3 114 2692 4048 SOILS 90 680 90 90

+ 2609898 59332 8909
11"/'tT A I _4058

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS
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6.2.4.2 Process Cost

A. Raw Materials

1. Raw materials are considered as being those materials (other than the waste)
that comprise the final wasteform products. Included are drums, paddles, and
binder materials. Raw material costs are developed on Tables 6-14 and 6-18.

2. Cost bases for Tables 6-14 and 6-18 are as follows:

Drums: $1 25lea (polymer lined)c'_)
Paddles: $500/ea (grout design) c3_)
OPC: $80/ton (4gj
GGBFS: $100/ton c5°)
PFA: $36/ton 161)
Envirostone (Modified Gypsum): $1330/ton c521
Polyethylene: $680/ton (estimate)

3. Raw material costs are carried forward from Tables 6-14 and 6-18 to the total
cost development on Tables 6-16 and 6-20.

B. Operating Costs

1. Operating costs are considered as being those costs necessary to complete the
process under evaluation, but not related to anything physically comprising the
final wasteform products. These costs are identified as being waste
pretreatment costs, secondary treatment costs and land burial disposal costs.
Operating costs are developed on Tables 6-15 and 6-19.

2. Cost basis for land burial disposal is assumed as $90/CF (estimate).

3. Operating costs are carried forward from Tables 6-15 and 6-19 to the total cost
development on Tables 6-16 and 6-20.

C. Plant/Capital Equipment

1. Plant and capital equipment includes each device or system identified by a block
on the applicable block flow diagram. Cost bases were data from the WRAP 2A
CDR (28) proportioned to match the throughputs and residence times of the
process option under evaluation. Plant and capital equipment costs are
presented on Tables 6-16 and 6-20.

iii= I iiiii roll ,i.
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TABLE 6-14 COMBINED GRCUT AND THERMOPLASTIC POLYMER
PROCESS RAW MATERIAL COST (CASE 1)

] I U I/_L I'V_VV

FEEDSTREAM FEEDSTREAM BINDER DRUMS DRUM MIXER PADDLE BINDER BINDER MATERIALS
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST COST

(DRUMS/YR) (K-$/YR) (K-$/YR) (K-LBS/YR) (K-$/YR) (K-$/YR)

1A 183H SLDUQ PE 421 53 VIBRO 124 42 95
1B 183HCRYSTAL PE 392 49 EXTRUSION 117 40 89
1C 183H SLUDGE PE 527 66 EXTRUSION 145 49 115
1D 183HMISC 9:1 BFS:OPC 76 10 VIBRO 26 1 11
2A C018 SALT PE 2862 358 EXTRUSION 614 209 567
2B ION EX RESIN PE 436 J 55 EXTRUSION 78 27 81
2C L045 SLUDGE 3:1 PFA:OPC 939 ! 117 AGITATED 470 508 12 599
2D R O FILTER 3:1 BFS:OPC 39 5 VIBRO 6 0 5
3 D AW 3:1 BFS:OPC 211 26 VIBRO 34 2 28
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A-1 ELEMTMERCURY PE 20! 3 EXTRUSION 85 29 31
5A- 2 MERCURYCONT PE 407 51 VIBRO 62 21 72

5B REACTMETALS PE 70 9 EXTRUSION 20 7 16
5C-1 ELEMENTLEAD PE 114 14 VIBRO 321 109 123
5C-2 LEADCONT PE 7 1 J VIBRO 1 0 1

5D MISC METALS 9:1 BFS:OPC 643 80! VIBRO 814 40 120
6 ABSORBCHEM PE 860 108: EXTRUSION 230 78 186
7 INCIN ASH 9:1 BFS:OPC 365 46 AGITATED 183 139 7 235
8 SOILS 9:1 BFS:OPC 404 51 AGITATED _ 181 9 261I

TOTAL ] 8__Q09 1114 854 3538 683 2651

If lds lts



TABLE 6-15 COMBINED GROUT AND THERMOPLASTICPOLYMER
PROCESS OPERATINGCOST (CASE 1)

SECONDARY TOTAL

FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING
NUMBER DESCRIPTION SHIPPED COST COST COST

(DRUMS/YR) ('K- $/YR) ($/YR) (K- $/YR)

1A 183H SLD LIQ 421 280 136 281
1B 183H CRYSTAL 392 261 136 261
1C 183H SLUDGE 527 351 136 351
1D 183H MISC 76 51 0 51
2A C018 SALT 2862 1906 6120 1912
2B ION EX RESIN 436 290 0 290
2C L045 SLUDGE 939 625 0 625
2D R O FILTER 39 26 0 26
3 DAW 211 141 0 141
4 CONST DEBRIS 116 77 0 77

5A- 1 ELEMT MERCURY 20 13 0 13
5A-2 MERCURY CONT 407 271 0 271

5B REACT METALS 70 47 0 47
5C- 1 ELEMENT LEAD 114 76 0 76
5C- 2 LEAD CONT 7 5 0 5

5D MISC METALS 643 428 0 428
6 ABSORB CHEM 860 573 0 573
7 INCIN ASH 365 243 0 243
8 SOILS 404 269 0 269

TOTAL 8909 5933 6528 5940

If lds lts



TABLE 6-16 COMBINED GROUT AND TH ERMOPLASTICPOLYMER
PROCESS TOTAL COST (CASE 1)

INITIAL ANNUAL
EXPENSES EXPENSES

(K-S) (K-$/YR)

PLANTAND CAPITALEQUIPMENT:
SPECIALWASTEPRETREAT 1180 N//_
SPECIALWASTEREPACK 246 N/A
SIZE REDUCE/HOMOGENiZEPRETREAT 2741 N/A
SIZE REDUCE/HOMOGENIZEREPACK 262 N/A
HOMOGENIZEDWASTE STORAGE 5 N/A
WASTE PREHEATER/DRYER 66 N/A
VIBRO- MIXINGSTATION 600 N/A
STIR- MIXINGSTATION 414 N/A
EXTRUDERSTATION 636 N/A
PE STORAGE 21 N/A
BULK GROUTSTORAGE 782 N/A
CURE/STORAGE/SHIPPING (NOTE1) 1933 N/A
OFFGASTREATMENT 15 N/A

RAW MATERIALCOST N/A 2651

OPERATINGCOST N/A 5940

TOTALEXPENSES 8901 8591

NOTES : (1) INCLUDES$ 559K BUILDINGFLOORSPACECOSTS FORCURE/STORAGE

If lds



FIGURE 6-5
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TABLE 6-17 POLYETHYLENE AND GROUT PROCESS - WASTE LOADINGS CASE 2

INCOMING WASTE PRETREATMENT FINALTREATMENT rnvuuv,

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT I PRODUCT ! DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LBICF) (LB/YR) (LBICF) (CF/YR) (DRUMS/YR)

1A 183H SLD UQ 100 825 100 130 25 9:1 BFS:OPC 122 183333 124 2663 400
1B 183H CRYSTAL 60 1300 60 140 40 POLYETHYLENE 57 1170001 75 2610 392
1C 183H SLUDGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 527
1D 183H MISC 60 385 75 105 40 9:1 BTS:OPC 122 25667 114 505 76
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058 2862
2B ON EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 436
2C L045 SLUDGE 75 3050 75 140 40 POLYETHYLENE 57 343125 75 7654 1149
2D RO RLTER 30 350 i 40 50 58 3:1 BFS:OPC 143 5632 691 263 39
3 DA W 30 2100 45 58 58 3:1 BFS:OPC 143 33793 77 1405 211
4 CONST DEBRIS 40 1155 60; 100 "-51 3:1 BFS:OPC 143 32880 117 772 116

15A1 MERCURY # 30 313 30 408 60 i POLYETF:YLENE 57 6260 118 133 20
5A2 MERCURY CON] 22 4258 40 58 51 9:1 BFS:OPC 122 66637 78 2352 353
5B REACT METAL # 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 70
5C1 ELEM LEAD # 83 846 83 710! 65 POLYETHYLENE 57 37313! 143 754 113
5C2 LEAD CONT 58 44 80 105 55 9:1 BFS:OPC 122 1547 112 41 6
50 _AISCMETALS # 200 607 200 450' 20 9:1 BFS:OPC 122 361963 142 4285 643
6 _BSORB CHEM 90 1700 90 90 40 POLYETHYLENE 57 229500 67 5726 860
7 NCIN ASH 35 2300 35 90 50! POLYETHYLENE 57 80115 70 2300 345
8 SOILS 90 ! 680 90 90 40 POLYETHYLENE 57 91__m00_ 67 2291 344

+ 2473185 59691 8963r_T& I ,31405R

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER ORUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 6-18 COMBINED GROUT AND THERMOPLASTIC POLYMER
PROCESS RAW MATERIAL COST (CASE 2)

TOTALHAW

FEEDSTREAM FEEDSTRF...AM BINDER DRUMS DFItJM MIXER PADDLE BINDER BINDER MATERIALS
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST COST

(DRUMS/YR) (K-$/YR) (K-$/YR') (K-LBS/YR) (K-$/YR) (K-$/YR)

1A 183H SLDLIQ 9:1 BFS:OPC 400 50 VIBRO 0 183 9 59
1B 183H CRYSTAL PE 392 49 EXTRUDED 0 117 40 89
1C 183H SLUDGE PE 527 63 EXTRUDED 0 145 49 115
1D 183H MISC 9:1 BFS:OPC 76 10 VIBRO 0 26 1 11
2A C018 SALT PE 2862 358 EXTRUDED 0 614 209 567
2B ION EX RESIN PE 436 55 EXTRUDED 0 78 27 81
2C L045 SLUDGE PE 1149 144 EXTRUDED 0 343 117 260
2D R 0 FILTER 3:1 BFS:OPC 39 5 VIBRO 0 6 0 5
3 D A W 3:1 BFS:OPC 211 26 VIBRO 0 34 2 28
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 0 33 2 16

5A-1 ELEMTMERCURY PE 20 3 EXTRUDED 0 85 29 31
5A-2 _ERCURYCONT 9:1 BFS:OPC 353 44 VIBRO 0 67 3 47

5B :IF.ACTMETALS PE 70 9 EXTRUDED 0 20 7 16
5C-1 ELEMENTLEAD PE 113 14 EXTRUDED 0 319 108 123
5C-2 LEADCONT 9:1 BFS:OPC 6 1 VIBRO 0 2 0 1

5D _IlSCMETALS 9:1 BFS:OPC 643: 80 VIBRO 0 814 40 121)
6 _BSORBCHEM PE 860! 108 EXTRUDED 0 230 78 186
7 INCINASH PE 345 43 EXTRUDED 0 80 27 70
8 301LS PE 344 43 EXTRUDED 0 92 31 74

TOTAL 8962 1120 0 3288 ! 779 1899
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TABLE 6-19 COMBINED GROUT AND THERMOPLASTICPOLYMER
PROCESS OPERATINGCOST (CASE 2)

SECONDARY TOTAL
FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING

NUMBER DESCRIPTION SHIPPED COST COST COST
(DRUMS/YR) (K- $H'R) ($/YR) (K- $NR)

1A 183H SLD LIQ 400 266 0 266
1B 183H CRYSTAL 392 261 136 261
1C 183H SLUDGE 527 351 136 351
1D 183H MISC 76 51 0 51
2A C018 SALT 2862 1906 6120 1912
2B ION EX RESIN 436 290 0 290
2C L045SLUDGE 1149 765 0 765
2D R O FILTER 39 26 0 26
3 DAW 211 141 0 141
4 CONST DEBRIS 116 77 0 77

5A- 1 ELEMTMERCURY 20 13 0 13
5A- 2 MERCURYCONT 353 235 0 235

5B REACTMETALS 70 47 0 47
5C- 1 ELEMENTLEAD 113 75 0 75
5C-2 LEADCONT 6 4 0 4

5D MISC METALS 643 428 0 428
6 ABSORBCHEM 860 573 0 573
7 INCINASH 345 230 0 230
8 SOILS 344 229 0 229

TOTAL 8962 5969 6392 5975

If lds O



TABLE 6-20 COMBINED GROUT AND THERMOPLASTICPOLYMER
PROCESS TOTAL COST (CASE 2)

INITIAL ANNUAL
EXPENSES EXPENSES

(K-S) (K-$/YR)

-PLANTAND CAPITALEQUIPMENT:
SPECIALWASTE PRETREAT 1180 N/A
SPECIALWASTE REPACK 236 N/A
SIZE REDUCE/HOMOGENIZEPRETREAT 2741 N/A
SIZE REDUCE/HOMOGENIZEREPACK 143 N/A
HOMOGENIZED WASTESTORAGE 5 N/A
VlBRO- MIXINGSTATION 273 N/A
EXTRUDERSTATION 687 N/A
PE STORAGE 19 N/A
BULK GROUTSTORAGE 406 N/A
CURE/STORAGE/SHIPPING (NOTE1) 2012 N/A
OFFGAS TREATMENT 15 N/A

RAW MATERIALCOST N/A 1899

OPERATINGCOST N/A 5975

TOTAL EXPENSES 7717 7874

NOTES : (1) INCLUDES$ 554K BUILDINGFLOORSPACECOSTS FORCURE/STORAGE

If lds lts
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6.2.5 Grout and Thermoset Polymer Encapsulation

6.2_5.1 Process Operation

6.2.5.1.1 Process Description

A. Figure 6,.6, shows the grout and VES polymer solidit_ication process. The
configuration is identical to the CDR basecase with e),ception of removing vacuum
dewatering as a VES resin solidification process for Feedstream 2B. Either binder can
be mixed with waste using either stirred or vibro in-drum mixing techniques. Each
feedstream is treated using the same solidification method as recommended in the
CDR (with the exception of Feedstream 2B). Waste Ioadings have been adjusted
based upon recommendations given under feedstream applicability.

6.2.5.1.2 Matedal Balance

A. The grout and VES resin material balance, as shown in Tables 6-21, yields a total
treated waste volume of 553 ft3/day or about 83 drums/day. Approximately
69 vol-% of the waste is treated with VES resin polymer.

6.2.5.2 Process Cost

A. Raw Materials

1. Raw materials are considered as being those materials (other than the waste)
that comprise the final wasteform products. Included are drums, paddles, and
binder materials. Raw material costs are developed on Table 6-22.

2. Cost bases for Table 6-22 are as follows:

Drums: $125/ea (polymer lined) I'ej
Paddles: $500/ea (grout design) 13_)

$222/ea (polymer design) c3_j
OPC: $80/ton ('91
GGBFS: $100/ton c5°)
PFA: $36/ton (61j
Envirostone (Modified Gypsum): $1330/ton _52)
VES: $3200/ton _"2j

3. Raw material costs are carried forward from Table 6-22 to the total cost
development on Table 6-24.

B. Operating Costs

1. Operating costs are considored as being those costs necessary to complete the
process under evaluation, but not related to anything physically comprising the
final wasteform products. These costs are identified as being waste
pretreatment costs, secondary treatment costs and land burial disposal costs.
Operating costs are developed on Table 6-23.

2. Cost basis for land burial disposal is assumed as $90/CF (estimate).

3. Operating costs are carried forward from Table 6-23 to the total cost J
development on Table 6-24.

wRA_3ee .........
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FIGURE 6-6
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TABLE6-21 VESANDGROUTPROCESS- WASTELOADINGS

INCOMINGWASTE PHI::IHEATMENT FINALT-HEATM6%'T _Huuu_ m

WASTE WAS1t:: !I.¢._TED iI-e':_.ATED WASTE BINDER BINDER DRYMIX #_T,._DUCT PRODUCT DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATIONiFORMULATIONREQUIREME]_i"r' DENSITY VOLUME SHIPPED
NO. DESCRPTION DENSITY DENSITY DENSITY DENSITY

(L_R/CF) (CF/YR) __B/CF) (LB/CF) (W'I_) (LB/CF) n RrfR) (LB/CF) (CF/YR) (DRUMSHR)

ilA 183H SLDLIQ 100 825 100 130 25 VESPOLYMER 65 247500 74 4442 667
1B 1831-1CRYSTAL 60 1300 60 140 25 VESPOLYMER 65 234000 75 4157 624
1C _83H SLUDGE 69 14(X) 69 100 25 VESPOLYMER 65 28.9800 71 5424 814
1D 1831.1MISC 60 385 75 105 40 9:1BFS:OPC 122 25667 114 505 76
2A 3018 SALT 88 10460 88 111 25 VESPOLYMER 65 2761440: 73 50776 7624
2B ON EXRESIN 55 2140 55i 77 60 VESPOLYMER 65 78467 72 2736 411
2C .045 SLUDGE 75 3050 75 140 30 3:1PFA:OPC 116 395370 122 6255 939
2D RO FILTER 30 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 39
3 DAW 30 2100 45 58 58 3:1.BFS:OPC 143 33793 77 1405 211
4 _:)NSTDEBRIS 40 1155 60 100 51 3:1BFS:OPC 143 32880 117 772 116
5A1 MERCURY# 30 313 30 408 40 VESPOLYMER 65 14085 98 240 36
5A2 MERCURYCON1 22 4256 40 581 40 VESPOLYMER 65 140448 62 3775 567
5B REACTMETAL# 200 147 200 240 60 VESPOLYMER 65 19600 116 424 64
5C1 B.EM LEAD# 83 846 83 710 60 VESPOLYMER 65 47597 142 831 125
5C2 LEADCONT 58 44 80 105 70 VESPOLYMER 65 1094 89 41 6
5D _ISC METALS# 200 6071 200 450 20 9:1BFS:OPC 122 361963 142 4285 643
6 ABSORBCHEM 90 1700 90 90 40 VESPOLYMER 65 229500 73 5231 785
7 NCIN ASH 35 2300 35 90 30 9:1BFS:OPC 122 139136 110 2434 365
8 SOIl_; 90 _ 90 90 20 9:1BFS:OPC 122 1813331 114 2692 404

+
_-,-,TaJ 34n=-_ _ 96688 14518

NOTES: + THISTOTALASSUMESTHATALLWASTEs'rw:.AMSN:tEPROCESSEDSIMULTAN_Y ANDNOTASCAMPAIGNS
# THEAMOUNTOF WASTEPER DRUMISUMITEDBYWEIGHTFORTHESEWASTES'ITEAMS



TABLE 6-22 COMBINED GROUT AND THERMOSET POLYMER
PROCESS RAW MATERIAL COST

_L HAW

FEEDSTREAM FEEDSTREAM BINDER DRUMS DRUM MIXER PADDLE BINDER BINDER t MATERIALS
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST I COST

(DRUMS/YR) (K- $/YR) (K-$/YR) (K- LBS/YR) (K-$/YR) I (K-$/YR)
1A 183H SLD LIQ VES 667 83 VIBRO 248 397 480

1B 183H CRYSTAL VES 624 78 AGITATED 139 229_ 374 5911C 183H SLUDGE VES 814 102 AGITATED 181 , 464 746
1D 183H MISC 9:1 BFS:OPC 76 10 VIBRO 26 1 11
2A C018 SALT VES 7624 953 AGITATED 1693 2761 4418 7063
2B ION EX RESIN VES 411 51 AGITATED 91 78 125 267
2(3 L045SLUDGE 3:1 PFA:OPC 939 117 AGITATED 470 508 12 599
2D R O FILTER 3:1 BFS:OPC 39 5! VIBRO 6 0 5
3 D A W 3:1 BFS:OPC 211 26 VIBRO 34 2 28
4 _ CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A- 1 I ELEMTMERCURY VES 36 5 AGITATED 8 192 307 320

5A-2 ( MERCURYCONT VES 567 71 VIBRO 140 224 295
5B REACTMETALS VES 64 8 AGITATED 14 20 32 54

5C- 1 ELEMENTLEAD VES 125 16 VIBRO 407 651 667
5C-2 LEADCONT VES 6 1 VIBRO 1 2 2

5D MISC METALS 9:1 BFS:OPC 643 80 VIBRO 814 40 120
6 ABSORBCHEM VES 765 98 AGITATED 174 230 368 640
7 INCIN ASH 9:1 BFS:OPC 365 46 AGITATED 183 139 7 235
8 SOILS 9:1 BFS:OPC 404 51 AGITATED 202 181 9 261

I
I TOI'AL 14516 1815 3156 6342 7434 12402

If lds lts



TABLE 6-23 COMBINED GROUT AND THERMOSETPOLYMER
PROCESS OPERATINGCOST

SECONDARY _01AL

FEEDSTREAM FEEDSTREAM DRUMS DISPOSAL TREATMENT OPERATING
NUMBER DESCRIPTION SHIPPED COST COST COST

(DRUMS/YR) (K- $/YR) ($/YR) (K- $/YR)

1A 183H SLD LIQ 667 444. 0 444
1B 183H CRYSTAL 624 416 0 416
1C 183H SLUDGE 814 542 0 542
1D 183H MISC 76 51 0 51
2A C018 SALT 7624 5078 0 5078
2B ION EX RESIN 411 274 0 274
2C L045 SLUDGE 939 625 0 625
2D R O FILTER 39 26 0 26
3 DAW 211 141 0 141
4 CONST DEBRIS 116 77 0 77

5A- 1 ELEMT MERCURY 36 24 0 24
5A- 2 MERCURY CONT 567 378 0 378

5B REACT METALS 64 43 0 43
5C- 1 ELEMENT LEAD 125 83 0 83
5C- 2 LEAD CONT 6 4 0 4

5D MISC METALS 643 428 0 428
6 ABSORB CHEM 785 523 0 523
7 INCIN ASH 365 243 0 243
8 SOILS 404 269 0 269

TOTAL 14516 9668 0 9668

If lds I



TABLE 6-24 COMBINED GROUT AND THERMOSETPOLYMER
PROCESS TOTAL COST

INITIAL ANNUAL
EXPENSES EXPENSES

(K-S) (K-$/YR)
PLANT AND CAPITAL EQUIPMENT:

SPECIAL WASTE PRETREAT 1180 N/A
SPECIAL WASTE REPACK 276 N/A
SIZE REDUCE/HOMOGENIZE PRETREAT 2741 N/A
SIZE REDUCE/HOMOGENIZE REPACK 695 N/A
VIBRO- MIXING STATION 570 N/A
STIR-MIXING STATION 591 N/A
POLYMER/ADDITIVE STORAGE 607 N/A
POLYMER/ADDITIVE PREMIX 30 N/A
BULK GROUT STORAGE 518 N/A
CURE/STORAGE/SHIPPING (NOTE 1) 2800 N/A

RAW MATERIAL COST N/A 12402

OPERATING COST N/A 9668

TOTAL EXPENSES 10008 22070

NOTES : (1) INCLUDES $ 883K BUILDING FLOOR SPACE COSTS FOR CURE/STORAGE

If lds lts
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C. Plant/Capital Equipment

1. Plant and capital equipment includes each device or system identified by a block
on the applicable block flow diagram. Cost bases were data from the WRAP 2A
CDR (lo) proportioned to match the throughputs and residence times of the
process option under evaluation. Plant and capital equipment costs are
presented on Table 6-24.

6.3 Alternatives Considered But Not Evaluated

6.3.1 Alternatives Screened From Formal Evaluation

A. All alternatives considered in this study as a single means of waste immobilization
(i.e. grout, thermoplastic polymer, and thermoset polymer) will be evaluated.
Furthermore, two alternatives combining methods (i.e. grout and thermoplastic, and
grout and thermoset) will be evaluated. For the dual processes the feedstream split
between polymer and grout used in the CDR has been considered for the VES/grout
case and for the polyethylene/grout case. However, for the polyethylene/grout case
a second alternative has been considered based on processing size reduced wastes
suitable for vibro-infilling in grout and processing particulate wastes suitable for
putting through an extruder in polyethylene.

E_ Before undertaking a formal analysis of all the options, a direct comparison between
the two polyethylene/grout processes was performed so that only one of these
processes need be included in the formal evaluation. (The CDR split process
(vibro/agitated) will be called Case 1 and the vibro-infill/extruder only case will be
called Case 2.) The relative merits of each process are discussed below:

1. Process Hazards

a. Both cases will be using the same binder materials and, with the exception
of in-drum agitated mixing for Case 2, similar equipment. Hence, both
cases are rated the same in terms of process hazards.

2. Operability

a. In terms of operability Case 2 is the better option as it only involves two
processes compared with four in Case 1. It also rates higher as only one
grout formulation will be required, whereas in Case 1 any number of
formulations could be required to immobilize waste sludges and soils using
agitated mixing. Also, Case 1 will require the use of a unit operation for
preheating and drying waste in-drum for the polyethylene vibro in-filling
operation.

3. Maintainabilil;v and Reliability

a. Although similar equipment will be used in both options. Case 1 will require
substantially more equipment to operate four processes than Case 2 with
only two processe¢ Hence, when considering the whole process rather
than individual items of equipment, Case 2 will be more reliable and will
require fewer maintenance operations.

WRAP0368 ' " -- .....
12/28/93 Page84



WRAP FACULTY, DOE-RL UNITED ENGINEER8& CONSTRUCTOR8
DE-AC06-91RL 11946 Project No. 6237.008

4. Demonstrated Technoloav/DeveloDment Reauirements

a. There is very little difference in terms of demonstrated technology between
the two options. However, in terms of development requirements, vibro-
infilling with polyethylene would need some development work to prove that
the hot polyethylene could fully penetrate the waste and not leave more
than 10% void space in the drum. Due to the waste acting as a heat sink,
the polyethylene will tend to set up in the upper levels of the drum. In order
to overcome this, the waste would either have to be heated or the drum
would have to be filled in stages so that each separate layer was fully
encapsulated. In view of these requirements, Case 2 is considered to be
the better option in this category.

5. Caoital Cost

a. Details of the capital cost of each option are given in Tables 6-16 and 6-20.
The total capital cost of Case 1 will be $8,901K and Case 2 will be
$7,717K.

6. R_W Material/Operating Cost

a. Details of the raw material/operating costs are given in Tables 6-16 and
6-20. The raw material/operating cost for Case 1 will be $8,591K and for
Case 2 will be $7,784K.

7. F!exibilitv

a. In terms of flexibility, Case 1 is the better option as, although both
processes can treat all currently identified wastes, Case 1 having four
different processes provides greater flexibility to handle future waste
streams.

8. VV_ste Mi_imicatior)

a. Details of the waste Ioadings achievable for each process are given in
,' Tables 6-13 and 6-17. From these tables it can be seen that there is very

little difference between the two processes in terms of number of product
drums produced.

9.

a. From the above discussion of the two polyethylene/grout processes it can
be seen that Case 2 is the better option for most of the evaluation criteria
and is only surpassed by Case 1 in terms of process flexibility. On this
basis, Case 2 will be used as the polyethylene/grout process for formal
evaluation and Case 1 will not be considered further in this study.

WRAP0366
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6.4 Evaluation of Alternatives

6.4.1 Process Hazards

A. Details of the process hazards associated with each of the individual binders are
discussed in Sections 6.2.1.6, 6.2.2.6 and 6.2.3.6. From these sections it can be
deduced that, in relative terms, VES is the most hazardous binder because of its toxic
and flammable nature and because of the potential of blockages in the process due
to premature setting of the polymer requiring the use of extremely hazardous solvents
for maintenance, Grout is the best option as the binder materials are non-toxic, the
process equipment is tried and tested and therefore, process failures and hence
maintenance operation will be minimized. Polyethylene is also relatively free from
hazards as the binder raw material will be in the form of polymer pellets and
therefore, will not present e hazard to human health. However, polyethylene rates
worse than grout for hazards as extruders will operate at higher temperatures than
grout process equipment hence increasing the risk of operator injury. Also, there is
a moderate fire risk associated with polyethylene products which is not associated
with grout products.

B. Considering the dual binder processes; the fact that the amount of polymer is reduced
in the plant and is replaced with grout means that the VES/grout process will rate
better than VES alone and similarly the polyethylene/grout process will rate better
than polyethylene aloneL Though VES/grout will present more process hazards than
polyethylene alone and polyethylene/grout will present more process hazards than
grout alone.

C. Based on the above evaluation, the relative scores of the processes are as follows:

Grout only 5
Grout/Polyethylene 4
Polyethylene only 3
Grout/VES 2
VES only 1

6.4.2 Operability

A. Details of the operability issues associated with each individual binder are discussed
in Sections 6.2.1.4, 6.2.2.4, 6.2.3.4, 6.2.4.1 and 6.2.5.1. From these sections it
can be deduced that, in relative terms polyethylene is the best process in terms of
operability as it involves the least number of process operations, there are no binder
formulations to adjust, the binder has an unlimited shelf life and plant clean out
operations are simple. VES has the potential to cause most operability problems,
mainly due to the need to ensure that all pipework and bends are completely free of
polymer when processing has been completed. VES also rates lower because of the
metering accuracy required when preparing the binder material. Potentially, there
could be a percentage of binder batches which have to be disposed of because the
formulations are incorrect. Both VES and polyethylene rate the same in terms of
secondary waste treatment as both will require similar off-gas/condensate treatment
equipment. Grout rates better than VES as it is a tried and tested technology,
including clean-out of vessels and pipework. Binder formulations are easily adjusted
and the metering accuracy required when preparing a batch of grout is less precise
than that required for VES.

R _L
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B. The dual binder processes are rated lower because of process complexity. The
number of process steps will be greater because of housing the two processes in the
plant and the economies of scale for each individual process will have been lost.
However, the operability problems associated with formulating and handling VES will
outweigh the increased operability requirements of the combined polyethylene/grout
process.

C. Based on the above evaluation the relative scores of the processes are as follows:

Polyethylene only 5
Grout only 4
Grout/Polyethylene 3
VES only 2
VES/Grout 1

6.4.3 Maintainability and Reliability

A. Details of the maintainability and reliability requirements associated with each
individual binder are discussed in Sections 6.2.1.5, 6.2.2.5 and 6.2.3.5. From these
sections it can be deduced that in relative terms, grout is the best process in terms
of maintainability and reliability as the equipment to be used has been tried and tested
by BNFL in the UK at its radioactive waste encapsulation plants. As it is proposed to
use very similar equipment for the VES process to that used for the grout process,
this also scores highly, though because of the fact that VES will potentially cause
more maintenance problems due to the polymer setting up in process vessels and
pipework, it is rated lower than grout. Polyethylene is rated lower than grout and
VES because it requires the use of an extruder which appears to have a lower
reliability than other mixers c37)

B. The dual binder processes are rated lower again because of the amount of equipment
required to operate two processe& However, the item of equipment that will require
most maintenance is the extruder, hence the polyethylene only process will still rate
worse than both the dual processes and the polyethylene/grout process will rate
worse than the VES/grout process.

C. Based on the above evaluation, the relative scores of the processes are as follows:

Grout only 5
VES only 4
Grout/VES 3
Grout/Polyethylene 2
Polyethylene only 1

6.4.4 Demonstrated Technology/Development Requirements

A. Details of waste immobilization history giving demonstrated technology and
development requirements for each of the individual binders are discussed in Sections
6.2.1.2, 6.2.2.2 and 6.2.3.2. From these sections it can be deduced that there is :*_L
significantly more experience in using grout to immobilize wastes that there is with
either of the other binders. Experience using VES and polyethylene is very limited,
though the fact that immobilization using extrusion of waste with polyethylene or
other similar thermoplastic binders such as bitumen has been demonstrated on a
comr,_ercial scale while VES has been largely enly tested in the laboratory means that
polyethylene must rate higher than VES.

VVRAPO:3'66 "'
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B. Considering the dual binder processes; the fact that the amount of polymer is reduced
in the plant and is replaced with grout means that the VES/grout process will rate
better than VES alone and similarly the polyethylene/grout process will rate better
than polyethylene aloneL

C. Based on the above evaluation, the relative scores of the processes are as follows:

Grout only 5
Grout/Polyethylene 4
Polyethylene 3
Grout/VES 2
VES 1

6.4.5 Capital Cost

A. Details of the capital cost of each process are given in Sections 6.2.1.7, 6.2.2.7,
6.2.3.7 and 6.2.4.2 and 6.2.5.2. From these sections it can be seen that the relative

scores of the process are as follows:

Total Eouioment Cost (_K)
Polyethylene only 5 6,834
Polyethylene/Grout 4 7,717
VES only 4 8,655
VES/Grout 3 10,008
Grout only 1 12,192

6.4.6 Raw MatedalslOperating Costs

A. Details of the raw material/operating costs for each process are given in Sections
6.2.1.7, 6.2.2.7, 6.2.3.7 and 6.2.4.2 and 6.2.5.2. From these sections it can be
seen that the relative scores of the processes are as follows:

Annq01 Rpw Mat/ODer. Cost ($K/Yr)
Polyethylene only 5 7,672
Polyethylene/Grout 5 7,874
VES/Grout 3 22,070
VES only 3 22,474
Grout 1 33,557

6.4.7 Flexibility

A. Details of flexibility of each binder to meet or exceed current waste acceptance
criteria for multiple waste feedstreams is given in previous sections discussing
feedstream applicability and process operations. From these sections it can be
deduced that, in relative terms, the dual binder processes are more flexible than the
single binder processes as not only will they be able to treat all currently identified
waste streams, but future waste streams which may be incompatible with one of the
binders may be compatible with the other binder. Of the dual processes the
grout/VES process is the best option as either binder can be used for both vibro-
mixing and agitated mixing for compatible wastes.

III II I I
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TABLE 6-25 EVALUATION SUMMARY FOR IMMOBILIZATION PROCESSES

GROUT VES PE GROUT & VES UHUU I -- r',--

EVALUATION CRITERIA WEIGHT
RAW WT RAW WT RAW WT RAW WT PAW' WT

PROCESS HAZARDS 15% 5 0.75 1 0.15 3 0.45 2 0.30 4 0.60

OPERABILITY 15% 4 0.60 2 0.30 5 0.75 1 0.15 3 0.45

MAINT. & RELIAB. 10% 5 0.50 4 0.40 1 0.10 3 0.30 2 0.20

DEMONSTRATED TECH. 15% 5 0.75 1 0.15 _ 3 0.45 2 0.30 4 _ 0.60

CAPITALCOST 10% 1 0.10 4 0.40 5 0.50 3 0.30 4 0.40

RAW MAT./OPER. COST 15% 1 0.15 3 0.45 5 0.75 3 0.45 5 0.75

FLEXIBILITY 10% 3 0.30 2 0.20 1 0.10 5 0.50 4 0.40

WASTE MINIMIZATION 10% 1 0.10 3 0.30 5 ! 0.50 3 0.30 5 0.50

C:tMAtW',=I_I-ITPl3RP.(")RI:: 100% 3.25 2.35 3.60 2.60! 3.90
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B_ Of the three single binder processes, grout is the best option as it offers both vibro-
mixing and agitated mixing and because there are a wide range of formulations
possible to allow its use on a variety of waste types. The VES process is rated higher
than polyethylene as it offers both vibro-mixing and agitated mixing. Though it scores
less than grout because, based on current Waste Form Qualification testing, there is
a doubt as to what waste Ioadings are achievable when heavy metals are present in
the wast_ Polyethylene is scored lowest because of the predicted problems with
product quality when vibro-infilling is used with this binder.

C. Based on the above evaluation, the relative scores of the processes are an follows:

Grout/VES 5
Grout/Polyethylene 4
Grout only 3
VES only 2
Polyethylene I

6.4.8 Waste Minimization

A. Details of the waste Ioadings achievable for each process and hence the number of
product drums produced each year are given in previous sections dealing with material
balance throughput in the process operations description.

B. Based on the above sections the relative scores of the processes are as follows:

Total Daily Drum Throuohout

Polyethylene only 5 50
Polyethylene/Grout 5 51
VES only 3 81
VES/Grout 3 83
Grout 1 135

6.5 Recommended Option

A. The relative scores for each evaluation criteria are summarized in Table 6-31. Based
on this evaluation the recommended option is the polyethylene/grout dual process.

WRAP0366
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7.0 DISCUSSION OF PREFERRED ALTERNATIVE

7.1 Sensitivity Analysis

7.1.1 Waste Loadings

A. The study to this point has assumed waste Ioadings based on previous immobilization
experience with other waste types. These assumptions may prove to be incorrect
when development work with WRAP 2A waste feedstreams is completed. For this
reason a sensitivity analysis has been performed to investigate the effect of waste
loading on the evaluation. Two waste Ioadings have been assumed for the sensitivity
analysis, they are nominally 25 wt % and 60 wt %. The only deviation from these
waste Ioadings is'where the drum weight limit of 1000 Ibc39)or where the fill volume
of 6.66 ft 3would be exceeded. In these cases the maximum allowable waste loading
has been used. The impact of these changes on the mass balances for each option
is shown in Tables 7-1 to 7-13.

B. From Table 7-1 it can be seen that where a low waste loading is selected for all
waste feedstreams, the grout only option is the best option followed by VES/grout.
The polyethylene only option produces the most drums. The reason for this is that
in this sensitivity analysis, the waste Ioadings are determined on a weight percent
basis and grout is the most dense of the binders followed by VES and polyethylene
is the lightest. Hence, when the waste loading is artificially fixed at a low value, a
higher weight of waste can be put in each grout c_rum than in drums using other
binders.

C. At high waste Ioadings the difference in binder densities between VES and
polyethylene means that VES is the best option out of the two polymers. However,
grout, which is still the best option, is little better than other options as the waste
loading in grout is frequently limited by the maximum allowable drum weight (1000
Ib(_)).

D. In summary, the drum throughput at fixed waste Ioadings is dependant on the density
of the binder except in circumstances where the total weight of the product will
exceed the maximum allowable drum weight. In reality, waste Ioadings will be
dependant on waste type and hence the study case throughputs probably give the
best indication of which binder option is likely to be most suitable for WRAP 2A.

i i
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TABLE 7-1 WASTE LOADING SENSITIVITY ANALYSIS - SUMMARY

ii i i , II I I

PROCESS LOW WASTE LOADING CASE" HIGH WASTELOADINGCASE'" STUDY CASE
OPTION

DRUMS/DAY AVEWASTE DRUMS/DAY AVEWASTE DRUMS/DAY AVEWASTE
LOADING" LOADING" LOADING"

, i iiii l i iliir .... i' i l'I
I

GROUT 78 24.4 % 38 49.8 % [ 135 14.8 %
!

ONLY

VES ONLY 109 25.0 % 39 59.5 % 81 31.9 %
ii ii | i ,, i

PE ONLY 121 25.0 % 41 59.5 % 50 51.7 %

VES/GROUT 98 GRT-24.0 % 40 GRT-40.6 % 83 GRT-29.9 %
VES-25.O % VES-60.O % VES-28.6 %

PE/GROUT 107 GRT24.0 % 42 GRT-40.6 % 51 GRT-48.3 %
CASE 1 PE-25.0 % PE-60.O % PE-52.9 %

PE/GROUT 111 GRT-23.6 % 42 GRT-40.7 % 51 GRT-35.0 %
CASE 2 PE-25.O % PE-59.1 % PE-50.4 %

i

* The maximt;m allowable weight of a product drum is 1000 Ib(4°_.Hence, the maximum
waste loading for certain feedstreams has to be restricted to maintain the total drum
weight below this figure. Waste Ioadings are given as weight % of final product.

* * Low waste loading based upon a target value of 25 wt %.

* * * High waste loading based upon a target value of 60 wt %.

WRAP0366 .......
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TABLE 7-2 GROUT ONLY PROCESS MASS BALANCE - LOW WASTE LOADING

INCOMING WASTE PRETREATMENT FINAL TREATMENT YHUUUU I

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT J PRODUCT I DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LB/CF) (LB./YR) (LB/CF) (CF/YR) (DRUMS/DAY)

1A 183H SLD LIQ 100 825 100 130 25 9:1 BFS:OPC 122 183333 124 2668 2.29
1B 183H CRYSTAL 60 1300 60 140 25 9:1 BFS:OPC 122 173333 126 24801 __13
1C 183H SLUDGE 69 1400i 69 100 25 9:1 BFS:OPC 122 214667 115 3347 2.871
1D 183H MISC 60 385 75 105 25 9:1 BFS:OPC 122 51333 117 789 0.68!
2A C018 S_LT 88 10460 88 111 25 ENVIROSTONE 80 2045511 86 42811 36.73
2B ON EX RESIN 55 2140 55 77 25 9:1 BFS:OPC 122 261556 106 4430 3.80
2C L045 SLUDGE 75 3050 75 140 25] 3:1 PFA:OPC 116 508333 121 7575 6.50
2D R O FILTER 30 350 40 50 25 3:1 BFS:OPC 143 23333 98 430 0.37
3 DA W 30 2100 45 58 25 3:1 BFS:OPC 143 140000 105 2405 2.06
4 CONST DEBRIS 40 1155 60 100 25 3:1 BFS:OPC 143 102687 129 1429 1.23
5A1 MERCURY # 30 313 30 408 21 9:1 BFS:OPC 122 26809 142 320 0.27
5A2 MERCURY CON] 22 4256 40 56 25 9:1 BFS:OPC 122 208071 95 3922 3.37
5B REACT METAL # 200 147 200 240 25 9:1 BFS:OPC 122 65333 139 847 0.73
5C1 ELEM LEAD # 83 846 83 710 18 9:1 BFS:OPC 122 245206 142 2819 2.42
5C2 LEAD CONT 58 44 80 105 25 9:1 BFS:OPC 122! 5671 117 87 0.07
5D _ISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 561963 142 4285 3.68
6 _BSORB CHEM 90 1700 90 90 25 3:1 BFS:OPC 143 340000 125 4903 4.21
7 NCIN ASH 35 2300 35 90 25 9:1 BFS:OPC 122 178889 112 2874 2.47
8 SOILS 90 680 90 90 25 9:1 BFS:OPC 122 136000 112 2189 1.88

+ 5272009 90612 78rnTA I 34058

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSEO SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-3 GROUT ONLY PROCESS MASS BALANCE - HIGH WASTE LOADING

INCOMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITV VOLUME SHIPPED
NO. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

_ _ L_______ _ _ _ _ _ LDRUM_D*_
1A 183H SLD LIQ 100 825 100 130 60 9:1 BFS:OPC 122 40741 _27 1087 0.93
1B 183H CRYSTAL 60 1300 60 140 46 9:1 BFS:OPC 122 67826 129 1310 1.12
1C 183H SLUDGE 69 1400 69 100 60 9:1 BFS:OPC 122 47704 108 1495 1.28
1D 183H MISC 60 385 75 105 60 9:1 BFS:OPC 122 11407 111 347 0.30
2A C018 SALT 88 10460 88 111 60 ENVIROSTONE 80 454558 96 15963 13.70
2B ON EX RESIN 55 2140 55 77 60 9:1 BFS:OPC 122 58123 90 2173 1.86
2C 045 SLUDGE 75 3050 75 1401 53 3:1 PFA:OPC 11e 150262 127 3390 ?_91
2D R O FILTER 30 350 40 50 58 3:1 BFS:OPC 143! 5632 69 263 0.23
3 iDA W 30 2100 _ 45 58 58 3:1 BFS:OPC 143 33793 77 1405 1.21
4 _,ONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 772 0.66
5A1 MERCURY # 30 313 30 408 21 9:1 BFS:OPC 122 26809 142 320 0.27
5A2 MERCURY CON" 22 4258 40 58 51 9:1 BFS:OPC 122 66637! 78 2354 ?-02
5B REACT METAL # 200 147 200 240 29 9:1 BFS:OPC 122 52296 142 703 0.60
5C1 ELEM LEAD # 83 846 83 710 18 9:1 BFS:OPC 122 245206 142 2919 ?_42
5C2 LEAD CONT 58 44 80 105 60 9:1 BFS:OPC 122 1260 111 38 0.03
50 MISC METALS # 200 607 200 458 20 9:1 BFS:OPC 122 361963 142 4285 3.68
6 _BSORB CHEM 90 1700 90 90 60 3:1 BFS:OPC 143 75556 108 2412 ?_07

35 2300 35 90 33 9:1 BFS:OPC 122 121066 109 2234 1.927 INCIN ASH 100 1015 0.87
8 SOILS 90 680 90 90 60 9:1 BFS:OPC r- 122 30222

+ | 1_m__3943 44384 38tOTAL 34058

NOTES: + THIS TOTAL ASSUMESTHAT ALL WASTE STREAMS ARE PROCESSEO SIMULTANEOUSLYAND NOTAS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-4 POLYETHYLENE ONLY PROCESS MASS BALANCE- LOW WASTE LOADING

IN COMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE -- BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMSFORMULATION :ORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
STREAM ;TREAM BULK VOLUME BULK PARTICLE LOADING
NO. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

_ _ _ _ _ _ _ _ (_RUMS_A_

tA 83H SLD UQ 100 825 100 130 25 POLYETHYLENE 57 247500 66 4977 427
1B 83H CRYSTAL 60 1300 60 140 25 POLYETHYLENE 57 234000 67 4662 4.00
1C I83H SLUDGE 69 1400 69 t 100 25 POLYETHYLENE 57 289800 64 6050 5.19
1D !83H MISC 60 385 75 105 25 POLYETHYLENE 57 69300 64 1436 1 23
2A C018 SALT 88 10460 88 111 25 POLYETHYLENE 57 2761440 65 56738 48.68
2B ION EX RESIN 55 2140 55 77 25 POLYETHYLENE 57 353100 61 7723 6.63
2C .045 SLUDGE 75 3050 75 140 25 POLYETHYLENE 57 686250 67 13873 11.73
2D _10 FILTER 30 350 40 50 25 POLYETHYLENE 57 31500 55 763 0.65
3 _AW 30 2100 45 58 25 POLYETHYLENE 57 189000 57 4402 3.78
4 3ONST DEBRIS 40 1155 60 100 25 POLYETHYLENE 57 138600 64 2894 2.48
5A1 MERCURY 30 313 30 408 25 POLYETHYLENE 57 28170 73 517 0.44
5A2 MERCURY CON' 22 4256 40 58 25 POLYETHYLENE 57 280896 57 6542 5.61
5B REACTMETALS 200 147 200 240 25 POLYETHYLENE 57 88200 70 1670 1.43
5C1 :LEM LEAD # 83 646 83 710 25 POLYETHYLENE 57 210654 74 3795 326
5C2 EAD CONT 56 44 80 105 25 POLYETHYLENE 57 7656 64 159 0.14
5D IISC METALS # 200 607 200 450 25 POLYETHYLENE 57 364200 73 6659 5.71
6 _BSORBCHEM 90 1700 90 90 25 POLYETHYLENE 57 459000 63 9753 8.37
7 NCIN ASH 35 2300 35 90 25 POLYETHYLENE 57 241500 63 5131 4.40
8 ;OILS 90 680 90 90 __ 25 POLYETHYLENE 57 183600 63 3901 3.._______

+ 6864366 141446 121
"OTAL 34056

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPNGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED 8Y WEIGHT FOR THESE WASTE STREAMS



TABLE 7-5 POLYETHYLENE ONLY PROCESS MASS BALANCE- HIGH WASTE LOADING

INCOMING WASTE PRETREATMENT FINAL TRF-_'TM_J_IT PHOUUU t

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT ' DRU'__-
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LBICF) (I.B/YR) (II.B/CF) (CF/YR) (DRUMg_I)AY)

1A 183H SLD UQ 100, 825 100 130i 60 POLYETHYLENE 57 55000 86 1600 1.37
1B 183H CRYSTAL 60 1300 60 140 60 POLYETHYLENE 57 52000 88 1469 1_e
1C 183H SLUDGE 69 1400 69 100 60 POLYETHYLENE 57 64400 77 2096 1.00
1D 183H MISC 60 385 75 105 60 POLYETHYLENE 57 15400 79 490 0.42
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 013653 80 190581 16.3,5
2B ON EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 2.49
2C L045 SLUDGE 75 3050 75 140 60 POLYETHYLENE 57 152500 88 4309 3.70
2D RO FILTER 30 350 40 50 60 POLYETHYLENE 57 7000 53 333 029
3 DA W 30 2100 45 58 60 POLYETHYLENE 57 42000 58 1823 1.58
4 CONST DEBRIS 40 1155 60 100 60 iPOLYETHYLENE 57 30800 77 1002 0.86
5A1 MERCURY 30 313 30 408 60 iPOLYETHYLENE 57 6260 118 133 0.11
5A2 MERCURY CON_ 22 4258 40 58 60 POLYETHYLENE 57 62421 58 2709 ;L32
5B REACT METALS 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 0.40
5C1 -LEM LEAD # 83 846 83 710 60 POLYETHYLENE 57! 46812 127 920 0.79
5C2 LEAD CONT 58 44 80 105 60 POLYETHYLENE 57 1701 79 54 0.05
5D MlSC METALS # 200 007 200 450 60 POLYETHYLENE 57 80933 120 1690 1.45
6 ABSORB CHEM 90 1700 90 90 60 POLYETHYLENE 57 102000 ', 73 3489 2.99
7 NCIN ASH 35 2300 35 90 50 POLYETHYLENE 57 80115 70 2300 1.97
8 SOILS 90 680 90 90 60 POLYETHYI_F_NE 57 40800 73 1396 120

+
Tt_TAi 34058 1501863 48244 41

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-6 VES ONLY PROCESS MASS BALANCE - LOW WASTE LOADING

INCOMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (tWCF) (LB/YR) (LS/CF) (CF/YR) (DRUMS/DAY)

1A 183H SLD LIQ 100 825 100 130 25 VIESPOLYMER : 247500 74 4477 3.841B 183H CRYSTAL 60 1300 60 140 25VES POLYMER 234000 74 4190 3.59
lC 183H SLUDGE 69 1400 69 100 25 VES POLYMER 64 289800 71 5465 4.89
10 L163HMISC 60 385 75 105 25 VES POLYMER 64 69300 71 1296 1.11
2A _018 SALT 88 10460 88 111 25 VES POLYMER 64 2761440 72 511,59 43.89
2B ON EX RESIN 55 2140 55 77 25 VES POLYMER 64 353100 67 7010 6.01
2C L045 SLUDGE 75 3050 75 140 25 VES POLYMER 64 686250 74 12287 10.54
20 R0 FILTER 30 350 40 50 25 VES POLYMER 64 31500 60 699 0.60
3 DA W 30 2100 45 58 25 VES POLYMER 64 189000 63 4020 3.45
4 CONST DEBRIS 40 1155 60 100 25 VES POLYMER 64 138600 71 2614 2.24
5A1 MERCURY 30 313 30 408 25 VES POLYMER 64 26170 82 460 0.39
5A2 MERCURY CON1 22 4256 40 58 25 VES POLYMER 64 280896 63 5975 5.13
5B REACT METALS 200 147 200 240 25 VES POLYMER 64 88200 79 1492 1.28
5Cl ELEM LEAD # 83 846 83 710 25 VES POLYMER 64 210654 63 3369 __89
5C2 LEADCONT 58 44 80 105 25 VES POLYMER 64 7656 71 143 0.12
5D MlSC METALS # 200 607 200 450 25 VES POLYMER 64 364200 82 5923 5.08

16 _,BSORBCHEM 90 1700 90 90 25 VES POLYMER 64 459000 69 8825 7.57
7 INCIN ASH 35 2300 35 90 25 VES POLYMER _4 241500 69 4643 3.98

8 SOILS 90 680 90 90 25 VES POLYMER 64 183600 69 3530 3.03
+

tOTAL 04058 6864366 127575 109

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-7 VES ONLY PROCESS MASS BALANCE - HIGH WASTE LOADING

INCOMING WASTE PRETREATMENT fiNAL TREATMENT PRODUCT

IT WASTE WASTE TREATED TREATED WASTE BINDER BINDER

DRY MD( PRODUCT PRODUCT DRUMS

STREAM REAM BULK VOLUME BULK PARTICLE LOADING :ORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

1A 1831-1SLD UQ 100 825 100 130 80 VES POLYMER 64 55000 92 1488 1.28
1B 183H CRYSTAL 60 1300 60 140 60 VES POLYMER 64 52000 95 1364 1.17
1C 183H SLUDGE 69 1400 69 100 60 VES POLYMER 64 64400 82 1966 1.89
1D 183H MISC 60 385 75 105 60 VES POLYMER 64 15400 64 4.59 0.39
2A C018 SALT 88 10460 88 111 60 VES POLYMER 64 613653 86 17818 15.29
2B ION EX RESIN 55 2140 55 77 60 VES POLYMER 64 78467 71 2747 2.38
2C L045 SLUDGE 75 3050 75 140 80 VES POLYMER 64 152500 95 4001 3.43
2D R O RLTER 30 350 40 50 60 VES POLYMER 64 7000 55! 319 0.27
3 )A W 30 2100 45 58 60 VES POLYMER 64 42000 (14) 1738 1.4L9
4 _ONST DEBRIS 40 1155 60 100 60 VES POLYMER 64 30800 82 940 0.81
5A1 JERCURY 30 313 30 408 60 VES POLYMER 64 6260 130 120 0.10
5A2 _ERCURY CON1 22 4256 40 58 60 VES POLYMER 64 62421 60 2583 2.22
5B REACT METALS 200 147 200 240 60 VES POLYMER 64 19600 115 427 0.37
5C1 !LEM LEAD # 83 646 83 710 60 VES POLYMER 64 46812 142 826 0.71!60 VES POLYMER 64 1701 64 51 0.04 ]
5C2 .FAD CONT 58 44 80 105
5D _IISC METALS # 200 607 200 450 84) VES POLYMER 64 80933 133 1526 1.3160 VES POLYMER 64 102000 78 32113 2.112
6 S,BSORB CHEM 90 1700 90 90

7 4CIN ASH 35 2300 35 90 _) [ VES POLYMER 64 89943 74 2291 1.978 ;OILS 90 680 90 90 VES POLYMER 64 40800 78 1313 1.13

+ l 1381691 45261 38rOTAL ____.___58

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-8 POLYETHYLENE AND GROUT PROCESS MASS BALANCE - LOW WASTE LOADING CASE 1

TN-COMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

1A 83H SLD UQ 1OO 825 100 130 25 POLYETHYLENE 57 247500 (MS 4977 427
1B 183H CRYSTAL 60 1300 60 140 25 POLYETHYLENE 57 234000 67 4662 4.00
1C 183H SLUDGE 69 1400 69 100 25 POLYETHYLENE 57 289800 64 6050 5.10
1D 183H MISC 60 385 75 105 25 9:1 BFS:OPC 122 51333 117 789 0.68
2A C018 SALT 88 10460 88 111 25 POLYETHYLENE 57 2761440 65 56739 48.68
2B ION EX RESIN 55 2140 55 77 25 POLYETHYLENE 57 353100 61 7723 8.63
2C .045 SLUDGE 75 3050 75 140 25 3:1 PFA:OPC 118 508333 121 7575 8.50
20 _ O FILTER 30 350 40 50 25 3:1 BFS:OPC 143 23333 98 430 0.37
3 _)A W 30 2100 45 56 25 3:1 BFS:OPC 143 140000 105 2405 2.06
4 ._ONST DEBRIS 40 1155 60 100 25 3:1 BFS:OPC 143 102667 129 1431 l_-_J
5A1 MERCURY # 30 313 30 408 25 POLYETHYLENE 57 28170 73 517 0.44
5A2 MERCURY CON" 22 4256 40 58 25 POLYETHYLENE 57 280896 57 6542 5.61
5B REACT METAL # 200 147 200 240 25 POLYETHYLENE 57 88200 70 1670 1.43
5C1 ELEM LEAD # 83 846 83 710 25 POLYETHYLENE 57 216854 74 3795 326
5C2 LEAD CONT 58 44 80 105 25 POLYETHYLENE 57 7656 64 159 0.14
5D MISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 561963 142 4285 3.68

90 1700 90 90 25 POLYETHYLENE 57 459000 63 9753 8.37
35 2300 35 90 25 9:1 BFS:OPC 122 178889 112 2874 2.47

6 _BSORB CHEM
7 _NCIN ASH 2F 9:1 BFS:OPC 122 136000 112 ! 2189 1.88

90 680 90 90+ 6462935 124565 107
[TOTAL _ 54058

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UM!TEP BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-9 POLYETHYLENE AND _,FIOUTPROCESS MASS BALANCE - HIGH WASTE LOADING CASE 1

NCOMING WASTE pRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE =;'DER BINDER DRY MIX PRODUCT PRODUCT DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED

NO. DESCRIPTION _DENSITY _ _DENSITY _DENSITY _ _DENSITY _.---*._:-_--'_'_'_ _ _ D_..RUMS/DAY_

1A 183H SLD UQ 100 825 100 130 60 POLYETHYLENE 57 55000 86 1600 1.37
IB 183H CRYSTAL 60 1300 60 140 60 POLYETHYLENE 57 52000 88 1469 1_6
1C 183H SLUDGE 69 1400 69 100 60 POLYETHYLENE 57 64400 77 2096 1.80

1D 183H MISC 60 385 75 105 60 9:1 BFS:OPC 122 11407 111 347 0.30
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058 16.35
2B ON EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 2.49
2C L045 SLUDGE 75 3050 75 140 53 3:1 PF/_OPC 116 150262 127i 3390 2.91
2D R0 FILTER 30 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 023
3 DA W 30 2100 45 58 58 3:1 BFS:OPC 143 33793 77 1405 121
4 CONST DEBRS 40 1155 _0 100 51 3:1 BFS:OPC 143 32880 11. 772 0.66
5A1 MERCURY # 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 0.11
5A2 MERCURY CON 22 4258 -- 40 58 60 POLYETHYLENE 57 62421 58 2709 2_12
5B REACT METAL # 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 0.40
5C1 !LEM LEAD # 83 846 83 710 60 _OLYETHYLENE 57 46812 127 920 0.79
5C2 .EAD CONT 58 44 80 105 60 POLYETHYLENE 57 1701 79 54 0.05

150 AISCMETALS # 200 607 200 450 20 9:1 BFS:OPC 122 331963 142 4285 3.68
6 S.BSORBCHEM 90 1700 90 90 60 POLYETHYLENE 57 102000 73 3489 2_9
7 NCIN ASH 35 2300 35 90 33 9:1 BFS:OPC 122 121066 109 2234 1.92
8 ;OILS 90 680 90 90 60 9:1 BFS:OPC 122 30222 100 1015 0.87

+ 1849541 48612 42
tOTAL _ _05_______J8

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-10 POLYETHYLENE AND GROUT PROCESS MASS BALANCE- LOW WASTE LOADING CASE 2

INCOMING WASTE PRETREATMENT FINALTREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MiX PRODUCT PRODUCT DRUMS

;TREAM ;TREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION :IEQUIREMENT DENSITY VOLUME SHIPPED
_O. )ESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LBICF) 0NT%) (LBICF) (LB/YR) (LB/CF) (ClF/YR) (DRUMS/DAY)

1A 183H SLD UQ 100 825 100 130 259:1 BFS:OPC 122 183333 124 2663 229
1B 183H CRYSTAL 60 1300 60 140 25 POLYETHYLENE 57 234000 67 4662 4.00
1C 183H SLUDGE 69 1400 69 100 25 POLYETHYLENE 57 289800 64 6050 5.19
10 183H MISC 60 385 75 105 25 9:1 BFS:OPC 122 51333 117 789 0.68
2A C018 SALT 88 10460 88 111 25 POLYETHYLENE 57 2761440 65 56739 48.68

i2B ON EX RESIN 55 2140 55 77 25 POLYETHYLENE 57 353100 61 7723 6.63
2C L045 SLUDGE 75 3050 75 140 25 POLYETHYLENE 57 686250 67 13873 11.73
20 R0 FILTER 30 350 40 50 25 3:1 BFS:OPC 143 23333 98 430 0.37
3 DA W 30 2100 45 58 25 3:1 BFS:OPC 143 140000 105 2405 2.06
4 CONST DEBRIS 40 1155 60 100 25 3:1 BFS:OPC 143 102667 129 1431 123
5A1 MERCURY # 30 313 30 408 25 POLYETHYLENE 57 28170 73 517 0.44
5A2 MERCURY CON 22 4256 40 58 25 9:1 BFS:OPC 122 208071 96 3917 3.36
5B REACT METAL # 200 147 200 240 25 POLYETHYLENE 57 88200 70 1670 1.43
5C1 ELEM LEAD # 83 846 83 710 25 POLYETHYLENE 57 210554 74 3795 3.26
5C2 .FAD CONT 58 44 80 105 25 9:1 BFS:OPC 122 5671 117 87 0.07

146321 4285 3.68

5D _ISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 361963 63 9753 8.37

6 J,BSORB CHEM 90 1700 90 90 25 POLYETHYLENE 57 459000
7 NCIN ASH 35 2300 35 90 25 POLYETHYLENE 57 241500 5131 4.40
8 _OILS 90 680 90 90 25 POLYETHYLENE 57 183600 3901 3.35

+ 6612086 129623 111

r_OTAL 34058

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-11 POLYETHYLENE AND GROUT PROCESS MASS BALANCE- HIGH WASTE LOADING CASE2

INCOMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS
STREAM 3TREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

t aR/CF) (CF/YR) (LB/CF) (LBICF) (WT%) (LB/CF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/D/ZY)

1A 183H SLD UQ 100 825 100 130 60 9:1 BFS:OPC 122 40741 127 1085 0.93
1B 183H CRYSTAL 60 1300 60 140 60 POLYETHYLENE 57 52000 88 1469 1.26
1C 183H SLUDGE 69 1400 69 100! 60 POLYETHYLENE 57 64400 77 2096 1.80
1D 183H MISC 60 365 75 105 60 9:1 BFS:OPC 122 11407 111 347 0.30
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058 16.35
2B ON EX RF_SIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 2.49
2C L045 SLUDGE 75 30501 75 140 60 POLYETHYLENE 57 152500 68 4309 3.70
2D RO FILTER 301 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 0.23
3 O A W 301 2100! 45 58 58 3:1 BFS:OPC 143 33793 77 1405 1.21
4 CONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 172 0.68
5A1 _ERCURY # 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 0.11
5A2 _AERCURYCON1 22 4256 40 58 51 9:1 BFS:OPC 122 66637 76 2352 2.02

5B REACTMETAL # 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 0.40
i5Cl ELEM LEAD # 83 846 83 710 60 POLYETHYLENE 57 46812 127 920 0.79
5C2 .FAD CONT 58 44 80 105 60! 9:1 BFS:OPC 122! 1260 111 38 0.03
5D MISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 361963 142 4285 3.68
6 J,BSORB CHEM 90 1700 90 90 60 POLYETHYLENE 57 102000 73 3489 2.99
7 NCIN ASH 35 2300 35 90 50 POLYETHYLENE 57 80500 70 2307 1.98
8 _OILS 90 680 90 90 60 POLYETHYLENE 57 40800 73 1396 1.20

+
rnTAI 34058 1811306 49097 42

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS CAMPNGNS
# THE AMOUNT OF WASTE PER DRUM IS MMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-12 VES AND GROUT PROCESS MASS BALANCE - LOW WASTE LOADING

INCOMING WASTE PRETREATMENT RNAL TREATMENT PRODUCT

WASTE I WASTE TREATED TREATED WASTE BINDER BINDER DRYMIX PRODUCT PRODUCT ' DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(I R/CF) (CF/YR) (LB/CF) (LBICF) (WT%) (LR!CF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/DAY)

1A 183H SLD LIQ 100 825 100 130i 25 VES POLYMER 65 247500 74 4442 3.81
18 183H CRYSTAL 60 1300 60 140! 25 VES POLYMER 65 234000 75 4157 3.57
1C 183H SLUDGE 69 1400 89 100 25 VES POLYMER 65 289800 71 5424 4.65
1D 183H MISC 60 385 75 105 25 9:1 BFS:OPC 122 51333 t17 789 0.68

12A C018 SALT 88 10460 88 111 25 VES POLYMER 65! 2761440 73 50776 43.57
2B ION EX RESIN 55 2140 55 77 25 VES POLYMER 65 353100 68 6961 5.97
2C L045 SLUDGE 75 3050 75 140 25 3:1 PFA:OPC 116 508333 121 75"r5 6.50
2D R 0 FILTER 30 350 40 50 25 3:1 BFS:OPC 143 23333 98 430 0.37
3 DA W 30 2100 45 58 25 3:1 BFS:OPC 143 140000 105 2405 2.05
4 CONST DEBRIS 40 1155 60 100 25 3:1 BFS:OPC 143 102667 129 1431 1,23
5A1 MERCURY* # 30 313 30 408 25 VES POLYMER 85 28170 82 456 0.39
5A2 MERCURY CON1 22 4256 40 58 25 VES POLYMER 65 280896 63 5936 5.09
5B REACT METAL # 200 147 200 240 25 VES POLYMER 65 68200 79 1479 1.27

5Cl ELEM LEAD # 83 846 83 710 25 VES POLYMER 65 210654 84 3340 2.87
5C2 LEAD CONT 58 44 80 105 25 VES POLYMER 85 7856 72 142 0.12
5D _lSC METALS # 200 807 200 450 20 9:1 BFS:OPC 122 361963 142 4285 3.68
6 _,BSORBCHEM 90 17001 90 90 25 VES POLYMER 65 459000 70 8762 7.52
7 NCIN ASH 35 2300 35 90 25 9:1 BFS:OPC 122 178889 112 2874 _47
8 SOILS 90 680 90 90 25 9:1 BFS:OPC 122 136000 112 2189 1.68

+

! rt'ITAI 34058 6462935 113855 98

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS
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TABLE 7-13 VES AND GROUT PROCESS MASS BALANCE - HIGH WASTE LOADING

INCOMIN G WASTE PRETREATMENT RNAL TREATME NT PRODUCT

WASTE WASTE TREATED TREATED WASTE I BINDER BINDER DRY MIX PRODUCT ---PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING IFORMULATION :ORMULATION REQUIREMENT DENSITY VOLUME SHIPPEDNO. )ESC RIPTION DENSITY DENSITY DENSITY DENSITY

1A 183H SLD UQ 100 825 100 130 POLYMER 65 55000 93 1481 1.27
1B 183H CRYSTAL 60 1300 60 140 601VES POLYMER 65 52000 96 1357 1.16
1C 183H SLUDGE 69 1400 69 100 60 VES POLYMER 65 64400 82 1957 1.68
1D 183H MISC 60 385 75 105 60 9:1 BFS:OPC 122 11407 111 347 0.30
2A C018 SALT 88 10460 88 111 60 VES POLYMER 65 613653 87 17733 15.22
2B ON EX RESIN 55 2140 55 77 60 VES POLYMER 65 78467 72 2736 2.35
2C .045 SLUDGE 75 3050 75 140 53 3:1 PFA:OPC 116 150262 127 3390 2.91
20 _l0 FILTER 30 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 0.23
3 DA W 30 2100 45 58 58 3:1 BFS:OPC 143 33793 77 1405 1.21
4 30NST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32680 117 772 0.68
5A1 _IERCURY # 30 313 30 408 60 VES POLYMER 65 6260 131 119 0.10
5A2 MERCURY CON _ 22 4258 40 58 60 VES POLYMER 65 62421 61 2575 2.21
5B REACT METAL # 200 147 200 240 60 VES POLYMER 65 19600 116 424 0.36
5C1 :LEM LEAD # 83 646 83 710 60 VES POLYMER 65 46812 143 819 0.70
5C2 .EAD CONT 58 44 80 105 60 VES POLYMER 65 1701 64 50 0.04
5D diSC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 351963 142 4285 3.68
6 _BSORB CHEM 90 1700 90 90 60 VES POLYMER 65 102000 78 3269 ?_81
7 INCIN ASH 35 2300 35 90 33 9:1 BFS:OPC 122 121066 109 2234 1.92
8 SOILS 90 680 90 90 60 9:1 BFS:OPC 122 30222 100 1015 0.87

+ 1649541 46232 40
FOTAL 34058

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY ANO NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS
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7.1.2 Paddle Costs

A. There are two paddles designs which have been identified in the study: a high speed,
high shear impeller for VES binder and a low speed gate paddle based on the BNFL
paddle design for use with grout. The VES paddle is priced at $222 per paddle and
the grout paddle is priced at $500 per paddle. The high cost of the grout paddle is
perceivedto havea significanteffect on the evaluationof raw material/operatingcost.
Hence a sensitivityanalysishasbeen performedto determinethe implicationsof this
cost on the ove(allevaluation.

B. FromTable 7-14 it can be seen that the ranking order for the processoptions if a
$900 grout paddle is usedis similarto the study case ($500 per paddle)for boththe
total paddlecostand total raw materialcost. If a $100 grout paddleis usedthe grout
only optionmoves up to fourth out of the six options for both the total paddle cost
and the total raw material cost, with the other options staying in approximatelythe
same relativeorder. The assumptionthat the grout paddle is onlygoingto cost $100
when the VES paddlecosts $222 is probablyunrealistic However,even on this basis
the overall ranking order when all the evaluation criteria are consideredis still the
same as in the study, though in relative terms the grout only option scores much
higherat the expense of the two options involvingVES.

C. In summary,the cost of the grout paddle will not affect the findings of the study.

TABLE7-14 PADDLECOSTSENSITIVITY ANALYSIS- SUMMARY

III i[ll I I II ii i r i ii 111I I I I I

PROCESS $I00 GROUT PADDLE $900 GROUT PADDLE $500 GROUT PADDLE
OPTION ' '

COST OF TOTALRAW COST OF TOTALRAW COST OF TOTALRAW
PADDLES MATERIAL PADDLES MATERIAL PADDLES MATERIAL

COST COST COST
i! i I" ii' li i r'l ii li illl| lirl, i'

GROUT $2,124 09,408 $19,113 $26,398 010,619 017,903
ONLY

== i i = i. i i i

VES ONLY NO CHANGE NO CHANGE NO CHANGE NO CHANGE 02,$95 013,032
,,. i i.ll ,. i.

PE ONLY NO CHANGE NO CHANGE NO CHANGE NO CHANGE 00 $ 1,930
=. i i, , i iH

i

VES/GROUT $2,487 $11,693 $3,853 $13,059 $3,153 $12,402
--, i

PE/GROUT $171 $1,968 $1,537 83,334 8854 $2,651
CASE 1

b.,, H i ill ,

PE/GROUT NO CHANGE NO CHANGE NO CHANGE NO CHANGE $0 81,899
CASE2

H i,.i i ' ' '

_RAP03'66 ......................
12129/93 Page 105

i



TABLE 7-15 GROUT PROCESS FlAW MATERIAL COST (S 100 GROUT PADDLE)

--DSD1y,i.E-IT--"_T'b-"r_Lr_

FEEDSTRE AM FEEDSTREAM DRUMS DRUM MI_ER PADDLE GROUT DRY MIX OPC BFS PICA GYPSUM RAW MATERIAL
NUMBER DESCRIPTION SHIPPED COST TYPE COST FORMULATION REQUIREMENT COST COST COST COST COST

(DRUMS/YR) (K-S/YR) (K-S/YR) (K-LBS/YR) (S/YR) ($/YR) ($/YR) ($/YR) (K-S/YR)

1A 183H SLD LIQ 401 50 VIBRO 9:1 BFS:OPC 183 732 8235 59
1B 1B3H CRYSTN- 372 47 AGITATED 37 9:1 BFS:OPC 173 692 7785 92
1C 183H SLUDGE 503 63 AGITATED 50 9:1 BFS:OPC 215 860 9675 124

1D 183H MISC 76 10 VIBRO 9:1 BFS:OPC 26 104 1170 11
2 A CO 18 SALT 16794 2099 AGITATED 1679 MOD.GYPSUM 6137 4081105 7880
2B ION EX RESIN 810 101 AGITATED el 9:1 BFS:OPC 349 1396 15705 199

2C 1.045 SLUDGE 939 117 AGITATED 94 3:1 PFA:OPC 508 5080 6858 223
2D R O FILTER 39 5 VIBRO 3:1 BFS:OPC 6 60 225 5
3 DAW 211 26 VlBRO 3:1 BFS:OPC 34 340 1275 28

4 CONST DEBRIS 116 15! VIBRO 3:1 BFS:OPC 33 330 12"3,8 16
5A-1 ELEMT MERCURY 48 6 AGITATED 5 9:1 BFS:OPC 365 1460 16425 4729
5A-2 MERCURYCONT 3531 44 VIBRO 9:1 BFS:OPC 67 268 3015

5B REACT METALS 105 _ 13 AGITATED 11 9:1 BFS:OPC 52 208 2340 26
5C-1 ELEMENT LEAD 423 53 VIEFIO 9:1 BFS:OPC 2098 8392 94410 156
5C-2 LEAD CONT 6 1 VIBRO 9:1 BFS:OPC 2 8 80 1

5D MISC METALS 643 80 VIBRO 9:1 BFS:OPC 814 3256 36630 120
6 ABSORB CHEM 897 112 AGITATED 90 31 BFS:OPC 453 4530 16988 223
7 !NCIN ASH 365 46 AGITATED 37 9:1 BFS:OPC 139 556 6255 89
8 SOILS 404 51 AGITATED 40 9:1 BFS:OPC 181 724 8145 100 =

TOTAL 23505 2638 2124 11835 _ 229605 6858 4081105 9408

If lds lts



TABLE 7 -16 GROUT PROCESS RAW MATERIAL COST ($900 GROUT PADDLE)

- --I_'011r_'1_--_

FEEDSTRE AM FEEDSTRE AM DRUMS DRUM MI_ER PADDLE GROUT DRY MIX OPC BFS PFA GYPSUM =lAW MATERIAL
DESCRIPTION SHIPPED COST TYPE COST FORMULATION REQUIREMENT COST COST COST COST COST

(DRUMS/YR) (K - $/_1_) (K-$/_:_) (K _ LBS/YI=I) ($/YR) ($Ptl=l) ($/YR) ($/YR) (K-$/YR) 59

1A 183H SLD LIQ 401 _ VIERO -- 9:1 BFS:OPC 183 732
1B 183H CRYSTAL 372 47 AGITATED 335 9:1 BFS:OPC 173 692 7785 390
IC 183H SLUDGE 503 63 AGITATED 453 g:1 BFS:OPC 215 860 9675 526

1D 183H MISC 76 10 VIBRO 9:1 BFS:OPC 26 104 1170 11
2A C018 SALT 16794 2099 AGITATED 15115 MOD,GYPSUM 6137 4081105 21295
2B ION EX RESIN 810 101 AGITATED 729 9:1 BFS:OPC 349 1396 15705 847

2C 1_045SLUDGE 939 117 AGITATED 845 3:1 PFA:OPC 508 5080 6858 974
2D R O FILTER 39 5 VIBRO 3:1 BFS:OPC 6 60 225 5
3 DAW 211 26 VIBRO 3:1 BFS:OPC 34 340 1275 29
4 CONST DEBRIS 116 15 VIBRO 3:1 BFS:OPC 33 330 1238 16

5A- 1 ELEMT MERCURY 48 6 AGITATED 43 9:1 BFS:OPC 365 1460 16425 67

5A-2 MERCURYCONT 353 44 VIBRO 9:1 BFS:OPC 67 268 3015 47
5 B REACT METALS 105 13 AGITATED 95 9:1 BFS:OPC 52 208 2340 110 !

5C - 1 ELEMENT LEAD 423 53 VIBRO 9:1 BFS:OPC 2098 8392 94410 159
5C-2 LEAD CONT 6 1 VIBRO 9:1 BFS:OPC 2 8 90 1

5D MISC METALS 643 80 VIBRO 9:1 BFS:OPC 814 3256 36630 120
6 ABSORB CHEM 897 112 AGITATED 807 3:1 BFS:OPC 453 4530 16988 941
7 INCIN ASH 365 46 AGITATED 329 9:1 BFS:OPC 139 559 6255 381

8 SOILS 404 51 AGITATED 364 9:1 BFS:OPC 181 724. 8145 423 !!

TOTAL 23505 2938 19113 11835 __ 28996 229605 6858 408 1105 26398

If lds lts
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TABLE 7-17 COMBINED GROUT AND THERMOPLASTIC POLYMER PROCESS
RAW MATERIAL COST (CASE 1} ($100 GROUT PADDLE)

FEEDSTREAM FEEDSTREAM BINDER DRUMS DRUM MIXER PADCI_E BINDER BINDER MATERIALS
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST COST

(DRUMS/YR) (K -$/YR) IK -$fYR) _-LBS/YI=I) IK-$IYR) _ -$/YR)

1A 183H SLD LIQ PE 421 53 VIBRO 124 42 95
1B 1B3H CRYSTAL PE 392 49 EXTRUSION 117 40 89

1C 183H SLUDGE PE 527 6610, EXTRUSIONvIBRO 14526 491 11151
1D 183H MISC 9:1 BFS:OPC 76=
2A (3018 SALT PE 2862 = 358 ! EXTRUSION 614! 209 567
:2B ION EX RESIN PE 436 55 EXTRUSION 78 27 81
2C L045 SLUDGE 3:1 PFA:OPC 939 117 AGITATED 94 508 12 223
2D R O FILTER 3:1 BFS:OPC 39 5 VIBRO 6 0 5
3 D A W 3:1 BFS:OPC 211 26 VIBRO 34 2 28
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A- 1 ELEMT MERCURY PE 20 3 EXTRUSION 85 29 31
5A-2 MERCURY CONT PE 407 51 VIBRO 62 21 72

5B REACT METALS PE 70 9 EXTRUSION 20 7 16
5C-1 ELEMENT LEAD PE 114 14 VIBRO 321 109 123
5C-2 LEAD CON'I" PE 7 1 VIBRO 1 0 1

5D MISC METALS 9:1 BFS:OPC 643 80 VIBRO 814 40 120
6 ABSORB CHEM PE 860 108 EXTRUSION 230 78 186
7 INCIN ASH 9:1 BFS:OPC 365 46 AGITATED 37 139 7 89
8 SOILS 9:1 BFS:OPC 404 51 AGITATED 40 181 9 100

TOTAL 8909 1114 171 3538 683 1968

If lds Its



TAI]I_.E 7-18 COMBINED GROUT AND THERMOPLASTIC POLYMER PROCESS
RAW MATERIAL COST (CASE 1) ($900 GROUT PADDLE)

TOTAL RAW

FEEDSTREAM FEEDSTREAM BINDER DRUMS DRUM MIXER PAEX)_E BINDER BINDER MATERIALS
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST COST

(DRUMS/YR) tK-$/YR) _-$/YR) IK-LBS/YR) IK-$;YR) IK-$/YR)

1A 183H SLD LIQ PE 421 53 VIBRO 124 42 95
1B 183H CRYSTAL PE 392 49 EXTRUSION 117 40 89
1C 183H SLUDGE PE 527 66 EXTRUSION 145 49 115
1D 183H MISC 9:1 BFS:OPC 76 10 MIBRO 26 1 11
2A C018 SALT PE 2862 358 EXTRUSION 614 209 567
2B ION EX RESIN PE 436 55 EXTRUSION 78 27 81
2C L045 SLUDGE 3:1 PFA:OPC 939 117 AGITATED 845 508 12 974
2D R O FILTER 3:1 BFS:OPC 39 5 MIBRO 6 0 5

3 D AW 3:1 BFS:OPC 211 26 VIBRO 34 2 28
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A-1 E]_EMT MERCURY PE 20 3 EXTRUSION 85 i 29 3162' 21 72
5A-2 MERCURY CONT PE 407 51 VIBRO

5B REACT METALS PE 70 9 EXTRUSION 20 7 16
5C-1 ELEMENT LEAD PE 114 14 VIBRO 321 109 123
5C-2 LEAD CONT PE 7 1 VIBRO 1 0 1

5D MISC METALS 9:1 BFS:OPC 643 80 VIBRO 814 40 120
6 ABSORB CHEM PE 860 108 EXTRUSION 230 78 186
7 INCIN ASH 9:1 BFS:OPC 365 46 AGITATED 329 139 7 381
8 SOILS 9:1 BFS:OPC 404 51 AGITATED 364 181 9 423

TOTAL 8909 1114 1537 3538 683 3334

If lds lts
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TABLE 7-19 COMBINED GROUT AND THEFIMOSET POLYMER PROCESS
RAW MATERIAL COST ($100 GROUT PADDLE)

TO ,_l_ RAW
MATERLN_S

FEEDSTREAM FEEDSTI=IEAM BINDER DRUMS DRUM MIXER PADOLE BINDER BINDEPI
NUMBER DESCRIPTION SELECTED SHIPPED COST TYPE COST REQUIREMENT COST

(DRUMS/YR) _-$/YR) _-$/YR) (_-LBS/YF_ _-$/YR) _-$JYF_

1A 183H SLD LIe VES 672 84 VIBRO 248 :_37 481
1B 183H CRYSTAL VES 629 79 AGITATED 140 234 374 593
1C 1B3H SLUOGE VES 821 103 AGITATED 182 290 464 749
1O 1B3H MISC 9:1 BFS:OPC 69 9 VIBRO 26 1 10
2A (3018 SALT VES 7682 960 AGITATED 1705 2761 4418 7083
2B ION EX RESIN MES 412 52 AGITATED 91 78 125 268 i
2C L045 SLUDGE 3:1 PFA:OPC 1045 131 AGITATED 105 508 12 247
2D R O FILTER 3:1 BFS:OPC 48 6 VIBRO 6 0 6

3 D A W 3:1 BFS:OPC 226 28 MIBRO 34 2 30
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A-1 ELEMT MERCURY VES 36 5 AGITATED 8 192 307 320
5A-2 MERCURY CONT VES 570 71 VIBRO 140 224 295

5B REACT IVETALS MES 64 8 AGITATED 14 20 32 54
5C-1 ELEMENT LEAD VES 126 16 VIBRO 407 651 667
5C-2 LEAD CONT VES 6 1 VIBRO 1 2 2

5D MISC METALS 9:1 BFS:OPC 203 25 VIBRO 814 40 65
6 ABSORB CHEM MES 790 99 AGITATED 175 230] 368 642
7 INCIN ASH 9:1 BFS:OPC 346 43 AGITATED 35 139 7 85
8 SOILS 9:1 BFS:OPC 316 40 AG ITATI=F3 32 181 9 80

TnTAI 14177 1772 2487 6342 7434 11693

If lds lts



TABLE 7-20 COMBINFr} GROUT AND THERMOSET POLYMER PROCESS
RAW MATERIAL COS[ ($900 GROUT PADDLE)

TOTAL RAW

FEEDSTREAM FEEDSTREAM BINDER DRUMS DRUM MIXER PADDLE BINDER BINDER MATERI,,N..S
NUMBER DESCRIPTION SELECTED SHIPPED COE_T TYPE COST REQUIREMENT _ COST

(DRUMS/YR) (K-$fYR) I<-$/YR) 0{-LBS/'YR) I{-$/YR) tK-$/YFI)

1A 183H SLD LIQ VES 672 84 VIBRO 248 397 481
1B 183H CRYSTAL VES 629 79 AGITATED 140 234 374! 593
1C 183H SLUDGE VES 821 103 AGITATED 182 290 464 749
1D 183H MISC 9:1 BFS:OPC 69 9 VIBRO 26 1 10
2A C018 SALT VES 7682 960 AGITATED 1705_ 2761 4418 7063
2B ION EX RESIN VES 412 52 AGITATED 91 78 125 268
2C L045 SLUDGE 3:1 PFA:QPC 1045 131 AGITATED 941 508 12 1083
2D R O FILTER 3:1 BFS:OPC 48 6 VIBRO 6 0 6
3 D AW 3:1 BFS:OPC 226 28 VII]RO 34 2 30
4 CONST DEBRIS 3:1 BFS:OPC 116 15 VIBRO 33 2 16

5A- 1 FIEMT MERCURY VES 36 5 AGITATED 8 192 307 320
5A-2 MERCURY CONT VES 570 71 VIBRO 140' 224! 295

5B REACT METALS VES 64 8 AGITATED 14 20 32 54
5C-1 ELEMENT LEAD VES 126 16 VIBRO 407 651 667
5C-2 LEAD CONT VES 6 1 VIBRO 1 2 2

5D MISC METALS 9:1 BFS:OPC 203 25 VIBRO 814 40 65
6 ABSORB CHEM VES 790 99 AGITATED 175 230 368 642
7 INCIN ASH 9:1 BFS:OPC 346 43 AGITATED 311 139 7 361
8 SOILS 9:1 8FS:OPC 316 40 AGITATED 264 181 9 333

TnTAi 14177 1772 38__3 6342 7434 13059

If lds lts



WRAP FACNJTY, DOE-RL UNITED ENGINEER8& CONSTRUCTOflS
DE-ACO6.91RL11940 PlroieotNo. 6237.008

7.1.3 Feedstream Datasheets

A. The waste throughputs and physical/chemical properties used in the study are based
on information generated for the CDR. Recently, WHC have prepared some draft
feedstream datasheets (_2)which differ somewhat from the study. This sensitivity
analysis is being performed to assess the impact of the new data on the throughput
of product drums through WRAP 2A.

The draft feedstream datasheet numbers are lower than the study numbers as they
are based on an annual throughput of 29000 ft_ where as the study numbers are
based on an annual throughput of 34058 fts. The range from smallest to largest
throughput has been reduced, though the ranking order is similar apart from the fact
that the polyethylene/grout case 2 has now taken over from the polyethylene only
case as the process which produces least product drums, i

C. In summary, the draft feedstream datasheets will not affect the findings of the study,
that is, a polyethylene/grout process is the best process for WRAP 2A.

TABLE 7-21 FEEDSTREAM DATA SENSITIVITY ANALYSIS - SUMMARY

PRODUCT DRUM THROUGHPUT (DRUMS/YR)
PROCESSOPTION ........

DRAFT FEEDSTREAMDATASHEETS STUDY ASSUMFTIONS
I IJ I

PE ONLY 8,736 8,169
i

GROUT ONLY 13,780 23,507
i i ,, i i, i

VES ONLY 10,635 14,176
l l,,i

PE/GROUT CASE 1 8,784 8,909
i i

PE/GROUT CASE 2 8,474 8,963
i ii i

VESIGROUT 11,045 14,518
i I "

WRA"I_:)366................

12/29/93 Page 112



TABLE 7-22 GROUT ONLY PROCESS (CDFI) - WASTE LOAIDINGS

a,CX_M_ WASTE PRETREA_MENT _ TREATMENT

WASTE WASTE TW=ATED TFEATED WASTE BINDER BINDER DRY MIX PtTcXXJz_ P_OOUCT I DRUMS
STREAM STREAM BULK V(].UME BULK PARTICLE LOADING FORMULATION _TION REQUIREMi3_ DENSITY VOLUME SHFPED
NO. DESCRFnON DENS_Y DENS_Y DENSnY - DENSnY

(LB/CF) (CF/YR) (LB/CF) (I.B/CF) (WT%) {U3/CF) ([B/YI_ (LB/CF) (CF/YR) _;S/YR

'IA 183H SLD LIQ 100 825 100 130 25 _.1 BFS:OPC _ 122 18_33 124 _ _0_
1B 183H CRYSTAL 60 1300 60 140 25 _.1 BFS:OPC 122 173333 126 2480 372
1C 183H SLUDGE 69 1400 69 100 25 _.1 BFS:OPC 122 214667 115 3347 503
1D 183H MISC 60 385 75 105 40 _.t BFS:OPC 122 25687i 114 505! 76
2A C018 SALT 88 10460 88 111 10 ENV_ 80 6138533 82 111847 16794
2B ION EXRESIN 55 2140 55 77 20 9:1 BFS:OPC 122 348741 109 5397 810
r2C LO45SLUDGE 75 3050 75 140 30 3:1PFkOF_ 116 395370 122 6255 939

20 R O FILTER 30 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 39
_3 DAW 30 2100 45 58 58 3:1 BFS:OPC 143 33793 77 1405 211
4 CONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 772 116
5A1 VIEI:K_RY # 30 313 30 408! 21 9:1 BFS:OPC 122 26809 142 320 48
5A2 _AERCURYCON1 22 4258 40 581 51 9:1 BFS:OPC 122. 66637 78 2354 353

iSB FEACT METAL # 200 147 200 240 30 _.1 BFS:OPC 122 52045 142 700 105_5C1 B_EM LEAD # 83 846 83 710 18 9.1 BF$:OPC 122 245206 142 2819 423
5C2 _=AD CONT 58 44 80 105 55 _1BFS:OPC 122 1547 112 41 6
i5D VIISCMETALS # 200 607 200 450 20 9:1 BFS:OPC 122 361963 142 4285 643
6 ABSORB CHEM 90 1700 90 90 20 3:1 BFS:OPC 143 453333 128 5g'/1 8g'/

!7 INCIN ASH 35 2300 35 90 30 _.1 BFS:OPC 122: 139136 110 2434 365
8 so n_R 90 680 90 90 20 _ 1 BFS:OPC 122 181333 114 _ 404

4
TOTAL 34058 9077960 15B554 23SD7

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STFEAMS ARE PROCESSED SIMULTANEOUSLY AND NOT AS C.,/kMP_
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE



TABLE 7-23 GFKXJTONLY PROCESS (KRUGER) - WASTE LOAOINGS

INCOMINGWASTE PRETREA'TMENT FINN. TREATMENT PRODUCT

• BULK VOLUME BULK PARTICLE LOADING F_TION F_TION REQUIREMB_ DENSITY VOLUME
NO. "SCRPTION DENSITY DENSITY DENSITY DENSITY

1B 18311CRYSTAL 108 752 108 140 25 9:1 BFS:OPC 122 180583 126 2584 388
lC 1831-1SLUDGE 100 778 100 100 25 9:.1BFS:OPC 122 172936 115 2897 405
101 ,e_HGin" lo0 a2 loo los 4o s:.lBFS:OPC 122 _i 114 7o 11
;£'r2 r834MISC 44 37 59 100 40 9:.1BFS:OPC 122 112 37 6
2A _018SALT 62 5240 62 111 10 ENVY| 80 2185891 82 39476
2B ONEX RESIN 54 329 54 77 20 9:1 BFS:OPC 122 52838 109 815 122
2(3 .045 SLUDGE 140 3205 140 140 30 3:1PFA:OPC 116 775550 122 1227_ 1842
,5A1 _E_RY # 30 9 30 408 21 9:.1BFS:OI_ 122 799 142 10 1
5A2 _IERCSOt.N 66 25 66 66 51 9:.18FS:OPC 122 tlg5 85 39 tS
5A3 VIERCCONTAM 36 42 48 70 51 9:1 BFS:OPC 122 1065 88 33 5
5(31 LEMLEAD# 83 607 83 710 18 9:1 BFS:OPC 122 175864 142 2(]_2 304
5C2 EADSOLN 26 12 26 26 55 9:.1BFS:OPC 122 182 40 14 2
5C3 EADCONTAM 35 97 47 70 55 9:1BFS:OPC 122 2054 87 71 11
7 _ICINASH 175 1666 175 175 30 9:.1BFS:OPC 122 503853 134 7241 1087
9A ;LUDGE 68 3394 68 68 20 9.1 BFS:OPC 122 683828 105 10961 1648

SOLIDS 31 10401 41 62 51 3:1 BFS:OPC 143 229470 86 7"367 1108
_9_ LIQUIDS 37 358 37 37 20 9:.1BFS:OPC 122 39209 84 792 119

EOXED WASTE 100 1547 133 62 51 3:1BF'S:OPC 143' 110088 88 _1 531
4 4157910 69122 1_

TOTAL _ 29OO0

NOTES: + THIS TOTALASSUMESTHATALLWASTES'TW=AMSAREPROCESSEDSIMULTN'4E(XIS-YANDNOTASC/_IP_
# THEAMOUNTOFWASTEPERDRUMISLIMITEDBYWBGHT FORTHESEWASTE



TABLE 7-24 POLYETHYLENE ONLY PROCESS (COLT) - WASTE LOADINGS

INCOMING WASTE PllETREATMENT fiNAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LBICF) (WT%) (LBICF) (LB/YRD (LB/CF) (CF/YR) i (DRUMS/YR

1A 183H SLD IIQ 100 825 16_0! 130 40 POL¥_HYLENE 57 123750 74 2606 4i2i1B 1831t CRYSTAL 60 1300 140 40 POLYETHYLENE 57 117000 75 2610 392
1C 183H SLUOGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 527
1D 183H MISC 60 385 75 105 60 POLYETHYLENE 57 15400 79 490 74
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058! 2862
2B ON EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 58 2905 436
2C L045 SLUDGE 75 3050 75 140 40 POLYETHYLENE 571 343125 75 7654 1149
2D RO FILTER 30 350 40 50 60 POLYETHYLENE 57 7000 53 333 50
3 DA W 30 2100 45 58 70 POLYETHYLENE1 57 27000 58 1560 23457 19800 82 8O9 122
4 CONST DEBRIS 401 1155 60 100 70 POLYETHYLENE
5A1 _IERCURY 30 313 408 408 60 POLYETHYLENEI 57 6260 118 133 20
5A2 MERCURY CON1 22 4256 40 58 60 POLYETHYLENE 57 62421! 58 2709 407
5B REACT METALS 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 70
5C1 ELEM LEAD # 83 846 83 710 65 POLYETHYLENE 57 37478 142 756 114
5C2 LEAD CONT 58 44 80 105 70 POLYETHYLENE 57 1094 84 43 7

5D dISC METALS # 200 607 200 450 69 POLYETHYLENE 57 55310 142 1240 186
6 _BSORB CHEM 90 1700 901 90 40 POLYETHYLENE 57 229500 67 5726 860
7 NCIN ASH 35 2300 35 90 50 POLYETHYLENE 57 80500 70 2307 346

8 ;OILS 90 680 90 90 40 POLYETHYLENE 57 91800 67 22911 344

4 207_4L'___ 57405 8619

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSEO SIMULTANEOUSLY ANO NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-25 POLYETHYLENE ONLY PROCESS (KRUGER) - WASTE LOAOINGS

INCOMING WASTE PRETREATMENT FINALTREATMENT PRODUCT

WA°_TE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT J DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LBICF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/YRI

1A 163H SLD UQ 115 469 115 130 40 POLYI=IHYLENE 57 86942 741 1____5 276
1B 183H CRYSTAL 108 752 108 140 40 POLYETHYLENE 57 121894 75 2719 408
lC 183H SLUDGE 100 778 1001 100 40 POLYETHYLENE 57 116732 69 2826 424
1D1 183H GRIT 100 32 100: 105 60 POLYETHYLENE 57 2137 79 68 10
1D2 183H MISC 44 37 59 100 60 POLYETHYLENE 57 1094 77 36 5
2A C018 SALT 62 5240 62 1111 60 POLYETHYLENE 57 2!6589 80 6727 1010
2B ION EX RESIN 54 329 54 77 60 POLYETHYLENE 57 11844 68 439 66
2C L045 SLUDGE 140 3205 140 140 40 POLYETHYLENE 57 673067 75 15013 2254
5A1 MERCURY # 30 _ ; 30 406 60 POLYETHYLENE 57 187 118 4 1
5A2 MERC SOLN 66 25 66 66 60 POLYETHYLENE 57 1119 62 45 7
5A3 MERC CONTAM 36 42 48 70 60 POLYETHYLENE 57 997 64 39 8
5C 1 ELEM LEAD # 83 607 83 710 65 POLYETHYLENE 57 27118 142 547 82
5C2 LEAD SOLN 26 12 26 26 70 POLYETHYLENE 57 128 31 14 2
5C3 LEAD CONTAM 35 97 47 70 70 POLYETHYLENE 57 1452 66 74 11
7 NCIN ASH 175 7666 175 175 60 POLYETHYLENE 57 194343 96 5075 762
9A SLUDGE 68 3394 68 68 40 POLYETHYLENE 57 346168 61 9467 1422
9B SOLIDS 31 10401 41 62 65 POLYETHYLENE 57 173615 60 8246 1238
9C UQUIDS 37 358 37 37 40 POLYETHYLENE 57 19850 47 706 106

BOXED WASTE 100 1547 133 62 60 POLYETHYLENE 571 103123 60 4304 646
4

TOTAl 290001 2092418 58194 8738

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-26 VES ONLY PROCESS (CDR) - WASTE LOADINGS

INCOMINGWASTE PRETREATMENT FINALTREATMENT PRODUCT

WAS1t: WASiI:: TREATED TREATED WASTE BINDER ! BINDER DRYMD( P;_DUCT PRODL_T DRUMS
STREAM STREAM BULK VOLUME BULK PARTK_LE LOADING FORMULATK)NFORMULATR)NREQUIREMB_T DENSRY VOLUME SHIPPED
NO. DESCRP]]ON DENSRY DENSRY DENSRY DENSRY

0.B/CF) (CF/Y_ 0.B/CF) (LB/CF) eNT%) (LB/CF) 0.B/Y_ (LB/CF) (CF/Y_ (DRUMSMR_

1A 1-_---_-DLIQ 100 825 100 130 _ V_ _ "_ _ _
1B 183t CRYSTAL 60 1300 60 140 25 VESPOLYMER 64 234000 74 4190 629
1C 183H SLUDGE 69 1400 69 100 25 VESPOLYMER 64 289800 71 5465 821
1D 183HMISC 60 385 75 105 60 VESPOLYMER 64 15400 64 459 69
2A _O18SALT 88 10460 88 111 25 VESPOLYMER 64 2761440 72 51159 7682
2B K_NEXRESIN 55 2140 55 77 60 VESPOLYMER 64 78467 71 2747 412
2C L045SLUDGE 75 3050 75 140 40 VESPOLYMER 64 343125 82 6960 1045
2D RO FILTER 30 350 40 50 60 VESPOLYMER 64 7000 55 319 48
3 DA W 30 2100 45 58 70 VESPOLYMER 64 27000 60 1505 226
4 CONSTDBBFUS 40 1155 60 100 70 VESPOLYMER 64 19800' 86 769 116
5A1 MERCURY 30 313 30 408 40 VESPOLYMER 64 14085 97 242 36
5A2 MERCURYCOW 22 4255 40 58 40 VESPOLYMER 64 140448 62 3795 570 !
5B REACTMETALS 200 147 200 240 60 VE._POLYMER 64 19600 115 427 64
5C1 =IEM LEAD# 83 846 83 710 60 VESPOLYMER 64 47597 141 838 126
5C2 _EADCONT 58 44 80 105 70 VESPOLYMER 64 1094 88 41 6
5D VIISCMETALS# 200 607 200 450 64 VESPOLYMER 64 69781 141 1353 203
6 _SORB CHEM 90 1700 90 90 40 VESPOLYMER 64 229500 73 5263 790
7 INCINASH 35 2300 35 90 47 VESPOLYMER 64 90777 74 2304 346
8 SOILS 90 680 90 90 40 VESPOLYMER 64 91800 73 2105 316

+ 472B214 94415 14176
TOTAL 34068

NOTES: + THISTOTALASSUMESTHATALLWASTESTREAMSAREPROCESSEDSIMULTANEOUSLYANDNOTASCAMPAIGNS
# THEAMOUNTOFWASTEPERDRUM ISMMITEDBYWEIGHTFORTHESEWASTESTREAMS



TABLE 7-27 VES ONLY PROCESS (KRUGER) - WASTELOADINGS

INCOMINGWASTE PRETREATMENT FINALTREATMENT PRODUCT

WASTE WASTE T-PgEATED _PP.ATED WA_ BINDER BINDER DR_MIX PF_DUCT PF_ I DRL.._.S
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATIONFORMULATIONREQUIREMB4T DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (t/V_J_) (LB/CF) (LJB/YR) (UB/CF) (CF/YR) (DFIJMS/YR

!IA 1831-1SLDLIQ 115 469 115 130 25 VESPOLYMER 64 161_ 74 2¢r_ ;:_-
[1B 183H CRYSTAL 108 752 108 140 25 VESPOLYMER 64 243787 74 4365 655
1C 183H SLUDGE 100 778 100 100 25 VESPOLYMER 64 233463 71 4402 651!
1D1 i183HGRIT 100 32 100 105 60 VESPOLYMER 64 2137 64 64 10
1D2 183HMISC 44 37 59 100 60 VESPOLYMERi 64 1094 82 33 5
2A (;O18SALT 62 5240 62 111 25 VESPOLYMER 64 974651 72 18057. 2711
21B IONEX RESIN 54 329 54 77 60 VESPOLYMER 64 11844 71 ! 415 62
2C L045SLUDGE 140 3205 140 140 40 VESPOLYMER 64 673067 821 13653 2050
5A1 MERCURY# 30 9 30 408 40 VESPOLYMER 64 420 97 7 1
5A2 MERCSOLN 66 25 66 66 40 VESFOLYMER 64 2519_ 65 65! 10
5A3 MERCCONTAM 36 42 48 70 40 VESPOLYMER 64 2244 67 56 8
5C1 B.EM LEAD# 83 607 83 710 60 VESPOLYMER 64 33574 142 592 89
5C2 LEADSOLN 25 12 26 26 70 VESPOLYMER 64; 126 32 14 2
5C3 I_F_ADCONTAM 35 97 47 70 70 VESPOLYMER 64 1452 68 71 11
7 INCINASH 175 1666 175 175 60 VESPOLYMER 64 194343 104 4683 703
9A SLUDGE 68 3394 68 68 40 VESPOLYMER 64 346168 66 8768 1317
9B SC¢!DS 31 10401 45 62 65 VESPOLYMER 64 173815 63 7896 1186

JQUIDS 37 358 371 37 40 VESPOLYMER 64 19850 50 666 100_:)XEDWASTE 100 1547 133, 62 60 VESPOLYMERI 64 103123 63 4096 615

_T_ 29_0 3179384 70e29 10_5

NOTES: + THISTOTALASSUMESTHATALLWASTESTREAMSAREPROCESSEDSIMULTANEOUSLYANI_NOTAS _/M(_IS
# THEAMOUNTOFWASTEPERDRUMISLIMITEDBYWEIGHTFOFtTHESEWASTESTREAMS



TABLE 7 -28 POLYETHYLENE AND GROUT PROCESS (con) - WASTE LOADINGS CASE 1

INCOMING WASTE PRETREATMENT RNAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRYMIX PRODUCT PRODUCT ' DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LB/CF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/YR]

1A 183H SLD LIQ 100 825 100 130 40 POL¥1EIHYLENE 57 123750 74 2806 421
1B 183H CRYSTAL 60 1300 60 140 40 POLYETHYLENE 57 117000 75 2610 392
lC 183H SLUDGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 527
1D 183H MISC 60 385! 75 105 40 9:1 BFS:OPC 122 25667 114 505 76
2A C018 SALT 88 10460 88 111 80 POLYETHYLENE 57 613653 80 19058 2862
2B ON EX RESIN 55 2140 55 77 60 POLYETHYLENE 57 78467 68 2905 436
2C L045 SLUDGE 75 3050 i 75 140 30 3:1 PFA:OPC 116 395370 122 8255 939
2D R O FILTER 30 350 40' 50 58 3:1 BFS:OPC 143 5632 69 263 39
3 DA W 30 2100 45 56 58 3:1 BFS:OPC 143 33793 77 1405 211
4 CONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 772 116
5A1 MERCURY # 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 20
5A2 MERCURY CON1 22 4256 40 56 60 POLYETHYLENE 57 62421 58 2709 407
5B REACT METAL # 200 147 200 240 60 POLYETHYLENE 57 19600 105 468 70
5Cl ELEM LEAD # 83 846 83 710 85 POLYETHYLENE 57 37478 142 756 114
5C2 LEAD CONT 58 44 60 105 70 POLYETHYLENE 57 1094 84 43 7
5D MISC METALS # 200 607 200 450 20 9:1 BFS:OPC 122 361963 142 4285 643
6 S.BSORBCHEM 90 1700 90 90 40 POLYETHYLENE 57 229500 67 5726 860
7 FNCINASH 35 2300 35 90 30 9:1 BFS:OPC 122 139136 110 2434 365
8 SOILS 90 _LP.n 90 90 20 9:1 BFS:OPC 122 181333 114 2692 404

4
tOTAL 34056 2609898 56332 8909i

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLY ANO NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-29 POLYETHYLENE AND GROUT PROCESS (KRUGER) - WASTE LOADINGS CASE 1

INCOMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT DRUMS

STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LBICF) (LB/CF) (WT%) (LBICF) (LB/YR) (LBICF) (CF/YR) (DRUMS/YR',

1A 183H SLD LIQ 115 469 115 130 40 POLYI:IHYLENE 57 __w394_2 75 I_¢L_qLS 276
1B 183H CRYSTAL 108 752 108 140 40 POLYETHYLENE 57 121894 75 2719 408
1C 183H SLUDGE 100 778 100 100 40 POLYETHYLENE 57 116732 69 2826 424
1D1 183H GRIT 100 32 100! 105 40 9:1 BFS:OPC 122 3561 114 70 11
1D2 183H MISC 44 37 59 100 40 9:1 BFS:OPC 122 1824 112 37 5
2A C018 SALT 62 5240 62 111 60 POLYETHYLENE 57 216589! 80 6727 1010
2B ION EX RESIN 54] 329 54 77 60 POLYETHYLENE 57 11844: 68 439 68
2C L045 SLUDGE 140 3205 140 140 25 3:1 PFA:OPC 116 997136 121 14810 2224
5A1 MERCURY # 30 9 30 408 601 POLYETHYLENE 57 187 118 4 1
5A2 MERC SOLN 66 25 68 66 60 POLYETHYLENE 57 1119 62 45 7
5A3 MERC CONTAM 36 42 48 70 60 POLYETHYLENE! 57 997 64 39 6
5C1 ELEM LEAD # 83 607 83 710 65 POLYETHYLENE 57 27118 142 647 82
5C2 LEAD SOLN 26 12 26 26 70 POLYETHYLENE 57 128 31 14 2
5C3 LEADCONTAM 35 97 47 70 70 POLYETHYLENE 57 1452 68' 74 11
7 NCIN ASH 175 1666 175 175 30 9:1 BFS:OPC 122 503853 134 7241 1087
9A SLUDGE 68 3394 68 68 40 POLYETHYLENE 57 346188 61 9467 1422
9B SOLIDS 31 10401 41 62 51 3:1 BFS:OPC 143! 229470 68 7367 1106
9C .IQUIDS 37 358 37 37 40 POLYETHYLENE 57 19850 47 706 106

BOXED WASTE 100 1547 133 62 51 3:1 BFS:OPC 143 110088 86 3534 531

rt'tT&l 29t_100 2790971 58500 8764

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITEO BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-30 POLYETHYLENE AND GROUT PROCESS (CDR) - WASTE LOADINGS CASE 2

INCOMING WASTE PRETREATMENT FINALTREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT PRODUCT 1 DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (LB/CF) (LB/CF) (WT%) (LB/CF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/YR

1A 183H SLD LIQ 100 825 100 130 25 9:1 BFS:OPC 122 183333 124 _'_,,C,3 400
1B 183H CRYSTAL 60 1300 60 140 40 POLYETHYLENE 57 117000 75 2610 392
1C 183H SLUDGE 69 1400 69 100 40 POLYETHYLENE 57 144900 69 3508 527
1D 183H MISC 60 385 75 105 40 9:1 BFS:OPC 122 25667 114 505 76
2A C018 SALT 88 10460 88 111 60 POLYETHYLENE 57 613653 80 19058 2862
2B ON EX RESIN 55 21401 55 77 60 POLYETHYLENE 57 78467 68 2905 436
2C L045 SLUDGE 75 3050 75! 140 40 POLYETHYLENE 57 343125 75 7654 1149
2D FI0 FILTER 30 350 40 50 58 3:1 BFS:OPC 143 5632 69 263 3Q
3 DA W 30 2100 45 58 58 3:1 BFS:OPC 143 33793 77 1405 211
4 CONST DEBRIS 40 1155 60 100 51 3:1 BFS:OPC 143 32880 117 772 116
5A1 MERCURY # 30 313 30 408 60 POLYETHYLENE 57 6260 118 133 20
5A2 MERCURY CON1 22 4258 40 58 51 9:1 BFS:OPC 122 66637 78 2352 353
5B REACT METAL # 200 147 200 240 60 POLYETHYLENE 57 19600 105 466 70
5C 1 "LEM LEAD # 83 846 83 710 65 POLYETHYLENE 57 37313 143 754 113
5C2 LEADCONT 58 44 80 105 55 9:1 BFS:OPC 122 1547 112 41 6
5D MISC METALS # 200 607 200 450 i 20 9:1 BFS:OPC 122 361963 142 4285 643
6 s,BSORB CHEM 90 1700 90 90 40 POLYETHYLENE 57 229500 67 5726! 860
7 NCIN ASH 35 2300 35 90 50 POLYETHYLENE 57 80115 701 23001 345
8 SOILS 90 680 90 90 40 POLYETHYLENE 57 91800 67 2291 344

4
tOTAL 34058 2473185 59691 8963

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS UMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7--31 POLYETHYLENE AND GROUT PROCESS (KRUGER) - WASTE LOAOINGS CASE 2

INCOMING WASTE PRETREATMENT FINAL TREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRY MIX PRODUCT ' PRODUCT I DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOAEHNG FORMULATION FORMULATION REQUIREMENT DENSITY VOLUME SHIPPED
NO. DESCRIPTION DENSITY DENSITY DENSITY DENSITY

(LBiCF) (CF/YR) (LBICF) (LBICF) (WT%) (LBICF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/YR

1A 183H SLD LIQ 115 469 115 130 25 9:1 BFS:OPC 122 119914! 124 1742 _;
1B 183H CRYSTAL 108 752 106 140 40 POLYETHYLENE 57 121694 75 2719 408
1C 183H SLUDGE 100 778 100 100 40 POLYETHYLENE 57 116732 69 2826 424
1D1 183H GRIT 100 32 100 105 60 POLYETHYLENE 57 2137 79 68 10
1D2 183H MISC 44 37 59 100 40] 9:1 BFS:OPC 122 1824 112 37 5
2A C018 SALT 62 5240 62 111 60 POLYETHYLENE 57 218589 80 6727 1010
2B ON EX RESIN 54 329 54 77 60 POLYETHYLENE 57 11844 681 439 66
2C L045 SLUDGE 140 3205 140 140 40 POLYETHYLENE 57 673067 75! 1501:1 2254
5A1 dERCURY # 30 9 30 408 60 POLYETHYLENEI 57 167 118 1
5A2 dERC SOLN 66 25 68 68 60 POLYETHYLENE 57 1119 62 45 7
5A3 dERC CONTAM 36 42 48 70 51 9:1 BFS:OPC 122 1065 68 33 5
5C 1 ELEM LEAD # 83 607 83 710 65 POLYETHYLENE 57 27118 142 547 82
5C2 .FAD SOLN 26 12 26 26 70 POLYETHYLENE 57 128 31 14 2
5C3 LEAD CONTAM 35 97 47 70 55 9:1 BFS:OPC 122 2054! 87 71 11
7 NCIN ASH 175 1666 175 175 60 POLYETHYLENE 57] 194343 96 5075 762
9A SLUDGE 68 3394 68 68 40 POLYETHYLENE 57 346188 61 9467 1422
9B SOLIDS 31 10401 45 62 51 3:1 BFS:OPC 143 229470 86 7367 1108
9C LIQUIDS 37 358 37 37 40 POLYETHYLENE 57 19850 47 708 108

BOXED WASTE 100 1547 133 62] 5i 3:1 BFS:OPC 143 110088 86 3534 531

") 2195609 56434 6474
r_tTAI *_[]10

NOTES: + THIS TOTAL ASSUMES THAT ALL WASTE STREAMS ARE PROCESSED SIMULTANEOUSLYAND NOT AS CAMPAIGNS
# THE AMOUNT OF WASTE PER DRUM IS LIMITED BY WEIGHT FOR THESE WASTE STREAMS



TABLE 7-32 VES AND GROUT PI:IOCESS (CDR) - WASTE LOADINGS

INCOMINGWASTE PRETREATMENT FINALTREATMENT PRODUCT

WASTE WASTE TREATED TREATED WASTE BINDER BINDER DRYMIX PRO[X.ICT PRODUCT DRUMS
STREAM STREAM BULK VOLUME BULK PARTICLE LOADING FOFiMEI_TION FOF:IMLtATIONREQUIREMB¢I" DENSI'W VOLUME SHIPPED
NO. DESCRP1]ON DENSITY DENSITY DENSITY DENSITY

(LB/CF) (CF/YR) (L.B/CF) (LB/CF) (WT%) (LB/CF) (I.B/YR) (t.B/CF) (CF/YFI) (DRUMS/YR

1A 1831-1SLDLIQ i00 825 100 130 25 VESPOLYMER 65 247500 "- 74 4442 667
1B 183HCRYSTAL 60 1300 60 140 25 VESPOLYMER 65 2341)00 75 4157 624
1C 1831-1SLUDGE 69 1400 69 100 25 VESPOLYMER 65 289800 71 5424 814
1D 183HMISC 60 385 75 105 40 9:1BFS:OPC 122 25667 114 505 76
2A _,018SALT 88 10460 88 111; 25 VESPOLYMER 65 2761440 73 50776 7624
213 IONEX RESIN 55 2140 55 77 60 VESPOLYMER 65 78467 72 2736 411
2C L.045SLUDGE 75 3050 75 140 30 3:1 PFA:OPC 116 385370 122 62'55 939
2D RO FILTER 30 350 40 50 58 3:1BFS:OPC 143 5632 69 263 39
3 DAW 30 2100 45 58 58 3:1BFS:OPC 143 33793 77 1405 211
4 CONSTDEBRIS 40 1155 60 100 51 3:1BFS:OPC 143 32880 117 772 116
5A1 MERCURY# 30 313 3,J 408 40 VESPOLYMER 65 14085 98 240 36
5A2 MERCURYCOf_ 22 4256 40 58 40 VESPOLYMERi 65 140448 62 3775 567
513 REACTMETAL# 200 147 200 240 60 VESPOLYMER! 65 19600 116 424 64
5C1 ELEMLEAD# 83 846 83 710 50 VESPOLYMER_ 65] 47597 142 831 125
5C2 .F_ADCONT 58 44 80 105 70 VESPOLYMER 65 1094 89 41 6
5D VIISCMETALS# 200 607 200 450 20 9:1BFS:OPC 122 361963 142 4285 643
6 aBSORBCHEM 90 1700 90 90 40 VESPOLYMER 65 229500 73 5231 785
7 INCINASH 35 2300 35 90 30 9:.1BFS:OPC 122 139136 110 2434 365
8 SO!I_S 90 680 90 90 20 9:1BFS:OPC 122 181333 114 28S2 404

-o I
tOTAL 34O58 1 5238306 96688 14518

NOTES: + THISTOTALASSUMESTHATALLWASTESTFIEAMSAREPROCESSEDSIMULTANEOUSLY_;=_,NDNOTAS_AIGNS
# THEAMOUNTOFWASTEPER DRUMISUMITEDBYWEIGHTFORTHESEWASTESTREAMS



TkBLE 7-33 VES AJMDGROUT PROCESS (KRUGER) - WASTE LOADINGS

INCOMINGWASTE PRETREATMENT FINALTREATMENT PRODUCT

WASTE _ TREATED _WASTE BINDER _ -- DRYMIX PRODUCT _ DRUMS
STREAM ;TREAM BULK VC].UME BULK PARTICLE LOADING FORMULATIONFORMIJJ_TION REQUIREMBCr DENSITY VOLUME
NO. )ESCRPTION DENSITY DENSITY DENSITY DENSIW

(LB/CF) (CF/YR) (LB/CF) 0.B/CF) (Wl_) (U]/CF) (LB/YR) (LB/CF) (CF/YR) (DRUMS/_

1A _LIQ _ 469 1-_ 1-_ _ _ _ _ _ _
1B 183HCRYSTAL 108 752 108 140 25 VESPOLYMER 65 243787 75 4331 650
1C 183HSLUDGE 100 778 100 100 25 VESPOLYMER 65 233463 71 4370 658
1D1 183HGRIT 100 32 100 105 40 9:1BFS:OPC 122 3561 114 70 11
1D2 183HMISC 44 37 59 100 40 _.1BFS:OPC 122 18L:q 112 37 6
2A C018SALT 62 5240 62 111 25 VESPOLYMER 65 974651 73 17922 2891
213 iON EXRESIN 54 329 54 77 60 VESPOLYMER 65 11844 72 413 6211e g_,_s _2_ 1_0 22_
2C .045SLUDGE 140 3205 140 140 25 3:1PFkOPC
5A1 VIERCURY# 30 9 30 408 40 VESPOLYMER 65 420 98 7 1
5A2 MERCSOLN 66 25 66 66 40 VESPOLYMER 65 2519 65 64 10
5A3 MERCCONTAM 36 42 48 70 40 VESPOLYMER 65 2244 67 56 8
5(:;1 B_EMLEAD# 83 607 83 710 60 VESPOLYMER 65 33574 143 587 88
5C2 LEADSOLN 26 12 26 26 70 VESPOLYMER 65 128 32 14 2
5C3 LEADCONTAM 35 97 47 70 70 VESPOLYMER 65 1452 68 71 11
7 INCINASH 175 1668 175 175 30 9:1 BFS:OPC 122 503853 134 7255 1088
19A SLUDGE 68 3394 68 68 25 9:1 BFS:OPC 122 512871 102 9083 1364
gB 3OLIDS 31 10401 45 62 51 3:1BFS:OPC 143 229470 86 7367 1108
9C .IQUIDS 37 358 37 37 40 VESPOLYMER 65 19_50 50 663 100

_XEDWASTE 100 1547 133 62 51 3:1BFS:OPC 143 110088 86 3534 531
4 4044619 73559 11045

rOTAL 29000

NOTES: + THISTOTALASSUMESTHATALLWASTESTREAMSAREPROCESSEDSIMULTANEOUSLYANDNOTAS CAk_AIGNS
# THEAMOUNTOFWASTEPERDRUMIS UMITEDBYWEIGHTFORTHESEWASTESTREAMS
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7.2 Total Estimated Cost (TEC) for Recommended Option

7.2.1 Introduction

A. A Rough Order of Magnitude (ROM) TEC was developed for 2 options presented in
this study. These options include:

• Grout + PE - Case 2 (recommended option)
• Grout + VES

B. The purpose of the ROM cost estimates are twofold. One is to determine the
differential capital cost advantage of one option over the others. The second is to
determine if the Grout and PE option is bound by the CDR cost baseline of $81 million
TEC.

C. In order to perform a differential cost comparison on an equal basis, the Grout/PE and
Grout/VES option installed cost estimates are based upon the drum throughputs and
waste fractions presented in Sections 6.2.4 and 6.2.5 of this study. This results in
an increase of drum throughputs for the Grout/VES option over the CDR baseline.
The capital cost impact of this throughput increase is primarily in the plant equipment
(D account) and the Instrument & Controls (G account). This is primarily due to the
additional waste/binder mixing equipment required to achieve the additional 78
percent throughput requirements over the CDR baseline.

7.2.2 TEC Basis

A. These estimates were developed based upon factoring the 7/31/92 WRAP Module 2A
baseline CDR estimate. The factoring method was essentially the same as that used
to estimate the major plant and capital equipment initial expenses shown previously
for the option comparisons. The factoring basis for most "D" account process
equipment handling waste or treated waste was drum throughput as compared to the
CDR baseline. The associated building space requirement for these process areas was
also factored based upon drum throughput.

B. Building costs (accounts A, B, C, H, & J) were developed based upon factors tied to
building floor space or volume. Some process support systems (decontamination, off-
gas treatment) were factored based upon process enclosure size. Process utility
systems were not factored but were evaluated and adjusted if a particular utility (e.g.
N2 gas) was not required for the process. Piping, electrical, and instruments/controls
costs were factored from rationing the total "D" account costs (without sales tax).
The only exception was the piping estimate for the PE + Grout case which was
factored after excluding piping associated with the VES polymer storage and
solidification process.

C. Explanation of the cost estimate basis and factoring method is given in Appendix A.

7.2.3 TEC Results

A. The ROM TEC estimate for the Grout and PE preferred option indicates on Table 7-35
that it is less than the $81 million CDR cost baseline by about $1.1 million (refer to
Table 7-34). If the Grout/PE case was evaluated on the same throughput/waste
loading basis as the CDR grout-VES configuration, the ROM TEC for Grout/PE would
be considerably less than the $79,946,000.

B. Using the study throughput and waste loading basis, as specified in Section 6.2.4,
results in a ROM differential TEC cost between the two options as follows:

WRAPO_e8 ........
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• Grout + PE 079,946,000
• Grout + VES _94.197.000

$14,251,000

C. A further breakdown of the plant equipment installed costs is itemized in Table 7-39.
This table shows a cost comparison for each process system as derived through
factoring previously described. However, there are not direct comparisons to every
individual CDR process system, particularly the polymer storage, mixing and
cure/storage systems. This is because the CDR VES polymer cost estimate was
updated in the latter phases with overall cost adders for below ground solvent storage
facilities and additional segregated cure/storage facilitie& Tables 7-37 and 7-38 show
the differences between each estimating account.

7.3 Conclusion

A. The sensitivity analyses shows that the evaluation process is not significantly
affected by changes in waste loading, waste throughput or paddle cost and that the
polyethylene/grout process is the best process for the WRAP 2A feedstream&

& The ROM cost analysis shows a clean cost differential advantage of the Grout/PE
option over the Grout/VE option, when compared using the study throughput/waste
loading basis. It also demonstrates the Grout/PE option cost is bound by the CDR
cost baseline, even when using the study throughputs and waste Ioadings.

WRAP0366
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TABLE

CkenI:US0OE RICHLANDOPERATION OFFICE Raytheon Engineers & Constructors. Inc.

Project: WRAP MOOULE 2A CDR ESTIMATE Weolem Opelridk_ll DaM: 16-Jul-93

I.ocMion: HANFOFID. WA GROUT + PE II CASE Priced By:. RDS
Job No: 6237.006 Fbv No.: 1

, ACCT DESC_PTION .u.___qH(X.,_ LABOR .l_'_".l"EJ".._ SI _--_, TOTALi

A F.ARTI-M_RK 5,936 154.979 27.417 65,012 $247.407
B CONCRETE 21,890 583.731 364.079 $967.810
C STRUCTURES 6.386 195.279 563.101 $778,379
0 PLANT EQUIPMENT 44.233 1,285.801 13,706.926 769,320 $15.762,048
E PIPING 25.484 800.811 550,904 195.713 $1.557.428
F ELECTRICAL 53.349 1.636.271 2.318.735 $3.955.(X)5
G INSTRUMENTS & C0NTROt_ 18.291 561.157 1.874.793 2.213.405 $4.649.355H PAINTING
J tNSULATION 412.080 $412.060

214.g92 $214,282
K BUILDINGS & ARCHITECTURAL 17.404 453,615 694.827 1.018.725 $2.167.167L 0EMOUTK3N

FIXED PRICE CON TRACTOR 2.496.000 1.281,000 602.000 $4.365.000(PER KEH 44% ON DIRECT
19 97% ON CONTRACTOR FURNISHED MAlrL
- Not inducing Melor E_t-

Imd 1231% on Subs)

$7.804.000 ----'----"
WSS 110000 PSAR CHAPTERS 4-7 A/E SUPPORT TO OPER. CONTR PER WHC $476.000
V_S 120000 TITLE III ENGINEERING 66% PER MOO 1 $2.386.000
WBS 210000 CONSTRUCTION MANAGEMENT & ADMINISTRATION 8.1% PER MOO 1 $2.g28.(XX)
WOS 3.10000 OPERATING CONTRACTOR SUPPORT PER _ $140.000
WBS 4(XXX)00PERAllNO CONTRACTOR MANAGEMENT (TITLE I & OVERALL) PER WHC $1.852,000

-mmmmemmmm

v cRA_P.EM._PAY 2.oo_oF_ LABOR s_.ooo
,' ' TOTA L WITHOUT ESCALATION OR CONi-iNGC_.,.,'Y '

W ESCALATION PER CONSTI:UCTtON SCHEDULE 23.49% OVERALL $12.181.000

SUBTOTAL
t_J ILia .ii.

W CONTINGENCY 24.86% OVERALL $15.916.000
1 i

TOTAL ESTIMATEO COGT (TEC) $711J)41,000
ii



TABLE7-35

C_mt USOOERICHLANDOPERAllC_ OFFICE Raytheon Engineers & Constructors. Inc.
F_ject: WRAP MO(XAJE 2A COR ESTIMATE Weetem OpmreSkme Dell: 16-Jul-93

Locsbon: HANFORD. WA GROUT . VES CASE Priced By:. RDS
Job No.: 6237.006 Rev No.: 1

DE_PTK)N IIANt-K)UF:IS _ llki_TEl:llAJ. _ TOTAL
i i

A EARTHWORK 6.379 166.799 35.408 68,912 $271.119
B GOt_RETE 23.543 628.618 431.947 St ,060.566
C STRUCTURES 7.1)42 214.932 638.048 $852.900
O PLANT ECAJIPMENT 54.991 1.596.550 16.639.100 941.620 $19.379.270
E PIPING 39.825 1.251.452 875.410 307.352 $2.434.214
F ELECTRICAL 65.406 2.005.888 _ 2.845.976 $4.65 1.865
G INSTRUMENTS & CONTROLS 22.387 686.836 2.294.678 2.700.127 $5.690.642
H P/MNTING 436.8OO $438.e00
J INSULATION 227.136 $227.136
K BULLDOGS & #J:IIC_(TEC'I1URAL 10.696 480,695 772.458 1.048.688 $2.310.841
L OEMOUTI(_

_UNOING 3o _ _t_ _ S._
DIRECT FIELD COST 238,300 _;71043,000 _24,733,000 _5,7401000 $37.516.000

FIXED PRICE CONTRACTOR 3.099.000 1.576.000 707.000 $5.382.000
(PER KEH 44% ON DIRECT LABOR.
19.97% ON CONTRACTOR FURNISHED MAT'L
- Not including Major Ecluipm_t-

and 12 31% on Subs)
KEHamo_ RATE , ,ta04,000 , _789,000 ;_65,000 St,2_,000

INDIRECT FIELD COST _p,403,(XX) ' _[,2,365,000, ,_00.000 _rM.m.ooo
TOTAL FIELD COST 238,300 _10_446,000 _[,27,096,000 ] _1_6.I$410.000 _1_14.184.000
VVBS 110000 DEFINITNE DESIGN (INCLUDES'TITLES I & I!) $7.804.000
WBS 1 t 0000 PSAR CHAPTERS •- 7/VIE SUPPORT TO OPER (:X:WITL PER WHC $476.00O
WlBS 120000 TITLE m ENGINEERING 6.6% PER MOO 1 $2.916.000
WBS 21OOOOCONS_ MANAGEMENT & ADMINISTRAllON e.1% PER MOO 1 $3.578.000
WBS 3300(X) OPERATING CONTRK:;TOR SUPPORt" PER WHC $140.000
WIBS 400(XX) OPERATING CONTFM_TOR MANAGEMENT (TITLE I & OVERALL) PER WHC $1.852.(XX)

i i i ..j

TOTAL FIELD AND HOME OFFICE , _1&0.951.000

V CRAFT PREMIUM PAY 200% OF _ _ $141.000

TOTAL WTTHOUT.ESCALATION OR CX_NTiNGENCY ........... _/41:0_2,000

W ESCALATtON PER CONS_ SCHEDULE 23.49% OVERALL $14.352.000

$P_.444,oooSUBTOTAL .............

W CONTINGENCY 24.66% OVERALL $18.753.000i

TOTAL ESTIMATED COST (TEC) $94.1117.000



7-36

Cbenr USDGE RICHI.AND OPERATION OFFICE Raytheon Engineers & Conslructors. Inc.
Project: WRAP MOOULE 2A COFI ESTIMATE Weetem Operellone Dale: 15-,Jb; -93

Locebon: HANFORD. WA BASE CASE P_:ed By: ROS
Job No.: 6237.008 Rev No.: 0

ACCT DESCRIPTION , u-A-NHOUI:tS LA__RG_ ._u_A.TERIAL .¢l _ TOTALi ii

A EARTHWORK 5.604 145,848 ! 5.073 63.106 $224.027
B CONCRETE 20,631 548.672 327.678 $876.350
C STRUCTURES 5.702 175.120 529.701 $704.821
O PLANT EQUIPMENT 43.190 1.255,492 13.945.783 792.467 $15.993.742
E PIPING 33.170 1,043.137 711.378 258.667 $2.013.182
F ELECT_ 54.652 1.676.723 2.366.416 $4.043.141
G INSTFIUMENI"S & CONTI:K)LS 18.84 ! 578.041 1.931.200 2.280.000 $4.789.241
H PAINTING 400.000 $400.000
J INSULATION 208.000 $208.000
K BUILD¢4GS & ARCHITEC11JRAL 15.704 405.226 581.M0 998.750 $1.9e5.836L DEMOUTION

ROUNDING (494) _2591 (_91 $10
DIRECT FIELD COST 197,_'_0__, #5,828.000 #20.409.000 :l_5.001,_000__ :I,31.238.000

FIXED PRICE CONTRACIOR 2.564.000 1.291 .(XX) els.ooo $4.471.000
(PER KEH 44% ON DIRECT LABOR.
19.97% ON CONTR/_TOR FURNISHED MAT'L
- Not Including Major Equipment-

and 12.31% on Subll)

KEH3_ G_ RATE __, _ nnn ,-sK_t,-n_- $169nnn _;1.o72.__n00
IhlOIRECT FIELD' C_ST ..... ft2_816',_( _ _1.942,000__ _;785r_*"Jr___ _5,54,3,000_
TOTAL FI_LD COST 197,_ _,_H.,000 ] 1_,351,__N__i $5.786.__t_0 ___u__.781,000
WBS 110000 DEFINITIVE DESIGN (INCLUDES liliES I & il) $_.804.000
WBS 110000 PSAR CHAPTERS •- 7/VIE SUPPORT TO OPEFL CONTR PER WHC $476.000
wBS 120000 TITLE III ENGINEERING 6.6_ PER MOO 1 $2.428.000
WBS 21(XXX) CONSTRUCllON MANAGEMENT & ADMINISTRATION 8.1% PER MOO I $2.978.000
W1BS33(X)00 OPERATING CONTRNC'TOR SUPPORT PER WHC $140.000
WBS 400000 OPERAllNG CONTRN_TOR MANAGEMENT (TITLE I & OVERAU_ PER WHC $1.852.000

TOTAL FIELD AND HOME OFFICE ..... , J _52 A._..._O._i,jO0

V CRAFT PREMIUM PAY 200% OF DIRECT LABOR $117.000

.... T .01".A.LWITHOUT ESCALAT.ION OR CONTINGENCY ..... Sr_,$TI__N__-

W ESCALATION PERCONS_ SCHEDULE 2349_ OVERALL $12.352.000

SUBTOTAL ..... " .., '"' . ¢._4_.i_9_lin,Evj_

W C(_TINGENCY 24.88% OVERALL $16.139.000

i •

TOTAL ESTIMATED (X)ST (TIEC) $111.000.G00
I



TABLE7-37
GRAND TOTALMODULE 2A CDR ESTIMATE

INCLUDING GROUT + PE II OPTION

Client: USDOERICHLANDOPERATIONOFFICE United Engineers & Constructors
Proiect: WRAPMOOULEZACORESTIMATE Western Operabons

Locatmon:HANFORD,WA REVtSIONI
Jol_No.: 6237.008

DESCRIPTION TOTAL CHANGES ADJUSTME._..,.,_._ TOTAL

$224,027 $23,380 247,407
A EARTFNVORK $876,350 $91,460 967,610
B CONCFE'rE $704.821 $73.558 778,379
C STRUCTURES $15,993,742 ($231,694} 15,762,04.8
D PLANTEQUIPMENT $2,013,182 ($455.754} 1,557,428
E PIPING 3.955,005
F ELECTRICAL $4,043.141 ($_,136}
O INSTRUMENTS&CONTROLS $4,789.241 ($139.8861 4,649.355$400.000 $12,080 412,080
H P_NTING $208.000 $8.282 214.282
J INSULATION 2,167,167
K BUILDINGS& ARCHITECTURAL $1,985,836 $181,331
L DEMOLITION 0 $1 378 1.038

RIOUNDINGIALLCONSTRUCTIONPACKAGES_.

I 110000 DEFINITIVE DESIGN-- U_P-&E ........ I +'_;_ ;_ I , 476,000
120000TITLEIII ($42,000: 2,,386,,000$2 979 000 ($,51000 2 928000
210000 CONSTRUCTIONMGMT& ADMIN (KEH) .... 140.000
330000 OPERATINGCONTRACTORSUPPORT(WHC) $140000 1852000
340000OVERALLPROJECTMANAGEMENT_VHCI $1 852 000

"---" 113.000
V CRAFTPREMIUMPAY $117,000 ($4 12,181,000
W ESCALATION $

SUBTOTAL $64,929,000 ( $64,030,000
W NCY

TOf'AL ESTIMATED COST

NOTE. OPTIONCOSTSAREA ROM ESTIMATEDERIVEDBY FACTORINGTHE 2AC.,DRESTIMATE



7-38 GRAND TOTALMODULE 2A CDR ESTIMATE
INCLUDING GROUT + VES OPTION

Client USDOERICHLANOOPERATIONOFFICE United Engineers & Constructors
PrOleCt.WRAPMOOULE2A CDRESTIMATE WeslemOperations

Location:HANFORD.WA
JobNO.: 6237.008 RE_SION I

....... 2ACDR GROUT +VES CONTINGENCY REVISED

ACCT ....OESCRIPTION TOTAL CHANGES ADJUSTMEI_ TOTAL

A EARTHWORK $224:027 $47,092 271,119
B CONCRETE $876,350 $184.216 1,060,566
C STRUCTURES $704.821 $14_,159 852.980
D PLANTEQUIPMENT $I 5.993.742 $3.385.528 19,379.270
E PIPING $2.013.182 $421,032 2,434.214

F ELECTRICAL $4,043,141 $808,724 4,851,865G INSTRUMENTS& CONTROLS $4,789,241 $901.401 5,690,642
H PAINTING $400.0C_ $36.800, 436,800'
J INSULATION $208.000 $19,1361 227.136
K BUILDINGS& ARCHITECTURAL $1,985,836 $325.005i 2,310,841
L DEMOLITION

(S,_o) S_O8 s_,
41i .I 238000 $6278000 "$37516000
qF FIXt=DPRICECONTRACTORMARKLJP $4,471,000 $911,000 5,382,000

CONSTRUCTIONMGM'rG&A $1,072,000 $214000 .. 1,286,000
INDIREC;TFIELDCOST $5j54"3,000 $1_125,000 _,668,000

' '. TOTAL,'"F_ELD"COST" ,,, '" :_6,781;000 .... $7,403;000 _14,184,000

OTHER TEC ELEMENTS
SCHEDULERESERVE

110000DEFINITIVEDESIGN - UE&C $7,804 000 7,804,000
110000PSARCH 4-7 A,_ SPT.TO OPER.CONTR. $476,000 476,000
120000TITLEIII $2,428,000 $488.000 2,916,000
210(XX)CONSTRUCTIONMGM'r"& ADMIN(KEH) $2979000 $600,000 3,579,00_
330000OPERATINGCONTRACTORSUPPORTC4VHC) $140000 140000
340000OVERALLPROJECTMANAGEMENT,_! $1852 000 1 8520(30

' ,, , TOTAL FIELD AND H(3ME OFFICE $52,;t60.000 ....$8,491j000 ,$60,951,000

V CRAFTPREMIUMPAY $117,000 $24,000 141.000
W ESCALATION $12,352,000 $2,000,000 ,,, 14,352,000

SUBTOTAL $64.929,000 $10,515.0(X) $75,444,000
W ' CONTINGENCY $16,139.000 $2,614_(XX) ($13,129,000} 18,753,000

I:TOTAL ESTIMATED COST ('I'ECI , , $81.068,000 $13,129,000 ($13,129,000] $94,197,000
ii ,i • .. i i i

NOTE. OPTIONCOSTSAREA ROMESTIMATEDERIVEDBY FACTORINGTHE 2A CORESTIMATE
,,.



TABLE 7-39

PLANT EQUIPMENTCOST BREAKDOWNCOMPARISON I
I

INSTALLEDPLANTEQUIPCOST ($K)
PROCESSSYSTEM CDR BASEUNE GROUT+ VES GROUT + PE-CASE2

GROUT STORAGE 279 518 406
VIBRO GROUTMIXING 581 (1) 340 273
STIRREDGROUTMIXING 337 (1) 388 N/A
POLYMERSTORAGE (2) 637 19
VIBRO POLYMERMIXING 1142 (1.2) 230 N/A
STIRREDPOLYMERMIXII_G (1,2) 203 N/A
EXTRUDEDPOLYMERMIXING N/A N/A 702
OPEN/SORT/SZRED/HOMOG/REPACK 3222 3436 2889
SPECIALWASTEPRETRTIREPACK 1420 1456 1416
MATLHNDLG/SHP&REC/CURE&STORE 1126 1917 1458
NDA _ 3769 2883
OFFGASTREATMENT 279 329 288
DECONTAMINATION 34 40 35
SECONDARYWASTETREATMENT 139 139 139
AQUEOUS MAKEUP 25 25 25
UTIUTIES 225 225 183
HVAC 3063 3701 3379
SAMPLING 452 452 452

TOTALPLANTEQUIPCOST (3) 14986 17805 14547

NOTES: (1) Baselinegrout& VES polymermixingequipmentcostsincludecure/storagecosts.
(2) Baselinepolymerstorage,mixing,& curestoragelumpedintosingleaccount.
(3) Totalplantequipmentcosts are total installedequipmentcostswithoutsalestax

added to the materialcost.
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APPENDIX A

RAYTHEON KNOIIqBER8 AND CONSTRUCTORS, INC.
WESTERN OPERATIONS

ESTIMATE BASIS

Clients U.S. DOE RIchland Project Manager8 M.J. Welters
Operations Office

Projects WRAP Module 2A CDR Project EstLmators R.D. Smith

Locations Hanford, W& Dates 16 July 1993

Job No. s 6237. 008 REVISIONs 0

1.0 Pb'_POSE

The U.S. DOE Richland Operations Office (USDOE-RL) has requested that

Raytheon Engineers & Constructors, Western Operations (RE&C) develop two
options as defined in the Single Immobilization Study to allow comparison
to the CDR Baseline TEC estimate. The desired accuracy of the associated
Rough-Order-of-Magnitude estimates are +/- 25t. The construction work will
not be performed or supervised by RE&C.

2.0

The two propose_ options estimated are as followsz

i). Grout and VES Polymer Solidification Process (Grout + VES} as
described in Section 6.2.5, of the Process Descriptions in the ACOR
Single Immobilization Study.

2). Grout and Polyethylene Polymer Solidification Process (Grout + PE
II) as described in Section 6.2.4, of the Process Descriptions in
the ACDR Single Immobilization Study.

The cost estimates for these two options have been developed by factoring
the 31 July 1992 W_P Nodule 2A CDR Estimate (Base Case}. Equipment account
adjustments have been derived by factoring installed costs by the through-

put process system flows for the two options as compared to the Base Case.

Other account adjustments have been based on necessary building area and
volume adjustments.

3.0 CO)_PETITIVE ANALYSIS

None. RE&C has been requested to perform this systems analysis as part of
the Single In_nobilization Study.

4.0 CONSTRUCTION APPROACH

Construction has been assumed to be performed by the same Module 2A CDR
fixed price contractor as in the 31 July 1992 estimate. A 2.0% of direct
labor cost allowance for craft premium pay has been included, as in the 31
July 1992 estimate.

5.0 QUANTITY BASIS

Quantity takeoffs have not been performed. Cost derivation has been made
based on factoring the previous estimate (see Pricing).



USDOE-Rlchland Operation Office 16 July 1993
Single Immobilization Study Options

6.0 PRICING

The pricing for each account has been derived by factoring the 2A CDR costs
from the 31 July 1992 estimate. Individual account adjustments were
developed as followsz i

OPTION I - GROUT + VES

A-Account (Earthwork) - Adjustment consists of 4% additional building area,
5% additional building volume (1.04 x 1.05), plus the earthwork portion of
the lay and cure storage costs (2.84t x $883,000) that was formerly in the
"D" equipment costs. The earthwork portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

B-Account (Concrete) - Adjustment consists of 4% additional building area,

5% additional building volume (1.04 x 1.05), plus the concrete portion of
the lay and cure storage costs (11.12% x $883,000) that was formerly in the
"D" equipment costs. The concrete portion of the building has been

extracted from the 31 July 1992 estimate building only costs.

C-Account (Structures) - Adjustment consists of 4% additional building area,
5% additional building volume (1.04 x 1.05), plus the structures portion of

the lay and cure storage costs (8.95% x $883,000) that was formerly in the
"D" equipment costs. The structures portion of the building has b_en
extracted from the 31 July 1992 estimate building only costs.

D-Account (Equipment) - Adjustment consists of the new total of the "D"
installed equipment costs less the lay and cure storage costs, divided by
the previous "D" installed equipment costs ($17,805,000/ ($15,993,742-
1,009,064) - 1.19), plus the HVAC portion of the lay and cure storage costs
(40.3% x $883,000) that was formerly in the "D" equipment costs. The HVAC
portion of the building has been extracted from the 31 July 1992 estimate
building only costs.

E-Account (Piping) - Adjustment consists of the new total of the "D"
installed equipment costs less the lay and cure storage costs, divided by
the previous "D" installed equipment costs ($17,805,000/ ($15,993,742-
1,009,064) = 1.19), plus the building piping portion of the lay and cure
storage costs (4.52% x $883,000) that was formerly in the "D" equipment

costs. The piping portion of the building has been extracted from the 31
July 1992 estimate building only costs.

F-Account (Electrical) - Adjustment consists of the new total of the "D"

installed equipment costs less the lay and cure storage costs, divided by
the previous "D" installed equipment costs ($17,805,000/ ($15,993,742-
1,009,064) = 1.19), plus the building electrical portion of the lay and cure
storage costs (5.13% x $883,000) that was formerly in the "D" equipment
costs. The electrical portion of the building has been extracted from the
31 July 1992 estimate building only costs.

G-Account (Instrumentation) - Adjustment consists of the new total of the
"D" installed equipment costs less the lay and cure storage costs, divided
by the previous "D" installed equipment costs ($17,805,000/ ($15,993,742-
1,009,064) = 1.19).
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H-Account (Painting) - AdJultment consists of 4% additional building area,
5% additional building volume (1.04 x 1.05), plus the painting portion of
the lay and cure storage costs (0.25t x $883,000) that was formerly in the
"D" equipment costa. The painting portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

J-Account (Xnsulatlon) - Adjustment consists of 4% additional building area,
St additional building volume (1.04 x 1.05), plus the Insulatlonportlon of
the lay and cure storage costs (0.25% x $883,000) that was formerly in the
"D" equipment costa. The insulation portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

K-Account (Buildings & Architectural) - Adjustment consists of 5t additional
building volume (1.05), plus the building portion of the lay and cure
storage costs (24.24% x $883,000) that was formerly in the "D" equipment
costs. The applicable portion of the building has been extracted from the
31 July 1992 estimate building only costs.

OPTION 2 - GROUT + PE IX

A-Account (Earthwork) - Adjustment consists of 1% additional building area,
2% additional building volume (1.01 x 1.02), plus the earthwork portion of
the lay and cure storage costs (2.84% x $554,000) that was formerly in the
"D" equipment costs. The earthwork portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

B-Account (Concrete) - Adjustment consists of 1% additional buildlng area,
2% additional building volume (1.01 x 1.02), plus the concrete portion of
the lay and cure storage costs (11.12% x $554,000) that was formerly in the
"D" equipment costs. The concrete portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

C-Account (Structures) - Adjustment consists of 1% additional building area,
2% additional building volume (i.01 x 1.02), plus the structures portion of
the lay and cure storage costs (8.95% x $554,000) that was formerly in the
"D" equipment costs. The structures portion of the building has been
extracted from the 31 July 1992 estimate building only costs.

D-Account (Equipment) - Adjustment consists of the new total of the "D"
installed equipment costs less the lay and cure storage costs, divided by
the previous "D" installed equipment costs ($14,547,000/ ($15,993,742-
1,009,064) = 0.97), plus the HVAC portion of the lay and cure storage costs
(40.3% x $554,000) that was formerly in the "D" equipment costs. The HVAC
portion of the building has been extracted from the 31 July 1992 estimate
building only costs.

E-Account (Piping) - Adjustment consists of the new total of the "D"
installed equipment costs less the lay and cure storage costs, divided by
the previous "D" Installed equipment costs ($14,547,000/ ($15,993,742-
1,009,064) = 0.97), less the piping costs associated with the VES Polymer
Storage & encapsulation ($435,000), plus the building piplngportion of the
lay and cure storage costs (4.52% x $554,000) that was formerly in the "D"
equipment costs. The piping portion of the building has been extracted from
the 31 July 1992 estimate building only costs.
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F-Account (Electrical) - Adjuotment consists of the new total of the "D"
installed equipment costs less the lay and cure storage cos%m, divided by
the previous "O" installed equipment costs ($14,547,000/ ($15,993,742-
1,009,064) = 0.97), plus the building electrical portion of the lay and cure
storage costs (5.13% x $554,000) that was formerly in the "D" equipment
costs. The electrical portion of the building has been extracted from the
31 July 1992 estimate building only costs.

O-Account (Instrumentation) - Adjustment consists of the new total of the
"D" installed equipment costs less the lay and cure storage costs, divided
by the previous "D" installed equipment costs ($14,547,000/ ($15,.993,742-
1,009,064) = 0.97).

H-Account (Painting) - Adjustment consists of 1% additional building area,
2% additional building volume (1.01 x 1.02), plus the painting portion of
the lay and cure storage costs (0.25% x $554,000) that was formerly in the
"D" equipment costs. The painting portion of the building hae been
extracted from the 31 July 1992 estimate building only costs.

J-Account (Insulation) - Adjustment consists of 1% additional building area,
2% additional building volume (1.01 x 1.02), plus the insulation portion of
the lay and cure storage costs (0.25% x $554,000) that was formerly in the
"D" equipment costs. The insulation portion of the building has been
extracted from the 31 July 1992 estimate building only costs. !

K-Account (Buildings & Architectural) - Adjustment consists of 2% additional
building volume (1.02), plus the building portion of the lay and cure
storage costs (24.24% x $554,000) that was formerly in the "D" equipment
costs. The applicable portion of the building has been extracted from the
31 July 1992 estimate building only costs.

?.0 LABOR _0STS

The field costs for craft labor and contractor management were developed as
part of the 31 July 1993 estimate all-in wage rates. The construction
effort has been based on a 40-hour work week.

e.0

This work has been assumed to be performed using the same construction
schedule as in the 31 July 1992 estimate.

9.0 LSCALATTON

All pricing and escalated wage rates are based on the same escalation markup
(23.49%) as in the 31 July 1993 estimate.

10.0 RE&C SERVICES

The estimate includes the same dollar allowances for Title I and II design
as in the 31 July 1993 estimate.

11.0 INDIRECTS

Indirects for the fixed price contractor, as in the previous estimate at 44%
on direct material, 19.97% on contractor furnished material (not "D" account
equipment), and 12.31% on subcontracts.

Sales Tax at 7.8% has been included on material.
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A 3% Contractor G&A rate was applied, as in the previous estimate.

The same dollar allowances for PSAR, Operating Contractor Support and
Operating Contractor Management were used from the previous estimate.

The same percentages for Title III Engineering (6.6%) and Construction
Management & Administration (8.1%) have been appl£ed, per the previous
estL_ate.

12.0 CONTINOENCE

The same percentage was applied (24.86t) as in the previous estimate.

13.0 FEERISK PREMIUM

No contractor fees have been included in the estimate. Allowances for

profit, performance and payment bonds and CIP compensation have not been
Included in the estimate.

14.0 FIN_d_NG

Not included.

15.0 INCLUSIONS

o "O" Installed costs factored based on through-put.
0 "E, F and G" Accounts similarly factored.
o Other Direct Accounts factored from Area and Volume Changes.
o Same parameters as 2A CDR 31 July 1993 estimate.

16.0 EZCLUSI0_S

16.1 VES Polymer Storage and Delivery piping deleted.

16.2 Re-design of _Dt£on systems or support facilities.

16.3 Detailed drawings of option systems.

16.4 Take-offs or detailed estimate of options.

16.5 All Construction Permits.

16.6 Contractor's profit, bond, and CIP costs.

17.0 ASSUMPTIONS AND OUALIrICATION$

17.1 ROM estimate of option costs is sufficient to determine option
selection.

17.2 Detailed estimate of selected option will be performed later at
additional engineering cost.

Michael J. Wolters Richard g.'_it_

Project Manager Estimator
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1.0 OBJECTIVE

This study will provide engineering support for the overall Waste Form Qualification (WFQ)
program to be planned and implemented by Westinghouse Hanford Co (WHCI). The WFQ
program will investigate final treatment of surrogate waste on a bench and pilot scale basis
using grout, thermoset polymer, or thermoplastic polymer. Each treatment technology is
to be evaluated by a separate testing program which defines the following testing
sequence:

Phase I - Surrogate Waste/Binder Compatibility Testing

Phase II - Treated Waste Form Acceptance Testing

Phase III - Drum Scale Pilot Testing for Evaluation of Process and
Equipment Scale-Up Parameters

1.1 Scope

A. Identify data and need dates required from WFQ testing to support preliminary and
detailed design.

B. Review WFQ test plans and recommend test parameters which should be monitored
during testing.

C. Witness WFQ testing at Hanford or vendor test sites and assist in evaluating test data.

D. Input recommendations to the design specifications and drawings used for
procurement of full scale test equipment.

E. Develop upstream processing operations required to pretreat waste prior to final
immobilization if requirement is identified during WFQ testing.

F. Estimate cure exotherm time and temperature as well as cooling time and temperature
for the Vinyl Ester Styrene (VES) or Polyethylene (PE) polymerization operations.
Develop recommendations for monitoring the stabilized monolith temperatures during
curing/cooling. Also, recommend options which could potentially minimize cure
storage time, inventory, or space requirements.

G. Perform a survey of hazardous waste Treatment Storage and Disposal (TSD) facilities
to review design and operations that can be applied to the design of the WRAP 2A
treatment facility.

H. Develop waste feedstream characterization logic diagrams and identify important
waste physical and chemical property parameters which are required for the process
design of the WRAP 2A treatment facility. These design document bases will be input
to WHC for inclusion in the Supplemental Design Reql::,-ements Document (SDRD).

11111i
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1.2 Background

A. An overall Waste Form Qualification (WFQ) test program was initiated by WHC in
suppo,_ of the Conceptual Design for the WRAP 2A facility 1. This program deals with
the treatability of surrogate waste via immobilization in a polymer or grout matrix. The
polymer solidification system conceptual design was developed in the Conceptual
Design Report (CDR=) based upon extrapolation of the technology from vendor
experience with similar waste forms. Grout solidification proposed in the CDR was the
result of extrapolation from BNFL technology and experience.

B. General uncertainties identified in the CDR for grout and polymer solidification included
identification of acceptable formulation operating envelopes. This requires successful
encapsulation of high soluble salt wastes satisfying the waste acceptance criteria
mandated by the Washington Administrative Code 3. Previous experience with
solidification of these waste forms in grout or modified cement binders has not been
successful at many DOE facilities.

C. The WFQ treatability test program for thermoset polymers was developed, in part, to
test vinyl ester styrene (VES) resins on surrogate wastes containing soluble salts that
represent problem waste streams for treatment in the WRAP 2A facility. The test
program is divided into three phases ranging from general waste compatibility testing
(already accomplished in Phase I) to treatment of s_ecific surrogate waste forms and
subsequent waste form acceptance testing by laboratory analyses (currently ongoing
in Phase I!). The final phase will involve full scale in-drum pilot testing so that process
design parameters such as mixer power, curing time, curing exotherm and other design
details can be evaluated for potential incorporation into detailed Title design.

D. Another ongoing WFQ treatability test program has been implemented to define the
treatability of other specific surrogate waste forms using cement or grout. This
program has attempted to solidify surrogate basin sandblast grits, incinerator ash,
Liquid Effluent Treatment Facility (LETF) metal sludges, and LETF ammonium sulfate.
Solidification binders tested included Types I, II, and III Portland cement, slag cement,
and Envirostone gypsum based cement. Binder formulations have been defined for
agitated mixing of these particulate wastes. Future work will involve development of
cement or grout formulations for vibro grout mixing of size reduced wastes. Full scale
testing will allow definition of process design parameters required for potential
incorporation into detailed Title design.

E. A Waste Immobilization Demonstration (WID) test program is planned for the
thermoplastic polymer treatment of high nitrate surrogate wastes. Technology
exchanges with other DOE facilities such as Rocky Flats have shown success with
encapsulating high nitrate salts in low density polyethylene binder. An extrusion pilot
scale testing program has been proposed at Brookhaven National Lab. This program
will develop compatibility and waste form acceptance criteria test data to allow scale-
up to a pilot or drum scale demonstration plant.

WRAP0260 -- - -
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1.3 Purpose and Needs

A. The purpose of the WFQ treatability impact study will be to define any impacts or
modifications to the CDR concept that aredefined bytreatability testing. As the WFQ
programproceeds,there may be treatability study recommendationfor other types of
immobilizationbinders. Evaluation of the treatability test results by the test program
contractor, UE&C, and WHC will determine the need and direction of the future test
work to allow successful incorporationinto the overall WRAP 2A design.

WRAP0260 .......
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2.0 SUMMARY

A. Feedstream logic flow diagrams were developed to provide specific decision
requirements to determine the optimum processing treatment route. The
characterization data requirements were specified for each of five generic feedstreams:
sludges, dry particulate, ion exchange resins, debris/operating waste and special
waste. Principal waste properties with respect to physical and chemical characteristics
have been identified in the logic process.

B. WFQ testing needs required to support WRAP 2A advanced conceptual and title design
were identified for those areas of the process that have significant uncertainties.
These areas include the solidification pre,treatment, solidification mixing, solidification
curing and secondary waste systems. Specific test data, data needs dates,
justification for the data, expected source of test data and impacts to the design if not
received as scheduled are listed. However, the pretreatment of secondary waste
system testing need requirements and schedules need dates are subject to change
based upon initial test results from the primary solidification mixing and curing
processes.

C. A number of TmatmqJnt, Storage and Disposal (TSDs) facilities were surveyed to gain
an insight into technologies in use for commercial hazardous waste industries. Several
TSDs were contacted that dealt in areas of hazardous waste incineration, stabilization
or separations/recovery. Incineration technologies, such as those used at APTUS or
USPCI provide Best Demonstrated Available Technology (BDAT) for organic wastes
that have no viable alternative treatment technology. Ash stabilization is a concern
resulting from those wastes which have high heavy metal concentrations that are
subject to Land Disposal Restricted (LDR) Toxicity Characteristic Leaching Procedure
(TCLP) requirements. General stabilization/solidification facilities provide chemical
stabilization and or solidification to allow treatment of wastes containing metal
cyanides, pentoxides, chromates, sulfates, sulfides, phosphates and nitrates. These
wastes often result from commercial steel or metal finishing industries. Separations
and recovery operations, such as mercury retorting, are currently offered by a number
of facilities which reclaim mercury for reuse. These facilities were surveyed to gain
insight into the design and operation of mercury retorts which are planned for use in
the special waste treatment area.

D. Detailed calculations were performed to predict the cure exotherm temperatures
associated with solidification of the WRAP 2A feedstreams (CDR characterization
basis) in either VES resin or polyethylene polymer. Each polymer was loaded with
waste at Ioadings recommended in the Single Immobilization Study. Assumptions
were made for the heat transfer properties of the waste and actual published data was
used for the binder physical properties and thermal characteristics. Maximum
temperatures rises and cooling curves were estimated to compare VES resin and
polyethylene binders. This information was used to provide recommendations for
sizing and configuring the cure/storage area as well as methods of monitoring the drum
temperature.

_ mm iii m i . ,,, ..- _
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Recommendations

The following recommendations were made by deiiverabies provided in the WFQ
Treatability Study.

1. Further contacts be initiated with permitting and regulatory agencies to remain
updated with any changes to TCLP pL)tocol or potential variances.

2. Integrate the design information obtained from mercury stabilization or recovery
TSDs into the current special waste mercury evaporator process system design.
This information may also be potentially extrapolated to the treatment of waste
with trace mercury contamination by extrusion with polyethylene at moderately
elevated temperatures. However, actual testing with vented extenders at multiple
extrusion temperatures and residence times is recommended as the ultimate proof
of principle.

3. Verify the polymer/waste exotherm and/or cooling rates predicted by calculation
estimates using actual full drum scale testing. The actual test data is necessary
to confirm assumptions made for waste and polymer physical and thermal
properties, such as density, heat capacity and thermal conductivity. Also, a
critical variable in the estimate for maximum cure exotherm temperature is the
assumption of whether free moisture will vaporize. Moisture vaporization may
also impact the quality of the final waste form. Only full drum scale testing will
allow confirmation of assumptions used in this study.

4. Based upon the cure exotherm and rate of cooling calculation estimates, it is
recommended that the VES polymer cure storage area be sized to allow 72 hours
of residence time for all VES polymer/waste drums. This will provide sufficient
time for all drums to cool to a temperature of approximately 100°F. At a
residence time of 48 hours, the CDR design basis, the average drum temperature
is generally above 140°F for up to one half of the drums.

5. Based upon calculated results form the polyethyle -)/waste cooling case, it is
" recommended that the polyethylene storage and cooling area be sized to allow a

48 hour residence time. This recommendation is based upon the fact that most
polyethylene/waste drums are cooled below 130°F, and in some cases below
100°F, after 48 hours.

6. It is recommended that the cure/store area utilize a stacker/retriever system to
allow maximized use of floor area since drums could be stacked vertically in tiers
5 to 10 drums high. Stacked drums would also promote more natural convection
for a faster rate of cooling.

7. Drum temperatures can be monitored by use of internal or external thermocouples.
It is recommended for ease of use and to minimize spread of contamination, that
external drum surface temperature be monitored through use of infrared
pyrometers. This method will require test data correlations to establish maximum
internal monolith temperatures as a function of drum wall temperature.

WRAP02(IO
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3.2 Conclusions

The WFQ Treatability Study has provided a number of recommendations for
incorporation into the ACD based upon the current available information and
engineering analysis. Some of the recommendationsmust be fully confirmed during
follow-on Waste ImmobilizationDemonstration(WID) testing and may beincorporated
into the designat a later date. Examplesare polymerprocessselection basedon WID
TCLP testing with extruded polyethyleneand waste loadingdeterminationswhich are
a primary process variable which impacts TCLP results and polymer/waste thermal
characteristics.
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4.0 UNCERTAINTIES

A. Waste Feedstream Physical and Chgmical Prooertle_

Assumptions were made for the waste feedstream physical and thermal properties
including specific density, particle size, heat capacity and thermal conductivity since
this information is not available, for the most part, from the WHC feedstream data
sheets, le Chemical properties of the waste will potentially impact any pretreatment
requirements for the waste which may, in turn, impact physical and/or thermal
properties.

B. Waste Loadinas

Waste Ioadings used for determining cure exotherm temperatures and rate of cooling
were assumed to be those used in the Single Immobilization Study. Waste Ioadings
in polymer must be confirmed through additional WFQ testing, especially for the
polyethylene polymer binder.

C. Mercury Removal

Mercury removal from waste due to evaporation at moderate temperature with vacuum
is assumed to be a viable process for special waste, such as bulk materials
contaminated with elemental mercury. However, it is also assumed in this study that
waste contaminated with other mercury compounds can be treated thermally for
mercury removal. WHC testing by extrusion of polyethylene with waste containing
trace concentrations of mercury must verify this assumption.

D. Treated Waste Form Quality

Assumptions are made throughout the study that the immobilized waste in polymer will
satisfy waste form performance specifications with respect to TCLP, compressive
strength, reactivity of stability, free liquid content and void space. For example, it is
assumed that all free water in the waste is encapsulated or driven off as vapor. This
assumption will dramatically impact not only the maximum cure temperature, but also
the necessary provisions to handle water vapor or offgas during the polymer
solidification or curing process. Again, this assumption must be confirmed through
actual full size drum scale testing.

E. VES Resin Formulation

The cure/exotherm calculations were performed for VES resin and waste assuming
formulation and reaction rate data extrapolated from test work performed by Stock
Equipment Co. However, the type of VES resin, promoter and catalyst and the
potential for interaction with waste chemical components may potentially impact the
rate and extent of the polymer reaction. Such variances could dramatically impact the
maximum cure exotherm temperature or the time to achieve that temperature. Any
assumed adjustments to the formulation must be confirmed through WFQ testing.

WRAP0260
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5.0 BA818 FOR STUDY

5.1 Criteria

5.1.1 FDC Requirements 4

A. Criteria for developing an alternate method of pretreating waste that may be indicated
by WFQ treatability test results are subject to the following Functional Design Criteria
(FDC) requirements.

1. Capability shall be provided to track waste container contents entering the
treatment areas to the exiting containers as required per the regulations.

2. Provisions shall be provided for bulk storage with ventilation and controlled
delivery systems for dry and liquid agents to support treatment.

3. Handling of dry waste materials, if required, shall be by conveyance system.

4. Treated waste shall be packaged into new 55 gallon drums.

5. Capability shall be available for extracting samples for verification of successful
treatment.

6. The capability to determine and control weight of containers of waste during
treatment and addition of volume fillers as needed shall be provided.

7. Treatment of waste shall be non-thermal.

8. Treated waste shall have two days lag storage and capability of visual inspection
during curing. The capability to extract liquid, on an infrequent basis, from the top
of the curing drum shall also be provided.

5.1.2 Study Criteria

5.1.2.1 Phase II Treatability TrstJng Support

A. UE&C will provide support for the Phase I and II treatability test program that includes
witnessing test specimen preparation and subsequent evaluation of laboratory test
results.

B. Test specimen preparation at the vendor's facility will be witnessed and key process
parameters will be recorded. The following is a partial listing of these parameters
applicable for grout or polymer solidification:

1. Surrogate waste physical/chemical characteristics.

2. Binder formulation.

3. Mixing batch size.

4. Agitator type, speed, and power.

5. Gel and curing times.

W APO2eO ..........
12122/93 Page 8
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6. Curing exotherm temperature.

7. Solidified waste physical observations.

a. Mixing homogeneity.

b. Free water formation.

c. Other visual charecteris_cs.

C. Some of the recorded process parameters (such as formulation, gel time, and curing
exotherm temperative) will be evaluated with respect to potential impacts to the
current CDR design concept. However parameters dealing with mixing conditions and
curing times will not be applicable due to the small batch sizes.

D. Laboratory test results of the prepared specimens will be evaluated for all surrogate
wastes. As an example, Table 5-1 gives a summary of the laboratory tests planned
to prove acceptance for thermoset polymer treated waste test methods, number of
samples required and lab location.

5.1.2.2 Phase III Teetlng Recommendations

A. Recommendations for the Phase III portion of the WFQ treatability program will be
based upon Phase II treatability test results.

B. UE&C will make recommendations for defining design parameters for the Phase III full
size drum scale pilot test program. The process design parameters to be recommended
for the test skid will include the following:

1. Mixer design details (supplied by Waste Mixing Technique Evaluation Study
1 604-3)".

a. Agitator prop design.

b. Agitator shaft automatic detachment ('Lost Paddle" technique).

c. Mixer speed/HP requirement for agitated mixing.

d. Vibration frequency and HP input for vibrated mixing.

2. Binder/Additives formulation.

a. Sequence of addition.

b. Binder/additives types and quantities.

c. Waste loading maximization.

d. Viscosity adjustments, e.g., via additives.

WRAPO2eO .....
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THERMOSET POLYMER TREATABILITY LABORATORY TESTING

Test Oes_ti_ Test Method # of Samples per A©ceptance Criteria Test Laborstory
Waste Form

..... STM'0895 ......................... p.Compressive Strength A 10 Compr strength > 60 psi Stock Equi Co.i

Leachability/Imm_n AMS 18.1 12 Total Leach index > 6 Stock Equip. Co.
ASTM 0695 (6 with 8 without Compr strength > 80 psi

metal control after 90 days immersion
iii iiiii ii i i

Biodegradation ASTM G21 & G22 3 No biologicalgrowth United'States
ASTM D695 compr strength > 60 psi Testing Co.

Radiation Stability .... ASTM 0895 3 Compr strength > 80 psi Phoenix Memorial
after 10e rad dose Lab

Thermal Cycling ASTM B553 ....... 3 iCompr strength > 60 psi _Stock Equip. Co.
ASTM 0695 after 30 thermal cycles
10 CFR 61

Toxicity Characteristics 40 cFR 261 4 Toxic metals leachability Stock Equ0plCo.
40 CFR 268.41 below EPA limits
EPA 1311 (TCLP)
EPA 8010

i I

Hazardous Characteristics 40 CFFI281 3 Not ignitable, reactive or Stock Equip. Co.
corrosive

Free Liquids/Control ANS 5'5.1 Remainder Free liquids < 0.5% Stock 'Equip.Co.
Compr strength compared
to leach/immersion
samples after 90 day cure

i i II Im-, ,,,,,
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3. Cure monitoring requirements.

a. Temperature exotherm.

b. Cure time.

c. Off gas production characterization.

d. Free water monitoring/removal.

e. Waste volume expansion or contraction snd container integrity.

4. Surrogate waste definition.

a. Surrogate formulation development.

b. Pretreatment requirements.

C. Detailed design drawings or specifications for the full size drum scale test unit which
incorporate these design parameters are not within the scope of this study.

5.1.2.3 Design Concept Modifications

A. As test data results become available from the Phase I, II, and III testing, the data will
be evaluated and recommendations will be produced. For example, if testing reveals
problems with free water generation during curing recommendations will be made to
eliminate or minimize free water formation by control of waste treatment parameters.
An integrated system for post treatment to monitor stabilized waste curing and free
water formation, if any, will be evaluated.

B. If satisfactorily treated waste quality cannot be obtained using the above final
treatment process parameters, pretreatment options will be evaluated. These pre-
treatment techniques can be subdivided into physical and chemical pre-treatment
techniques. Physical pretreatment may include:

1. Size Reduction

2. Drying

3. Dewatering

Chemical pretreatment may include stabilization via:

1. pH Adjustment

2. Heavy Metal Complexing

t i i ii ii
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5.2 ASSUMPTIONS

5.2.1 Status of WFQ Program Work

A. WHC is in process of developing or implementing the test plan for each of the three
potential immobilization binders. Potential vendors or laboratories will be selected to
perform the work in each phase of testing.

B. The grout screening testing program has been concluded for the initial group of
surrogate wastes. Work is currently ongoing for full scale in-drum testing using a
mixing system recommended in the Waste Mixing Technique Evaluation (Study 1604-
3)s. The mixing tests are proceeding with surrogate binders and surrogate waste using
the proprietary BNFL paddle design.

C. The Phase I and II testing for the vinyl ester styrene polymer has been completed and
test results have been summarized in the Stock Equipment co. final reports issued in
December 1992 e and February 19937. In summary, wastes surrogates developed to
simulate the 183H basin sludges and crystalline solids as well as CO18 LETF salts were
successfully solidified with a VES resin to meet all waste form performance criteria
except TCLP. Even at waste Ioadings as low as 25 wt%, TCLP results for those
wastes containing mercury exceeded the regulatory limit using standard testing
protocol. These waste forms passed TCLP for mercury only when size reduction of
the treated waste was not attempted.

D. Recent economic analyses of the grout, VES, and polyethylene processes in the Single
Immobilization Study 8 have re-emphasized the need for specific thermoplastic polymer
test data with wastes similar to those at Hanford. A test program has been planned
at the Rocky Rats Plant to treat high nitrate surrogate wastes with polyethylene in a
pilot scale extruder. The current plan is for RFP to complete preparation of the treated
samples by mid-August. The treated surrogates will be tested for TCLP and other
product properties at appropriate laboratories determined by WHC.

5.2.2 Study Assumptions

A. The major initial assumption for the study is that surrogate wastes will be
representative of the actual on-site waste at Hanford.

B. A second major assumption is that the treatability test results on the surrogate wastes
can be extrapolated to other waste forms to be processed in WRAP 2A with similar
problem constituents.

C. Finally, it is assumed that the treatability test performed on the relatively small scale
1 gallon batch sizes in Phase II will be similar to the full scale 55 gallon drum mixing
operations and will allow representative test results.

WRAPO260....
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6.0 STUDY DELIVERABLES

6.1 Waste Feedstream Characterization Data Requirements

A. The physical and chemical characteristics of waste feedstreams to be processed within
the WRAP 2A facility are required to properly design the preliminary and final treatment
processes. The primary waste characteristics which will determine the specific
treatment steps are as follows:

1. Physical Characteristics

" Physical Nature
- Lumps or Aggregates
- Friability

" Particle Size
" Moisture Content
" Bulk Density
• pH

2. Chemical Characteristics

• Organic Type and Concentration
• Heavy Metal Type and Concentration
• Salt Type and Concentration

B. In order to define the characterization data required for a specific feedstream, logic
flow diagrams were developed. These diagrams were developed for splitting generic
type waste feedstreams into specific feeds where specific processing unit operations
could be recommended for design.

C. The feedstreams to WRAP 2A fall into three main categories; sludges/particulates,
debris/operating wastes and spscial wastes. The sludges/particulates can be split
further into wet sludges, dry particulates and ion exchange materials. In order to
determine how these feedstreams would be processed in WRAP 2A and what binder
would be used a series of logic diagrams were produced covering each waste type and
identifying all the decision steps required to determine the process route.

D. The first main decision step determines whether the waste is suitable for
shredding/direct repack followed by macroencapsulation or homogenization followed
by agitated mixing with the binder. The subsequent decision steps determine the most
appropriate binder or whether chemical pretreatment is required before immobilization.
At each decision step the volume/mass of waste following each exit route is recorded
on an attached table together with data used to determine the process route. The
information from the logic diagrams/tables will be used to size the principal process
equipment which will then be specified in the SDRD. Attached are the logic diagrams
(Rgures 6-1 through 6-5) and characterization tables (Taldes 6-1 through 6-5) for each
feedstream.

WRAP0260 '"
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6.2 WFQ Testing Needs to Support Design

A. The minimum test and design data required to support the design of the WRAP 2A
facility have been defined for the waste mixing ar,d post mixing final treatment areas.
This data is broken down into the following:

1. Solidification Pretreatment

a Process Design Variables
n Equipment Design Parameters

2. Solidification Mixing

m Process Design Variables
m Equipment Design Parameters

3. Solidification Curing

" Process Design Variables
a Equipment Design Parameters

4. Solidification Secondary Waste

n Process Design Variables
u Equipment Design Parameters

B. The above test and design data is summarized on Tables 6-6 through 6-8. Each table
describes the test or design data required, need date, and the anticipated source of
data. The justification for the data and the design deliverable into which the data will
be incorporated is given. The potential impact to the design deliverable schedule is
also estimated based upon receiving late or incomplete data.

6.3 Survey of Treatment, Storage and Disposal Facilities

6.3.1

A. This survey was undertaken to develop a database of industry contacts and technology
associated with Treatment, Storage, and Disposal facilities (TSD's) for hazardous
waste. The survey was initially directed at general technology applicable to treatment
storage and disposal of any hazardous waste form via stabilization, solidification, or
incineration. However, as the survey progressed, contacts were shifted toward
technologies that might address specific problems associated with the WRAP 2A WFQ
testing or design effort.

B. A specific technology that was addressed that has represented a problem area in the
previous WFQ testing included stabilization of mercury to meet TCLP regulatory
criteria. Also, technologies dealing with the removal of mercury from solid waste or
water using BDAT was investigated. These methods include retorting and activated
carbon/ion exchange resins.

i i
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TABLE 6-6

SOLIDIFICATION PRETREATMENT DESIGN DATA REQUIREMENT SUMMARY

DATA DATA ] DESIGN LATEDATA DESIGN ] _ RE_REQUIRED NEED DATE JUSTIFICATION IMPACTS DELIVERABLE _ | DOCUMENT ID
_ETREATME_OCESS VARIABLES
-e'w-aw,q-e-n-_l:iltrationlDrng/Absorptio_ 08193 _ Single Immo_-'_ Delayin ACD-R'S-J--_ SingleImmobil N_pling

Free Water % 3tudyAssumption Verilicetion f WFQ Study )r Judgement
DewMeflnglFiltmtionlDtylnglAbsorptior 08/93 Reqd for single Immobll & WFQ Delayin ACDR Sub _lttd Single Immobil NHC Wa_- _ampllng

Particle Size Study AssumpUonVerl_-Uon & WFQ Study _r Judgement
DawatadnglFiitrstionlDrying/Absorptior 08/93 F_eqdfor Single Immobil & WFQ DelayinACDR Sub,_lttal Single Immobil NHC Wa_- Ramrn!!ng

8pecilic Heat StudyAssumptionVerifiesUon & WFQ Study _r Judgement
Size/Volume Reduction 08/93 Fteqdfor Single Immobil & WFQ Delayin ACDR Su_,_inal Single Immobll iNHC Waste -R'--m_!ng

Particle Size StudyAssumptionVerification & WFQ Study orJudgement
Size/Volume Reduction 08/93 Reqdtot Single Immobil & WFQ Delayin ACDR 8u_ _lttal Single Immobil WHC W=ste Aaron!no

SolidsFriability S/udA_tion Verification & WFQ Study _

E_CALPR REATM PROCESS VARIABLES
PH Adjustment 08/93 Reqd for Single Immob__ Delayin_bm_--_ Single ]mmobtl WH_Pl ng

We-t- pH StudyAssumption Verification & WFQ Study or Judgement
PH Adjustment 08/93 Reqdfor Single Immobil & WFQ Delayin ACDR Su_m ;;il Single Immobil WHC Waste 8ampling

u StudyAssumptionVerification & WFQ Study or Judgement
Tar:e! p,1 SingleImmobU NHC Waste 8stapling

!Heavy Metal Stabilization 08193 Reqdfor Single Immobil & WFQ Delayin ACDR Submittal
Heavy ._:_sl Type StudyAssumption Verification !_WFQ Study _rJudgement

Heavy Metal Stabilization 08193 Reqdfor Single Immobil & WFQ Delay In ACDR Submittal SingleImmobil NHC Wa_- Sampling
Heavy Metal Concentration StudyAssumptionV®ri§c-t!on &WFQ Study _rJudgement

SolubleSalts 08/93 Reqdfor Single Immobil & WFQ Delay in ACDR Sub,_lttal SingleImmobil NHC Wa_ Sam." g

Soluble S_!!Type StudyAssumptionVarifice_on &WFQ Study _r Judgement
SolubleSalts 08193 _leqdfor Single Immobil & WFQ Delayin ACDR Submittal Single Immobil WHCWast= Sampling

Soluble -__e__Concentration StudyAssumptionVerifi_e_on & WFQ Study _r Judgement

--__ 08/94 Required for Detailed Equipment Delayin Title Design Equipment Specs Pretrntment_M
__on Sp.cification Equipment Specification Stand Data
Size/Volume Reduction 08/94 Requiredfor Detailed Equtp,,mnt Delayin TP_eDesign Equip_ent Specs Pretr--*ment TaM

Specification Equipment Specification Stand Data

PH AdjuMment 08/94 Requiredfor Detailed EquIp,_ent Delay tnTitle Design Equipment Specs )retr--0mentTeM
Specification EquipmentSpecification Stand Data"

Heavy Metal Stebllization 08/94 Requiredfor Detailed Equipment Delay inTitle Design Equipment Specs )retre.;t_ent TaM
Specification Equipment Specification Stand Data

Soluble Salts 08/94 Requiredfor Detailed Equipment Delay inTitle Design EquipmentSpecs =retreats|ant Test
Specification Equipment Specifi©e_on Stand Data



TABLE 6- 7
SOLIDIFICATION MIXING DESIGN DATA REQUIREMENT SUMMARY

[ [----BESIGN _ WHC RESPONSEDATA DATA ] DESIGN LATEDATA [ DELIVERABLE DOCUMENT IDREQUIRED NEED DATE JUSTIFICATION IMPACTS =
_ROCESS VARIABLES
_tio & Formulation 08193 _--cluiredfor CDR Baseline _ Delay in ACDR _ SingleImmobil FormulationTestingmmobil Study Assump Ver_,,_on Study

MixingTime 08/93 Flequiredfor AcDR Time& Delay in ACDR Sub,_lttd &';i,,eesModel :roof of Prne_ ._u__ng
dotton Study "est8Mnd Date

Mixing Volume 08/93 Requiredfor ACDR Time & Delayin ACDR Submittal :.,;v,ess Model _roof of Prn¢_-'._Uiv!ng
dotion Study rest 8tend Date

Mixing Intensity/Power Input 08194 Requiredfor Detailed Equipment Delayin Title design Equip,_entSpecs Mixi'ngOr-"-_-,Izetl-on
Specification EquipmentSpe_'-tl-on rest Stand Data

MixingTemperature 08/94 Required tot Detailed Equipment Delayin Title design EquipmentSpecs Mixing Op:'..-,;Ix-"3n
Spe_-,s_stion EquipmentSpee!s_cetlon rest Bland Date

Fluid Vortex/Wave 08194 Required for Detailed Equipment Delayin Title design Equipment Spice MixingO_/.'-,;_a_tlon
Height Specise.,_tion Equipment Sp_-c!ficetion rest 8tend Data
Waste/Binder 08193 Flequimdfor ACDRTime & Delay in ACDR'Sub,-_ittel WitnessModel. _roofof P_nopl'u'__'.ng

Motion S___ _-_----- Test 8tend t

_METERS 08194 Required for stalled Equipment _ design Equipment Specs _:::__on
Sp-__!ficetion Equipment Speciticetlon Test 8tend Data

AgitatodVibrator Diameter 08194 Required for Detailed Equipment DelayInTitle design Equlp,-nentSpecs _..'ix_lngO_-_;,zation
Spec!ficetion Eq,_,ipmentSpeclticetio.n rest 8tand Data

Agitator/Vibrator 08194 Required for Detailed Equipment Delay in Title design Equlp,_entSpecs -_-!-yJnOOp_]zstlon
SF:cd or Frequency Specification Equipment Specilicellon rest 8tend Date
Agitator/VibratorLocation 08194 Required for Detailed Equip.-_ent Delayin Title design " Equli',._lnt Specs Mixing Ol>G,_tzstlon
in Vessel Specification Equipment Specilic-_._on rest Stand Data

iMixing Vessel Internals 08194 'Ftsquiredfor Detailed Equip,-_ent Delayin Title design Equtp,_entSpecs M!x!ngO_'-:'-.,,iz"tJ-on
Specification Equipment Specl_'-t-ion re.st8tand Dat.a

Mixing Vessel Geometry 08194 Requiredfor Detailed Equipment Delay in Title design EquIp,-_entSpecs MixingO_:."-,,l__=___on
Specification Equipment Speci_,,lton rest Stand Date

Agitator StartingTorque 08/94 Requiredfor Detailed Equip,-nent Delay inTitle design Equ!,.,_n.ant Specs MixingOp_.!za_tlon
Specification Eui_q_u_i_L)m_ent____SSI)eCiiiceti°n lest Stand Da,a

II



TABLE 6- 8
SOLIDIFICATION CURING/SECONDARY WASTEDESIGN DATAREQUIREMENTSUMMARY

DATA DATA DESIGN LATEDATA DESIGN SOURCE WHO HI_SPONUI::

L. R.EQU=R_-_D NEED DATE JUSTIFICATION ,. , IMPACTS DELIVERABLE OFDATA DOCUME.NT!D
SOLIDIFICATIONCURING PROCESSVARIABLES
Binder GelTime 08/93 Required forACDR Time & Delay InACDR Submlltel NitnessModel Naite/Btnder

Motion Study FormulationTesting
BinderCure Time 08/93 ;requiredforACDR Time & Delay inACDR SubmMsl NitnNe Model iNastalBInder

VlotionStudy FormulationTesting
Curing Tamp vsTime 08/93 _lequiredlot ACDR Time & Delay inACDR Submiltld Nil,ass Model Waste/Binder

_lotionStudy FormulationTesting
Binder/Waste SegregationTendencies 08/93 F_equiredlot ACDRTime & Delay InACDR SubmMal NItness Model Waste/Bind_

MotionStudy :ormulationTesting
Treated Waste VolumeChange 08/94 _tequiradfor Detailed Equipment Delay inTitle design Equipment8pace MixingOp='-.-_|zetlon
During Curing/Cooling Sp.ecilication Ecluipme.nlSp.e©ilicdon I"est Stand Data
Strenglh Development 08/93 Requkadfor ACDRTime & DelayinACDR SubmlUal NItnese Model Waste/Binder
n,,rin9 Curing/Cooling MotionStudy :ormuletion Tea.ling
SECONDARYWASTE_E,_;ERATIONpROCESS VARIABI,_ES
Free LlquldQuantity Formed 08/93 Requiredfor ACDR Single Immobll DelayInACDR SubmMd Single Immobl & ObeervatlonsDudng
Dudng Cudng/Cooling StudyMaterial Balance Vadilcation WFQ Studies :ormulatlon Testing

&WFQ StudyPrelPostTreatment
Free Uquid Major ConstituanlsFormed 08/93 Requiredfor ACDR Single ImmobU DelayinACDR Submittal Single Immobl ObservationsDu_r_
DuringCudng/Cooling StudyMaterkdBalance Vadlication WFQ Studies :ofmulatlon Tosting

& WFQ Study Pro/PostTreatment
Dirges QuantityFormed 08/93 Requiredfor ACDR Single Immobil DelayinACDR SubmMsl Single Immobl & _bsarvations DuiJ,r,g
Dudng CudnglCoollng StudyMaterial Balance Vadtication WFQ Studies :ormullllon Testing

& WFQ StudyPrelPost Treatment

Dirges Major ConstituentsFormed 08/93 Requiredfor ACDR Single Immobil Delayin ACDR Submltll Single Immobl :3bsarvations Dudr_
DudngCudng/Cooling StudyMaterial Balance Vedlication WFQ Studies :ormulition Testing

& WFQ Study Pro/PostTreatment
IEQUIPMENT DESIGN PARAMETERS
CuralStoreg_eHandling & Monitoring 08/94 Requiredfor Detailed Equipment Delayin Title Design Equipment Space _lixingOp;;,,,Iz_on
Equipment Specilicstion Equipment Spectiication rest Stand Data

Dirges Handling & Monitoring 08/94 Requiredfor DetailedEquipment Delay inTitle Design Equipment Space MixingGpi;mlzation
!Equipment Specification Equipment Specification rest StandData

]SecondaryLiquidHandling& 08/94 Requiredfor Detailed Eq'ulpmant Delay inTitle Design EquipmentSpace MixingOptimization
Monitoring Equipment Speci§cation Equipment Specification rest Stand Data

IIIII
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6.3.2 Summary of Survey

A. See Table 6-9 for 8 summary listing of each survey contact. A detailed discussion for
each telephone contact of the surveyed companies is given in written telecons in
Appendix A.

6.3.2.1 General StabilizadonlSotjdific0don TSDs

A. A number of facilities contacted provided services for stabilization of hazardous wastes
followed by solidification for eventual land disposal. Although these f_cilities normally
supplied the full range of services associated with a TSD, each facility was fairly
specific upon what type of wastes they could treat based upon their previous
experience. Most could handle moderate levels of heavy metals in the waste, including
some Land Disposal Restricted (LDR) metals, if chemical stabilization such as hydroxide
or sulfide precipitation was employed.

B. A majority of the TSDs used grouting or cementation as the solidification technique.
As such, the accepted level of organics in the waste was usually low (< 1.5%).
However, the list of inorganic compounds treatable using these technologies (often

i listed as BDAT) was usually extensive including metal cyanides, pentcxides,
chromates, sulfates, sulfides, phosphates, and nitrates.

C. Most of the TSDs contacted have been operating for quite some time. All have been
in business for at least 10 years and each has developed a specific clientele base
among waste generators. For example, Envirite has been in business for 18 years and
principally serves the steel industry in the N.E.U.S. As such their treatment deals with
wastes such acids, bases, cyanides, and other inorganic liquids and sludges resulting
from the metal finishing industries.

D. Another TSD, Clean Harbors, operates multiple facilities throughout the U.S. and offers
s full range of waste management capabilities such as waste treatment via
incineration, chemical stabilization, liquid/liquid extraction as well as heavy metals or
organics recovery. Heritage environmental services has been in operation for 15 years
and offers services similar to Clean Harbors. They have experience in stabilizing heavy
metals to meet TCLP by using aqueous pretreatment followed by cement based
solidification.

E. The only facility surveyed which did not treat heavy metals to TCLP criteria was
Stablex, Canada. Stablex treats waste to the province of Quebec regulatory criteria.
These criteria allow leachability tests which are equivalent to the EP toxicity tests that
have been replaced in favor of the TCLP tests by the EPA in the U.$. However,
Stablex, Canada is owned and operated by Concord Resources Group, Inc. which also
owns and operates the Highway 36 Land Development Co. in Colorado. As such
$tablex is familiar with U.$. treatment regulatory criteria and is capable of providing
chemical stabilization to meet these criteria.

WAAPO2eO .................
12122/t3 Page 28
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TABLE 6-9
|ll i

WFQ TSD SURVEY CONTACTS
J i |l | , ii J

Name of Company Legation Telephone Content TachJzology Commante,, ,,

Stablex, Canada Blainville, Quebec Louise Trembley Chemical stabilization of inorganic and Uses similar technology to that used at
(514) 430-9230 limited organic wastes followed by Highway 30 facility. Treats to

cementation solidification and disposal, leachability tests equivalent to EP
toxicity tests.

APTUS Grantsville, Utah Allen Carve Incineration of organics using BDAT. No Inorganic wastes must be blended with
(801| 882-8873 stabilization of incinerator ash. organics to allow treatment. APTUS

does not stabilize or dispose of ash
themselves, they ship to USPCI or
Highway 38.

USPCl Clive, Utah and Tom Nelson Incineration via rotary kiln end burner kiln. Aqueous and organic solvents with
Lone Mountain, (303) 843-2774 Ash is treated and disposed at Utah site. limited levels of chlorides and heavy
Oklahoma Lone Mountain site offers chemical metals are treated via incineration.

stabilization. Stabilization technologies include
cyanide/sulfide oxidation, chrome
reduction and neutralization.

......

Yenter Longmont, Colorado John Marshall Yenter offers only consolidation and Act only as • "broker" between waste l
Environmental (303) 278-1888 shipment capabilities for bulk waste, generator end TSD facility.
Services They are not a TSD facility.

Clean Harbors Cincinnati, Ohio Bill Dennison Cementation Multiple locations around country, each
(513) 874-5888 specializes to particular wastes.

Heritage Enviro. Indianapolis, Indiana Ann Hobland Cementation Aqueous treatment to precipitate LDRs.
Services (317) 243-0811

Northwest Enviro Seattle, Washington Sue Thomen Cementation (Kiln Dust) LDRs chemically converted to
Service (208) 622-1090 hydrox;d,_s.

Envirite Corp. Canton, Ohio Bob Teeter Cementation Lime-based cement. Chemical reaction
(216) 458-8238 delists LDRs.

EG&G Rocky Flats Golden, Colorado Andrea Faucette Heavy metal stabilization, polyethylene Lab and pilot scale PE extrusion
Plant {303) 900-0420 encapsulation, experience with nitrate salts.

Production scale test planned. No
experience with Hg centare wastes.
Extensive TCLP data available with
other LDR metals.

WRAP0260
12122193 Page29
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TABLE 6-9 (CONTINUED)

i : , ,, i

WFQ TSD SURVEY CONTACTS

Nuna of r-,--,_.-Mv Looetton Telephone Contaot Temlznology Commenllsvw---r_- w

Mercury Refining, Albany, NY Barbara Sauar Recovery of Hg from bulk waste using Operates mainly as a pratt••truant
Inc. (518) 459-0820 BDAT retorting, facility for mercury recovery. Chemical

fixation or solidification is
subcontracted to Chemical Waste

Management.

Bethlehem Hellertown, PA John Boyle Mercury recovery from bulk contaminated Facility uses "bell jar" dome batch

Apparatus, inc. (21 §) 838-7034 waste such as soils and sludges, reactor to retort Fig from waste in-
drum. Designing • new facility using
semi-continuous operation with
increased efficiency. Ship treated
waste to another facility for disposal.

Quicksilver Brisbane, CA Bob Roberts Mercury recovery from mercury No experience with bulk wastes. No
Products (415) 488-20OO containing devices (thermometers, lamps, disposal capability.

switches).

Mercury Recovery Los Angeles, CA Mercury recovery from mercury devices Not • disposal facility.
Services (818) 303-2053 and crushed fluorescent bulbs.

Rohm & Haas Co. Philadelphia, PA Jim Wilson Mercury removal from waste water using Market Duolita GT-73 resin which
(215) 592-8712 Duolite ion exchange resin, removes mercury or other heavy

metals. Resins are regenerable with
35% HCI mineral acids.

ii
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6.3.2.2 Incineration/Ash Stabilization TSDs

A. The BDAT for treatment of wastes with high organic content is most often incineration
at temperatures sufficient to decompose the organic compounds to harmless gaseous
byproducts such as CO2 and water as well as an ash byproduct. The incinerator ash
may be hazardous depending upon heavy metal content and may require stabilization
prior to disposal.

B. Of the two incineration TSD facilities contacted (APTUS and USPCI), USPCI was the
most versatile and complete. USPCI was capable of treating both solid waste and
liquid waste with the highest range of inorganic content. USPC! also operates their
own ash stabilization facility (at Grassy Mountain, Utah). The APTUS incineration
facility operates a fairly small (15 Ib/hr feedrate) unit and does not treat their ash. The
ash is shipped to USPCI's Grassy Mountain or Colorado's Highway 36 stabilization
facilities.

C. USPCI's Grassy Mountain facility is located in the Great Salt Lake Desert and maintains
a Part B permit to dispose of RCRA, CERCLA, TSCA, and industrial wastes. USPCI
also operates another treatment and landfill facility at the Grayback Mountain site,
adjacent to the Grassy Mountain site, for treatment, storage, and disposal of PCB
contaminated wastes. USPCI is also the operator for the Lone Mountain site in
Oklahoma which is an EPA, Part B, permitted facility for chemical treatment and
disposal of RCRA wastes.

6.3.2.3 .Mercury Trsatment/Recgverv T_;_P_t

A. A number of TSD facilities were surveyed which are capable of removing or recovering
mercury from waste. The pretreated waste is then routed to other facilities for final
solidification. None of the facilities surveyed were capable of directly solidifying
wastes with large quantities of mercury contamination which could directly meet LDR
disposal requirements.

B. In all cases the recovery of mercury from solid waste utilized evaporation or retorting
which is considered BDAT if mercury concentration exceeds 260 ppm. A few of the
facilities (Quicksilver Prod and Mercury Recovery Serv) limited the waste they treated
to mercury containing devices such as thermometers, lamps, or switches. However,
both Mercury Refining, Inc. and Bethlehem Apparatus, Inc. were capable of recovering
mercury from other bulk contaminated wastes such as soils or sludges. Other types
of bulk wastes containing high organics content (such as cellulose) were handled by
use of high vacuum or inert atmosphere to limit the combustion potential. Retorting
temperatures are traded against reactor residence times to provide maximum mercury
recovery with minimum waste pyrolysis. Wastes that are relatively non-dense can be
retorted in 55 gal drums. However, dense materials such as soils are spread upon trays
to maximize surface area.

C. In some cases, trace quantities of other elemental metals can cause problems in the
mercury condenser. Cadmium, lead, zinc, and other metals readily form an amalgam
with mercury which can easily foul the heat exchangers. Also, the presence of high
levels of chlorides or nitrates in the waste can cause excessive corrosion of the

retorting equipment which is normally stainless steel construction.

_/RAP0280 - ...................
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D. Mercury removal from waste water can be accomplished using a selective ion
exchange resin with thiol reaction sites. The only resin which is commercially available
for this purpose is Duolite GT-73, marketed by Rhom & Haas. This resin will remove
only ionic mercury forms. Metallic mercury must be converted to the ionic state via
chlorination of the waste water at an acidic pH. The resin is fairly expensive ($850/fI: _)
but can be regenerated with 35% HCL to allow reuse from 3 to 4 times.

E. Rocky Flats was contacted regarding their experience with solidification of radioactive
waste using polyethylene thermoplastics. Previous contacts indicated that heavy
metals had presented problems with TCLP and that pretraatment using calcium oxide
was yielding some success. However, RFP has not tested any actual or surrogate
waste with mercury to estimate whether chemical stabilization could be effective.
Also, they have no documented data that would indicate whether elemental mercury
or mercury salts could be volatilized during the PE extrusion process.

6.3.3 F_ecommendadons for Future Work

A. These surveys were undertaken, in part, to give a general review of the state of
technology for TSD facilities as well as provide permitting requirements. It is currently
assumed that all waste forms for disposal containing LDR metals will need to meet
current TCLP regulatory limits. Despite the fact that local variances are possible for
specific waste forms (RFP extruded polyethylene waste progress per 6/17/93 telecon
with A. Faucette TC93040.008), it is currently assumed that these exceptions will not
apply to WRAP 2A. However, it is recommended that further contacts with permitting
and regulatcry agencies be undertaken to remain up to date with any Federal Register
changes.

B. A number of TSD facilities surveyed dealt with specific waste treatment technologies
regarding mercury stabilization or recovery. It is recommended that further contacts
be made in this area because of the critical impact of past unsuccessful WFQ testing
of mercury contaminated waste.

C. Finally, it is recommended that future WFQ work address the uncertainties with
respect to treatment of mercury contaminated wastes with thermoplastic polymers.
Previous work at RFP has not produced any data indicating the potential for
vaporization of mercury or mercury compounds. Methods of pretreatment to stabilize
mercury in the form of sulfide compounds should also be investigated.

6.4 Polymer Cure Exotherm/Cooling Estimates

6.4.1

A. The purpose of this study is to I) estimate the peak temperatures caused by
polymerization of VES resin mixed with waste in drums, 2) estimate the peak
temperatures when molten polyethylene is mixed with waste in drums (or alternately
estimate the required polyethylene temperature and/or waste temperature when the
mixture temperature is defined), 3) estimate the time required to reach peak VES
exotherm temperatures before cooling begins and 4) estimate the cooling time required
to cool mixtures of VES polymer or polyethylene and waste in drums. The total time
to reach the exotherm (if present) and cool the drums down to a reasonable level
where they can be handled safely will then be compared to the 48 hour cure time
specified in the FDC. Recommendations for polymer cure time and temperature
monitoring will also be presented.

iiiii iiii _ i _ i I _ iii
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6.4.2 Basis 9f Sl_udv

6.4.2.1 FDC Criteria

A. The FDC specifies that the polymer cure area has a minimum drum residence time of
48 hours.

6.4.2.2 Auummiorm

A.

1. Waste Ioadings with VES polymer or polyethylene were based on mass balances
generated for the Single Immobilization Study, Rev. 2, dated 06/01/93 e.

2. The physical properties of the waste streams and binders were estimated from
data available for bulk solids or manufacturer's published literature and are shown
in Table 6-10. '''°'11'_2

B. _ES Polymer E;_;otherm Calculations (see Aooenc!IX B. (;alculQtion Qf VES
PolvmerNVaste Exotherms)

1. The heat of reaction for VES resin is 111 BTU/Ib of VES resin (based upon Stock
Equipment Co. data and independent estimates).

2. Heat loss is not taken into account in the exotherm calculations.

3. VES resin and waste are mixed at 75°F.

4. The total time to reach the temperature exotherm and stabilize the temperature
before cooling begins was estimated to be 10 hours based upon Stock Equipment
Co. data. Potentially, the rate of reaction as well as the peak exotherm
temperature can be adjusted by varying the type and quantity of promoter or
catalyst in the formulation. However, the precise impact upon the cure exotherm
and product quality must be evaluated through actual full size drum scale testing.

5. Peak exotherm temperatures for waste streams were calculated two ways: 1)
by assuming that the water is free water and can be vaporized if the temperatures
are sufficiently high or 2) by assuming that water is bound water and is not
vaporized but is heated by an increase in sensible heat.

C. VES Polvmer/W0ste Drum Coolina (;alculations (See Aooendix B. Calcul_l;i0n Qf VES
Polymer/Waste Coolina Curves)

1. Heat transfer is based on unsteady heat conduction in a solid infinite cylinder
exposed to a constant temperature boundary condition. 13

2. Drum diameter is 22.5 inches (55 gallon).

3. The thermal and physical properties (thermal conductivity, K; specific heat, Cp;
density, p) of the drum contents were calculated as weighted averages of the VES
polymer and waste. For some streams where the volume of waste was low due
to very high waste density), the properties of 100% VES polymer were used.

WRAP0260 .... -
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TABLE 6-!0

WASTE AND BINi)ERs PHYSICAL PROPERTY DATA

Wute Feeds_raamo Treated Bulk Treated Parlk4e Heat Cq)mlity Tlbennd Moistme Content
Density Density IBTU/Ib°F) _ (Wt%)
IIb/ft3l Ilblft=| IBTUAv ItZleF/ft)

Basin 183 Solid Liq 1A 1O0 130 0.2 0.3 10

PBasin 183 Crvet Solids 1B O0 140 0.2 0.2 4

Basin 183 Sludge 1C 69 1O0 0.2 0.2 44
i

rBasin 183 Miec 1D 76 105 0.2 0.2 -

C018 Salt 2A 88 111 0.2E 0.3 10

Ion Exch Resin 2B 55 77 0.3 0.1 55

L045 Sludge 2C 75 140 0.1 0.2 75

RO Filter 2D 40 50 0.3 O.I 50

DAW 3 45 58 0.3 0.12 -
i

Const Debris 4 60 I00 0.2 0.3 -

Amalgamated Mercury 5A1 408 408 0.05 1.0 -

Bulk Mercuw 5A2 40 58 0.3 0.1 - ,,

Reec! Melale BB 200 240 O.11 8 -
i

Elemental Lead 5C1 710 "/10 0.03 20 -

Bulk Lead 6C2 80 ! 05 0.3 O,1 -

Misc Metals 5D 450 450 0.1 30 -

Absorb Chem 6 90 90 0.25 0.1 10

Incin Ash 7 38 90 0.3 0.3

Soils 8 90 90 0.2 0.2 10

Binclere

VES Resin (Derakene 470-36) 86 65 0.29 m 0.08 -

Polyethylene 67 57 0.55 0.19 -
,

i

NOTES: tll Sensitivity Analysis Performed for Cp : 0.40 BTUIlb°F

i
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4. The heat transfer coefficient was based on an uninsulated drum sitting in still air,
the temperature differential between the drum bulk temperature and the ambient
air temperature, and the product correction factor. 14 For drums filled with a semi-
solid or solid material, the product correction factor was assumer' to be 0.40
based on a comparison of the calculated cooling curve with measured temperature
data taken from a Stock Equipment Company test report. _5

5. Ambient air temperature was assumed to be 75°F.

D. Polyethylene/Waste Vibro Mixina Temoerature Calculations (see ADnendix B.

Calculation of Polyethylene/Waste Vibro Mixino Eauilibrium Temoeratu,es)

1. Heat loss is not taken into account in the mixing temperature calculations.

2. Polyethylene at 450°F was added to cold waste at 60°F to determine mixture
temperatures when one-third of the polyethylene was added at a time and then
vibrated. The 450°F temperature is the maximum recommended temperature for
low density polyethylene for extrusion processes. Higher temperatures may cause
polymer degradation.

3. Water was assumed to be evaporated from waste containing water.

4. Based on the above calculations with polyethylene at 450°F and waste at 60°F.
a drum heater was assumed to be needed to preheat the waste and drum from
60°F to 200°F before polyethylene was added.

5. The drum heater was sized by assuming the f_]lowing:

• Capacity of 4 drums
• Electric air circulation heater
• Drum and waste heated from 60 OF to 200 oF
• All water evaporated
• Heat transfer coefficient of 2.1 BTU/hr ft2 °F (natural air convection) to

spherical chunks in a drum
• Drum residence time varies from less than one hour to about 6 hours
• Fresh air circulation of 300 CFM

E. Polvethvlef_9/Waste Drum Coolin0 Calculatiqn_ (se_ Aooendix B, Calculation of
Polvethvlene/Wa_tqp Coolin0 C_jrves)

;

1. Heat transfer calculations were done using the same assumptions as for VES
resin/waste, except the thermal and physical properties of polyethylene were used.

2. Cooling was assumed to begin immediately after the drum was filled with mixed
polyethylene and waste.

3. Both extruded and vibro mixed drums were assumed to be cooled from 300 ° F in
75°F ambient air.

_/VRAP0260 ........
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6.4.3

A. Peak exotherm temperatures for VES polymer/waste mixtures were estimated to range
from 181 o to 400°F as shown in Table 6-11. The heat of reaction for VES resin,
originally estimated to be 111 BTU/Ib of VES resin, was verified independently by
analysis of test data received from Stock Equipment Company. la Cooling of hot
solidified VES polymer and waste in 55 gallon drums was calculated by using cooling
charts developed for the unsteady heat conduction in a solid infinite cylinder exposed
to a constant temperature boundary condition. Is Thermal and physical properties of
the solidified mass in a drum were calculated from weighted averages of the properties
of VES polymer and the specific waste in a drum. For macroencapsulation of lead
where the volume of lead was small compared to the volume of VES polymer, the
properties of the solidified mass were assumed to be those of 100% VES polymer.
Cooling curves were developed for a range of peak temperatures and cooling rates, as
illustrated by Figure 6-6. Based on results from Stock Equipment Company tests 15of
VES resin/salt mixtures, 8 10 hour delay was added to the cooling curves to allow for
the temperature exotherm to stabilize before cooling began. About 48 to 72 hours are
required to cool the VES polymer/waste drums to below 130°F.

B. Peak temperatures reached when molten polyethylene at 450 OFwas vibro mixed with
cold (60°F) waste in drums ranged from 197°F to 403°F as shown in Table 6-12.
The calculations also indicated that adding polyethylene in one-third increments would
generally cool the polyethylene/waste mixtures below the 250°F polyethylene
solidification temperature, with the distinct possibility of having air pockets trapped in
the polyethylene/waste matrix. Preheating the waste and drum to about 200 oF using
a drum heater was necessary to maintain the 250°F minimum mixture temperature.
Polyethylene temperatures of 326°F to 450°F are required to 1) maintain a minimum
mixture temperature of 250°F when one-third to two-thirds of the polyethylene is
added and 2) to attain a minimum temp of 300°F when all of the polyethylene is
added to waste preheated to 200°F. This is shown in Table 6-13.

C. Cooling of the 3O0°F polyethylene/waste mixtures in drums was calculated in the
-_ame manner as VES resin, except the thermal and physical properties of polyethylene
were used. About 48 hours of cooling is considered adequate to cool the
polyethylene/waste mixtures below 130 °F as shown in Figure 6-7.

O. The recommended cure times for VES polymer/waste mixtures in drums is 72 hours
and for polyethylene/waste mixtures in drums is 48 hours. This would make the size
of polymer drum cure area vary as follows, based on the average drums per day
throughput:

ii i ii

Single Immobi_atlon Case VES Polymmr VESlGrout Polyethylene Polyethylene/

Only Onty Grout

Recommended Cure Time 72 hours 72/48 hours 48 hours 48/48 hours
ill H

Size of Polymer Drum 244 drume 207 drums 1O0 drums 74 drums

Storage

Size of Grout Drum 0 drurne 27 drums 0 drums 27 drums

Storage i

Size of Combined Drum 244 drums 234 drums 100 drums 101 drums

Storage

WRAPO2eO
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TABLE 6-11
CALCULATION OF VES POLYMER/WASTE EXOTHERMS

i i|ll i

Waste Stream No. Water Content, wt% Peak Exotherm *
Temperature, °F

i

Agitated VES Polymer
i i i i i

1B 4.0 333/362
i ii

1C 44.0 212/300
,,ll

2A 10.0 264/336
i i i

2B 55.0 157
(no water vaporized)

HHI I I

2C 75.0 209
(no water vaporized)

i

5A 1 0 400
i i ii ii . ,.ill ill ill

5B 0 307
ii

6 10.0 212/284
i

7 0 265
ii

8 10.0 212/297

Vibro VES Polymer
li| i ii

1A 10.0 276/351
i

10 0 254

2D 50.0 160
(no water vaporized)

Jl i

3 0 181

4 0 214
i i ,

5A2 0 289
i ii

5C1 0 389
|| i H i,,

5C2 0 183
,i , |

5D 0 302
ii i i

• For weatl streams containing water, the lower temperature was calculated
assuming water is vaporized at 212°F while the higher temperature as calculated
assuming no vaporization (sensible heat only).
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TABLE 6-12
CALCULATION OF POLYETHYLENE/WASTE VIBRO MIXING

EQUILIBRIUM TEMPERATURES

Basis: Polyethylene O 480eF, Waste and Drum O 00°F (no drum heating)

, ,, , II I I II

Waste Stream No. 113 Polyethylene 2/3 Polyethylene All Polyethylene
Added Added Added

i i,

1D * 200°F 266°F 304°F
ii i i i

3 * 136°F 188°F 225°F
| i

4 " 164°F 224°F 264°F
i i|=

5A2 " 166°F 227°F 266°F
H i i

5Cl " (Macroencapsulation - all polyethylene added 403°F
at once)

i i

5C2 * 138°F 190°F 227°F
i| , i i i i

' 5D " 229°F 296°F 332°F
ml i

1A (10% water) 212°F 220°F 277°F

2D (50% water) 1 20°F 163°F 197°F
[]

• These w_mto streams contain no water.

WhAt=60 .....
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TABLE 6-13
CALCULATION OF POLYETHYLENE/WASTE VIBRO MIXING EQUILIBRIUM

TEMPERATURES WITH WASTE PREHEATING

Waste Stream Polyethylene Preheated Vibro Mixture Temperature, °F
No. Tamp, °F Waste lind

Drum, °F 1/3 2/3 All
Polyethylene Polyethylene Polyethylene

Added Added Added
ill i m

1D 360 OF 200 OF 257 OF 284 OF 300 OF
i

3 450°F 200°F 249 OF 282 oF 306 oF
i i

4 392°F 200°F 251 aF 281 OF 300°F
, ill

5A2 389°F 200°F 252°F 281 OF 300°F
i i i ill i

5C 1 333 oF 60 oF" (Macroencapsulation - all 300 oF
polyethylene added at once)

ill i i i ,,

5C2 450°F 200OF 250°F 283 OF 307 OF

5D 344 OF 200°F 262°F 287 OF 300°F
ii

1A"" 326 OF 200 OF 271 OF 291 OF 300 OF
i ii i

2D"" 349°F 200°F 261 OF 287°F 300°F
ii i ii

• Wata preheating not required.
• * Water assumed to be evaporated during preheating.

WRAP0260 "
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E. A stacker/retriever drum storage system is recommended based on minimal floor
space, improved heat transfer capability due to vertical stacking of drums and the
ability to directly interface with Automated Guided Vehicles (AGVs)

F. If intermittent temperature monitoring of the cooling drums is acceptable, portable
infrared pyrometers are recommended. If continuous temperature monitoring of drums
is required, clamp-on or magnetic thermocouples integrated with a data acquisition
system ere recommended.

6.4.4 Results

6.4.4.1 VES Polymer

A. VES Polymer Exotherms and Peak Temoeratures

1. Heat of Reaction

a. The heat of reaction for VF.S polymer was estimated to be 1 1 1 BTU/Ib VES
resin based on Dow Chemical Company data. 11 This value was verified
independently by calculating the heat of reaction from two test reports by
Stock Equipment Company. is Salts and catalyzed VES resin were mixed in
55 gallon drums and the time and exotherm measured. These calculations
indicated an average of 1 12.5 BTU/Ib for VES resin. The heat of reaction of
1 1 1 BTU/Ib of VES resin was thus felt to be reasonable for calculation of
peak temperatures.

2. Calculation of Peak Temoeratures for VES Polymer/Waste Mixtures

a. The peak temperatures reached when catalyzed VES polymer and proposed
WRAP 2A waste streams are mixed were calculated using VES polymer and
waste weight Ioadings per drum from the Single Immobilization Study s and
YES polymer and waste stream heat capacity (Cp) values. This approach,
and assuming no heat loss during exotherm, yields the maximum theoretical
peak temperature for the mixture of waste and VES polymer. The physical
properties (density, heat capacity, thermal conductivity, and moisture
content) of the waste feedstreams and binders are given in Table 6-10.

b. A summary of the calculated peak temperatures for mixtures of VES polymer
and waste feedstreams are shown in Table 6-11. When water is present in
the feedstream, two values for the peak temperature are given. The first (or
lower) value is the peak temperature calculated assuming the water in the
waste is free water and can be vaporized. The second (or higher) value is
the peak temperature calculated assuming the water in the waste is bound
water and is not vaporized. In two of the waste streams containing water,
there is insufficient heat in the mixture to reach the boiling point of water,
and so no water vaporization is assumed.

3. Once the VES resin is catalyzed, there is a time delay of up to two hours before
the resin polymerizes and exotherm begins. The temperature rise caused by the
heat of reaction can cause the temperature to increase at a rate of up to 15 °F per
minute (according to Stock Equipment Company test reports). 15 After this fast
increase in temperature, the temperature slows considerably and the peak
temperature is reached four to eight hours after the resin is catalyzed. A total of
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ten hours was assumed before significant cooling of the salt/VES resin mixture
began. This "thermal inertia" was seen in the Stock Equipment Company test
reports, 1"and was used in the calculation of the total heatup and cooldown curves
for selected VES resin/waste mixtures.

B. Coolipo of VES P01vmer/Wa_te Mixtures in Drums

1. Calculation Procadure

a. Cooling of a drum containing a mixture of hot VES polymer and waste
involves unsteady heat conduction in a solid. The heat loss for an infinite
cylinder with a boundary condition To = constant is given in the book
"Fundamentals of Heat Transfer" by Kutateladze in Figure 21, page 1 14. 13

The heat loss is defined as Q/Qo where:
I

(:1o: (M)(Cp) (TsT_vr- TO)
O : (M) (Cp) (T- To)
M = Ibs in drum
Cp = BTU/Ib°F
Trr_r = bulk (average) temperature of drum at start of cooling, °F
To = boundary condition, °F (in our case, ambient air temperature)
T = bulk (average) temperature of drum at time 8, °F
Thus, the ratio of Q/Q, = ....T - To

TsTJ_r- To
Q/Q, is a function of two dimensionless numbers in Figure 21,
the Blot number, Bi = .]ZB_

K,

and the Fourier number, F° =
R2

where h = heat transfer coefficient, BTU/hr ft2 °F
R = radius of cylinder (or drum), ft
K = thermal conductivity, BTU/hr ft2 (°F/ft)
# = time, hours
O= K_

Cp p
Cp = heat capacity, BTU/Ib °F
p = density, Ib/ft 3

b. The K, Cp and p values used in the equations are generally weighted
averages of the binder (VES polymer or polyethylene) and the waste.

c. This calculation method yields the bulk or average temperature of the drum.
The surface temperature of the drum or the center line temperature of the
drum can also be estimated from separate curves in Kutateladze's book
using the Bi and Fo numbers.

2. Estimation of Heat Transfer Coefficients and Rates of Heat Transfer

a. One of the key variables in determining the heat loss in a drum is the heat
transfer coefficient. Generally, the overall heat transfer coefficient for heat
loss in still ambient air varies from 1 to 3 BTU/hr ft 2 OF. In the Tranter Heat

WRAPO200 ..... - ......... --
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Transfer Manual, 14page 70 the heat transfer coefficient U is given for heat
loss from storage tanks as a function of air velocity, insulation, temperature
differential between the product in the task and the air temperature and the
product correction factor. For uninsulated tanks in still air, U values are
given below:

,, .T. of= U. BTU/hr ft= OF
60 1.8

100 2.1
200 2.7

b. The product correction factor ranges from 1.0 for watery solutions to 0.50
for asphalts and tars.

c. A trial and error approach was used to determine the product correction
factor for semi-solid to solid binder/waste mixtures. Temperature data from
Test Report No. 343 by Stock Equipment Company was used to determine
the product correction factor. Is The temperature increase and subsequent
decrease due to loss of a mixture of waste salts and VES resin is shown in
Rgure 6-8. Using a product correction factor of 0.40, • cooling curve was
generated using weighted average K, Cp and p values based on values of K.
= 0.30 BTU/hr ft = (°F/h:), Cp -, 0.19 BTU/Ib °F and p = 69.4 Ib/ft 3 for the
waste salt. As shown in Rgure 6-8, the calculated cooling curve matched
fairly well with the measured temperature (measured by a thermocouple
inside the drum). In this test, the drum reached a peak temperature of
226°F and the ambient temperature was 75°F.

d. Based on the above calculations, a product correction factor of 0.40 was
used to calculate heat transfer coefficients and cooling curves for selected
waste streams that represent a range of cooling rates. As discussed earlier,
cooling was assumed to begin about ten hours after the catalyzed VES resin
and waste were mixed. During this ten hour period, the drum would reach
a peak temperature in 4 to 8 hours and would not start to decrease in
temperature until about 10 hours. Five cooling curves were calculated using
VES resin:

Stream No. Peak Exotherm. °F
100% VES Resin 300°F (for comparison with polyethylene)
3 181°F
5A1 400°F
5C1 389°F
8 297°F

sam _ ii ...........

WRAP02(IO
12./22/93 Page44



3so- F/Gu,£ E 6-it

coMpA_l-Co/doF" /vlEA¢ORED VS. CALcuLATED LOoL/41GCu.,CVE..£
Fo,Q.

300- FEE RES/H/D_Y Sol.lOS IxIA_7"E MIXTIJRF-..

AMS/EMT TEMPE#ATU£E= 75"/:::
FfAK TENrEKATu_E = Zz(_°F EAEI_: LB_____5

VE_ RE_s_l 202
OF /VIXT'UI_E D._Y SoLIP$ /MASTE _gO

_tL 250- STEEL PRu_ 5g

E_;'i"_t$ra,_T 3V-3 TOTAL 7L/O

,Zoo -

150

I00 Co_,L.!_J(,,, (u,,E_ff -.. ... "-- -- _

.... ----,_ .,,.._ _ __

J

50 - j i i I--- I I w
0 /0 go 30 _o 50 /oo 70 8_o

E'LAPEE'D T/HE IN Hooi<5



WRAPFACltJI"Y,DOE-RI. uNml9 8NmNRR8& CONeTRUCTORS
OE-AC00.BIRI.11944 IqqemNo.8237.000

e. For Streams 3 and 5AI, weighted average K, Cp and/) valves were used
based on K, Cp and p values of VES polymer and the waste. For Stream
5C1, which involves macroencapsulation of bulk lead, the lead comprises
only about 12% of the net drum volume of 6.66 ft _ and thus the K, Cp and
p values of VES resin were used rather than the weighted average. This will
give 8 much more conservative cooling curve than would a curve calculated
using the weighted averages.

f. The cooling curves for VES resin/waste mixtures for Streams 3, 5A 1 end
5C1 are shown in Rgum 84. While Streams 3 and 5A1 cool to about
100°F in 48 hours, Stream 5C1 waste takes about 4 days (96 hours) to cool
from 389 ° to less than 110°F. One reason why Stream 5A1 cooled so
rapidly is that the thermal conductivity of the waste (amalgamated mercury)
is relatively high (1.0 BTU/hr ft_ (°F/K) and the heat capacity is very low
(0.05 BTU/Ib °F). For Stream 5C1 where the thermal properties of the drum
were assumed to be 100 percent VES resin, the bulk temperature after 48
hours is estimated to be 175°F and the surface temperature of the drum is
estimated to be 95°F. After 72 hours of cooling the bulk temperature of the
drum is estimated to be 137°F and the drum surface temperature is
estimated to be 81 °F.

g. Based on the peak exotherm temperatures shown in Table 6-11, about eight
of the waste streams show peak exotherms above 300°F. These streams
will probably have cooling curves that predict about three days (72 hours)
are needed to cool the drums to temperatures below 130°F, or a total heat
loss greater than 75 percent.

h. For those waste streams whose peak exotherm temperatures were below
300°F, 8 cooling period of 48 hours is probably sufficient to remove about
75 percent of the drum heat content. Those streams containing water can
have 8 significant difference in the peak exotherm temperatures, depending
on the assumption of whether or not water is vaporized.

i. If water is assumed to be vaporized, 8 of the 9 streams containing water
have peak exotherm temperatures below 300 °F. Thus if water vaporization
is assumed, 14 of the 19 waste streams have peak exotherms below 300°F
and five have exotherms greater than 300°F.

j. Conversely, if water vaporization is not assumed, 12 of the 19 waste
streams would have peak temperatures below 300 oF and 7 of the 1 9 waste
streams would have peak temperatures greater than 300°F. Thus, a cure
time of 48 hours will probably be sufficient for 9 to 13 of the waste streams
and a cure time of 72 hours will probably be needed for 6 to 10 of the waste
streams.

WRAP0260
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6.4.4.2 Pglvethvlane Polymer

A, Vibro Mi_;jl_oEauilibrium Temoeratures Without Drum Heatina

1. Polyethylene binder can be mixed with waste and extruded at 300°F or the molten
polyethylene can be added to waste in a drum and vibrated to promote mixing.
Nine waste streams would use vibro mixing of polyethylene and waste.
Calculations were performed to determine the mixture temperature when hot
(460°F) molten polyethylene is added to cold (60°F) waste. Polyethylene would
probably be added in portions and then vibrated to assure the polyethylene
completely filling in the void spaces in the waste. The equilibrium temperatures
were calculated when one-third, two-thirds and all of the polyethylene was added

to eight of the waste streams. For Stream 5C1, where bulk lead bricks are
macroencapsulated with polyethylene, all of the polyethylene was assumed to be
added in one continuous pour. Results of these calculations are shown in Table
6-12. The table shows that except for Stream 5C1, the mixture temperature
(assuming all of the waste is heated to the equilibrium temperature when the i

polyethylene flows down through the waste to the bottom of the drum) is below
the solidification temperature of polyethylene (approximately 250 °F12) for eight of
the wastes when one-third of the polyethylene is added and is still below the
solidification temperature for six of the waste streams when two-thirds of the
polyethylene is added. When all of the polyethylene is added, three of the waste
streams are still below the solidification point. This means that there is a good
possibility that air could be trapped in the mixture since the polyethylene may be
solidifying before the air rises to the top of the mixture. Encapsulated waste with
air pockets would not pass FDC criteria for uniform mixing or TCLP leaching
criteria. External heating of the waste is required for two reasons: 1) to raise the
temperature of the waste sufficiently so that mixtures that contain only one-third
of the polyethylene would have mixture temperatures exceeding the 250°F
solidification temperature and 2) to remove water (in two of the waste streams)
by evaporation.

B. Drum Heater for Waste Vibro Mixed with Polyethylene

1. Preliminary specifications for a drum heater were determined based on the
following assumptions:

• Drum and waste he_ted from 60°F to 200 OF.

• Heating accomplist, ed by an electrically heated air circulation heater.

• Heater will have drums delivered to an inlet conveyor by an Automated
Guided Vehicle (AGV) and picked up on an outlet conveyor by the same
AGV.

• Heater will have roll-up doors at the inlet and outlet.

• Heater will be designed to hold up to four drums at a time on a queuing roller
conveyor.

i iiii i
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a For heat transfer purposes, the waste was assumed to be in 2" spherical
chunks end heated by natural air convection inside the drum. An overall
heat transfer coefficient of 2.1 BTU/hr ft2 °F was assumed.

2. Based on the number of vibro drums I_er day and the heating duty required for
each Wpe of drum, the heating duty was calculated to be about 100,000 BTU/hr
or about 36 KW. Drum residence time in the heater would vary from less than one
hour to about 6 hours per day. It is conceivable that the heater could be filled
with drums requiring a longer residence time and left on overnight to insure the
heater dos not become a bottleneck to plant throughput. Air circulation has been
estimated to be 300 CFM of fresh air and possibly 200 CFM of recirculation air for
a total air circulation of 300 to 500 CFM.

C. Vibro Mjxina Eauilibrium Ter_Deratures withDrum Heat_lta
I

1. The mixture temperatures of vibro mixed polyethylene and waste heated to 200 oF
were checked to see if the temperatures at one-third and two-thirds filling with
polyethylene would exceed the 250°F polyethylene solidification temperature.
The two waste streams (1A and 213)that originally contained water were assumed
to be dry at 200°F. The calculations are summarized on Table 6-13. The table
shows that in order to attain a final mix temperature arbitrarily set at 300°F
minimum (to match the 300 °F temperature of polyethylene/waste mixtures leaving
the extruder), the mixture temperatures barely meet the 250 oF level for four of the
waste streams. This includes two streams where 450°F polyethylene (felt to be
the maximum allowable temperature)is mixed with waste heated to 200°F.
Generally, the polyethylene requires heating from 326°F to 392°F to attain a
mixture temperature of 300 oF.

2. In order to insure that the 250°F solidification threshold is exceeded, the waste
could be preheated to a slightly higher temperature (say 215 ° to 225°F)in the
drum heater by increasing the residence time in the heater. Polyethylene could be
added at two or three temperature levels (say 350 oF, 400 oF or 450 oF), especially
if only one or two types of waste were processed in the plant per day. Only one
waste (Stream 5C1) would not require drum heating in order to reach the 300°F
final mixture temperature.

D. Coolina of Polyethylene/Waste Mixtures it! Drums

1. All drums of waste encapsulated with polyethylene were assumed to have a final
mixture temperature of 300°F. The calculation of heat loss was similar to that for
VES polymer except the waste Ioadings and physical properties of polyethylene
were used. Cooling curves were calculated for the following waste streams:

mUUZLU.

100% Polyethylene (for comparison with VES Resin)
3

5A1
5B

5Cl
6

w.Apo2eo........ ......
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2. Based on thermal properties of the polyethylene/waste mixtures, Stream 6 was
felt to have the slowest cooling rate. The calculated cooling curve for Stream 6
is shown in Rgure 6-9. This curve indicates that the drum temperature would
decrease to 132°F after 48 hours and to 105°F after 72 hours. The 132°F
average drum temperature is felt to be a safe temperature to handle the drum,
especially since the outside of the drum will be considerably cooler than the inside.

3. The cooling curves for polyethylene/waste mixtures for Streams 3, 5A 1 and 5C 1
ere shown in Rgum 6-7. All three streams mixed with polyethylene indicate bulk
drum temperatures drop below 130°F after 48 hours of cooling. Surface
temperatures of the drum would probably be below 100°F after 48 hours.

6.4.5 Recommendations

6.4.5.1 VES Polymer/Waste Cure Time

A. Although the outside surface of the VES polymer/waste drums is generally cooled
below 110°F after 48 hours, the bulk or average temperature of the drums can be
considerably higher, generally above 140°F for about one-third to one-half of the
drums (maximum of 175°F). This leaves about 25 to 30 percent of the heat in the
drums (assuming the ambient temperature is 75 °F). This heat will have to be removed
in another storage area if it is not removed in the cure area. It is recommended that
the VES polymer cure area be sized to allow 72 hours of residence time uniformly for
all VES polymer/waste drums. This allows for some uncertainty in the drum
temperature calculations, and allows those drums whose bulk temperature is above
140°F to cool down to a more reasonable level around 100°F. If three days of cure
storage are used, space for about 244 drums will be required for the VES polymer only
case (not counting the campaigned special waste Streams 5A1,5A2 and 5B). For the
VES polymer and grout case, space for 207 drums would be needed in the polymer
cure area.

6.4.5.2 Po|vethvlene/Waste Cure Time

A. After 48 hours of cooling, the polyethylene/waste drums are generally cooled to below
130°F, and in some cases below 100°F. This faster cooldown is primarily due to two
factors: 1) the polyethylene/waste mixtures can begin cooling immediately once the
drum is filled while the VES polymer/waste streams have a delay of about 10 hours
after drum filling to allow for the VES polymerization exotherrn to take place and
stabilize and 2) peak temperatures for polyethylene/waste will be about 300°F while
peak temperatures for VES polymer/waste can exceed 400°F. A side by side
comparison of the cooling curves for 100% VES polymer and 100% polyethylene
shows very little difference in cooling rates (Figure 6-10). It is recommended that the
polyethylene cure area be sized to allow the FDC requirement of 48 hours of residence
time. For the polyethylene only case, space for about 100 drums would be needed
excluding the campaigned special waste Streams 5A1, 5A2 and 5B. For the
polyethylene/grout case, space for about 74 drums would be required in the polymer
cure area.

WRAP0260
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6.4.5.3 Conflauration of Cure Area

A. Drums can be stored in a variety of ways: on a concrete floor, on a queuing type of
roller conveyor or on shelves utilizing a stacker/retriever system. Since drums wiii be
dropped off and picked up by AGV vehicles, the storage area should be such that
drums can easily be retrieved and loaded onto an AGV. This would tend to eliminate
floor storage, which would also be poor in terms of heat transfer since cooling air =
would only reach the drums in orw horizontal plane. A single conveyor or more likely
multiple queuing conveyors would interface well with an AGV, but the size of the drum
storage required for either VES polymer or polyethylene would require many conveyors
at a high total cost. Conveyors would also require a lot of floor space. A drum
stacker/retriever would be recommended for the following reasons: 1) floor space
would be minimized since drums could be stacked vertically in tiers 5-10 drums high,
2) a stacker/retrieval system would interface well with an AGV and 3) the vertical
configuration of the stacker/retriever would promote a "chimney effect" caused by the
natural convection of hot air. This natural convection would promote a higher heat
transfer coefficient and thus higher exit air temperatures, reducing the amount of air
circulation required.

6.4.5.4 Drum Temnerature Monitoflno

A. Drum temperature would need to be monitored, at least on a spot basis (if not for all
drums), to assure that hot drums (above 140°F) are not removed from the wJlymer
cure area prematurely. Orum temperature could be monitored by internal
thermocouples (this could be quite expensive but would integrate well with a data
acquisition system), external surface thermocouple or surface thermor,_eters (again
surface thermocouples would work well with a data acquisition system) or portable
infrared pyrometers. The latter two alternatives would give surface temperatures but
would not tell the internal or bulk temperature. Correlations could be developed
however, that allow the internal temperature to be estimated based on a measurement
of the external temperature. Since the temperature patterns of drums filled with the
same type of polymer and same type of waste will tend to be somewhat uniform,
monitoring of each drum is not considered absolutely necessary, and portable infrared
pyrometers are recommended to scan the drums and locate hot drums. If each drum
would need continuous monitoring, clamp-on or magnetic surface thermocouples
would be recommended.

6.4.5.5 Drum Temneraturql CorrQ|ations

A. Full scale tests using 55 gallon drums are recommended in which internal and external
thermocouples are used to measure drum temperatures from drum filling through peak
exotherm or peak mixing temperature until cooldown is completed. Tests should be
conducted using 100% of the polymer selected from the Single Immobilization Study"
as well as polymer and surrogate waste mixtures which represent a range of thermal
properties and waste Ioadings. This would give a range of peak temperatures and
cooling rates from which to develop correlations. Thermocouples should be placed in
the drum at the drum centerline, about one-third and two-thirds of the radial distance
from the center line to the drum wall, about 1-2 inches from the drum wall and on *.he
outside of the drum. Temperature data gathered from such tests would be used to
develop correlations between the outside surface temperature of the drum and the
inside or bulk temperatures of the polymer or polymer/waste matrix. This data will be
useful in estimating the bulk drum temperature of a polymer/waste mixture from drum
surface temperature measurements. If such tests are undertaken, accurate physical
properties of the selected polymer and surrogate wastes (particle density, heat
capacity and thermal conductivity) waste will also be required.

WRAP0260 ..............
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7.0 SENSITIVITY ANALYSES

7.1 VES Resin Heat Capacity

The maximum cure exotherm temperature of waste mixed with VES resin is a function of
the physical properties of the waste and binder, waste Ioadings in binder, and water
content of waste if vaporization of water is assumed to occur. The physical properties of
binder which are critical for temperature rise and heat loss to the surroundings are specific
density, thermal conductiviW and specific heat. The study used the following values
representing these properties for the solidified VES resin:

Density: 54 Ib/ft a
Thermal Conductivity: 0.08 BTU/hr ft2 °F/ft
Heat Capacity: 0.29 BTU/Ib°F

The above values were obtained from Dew Chemical product literature (Derakane Chemical
Resistance and Engineering Guide) and represent Derakane 470 or 411 resins.

A sensitivity analyses was performed to determine the effect of VES resin assumed heat
capacity on the peak monolith exotherm temperature. The same feedstreams as those
identified for either agitated or vibro encapsulation in VES used previously were compared
assuming heat capacities of 0.29 BTU/Ib°F and 0.40 BTU/Ib°F. The latter value was
suggested by WHC as representing other literature sources for VES resin heat capacity.

The following table (Table 7-1) gives the maximum calculated cure temperature for each
feedstream at either assumed heat capacity as well as the change in temperatures resulting
from the higher assumed heat capacity.

TABLE 7-1

.ii i i. i, i . ,| ilia

MaX!mum cure Temperature. °F .....
Waste Stream

OCp Pol : .29 OCp Pol : .40 Temperature Decrease
BTU/Ib OF BTUIIb OF

i i|1 i i i Ill I, I

5A1 418°F 331 OF 87°F
5B 319°F 271 OF 48°F
7 274°F 241 OF 33°F

13D 263°F 234°F 29°F
3 187°F 176°F 11 OF
4 222°F 203°F 19°F

5A2 302 oF 260 oF 42 oF
5C1 406°F 324°F 82°F
5C2 187°F 176°F 11 OF
5D 312°F 267°F 45°F

ii i i ii H i iii .....

7.2 Drum Mass Effect Upon VES/Waste Exotherm

Initial exotherm calculations for mixed VES resin with waste were performed assuming that
the effect of the steel drum upon the maximum temperature rise was neglegible. This
assumption was made for the following reasons:

e a Weight of steel drum (50 to 60 Ibs) is low to the total of the treated
compared mass

waste monolith (5 to 10 percent)

WR,Pozeo ...........
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" Specific heat of the steel drum is low (0.12 BTU/Ib°F) compared to that of the VES
polymer (0.29 to 0.40 BTU/Ib°F).

" Drum temperature would probably never reach the peak exotherm temperatures of the
VES resin since it is on the outside of the curing monolith, exposed to ambient air, and
has a much higher thermal conductivity (30 BTU/hr ft 2 °F/ft) than VES resin (0.08
BTU/hr ft 2 oF/ft).

However, additional exotherm calculations were performed assuming that the drum weight
was added to the mass of the VES and waste monolith and that the maximum temperature
is equivalent throughout the drum and monolith. These maximum exotherms were
calculated for all of the WRAP ZA feedstreams using the same waste Ioedings as used in
the previous calculations. The exotherm, as before, were also calculated assuming either
all water is vaporized or no water is vaporized for those feedstreams containing water.
Revised cooling curves were produced for VES polymer/waste mixtures for feedstreams
3, 5A1 and 5C1.

Table 7-2 shows a comparison between the initial calculations which ignored drum mass
and the revised calculations which include a drum mass of 58 lb. As shown, the maximum
temperature impact is for feedstream 5A 1 which had the highest initial exotherm of 418 oF.
Including the drum mass drops the maximum exotherm to 400°F, which can be considered
a minor change. However, the revised temperature could be considered a major change
if the temperature drops below the water vaporization point. This does occur for
Feedstream 2C, metal hydroxide sludges, which have a peak temperature reduction from
213°F to 209°F. This feedstream has a high inherent moisture content of 75 wt %.
Therefore, the 4°F temperature drop could indicate considerably less water vaporization.
However, this estimate must be confirmed via actual full scale testing due to the numerous
assumptions involved in the calculation.

Rgure 7-1 shows the sensitivity of VES resin/waste cooling curves to the mass of the drum
and waste feedstreams 3, 5A1 and 5C1. The maximum peak exotherm temperature is
reduced by 6°F, 18°F and 17°F for each feedstream, respectively. There is not an
appreciable change in the cooling time required to reach average drum temperatures of
100 oF or less.

i I ii _
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VES RESIN/POLYMER EXOTHERM SENSITIVITY COMPARISON

Peak ExothermTemperature, °F ....
Agitated VES Polymer

......... All Water Vaporized No Water Vaporized _

Stream No. Assumed % Water wlOrum wlo Drum w/Drum w/o Drumii

1B 4.0 333 347 362 377
1C 44.0 232 212 300 309
2A 10.0 264 273 336 348
2B 55.0 -- -- 157 159
2C 75.0 -- 212 209 213

5A1 0 --- -- 400 418
5B 0 -- -- 307 319
6 10.0 212 212 284 294
7 0 -- -- 265 274
8 10.0 212 212 297 308• i i ii ,m

Vibro VES Polymer ...........

1A 10.0 276 286 351 364
1D 0 -- -- 254 263
2D 50.0 -- -- 160 163
3 0 -.. -- 181 187
4 0 -- --- 214 222

5A2 0 -- -- 289 302
5C1 0 -- -- 389 406
5C2 0 -- -- 183 187

D 0 -- --- 302 312
II
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From: R.L. HENKEL To: LOUISE TREMBLAY
I I I I I III

Company: UE&C Company: STABLEX CANADA
I II IIII - IIIII "'""" I

Phone: (303) 843-3297 Phone: (514) 430-9230
I II IIII I I

Project No.: 6237.008
III El IIII

Subject: WFQ TSDF SURVEY - STABLEX CANADA EXPERIENCE BASE
I _ I III

Topics of Conversation:

1. Stablex Canada was contacted for their experience as a Treatment Storage and Disposal (TSD)
Facility. Stablex Canada is owned by Concord Resources group, Inc. who also owns Highway
36 Land Development Co. Highway 36 is a TSD facility is eastern Colorado that was toured by

i

WHC and BNFL in January of this year.

2. Stablex is located in Blainville, Quebec and is a full service facility capable of waste
characterization confirmation, waste stabilization, solidification, and ultimate disposal. Stablex
treats a diverse range of hazardous industrial wastes and uses specific BDAT when applicable to
a waste type (see Attachment). The facility has been in operation for approximately 10 years
at this site. Stablex treats waste to the province of Quebec regulatory requirements. However,
even though they are not directly regulated by the EPA, Stablex performs leachability tests
mandated by MENVIQ (Ministere de I'Environment du Quebec) which are similar to EP toxicity
leachate tests.

3. Stablex is capable of treating a wide range of inorganic compounds such as heavy metals,
cyanides, fluorides, nitrates, and sulfates. However, they will not accept wastes with elemental
mercury or significant levels of organics (other than oils or grea_.es). They limit ammonia content
to 0.5% in solid wastes and 3.0% in liquid wastes.

4. Stablex_loes not treat reactive wastes defined as explosive, flammable, pyrophoric, radioactive,
shock sensitive, or waste capable or releasing gas when reacted with water or alkalis. They also
rule out wastes such as mercaptans or hydrogen sulfide which can produce odors at low ;_
concentrations. Stablex also will not treat waste particles if they are both non-soluble or non-
dispersable as well as debris larger than 6" in size.

R.L. Henkel

Attachment
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Revision #14: 03/09/92

STABLEX C_ADA I_C,

APPLICABLE STANDARDS OF ACCEPTANCE
FOR TREATMENT AND DISPOSAL
OF DRUM AND BULK SHIPMENTS

OF INORGANIC INDUSTRIAL WASTE MATERIAL

X. BASE PRICE - Specific parameter limits

A) HZAVY METALS - total leachable*

III llll II. I Ii I Uilii ] i

HEAVY METALS PPM HEAVY METALS PPM
i ii I i ml iiii -- ii i ,., .,.,

Aluminum 420.0 Iron 420.0
i iii .m. i i ii

Antimony I58.0 Lead 27.0ii iii i ii i i iii i

Arsenic 32.0 Manganese S3.0IIIii • i imm , m,,,,

Barium 840.0 Mercury I.3
i i i i ii i INIll Ill

_eryl,,,!ium ' ,, . S3. l_olybdenum ..... 21.0

Bismuth 53.0 Nickel 840.0
mill n I I I m IINI " - m II inlUll I

Be.ton 3150.0 Selenlum 6.3i ii i IIHII nu

Cadmium 4.2 Silver 21.0
ii I ,ml IIIINII I II II I I -- I II

Chromium 21.0 Tin 189.0
INII n n I m I nullII

Cobalt 53.0 Vanadium I05.0
i i ,, m nml ,, ,i, nn

Copper 63.0 Zinc 420.0UUlUl • i , ,,=, ,,i

I

B) AN2ONS - maximum concentration in waste

in -- i i --- nl IIII L

nla 300
i all I I I

It' Jl i "' r i i ,......... , I "n" _

C) TOTAL ACIDZTT - maximum concentration in waste

I% max. (expressed as grams of calcium hydroxide per 100 grams
of waste)



I. _ASE P_I_ - Specific parameter limi_:s (cont'd)

D) ORGAN%CS- mur.£mma concentration in waste

E ) ORGANICS - total leachable * (pp=)

i ,, ,l

BULK DRUM
llll II mllli l

ORGANICS SOL IDS L10UIDS SOL IDS LI0U ID Sin ii Him ii nn

Phenols 16 16 16 16
II ==11ii i i i

T.O.C. 1200 5000 1200 5000
ii | i ,|

F) ANIONS - total leacJhable

I , I I ' ,= 1

ANIONS .......... CONCENTRATION

! 6Cyanide (ppm ,f l II ,n ' ,, ' , '" ........... , ....



II. S_ECIFZCALLY PRICED MATE_AL - PARAMETER _IM_TS

A) B_r_ _ - total lea_bmblo * (plm)

III I ,, ii __

BULK DRUM
ti titt it itttlt i - tt t

HEAVY METALS SOLIDS LIQUIDS SOLIDS LIQUIDSm iiii i iillUm ii -- ii

Arsenic 21 0 420 1 050 21 O0
Hm -- t t t -- I - -- - mm I t Ht

Boron 21 000 42000 105000 210000
i iitllt l t i t

Berylllum 2. I 4.2 10.5 21i i in ,ii IIII - i,,lll,le I III III I

Bismuth 21 0 420 10S0 2100
lllllml t II I i

Antimon7 630 1260 31 50 6300
lltl t t tlttt -- t

Selenium 42 84 21 0 420
ii m i i i llUllliii i ii

v_nadlum 420 840 21 00 4200
t t,l, l ii i t

Molybdenum .......... 21 0 ....420 I 0S0 ....... 2100

Others metals No limit No limit No limit No limit
listed in I.A)

, , _ ,,,,, ,, ,, ,, i IN i lIN

B) ANIONS - .mxi_ concentration in waste

II - -- lie -- IIII --II ,

BULK DRUM
ml _ -- i i

ANZONS , SOLIDS LIQUIDS SOLID S LIQUIDS

Ammonia (%) 0.5 3.0 0.5 3.0iml i tttl iml i

cyanidos (ppm) pH>8 No limit No li.mit ....No limit No limit -

Fluorides (ppm) No li,mlt No limit No limit IIo limit.

C) _IDI_ OR _J,_AL__



• • e

IZZ. EXCLUSIONS

(Non compatible with the Stablex process or excluded from our permit)

REACT_VZTY

- Exploslve

- Flammable (flash point lower than 125 ° F)

- Pyrophoria
- •Radioactive

- Reactlvity with water and alkalis releasing gas
- Shock sensitive

ORGANICS
!

- Dioxins

- Furans

- No free organics - layer(s) or phase(s) floating on top

- Infectious or biological

- Pestlcldes, herblcldes, insecticides

- Biodegradable

ODO.R FREE

- Any other waste producing a strong odor at low concentrations

- Hydrogen Sulfide

- Mercaptans

- Metallic mercury, metallic aluminum

- Nodules non soluble in water or non dlspersable, mechanically or

chemically, non crushablei rubbery or monolithic plastic type that do
not meet the MENVZQ (*") or E.P. toxicity leachate tests.

- Material must be free of debris (boulders larger than 6 inches, scrap

wood, pipes, etc... )

LEACHATE PROCEDURE (STANDARDS BEFORE TREATME_)
..

To one (I) part of waste material, add twenty (20) part of alkaline

water so that pH >12, stir 30 minutes and filter. Testing to be carried
out on filtrate

(*) Leachable means: amount of species that leach out of the waste
material.

(**) Minlst_re de l_Envlronnement du Qu6bec

N.B. All above listed parameters are subject to changes without notice.



_ JANUARY 1992
STABLEX CANADA INC,

GENERAL WASTE CATEGORIES ACCEPTED UNDER CURRENT PERMIT

(BASED ON SAMPLE REVIEW)

11 IN ' , I III I ' I

Acids + Alkalis D002

Reactive D003 Sulfide & cyanide only
i i ' -" i

Arsenic D004
ii ll i

Barium D(}05
l II IIIIl|l II NilIN IIII

Cadmium D006
ii iu

Chromium D007
,,,,,| i i iii i

Lead D008
llll

Mercury De09 Except pure metal form
i ill i

Selenium D01C

Silver DOI I

Metal HydroxideSludge/ Waste F006 Meet BDAT *
Water SludgeElectroplater

Spent cyanide plating bath solution F007 Meet BDAT *
ii ii i ii

Plating bath residues with cyanides F008 Meet BDAT *
ii ii i i i

Spentstrippingand cleaningbath F009 Meet BDAT *
solution

Quenchingbathresidueswith F010
Cyanides

i ill ,,

Spentcyanidesolutionfrom saltbach F011 Meet BDAT *
.:, m i m i i i

Quenchingwastewater trear_:_nt F012 Meet BDAT *

Wastewatertreatmentsludgesfrom F019
thechemicalconversioncoatir/_"of
aluminum

ii n .,

Waste treatment sludge/plgments K002
,., | ,,

" " " " K003
m

" " " " K004 Treated & disposed
according to Quebec

regulations
Ir ' '"" '

(*) BDAT: _t Demonstrated _vailable Technology



STABLEX CANADA INC.

GENERAL WASTE CATEGORIES ACCEPTED UNDER CURREaNT PERMIT

(BASED ON SAMPLE REVIEW)

,, I '1''
i

WASTE DESCRIPTION [ WASTE CODE REMARKS
,, ,,,, I' , ! '1 I I

Waste treatment sludge/pigments K005 Treated & disposed
according to Quebec

regulations
| • ,H , ,

Waste trear_nent sludge/picments K006
i i ii i ii

Waste treatment sludge/pi_nencs K00"/ Treated & disposed
according to Quebec

reculations
ll,l l l | II

Oven res';due K008 Treated & disposed
according to Quebec

regulations
H| ii , ,

Wastewacer r.-eauzzentsludges from K046
the manufacturing, formulation and
loading of leadbase initiating
compound

|,l | i

Heat exchanger bundle cleaning K050
sludge from petroleum refining Ind.

= = i

API separator sludge from petroleum K051
refining ind.

immll i I IIIIll

Tank bottoms (leaded) K052
• i ,i, == ,m

Emission control dustYsludgefrom K061 Meet BDAT *
the primary production of steel in
electric furnaces

== • m

Spent pickle liquor generated by K062 Limited concenrxation
steel finishing operations of facilities
within the iron aMdaz_l induau'j

Ill ,., l

Emission control dust & sludge from K069 Limited concentration
secondary lead smeltlng

Brine purificationmuds (1) K07I Currently under
evaluation for BDAT

requirements
== i •

Waste leaching solution from acid KI00
leaching of emission control
dusrJstudge

ml ,,, , , • is,

(=) BDAT: L_est JL)emo_crated Available Technology
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STA_BLEX..CANAD# INC.

GE,_RAL WASTE CATEGO _RLESACCEPTED UNDER CURR_NT PERMIT
(BASF__ON SAMPLE REVIEW)

i , L_I III 1 I _ | I ..I I . i J

WASTE DESCRIPTION WASTE CODE REMARKS )_L......... ?;,', .... • , " IIII ,,,, M I I , f

Wutewater treatment sludge from K106
mercury cell process

I II II I -- I aI

Arsenic acid P0I0
II I I I I

Arsenic Pentoxide P011
,,. ii ii i

Arsenic Trioxide P012
.i ii limb II I • I I , I III I I I,II ,

Rarhlm _ynntd_ _013 Meee BDAT *
i |..|1 ,111 -- I Ii.

Calcium Cyanide P021 Meet BDAT *
|1 ,i ibm i I II

Copper cyanide P029 ' Meet BDAT *
, ,, ., . .. i| ,.,, -- I,

Soluble cyanide salt_ not elsewhere P030 Meet BDAT *
specified

i . i ,,1 , i i IIIII I iilll IIII ,

Nickel Cyanide P074 Meet BDAT *
i E I i i iii ,=., , ,

Osmium cetraoxtde P087
I lib IBm ii| i I i ii

Potassium Cyanide P098 Meet BDAT *
I iBll iI i III I III I II I , ii

Potassium silver cyanide P099 Meet BDAT *
Ihal I i i

Silver Cyanide PI04 Meet BDAT *
is. III ill, i .i i .. it

Sodium cyanide PI06 Meet BDAT * i

imi JMII • • I ii(

Strontium sulfide PI07
iiii • )II iirl n I I In

Thailic oxide P113
q I i I lm nl

Thallium selenide P114
ii I i i Im II • II • I

Thallium sulfate P115
immmi Immml l IIlml I I I n

Vanadium Pentoxide PL20 ,..-
IIIII III J II I '

Zinc cyanide PI21 Meet BDAT *
in i ,i , , , innii ,

Calcium chromate U032 Meet BDAT *
I I I I II I II I II II

Hydrofluoric acid U134
• I I III ii II l --

Lead phosphate U L45 Meet BDAT *
Ipi II I I ,, II

(*) BDAT: _r. Demonstrated Available Technology
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STABLEX C/_NADA INC.

GENERAL WASTE CATEGORIES ACCEPTED UNDER CURRENT PERMIT

(BASED ON SAMPLE REVIEW}

, II . ,, | , l"'q' ,

I i iWASTE DESC/:_JPTION WASTE CODE REMARKS
I[ ] II I II I II_ I III I II I im I ITl 'r I

Thallium carbonate U21 $

Thallium chloride U216

Thallium nitrate U217

(*) BDAT: _BestDemonstrated Available Technology

STA.BLEX PROCF.S_

All above listed w_sta materials, In bulk or drum.s, liquid or solids, are desensitized,
neutralized, stabl]ized, formulated to solidify after placement in controlled cells located
at our treatment factlicy in Blainville, Quebec, Canada.
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A Retmwn Compenv Date: 4/12193iii

WeetamOpefetlonl Time: 10:00 a.m.
Page 1 of 1

III I I ,It'1 I

From: R.L. HENKEL To: ALLEN CARVO
. III

Company: uE&C Company: APTUS
I III

Phone: (303) 843-3297 Phone: (801) 882-8873
I II III I II

Project No.: 6237.008
I I I I

Subject: WFG TSDF SURVEY- APTUS EXPERIENCE BASE
II I

Topics of Conversation:

1. APTUS operates a thermal incinerator near Grantsville, Utah and is listed as a commercial TSD
facility for treatment of hazardous wastes generated at DOE sites. The facility does not directly
dispose of the treated waste. Incinerator ash is either transferred by AFT'US to USPCI's ash
stabilization and disposal facility (Grassy Mountain) near Clive Utah or it is transported to the
Highway 36 TSD in Colorado.

2. The incinerator has a capacity of approximately 15 Lb/Hr maximum feed rate. The feed must
have a given percentage of combustible organics and APTUS often blends waste feedstreams to
attain the proper BTU content. As such, purely inorganic materials such as soils or metal salts
can not be fed directly without adjusting the organic content.

3. APTUS will mail a more detailed listing of types of wastes they can and cannot accept. All EPA
and RCRA regulatory requirements are applicable to APTUS.

,,
R.L. Henkel

i ii

TC93021.008 04/15193
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A R,y_eoa Com.,nv Date: 4109/93i ii, ii

Weetem Opwetlone Time: 1:30 p.m.
Page 1 of 1

I I

From: R.L. HENKEL To: T. NEL.SCN/C. MOS'EL.EY
IHI ,, ' 7

Company: UE&C Company: UE&C
II ' "

Phone: (303) 843-3297 Phone: (303) 843-2774
_

I I I _ III II

Project No.: 6237.008
II I I

Subject: WFQ TSDF SURVEY - USPCl EXPERIENCE BASE
II IIIIII II I

Topics of Conversation:

1. UE&C has been working closely with USPCI on the design, construction, and startup/operation
planning for a thermal treatment facility near Clive, Utah. This facility (which will operate within
a year) is comprised of two primary incinerators, a rotary kiln and a burner kiln, which share a
common secondary combustion chamber. The rotary kiln is designed to handle up to 35,000

Ib/hr(130,000 ton/yr) of bulk solids such contaminated soils with solvent or fuel. The burner kiln
can handle liquid wastes such as aqueous or organic solvents with some level of PCB or dioxin
contaminants. The production throughput of the incinerators is limited by BTU, chlorides, and
heavy metals content of the waste. Wastes are blended to obtain the proper combustion heating
valve with LPG or fuel oil used as supplemental fuel, if required.

2. Incinerator ash is stabilized and disposed at USPCi's Grassy Mountain Facility located in the Great
Salt L.ake Desert. This facility maintains a Part B permit to dispose of RCRA, CERCL.A, TSCA,
and industrial wastes. The APTUS incineration facility (see 4/1 2/93 telecon with A. Carvo of
AFT'US) also uses the Grassy Mountain facility for stabilization and disposal of a portion of their
incinerator ash.

3. USPCI also operates additional hazardous waste TSD facilities. The Grayback Mountain Site in
Tooele County, Utah is an EPA permitted PCB solids landfill and treatment facility. Treatment
consists of USPCI's proprietary PCB dechlorination process for PCB oils. USPCI also operates
the L.one Mountain Site in Oklahoma which is the only EPA, Part B, permitted facility to treat,
store, and dispose of RCRA regulated wastes in the state. This facility offers waste stabilization
capabilities including cyanide/sulfide oxidation, chrome reduction, neutralization, and waste water
treatment.

R.I.. Henkel

i i i i imi i ,i

TC93025.008 04115193
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A Rsylheon Compeny Date: 4112/93i i lu i iii i

Weltefll Opelld@ltl Time: 11:30 a.m.
Page 1 of 1

I I I I I H '

From: R.L. HENKEL To: JOHN MARSHALL
I II II

Company: UE&C Company: YENTER ENVIRONMENTAL
SERVICES

II

Phone: (303) 843-3297 Phone: (303) 278-1858
I I I IIII I

Project No.: 6237.008
I I ! IIIII II III I

Subject: WFQ TSDF SURVEY- YENTER ENVIRONMENTAL SERVICES EXPERIENCE BASE
I i i I i ,mll ,

Topics of Conversation:

1. Yenter Environmental Services was listed as a commercial TSD facility involved with treating DOE
site generated waste from 1984 through 1991. According to Mr. Marshall, Yenter is not an
actual TSD facility, but a company which acts as a "broker" to identify potential TSD facilities
for waste generators. Yenter also arranges for sampling of waste to certify characterization as
well as provide transportation from the generator to the ultimate TSD facilities.

2. Yenter works with many TSD facilities around the USA that deal with any type of waste other
than medical or radioactive waste. They currently work extensively with Treatment T×-I near
Houston Texas for treatment of drummed or bulk shipped wastes. Transportation to the TSDF
using bulk truck shipments is subcontracted to Vacuum - Jet. Yenter has also worked with a
TSDF in Latham. N.Y. for elemental mercury recovery using BDAT.

3. Mr. Marshall will mail a brochure giving further qualifications of his company and additional TSD
facilities they have accessed.

R.L. Henkel

i i i iii i

TC93023.008 04115/93
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A Reylheon Cornplmy Date: 6121/93
i i ilZZZll, i i iiii i
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Page 1 of 1

II I I I

From: DAN VERONICA To: BILL DENNISON
I II I I II1' IIIII I

Company: UE&C Company: CLEAN HARBORS
CINCINNATI, OH

I I

Phone: 303-843-3508 Phone: (513) 874-5888
I

Project No.: 6237.008
I I II III

Subject: WF(1 TSD SURVEY -CLEAN HARBORS
I I IIII

Topics of Conversation:

1. Upon calling the listing CECOS International at Spring Grove Ave., Cincinnati, OH; I was told the
facility was now owned by "Clean Harbors, inc." and directed to a central sales office at another
location.

2. Clean Harbors has multiple facilities, is based in Boston, MA, and has been in existence 13 years.

3. Heavy metal inorganic sludges would be accomodated at a facility in Connecticut which is fully
Part B permitted.

4. Waste is generally received at Clean Harbors in either waste water, drums or roll-off (20 yd_)
boxes. Product is delisted per 40CFR268 (i.e., TCLP passed). Cementing is the immobilization
technology.

D. Veronica /

TC93043.008 06/29/93
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UNITED ENGINEERS
& CONSTRUCTORS

A ReVemmCompany Date: 6/18193ii1,1

Wemm Ope,azione Time: 1:25 p.m.
Page 1 of 1

I I I I II IIII I II' I

From: DAN VERONICA To: ANN HOBLAND
I I IIIIIII I IIII llllil IIIIII I II'III I I '

Company: UE&C Company: HERITAGE ENVIR. SVCS.
INDIANAPOLIS

I l l lnl IIIII III I IIII I I I I --

Phone: 303-843-3508 Phone: 317-243-0811
I I IIIIIII II II II I II I I I II

Project No.: 6237.008
II II I_ IIIIIllll I II I I I I

Subject: WFQ TSD SURVEY - HERITAGE ENVIRONMENTAL SERVICES
IIIIII IIIIIIIII'1 IIIIII III I IIII "

Topics of Conversat;on:

Heritage has been in operation since 1978 and offers consulting services. Heritage describes
themselves as a "full-service" TSD facility (refer to the 1988 "hazardous waste consultant index" for
services available). I specifically asked about the "EP toxic metals" capability listed in the index and
whether their product satisfied 40CFR268 TCLP criteria (which replaced EP TOX criteria). Heritage
is familiar with TCLP and stated they satisfy the requirements using a cement-based solidification
process which they were very reluctant to further describe. Ms. Hobland only would say that the
solidification involved an "aqueous" pretreatment where the metals are "precipitated out" of the
sludge.

./_ _/_.,7.,c_d ...........D. Veronica

i, i

TC930_2.008 06/29193
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& CONSTRUCTORS

A Ita_..m Comp=nv Date: 08121/93i iii,i i i,:11 i iii i i i

WeM=mOperatkDne Time: 2:10 p.m.
Page 1 of 1

From: DAN VERONICA To: SUE THOMAN

:)any: UE&C Company: NORTHWEST ENVIRO SERVICE
SEATTLE, WA

_ I IIII I II

Phone: 303-843-3508 Phone: 206-622-1090
I I I

Project No.: 6237.008

Topics of Conversation:

1. NES is listed in Hazardous Waste consultant as treatment and storage vendor.

2. When asked how "EP Tox" heavy metal sludges are processed at NES, Ms. Thoman said the
metals are precipitated from the aqueous component of the sludge. Metals are stabilized
chemical by a conversion process (probably involving formation of less soluble forms such as
hydroxides). NES obtains a discharge permit for disposal of the water. Solids are stabilized with
a cement kiln dust mixture in "roll-offs" (20 cu. yd. boxes).

3. Contaminated soils are stabilized in a similar manner.

4. Mercury comes to the facility principally in the form of mercury halides from spent lighting units.

5. NES stores Hg wastes for processing in commercial retorting operations at other facilities.

6. NES will send a brochure describing their facility.

D. Veronica /

TC93039.008 06130193
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& CONSTRUCTORS

A R,ymwn Comp,nV Date: 6/24/93
WeewmOperetlone Time: 8:00 a.m.

Page 1 of 1

From: DAN VERONICA To: BOB TETTER

r: UE&C Company: ENVIRITE CORP/CANTON, OH

Phone: 303-843-3508 Phone: 216-456-6238

ect No.: 6237.008

Subject: WFQ TSD SURVEY- ENVIRITE CORP

Topics of Conversation:

1. Envirite, a hazardous waste TSD for 18 years, has three treatment facilities and four non-
hazardous landfills. Envirite says all their wasteform products qualify as delisted under the
provisions in the CFR. Their landfill sites, although only required to comply with nonhazardous =
waste criteria, actually are constructed with dcOble lined sheeting as practiced for hazardous
landfills.

2. Envirite principally serves steel industry clients in the northeast. However, they were selected
by the U.S. Department of Interior to treat portion of s 5,000 drum cache of hazardous waste
found on land that the department had acquired near Denver, CO.

3. Envirite normally conducts a "treatability survey" prior to quoting rates to a prospective client
based on samples provided by the prospect.

4. There is no charge if a quote is not given (i.e., the treatment is outside their scope) and a $300
charge if they do quote a price. Minimum treatment rates are generally $140 - 200/ton including
treatment and disposal.

5. Mr. Tetter was conversant about the TCLP requirement and stated EPA toxicity characteristics
are derived from the Safe Drinking Water Act limits for LDRs times a factor of 100, whereas
Envirite is able to achieve levels only 10x the SDWA limits in their products.

6. Envirite binds LDR metals into a matrix composed mainly of lime, "ferrosulfate" and water; the
product is not so much a solid block but rather a sludge or a cake. Its leachability resistance
permits the product to be delisted under 40 CFR.

7. Mr. Tetter was not specific about Envirite's capabilities with mercury contaminated wastes,
except to say that they would have to evaluate the waste on a case basis and that they routinely
handle only very small quantities of Hg-contaminated waste.

8. Envirite is providing a brochure and video tape describing their capability.

D. Veronica /

i

TC93038.008 06130193
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I IIIIIII II III IIIIIIIIIIIIIII I I III I I I

From: DAN VERONICA To: ANDREA FAUCETTE
__ I I I I II III IIIII III

Company: UE&C Company: EG&G/RFP
II III I

Phone: 303-843-3508 Phone: 303-966-6420
IIII I I III I I I

Project No.: 6237.008
I I I I I IIII IIII

Subject: WFO TSD SURVEY - RFP PROGRESS RELATED TO POLYMER WASTE
SOUDIFICATION

I i I II I IIIII II I I I

Topics of Conversation:

Backoround: EG&G/RFP has been conducting development work in solidification of mixed waste
sludges in polyethylene. Primary focus has been in getting LDR-laden PE wasteforms to pass the

- TCLP test of 40CFR268 by a technique of converting the metals to a less soluble hydroxide form.
This work was documented by EG&G/RFP in a 30 Sept. 92 interim report.

1. _ Has any progress been achieved since September?

Yes, quite a lot. We presented the results in a paper at "Waste Tech 93" and it will
be released in their proceedings. I can send a copy next week. However, something
that is a significant factor is that Colo. Dept. of Health is saying grinding (size
reduction) of TCLP samples is not required, and they cite a March 1990 federal
register release as documentation. (It appears that someone at Colo. Dept. of Health
has made this interpretation of the EPA requirements.) EG&G/RFP is researching the
situation, i.e. looking for a way that this interpretation could be legitimately drawn
from how the EPA document is written. It is possible that the Colo. Dept. of Health
has the TCLP confused with the earlier EP toxicity characteristic test protocol.

2. _ Have you done any work with Hg concentrations in your waste samples?

No, I would expect that Hg would be mixed with sulfides to form insoluble mercury
sulfides. However, we have not yet done any work on this, we don't have a lot of
mercury contamination.

D. Veronica

ii i i ii

TC93040.008 06130193
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From: DAN VERONICA To: ANDREA FAUCETTE
I IIIII I I II I IIIII

Company: UE&C Company: EG&G/RFP
III I II II I _

Phone: 303-843-3508 Phone: 303-966-6420
I _ Illllllll II I I IIIIIII roll I I

Project No.: 6237.008
i _ I I I I IIII I I IIIll I II II I I' IIII I

Subject: WFQ TSD SURVEY - RFP EXPERIENCE RELATED TO PE WASTES
IMMOBILIZATION

III II IIII II I I I II I

Topics of Conversation:

The purpose of this call was to obtain information on three topics:

1. EG&G/RFP experience with polyethylene extrusion of Hg-contaminated waste;

2. Plat'2 for a commercial extrusion equipment vendor to run a demonstration of PE extrusion;

3. Status of a proposed trip by Earl McDaniel, waste immobilization consultant.

a. Ms. Faucette stated that EG&G/RFP had never passed Hg-contaminated wastes through a PE
extruder, thus had no data on whether Hg vapor is evolved in such a process. She said
EG&G had no intention of ever attempting immobilization of Hg-contaminated solids by such
means, that instead, the process they favor would involve chemically stabilizing Hg in the
form of a sulfide compound and then macroencapsulating in cement or thermoset polymer.
Ms. Faucette said the "federal register" (meaning 40CFR268) recognizes that although
amalgamation (mixture with zinc) is the BDAT for Hg, the amalgamation is not feasible when
only small quantities of Hg are present, so that encapsulation (subject to TCLP) is appropriate.
The sulfide reaction reverts the Hg to its insoluble ore state (cinnabar).

b. A contract is under negotiation where a commercial vendor of extrusion equipment will
demonstrate for EG&G a pilot of a production-size PE extrusion process using surrogate
waste provided by EG&G. Performance is expected "this summer", however Ms. Faucette
could not disclose further details, except that the demonstration will utilize off-the-shelf

components.

c. A trip had been organized by DOE where Earl McDaniel would tcur various facilities in Japan
to survey the state of immobilization technology (particularly with PE) there. The trip was
cancelled 18 hours prior to departure by DOE-HQ for unknown reasons. Ms. Faucette said
a rescheduling of anything like this again appears very unlikely since apparently the DOE
action has irritated the Japanese greatly.

D. Veronica /

i ii iii ii i i

TC93041.008 06129193
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'From: R.L. HENKEL To: BARBARA SAUER
"1

Company: RAYTHEON ENGIN. & CONST. Company: MERCURY REFINING, INC.
IIII

Phone: (303) 843-3297 Phone: (518) 459-0820
II

Project No.: 6237.008

Subject: WFQ TSD SURVEY - MERCURY REFINING, INC.

Topics of Conversation:

Mercury Refining, Inc. is listed as a commercial hazardous waste TSD Facility by the 1992 Kirkpatrick
survey. However, discussions with Barbara Sauer indicate that Mercury Refining, Inc. operates as
a pretreatment facility to principally recover mercury from bulk wastes. Any chemical fixation or
solidification required for disposal is contracted out to other firms such as Chemical Waste
Management.

Mercury Refining, Inc. is capable of handling large waste volumes and has current on-site storage
capacity of 880 drums. Mercury is removed and recovered using retorting process techniques that
comply to BDAT.

Additional information will be sent which details the specific types of waste which can be handled
by this process.

i

TC93033.008 06/07/93
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From: JOHN BOYLE To: R.L. HENKEL
i I i

Company: BETHLEHEM APPARATUS, INC. Company: RAYTHEON ENGIN. & CONST.
I ii, i =l i

Phone: (215) 8:38-7034 Phone: (303) 843"'3297
I II I

Project No.: 6237.008
I

Subject: WFQ TSD SURVEY - BETHLEHEM APPARATUS, INC.
I I

Topics of Conversation:

Bethlehem Apparatus, Inc. was contacted due to their experience with mercury recovery from
hazardous wastes. They are not a TSD facility since they specialize only in heavy metal recovery and
would contract out any remaining treatment and disposal to another facility. However, they did
provide a good deal of useful information about their process which may be of use in designing the
WRAP 2A mercury evaporator.

Bethlehem is capable of recovering mercury from many types of solid waste including bulk
contaminated waste such as soils or organic material with absorbed mercury. The mercury is
recovered by retorting of the waste in a "bell jar" dome reactor that is all stainless steel construction.
The reactor is heated using convective and radiant heaters and is capable of accepting and processing
a full 55 gallon drum of preloaded waste if the waste is not densely packed. In the case of densely
packed soils or sludges, approximately 2/3 drum of waste is loaded onto a tray to allow additional
surface area for heat transfer and vaporization.

Currently, the reactor operates in batch mode with a 18 to 42 hour heat soak followed by cooling.
The retorting temperature is as high as 1250°F. The retort is maintained under almost a complete
vacuum of 25" to 27" Hg to accelerate mercury vaporization and to prevent combustion of any
organic material in the waste. After initial pyrolysis of the organic material at retorting temperature,
air is pulsed into the retort to lower the mercury vapor pressure and enhance almost total mercury
recovery.

Bethlehem currently has more than a dozen of the bell jar retorts in operation and is working on a
design to allow a more automated batch or semi-continuous operation. The new design makes use
of feed and discharge chambers that optimize preheat and cool down time intervals and maximize
mercury vapor recovery. Currently, they can not remove treated waste material from the reactor until
it has cooled to at least 150°F.

Although Bethlehem did not express any concern about organic content of the waste, there are
inorganics which can cause problems with the retorting operation. Chlorides or nitrates are highly
corrosive to the stainless steel construction of the retort at high temperature. Sulfides and sulfates
are not considered to be a problem. Also, other heavy metals such as cadmium in the waste tend
to combine with mercury and form an amalgam which can foul the mercury condensing equipment.

Mr. Boyle will send additional information which describes what types of waste they can or can not
process. Currently, they are not retorting contaminated soils since this type of waste is lower in
priority than other bulk wastes which are in larger supply.

__R..L._.H_nk_el• "__

TC93031.008 06107193
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Bethlehem has developed a htgh
vacuummercuryretortrecoverystillfor
processing EPA D009 hazardous
waste.Therecoverysystemheatsmer-
cury bearing materials up to 1,350
degrees F. Mercury vapor is con-
densed in a watercooled condenser
fortransferto ourvacuumtripledistilla-
tion units.Since therecoverysystem
operates under highvacuum theex-

Electrically
haust from the vacuum pumps is ,,,_
easily scrubbedand passedthrough vacu,mcl_amOer
treatedactivatedcharcoalformercury
vaporremoval.NoexhauststackorAir
Quality Permits are required for the :_
system. Residue from the process 55g=.drum od
must pass TCLP analysis for mercury m_cu,v
before it is sent to an industrialnon =,.,,_ _"
hazardous waste landfill, m.,=,= '.'

Each mercuryrecoveryhigh vacuum
retortsystemiscontrolledwitha micro-
processor temperature controller _'. .'-
capable of running 16 differentpro-
grammed temperaturecyclesfor the
wide variety of materialsto be proc-
essed. Todatewe haveprocessedthe
followingtypes of materials:
• fever and industrialthermometers
• metalswitches
• quartz lamps
• dental amalgams
• ignitrontubes
• mercuryin soil
• telephone switches
• porisimitrysamples FOR MORE INFORMATION ASK FOR
• sphygmomonometers A MERCURY RECOVERY PACKET. =

• barometers Allshipmentsmust have priorapprovalbeforethey are acceptedfor
• glass switches processing.Allmaterialsthatareprocessedinourrecoveryretortdistil-
. mercurybatteries lationunitsare consideredHAZARDOUSWASTE,and mustbe sent
• thermocouples usinga PennsylvaniaHazardousWasteManifest.

• mercury sludges To receive authorizationfor shipmentsyou must obtain a work
• mercury rectifiers authorization number fromouroffice.Authorizationnumberswillbe
• mercury relays issuedforeachshipmentprovidedthereisa signedRecovery/Recycling
• manometers Agreementon file andyourwaste ison ourMaterialAcceptanceList.
• mercuric oxide Fornew materialsto beapprovedtheremustbesamplesandmaterial
• pc boardrelays analysissent for evaluation.

890FrontSt,,PO.BoxY,Hetlertown,PA18055• 215.838-7034• FAX215-838-6333• TELEX494-9195
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From: R.L. HENKEL To: BOB ROBERTS
fl , I,,' I.','"J' ,, ,,TI r.,,_ ,,

Company: RAYTHEON ENGIN. & CONST. Company: QUICKSILVER PRODUCTS
i irpl m;. i i H i ,,,i , ,i. ,,.., .

Phone; (303) 843-3'297 Phone: (41 5) 468-2000
I

Project No.: 6237.008
III I I III II

Subject: WFQ TSD SURVEY- QUICKSILVER PRODUCTS
IIII I III IBI I IIIII II

Topics of Conversation:

Quicksilver is listed as a commercial hazardous waste TSD in the Kirkpatrick survey. Their principal
line of work is to recover mercury from mercury containing devices such as thermometers, arc lamps.
and switches, They do not process mercury contaminated bulk wastes such as soils, water, or
organic waste with absorbed mercury.

Quicksilver referred me to anther firm in the Los Angeles area (Mercury Recovery Services. 818-303- i
2053) which also processes the above listed mercury containing devices in addition to fluorescent
light bulbs. However. any further waste treatment or recovery is contracted to other firms such as
Mercury Refining, Inc. or Bethlehem Apparatus. Inc.

|

R.L. Henkei

-- JL -- Jl II_ L ....... I_I

TC93032.008 06107193
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I

From: R.L. HENKEL To: JIM WILSON ,

Company: UE&C Company: ROHM & HAAS

Phone: 303-843-3297 Phone: 21 5-592-671 2

ect No.: 6237.008

Subject: WFQ TSD SURVEY - MERCURY REMOVAL FROM WASTEWATER VIA ION
EXCHANGE RESIN

I I

Topics of Conversation:

1. A recent publication by Westinghouse Savannah River Co. ("Treatment of Radioactive Laboratory
Waste for Mercury Removal", A.B. Osteen & J.P. Bibler) describes the use of ion exchange resin
for removal of mercury from low activity liquid waste. The use of Duolite GT-73 resin was
recommended for effective removal of mercury from not only laboratory waste but also basin
groundwater liquid. It was therefore considered that the GT-73 resin could be used as a media
for mercury removal in the polyethylene extruder offgas condensate process being evaluated in
the Single Immobilization Study.

2. Duolite FT-73 resin is one of the few, if not the only, product on the market capable of selectively
removing mercury in any of its common ionic states. Elemental mercury must be converted to
the ionic state by chlorination at a pH of about 3. Two ion exchange beds in series are
recommended for walter treatment. The first bed acts as the primary removal unit while the
second acts as a polishing unit. Typical bed depths range from 1 1/2' to 6'. The bed volumetric
flow rate recommendation for the waste water is from 2 to 8 gal/min - ft 2. The maximum
mercury loading is given as 31 K grain of mercury (as Ca CO3) per ft 3 of resin. This is equivalent
to about 2.2 Ib of mercury per ft_ of resin.

3. The cost of the GT-73 resin is relatively high at about $850/ft _ delivered in bulk, bags, or drums.
The resin can be regenerated using 35% HCI and will produce between 8 and 10 bed volumes
of waste concentrate containing the mercury. Based upon the resin rate of consumption,
regeneration can be economical if the resins can be reused from 3 to 4 times. Jim Wilson will
send additional information on regeneration requirements.

R. Henkel

TC93034.008 06115/93
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Phone: 303-236-51 22

act No.: 6237.008
i

act: WFQ TSD SURVEY - HAZARDOUS WASTE REFERENCES

Topics of Conversation:

1. Backnround: The "El Environmental Services Directory" was identified by the WHC White Paper
title "Commercial Hazardous Waste Management Facilities" as being the best and most
comprehensive reference to commercial environmental business. The directory is not available
locally to WHC.

2. A copy of the El directory is available for public access (not checkout) at the EPA Library,
Denver...

D. Veronica (/

.,
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Company: UE&C Company: HAZARDOUS NAT'L BRACH
I IIIIII I IIIIIIIII I III IH I I I

Phone: 303-843-3508 Phone:
I IIIII II I I I' I I I

Project No.: 6237.008
I I IIII

Subject: WFQ TSD SURVEY - TCLP PROTOCOL
IIII III II I

Topics of Conversation:

1. Back0round: Based on the information that Colo. Dept. of Health is telling RFP that grinding of
TCLP is not required, I called Denver office of U.S. EPA to verify.

2. The Denver office is responsible only for enforcement (e.g. inspections of hazardous waste sites
and records). Ms. Perroe was familiar with TCLP but said she had not heard of any recent or
pending change to the test procedure. She provided two contacts:

a. Gale Hansen, U.S. EPA HQ Laboratories Staff (202) 260-6722

b. EPA Test Methods Hotline (703) 821-4789.

D. Veronica

i ,i ii i i i|,ll
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From: DAN VERONICA To:
- III II II IIII " III1'

Company: UE&C Company: DENVER PUBLIC LIBRARY
I1' II I III I IIIIII I I I I"_'

Phone: 303-843-3508 Phone:
Ill IIIII I I

Project No.: 6237.008
Eli I I I I II

Subject: WFCI TSD SURVEY - LOCAL ENVIRONMENTAL BUSINESS REFERENCES
II IIIIIIII IIIII IIIII IIII r

Topics of Conversation:

DPL searched their database for locally held copies of the following documents referred to in the
WHC White Paper Titled "Commercial Hazardous Waste Management Facilities" (May 1993)...

1. "Hazardous Waste Consultant" (March/April Index Issue).

2. "El Environmental Services Directory" Environmental Information. Ltd.; Minneapolis.

Neither is held by local public libraries or universities.

O. Veronica

........ i,i i i i ii i,ll
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APPENDIX B

CALCULATION OF VES POLYMER/WASTE EXOTHERMS

CALCULATION OF VES POLYMER/WASTE COOUNG CURVES

CALCULATION OF POLYETHYLENE/WASTE VIBRO MIXING EQUILIBRIUM TEMPERATURES

CALCULATION OF POLYETHYLENE/WASTE COOLING CURVES
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i i i i o%, --

• ..
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FORM SOOT REV. 7n9 GENERAL COMPUTATION SHEET 1_2_e CALC. SET NO. 00 2- _qEV_COMP. BY CHK_D. BY
=1 i

(DISCIPLINE) _ PRELIM. v /

.......
 AMEOF E/ vo,o
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i -
!
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II

WASTE AND BINDERS PHYSICAL PROPERTY DATA -_,' -
ii iiii i

(IbRt_l (l#lt'tl (ln'U/tb e_ (ln'U/tw ft_teF/ftl (WIRt,I
Inll|l I n Ill II Illll

1A 100 130 0.2 0.3 10ii i

1B 80 140 0.2 0.2 4.

1C ell 100 0.2 0.2 44Illl I

10 75 1O§ 0.2 0.2 -
III I I I

2A 88 111 0.25 0.3 10i i

2B 58 77 0.3 0.1 S8
i ii i ill i

2C 76 140 O.I 0.2 7S
ii m

20 40 SO 0.3 0.1 60
i i i i

45 58 0.3 0.12_ mmlllmllmlmlm=m .m_

4 80 100 0.2 0.3 -
Ill I

§A1 408 408 0.08 1,0 -
(imlii(llrneted me¢cury}

i i

5A2 40 58 0.3 0.1 -
(bulk mercury)

. ..... 2,o- o,, ,,- -
5C1 710 710 0.03 20 -

telemental leedl
, i.. iii i i i.ll i |

5C2 80 105 0.3 0.1 -
/bulk leod)

i,= i i

50 450 450 O.I 30 -,,,

90 90 0.25 0.1 10
i ii i

7 35 90 0.3 0.3 --. i ,iii l l.n

8 90 90 0.2 0.2 10
, i. i,i, ,, b,.

Bic.:kw=

VES Roe0n 85 _5 0.29 0.08 -
(Derakane 470-39l

.m

Polyethylene 57 57 0.55 0.19
i ,_
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SUBJECT E_rJlt. l_.lUH TE'/vt/_Ct_TU£_ J.O _,Z_'709_" ,-- OA'rf oA'rE

CALCULATIONCONTROLSHEET

PRGBLF.M STATEMENT

:s/./s t_ _(. ¢,_o/ _b.-,'/,b_,;-/_:'--_"'_ "_+'_
•,;x,,,.,¢,_o7z _o/_, m:_e_y'_'' ,_,,_5,_.r_,,',,c,4_

C]ESIGN 8A.Si$

-OTAL ._UMBER CF CALCULATICN SET ._HEET3 "_ ':ALC. _ET ._E,L O

- :AT_
:CNCL;RRE':3 BY .:.._0 C_S_',..:_I_-::,G,:,E:_













Io:_.1_ "T' = lZ _s'S'._+ 4/,Yo3.& : / 7/5"9, /

"F= I__ ,_ °F _oo /_,.,



S4r?_ Ec2-

PE /:,7._
Pru,- _o.o

ii

_o g.3 /_ .

(_o._}(o,__r-_,)+:_o)Co.,,>_r-,o)=_/_7.::(o.rr)(__o-79
/;',.ZT (//7._'_¢,>(.'r'6°) = _O.71(q.%'T) : /$_/_.g - 3E),7/T

7_9_- IS3.Y/r : .,'//.#o,8' 7"= I_7.8°/= _o_ /_n_/







_.l_,e_,,.,.<,?D
- - ,_-r. '/,__ -t__.,I//_. ,_

D_.LW,_4.,I0_,o/o_.I 7",,'._I ,_cr,,.,,7"_ z/z. OJov,#,_" _.
p_ /,-/o,/
j)_,=,,, _o. _ T = 120°F

"r,l,J q_o.Z

kos/o,_?)h'-,,)+¢,_;_o,_)(._-_3+(So_./)_.o)fT-+.o)=_/_)(./,_,J_.,_J/,_<>-0
- /_;,,G 7"- _5"6, . /(,Z,Zf"'," -- 2._,/#,./ 7" : 120 "F ..-.
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" STS.I















9_.IT -- 2S,_0£ T'-- ..771°i= ¢14_<;,r, ._ro'_S
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iiiiiii ii iii
,O,SC,.L,Ne, .M.L,. V/ k'DY' F._L !

A__ FINAL DATE O_T_l i .

NAMEOF J_L"//A//,_ V010 _'_'" , , ,I _ "--

SUBJECT E_/./ILIERIUI'_ tEM#EI_AT'U#ES .J.o _L370 o# _

,i

WASTE AND BINDERS PHYSICAL PROPERTY DATA ....
i

Wltm Fmdem_me Trued lk_ _ Trut_ PildaM _ H,umlCalej w l_temm' Co_ _ C4mmmt
_nr_ re,m-'1 (STunbefl (BTUnv_('F_U I_r%l :i,|, i ,ill

1A 100 130 0.2 0.3 10
i iiiiii i ii i ii

IB 80 140 0.2 0.2 4
ii IHI I

1C et 100 0.2 0.2 44
i i i i i i i

10 7$ 10S 0.2 0.2 -
i ii i i ii .m,

2A 88 111 0.2S 0.3 10
ii ii

2B SS 7? 0.3 0.1 SS
i i i .ii

2C 7S 140 O.I 0.2 75
i i i i i i i

20 40 SO 0.3 O.1 SO
i i i i, iii

3 45 58 0.3 0.12 -
i ii i --.

80 100 0.2 0.3 -
mmm

408 408 0.05 1.0 -

(imeloer_eled merest,. i i i

6A2 40 $8 0.3 0.1 -
(bulk me_)

i i

SI 200 240 O.11 8 -
i

6Cl 710 710 0.03 20 -
(tlliili'lilnill lell¢ll

6C2 80 106 0.3 0.1 -
rouk le_|

"lll I I'1! I Ill I

SO 4SO 450 0. I 30 -
ii ii

| 90 90 0.25 O.1 I0
i i

. 7 3S , gO 0.3 0.3 "" !
II |0 |0 O.2 0.2 _0

VES Reem 06 a6 0.29 0.08 ..
(Decekenl 470-381

P OIvelhy4ltr_l S7 57 O.55 O.III -
i i i i i
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{_ISCIIILINE}
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C,AL.(/jJ..A-;'/,,U / oF" P_/._f_'TJ./y_.E/V£//,_JAf'T_ / "2 / oi'ra _A'rE
suaJ_cT CooL/A/(, gU_L/ES _ ,.o g2 _7_g , , _

CALCULATION DISCLOSURE SHEET

iiiiii

CALC.SEt

I1"_1_ CALC. ITEM OESCRIPTION REV. #(item REMARKS
SHEET# ResoN_a_

IIII i_iii|i II i

/ /7 _e,,,,/'7 _,nt_' a,,/,_,',_-
r,-,,/ ,p,,,,,,,;,#jopo.

"OTAL NUMBER OF CALCULATION SET SHEES "_ / CALC. SET REV. O

CALC_LATIC]N CONE BY _ _)' ]/_ _'#_' +_'_" .... OATE (_ -- _ - q'_ ....

:CNCL;RRED BY _ ,.,, ._ATE
.':.,AOGI_.C.F'-.NE:._4G,,'_EER

iiiiii iii



"OTAL NUMBER CF CALCULATICN ¢'-" g / 0•..=_ -_HE_=T:.3 "< CALC. _T' _E,,L

iii

: C,"ICL;i_RED _.Y ..... 2ATE

i iii ii iiii iiiii
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___ T , , O&T| OATE I

...... s,.,,t'r _ _' .2/

C_I.CUI_T/oU OF Po_.YEr//YCFCJE/_Ae.TE - "_ _ . _ .... OAT1 C_._rt

. _ 0. o

. ° Q °_ .° .°°° . I

°.

_° _ ....... _ .

°..

i

°°







_'= _,2_ = _).00_

_)/Ro= o,qff

Z_r

PE /71.9iiiiiii

.... - -'---'--'- _o/,3
3ol.._

cp-- _;/._)C_,_)_(,7_._¥o.s_r)-- _,_. _,.-_..o.,_
...... 3o/: Z _o/.
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_OMMSOOTMiV. 7iTS GENERAL COMPUTATION SHEET (,uZ.k/j CAt.C.SETNO'.'O0 _ R|v COMP.|V CHKO. Ov

,O,SC,_L,N,, _/_11__ ''.L,M t/" _DV' _ _.:..,

NAM,OF _'/W///_-- --_
CAL_IJ_.AT/oU oF' /_oLyE_,t,"/_.Fsu_/k/AE"fE oA'rl oA'ra

ii

- ...... " 2at,3 ....... _0/"_ -_ _ 1 ,7

/o= /lJ._._._. /7__..J.q /.ST?+._./s_;
7? s7

o,/g .. ,OOET_

Fo-- Coo_ ){, ) __ _,.,,o_o 8,'= o,1_

. ._,(,
3Vt,_

= q.7 o.?.. +_'/g.(,,/ ,/9 = ¢.qV+ g6,7 = O,/f/

= ......

= _'-/Z,:r_ _,./,_'_ __ (o2. -='
_..FI,'7 29_.(. ..- ' -
/ v _, "t" - E7 - "" O,3Er. "t"..,C,2Z_}

0../_ { -= O.oo(o3=,Z =

Fo= (,_o_ _(, _ - o.oo7/ _,"--....... o,_,

EI3._
-v_q, a

0. /,=,_'

- 7_'V.t. 7Fq,&
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womu soD, nsv. 7,79 GENERAL COMPUTATION SHEET _j_._@ CALC. SET NO. OOg m,=v COMP.my C_K'O. my

111 0A__ I=INAL DATE A-- DATE _

NAMeO_ VO,O _;'/(:'_'_ -- :'"
co.,,,.., #,,E/_/.,'c-l_e zA ,.,,,,,T,_

cAcc.u_.A'r_o,uod /ocy_T_,yLE_JE/_A_7"_ s,.,,.,T _ o..,:.21
susJ_cT Cr_/a)_ _u£vEE' _J'° /__ _7 00_" - OATS OAT_

_" 27q._

- = b99._'

Cp--

4_9._" ("qg? = /o.;',/
_/_,_ 2"I_._ 1.75o + #,g/o
a¥o S_

=z =. ¥ ._ 2 . O. /_o

Fo= ('o./_,o).(,_)__o,/_'z ,_, - _/.,"_)(._:7rJ_: o._z
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,O,SC,PL,Nf) _ "'_'"" J - o KD I/ R-Litii

NA.eoF E/k/ _o,o ' I
COMPANYP_ Me-- _/_A# ZA uN,T_
C'A_.(uaATto_/oF /_I.yET"_/yLE_E_AfTE S,-,_ET? o,..2/ - ------
sueJECr _o_.l,_l(. (u_VNE J.oD2TTO_ oAre oAT_

LB(

_z7./

_1.7. / ,.#z.7./

O(,o,z)(o,i_-)+_.c._,,,rJCo,e_)_ _._r+/v_._o = o,._lG=" "-- 4'7.7.1 './'2._./

z/zT. / 6_.1q. _..7, / , -=

( #_o._. _ /.7_ + _.(,,,,"_./..
90 _'7

Sq_-._,,.. 7 /.t,r iii1|11

- _,,__,,._ -_z_,/
2 _',?..o.

Cp = v__. / _'__'/
,t.(,_. i 4/.__c.I = 4z(,_.ci = _,:t,

t°
0.3£ -- O.oogE

:z = Co.+_(_7._ C/./_ST_) = _.
¢,oo_Z, ) - _,oo_ _,': --
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COMPANY .....UNIT/S

CA_CuLA"r/_o_ pOLyE"r_ve...,_E/c_A'.rF-.,s,_r/0 o,,.2/ o,,._J o,,_.E!
sueJSCT CUO/./,_(,_u,#VEE .Lo_Z _7 o0 _

- - L_s
D,,y_ /¢,o.2.

_z-1_/ ra.o,,,+ s',,.;,/ = o,/_¥

q_?.l

. - 4'2.'7, I
47,.7,/

,_-2.7. / #2.7. I--- - = _. I
/o - -/_,o.z. 2_.'t I,7_ 4-#.&2

O,lq_/ _. 0.oo 70

,Co'=Coo7_}{',). = _ oo_'_ e; - - _,/, ,./
-(,_7_)'-

5Ol'fM A_.Y

_q'r_.¢,__ _o. ' Fe_ .8t Fo . 0/_.,
1_ 0.0072 E 5.5 0,17'./ O,ES

_A o.ooq,./,,t _/.t ¢,lZT o._7
_._ e,oo6o 7, / o./_4 o._ _,,,
_C 0.007 / 5;, & 0./70 0._5
5AI o.o2_, l.G o. (,,z¥ 0,7z ----
_ o.1_ o.2z #.t7 o.gl lff,_ "-
_, o.oc_ / 6,_1 o,/'./¢, o._s m:,, "--
7 o.ooq7 _,_ o,zz3 o._'&
_' 0.oo_o _e 0,142. 0.60





poMMsoo7 Rsv. 7n9 GENERAL COMPUTATION SHEET _2keC C. SSTNO 0 rv COUp. By CWX'D. ev
ii i

i

A IlIWllmmm C.a_m'_ PlNAI. DATE '_ DATE|lIHII

NA.EOF vo,O [''/7-_/_ _ J' /__
COMPANY __ _ E'. /I_'_-,,' " _],_P 2A UNIT/S '

CA/.cucA'r,,.,uoF' POLVE'TH_'_.[,#-/_,_'r'=" ..swEeT12_.o_ 21 6,TE OATG
SUBJECT _,,L/U_ Ct/RtlES ....J.o _ _700

G-= /.37/wj. Fo-- 0.25" _)/_ = 0.11

,_2 E y.o ,I I = .2if" "/'= _.oo - 2,E = .27..<"°F

&- ,,7.-/_ /,,_ F'o= e.¢o Q/Q,= o.z o

,a_._ _ e.z.,:,= e.<"° "T'= Zom- ¥E = .2E_ °F

- E. So ,4,.r Fo - I. oo _/_, = O,_

,,4.z..¢"×. _iq = 77 o -r"= _oo - 77 -- ,,_,.__ °._

_ = 13. 7"/ /_,S F_ = 2 ,E C_/Qo - 0,67

a_ _ _ ._"7- /_1 ° "T"= _oo -/_/ = /_? °t=

e-= 27,q7AK _¢o'- 5.0 Q/_o= O.g'/

._2_ x o,z_ - I &_/°F -/-: ._oo- I#q = Iii o/c

_-- S5 ,_vs Fo -/o.o _/_ - O.q7
22_ x , _/7 = _IZ 7"- E2 °F
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,o,sc,PL,_EJ _ ,_tL,-.l v_ _OV _ Li i 0 - ' -

A__ FINAL DATE - DATE

HA.; OF vo,o 6-2_-9-? "-7!l I'_Lco.,,._ D_E/_'_(- _zA_ 2A o,,,,,',s ....
, _/ s,.,feT /.T oF 21CAI..CuLA-t,.'U d'._' t_L_'E'/'/./yLF'xJ _AST"_ OAra ' bATe t

sus.Jec'r C.,,_./u_ cu.,evF.T J.o (.,;7_7,_o_ . ,

-- - /,6
'= 0,6_"

= o,_ _ ,_o = o,ol _/c_o= 0,0_
7

"r'= soo- o.o,.(:zs)= a_,s°_•

: /,¢1I,,, _'o- o,os _/_o= _,/o
Z_

•= _._'I_. F_=-o.to _/¢,,.,= 0,;_o

T::_o -o,_/z2s) - ,2E.S'°F

= 9,_ _,,4. ,c'o- o.as ¢/q,- o,_//
97..

"T: ___ - °"_'/ ('_: _ ) - ._o,_°F

-7"=._~_-o._C('zz_ -- l.C,/-

"T'-" _,o-, /.o(_()- 7..C"F



-- E7,7_

o,I¥I -_ _,oo_z Fo--['o._o_.;(_)-_0.007,//e

(o,_7_)GT.?o) ,',_,7_'_"

K- o.I#I
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IOISCIPLINE) _ PlqII.,IM. If .........o ,_D/ ......p.L_
A_ C_l'nDl'W FINAL OATI, _.t-- OAT_E -

NAME OF i_,,/W vOID - _._i,_.,r.f.,_' "_{ ' 7 _=COMPANYpn #(" I_AP ZA uN,T___._.._.
CALCClI,._T/_U /OI_ PgLy ET/4_£ EM_/_A_T_ S...T _ 1.---- i

SUBJECT _dLIM_ (-.U/_/_:: j'I'I" Ob2;7_l,,)"m='__ '_ DATE DATE ___.

- A'¢_ d P_ e,,,,/let,,,

:? = _._Ee-m/l_' F c, = e.=/

o,/q = .oo_,o_, oL = 13,/ - o. _37



_" O,Iq

-- O,Og /',T= 2;F x,o_= Ig _oo-lg --2_z'F0

"
AT-._2_'xO.ZV=5_° _o_-E_ - ___,°F

9 = /'.t,_1_.

F_--,0069 ._= o,_o ._ o._z
T- 225 _ 0,,/z-" 9_'" T:3oo- _/5--2050,/=

Q/_ = O,Gg

4 T - ,P,2_ x 0,_2=15"_° T= 3oo - l E3 = /'/'7°F

_o _00_
%--

,2;5 k 0,90 -- ,203 7": .900-203 : qT°/==
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•o,,,,oo, ,,,,,.,,,, aINERALCOMPUTATIONSHEIT W_" CALC.,"i,,o;Oo_'_ co-,.,,, c.,'o. ,,,
,o,sc,,_,Nl_ ,,,L,-. k'DI/ :-_n _ i fuI --

I kVilmmmmC,4yom_0 lelNAI" DAT| ,-- OAT| ,' ,_
.... (_-2_-q3 "_ !,, ' "

VOIO, , _.

COMPANY _ '_ fY F[ _.' , "" UNIT/S ...... Osu.Jec_' .......,C_o/-_,'u6_u/_vES . ,.o _,2_.700g __

I

i i llllll'llllll II II IIII IIII I I I li il III I _ I i_ I

WASTE AND BINDERS PHYSICAL PROPERTY DATA
i i

Wam_ FoodNmeme TrI_N_I _ _ TNmWd P_ _ _ CapadW _ _ _ Gmslm_ll
Imm,5 llb/g_ lBl"U/Ib*lq (rru/Iv g_at°lqlli

" , i i i,i i i i i

1A 100 130 0.2 0.3 10i i i

18 eO 140 0.2 0.2 4,

1¢ ell 100 0.2 0.2 d14

10 7S 10S 0.2 0.2 -

2,4 88 111 0,2S 0.3 10
i i ,.i

211 6S 71 0.3 0.1 IS

2¢ ?S 140 0.1 0.2 ?S
i iiiiii iilib i i

20 40 SO 0.3 0,1 SO

3 46 S8 0.3 0.12 -

4 (10 100 0.2 0.3 - Am_ nH H I HI _neH

SA1 408 408 0.06 1.0 - I
(imnil_li'v'SillOdme_rcuryl

i i

8A2 40 S4 0.3 0.1 -
tbulk me_euryt

iii ......

S11 200 240 0.11 8 -

6C1 710 710 0.03 20 -
(OIoN'loa_lillleodl

6C2 80 106 0.3 0.1 -

(bulk Iolndl
ii i IN II

60 450 4S0 O.1 30 -
_mm __ ii In _1 _nu_l_ i

(5 90 90 0.2S 0.1 10

7 36 90 0.3 0.3 --

II "' z. 80 90 0.2 0.2 10

81a_k_

VE_i RaDon 68 llll 0.211 0.08 --
(0orlikene 470.30l

POlyethylene 57 37 O. 5E O. 1 g --
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1.0 OBJECTIVE

1. The objective of this study is to determine:

a. The proposed method of maintenance to be employed for each major item of
plant and equipment, (eg., insitu maintenance or move to a "hot" maintenance
area etc.), in order to (1) develop a WRAP Module 2A Facility Maintenance
Philosophy/Plan and (2) provide a detail basis on which an ALARA cost benefit
analysis can be undertaken;

b. The overall process/facility requirements for major equipment maintenance, (eg.,
adequate maintenance space envelopes around equipment, special maintenance
tools, specialized maintenance rooms etc.) to ensure that adequate provisions
are made in the process and facility designs to accommodate maintenance
needs.

1.1 fmQJB

1. This study will evaluate plant and equipment maintenance needs by reviewing and
assessing detailed requirements for major equipment items as follows:

a. Reviewing and updating the CDR plant and equipment list in relation to the
current status of applicable ACDR studies.

b. Utilizing the updated plant and equipment list to highlight plant and equipment
items that will be included in the evaluation.

c. For the items identified in b. above, develop a maintenance requirements data
sheet that shall contain as a minimum the following information:

1) Equipment item number.

2) Equipment title.

3) Preliminary equipment description; eg., outline performance requirements.

4) Operational mode; eg., run-to-fail, planned replacement etc.

5) Description of maintenance required; eg., minor - seal, bearing or switch
replacement, major - shredder cutter replacement and durations for
replacement, etc.

6) Proposed maintenance location; eg., in situ maintenance, in situ
decontamination and transfer to dedicated maintenance facility, transfer to
dedicated maintenance and decontamination facility etc.

7) Special maintenance requirements; eg., tools, installed lifting equipment,
transfer containers, tenting flanges on containment, forklift truck access
etc.

01/O6/94 Page 1
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d. Obtain as much "hard" information on each equipment item as possible in order
to complete a maintenance data sheet for each item. To complete these sheets
as accurately as possible a concerted effort will be undertaken to obtain the
following:

1) Catalog cut sheets for major plant items. Ideally widely differing
equipment types should be included to ensure that dissimilar maintenance
needs (worst and best) are evaluated. This will ensure that in a lowest bid
procurement situation the equipment that has the most demanding
maintenance needs could be accommodated; (eg. shredder could be
electrically or hydraulicalmy powered, the latter has more components
associated with it requiring more space, maintenance etc.).

2) If obtainable, manufacturers drawings, maintenance manuals, spare parts
lists, maintenance schedules etc.

2. Reviewing and assessing general requirements for grouped equipment items (eg.,
conveyors, pumps etc.) as follows:

a. Determine the general maintenance requirements for the majority of items in
each group, (eg., run-to-fail, component replacement, unit replacement etc.).

b. Determine if any special maintenance facilities will be required for these groups
of equipment.

3. Prepare an outline maintenance plan. This will consist of a summary table of
maintenance requirements and facilities identified in paragraphs 1,2 and 3. This table
shall include:

a. Plant item number or equipment group and description.

b. Method of maintenance; ie., run-to-fail (lubrication maintenance only), in situ,
component replacement, unit replacement etc.

c. Special maintenance provisions needed; ie., decontamination facilities, "hot"
maintenance room, transfer containers etc.

4. Assess the impact on the facility affinity diagram of any new maintenance/
decontamination requirements and recommend changes as appropriate.

1.2 Backaround

1. The design philosophy for WRAP Module 2A will be developed from the Module 2A
CDR. Where appropriate, equipment, concepts or practices that were developed for
WRAP Module 1 will be applied to WRAP 2A. Equipment located inside gloveboxes
or confinement enclosures where possible will be constructed in modular form from
readily available propriety components. The modules should be readily accessible from
strategically positioned gloveports or easily removed by suited personnel.

_m _ ¢_.,. w_u_4_o
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2. The use of proven low cost equipment capable of many thousand of cycles before
failure. Forexamplethe useof suitablysizedstandardindustrialpneumaticcylinders.
These cylindersusuallyhavea life of 106cycles, these arecombinedwith easy release
mechanismsat each end suchas indent pinsand use push pullor quickdisconnects
on the pneumaticlines,then replacementfrom gloveportsor man accessis quickand
simple.

3. The majority of equipmentdisposedfrom the open sort and segregateenclosureson
the operations floor can be double beggedand removed from confinement. For the
removalof largeritems,a temporarystructurewill be assembledto containtherelease
of airborne contamination. This structure will be decontaminated before it is dis-
assembled.

4. Major pieces of processequipment will be connected by custom built fabrications.
The equipmentwill be classifiedas a Zone I confinement, replacement of a major
piece of process equipment and will require special proceduresto determine the
method of removal andtransfer to a designatedarea for disposalor maintenance.

1.3 Purooseand Need

1. The Plant Maintenance Evaluationis necessaryto define the overall processfacility
maintenance requirementsfor major items of equipment. Final equipmentselection
shallconsiderthe maintainabilityandservicelife of that particularpiece of equipment.
It is essential to determineat an early stage the space requirementsand equipment
needs to completely removea majorpiece of equipmentfrom its location andtransfer
it to a designatedarea for disposalor maintenance.

m,_. wx_o,mo ..........M Ev .
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2.0 SUMMARY

1. This evaluation has considered the maintainability of 32 major plant items. The
duration between lubrication intervals, probable component life expectancy, and
equipment disposal routes have been determined. In addition, design criteria
recommendations are made in relation to equipment configurations, etc. that will
improve or assist in simplifying maintenance tasks. The evaluation ,',qcommends that,
in general, equipment should be run until it fails, with equipment beinf_ maintained in-
situ. However, there is a need to remove large items of equipmont to the box
breakdown cell for size reduction and disposal.

2. Contact maintenance will be performed on all components in the Zone 2 area that do
not break the Zone 1 confinement. Zone 1 contact maintenance such as box
breakdown or open and sort will be authorized by a work permit from a pre-approved
work plan. This will be suited work where the operative will have his own breathing
air supply. Zone 1 confinement could be within a temporary structure erected around
a failed piece of equipment that requires replacement, such as the shredder or crusher.
There could also be an occasion where a bearing replacement is required where the
bearing forms the barrier between Zone 1 and Zone 2. This can be replaced by more
localized methods. Container delidding/relidding confinement area may resemble a
glovebox type configuration, access to these mechanisms would be by gloveport.

3. As recommended in the Value Engineering Assessments, most Gloveboxes were
replaced by Process Enclosures and a number of pieces of major plant equipment were
changed. Maintenance data and documents were obtained for all but 7 pieces of new
equipment. This information will be developed upon receipt of vendor data.

Rant Maintainability Evaluatlmt - WRAP0420
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3.0 RECOMMENDATIONS AND CONCLUSIONS

3.1 Recommendations

1. The WRAP 2A Title I design should detail disposal routes from the containment to the
Box Breakdown Cell for the larger items of equipment. Provision for craneage and
manoeuvering clearances need to be allowed. A removable panel at Box Breakdown
is required for the movement of the failed equipment into this area. Considerations
should be given to the transfer from a Zone 2 area to a Zone 1.

2. Considering the arduous tasks the telescoping manipulator will encounter, it is
proposed that an alternative be used. UE&C is recommending the use of a more
substantial piece of equipment that has been used in the construction and demolition
industry for many years. Holmhed Systems AB (Brokk) have recently developed a
remote tool change station for use in this type of environment. BNF plc has recently
installed three of the fixed station manipulators in a similar environment. The
equipment is being installed at present ready for commissioning and pre hand over
testing late 1994. The ease of maintenance and low down time compared to the
telescoping manipulator suggests it is more appropriate to the function.

3. Consideration should be given to the location of lifting equipment above the empty
drum compactor to assist with replacement of the primary actuator and the two
secondary bolster actuators.

4. An assessment should be made of the feasibility and methodology of removing the
Schilling Manipulator via an extended Bagless Transfer tube for transfer to a
decontamination and maintenance area.

5. The mercury evaporator requires a make and break connection from Zone 1. The
equipment now requires 8 secondary confinement. An alternative configuration
without any make and break would be preferable.

3.2 Conclusions

1. Six items of equipment listed in Appendix 2 formed part of WRAP Module 1 process
equipment. This equipment has been purpose designed and can be maintained in situ.
The individual components that make up the item of equipment are run to fail,
lubrication being the only maintenance performed. If failure does occur there will be
no adverse effects detrimental to the equipment function. Motors, bearings, switches,
gaskets, hoses and actuators will be run-to-fail.

2. Larger items of equipment will be removed from the process within a portable
confinement barrier. This will either be constructed from bolt together panels sealed
with a mastic or strippable coating material, or 8 PVC structure. Any openings left by
the removal of equipment will be bagged while the replacement unit is lifted in place.
The failed equipment will be completely encapsulated in PVC before transportation
from the area. Lifting beams will be located within the vicinity of the equipment to
aid removal of the item for localized maintenance, or complete removal from the area
to Box Breakdown for disposal.

IIIII I IIIII I

Plant Maintainability Evaluation. WRAP0420
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3. Larger items of equipment located in the Zone I area in Open and Sort may be
removed entirely and disposedof via the waste box route. The new equipment will
enter the same way or via the removable panel, the use of overheadcraneage will be
requiredto effect the replacement.

4. Preventative maintenance, lubricationand visualcheckingcan be instigatedon most
of the equipment within the Zone 2 area. The equipment located in the Zone I
architectural room on the operating floor, would mean man entry into confinement,
an assessment would probably determine that the equipment located in this area
would be run to fail.

RamI_Inumma_ . WlUL,_4ZO ....
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4.0 UNCERTAINTIES

1. The depth to which a core drilled sample is required is undetermined, if the sample is
restricted to 8 inches depth, then air would suffice as a drill bit cooling medium. If a
full depth sample is required, water cooling would be the alternative.

2. The baseline documentation does not state clearly if the open and sort processes,
debris, particulate, and special waste have to have segregated areas. From and
maintainability standpoint, one large open area with free standing equipment would
be easier to work on rather than close confinement walls. The access to this area
could be gained by using standard change room philosophy.

01/Oe/14 Page 7
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5.0 BASIS FOR STUDY

s.1

5.1.1 FDC Reauirements
i

1. The criteria for developing operability and maintainability requirements shall be subject
to the following FDC requirements.

The design shall reflect the following order of preference for performing maintenance.

a. Adjust item or unit in place.

b. Repair item or unit by contact with radiation dose rates consistent with ALARA
Principals.

c. Replace item or unit with 8 spare unless it is more economical to perform remote
maintenance or remove, decontaminate, repair and return it to service.

d. Any maintenance requiring personnel entry into ventilation zone 1 areas.

2. Equipment items that require special and unique maintenance tools shall be identified.
Special instructions shall be included with the equipment and any special tools
required to maintain equipment shall be provided by the project.

3. The following concepts shall be applied in order to meet the plant capacity
requirements:

a. Maximize equipment interchangeability

b. Use existing Hanford plant standards

c. Locate complex components including electrical devices or those having a higher
probability of failure in contact maintenance areas.

d. Operate power transmission devices below 75% of manufacturers rating.

e. Select pumps to operate in the middle of their flow and head range.

f. Provide adequate equipment materials for the operating environment. (The use
of stainless steel is highly promoted.) Materials of construction shall be non-
combustible and resistant to corrosion.

g. Limit confinement enclosure only to that required.

h. Use commercially available equipment.

i. Identify equipment repair methods and exit routes.

j. Provide lag storage for process flow interruptions affected by maintenance.

,i

Plant MmlntaiinmbilityEvaluation - WRAP0420
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4. All surfaces shall have finishes that ease decontamination in accordance with DOE
order 6430.1A (DOE 1989). Selected processes process confinement enclosures (EG
cells) and processing areas that require frequent decontamination shall be fully lined
with stainless steel on the walls floors and sumps, special wall coatings that can be
easily decontaminated shall be used on w_"s floors and ceilings in other process areas
where infrequent decontamination is required. The finish shall be 8 two coat system
with differing colors to identify chipped paint.

6. Adequate space and environmental quality for equipment maintenance and repair,
material storage shell be provided in close proximity to Iocational needs. The size
options for the decontamination facilities should be reviewed to ensure all equipment
can be decontaminated , inspected, or repaired while processing needs are being
fulfilled.

5.1.2 SDRD Reauirements Addidonal to FDC

1. The complexity of the repair and maintenance activities shall be commensurate with
the skill level of maintenance personnel who work primarily to detailed written
procedures.

2. The design basis for maintenance within process enclosures shall be personnel
working through glove penetrations. Human factor limitations (reach, strength,
dexterity, endurance) shall be carefully considered where gloved hand personnel
involvement is required.

3. Instrumentation and equipment monitoring systems shall be designed to facilitate
trouble shooting and replacement

4. Low accessibility equipment shall be designed to minimize in-place preventative
maintenance during the expected useful life.

5. Remote operated mechanical arms will not be installed for maintenance purposes.

6. Handling enclosure equipment, e.g., installed in gloveboxes, shall be modular for
convenient removal and replacement. Modules shall be sized to fit into 55 gal and/or
85 Gal drums for removal from the glovebox.

7. To minimize the chance of operator injury, modules requiring removal shall be provided
with smooth surfaces, rounded edges and corners, and good visibility of interfacing
elements.

8. Equipment modules shall be configured for ease of removal by simple lateral or vertical
motions; i.e., shall have easily accessible lifting device attachment point; shall be
provided with ample wrench to keeper type bolts; and shall be provided with round
and diamond pilot pins to simplify reinstallation.

9. Adequate visual access shall be provided to support maintenance through proper
lighting and placement of windows or CCTV cameras for direct viewing. Use of
mirrors is not acceptable.

10. Glovebox installed devices shall permit component-level trouble shooting by extending
wiring leads outside the glovebox. Independent functioning modules are exempt from
this requirement where troubleshooting to the module level can be performed.

Iqam M_malmd_lly ........E_lumkm - WRAPO420
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5.2 Assummions

1. The Plant Maintainability Evaluation will be limited to those items listed in Appendix 2,
these are the major items of equipment. The type of equipment selected for this
evaluation are those recommended in the relevant studies or detaUed on the PFD's.

2. Hydraulic and Pneumatic actuators will not be maintained. This is not cost effective,
the replacement of '0' dngs and nose beadngs are difficult to undertake within
confinement and the qusiity of replacement in this environment is also suspect. They
will be transferred from containment via 55 Gel or 85 Gel drum and re-introduced into
the process for ultimate disposei.

3. Motors, Gearboxes, Bearings, Seals, Teflon slides, Hydraulic and Pneumatic hoses will
be will be run to fail. Lubrication will be used where possible.

4. Switches, either contact or retro-reflective shall be the bayonet type, this will allow
replacement of the switch and not the entire cable.

5. A temporary confinement area will be erected in s Zone 2 area around a failed piece
of process equipment that constitutes a Zone 1 confinement.

6. Large pieces of failed equipment will be routed to Box Breakdown for size reduction.
The transfer of large item_ can be routed out of the process cell via decontamination
and surface check area, then via transport system back into Box Breakdown. If the
overbagged equipment is not suitable to transfer through the Zone 3 transport
corridor. There is a removable panel in the connecting wall from the process cell to
Box Breakdown that can be used.

-- i ill
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6.0 EVALUATION DISCUSSION

1. From the list outlined in Appendix 2 the only item of equipment that will require hands
on maintenance requiring fume hood operation is the Sorting Manipulator. All other
equipment is maintained in situ with the failed equipment being disposed of and larger
items such as the shredder, Crusher, Extruder, etc., will be run to fail. The larger
pieces of equipment may be transported to the Box Breakdown Cell for ultimate
disposal.

2. The following cost trede-off evaluation will consider disposal of the sorting
manipulator arm vs. decontamination and maintenance.

6.2 Cost Estimate
_ Unit Cost Capital Cost

1. Replacement due to degradation of equipment due
to decontamination:

Wrist Assay 5,565 "1
Potentiometer Hose Set 6.952 "_

12,517
2. Decontamination Bath & Fumehood 1 5,000 (2j
3. Fume Hood 9,000 (2j
4. HVAC & Services 5,000

5. Special Maintenance Tools 2,000 I1)
6. Extended Length Transfer Tube 1,000
7. Decontamination Fluid ($10/gal) 1,800

90 Gal Tank

8. Disposal of Decon Fluid --
(within confines of WRAP Module 2A)

9. Replacement of a Complete Arm Segment 9,289 (_1
10. Complete HVF Arm 47,350 a_D

Total Capital Cost 32.000
Total Replacement of Arm Segment (9,289) Plus

Decon Damaged Components (12,517)
Decontamination Fluid (1,800) 23,606

Total Labor (Decon + 16 hrs Maint @ $100/hr)
25.606

If we divide the capital cost of $32,000 over 30 years we can add $1,066 per year to
unit costs
This gives us a grand total of 25,606 + 1,066 = 26,672 per arm
The cost of a new arm is 47,350
The cost savings are therefore 47,350 - 26,672 = 20,678 per arm and 21,744 for any
further arms maintained that year.
All costs in $ @ Sept. 1993 MV
This calculation has assumed new decontamination fluid will be used for each arm.
This may not be the case, but it is a worst condition.

(1) ReferenceletterOUFO030- LisaNiehikeweShillingDevelopmentlLDuttonUE&C-BNFL
(2) ReferenceteleconTC93086.008 VWRScientific/L.DuttonUE&C.

RamMa_,m_JJrf Evd,at_e. _O
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2. Failure of the Sorting Manipulator arm will require removal from the carriage by
unbolting and the disconnection of hoses and cables. The arm will be physically
placed into a bagless transfer container for removal and transfer to the
decontamination bath. The unbolting of the arm will require man entry into the Zone
1 area.

Sections of the arm cannot be dismantled within confinement without unlacing the
Hydraulic hoses and instrumentation cables. Decontamination will be carried out with
these items in situ. Due to the effects of the decontamination fluid, some electronic
components may be degraded, a replacement cost has been allowed for in the
calculation.

The decontamination bath will consist of a tank 5'0"x 2'0" x 1'0", a pump and
strategically placed nozzles will give jet agitation, the tank will be enclosed with a
fume hood and have a Bagless Transfer c¢;ita;ner port located at one end. A
submersible basket will carry the manipulator arm, this will be manually raised and
lowered within the enclosure, an adjacent fume hood connected in series will accept
the arm via a connecting door, the arm may be withdrawn from the raised basket into
the maintenance hood.

The arm should be submersed in 5% citric acid for 4 hours with jet agitation for 15
rain per hour then air dried and monitored, this should have reduced the surface
contamination from an estimated 1.2 X 10 s dpm/100 cm 2 to 0.012 X 10°
dpm/100 cm 2 to facilitate hands on maintenance. (See Dose Rate Assessment,
Appendix 4.)

Plant Mlk_mk_Irf Evdvmkm - MIAP0420
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MAINTENANCE PLAN ACDR

DESIGN BASIS FOR MAINTENANCE

PLANT ITEM NAME IN-SITU SPECIAL MAINTENANCE REMARKS
NUMBER RUN TO FAIL MAINTENANCE PROVISION ,m,,,,m..m..m--

_I-O8-101 _EDDER Motor/Gearbox Motor/Gearbox _e equipment should be Duo to the size and weight of
SH-05-101 Bearings Some Bearings mounted 6" above the operating the shredder blades and shaft
SH-O5-561 Blades floor to allow for equipment it is inconceivable to consider

_ain Drive Shaft removal, their individual replacement
unless the vendor decides to

re-des'in the o ui mont..

ST-00-101 SORTING TABLE
ST-O5-521 --

_O-05-501 SIMPLE DOUBLE LID - DRUM ENTRY/EXIT Pneumatic Actuators Pneumatic Actuators Vindow and gloveports are
Switches Switches required on the hinge side of the

DO-O5-561A,B Bearings Bearings equipment to allow maintenance -
DO-05-601 Vacuum Gasket Vacuum Gasket of the shot bolt cylinder and

shaft guides.

DO-05-801 _AG'ESS TRANSFER PORT (SAMPLES) Braded Hose Broded Hose A bagging ring should be The Five "O" ring sot will
Door Slide Bush Door Slide Bush provided around the port for need changing probably three
"O" Rings replacement of the "0" rings, times within the plant lifo.

This will be a greenhouse

operation.

00-05-620 SPHINCTER PORT (CONSUMABLE ENTRY) Sphincter Cartridge Lubrication Window and gloveports to The removal of an indent pinaccess equipment, will allow the failed unit to be
dis laced b the new one.

RT-05-501 DELIOOER/RELIDDER Vacuum Cups Vacuum Cups The equipment will be designed Man entry into a Zone 1 for
RT-06-101 Pneumatic Actuators Pneumatic Actuators so individual components can be maintenance operations.

Pneumatic Motor Pneumatic Motor changed easily by the use of
)5-521 Vacuum Generator Vacuum Generator indent pins.

Solenoid Valves Solenoid Valves
Air/Oil Intensifier Air/Oil Intensifier
Linear Thruster Linear Thruster
Rotary Actuator Rotary Actuator
Bearings Bearings m

Plant Maintainability Evaluation- WRAP0420 Appendix1-1
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MAINTENANCE PLAN ACDR (CONTINUED)

_r__SIGNBASIS FOR MA_TENANCE
ill

PLANT ITEM NAME IN-SITU SPECIAL MAINTENANCE REMARKS
NUMBER RUN TO FAIL MAINTENANCE PROVISION

CM.06-681 EMPTY DRUM COMPACTOR Platen Actuator Platen Actuator Good viewing end access A runway beam located above
Bolster Actuator Bolster Actuator required to replace guide whoal8, the compactor will assist with
Drum Locotion Drum Location Ufting eyes on the end of the actuator replacement. A

• Actuators Actuators platen and bolster actuator will aump will be required to
Peristaltic Drive )aristaltic Drive aid removal, contain hydraulic fluid in the

)laten Guido Wheels event of seal failure.Platen Guido Wheels
Bolster Guido Wheals |glarer Guide Wheels

Hydraulic Hose tydraulic Hose_..e.___._

-00-101 SORTING MANIPULATOR ASSEMBLY Wiper Seals Wiper Seals Ramovallroplacement of the A cost tredeoff onalysis hoe
Linear Slide Brg Linear Slide Brg manipulator arm via an extended boon undertaken comparing

EM-06-621 Rodloss Cylinder Rodloss Cylinder length sample/transfer port. disposal vs. decontamination
EM-06-803 Valve Package Switches Man entry will be required to end maintenance. The results

Hydraulic Hose i_rm Joint Bush unde,,take this function, are shown in Section 6.2 of
Hydraulic Actuator Ann Pivot Bush this report.
Switchoo
Arm Joint Bush
Arm Pivot Bush

EM-06-661 TELESCOPIC POWER MANIPULATOR Motor Motor A laydown awesis required for The telescoping mast must be
ASSEMBLY Clutch Clutch the taloacoping mast. removed from the carriage to

Hoist Cable replace any of those items
Electrical Control listed in the first column.

Cables
Hoist Drum Bearings
Upper Pulley Bearing
Lower Pulley Bearing
Tube Guide Booring
Timing Cable
Timing Cable

Anchors

CR-06-E01 OVERHEAD CRANE Wheel Bearings Wire Rope A repair maintenance are-, should
CR-06-661 OVERHEAD CRANE (45' TRAVEL) Motor Failure Lubrication be allocated with platforming to -

Cable Festoon aid periodic lubrication and rope
in__action.

'-05-541 VOLUMETRIC FEEDER Motor A Y=" distance piece will aid Seizure of the bearing or
Twin Screw removal if the equipment screw would necessitate

- required replacing within the replacement of the entire unit

Iplant life. bye bagging operation.

- - " " """ -"lqmtMaintainsbultyl_valustion-WRAP0420 Appendix I-2
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MAINTENANCE PLAN ACDR (CONTINUED)

DESIGN BASIS FOR MAINII::NA_CE

PLANT ITEM NAME IN-SITU SPECIAL MAINTENANCE REMARKS
NUMBER RUN TO FAIL MAINTENANCE PROVISION

TC-05-501 DRUM TRANSFER CAR Conveyor Roller Lubrication None required.
Motor Conveyor Roller
Wheel Bearing Motor "-

Wheel Bearing

EX-O5-401 POLYMER EXTRUDER Twin Screws Motor The feed tube to the waste
Screws Shroud Gearbox container should be re-mountable

Pump to allow for screw and screw
Cooling System shroud replacement and
Vacuum Pump allowance in confinement for
Heating Element withdrawal of the unit.
Twin Screws
Screw Shroud

SH-05-521 CRUSHER Motor Motor Local confinement required to Vendor request to seal
Drive Belt Drive Belt change bearings, through shaft before bearing
Drive Chain Bearings Drive Chain assembly.
Springs Bearings

Springs
Lubrication

Men access into a Zone I
SN-05-521 ROTARY SCREEN Motor Motor

Chain Drive Chain Drive required.

Support Wheels -"
Chain drive cover could be
manufactured in four

segments to allow easier
removal.

DR-O5-521 MIXER DRYER Bearings Bearings Local confinement required to Helical screw wear would
Gearbox/Motor Gearbox/Motor change bearings, necessitate disposal of

Heating Elements Heating Elements equipment.
Helical Screw Helical Screw

SN-05-522 VIBRATORY SCREEN Vibro Motor TBD TBD
Leaf Springs

CR-05-501 CLAMSHELL GRAB Actuator Man acce_ into a Zone 1
Hose - -- required.

IDIVERTER GATE Actuator Actuator Local confinement required toTBD
! Bearings Bearings change bearings. --

I Switches SwitchesLubrication

Plant Maintainability Evaluation- WRAP0420 Appendix1-3
Ol110194



WRAP FACILITY, DOEJ=J. UNITED ENGINEERS& CONSTRUCTORS
DE-ACO6-91RL11946 ProjectNo. 6237.006

MAINTENANCE PLAN ACDR (CONTINUED)
i

' DESIGN BASIS FOR MAIN_-NANCE

PLANT ITEM NAME IN-SITU SPECIAL MAINTENANCE REMARKS
NUMBER RUN TO FAIL MAINTENANCE PROVISION

H-06-201 MERCURY EVAPORATOR Bearings Bearings The slide valves and extendable Vendor would have to make
Heating System Heating System make and break equipment is in modification to this equipment
Drive Chain Drive Chain e Zone I area. The method of to operate it in a secondary
Motor Motor maintenance will probably be confinement. Replacements
Rotary Coupling Rotary Coupling hands on via gloveports, of thermocouple
Slide Valves undetermined.
Extendable Make

& Break

TBD COMPACT HANDLER Actuator Actuator Man access into a Zone 1
Switches Switches - required.

RT-05-613 WASTE DRUM HANDLER Wheel Bearings Wheel Bearings The confinement for sampling
Actuators Actuators will probably be configured as a -

glovebox due to the hands on
requirements involved in this

process.
T_R_n CONTAINER LID REPAIR SYSTEM TBD TBD TBD TBD

TBD DRUM TIPPER TBD TBD TBD TBD

T_RD GROUT MIXER TBD TBD TBD TBD

TBD BOX DELIDDER RELIDDER TBD TBD TBD YBO

TBD AUTO GROUT FILL EQUIPMENT TBD TBD TBD TBD

TBD VIBRO SORTING TABLE TBD TBD TBD !TBD

TBD STORAGE RETRIEVAL SYSTEM TBD TBD TBD TBD
i

Plant Maintainability Evaluation- WRAP0420 Appendix 1-4
01/I 0/94
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WRAP PACIJTY, DOE-RL _ ENQiNEBRI & CONSTflUc'roR8
0E-AC0qI-911L11944 Pmjoot No. 0237.004

,... , , ,,, ., IIIIII °

MAINTENANCE DATA SHEET STATUS 01/10/94
ii ii l i ,

PAGE NO COMPLETED OUTSTANDING _vlENDORDATA
ii lira ii i i i i iHi i i |..

3-1 ....In Glovebox Manipulator (MOO 1 Onign) X ....... J mm ......

3-13 Sorting/Tipping Table .... DELI:"I"EDFROM PROCESS

3-1S .... Overhead BridQe Crime X .

3-19 Delidder Reliddor X •
i i ii ....... ii

3-31 Drum Uft_ DELl:TED FROM PROCESS
lid III I II II UH

3-34... Drum Handler Tipper ....... DELETED,FROM PROCESS

3-37 Simple Double Lid (,Entr_/F..xitPort) (MOO 1 Daeign) X, --

3-40 Sample Transfer Puro_l. Port (MOD 1 Deoign) X ...... --

3-43 Vibro Conveyor DELETED FROM PROCESSii i i,

3-46 Pu_ Mill (Scott) ...... DELETED FROM PROCESS

3-49 iPug Mill (Peul-O.Abbe) ..... DELETED FROM PROC|iSS

3-52 Shredders (Shred Pax) X unto
i i i i, i i Hi i e i i ,

3-55 IShredders ISetum) ..... X nun

_ 3-58 iChain Hoists, (MO O 1 o_i_lnl .... DELETED FROM PROCESS ....

3-61 Slidin_l Hatch , DELETED FROM PROCESS
3-64 Volumetric Feeder X m

i i :, H i i,: i

3.67 Drum Transfer Car X •
.. ,., i i i ill

3-70 Coneumable Entry Port (MOO 1 Design) X --

3-73 iDiacherge Hopper ...... X, •

3-70 Drum Pusher DELl:TED FROM PROCESS
i i inn i inmm i i i ,, ,

3-79 Tranefor Rail DELETED FROM PROCESS
i nn nil Ul i im ii i ,

3-82 Aidock Trenefor Tunnel DELETED FROM PROCESS
• mn ,nun i i i imllm i i

3-85 WeiQh Hopper ....... DELETED FROM PROCESS

3-88 One Trip Ooor System DELETED FROM PROCESS
m-'--e._nm nuni i m nu , ,

3-91 Power Manipulator (Brokk) ......... X. i

3-94 Telescopic Power Manipulator (CimcorplSchilling) X • .

3-97 Grouted Drum Slitting Saw DELETED FROM pROCESS

3-I00 Core Drill DELETED FROM PROCESS
,m nm i nm, i ,i i ni ,, , ,,n ,n, i •

3-103 Polymer Extruder X •

3-10e In Drum Mixer DELETED FROM PROCESS
i in i ,

3-109 Filter Compactor DELETED FROM PROCESS
, i ii. • ,=, .,

3-112 Empty Drum Compactor !MOD 1 Do.s!gnl , X ....... - .

3-115 Narrow Aiele Stacker DELETED FROM PROCESS
i i iiii ram, ,inl n , i , , , i ,,

3-118 Jar Mill X •
i

- Shredded Lead Conveyor ...... DELETED FROM PROCESS .

- Shre_ldar Sin I.iftin_l Fram,e, ,NON-MAINTA!NABLE ITEM , ,

3-121 Divorter Trey DELETED FROM PROCESSi Hi i i i .l i ii

3-124 Crusher X •
i, i i ,=

O 3-127 Rotary Scr_, n ........ X . •

n imm ,,,

3-130 Mixer Dryer ....... X . •

3-133 Vibro Screen (Debris) X . •,,= ,,, ,,,

...........
01 R)6/94 Appendix 2-1



WRAP FACILITY, DQI-RL IJNITIEDBNGINIIBRI IlLCOImTRUCl"OR8
DE-AC0iI-II1RL11844 Projeot No. i_37.001

MAINTENANCE DATA SHEET STATUS 01/10/94
i t t i

PAGE NO COMPt-rrED OUTSTANDING VENDOR DATA
i, in i ii i i .i ii

3-138 Clamahell Grab X i

3-139 Oiverter Gate X []
ill t i,| ii i iii ,. ,

3-142 Mercury Evaporator X [] ....

3-145 Compeer Handler X []i i t tt,t t t

3-14a w_t, 0rumSamp_ X []ii i t i t i

3-1Sl Confiner,L_ Rep_rsyatn x A

3-164 Drum Tipper ..... X &ill|l ill t t

3-157 Grout Mixer X &
i i itll

3-160 Box Delidder Raliddar X --
i i ii

3-103 Auto Grout Fill Equipment ........ x A

3-1(so Vibro Sortin9 T_le X •t ii I,|lIH

3-169 Storage Retrieval Syatern X &
II

[] Vendor equipment drawings and maintenance manuals received, all lifetime durations and
maintenance frequencies are shown on data sheets.

A Vendor data required.
- Vendor data not required.

iii i i i i i i

M_-evVua_km - VV_U_O
01/06/94 Appendix2-2



WRAPFACIL/TY,DC_m. UNITID _ & OON_ltUOTORS
IN.AOOG41RL11114¢I PIrele_No. I,T37.O4NI
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UNrrEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER Slit

& CONSTRUCTORS

A RaVth=_ Campanv [] CDR r'] TITLE I O TITLE II 1"7TITLE III EM-06-101 1 OF 12
EM-05-501, 521

i llll i , i ii ii i i Hi

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY: •
HANFORD, WA MODULE 2 1604 LD

:I I; II .....(DATE & BY) ' i H ......
TITLE MANUFACTURER

MANIPULATOR SCHILLING
I II I I I

EQUIPMENT DESCRIPTION

The equipment consists of four major components:

A. The manipulator arm
B. The support carriage
C. The controller
D. The powerpack (this is external to containment)

A. Th0 Manioulator Arm

The manipulator arms are constructed from 6061 aluminum alloy and 316 stainless steel.
The arm has four major components; the base, the upper arm segment, the forearm segment
and the wrist. The arm joints pivot in one direction only. The actuation is driven by a
hydraulic cylinder. The wrist is driven by a small hydraulic motor and can be rotated
continuously. The jaws have a parallel motion and have a maximum opening of 6 1/4".

GENERAL MAINTENANCE REQUIREMENTS SUMMARY .......

T.he M_nioulator Arm

This part of the equipment will be run to fail. There is no lubrication requirement. The worst
possible failure would be a hydraulic leakage from a cylinder or hose connection. This
requires a ma'or strip down to replace any of these items. Recent development trials at WHC
have shown tl_at minor problems have been encountered with the bolted joints that connect
the upper arm with the forearm. There has also been recurring problems with the wrist and
jaw electronics. (Pot element and pot wiper) The maintenance procedure for replacement of
these items requires manual dexterity that cannot be undertaken in the confinement zone that
the equipment is located in.

SPECIAL MAINTENANCE REQUIREMENTS ....

ThQ Monioulator Arm

Maintenance can only be carried out in a fume hood where hands on contact is available suck
as replacing a bearing in an arm pivot joint. The manipulator arm is so small in cross section
it may be removed from confinement via an extended length sample/transfer tube then taken
to a decontamination and maintenance chamber. The levels of contamination can be reduced
for hands on maintenance under a fume hood in a hot cell or maintenance area.

II ii i iql

iii ii i

Rant Maintainability Evaluation - WRAPO420
01/08/94 Appendix3-1



i i i S ,i lllll ]l i ,UNITED ENGINEERS MAINTENANC DATA SHEET iTEM NUMBER sliT& CONSTRUCTOR8
A _ C_V _ CDR I-1 TITLE I [] TITLE II [] TITLE III EM-06-101 2 OF 12

EM-05-501, 521
CUSTOMER & LOCATION PROJECT ' uE&C JOe NO. DATE:

6237.008 7/1193
DOE-RL/WHC WRAP FACILITY cWIBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

i i i i

REVISIONS i I
(DATE & BY) i AEt !o, ,,, .........' i_! ...........I_l , ,|

TITLE MANUFACTURER
MANIPULATOR SCHILLING

I II IIIII I

MAINTENANCE ACTIVITY
PLANNED MAINTENANCE TIME8 (HOUR) MAINT. ACTIVITY LOCATION

'FREO/ MEcH ELECT' INST
MO HR HR HR

I
Minor Routine Tasks

Hydraulic Oil Leakage Visual Check 0.03 0.25 - -- In-Situ

Minor Infroouent Tasks

i m

Rant Maintarmbility Evaluation - WRAPO420

01/08/94 Appendix 3-2



"UNITEDEN(]INEER$ MAINTENANCE DATA SHEET ITEMhlUMBER "" SliTCONST"UCTO.S
A_ C_V IZ CDR I-I TITLEI [] TITLEII C] TITLEIII EM-06-101 3 OF 12

EM-O5-501, 521
CUSTOMER & LOCATION PROJECT UE&C JOB No. DATE:

6237.008 711193
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

_o,_a..',,_!Ei '", ,, IFi ............ IIG , , ', , II" ' ,,,,
TITLE MANUFACTURER
MANIPULATOR SCHILLING

I I I I II I I III

BREAKDOWN MAINTENANCE MECI4 ELECT INIIT MAINT. ACTIVITY LOCATION
HR HR HR

I I I IIIII II I II

Minor Failure

1. Arm Joint Bushing Failure 2 .... IFume Hood/Maintenance Room

2. Arm pivot Bushing Failure 2 .... Fume Hood/Maintenance Room

ii

Maior Fftlilures

1. Hydraulic Hose 20 .... Fume Hood/Maintenance Room

2. Actuator 20 .... Fume Hood/Maintenance Room

3. Micro Switch 20 .... Fume Hood/Maintenance Room

-- i i i i1,1 i1=

Plant MainteinebiliWEvaluation- WRAP9420
01/08/94 Appendix 3-3
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UNITEDI_'GIN_'ERS ' ' MAINTENANcE'"'DATA SHEET....... ITEMNUMBER SHT
& CONSTRUCTORS

A _ Co-may II CDR 1-1TITLE I [] TITLE II [] TITLE III EM-06-101 4 OF 12
EM-0§-501, 521

cUSTOMER& LOcA.TION .... PROJECT .... ue&c J0e NOI DATE: .....
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY CwBSNO. BY: ......
HANFORD, WA MODULE 2 1604 LD

. V,=NS JB ............I!:1 F ...................
Tiii.E ....MANUFACTURER "

MANIPULATOR SCHILLING

EQUIPMENT DESCRIPTION ' '

B. The suooort carria0e

The support carriage is mounted on a Dual Rails System. Actuation may be performed by a
rodless cylinder or chain drive dependent on distance traveled. The arm travels vertically on a
carriage supported on a second Rail System, the lowest point is tied back to the confinement
wall to give lateral support.

|.l

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The SUOOOrt carri_0e

The dual rail systems have a life of 200 x 10 e inches with regular greasing. This item will
need minimal attention and dependant on usage will probably only require a bearing change
once within the operating life of the plant.

SPECIAL MAINTENANCE REQUIREMENTS

The SUDOOrtcarriaae

There should be an area designated within confinement local to the rail system, with an
removable access panel to allow man entry into the confined area to undertake bearing and
seal replacement.

i imm

II I I I

Plant MaintainM)iltWEvaluation- WRAP0420
01/08/94 Appendix 3-4
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A Rwthe_ Comc_v I_ CDR [] TITLE I [] TITLE II I"7TITLE III EM-06-101 5 OF 12
EM-05-501, 521

i ,,,,

iCUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i,|i

(DATE & BY) E F G :4

I:ITLE MANUFACTURER

MANIPULATOR SCHILLING
II II

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIME8 (HOUR) MAINT. ACTIVITY LOCATION

HR I ELECT
i, t t

Minor Routine Tasks

1. Lightly Grease Rail System 1 1 .... In-Situ

Minor Infreouent Tasks

1. Replace Wiper Seal 24 8 .... In-Situ/Man Entry

Plant Maintainability Evaluation- WRAP0420
01108194 Appendix 3-5



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

ARwthwnCompmy l_ CDR [] TITLE I [] TITLE II [] TITLE III EM-06-101 6 OF 12
EM-05-501, 521

i i i, .,i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i icl o,(DATE & BY) F' G HI
TITLE MANUFACTURER

MANIPULATOR SCHILLING
I II

BREAKDOWN MAINTENANCE MECH iELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

I I

Minor Failure

1. Bearing Seizure 8 .... In-Situ/Man Entry

i i

Maior Failures

1. Rodless Cylinder 24 4 -- In-Situ/Man Entry

i

Plant Maintainability Eveluetion - WRAP0420
01/08194 Appendix 3-6



I ill i

UNITEDENGINEERS MAINTENANCE DATA SHEET ilI"EMNUMBER SHT& CONSTRUCTORS
ARavth=.mCor_my [] CDR [] TITLEI _ TITLEIi [] TITLEIII EM-06-101 7 OF 12

EM-O5-501, 521
cuSTOMER _ LOCATION ' PROJECT ....... UE(_C JOB NO. I, I, D=ATE_

6237.008 7/1193
DOE-RL/WHC WRAP FACILITY cwas NO. BY:
HANFORD, WA MODULE 2 1604 LD

..... ........" =, .",, ! ...... ' I1.°
TITLE MANUFACTURER.....
MANIPULATOR SCHILLING

EQUIPMENT DESCRIPTION'

C. T_hecontroller

The controller consists of a master controller and a slave controller which are located on the
operator side of the glovebox.

Information is passed from this equipment to the valve package which would be located on
the carriage with the slave arms. The slave unit is designed around an Intel 8088 16 bit
microprocessor. It consists of three boards that can be easily changed out. The master
controller houses all the switches that activate the system dynamics.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The controller

The slave controller and master console can be maintained without any special procedures as
they will be located outside confinement. The valve package will be located inside the
confinement zone, and it will require man access to remove it for repair or disposal.

SPECIAL MAINTENANCE REQUIREMENTS ............... '

The controller

The valve package should be mounted on a sub base as any maintenance on this unit must
be undertaken outside confinement, probably in a fume hood in a hot maintenance room. The
valve enclosure is sealed and Ingress Protection (IP) rated, therefore only the external
surfaces should require decontamination. This could be undertaken in an area adjacent to the
confined area within a portable greenhouse structure.

i i i Ill

_ant Maintainability Evaluation- WRAP0420 ....

01/08/94 Appendix 3-7



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A Rw_h.,_ Comply [] CDR [] TITLE I [] TITLE II [] TITLE III EM-06-101 8 OF 12
EM-05-501, 521

i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/VVHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REWS,ONSIA!
(DA-_,-&BYI I EI Ia cFI '1ol

TITLE MANUFACTURER
MANIPULATOR SCHILLING

MAINTENANCE ACTIVITY
PLANNED MAINTENANCE TIMES (HOUR)

MAINT. ACTIVITY LOCATION

FREOJ! MECHIELECTI_ INSTMO HR ,,,HR HRII I i I i I I

Minor Routine Tasks

Minor Infreauent T_sks

Plant Maintainability Evaluation- WRAP0420

01/08194 Appendix 3-8



LINITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
R.CONSTRUCTORS

Rwth,_ Comc_v _ CDR [] TITLE I D TITLE II [] TITLE III EM-06-101 9 OF 12
EM-05-501, 521 i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RLNVHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS _.E 12/27/93L_D .... I B. I C [ I(DATE & BY) F G I-

TITLE MANUFACTURER
MANIPULATOR SCHILLING II I

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

.

Minor Failur_

Maior Failures

1. Failure of any solenoid valves, electrical 8 .... Decon Chamber - Hot
connectors, or hoses will require removal Maintenance Fume Hood
of the unit from confinement

Plant Maintainability Evaluation- WRAP()'420
01/08/94 Appendix 3-9



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER i SHT
& CONSTRUCTORS

A_Cornpmv I_ CDR [] TITLE I [] TITLE II [] TITLE III EM-O6-101 10 OF 12
EM-05-501, 521

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA iMODULE 2 1604 LD

(DATE & BY) I F I G H
TITLE MANUFACTURER
MANIPULATOR SCHILLING

EQUIPMENT DESCRIPTION

D. The Poweroack

The powerpack is a self contained with a 7.5 HP 1750 RPM 3 Phase motor, power pack
sizes, 3 Gal/min hydraulic pump, 15 gal reservoir and a heat exchanger.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The PowerDack

The powerpack is located external to confinement, therefore no special feature will be
required to assist with maintenance operations.

SPECIAL MAINTENANCE REQUIREMENTS

The PowerDack

The powerpack should be housed in a sump tank that will contain the 15 gallons of fluid. As
there is a risk of trace contamination over a period of years, this could require containment if
any leakage were to take place.

Plant Maintainability Evaluation- WRAP0420

01/08/94 Appendix 3-10



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A Rwe-_ Company IX] CDR [] TITLE I [] TITLE II [] TITLE III EM-06-101 11 OF 12
EM-O5-501, 521

iCUSTOMER & LOCATION PR()JECT UE&C JOB NO. DATE:
6237.008 7/1/93

DOE-RL/WHC WRAP FACILITY C_WBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS A C I

TITLE MANUFACTURER

MANIPULATOR SCHILLING
MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIMES (HOUR, MAINT. ACTIVITY LOCATION

FREQI IMECHIELECTIINSTMO HR I HR HR,,,
I III

MinQr Routine Tasks

I. Replace Filter 0.25 2 .... In-Situ

2. Grease Motor Bearings 0.5 0.1 5 .... In-Situ

3. Check Fluid Level 0.003 0.15 .... In-Situ

4. Clean Strainers 2 2 .... n-Situ

5. Replace Fluid 1 2 4 .... In-Situ

Minor Infreauent Tasks

1. Check System Pressure Settings 6 0.1 5 .... In-Situ

iii

Plant Maintainability Evaluation- WRAPO420
01/08/94 Appendix3-11



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS
ARW_.,e. Comm_v _ CDR [] TITLE I [] TITLE II [] TITLE III EM-06-101 12 OF 12

EM-05-501, 521
c U'STOMER & LOCATION............ PRE)JEc3" .......... UE&C JOB NO. DATE:

6237.008 7/1/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

i

vso.s,,, I °1CDA_&BY)IEI F G H
TITLE MANUFACTURER
MANIPULATOR SCHILLING

I I

BREAKDOWN MAINTENANCE MECH ELECTi INsT MAINT. ACTIVITY LOCATION
HR HR I HR

ii i i I iii i i

Minor Failure

1. Instrument .... 1 In-Situ

2. Pressure Loss 2 .... n-Situ Filter Blockage or Fluid
aeration

Maior Failures
2 1 -- In-Situ

1. Electric Motor
4 1 -- In-Situ

2. Hydraulic Pump
2 2 -- In-Situ

3. Heat Exchanger

PlantMaintainabilityEvaluation- WRAP0420
01/08/94 Appendix3-12
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS ST-06-101 &
A Rw_m Compmv 12 CDR O TITLE I 1-I TITLE II [] TITLE III ST-05-521 A&B, 541 1 OF 3

|l i

CUSTOMER &"'LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/8/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i

Io(DATE & BY) E ' i FI G ' H ,,
TITLE MANUFACTURER
SORTING TABLE TBD

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

SPECIAL MAINTENANCE REQUIREMENTS

Plant Maintainability Evaluation- WRAP0420
01/06/94 Appendix 3-13



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS ST-06-101 &
A _mm Compmy i_ CDR D TITLE I [] TITLE II O TITLE III ST-05-521 A&B, 541 2 OF 3
CUSTOMER & LOCATION PROJECT ' UE&C JOB NO. DATE:

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY CWBS NO. 8YI
HANFORO, WA MODULE 2 1604 LD

i

(DAT_.&BY) ' ' F " ' G IHIi ii ii i

TITLE MANUFACTURER
SORTING TABLE TED

II

MABTENANCE ACTIVITY
PLANNED MA_ TIMES (HOUR) MAINT. ACTIVITY LOCATION

FREG/ MECH ELECT INST
MO Hit HR HR

I I

Minor Routine Tasks

Minor Infreouent Task.._

I

Rent MaintainabiliWEvalua_on- WRAPO420
01/06/I)4 . Appendix3-14



UNITED ENGINEERS MAINTENANCE DATA SHEET n'EM NUMBEq' SHT
& CONSTRUCTORS ST-06-101 &
A nw_m company II CDR 1-1TITLE I f"l TITLE II 1-1TITLE III ST-05-521 A&B, 541 3 OF 3

CUSTOMER & LOCATION iPROJECT UE&C "'JOB NO. DATE:
6237.008 7/8/93

DOE-RL/WHC WRAP FACILITY CWBSNO. ' BY:
HANFORD, WA MODULE 2 1604 LD

i i

TITLE MANUFACTURER

SORTING TBD
I I I i

BREAKDOWN MAWTENANCE MECH ELECT INST MAiNT. ACTIVTTY LOCATION
FIR HR Hit

III II.I I '_,'!_'_,_--

Minor Failure

Maior Failures

e

FNamtMaintainabiiiWEvaluation- WRAP0420
01/00/94 Appendix 3-I 5



SHTuNrrSDENGINEERS MAINTENANCE DATA SHEET H_id NUMB[=_

& CONSTRUCTORS 1 OF 3ARwWmmCmwmV lIBCDR O TrTt_FI [] TITLEII O TITLEIII CR-05-561
CUSTOMER& LOCATION PROJECT UE&CJOE NO. DAis: I

6237.008 _DOE-RL_NHC WRAP FACILITY CWeS NO'__"_

HANFORD, WA IMODULE 2 1604 : LD

(DA_E& BY) F i I,

EQUIPMENT DESCRIPTION

The Bridge Crane is a structural member that has 8 four wheeled carriage and a trolley hoist. All
motions are powered from a control station located in the Zone 2 area. There will be no
modifications to the standard equipment package.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY .......... "_|
I

The Bridge Carriage has an integral jacking system to raise the wheels of the runway beam to allow I
for wheel and bearing replacement. The hoist and trolley are more difficult to work on. These items I
require semi-strip down for bearing and seal replacement of the hoist drum and carriage wheel
assembly.

SPECIAL MAINTENANCE REQUIREMENTS

Any in cell cranes should have the ability to transfer to a segregated area within box breakdown for
repair/maintenance inspection, and there should be adequate platforming for replacing gearboxes,
bearings, wire rope, etc.

m.mMJ__, ewkm_. W_A_420 _-'---,x._"3.16Ol,,Oe/14



UNITED ENGINEERS MAINTENANCE DATA SHEET I_ NUMaEFI SHT
& CONSTRUCTORS
A SWemm Crummy I_ CDR [] TrT_ I O TITLE II [] TITLE III CR.05-561 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 06/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ] A 112127193 Li:) I B [CI I D(DATE & BY) E F ' G H

TITLE IMANUFACTURER

15 TON OVERHEAD BRIDGE CRANr iCRANE& HOIST
MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIMES (HOURI , MAINT. ACTIVITY LOCATION
IRE(Z/ MECH F.LECI"' INaT

MO HR HR FiR

Minor Routine Tasks

Grease Carriage Wheel Bearings 1 4 - - In-Situ/Segregated Area

Inspect Rope for Damage 6 6 - - In-Situ/Segregated Area

Check Festoon Cable for Wear/Damage 6 - 4 - In-SitulSegregated Area

Check Oil Level in Motor Gearboxes 6 2 - - iln-Situ/Segregated Area

nl

Minor Infreouent Tasks

Rant Maintainability Evaitmlion - WRAP0420
01/06/94 Appendix3-17
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UNITEDmGmNEERS MAINTENANCE DATA.SHEET iTEMNUMBER SHT
& CONSTRUCTORS
ARw_m _ I1 CDR E] TITLEI O TITLEII O TITLEIII CR-05-561 3 OF 3
CUSTOMER& LocATION PROJECT UE&CJOBNO. DATE:

6237.008 06130/93
DOE-RL/WHC WRAP FACILITY CWBSNO_ BY:
HANFORD, WA MODULE 2 1604 LD

i1,11i iii

REVISIONS ! B
TITLE MANUFACTURER
15 TON OVERHEAD BRIDGE CRANE CRANE & HOIST

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR FIR FIR

Mingr Failure.

iii

Maior F_ilures

1. Bridge Carriage Wheel Bearing 8 - - In-Situ/Segregated Area

2. Hoist Carriage Wheel Bearing 8 - - In-Situ/Segregated Area

3. Hoist Motor Failure 16 4 - In-Situ/Segregated Area

4. Bridge Motor Failure 16 4 - In-Situ/Segregated Area

5. Trolley Motor Failure 16 4 - In-Situ/Segregated Area

6. Wire Rope Failures 20 20 - In-Situ/Segregated Area

7. Festoon Cable Stress Break 20 20 - In-Situ/Segregated Area

Plant IVlintainabiiity E_tmn - WRAP0420
01/06/94 , Appendix3-18



UNITEDENG_EERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS RT-06-101
A_ C,xmmy I_ CDR 1"7TITLEI [] TITLEII [] TITLEIII RT-05-521,501 I OF 12
CUSTOMER& LOCATION PROJECT UE&CJOB NO. DATE:

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:

+HANFORD, WA MODULE 2 1604 LD

(DATE& BY) E F G I _
TITLE MANUFACTURER
DELIDDER RELIDDER TBD

EQUIPMENT DESCRIPTION

This equipment performs three functions:

A. Shearing the Clampband
B. Removing the Drum Lid
C. Crimping the Drum Lid to the Drum
D. Support Equipment

The drum dumper holds the drum while clampband shearing and lid removal take place. Crimping
the drum lid back onto the drum is undertaken after the drum contents are removed and the sheared
clampbands are removed from the equipment and loaded onto the sorting table.

A. Cuttino the Clamoband:

A double shear cutter is positioned so that when a drum is held in the drum dumper jaws and
the delidder-relidder is positioned over the drum. A 40 ° actuation of the shear cutters will cut
through the clampband to avoid the clamp band bolt. The shear cutters are activated in two
places. The shear cutters are mounted on a rotating frame. The frame and the shear cutters
are rotated to avoid the clamp band bolt. The manipulator will remove the two cut halves and
deposit them on thie sorting table. This equipment will most likely be a semi-custom design
using the development work undertaken for WRAP Module I. The most important aspect will
be to remove consumable items from the system. The present confinement configuration
does not lend itself to reloading C-clips and saw blade replacement as used previously.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment will be designed with the knowledge that in-situ maintenance will be required over
the operating life of the plant. All maintainable components will be designed for "easy" replacement
by use of indent pins or oversized hexagon head bolts.

SPECIAL MAINTENANCE REQUIREMENTS

Maintenance access will be required into the confinement area. the quick release philosophy of the
design should allow easier replacement of these items.

RantMantainabiMtyEvaluation- WRAP0420
01/06/94 Apl_mdix3-19



UNrrED ENGtNEERS ' MAINTENANCE DATA SHEET ITEM NUMBF.R.......... SHT
& CONSTRUCTORS RT-06-101
A RWe_mCmmm _ CDR [] TITLE I [] TITLE II r-1TITLE III RT.05.521,501 2 OF 12
C:USTOMER& LoC,_TION PROJECT ...... UE&C JOB NO. ' DA:I'E:

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY iCWBS NO. BY: '
HANFORD, WA MODULE 2 1604 LD

iii i

REVISIONS A B D

' n.E .... MANUFACTUR
DELIDDER RELIDDER TBD

I I Ir IIIII II

MAINTENANCE AGTIVITY
PLANNED MAINTENANCI TIMES (HOURI

FIlE(I/ MECH ELECT INsT MAiNT. AGTIVITJ LOCATION
MO FIR HR HR

I I II_lll III I I h "

Minor Routine Tasks

Minor Infrequent Tasks ....

I ii

RantMmntainabiMtyEveitmlion- WRAP0420
01/06/94 Appendix3-20
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS RT-06-101
A _ C_mMmv I_ CDR 1"7TITLE I [] TITLE II [] TITLE III RT-05-521,501 3 OF 12

i i

CUSTOMER & LOCATION PROJECT UE&C JOE NO. DATE:
6237.008 7/8/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY: .......
HANFORD, WA MODULE 2 1604 LD

REVISIONS I A LD _ C

(DATE & BY) I El 1'2/27/93 ! B , !ol , ..........l

TITLE MANUFACTURER
DELIDDER RELIDDER TBD

I I

BREAKDOWN MAINTENANCE "_IECH ELECT! INST MAINT. ACTIVITY LOCATION
FIR HR HR

I

Minor Failure

i

Maior Failures

1. Shear Cutters. 1 - - In-Situ
Additional

2. Vacuum Cups. 1 - - In-Situ _ Time

3. Lid Crimper. 1 - - iln-Situ _ Required4. Rotary Activator. 8 - - In-Situ for Entryand Exit

5. Linear Activator 4 - - In-Situ from
Confine-
ment

i

Plant Maintainability EvdumlJon- WRAP0420
01/06/94 Appendix3-21



UNWEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT I
& CONSTRUCTORS RT-06-101 IA_Com,,W t_ CDR [] TrrLSI [] TITLE, D Tm.E m RT-05-521,501 4 OF 12
CUSTOMER& LOCATION PROJECT _ • UE&CJOB NO. DATE: !

DOE-RL/WHC WRAP FACILITY _---_2307"00_8 _
IHANFORD, WA MODULE 2 1(;04 " LD

REVISIONS

TBD

EQUIPMENT DESCRIPTION

B. Removin0 the Drum Lid:

Removing the drum lid after the clamp bend has been cut is done by lowering the rotating
frame until the 2 - 7 1/2" dia. vacuum cups contact the drum lid. The vacuum generator is
pneumatically activated and the vacuum cups clamp onto the drum lid. Activation of the
linear thruster will remove the drum lid from the drum.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment will be designed with the knowledge that in-situ maintenance will be required over
the operating life of the plant. All maintainable components will be design(,d for "easy" replacement
by use of indent pins or oversized hexagon head bolts.

SPECIAL MAINTENANCE REQUIREMENTS

Maintenance access will be required into the confinement area. the quick release philosophy of the
design should allow easier replacement of these items.

RentMmntJnabilityEvalumtdon- WRAP0420
01/O0/04 Aptl_x 3-22



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS RT-06-101
AlbwtkmaCompmy [] CDR I"1TITLE I I-I TITLE II [] TITLE III RT-05-521,501 S OF 12

CUSTOMER &LocAT]ON PROJECT UE&C JOB NO. DATE:
6237.008 7/8/93

_'" :-RL/WHC WRAP FACILITY CWBS NO. BY:
_1, =ORD, WA MODULE 2 1604 LDi

REVISIONS I=1"_, '....,DATE&BY, I BFI I CGI I I[1"
TITLE MANUFACTURER
DELIDDER RELIDDER TBD

II I I I

,i,,,o°,,
IIII

Minor Routine Tasks

|

' Minor InfrQ(]uent Tasks

i

Rant MaintainabilityEvaluation- WRAP0420
01/06/94 Appendix3-23



UNITEDENGINEERSI MAINTENANCE DATA SHE_ ITEMNUMBER SHT
& CONSTRUCTORSJ RT-06-101
,l_ImmCm_M.w ! I_ CDR I-1TITLEI !"1TITLEII I-1TITLEIII RT-05-521,501 6 OF 12
CUSTOMER& LOCATION PROJECT ........ UE&CJOBNO. DATE:

6237.008 718193
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS [ 2/27193..... LD i B
(DATE& BY) ! AEt 1 ! , "

TITLE MA_IUFACTURER
DELIDDER RELIDDER TBD

II

BREAKDOWNMAINTENANCt MECH ELECT INST MAINT.ACTIVITYLOCATION
Hit FIR FIR

I

_inor Failure

i,

Mai'or Failures Additional

1. Vacuum Generator 0.5 - 0.5 In-Situ _ Time

2. Leaking Vacuum Cup 1 - - In-Situ !_ Required
j for Entryand Exit

from
Confine-
ment

II

RentMainteinabilityEvekaation.WRAP0420
01/06/94 Appendix3-24



UNITED ENGINEERS MAINTENANCE DATA sHEET ' ITEM NUMBER SHT
& CONSTRUCTORS RT-06-101
ARW_mmC_ I_ CDR [] TITLE I [] TITLE II [] TITLE III RT-05-521,501 7 OF 12

CUSTOMER & LOCATION PROJECT .... UE'&C J()B NO. DATE:
6237.008 718/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS IAI 12127/93 LD I B i_l IDI(DATE & BY) E ..... ,, F IHI
TITLE MANUFACTURER
DELIDDER RELIDDER TBD

II

EQUIPMENT DESCRIPTION

C. Crimoino the Drum Lid to the Drum:

The drum lid will be crimped to the drum body after drum emptying has taken place. The
crimper is attached to the rotating frame. The hydraulic crimper is allowed to pivot to two
positions. The first position is to clear the drum and lid, the second is the crimp position.
The crimper jaws are allowed to float to absorb crimping forces within the C-frame of the
crimper.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment will be designed with the knowledge that in-situ maintenance will be required over
the operating life of the plant. All maintainabl_s components will be designed for "easy" replacement
by use of indent pins or oversized hexagon hsad bolts.

SPECIAL MAINTENANCE REQUIREMENTS

There are few components to go wrong. It is more likely that once or twice over the plant life the
whole unit will have to be replaced due to general tool wear and stress cracking due to the high
shock loading. This operation should take no longer than 4 hours.

i i i I

i

Rent Mmntineb61ity Ev_uation - WRAP0420
01/0e/94 Appendix 3-25



UNrrEDENGINEERS ' MAINTENANCE DATA SHEET ' ITEMNUMBER sHT
E CONSTRUCTORS RT-06-101
Ahv_e_Com_nV _ CDR C]TITLEI [] TITLEII I"1TITLEIII RT-05-521,501 8 OF 12
CUSTOMER& LOCATION PROJECT ........ UE&CJOENO. DATE:

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

,,,,,,,, i H i |,u,

REVISIONS A C,o,_,o_,I_l i°,I , ioi .....i_l
TITLE ........ I_ANUFACTURER ' "
DELIDDER RELIDDER TBD
'"" ' "' ' "MAINTENANCEAClrtVITY" ' '

PLANNEDMAINTENANCE TIMES(HOURI MAINT.ACTIVITYLOCATIONii ii

FIlE(I/ MECH ELECT INST
:410 HR FIR HR

III I I II II I '

Minor Routine Tasks

,,,i, i

Minor lnfreauent T_lsks

i,imMJU,w_We_=--. -W_AeO4ZO ........
01/06/94 Appendix3-26
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UNWEDENGINEERS MAINTENANCE DATA SHEET rrEM NUMBER SHT
& CONSTRUCTORS RT-06-101
A_,MmC_ _ CDR r-1TITLEI [] TITLEII O TITLElUl RT-05-521,501 9 OF 12
CUSTOMER&LocATION _d'_Ec'r ........ UE_,CJOeNO." DATE: "'

6237.008 718193
DOE-RL/WHC WRAP FACILITY CWaSNO. BY:
HANFORD, WA MODULE 2 1604 LD

(DATE& BY) E F IGI
TITLE MANUFACTURER
DELIDDER RELIDDER TBD

I IIIII II I I

BREAKDOWNMAINIl[tIANCE MECH ELECT INST MAINT.ACTIVITYLOCATION
HR FIR HR !

III

MinQr Failure

Maior Failures .....
These

1. Leaking Hydraulic Cylinder 3 - - In-Situ '1 Times Do

2. Crimper, Positional Cylinder Failure 1 - - In-Situ I_ Not
j Account

For Entry
and Exit
from
Confine-
ment

__ iiii ii II I u III II II II IRentMain Evaluation- WRAP0420
01/06/94 Appendix3-27



UNITEDENGINEERS MAINTENANCE DATA SHEET n'EM NUMBER SHT
& CONSTRUCTORS RT-06-101
ARWIIv.mConweW I_ CDR O TITLEI [-I TITLEII (_ TITLEIII RT-05-521,501 10 OF 12
CUSTOMER& LOCATION PROJECT UE&CJOBNO. :"

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS 12/27/93 LD
(DATE& BY)

IMANUFACTURER

1TrLE !TBD)ELIDDER RELIDDER
.QUIPMENT DESCRIPTION

D. Sunuort Eouioment

1. Carriage Assembly
• Linear Thruster
• Rotary Actuator
• Hydraulic Intensifier
• Bearing Assy
• Wheel Assy
• Rotary Frame

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment will be designed with the knowledge that in-situ maintenance will be required over
the operating life of the plant. All maintainable components will be designed for "easy" replacement
by use of indent pins or oversized hexagon head bolts. The linear thrusters have a life of I million
cycles (18 years). A rotary actuator has an approximate life of 5 million cycles (200 years) and is
non-maintainable. A hydraulic intensifier is good for I0,000 hrs (6 yrs). A bearing assembly will
continue for I0 million revs. This equipment may have several components but they all have a
reasonable operating life expectancy. It can be assumed that the delidder relidder will require
minimal maintenance.

SPECIAL MAINTENANCE REQUIREMENTS

Maintenance access will be required into the confinement area. the quick release philosophy of the
design should allow easier replacement of these items.

II III I

_,_ MJn_-_.W ev_._o. - WRAPO4ZO
01/06/94 Appendix3-28



UNITEDBNGINEF.RS MAINTENANCE DATA SitEET " ITEM NUMBER ..... SI_tT
& CONSTRUCTORS RT-06-101
A R=v_.B Canw,mV !_ CDR r'1 TITLE I I_ TITLE II C] TITLE III RT-05-521,501 11 OF 12

_:USTOM'E.• LOCATION' mOJeC'r.......... ue_cJoe'_i'0.'' ' 'bA'TE:
6237.008 718193

DOE-tlL/WHC WRAP FACILITY CWBS'NO. * BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS I A,. 12127/9'3LD ..,a, ........ ,C, JD, .....
(DATF._,BY._I E! ',' .... IFI..... ',.JGj ' '.i , IH! ..... '.T,T_ ...UFACTU.E.

DELIDDER RELIDDER TBD
"' ' ' ' .,nA.CE AC_ " ' "

PLANNED MAINTENANCE TIME8 (HOUR)

_,l_ inc, "F_CTroT- ,,wr. A_ LOCAl,
MO HR HR HR

I I IIII IIIII II II I I III I II I IIIIIII I

Minor Routine Tasks

..... I_.inor Infreauent Tasl(s ................

,,m.....M,,_*,,_WSv,_,_o,w,,_;2o ....................
01/06/94 Appendix 3-29



uNrrB) mamsms MAINTENANCE DATA SHEET iTEMNUMBER SHT
& CONSTRUCTORS RT-06-101
A_lm._ m CDR ["1TITLE I O TITLE II O TITLE III JRT-05.521,501 12 OF 12

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 7/8/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i

REVISIONS I i B C D
(DA/I: & BY) i A

TITLE MANUFACTURER
DELIDDER REMDDER TBD

II f I I

BREAKDOWN MAINTENANCI MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR Hit

Minor Failure

i

Maior Failures

1. Linear Thruster 8 2 1 In-Situ These

8 2 1 In-Situ "1 Times Do2. Rotary Actuator
Not

3. Replace Rotary Bearing 8 2 1 In-Situ |_ Account

For Entry
4. Hydraulic Intensifier 2 - - In-Situ and Exit

from
Confine-
ment

Rent Maintainability Ev_ualk)n - WRAP0420
01/06/94 . Appendix 3-30



uJ_rrsDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER .... SHT
& CONSTRUCTORS DH-06-103
A _ C,mm_ I'_ CDR O TITLE I [] TITLE II [] TITLE III DH-05-521,541,602 I OF 3

CUSTOMER& LOCATION PROJECT !UE&CJOB NO. .... DATE: '
6237.008 07/09/93

DOE-RL/WHC WRAP FACILITY _S NO. BY:
HANFORD, WA MODULE 2 1604 LD

REvisioNS ...........
(DATE & BY)

TITLE MANUFACTURER

DRUM LIFTER TBD

EQUIPMENT [)ESCRIPTION ' "

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ....

SPECIAL MAINTENANCE REQUIREI_ENTS .........

i

Rent IVlain_/nab/iity Ev41uaion- WRAP0420
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBP.IR iSHT
& CONSTRUCTORS DH-06-103
A _ Crummy J CDR I-I TITLE I I-I TITLE II O TITLE III DH-05-521,541,602 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DAT_:
6237.008 07/09/93

DOE-RL_/VHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS12/27/93 LD I"i Icl jo(DATE & BY) ' F G H

TITLE MANUFACTURER
DRUM LIFTER TBD

I
I_I--r.NANCE ACI"IVrI'Y

M_ TIMEII (HOUR) MAINT. ACTIVITY LOCATION
FREG/ MECH ELECT INST
MO FIR FIR FIR

II

Minor Routine Tasks

Minor lnfreauent Tasks

Plmlt MaintainabilityEvelumion- WRAP0420
01/06/114 Appendix3-32



UNITED ENGINEERS MAINTENANCE DATA SHEET I_FJvlNUMBER SHT
& CONSTRUCTORS DH-06-103 3 OF 3
ARwem cmmm I_ CDR r'1 TITLE I [] TITLE II rl TITLE III DH.05-521,541.602
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DAIE:

6237.008 07/09/93
DOE-RL/WHC WRAP FACILITY (:WAS NO. BY:

HANFORD, WA MODULE 2 , 1604 LD

I'I I°(DATE & BY) E F ,, , G ,, , H

TITLE 1MANUFAL;IOR_I_DRUM UFTER TBD

BREAKDOWNMAINI'ENANCE MECH ELECT INsT' MAINT. ACTIVITY LOCATION
FIR HR FIR

mmmm _ml m mm

Minor Failure

!

i

,i

i

Rimt IV_nteirmbilitV Evi_mtion - WRAP0420 Ap_dix 3-33
01_)en)4
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UNrrSDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS DH-06-102
A Rwm_ Cmmm _ CDR r'1 TITLE I [] TITLE II [] TITLE III DH-05-522 & 542 I OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 07/13/93

_ mmmmmm i

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS 12/27/93 LD
(DATE& BY)

TITLE IMANUFACTURERDRUM HANDLER TIPPER SETCOICASCADE/SEW EURODRIVE
I

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i

SPECIAL MAINTENANCE REQUIREMENTS

i I

Ramt M_ntaiMbiMty Eveluelion- WRAP0420
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBEJ_ SHT
& CONSTRUCTORS DH-06-102
A nWdmm Contain _ CDR r-] TITLE I I-1 TITLE II I"1 TITLE III DH-05-522 & 542 2 OF 3 _

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DA[P.:
6237.008 07/13193

DOE.RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REvISIoNs L_ 12/27/93 I_O ,' I B " C '" O '(DATE & BY) Iel ' Iol ,!.iI I

TITLE MANUFACTURER
DRUM HANDLER TIPPER SETCOICASCADEiSEW EURODRIVE

I II III

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIME8 (HOUR) MAINT. ACTIVITY LOCATION
FREG/ MECH ELECT INST

MO HR HR HR
I =i

Minor Routine Tasks

i "

Minor Infreouent Tasks

Plant Maintainability Evaiua_on- WRAP0420
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UNITED ENOHEERS i MAINTENANCE DATA SHEET iTEM NUMBER SHT

& CONSTRUCTORS I DH-06-102ABwmMBCmmm _ CDR O TITLE I O TITLE II I-1TITLE III DH-05-522 & 542 3 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 07/13/93

DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

ill

REVISIONS ! I B(DA_E & BY) i AE! 12/27193 LD F! IC Dol ......i.i
TITLE MANUFACTURER I
DRUM HANDLER TIPPER SETCOICASCADE/SEW EURODRIVE

I I I

BREAKDOWN MA_ MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

Minor Failure

I - - In Situ

Mgior Failures

ii

Rant IVlaintinab_ty Evaiuati_ - WRAP0420
01/06/94 Al_andix3-36
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UNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SliT
& CONSTRUCTORS DO-05-501,561 A&B, 601
A_CmW=eV I1 CDR [_TITLEI []TITLEII []TITLEIII 1 OF 3
CUSTOMER& LOCATION PRoJEc'r ' iUE&CJOBNO. DATE:

6237.008 06128/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ......
(DATE& BY)

SMpLEoOU.LEL,O¢ENTVfx:TPORT) T=
'Ec1UIPMENT DESCRIPTION' " '"'

This is a door system that permits the loading of material into 55 gallon drums from confinement.
The drum lid will remain attached to the port door while the drum is filled. The drum lid is attached
to the port door by a depression created between the port door and drum lid. The door system is
fitted to a base plate that is 43" x 51" x 1/2". The diameter of the port door is 22" dia. The door is
actuated by a 4" dia pneumatic cylinder and the door is locked in position by a 1 1/2" dia pneumatic
actuator.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ....

This equipment has been designed (for Module 1) with the knowledge that in-situ maintenance will
be required over the operating life of the plant. All maintainable components have been designed for
"easy" replacement by use of indent pins or oversized easy to reach hexagon head bolts.

SPECIAL MAINTENANCE REQUIREMENTS .....

A window and gloveport arrangement will be required on the hinge side of the equipment to allow
maintenance of the shot bolt cylinder and shaft guides.

i ii .. i

i ii

PlantMaintJnabiiityEvaluation- WRAPO420
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.... SliT -U'Nfl"ED'BMGINEERS MAINTENANCE DATA SHEET ITEM'NUMBER'
& CONSTIIUCl"OnS DO-05-501, 561 A&B, 601 :
. _ c.,,,.._ [] cD. _ TrrLe_ o Tm.e, o TrrLem 2 OF3 _
CUSTOMER & LOCAT1ON PROJECT .............. UE&C Joe NO. DATE: ....

6237.008 06128193
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

,sost:l ........'" .......°1......(oA_• .v) IF! ...... 6 H .....
TITLE IMANUI:ACTURER

SIMPLE DOUBLE LID (ENTRY EXIT PORT) ITBDII III IIII I --

MABTENANC8ACTWITY
PUUtNEDMAINTENANCE TIME8(HOURI

FREGJMECH ELECT INIT MAINT.ACTWrrYLOCATION
MO HR HR HR

I I III I IIIII II

Minor Routine Tasks

Grease Pivot Bearings 1 1 - - In-situ

Grease Shot Bolt Linkage 1 1 - - In-situ

I Minor infreauent Tasks .....

Replace Vacuum Gasket 24 2 - - In-situ, the gaskets can be
preassemblad on a base plate
then bolted to the underside of
the port door.

i iii ,i

iiiii i

Rent Maintainability EvalualJon- WRAP0420
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UNWEDENGINEERS MAINTENANCE DATA SHEET I_ NUMBER SHT
& CONSTRUCTORS D0-05-501,561 A&B, 601

recD. OTto.Era 3 OF3
CUSTOMER& LOCATIONj' ' PROJECT UE&CJOBNO. DATE:

6237.008 06/28/93
DOE-RL/WHC WRAP FACILITY CWBSNO. a'r:
HANFORD, WA MODULE 2 1604 LD

REVISi'0NS ..................
(DATE& BY)

=ll=

TITLE MANUFACTURER

SIMPLE DOUBLE LID (ENTRy EXIT PORT) TBDI I I lit I II

BREAKDOWNMA_ 'MECH ELECT HIT MAINT.ACTIVITYLOCATION
HR Hit HR

IIIIIIEI I III IIIIIII IIIIII III III I

Minor Failure

Shot Bolt Cylinder 2 - - In-Situ

Pressure Switch 1 1 In-Situ

Shaft Guides 2 - - In-Situ

,ill i

Maio_ Failures

Door Actuation Cylinder Bearing Replacement 8 - -- In-Situ

Pillow Block Bearings 12 - - In-Situ

' ii iii

01/06/94 Apl_mdix3-39



II IIIIII u I I I ii ii i • , , ,....

IUNrrF.DmGmr_J_$ MAINTENANCE DATA SHEET ITEM N'UMBER SHT
I& CONSTnUCTOU DO-05-601
iAl_'ncammw nnCDR O TITLEI I-I TITLEIi O TITLEIII 1 OF 3
CUSTOMER& LOCATION PROJECT UI:&C,JOBNO. DATE:

6237.008 7/06/93
DOE-RL/WHC WRAP FACILITY CWSSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i i i ill i i l

REVISIONS JA

SAMPLE TRANSFER PURGED PORT TBO ....
EQUIPMENT DESCRIPTION

The port has a maximum opening of 5 1/2" die. The canister length can vary, the unit comes with a
standard canister of approxirnately 14" 10ng. The unit uses the double lidded prmcipel for item
transfer in and out of containment. An air purge keeps the seals clean and free from contamination.
The unit is manually operated.

ii iii ii

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment has been designed with the knowledge that in-situ maintenance will be required over
the operating life of the plant. All maintainable components have been designed for "easy
replacement by use of indent pins or oversized easy to reach hexagon headbolts.

SPECIAL MAINTENANCE REOUIREMENTS

A tenting flange would be required for chan_ing the seals. This should only occur 2 or 3 times
within the lifetime of the plant. The door slide bush may wear after several years. The door will not
locate correctly. This willdecrease the efficiency of the purged seal. The bearing should be
replaced at this time.

III II I

lilt I Itllll

PlantMdnteiMbltyEv_uetion- WRAFO4:20-
Ol/Oe/g4 Append_3-4O



uNrrF.DmGm_ .... MAINTENANCE DATA SHEET ITEMNUMBER ...... " SHT
& CONSTRUCTORS D0-05-601
Am_...c.._ mCDR_TrrLs_ OnTLE, nTrrusm 2 OF3
CUSTOMER"& L()CATION PROJECT UE&C JOB NO. ' DATE:

6237.008 7/06/93
DOE-RL/WHC WRAP FACILITY cwss NO. .... BY:
HANFORD, WA MODULE 2 1604 LD

i,i |Jlllll i i i i i

(DAT_SBY) IFi * IGIIlllll II IIIIIII I I I II I II --

TITLE MANUFACTURER
SAMPLE TRANSFER PURGED PORT TBD

' " '"" ' "' H__IgE ACTIVITY '
Pt.ANIlUJMAINTENANCE TIMEI (HOURI

I IIII II I I Illllll IIIII

Minor Routine Tasks

1. Check the Flexible Braded Hose for 1 0.25 - - In-Situ
Cracking or Deterioration

Minor Infreouent Tasks ...........

1. Check Internal Door Axial Slide Bush 6 1 - - In-Situ.
for Wear

iiii i i III I III I

J

I III

Rent Mintainebillty Evdu_ion - WRAP0420
01/06/94 Appendix 3-41



_.rrm ma_Uxs......... " _;.T --MAINTENANCE DATA sHEET iTEM NUMBER
& CONSTnUCTO_S DO-05-601
A RWtlmn Cmmm II CDR O TITLE I ['1 TITLE II C] TITLE III 3 OF 3iii l u

C0STOM__,LOCA_ON _OdC-Cr ue_cjoeNo. oA_:
6237.008 7/06193

DOE-RL/INHC WRAP FACILITY CWBSNO'.' BY:
HANFORD, WA MODULE 2 1604 LD

.... RE_/ISIONS ,A, .... ISl ........ Icl ....... 'c !(DA*_BY) IE!...... IF! ,uG ! _: i
:rlTLE MANUFACTURER

SAMPLE TRANSFER PURGED PORT TBD
il Ill i i i [ II IIi i

BREAKDOWN MAINTIMANCI 'ECH EI_ECT INST MAINT. ACTIVITY LOCATION
Itll HR HR

Illl I IIIIII III I IIIlil

Minor Failure

Maior Failures ...........

1. Replacement of 5 'O' - Rings and the 16 - - In-Situ/Greenhouse
purge Seal

-- i ii

Rim IV_nmnmltyEvek_Bm- WR,_I=0420
01/06/94 Appendix 3-42
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A"W,hm C_,,,W _ (:DR [] TITLEI O Tm.S II _ Tm.S IiI CV-05-521 1 OF 3
CU'STOMER & LOCATION .... PRO_JEC'I_.... UE&C JOB NO. DATE: '

6237.008 06/24/93
DOE-RL/WHC WRAP FACILITY C:wssNo, ..... B_': -
HANFORD, WA MODULE 2 1604

(DAT& .Y) I F G
TITLE ' ' ' MANUFACTURER

VIBRO CONVEYOR CLEVELAND VIBRATOR COMPANY

EQUIPMENT DESCRIPTION iiiii iiiiii iii i,ii i i1,1,

DELETED FROM PROCESS
i

i

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

I IN. i.

SPECIAL MAINTENANCE REQUIREMENTS

''" I II

01/06/94 Appendix 3-43



UNWEDENGINEERS MAINTENANCE DATA SHEET ' ITEMNUMBER' SHT'
& CONSTRUCTORS
A _ Cmmm, 11CDR r'1TITLEI Q TITLEII rl TITLEIII CV-05-521 2 OF 3
CUSTOMER& LOCATION PROJECT UE&CJOBNO. DATE:

6237.008 06/24/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604

ii

(DATE & BY) ....... F ' G " ,,,, H ' "
TITLE MANUFACTURER

VIBRO CONVEYOR CLEVELAND VIBRATOR COMPANY
I I II I I

m_rm_CE Acnvrry
PLANNED _ T_MEll (HOURI MAINT. ACTIVITY LOCATION

"FREO/ MECH ELECT reST
MO FIR HR HR

IIIIII I

Minor Routine Tasks

Minor Infreauent Tasks

Plant Mainmirmblty Evaiuatimt - WRAP0420
0110eR4 Appendix3-44



UNITED ENGINEERS MAINTENANCE DATA sHEET ITEM NUMBER SHT
& CONSTRUCTORS

A RW_.m C_ _ CDR r'1 TITLE 1 I-I TITLE II O TITLE III CV-05.521 3 OF 3

CUSI:0MER & LOCATION PROJECT ' UE&C 'JoB NO. DATE: ....
6237.008 06t24193

DOE-RL/WHC WRAP FACILITY CWBSNO, .... BY:.......
HANFORD, WA MODULE 2 1604

n i i i ii i i| i

REVISIONS
(DATE & BY)

Ti:I"LE MANUFACTURER
VIBRO CONVEYOR CLEVELAND VIBRATOR COMPANY

III II n I I

BREAKDOWN MA_ MECH E'LECT INeT MAINT. ACTIVITY LOCATION
FIR FIR HR

III I illi

Minor Failure

1.

i i ill

Maior Failure

....... ' X'f'04 .....Rant ntainel_ity Evaluation- WR 20
01/06/94 . Appendix3-45



UNITEDENGmF.F.RS MAINTENANCE DATA SHEET iTEM NUMBER SHT& CONSTRUCTORS
ARW_k_mCmmay I_ CDR I-I TITLEI r'1TITLEII [] TITLEIII. SH-O5-541 I OF 3
CUSTOMER& LOCATION PROJECT UE&CJOB NO. DATE:

DOE-RL/WHC WRAP FACILITY 6237.008 06/24/93NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS 12/28/93 LD
(DATE& BY)

TITLE JMANUFACTURER
PUG MILL , "Isco.. ,,,
EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

SPECIAL MAINTENANCE REQUIREMENTS

Iqan_ Maintainability Evaluation - WRAP0420
01/06/94 Appendix 3-46



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A _ Cmmnv [] CDR I-I TITLE I N TITLE II I-! TITLE III SH-05-541 2 OF 3
iii

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 06/24/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i n i

(DATE & BY) E F G ....... H

TITLE MANUFACTURER
PUG MILL SCOTT

MAINTENANCE ACTIVrrY

PLANNED MAINTENANCE TIME8 (HOUR) MAINT. ACTIVITY LOCATION
FREG/ MECH ELECT INST

MO HR HR HR

Minor Routine Tasks

Moior Infreouent Tasks

Rent Maintanability Ev_uation - WRAPO420
01/06/94 Appendix 3-47



m

ENGINEERSl MAINTENANCE DATA SHEETUNITED ITEM NUMBER SHT
& CONSTRUCTORS

Conmnv no CDR [] TITLE I [] TITLE II [] TITLE IIIA_ SH-05-541 3 OF 3

CUSTOMER & LOCA ON PROJECT UE&C JOB NO. DATE:
6237.008 06/24/93

DOE-RLNVHC WRAP FACILITY __CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

I"_'_'°_i_1'_'_''_°°i _i I°(DATE & BY) E F G H
i ikllll,i ii

TITLE MANUFACTURER
PUG MILL SCOTT

I

B_F.AKDO_'_ MAIh_AN_ MECH ELECT INST MAINT. ACTIVITY LOCATION
HR FIR HR

III I

Minor Failure

i,n,i,I I

Moior Failure

I

Rant MantoirmbiiityEvduation- WRAP0420
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uNrrEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS

A _ Cmmnv r_ CDR I'I TITLE 1 I-I TITLE II O TITLE III SH-O5.541 I OF 3

CUSTOMER& LOCATION I:_OJECT UE&CJOBNO. DATE:
6237.008 07/07/93

DOE-RL/WHC IWRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i ii

REVISIONS
(DATE& BY)

TITLE MANUFACTURER
PUG MILL IPAUL-O.ABBE INC.

r

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENER,_L MAINTENANCE REQUIREMENTS sUMMARY ....

SPECIAL MAINTENANCE REQUIREMENTS

ll| n_

nil

Rant MaintainabilityEvduabon - WRAP0420
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UNITED ENGINF.ER$ MAINTENANCE DATA SHEET ITEM NUMBER i sHT
& CONSTRUCTORS

A ;b,vdm. Compe.y [] CDR 0 TITLE I r-1 TITLE II !-I TITLE III SH.05.541 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 07/07/93
DOE-RL/WHC WRAP FACILITY C:WBSI_O. BYI
HANFORD, WA MODULE 2 1604 LD

i

coA_• BY)IE! F G H,i , i i i i

TITLE MANUFACTURER

PUG MILL PAUL-O_ABBE INC.
I I

MAINTENANCE A_TIVITY
PLANNED MAINTENANCE TIME8 (HOUR)

FREG/ MECH ELECT INsT ....... MAINT. ACTIVITY LOCATION
MO FIR FIR FIR

II I II ......

Mipor RQutine Tasks

M_ior Infreauent Tasks

Rent Idmntmnaldllty Evduetion - WRAPQ420
01/06/94 Appendix 3-50



'UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT& CONSTRUCTORS
A hv_em C_ _ CDR O TITLE I _ Tn'LE II I"1TITLE III SH-05.541 3 OF 3
CUSTOMER & LOCATION PROJECT UE&C JOB NO. ' DATE:

6237.008 07/07/93
DOE-RL/WHC WRAP FACILITY CWaS 'No. BY:
HANFORD, WA MODULE 2 1604 LD

i

I 'I .... I°I(DA_F..& BY) El ' F ...... H '
TITI.E " MANUFACTURER
PUG MILL PAUL-O.ABBE INC.
III I I I I Hill I II II IIIII

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

I II I III I IIII I

Minor Failure

' Major Failur9

i ii i iii ii iii i

RantMantinab_UtyEvatu=tion- WRAP0420
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............. SHT t,UNITEDENGINEER8 MAINTENANCE DATA SHEET ITEMNUMBER
& CONSTRUCTORS

A ItWtimm Cmwmy rm CDR I-1 TITLE I O TITLE II [] TITLE III SH-06-101 1 OF 3
SH-05-101,561

CUSTOMER'& LOCATION ....... PROJECT uE&C JOBNO. DATE:
6237.008 06/22/93

DOE-RL/WHC WRAP FACILITY cwas NO__'_-'_ BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS

,s.,e00m SHnS.pax
EQUIPMENT DESCRIPTION

The equipment consists of 8 shredding chamber that houses two counter rotating shredder blade
drive shafts. A mechanical direct drive gear train and two electric motors. The A2-80 is 142" x 54"
x 60" and the A2 45 is 99" x 40" x 44", they are 80 Hp and 40 Hp respectively. There is an
automatic overload feature that causes the motors to stop if the current exceeds the adjustable
preset value. The unit comes with an ejector door after several failed cuts. The object will be
ejected from the unit out of a side door.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

An assessment of previous operating statements and reports of non-nuclear installations show that
this equipment has a good record for reliability and is robustly constructed. The shredder will be
located into the process system by physical connection to the next piece of equipment via custom

Idesigned fabrication. The shredder chamber will form part of confinement Zone 1. The gearbox is a

potential Zone 1 if the drive shaft seal leaks• The electric motors are in Zone 2.
IThe in-situ maintenance of the gearbox will require draining the 12 gallons of oil. This may be trace
contaminated, if the shredder sndeoil seal has worn and leaked. The oil can be sent to WRAP
Module 1 for treatment and storage•

SPECIAL MAINTENANCE REQUIREMEN_I'S

The shredder is mounted into a support frame. This frame will be bolted down to the equipment
floor. The shredder blades are located within a rectangular structure that is flanged top and bottom.
It is proposed that a 1/2" distance piece be used above and below the equipment, so that a bagging
operation can be performed to limit the spread of airborne contamination, so it can be contained
within the equipment or ductin_]• When the shredder is removed from service, it can be moved to a
maintenance access area that is serviced by a powered chain hoist. The shredder can be slung and
lowered through the floor penetration onto a purpose made pallet located on a conveyor. It can then
be either boxed and enter box breakdown via the airlock doors or it can be transferred through a
removable panel located in the wall of box breakdown area by constructing a temporary confinemen!
structure.

II il iiiiiii illnlnlnllml

Rant Mantainabillty Evaluation- WRAP0420
01/08/94 Appendix3-S2



UN mm,oi us '....... "'"'""' s,'rMAINTENANCE DATA SHEET ITEMNUMBER
k CONSTRUCTORS
AnW_h,mCom_nv W CDR O TITLEI r-1TITLEII I-1TITLEIII SH-06-101 2 OF 3

SH-O5-101,561
CUSTOMER& LOCATION iPROJECT .............................. UE&CJOB NO. ....... DATE:

6237.008 06122/g3
i r ill iii

DOE.RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

I BII I

I I III i iill I I I ill [ I I

TITLE MANUFACTURER
SHREDDER SHRED PAX

, MAIICrENANCEACTWITY
Iq,ANNEDMABI'ItNANGI TIMES(HOURI MAINT.ACTIVITYLOCATIONmmJmc, I,,:L-T:.sT

Me HR HR HR
I " I I I "1

Minor Routine Tasks

1. Grease drive shaft bearings. 0.03 1 - - In-Situ

2. Replace gearbox oil (check levels bi- 12 4 - - In-Situ
weekly).

3. Check motor reducer gearbox oil. 1 1 - - In-Situ

,i,, i llllll ill

Moior Infreauent Tasks

1. Replace gearbox, drive shaft bearings 120 40 8 - In-Situ (if vendor can make
and seals, necessary modifications). This

may have to be undertaken
within a temporary confinement
structure due to the potential
breach of containment when
the oil seal is replaced. The oil
will be contaminated waste.

Iqont Maintainability Evaluation - WRAP0420
01/06/94 Appendix 3-53



I ,, ,H.,,,,,,,, ,_ ,.. ._,, _ II IIIIIIII -

UNrrliDI!NGIN|_ MAINTENANCE DATA sHEET _ NUM0U ' SliT
& CONIrrRUCTORS

A nw_m CmWmy I_ CDR I"I TITLE I r-i TITLE II r-I TITLE Iii SH-06-101 3 OF 3
SH-05-101,561

........................ Nol......CUSTOMER & LOCATION OJEC'r uE&c JOB DATE:

6237.008 06122/93
DOE-RL/WHC WRAP FACILITY !CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

ii i ii. i i., i i llll i .ill ,H i.ll .if

REVISIONS
(DATE & BY)

TITLE MANUFACTURER
SHREDDER SHRED PAX

II I IIIIIIII IIII| I I IIIII III I I II I IHI|III I lilllll

BMAKDOWN _ 'UOH EI.E_ INlrr MAIIIR'. ACTIVITY LOCATION
Nit HR HR

II IIII IIIIIIIIIII I I II IIIIIIIJ

Minor Failure

1. Replace leaking seal on operator side of 40 - - In-Situ (if vendor can make
gearbox. Ineceseary modifications). This

may have to be undertaken within
2. Replace bearing on operator side or inside 40 -- - a temporary confinement

gearbox, structure due to the potential
breach of containment when the

3. Motor failure. 8 -- - oil seal is replaced. The oil will be
contaminated waste.

plum , ,,,,,,, III I inlmunnll nln II i i ii

Maior Failure

1. Replace Shredder Blades 40 8 - Hot Cell (Box Breakdown)

2. Replace Shredder Shaft 40 8 - Hot Cell (Box Breakdown)

3. Replace Shredder 40 8 - Hot Cell (Box Breakdown)

Iqent"Maintainability Evolumion- WRAP0420 .......
01/06/94 Appendix3-54



uNrrm mG_N_ .......... MAINTENANCE DATA SHEET ITEM NUMJ_ i i i iS _ ..............liraCONSTRUCTORS
Al_,_,.-Ca-mm m CDR Q TITLEI r'l TITLEII r'l TITLEIII SH-06-101 1 OF 3

SH-05-101,561
iii iiiiiii ii i ii lllllllUl[l ii iii ii iii ii i i i i

CUSTOMER&.LOCATION PROJECT UE&C'_JOBNO' DATE:
6237.008 06/24/93

i . i ii iiii iii i ] i iii i

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 JPB_LD

REVISIONS ...............................
(DATE& BY)

TITLE IMANUFACTURER
SHREDDER ISATURN

II

EQUIPMENT DEscRIPTION "' ' "' '

The 52-32HT & 62-4OHT Shredders 121" x 40" x 34" & 130" x 48" x 40", respectively, are
hydraulically powered from,a remote power pack the 52-32HT develops 150 Hp and the 62-40HT
develops 200 Hp. The equmpmentconsists of a main enclosure that houses the two shredder blade
drive shafts. A gearbox is located at one end with two drive shafts connected to two separate
hydraulic motors. The motors are fed by the powerpack.

GENERAL MAINTENANCE REQUIREMENTS suMMARY .....

An assessment of previous operating statements and reports of non-nuclear installations show that
this equipment has a good record for reliability and is robustly constructed. The shredder will be
located into the process system by physical connection to the next piece of equipment via a custom
designed fabrication. The shredder chamber will form the confinement Zone 1 the gearbox is a
potential Zone 1 when the drive shaft seal leaks. The hydraulic motors are in a Zone 2 confinement.
Access to the 0earbox would have to be discussed with the vendor. The cover plate would require
some re-work to allow in-situ maintenance.

SPECIAL MAINTENANCE REQUIREMENTS ..............

The shredder is mounted into a support frame. This frame will be bolted down to the equipment
floor. The shredder blades are located within a rectangular structure that is flanged top and bottom.
It is proposed that a 1/2" distance piece be used above and below the equipment, so that a bagging
operation can be performed to limit the spread of airborne contamination, so it can be contained
within the equipment or ducting. When the shredder is removed from service, it can be moved to a
maintenance access area that is serviced by a powered chain hoist. The shredder can be slung and
lowered through the floor penetration onto a purpose made pallet located on a conveyor. It can then
be either boxed and enter box breakdown via the airlock doors or it can be transferred through a
removable panel located in the wall of box breakdown area by constructing a temporary confinement
structure.

ill i i

IIII iii iiiii

PlantMaintminabiiityEveiuatlon- WRAP0420
01/06/94 Appendix3-55
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uNrrm ma.,EmS - MAINTENANCE DATA SHEET ITEMNUMBER
& CONSTRUCTORS
Al_vtlmnCmIMnv _ CDR [] TITLEI rl TITLEII r-I TITLEIII SH-06-101 2 OF 3

SH-05-101,561
CUSTOMER& LOCATION ' _:_OJECT ' ' UE&CJOBNO. DATE:

6237.008 06/24/93
DOE-RL/WHC WRAP FACILITY CWSSNO. * BY: ....
HANFORD, WA MODULE 2 1604 JPB_LD

I'I ' IIREVISIONS l A i 12128193LD C ' _) .....
(DAT_ & BY) I el ............. F G .....

:FITLE ........... MANUFACTURER
SHREDDER SATURN

" _ _' MAINTENANCEACTMTY """
Iq.ANNEDMAINTENANG_ TIMEII(HOURI MAINT.ACTWITYLOCATIONmu_ ic. ==CTmT

MO HR FIR HR
-- IIII IIIIIIII II IIII I II I

Minor Routine Tasks

1. Greasing the Hydraulic Motors 0.25 1 - - In-Situ

2. Greasing the Shredder Shaft Bearings 0.75 3 - - In-Situ

Minor Infreouent Tasks

1. Replace Gearbox Drive Shaft 120 40 4 - In-Situ (if vendor can make
Bearings & Seals necessary changes). This may

have to be undertaken within a
2. Remove Debris from Underside of 3 2 - - temporary confinement

Shredder structure due to the potential
breach of containment when
the oil seal is replaced. The oil
will be contaminated waste.

_lentMmnminabiiltyEvaluation- WRAPO420
O1/0Sfl)4 Appe_x 3-SS



ill ii i ii iii i i i ii i i i ill , Illl ,,,,,,,,,,

UNITEDENGIN|S MAINTENANCE DATA SHEET ITEMNUMBER SHT iii i
& CONIrrRUCTOI_

, ASwtlmmC.,.-l_aV W CDR r'l TITLEI I-1TITLEII [] TITLEIII SH-06-101 3 OF 3
SH-05-101,561

CUSTOMER& LOCATION" PROJECT .... UE&CJOBNO. DATE: ....
6237.008 06124193

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 JPB_LD

(DA_- & BY) ' F G .....
i iiii iii i iiiii i i i ii

TITLE MANUFACTURER
SHREDDER SATURN

I I I . I II II

BREAKDOWNMAINTENANCE MECH ELECT IN8T MAINT.ACTIVITYLOCATION
Hit HR HR

III I I I II I I IIII IIIIII

Minor Failure

1. Leaking Oil Seal on Operator Side of 40 - - In-Situ. This may have to be
Gearbox undertaken within a temporary

confinement structure due to the
2. Replace Bearing on Operator Side of 40 - - potential breach of containment

Gearbox when the oil seal is replaced. The
oil will be contaminated waste.

3. Motor Failure 24 - -

Maior Failure "

1. Replace Shredder Blades 40 8 - Hot Cell (Box Breakdown)

2. Replace Shredder Shaft 40 8 - Hot Cell (Box Breakdown)

3. Replace Shredder 40 8 - Hot Cell (Box Breakdown)

i III i ini i ii

IqlntMainteinabiiltyEvaluation- WRAPO420
01/06/94 Appendix3-57



I Is+
uNrrm) SNaaVBmS MAINTENANCE DATA SHEET ITEMNUMBER
& CONSTRUCTORS CR-06-102, 103
A_ CompmV nOCDR [] TITLEI [] TITLEII [] TITLEIII CR-05-521,522, 523, 1 OF 3

, 541,542, 543 & 601
CUSTOMER & LOCATION PROJECT UE&C JOB NO. IDATE:

DOE-RL/WHC WRAP FACILITY 8237.008 7/8/93
CWBS NO. IBY:

HANFORD. WA MODULE 2 1604 LD

TITLE IMANUFACTURER

CHAIN HOISTS 1 TON 2 TON & 3 TON IBUDGIT - UFT TECH INTERNATIONAL
EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i

SPECIAL MAINTENANCE REQUIREMENTS

I

Plant Maintainability Evliuati_ - WRAP0420
01/06/94 Appendix 3-58



UNITED ENGINEERS MAINTF.NANCS DATA SHEET ITEM NUMBER SliT
& CONSTRUCTORS CR-06-102, 103
A _V_emmConmmy OOCDR [] TITLE I [] TITLE II [] TITLE III CR.05-521,522, 523, 2 OF 3

541. 542, 543 & 601
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 718193
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
IHANFORD, WA MODULE 2 1604 LD

i i

REVISIONS 1 I B C

TITLE IMANUFACTURER

CHAIN HOISTS 1 TON 2 TON & 3 TON IBUDGIT-UFT TECH INTERNATIONAL
MAINTENANCE ACTNrrY

Fq.ANNEDMAINTENANCE TIMES (HOUR) MAINT. ACTIVITY LOCATION

MO HR HR

Minor Routine Tasks

Minor InfrQouent Tasks

PImltIVimntai_ Evaluation- WRAP0420
01/06/94 Appendix3-S9



i,

uNrrsD ENGWF.FJ_ MAINTENANCE DATA SHEET rrsM NUMBER SHT
& CONSTRUCTORS CR-06-102, 103
A _ Conmnv la CDR r'l TITLE I _ TITLE II [] TITLE III CR-05.521,522, 523, 3 OF 3

541,542, 543 & 601
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 7/8/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS , A, 12/29/93 LD a I ICl IDI
TITLE MANUFACTURER
CHAIN HOISTS 1 TON 2 TON & 3 TON BUDGIT - UFT TECH INTERNATIONAL

I I I

i,,_.AKDG_,"_ MAIh_w,ANC_ lEECH ELECT INST MAINT. ACTIVITY LOCATION
Hit FIR FIR

Minor Failure

Maior Failures

Plant Maintainability Evalual_on- WRAP0420
01/06/94 Appendix 3-60



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A Rwewm Comber IZ CDR I-I TITLE I D TITLE II [] TITLE III DO-06-102, 103, 201, 1 OF 3
202, 304, 305, 522, 542

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 6130193

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS
(DATE & BY)

TITLE MANUFACTURER
SLIDING HATCH TBD

I I

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i

SPECIAL MAINTENANCE REQUIREMENTS

I

PlantIVlmntxirmbilityEvelumt_on- WRAP0420
01/06/94 Appendix3-81



I

UNITED ENGINEERS MAINTENAN(:E DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS

A_--.,c=,,,_,v I_ CDR I::3Tm.E I [] Tm.S. [] Tm.E I. D0-O6-102, 103, 201, 2 OF 3
202, 304, 305, 522, 542

CUSTOMER & LOCATION PROJECT ' UE&C JOB NO. DATE:
6237.008 6/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. ' 9Y:
HANFORD, WA MODULE 2 1604 LD

I
1 ii

REVISIONS 2/29/93 LD I B C
(DAVE & BY) i A I , Ioi I.I

TITLE MANUFACTURER

SLIDING HATCH TBD
.,.I_A.= A_

plum .Ah"rau_ 11--==(.OUm .,,iT. ACnV_LOCA_ON
FREG/ MECH ELECT reST

MO HR HR HR

Minor Routine Tasks

i i i i

Minor Infroouent Tasks

i

Rant'M4intSmibility Evduation - WRAP0420
01/06/94 Appendix3-81



u.rr_m(;,.ms " ' maNTE_.cs0ATAs.'Err ' ,T_.U..m ........ s.T "
& CONSTRUCTORS

A Rwt_m C_v [] CDR I"1 TITLE I O TITLE II O TITLE III DO-06-102, 103, 201, 3 OF 3
202, 304, 305, 522. 542

cusTOMER & LOCATION PROJECT .... UE&C J()'B "No. DATE:
6237.008 6130193

DOE.RL/WHC WRAP FACILITY cvVBsNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS A 12/'_9/93 .......... D .....

TITLE MANUFACTURER '
SLIDING HATCH TBD

I I IIII II I II III I IIII I

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

I I II IIII I II II I I I I

Minor Failure

' Maior Failures ...................

Rent Ma/ntainalmlityEvldumion- WRAI;0420 ..........
. 01/06/94 Appendix3-63

J



I

UNITEDENGINEERS MAINTENANCE DATA SHEET iITEMNUMBER SHT
& CONSTRUCTORS
A_ CmtlNay 11CDR [] TITLEI [] TITLEII [] TITLEIII T-05-541 I OF 3
CUSTOMER& LOCATION PROJECT UE&CJOBNO. DATE:

6237.008 06/24/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i iii

(DATE& BY) I EI F G I-
TITLE MANUFACTURER

VOLUMETRIC FEEDER KTRON (ACRODYNE)

EQUIPMENT DESCRIPTION

The approximate size of the equipment is 8'-0" X 4'-0" X 5'-0". It consists of twin spiral screws
that meter the material through the feeder. The feeder is constructed from 300 series stainless
steel. The 5 Hp motor is connected to a right angle gearbox which in turn drives the spiral screws.
The equipment is controlled by a K-Commander 2028 US control unit. This can be mounted
remotely.

NERAL MAINTENANCE REQUIREMENTS SUMMARY

This product from Acrodyne requires minimal maintenance. The gearbox is non-lubricated. The
equipment is designed on a modular basis, items are readily interchangeable.

SPECIAL MAINTENANCE REQUIREMENTS

At some time within the plant life, the entire unit may require removal from the process system. A

potable confinement structure will be erected around the work area. It is then proposed to have
1/2 distance pieces at the interfaces with adjacent equipment. This will aid the containment of
airborne surface contamination from those surfaces that have been intimately in contact with the
waste material. The proposal is to remove the makeup piece and contain both the failed equipment
and the stationary equipment/confinement. Before removal of the failed component, replacement
operations would be in the reverse order.

RantMmntminml_ityEvmCu_on- WRAP0420
01/06/94 Appendix3-64



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NU_t"ER SET "
& CONSTRUCTORS

A Itm4hemCrummy _ CDR O TITLE I r-I TITLE II I-'1TITLE Iil T-05.541 2 OF 3

cusToMER & LOCATION .... PROJECT ........ UE&C JOB NO. DATE: .......

6237.008 06124193
DOE-RL/WHC WRAP FACILITY CWBS Nc). BY:
HANFORD. WA iMODULE2 1604 LD

i i i i ii i

REVISIONS
(DATE & BY)

TITLE IMANUFACTURER

VOLUMETRIC FEEDER IKTRON (ACRODYNE) II I I

MAINTENANCE ACTIVITY
PLANNED MAINTENANCE TIMEII (HOURI

.:.o.c... ..=nw=A.,O.
Minor Routine Tasks

1. Grease Brg on Electric Motor 0.25 1 .... In-Situ

ii i

Minor Infreauent Tasks

" ' WmAm4=O'..........Plant MeintgnebiHty Eveluation-
01/06/94 Appendix3-65



UNrrEDmGINEERs MAI_ITENANCE DATA SHEET ITEMNUMBER..... Slit
& CONSTRUCTORS

A_ c_p,m _ CDR C:]TrrLE i [:]1TrLEII 1::3TrrLE IiI T-05-541 3 OF 3
.....................CUSTOMER & LOCATION PROJECT UE&C JOE NO. DA

6237.008 06/24/93
DOE.RL/WHC WRAP FACILITY C_S NO, BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS 12129193 LD
(DATE & BY)

TITLE " " " MANUFACTLJRi_R '
VOLUMETRIC FEEDER KTRON (ACRODYNE)

IIIIIIII I II I IIII I I II

m"'_'AKDG_"_ MAmT_'_'_ MEGH ELECT "iNST MAINT. AGTIVITY LOCATION
Hit HR HR

II I I

Minor Failure

1. Replace Motor 2 1 - In-Situ

ii

Maior Fail,Ire This will have

1. Replace Twin Screws 40 - - In-Situ (See to be
Special undertaken
Maintenance within a
Requirements) temporary

2. Replace Hopper 40 - - In-Situ (See confinement
Special structure due
Maintenance to a breach of
Requirements) containment

when the
screws are
withdrawn

Rent Maintainability EveluMion- WRAPO420
01/06/94 Ammdlx 3-ee



........ " si' -unfree ma,,nas MAINTENANCE DATA SHEET NUMBER ..........
& CONerrnucTons TC.05-501
ARmmmmComp=ov 0DCDR O TITLEI r-1TITLEII O TITLEIII 1 OF 3
cusTOMER& LOCATION PROJECT ........ UE&CJOB......NO. DATE:

6237.008 7/16/93
DOE-RL/WHC WRAP FACILITY CW0SNO. BY:
HANFORD, WA MODULE 2 1604 LD

......REVISIONS' A 12/29193LD ' ' B _" C .... O "

(DATE& BY)

ITITLE MANUFACTURER

DRUM TRANSFE R CAR TBD
EOUIPMENT DESCRIPTION ' '""' '

The equipment consists of a fabricated frame. A non power roller conveyor is located on the top ofthe frame. The car runs on a vee track at one side and a flat rail at the other. The car is powered
by an electric motor. The car measures approximately 40" x 40" x 14" high. It is designed to carry
55 gallon and 85 gallon drums. Drums are transterred onto the car from a powered roller conveyor.
The transfer device stays with the powered rollers.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ....

The maintainable components associated with this equipment are high reliability items that are used
in high volume production material handling installations. Maintenance will be minimal. Roller
beanngs are sealed for life 10 million revs and the electric motor and cabling will be run to fail.

!

SPECIAL MAINTENANCE REQUIREMENTS

None Required.

I III

iiii I iiiii iiii

Rant Maintainability Evaluation- WRAP0420
O1/06/94 Appendix 3-67



ii r i illlii i I I

UNrr_ ENGINI_Ul MAINTENANCE DATA SHEET ITEMNUi_IBER Slit
i& CONSTRUCTORS TC-05-501

CUST(3MF.R&'"LOCA'Ii0N F_ROJECI" " UE&C JOB NO. '....DATE:
6237.008 7116193

DOE-RL/WHC WRAP FACILITY CWBSNO___' BY:
HANFORD, WA MODULE 2 1604 LD

' L:I ' I'I " ' I_I ' Iii 'REVISONS 12/29/93 LD
i i i

(DAT_. & BY) F
i i i i I_lll I I i i ii H i

TI_ MANUFACTURER

DRUM TRANSFER CAR TBD
II III] III I II I I I I

MAINTENANCEACTIVITY
PLANNED MAIN1RINAJMCE TIMES CHOUR) MAINT. ACTIVITY LOCATION

RREG; MECH ELECT NaT
MO FIR HR Hit

I I I III III I IIIII

Minor Routine Tasks

ii

Minor Infreouent Tasks

iiii I

PlentMintaind_ty Evelumion- WRAP0420
oi/oeR4 . Appendix 3-U



uNn'm mn'keeM ' MAiNTENANceDATA SHEET' ITEMNUMBERii SHT
& CONIrrRucToM TC-05-501
A_ Crummy II CDR O "nTLEI !"1TITLEII i-1TITLEIII 3 OF 3

No_.............CUSTOMER& LOCATION PROJECT" UE&CJoe DATE:
6237.008 7116193

DOE-RL/WHC WRAP FACILITY cWBSNO. BY: .........
HANFORD, WA MODULE 2 1604 LD

"' ' I ....i i ioi........!:1I ION A 12129193LD B C
E_ i i i i i iii iii ,(DATE& BY) F

Hi Ilill I I II I

TITLE...... MANUFACTURER
DRUM TRANSFER CAR TBD

I III II I III IHII I I IIIIIII

BREAKDOWNMA_ _CH ELE_i INIT MAINT.ACTIVITYLOCATION
HR HR HR

I I III IIBIIBill I I

Minor Failure

ill i i i i i illlll

Maior Failures

1. Conveyor Motor 0.5 1 - In Situ Additional

2. Transfer Drive Motor 1 1 - In Situ _ Time Will

] Be
3. Conveyor Roller Seizure 0.5 - - In Situ Required

4. Transfer Car Wheel BRG Seizure 2 - - In Situ for Man
Entry

i

PlantI_/maiMbitltyEvaiunon- WRAP0420
01/00/94 Appendix3-69



ITEMNUMBER SHT

D0-05-620
IcusTo..• LocAoN oJcT
DOE-RI.JWHC WRAPFACILITY 6237.008 7/16193

CWIBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

TITLE IMANUFACTURER

CONSUMABLE ENTRY PORT ITBDI II II IIIII I I

EQUIPMENT DESCRIPTION

The consumable entry port allows 2", 4 1/2" or 6 1/2" dia bottles to be posted into the confinement
without breach of containment, the port consists of several layers of annular rubber discs known as
the sphincter, this unit has been designed for easy replacement. The bottle forms a 1/2"
interference with the bristles as it is pressed into the port. An in-leakage airflow forms a barrier to
the contamination. When the door on the operators side is closed the bottle can be extracted from
the port by the operator or manipulator. The unit is approximately 6" dia larger than the bottle.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This unit requires minimal maintenance. The sphincter will require replacing periodically due to either
a contamination problem or general wear and tear.

SPECIAl. MAINTENANCE REQUIREMENTS

A window and gloveport arrangement should be positioned either side of the entry port or adjacent
so the bottled item can be extracted from the port after the port door is closed.

i_,mM,._ ...............nabillty Evaluate - WRAPO420
01/06/94 Appendix 3-70



................... SHTUNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER "' ' ' "
Ii CONSTRUCrOllS D0-05-620
AItw_m Colony I_ CDR I-1TITLEI O TITLEII I'11T_LEIII 2 OF 3i r i i

CUSTOMER'&LOCATION PROJECT ' UE&'C'JOe NO. DATE:
8237.008 711fli93

DOE-RL/WHC WRAP FACILITY CWB'SNO. " BY: "
HANFORD, WA MODULE 2 1604 LD

"'..... l'! ................I°l I°l...........(DATE & BY) I El F......... ..... , G H ......
TITLE ........ MANUFACTURER

CONSUMABLE ENTRY PORT TBD
'"" ' ' ' " " ,_A,ica A_'"' '_-_o .A,rm_: _.. c.oum

FREG/ MECH ELECT INaT MAINT. ACTIVITY LOCATION
1810 HR HR FIR

II IIIII I I Illll II II

Minor Routine Tasks

Minor Infreouenl:' Tasks "

I. Grease Door Hinges & Swing Bolt 12 0.5 - - In Situ

ii i

u

Rant Maintainability Evaluation - WRAPO420
01/06/94 A_x 3-71

.,



uNrrEDENGINEERSi MAINTENANCE DATA SHEET ITEMNUMBER SHT

& CONSTRUCTORSi D0-05-620AXwtkum_ []CDR I"ITITLEI []TITLEII []TITLEIII 3 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. OATE:
6237.008 7/16/93

DOE-RL/WHC WRAP FACILITY CWSSNO_'_'_'m _'''_ BY_
HANFORD, WA MODULE 2 1604 LD

i

REVISIONS

(DA-I_ & BY) I A

I
El IB C D,I ' Iol Iml 'I

TITLE IMANUFACTURER

CONSUMABLE ENTRY PORT ITBD

BREAKDOWN _ MECH ELECT INeT MAINT. ACTIVITY LOCATION
Hit FIR FIR

I

Minor Failure

Maior Failures

Contaminated/Worn Sphincter 1 - - In Situ

Pkmt Maintainal_ty Evaluation - WRAPO420
01/06/94 Appm_x 3-72



I

NrrED ENGINEERS MAINTENANCE DATA SHEET rTEM NUMBER SHT
CONSTRUCTORS T-06-101A&B

A RWdmn CommnV W CDR r-I TITLE I [-I TITLE II D TITLE III 1 OF 3

CUSTOMER & LOCATION IF;flOJECT UE&C JOB NO. DATE:
6237.008 8/12/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

TITLE MANUFACTURER
DISCHARGE HOPPER K-TRON-ACRODYNE

II

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i

SPECIAL MAINTENANCE REQUIREMENTS

ii i

Rant MaintainabilityEv_uation - WRAP0420
01/O6/94 Apt_ndix 3-73



UNrrED ENG_EERS MAINTENANCE DATA SHEET rT_MNUMBER SHT
& CONSTRUCTORS T-06-101A&B
ARwammC_ aCDR []TITLEI []TITLEII []TITLEIII 2 OF 3
CUSTOMER& LOCA_ON PROJECT UE&CJOB NO. DATE:

6237.008 8/12193
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i ,ll,

(DATE& BY) ! Ei F ' , G H "
TITLE IMANUFACTURER

DISCHARGE HOPPER IK-TRON-ACRODYNEIII III II

MAINTENANC_ A_I'IVITY
PLANNEDMAINTENANCE TIME8(HOURI

FREO/ MECH ELECT INST MAINT.ACTIVITYLOCATION
MO FIR HR FIR

I

Minor Routine Tasks

Minor InfrQouent Tasks

i iiii

Rant IVlaintainabiiity Evakmlion - WRAP0420
01/06/94 Appendix 3-74



I

UNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMB_q SHT
& CONSTRUCTORS T-06-101A&B 3 OF 3AIIW_lmmCmmm II CDR [] TITLEI I"11TTI.EII !-1TITLEIII
cUSTOMER& LOCATION PROJECT .... UE&CJOBNO. DAT_:

6237.008 8/12/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORDo WA MODULE 2 1604 LDi

REVISIONS I_D ' I-!_ I_, oi ' i I

TITLE MANUFACTURER
DISCHARGE HOPPER K-TRON-ACRODYNE

BREAKDOWN MAINTENANCE MECHI ELECT IN8T MAINT. ACTIVITY LOCATION
1411 HR HR

I

Minor Failure

Maior Failures

i1!

Plant MeintmrmbilityEvalumtion- WRAPO420
01/06/94 Appendix3-75



I II,

UNrrEDENGnVEERS MAINTENANCE DATA SHEET rrsM NUMBER SHT
& CONSTRUCTORS CY-06-101
A _ ComNm_ _0 CDR O TITLE I [] TITUS II I-1 TITLE IlI CY-05,521,541 1 OF 3

CUSTOMER & LOCATION IPROJECT ..... UE&C JOB NO. DATE:
6237.008 08105193

_ i_mmm_mm_mlm

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD. WA MODULE 2 1604 LD

REVISIONS' A i2/29/93 LD ' B ....... C ...... D '
(DATE & BY)

TITLE MANUFACTURER

DRUM PUSHER TOL-O-MATIC
I I

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAI_ITENANCE"REQUIREMENTS SUMMARY

sPECIAL MAINTENANCE REQUIREMENTS .......

lift I iii i|1 i ii i

i i ii i iiiii

#lent Mjntainability Evelu_ion -' WRAP0420
01/06/94 Appendix3-76



Iill i in i

UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
'& CONSTRUCTORS CY-06-101
AnWdmnConmny [] CDR [] TITLE 1 I"I TITLE II I-I TITLE III CY-05,521,541 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/05/93

DOE-RL/_/HC WRAP FACILITY CWBS NO. BY: ......
HANFORD, WA MODULE 2 1604 LDii

'I l°i(DATE & BY) ' F G H ' '

TITLE MANU I_ACTURER ' "
DRUM PUSHER TOL-O_AATIC

II

MAINTENANCE ACTIVITY
PLANNEDMAHCI'ENANCE TIMES (HOURI

FREO/ MEC'FIIELECT INST MAINT. ACTIVITY LOCATION
MO HE ! HE HE I

Minor Routine Tasks

Minqr Infreauent Tasks

i ii

i ii i . i

RmntMaJntinabilityEvdumtion- WRAP0420
01/06/94 ----_'_pp°n°ux3-77 ,



II I ,,

UNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SliT
& CONSl"nUCl"OI_S CY-06-101
A Bwdtmt Cmwmv IXl CDR I'1 TITLE I [] TITLE II [] TITLE III CY-05,521, 541 3 OF 3

CUSTOMER & LOCATION PROJECT .... UE&C JOB NO. DATE:
6237.008 08/05/93

DOE-RL/WHC WRAP FACILITY C'WBSNO. ' BY:
HANFORD, WA MODULE 2 1604 LD

RSIO iS ...........
(DATE & BY)

ii i

TITLE MANUFACTURER
DRUM PUSHER TOL-O-MATIC

I II II IIIIIII II

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
Hit HR Hit

I IIIIII

Minor Failure

Maior Failures ....

Plent Maintainability Ev=duation- WRAP0420 .......
01/06/94 Appendix 3-78



m

UNITEDENGINEERS MAINTENANCE DATA SHEET .... ITEMNUMB_ ..... SHT
& CONSTRUCTORS XX.06-103 & 104
A_C=r_W [_CDR OTITLEI I-I TITLEII OTITLEIII I OF 3
CusTOMER"'&LOCATION...... PROjEll" ......... UE&CJOB NO. ' DATE: " -

6237.008 8111/93
DOE-RL/WHC WRAP FACILITY 'CWBSNO. BY;"
HANFORD, WA MODULE 2 1604 LD

'REVISIONs "'A i2129'1'93LD " 8 ...... C ........... O '"
(DATE& BY)

iii iiiii ,

TITLE MANUFACTURER
TRANSFER RAIL TBD

EQUIPMENT "DESCRIPTION ' "

DELETED FROM PROCESS

GENERAL MAINTENANCE.... REQUIREMENTS 'SUMMARY " '

SPECIAl. MAINTENANC'E REQUIREMENTS ......

I III I ,,, , ii i rll

ii a i ii ii i i ilil i ill ii|11

Rant Maintainability Evaluetion - WRAP0420
0 t/06/94 Appendix 3-79



UNITEDmGINEERS I MAINTENANCE DATA SHEET ITEMNUMBER SHT

& CONSTRUCTORSi XX-06-103 & 104A Ihmlmm Con_,_ • CDR O TITLE I r-I TITLE II ,O TITLE III 2 OF 3
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 8/11/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

I REVISIONS..........IA['12/:29/93'LD l B[ ........ IC i IDJ ' i(DATE& BY) E , F ......,'. '"' IG ' ' .,."' ,,,
TITLE MANUFACTURER ......

TRANSFER RAIL TBD
_A.cE Acnvn_pu._=.AWmUU_ 11.. (.OUm .,.,. ,CnV_LOCAT,O.ill,

FREG/ MECH ELECT INIT
MO HIt HR HR

Ill l dill II I I

Minor Rgutil_e Tasks

....Minor Infreouent Tasks ............

I I ii i iiiiIIiii

Rent Maintainability Evlduation- WRAP0420
01/06/94 Appendix 3-80



IHI I I IIIIIII

UN_"_ ENGaNEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS XX-06-103 & 104
A__ WCDR []TITLEI []TITLEII _TITLEIII 3 OF 3

& LocATION ................... UE&C .....CUSTOMER PROJECT JOB NO. DATE:
6237.008 8111193

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD. WA MODULE 2 1604 LD

REV,S,ONS ,AI,2/2S/93LD IB! ........ ICI D!(DA_=,.v) !sI- F G .I

TITLE ITMBA_UFACTURERTRANSFER RAIL

BREAKDOWN MAINTENANCE MECH ELECT IN8T MAINT. AGTWITY LOCATION
HR HR Hit __

IIII I II III

Minor Failure

MaiorFailures

#o 2_...........Plant IVlJnmM_ity Evaluation- WRA 4
01/O6/94 Appendix3-81



III I I i. n l II IIIIIIIII

s.TUNIT_ ENGINUS MAINTENANCE DATA SH ITEMN'IJMB_
i& CONSTRUCTORS AL-06-101

........ UE'CCUSTOMER & LOCATION PROJECT JOB NO. DATE:
6237.008 08/31/93

DOE-RL/WHC WRAP FACILITY CWSSNo. BYI
HANFORD, WA MODULE 2 1604 LD

REVISIONS ....

I lie I I II III III I III IIIII IIIII II

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUI_IMARY ' ' '

SI;ECIAL MAINTENANCE REQUIREMENTS ...........

' E_..,_ Am,l ..........Rent I_intinitxlity - WR 20
01/06/94 Appendix 3-82



uNrrEDENOINEEnS MAINTENANCE DATA SHEET iTEMNUMBER " SHT
& CONSTRUCTORS AL-06-101
ARWtJmmC_ I_ CDR O TITLE1 1"ITITLEII D TITLEIII 2 OF 3 !
CUSTOMER& LOCATION PROJECT ..... uE&c JOBNo. .....DATE:

6237.008 08/31/93
DOE-RL/WHC WRAP FACILITY _S NO. BY:
HANFORD, WA MODULE 2 1604 LD

i i ii ii i i iiiii ii i

(DA'_'t: & BY) ' ' ' I I.iiii i iii

TITLE MANUFACTURER
AIRLOCK TRANSFER TUNNEL TBD

I I I I IIIHI I I I I I I I

MMi_NANC=ACTwrrY
PUUtN=OMAWTm,mCe TIM. c.oum

FREO/ IdEC. "ELECT INST MAINT. ACTWITY LOCATION
MO HR HR HR

II II I IIIII II II 1 I

Mirlor Routine Tasks

ii i,lli

Minor InfrQauent Tasks

i i ill

'" WnAPo4=o .............Rant Maintainability Evetulbon -
01/06/94 Appendix 3-83



i i , ,i li i _II I

uNrrF.o mGwRRs I MAINTENANCE DATA SHEET ITEMNUMBER SI_IT "'"" "
i& CONSTRUCTORSI AL4)6-101
• _c...., I ......, co. D_' o _,, oTin=., 3 OF3
CUSTOMER & LOCATION PROJECT uE&c JOB No. ......DATE:

6237.008 08/31/93
DOE-RL/WHC WRAP FACILITY CwBs NO. BY: .............
HANFORD, WA MODULE 2 1604 LD

....................................,, II
i (DATe& eY) i_.......... H "'TITLE ......... MANUFACTURER .........

iAIRLOCK TRANSFER TUNNEL TED
I III II I llllll I III IIIII I I IIIII

I amua)owN uAwnm_m_ am-r,H UCT UST MAim'. Acnv_ LOCATIONHR HR fir
II II-- I

Minor Failure

i iiiii i ii i i

Maior l:nilures

, H,

IF I I il iiiii

Pl_rt Mm_f_ll_Ly Ev_n - WRAP0420
01,4O_fl4 Appendix 3-84



UNITED_GINm8 MAINTENANCE DATA SHEET ITEMNUMB_ $HT ..........
& CONSTRUCTORS TO-OS-524A&B
A nW_m Coomm rigCDR rl TITLE I [::]TITLE II r't TITLE III & 541 1 OF 3

iq,

.........."cus'TOMER & LOCATION PROJECT UE&C" NO. "" DATE:
6237.008 8112193

DOE-RL/WHC WRAP FACILITY 'CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ............................
(DATE & BY)

TITLE MANUFACTURER
WEIGH HOPPER K-TRON (ACRODYNE)

EOUIPM'ENI:'" DEscRIPTION "" " """ '""' '" '

DELETED FROM PROCESS

i i

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

|| i i i

SPECIAL MAINTENANCE REQUIREMENTS

II _ I iii el iiiiiiiiii i

' ' ,,.po,L2o............Hint MaintainabilityEvaluotion- W
01/06/94 - Appendix 3-85



UNITED ENGINEERS MAINTENANCE DATA SHEET rrm NUMBER SliT
& CONSTRUCTORS TO-O5-524A&B
A _ Crummy I_ CDR I"! TITLE I [] TITLE II [] TITLE III & 541 2 OF 3

H

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 8/12/93

DOE-RL/WHC WRAP FACIUTY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

i

(DA _'E& BY) E F , G Hi
ITITLE MANUFACTURER
WEIGH HOPPER K-TRON (ACRODYNE)

' MAINTENANCE ACTIVITY
PtJtmlED MAmTBMANG! TIMES (HOURI MAINT. ACTIVrrY LOCATION

FRE(I/ MECH ELECT INST
MO Hit Hit Hit

Minor Routine Tasks

Minor Infreauent Tasks

I

PhmtMai_ Evaklatkm- WRAP0420
01/0SR4 Appendix3-es
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uNrrSD ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS TO-05-624A&B
A _ Cm_ny amCDR r'l TITLE I [] TITLE II [] TITLE III l& 541 3 OF 3
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 8/12/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

i

REVISIONS i LD I B C D(DAI-_. & BY) i A ,,i Iol...... !.1
;TITLE MANUFACTURER
WEIGH HOPPER K-TRON (ACRODYNE)

I II

BREAKDOWNMAINTENANCS MECHI ELECT INST • MAINT. ACTIVITY LOCATION
HR HR HR

I_linor Failure

i ' '

Maior Failures

Rent Maintmnal_ityEv_u_on - WRAP0420
01/08/94 Appendix3-87



uNrrso ENGINEL:RSi&CONSTRUCTORS MAINTENANCE DATA SHEET ITEMNUMBER ISHTA_ C,mWeny W CDR rl TITLEI [] TITLEII D TITLEIII DO-05-524A&B, 544 1 OF 3
CUSTOMER& LOCATION PROJECT UE&CJOBNO. JDATE:

6237.008 laY 07/30/93DOE-RL/WHC WRAP FACIUTY CWBS NO.
HANFORD, WA MODULE 2 1604 I : LD

REVISIONS 12/29/93 LD
(DATE& BY)

TITLE JMANUFACTURER
ONE TRIP DOOR SYSTEM ITBD
!EQUIPMENT DEsCRIPTIoN '

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

SPECIAL MAINTENANCE REQUIREMENTS

El
I

Plant Maintldnibility Evduil_on - WRAP0420
01/06/94 Appendix3-88



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER iSHT
Ilk CONSTRUCTORS

A _ Company nOCDR r'l TITLE i [] TITLE II O TITLE III DO-05-524A&B, 544 2 OF 3

!CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 07130193

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODUL_ 2 1604 LD

, J.

REVISIONS
IAI 12129/93 LD B c.... ioi I°i(DAiE & BY)
I=1

TITLE MANUFACTURER

ONE TRIP DOOR SYSTEM TBD
I I

MAINTENANCE ACTIVITY
PLANNED MAIN'Irl_ANC! TIME8 (HOUR)

RREG/ MECH ELECT INST MAINT. ACTIVITY LOCATION
MO HR HR HR

Ill

Minqr, Routine Tasks

i

Minor Infreauent Tasks

PlaintMaintainability Evaluation- WRAP0420
01/06/94 . Appendix3-89



UNrrEDENGINEERS MAINTENANCE DATA SHEET rTEMNUMBER SHT
& CONSTRUCTORS
A_ _ I_ CDFI Q TITLEI O TITLEII O TITLEIll DO-05-524A&B, 544 3 OF 3
CUSTOMER& LOCATION PROJECT UE&C JOBNO. DATE:

6237.008 07/30/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS IA, 12/29/93 LD B I ICl iDI(OAT_&BY) ! E! .... F G H ......
TITLE MANUFACTURER
ONE TRIP DOOR SYSTEM TBD

BREAKDOWNMA_ MECH ELECT INST MAINT.ACTIVITYLOCATION
HR HR FIR

II1'1 i t

Minor Failure

M§ior Failures

Plant k_lmtainabilityEvalualJq;m- WRAPO420
01/06/94 AIX_ndix 3-SO



UNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS EM-05-561 1 OF 3
AItW_mmC_mmnV I1 CDR !-1TITLEI [] TITLEII [] TITLEIII
CUSTOMER& LOCATION PROJECT UE&CJOBNO. OATi_:

6237.008 08/13/93
DOE-RLNVHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

l i, i i i i

(DAit: & BY) IEI F G
TITLE MANUFACTURER
POWER MANIPULATOR BROKK

EQUIPMENT DESCRIPTION ' '

This hydraulically operated arm consists of a fixed position rotating module that houses all the
control valves that operate each joint and the operating tools. The slewing system consists of a
hydraulic motor and planetary gearing; there is an optional 55 ° slewing system which consists of
two double acting hydraulic cylinders. All piston rods are hard chrome plated. The arm sections are

actuated by conventional linear hydraulic actuators, three in total. All hydraulic hoses are located
external to the arm structural section. The arm has a maximum pivotal reach of 18'-0" and a max
height reach of approximately 15'-0". The ar m joints can be lubricated by a central lubricating
system. The tooiend of the arm has an auto tool cnange system. The tools vary from hammer
drills, nibblers, to crushers.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment was designed for the construction/demolition industry. This type of e.quipment has a
proven track record. The manipulator has been overdesigned to cope with the excesswe stresses
equipment like this will have to endure. Therefore, very little planned maintenance will be required.

SPECIAL MAINTENANCE REQUIREMENTS

Possibly the control valves and individual hoses should have quick disconnect couplings to allow
easy replacement of failed equipment.

RantMaintainabilityEvduation- WRAPO420
01/06/94 Appendix3-91



UNITEDENGINEERS MAINTENANCE DATA SHEET rrSM NUMBER ...... SliT
& CONSTnUCTOaS EM-05-561
A _ Cmmny • CDR I-I TITLE I r"l TITLE II I-I TITLE III 2 OF 3

i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/13/93

|,i

DOE-RL/WHC WRAP FACILITY CWSSNO"_ BY:
HANFORD, WA MODULE 2 1604 LD

....

REVISIONS 12/29/93 LD
(DATE& BY)

TITLE MANUFACTURER
POWER MANIPULATOR BROKK

MrnA.CE Acnvn....
MAWnv TIMESc.oum

MAINT. ACTIVITY LOCATION
FREG/ MECH ELECT INST

MO FIR FIR FIR

Minor Routine Tasko

i i i ii m,

Minor Infreauent Task_

1. Check for Abrasion on Hoses. 6 1 - -- In-Situ 1

2. Lubrication. 2 1 - - In-Situ i_ Man Entry
Required

3. Check Tool Wear. 6 1 - - In-Situ

Imllll I r u L

Plant Maintainability Evaiuabon- WRAP0420
01/06/94 Appendix3-92
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UNITED ENGINEERS MAINTENANCE DATA SHEET iTEM NUMBER SHT
& CONSTRUCTORS EM-05-561
A_C=mp,,W _CDR []TITLEI []TITLEII E3TITLEIII 3 OF 3

cUsTOMER & LOCATION PROJECT .......... UE&C J(3e NO. DATE:
6237.008 08/13/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

l'l ..... I .......(DATI: & BY) ...... F .... G ..... I-i ...... _
ii i Ill I I II I

TITLE MANUFACTURER

POWER MANIPULATOR BROKKIIIIIIII III II I III III I IIIil I

BREAKDOWN MAINTENANCE MECH ELECT INaT MAINT. ACTIVITY LOCATION
HR HR HR

,,m I IIII IIlll I IIIII I I III --

Minor Failure

== i i i

r.... Major Failures

1. Hydraulic Actuator TBD In-Situ

2. Hydraulic Hose TBD In-Situ It Man Entry

3. Control Valves TBD in-Situ _ Required
J

4. Hydraulic Motor TBD In-Situ

ii i iii ,milD, ii

Plmtt _ntina_lity Eviction - WRAP0410
01/06/94 Appendix3-93



UNITEDENGINEERS ' MAINTENANCE DATA SHEET ITEMNLJ'MBER .........SHT '"
& CONSTRUCTORS EM-05-661
A_Comp=ny []CDR r'ITITLEI []TITLEII []TITLEIII 1 OF 3
CUSTOMER& LOCATION.... PROJECT UE&CJOBNO. DATE:

6237.008 09/13/93
DOE-RL/WHC WRAP FACILITY CWBSNO. ...... BY: ......
HANFORD, WA MODULE 2 1604 JPB/LD

REVISlO_IS .................
(DATE& BY)

Ill=ll ill

TITLE MANUFACTURER
TELESCOPIC POWER MANIPULATOR ClMCORPISCHILLING

EQUIPMENT DES(_RIPTION " " "

The telescoping tube manipulator is mounted to a carriage Jystem of a bridge crane, the pay load
capacity is 5000 lb. extension speed 0 to 15 ft/min variable. The assembly is made up of a hoist
box assembly, gear reducer assembly and a telescoping tube, the telescoping tube is activated, by
cable. All electncal controls are passed down the inside of the tube under a protective cover, the
construction is hard anodized aluminum with stainless steel wear strips and stainless steel guide
rollers. The bearings are sealed for life. The hoist is driven by a DC braked motor with planetary
gear reduction. There is a pawl and ratchet mechanism to stop any free fall of the tube in the event
of a cable breakage. This must be manually disengaged if the cable fails at any time.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ......

The telescoping tube must be detached from the carriage to maintain the bearings or the tube
guides. Only when the assembly is blocked on the bench can the top plate be removed and the
hoist and electric cables be removed. The hoist cable is removed by driving out retaining pins. The
hoist drum bearings should be pushed out and lubricated at this time.

SPECIAL MAINTENANCE REQUIREMENTS ........

A laydown area will be required for telescoping tube maintenance. The manipulator can be
maintained in-situ. The maintenance requirements are similar to the sorting manipulator. Appendix
3-I, decontamination can be undertaken using strippable coatings. The manipulator can be
maintained in the segregated area at the far end of the box breakdown cell.

H. ...

PlantMaintainabilityEvaiuiltion- WRAP0420
01108194 Appendix3-94



UNITEDENGINEERS MAINTENANCE DA';rA SHEET ITEMNUMBER SH_r
& CONSTRUCTORS EM-05-561
A_v_mmComNnv I_ CDR D TITLEI !-1TITLEII [-!TITLEIII 2 OF 3 i

CUSTOMER& LO(_ATION PROJECT ..... UE&CJOB NO. DATEI ......
6237.008 09/13/93

DOE-RL/WHC WRAP FACILITY CWBSNo. BY: '"
HANFORD, WA MODULE 2 1604 LD

(OATE_.Y)eEV'S'0NS!_ 11=/29/9_co .... lie c o ............... ,I !ol I.I :
TITLE MANUFACTURER
TELESCOPIC POWER MANIPULATOR ClMCORPISCHILLING

IIIII II IIII I IIIllI IIII I

MAINTENANCEACTIVITY
maUINeD_mTe._ce "hUeS(.oum

FREG/ MECH ELECT IN81"' MAINT.ACTIVITYLOCATION
MO HR HR HR

Ill llllI I I

Minor Routine Tasks
1. Host cable inspection 6 2 1 - In situ

2. Lubricate gear reducer 12 4 - - In situ |, Man Entryi

3. Lubricate drum and ratchet 12 8 1 - In situ J
Required

4. Lubricate bevel gears 12 4 1 - In situ

" Minor Infreauent'l:a_ks 1 ......

1. Light lubrication of tube guide 24 2 - - In situ I,_ Man Entry

bearings, j Required

ii i

' WRAI;0420Rent Mintinilbility Evaluation -
O1/06/94 Appendix 3-95



iiiii iiiiiiiii i ii ' "

UNITIEDENGINEERS/" MAINTENANCE DATA SHEET rrsM NUMBER SHT

!& !1 EM-05-561

CONSTRUCTORS
A 3 OF 3cmm_ _ CDR t"l TITLEI 0 TITLEII [3 TITLEIII _
CUSTOMER& LOCA ON PROJECT....... UE&CJOBNO. DATE:

6237.008 09/13/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

,so.si,i l:i ° i(DATE& BY) E G HIiii i ii iiii ii

TITLE......... MANUFACTURER
TELESCOPIC POWER MANIPULATOR ClMCORPISCHILLING

IIII F II I II

BKDO_'_ MAIk-i--mdAN_,F. MEP,J4 rr.l.ECTINIT MAIWr.ACTIVITYLOCATION
Hit HR HR

I Ill El I II I I I

1. Minor Failure
Limit Switches

i iii i iii i i i

Major Failures

1. Geared Motor *

2_ ClutchHoist Cable *

ii lectrical Control Cables
Hoist Drum Bearings
Upper Pulley Bearing

7. Lower Pulley Bearing *

Tube Guide Bearings
Timing Cables
Timing Cable Anchor

iiii i ill iii

........ i i iiiiii

" This information is not available Ref. OUF0033 FAX, M. Price/L. Dutton Cimcorp/UE&C 09/14/93.

ill IIII IIIII III . I •

PI_I MlinlinabilttyEvelut_ion- WRAP0420
ol/Oe/_ Appendix3-Se
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UNITEDBIGINKERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS RT-05-561
A_C_w=_ mCDR I_TITLEI []TITLEII []TITLEIII 1 OF 3i iii

CUSTOMER & LOCATION _OJECT .................. UE&C Joe NO. DATE:
6237.008 08113193

ii i

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

I REVISIONS i
.........

II IIIInlI I II III II I I

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

'GENERAL MAINTENANCE REQUIREMENTS SUMMARY ' '

S'_CIAL MAINTENANCE REQUIREMENTS .........

I I __ IIII I II

III

Plant Mmntanebility EveluUon - WRAP0420
01/06/94 Appendix3-97



uNrr'B) mOlNlir_$ ....MAINTENANCE DATA SHEEr ITEMNUMBER ........ S'HT ....
& CONIrrRUCTOM RT-05-661
Ana_,_mCmm=w I_ CDR E] TITLEI 1"1TITLEII !_ TITLEIII 2 OF 3
- ...............CUS MER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 08/13193
DOE-RL/WHC WRAP FACILITY cWSS NO. ............ BY: ................... -
HANFORD, WA MODULE 2 1604 LD

lull i ,ilH ilill, t i t |,,i ill ii,

(DATE& BY) E i .... F " G ................ I Hi "
TITLE " MANUFACTURER ............
GROUTED DRUM SLITTING SAW BEHRINGER

mwnmNic=! TIMES(HOURI
- 'INST" MAIcr. ACllVn'Y LOCATIONFREG/ MECH ELECT

MO FiR Hit FIR
II IIgli liIlil ] Nil

Minor Routine Tasks

-- ,lllllm i i

Minor Infreouent Tasks

-- -- I I iii

Plant Idintinabiiity Eviuatiofl. WRAP0420
01/08/94 Apt:endlx3-98
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UNITED ENGINEERS MAINTENANCE DATA SHEET i_F.M NUMBER ,,,,T
&CONSTRUCTORS RT-05-561 3 OF 3
Anwtlme C,mmnV OHCDR O TITLE I I'1 TITU= II O TITL_ III i

CUSTOMER & LOCATION PROJECT............... UE&C JOB NO. iDATE:
6237.008 08113193

DOE.RL/WHC WRAP FACILITY _s NO, BY:
HANFORD, WA MODULE 2 1604 LD

.... .......i........ I:i i°!CDA_• BY)ISI...... IF! .... ,_, ,,H
TITLE ..... IMANUFAC_UF,EM
GROUT!_DDRUM SLITTING SAW !BEHRINGERIIIIIII I I IIIIIII I III

BREAKDOWNMAINTENANCE MECH ELECT! IN8T MAINT. ACTIVITY LOCATION
HR HR HR

I I I IIIIII

Minor Failure

Maior Faii'ur_ ..... '.....

,i |
i i,i

I I i

PlantIVlmntalinebilityEvaduaUon- WRAP0420 Appendix3-99
01/06/94
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS RT-05-612
ARw_mCm_nv _CDR QTITLEI []TITLEII []TITLEIII 1 OF 3

CUSTOMER'& LOCATION ' PROJECT UE&C JOB NO. DATE:

6237.008 08/10/93
DOE-RL/WHC IWRAP FACILITY CWBSNO. BY: .......
HANFORD, WA MODULE 2 1604 LD

(DATE & BY)

TITLE MANUFACTURER
CORE DRILL TBD

EQUIPMENT DEscRIPTION "

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

SPECIAL MAINTENANCE REQUIREMENTS

:i

PlaintMaintainabilityEvduation - WRAP0420
01/06/94 . Appendix 3-1iX)



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER ' SHT
& CONSTRUCTORS RT-05-612
A RavthmmCompany _] CDR [] TITLE I O TITLE II [] TITLE III 2 OF 3

CUSI:OMER & LOCATION PROJECT UE&C JOB NO. DATE: I
6237.008 08110193

DOE-RL/WHC WRAP FACILITY CWBSNO. ' BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS IAI 12/29193LD I BI ICI D I(DATE & BY) E ' " F G H ,
TITLE MANUFACTURER

CORE DRILL TBD
""" ACTIVITY ......MAINTENANCE

PLANNED MAINTENANCE TIMES (HOUR) MAlign'. ACTIVITY LOCATION
FREG/ MECH ELECT INST

MO HR HR HR
I III lilt

MinQr Routine Tasks

.,,i ii , , ,,,J,,,

Mingr Infreauent Tasks

Iqent IV_ntanab_lity Ev_uation - WRAP0420
01/06/94 Appendix3-101
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UNITED mGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS RT-05-612
A RWtlmm Compmv i] CDR D :"fiLE I [] TITLE II [] TITLE III 3 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/10/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY: _i
HANFORD0 WA MODULE 2 1604 LD IIFi i ,,,,

REVISIONS 2/29/93 LD I B C D

TITLE MANUFACTURER

CORE DRILL TBD

BREAKDOWN MAINI"I_ANCE MECH ELECT IN8T MABIT. ACTIVITY LOCATION
HR HR HR

Minor Failure

Maior Failures

Rent Maintainability Evaluation - WRAP0420
01/06/94 Appendix 3-!02



UNITED ENGINEERS MAINTENANCE [)ATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS SX.05-401
AllWttxmCon_v _ CDR [] TITLE I O TITLE II [_ TITLE III I OF 3

cUSTOMER & LOCATION PI_oJEc_r ...... UE&C JOB NO. DATE: ' '
6237.008 08113193

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORDo WA MODULE 2 1604 LD

i i i ill i

REVISIONS ,. H, .....
TITLE MANUFACTURER
POLYMER EXTRUDER BERSTORFF

EQUIPMENT DESCRIPTION ' ' ' ' ' " '

The ZE75A x 33 LD Extruder consists of a 160 Kw motor that provides 250 Ibf (141100 Nm) of
turque at the input shaft. The drive is transmitted to the gearbox via an autoguard_overload
protection unit. The gearbox is fitted with a pumped lubrication system, 451/min @ 4bar, and the
output shaft, with 495 Ibf(2200 Nm) of torque, dtrectly drives the 4" diameter twin screws.

To achieve the correct temperature for mixing the waste and polyethylene thoroughly, there are
electric heating coils and tempered water cooling units. The water passes through cooling chambers
within the barrel liner. External to this are the heating elements covered by a protective isolating
hood. A degassing barrel is strategically located to draw off the process gasses. The waste will
enter the process via a feeding barrel.

The Polymer enters the front end of the machine, as pelletized or granular feed stock, where there
are three defined heat zones; initial heating (200/300 °F), fluid zone (300/450 °F) and waste
amalgamation (200/250 °F). The material will exit the extruder at this temperature and enter the
waste drum via a 2 7/8"outlet.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY .........

All the items requiring routine planned maintenance are located outside the g.lovebox. The major
items requiring maintenance are the twin screws and screw shroud. The twin screws can be
extracted using an extraction device. The screw shrouds are manufactured in 12" long modular
sections. Berstorff can make the shroud in one complete section. This can be extracted with the
screws this option is recommended for this application.

SPECIAL MAINTENANCE REQUIREMENTS ......................

There should be an allowance at the end of the glovebox for the removal of the last module and the
screw and shroud support stand. This will enable the screws and shroud to be withdrawn from the
extruder into a transfer container and will facilitate disposal of the worn or failed equipment and its
subsequent replacement.

I II I ii

Rant MantJnCiliW Ewduetmn- WRAPO420 ............
01/06/94 Appendix 3-103
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UNITED ENGINEERS I MAINTENANCE DATA SHEET ITEM NUMBER SHT

& CONSTRUCTORS I EX-05-401A Rwthem Con_mW I_ CDR I"I TITLE I I-I TITLE II I-I TITLE III 2 OF 3

CUSTOMER & LOCATION PROJECT uE&C JOB NO. DATE:
6237.008 08/13/93

i,l

DOE-RLNVHC WRAP FACILITY CWBSNO. BY:
iHANFORD, WA MODULE 2 1604 LD

I
ii

REVISIONS C D

(DATE & BY) I A
!

TITLE MANUFACTURER

POLYMER EXTRUDER BERSTORFF
IIII

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIMES (HOUR, MAINT. ACTIVITY LOCATION

.c... .T..
I

Minor Routine Tasks

Replace Gearbox Oil 24 2 - - In-Situ (First Oil Change After 6
Months)

Clean Double Oil Filter Screen 6 2 - - In-Situ (Driving Balls, Sliding &
Guiding Disc)

Lubricate Autoguard Coupling After - 1 - - In-Situ
Each Switching.

Grease Twin Screw Radial Bearings 24 2 - - In-Situ (Grease Gun)

Grease Shaft Sealing Rings 8 1 - - In-Situ (Grease Gun)

Minor InfrQou_nt Tasks

Check Pressure Control Device 30 - 2 2 In-Situ
Thermometer, Manometer &
Thermostatic Valves

Check System For Oil Leaks 24 1 - - In-Situ

Clean Water Passages 60 8 - - In-Situ (Clean with 15%
Hydrochloric Acid 30 min. at
room temp.)

i i ii Itii I

Plant Maintainability Evaluation- WRAP0420
01/06/94 . Appendix3-104



LUNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT

& CONSTRUCTORS EX-05-401
A_Compmv I] CDR I"I TITLE I _ TITLE II [] TIa'LE III 3 OF 3

!CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/13/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i

(DATE & BY) E ' F , G H
TITLE MANUFACTURER

!POLYMER EXTRUDER BERSTORFF

BREAKDOWN MAINTENANCE MEOH ELECT INST MAIN1". ACTIVITY LOCATION
HR HR HR

Minor Failure

1. Reset Autoguard Coupling 1 -- - In-Situ (Outside Containment)
This must be lubricated at the
time of re-setting.

,,,q

Maior Failures

1. Motor 4 2 - In-Situ (Outside Containment)

2. Gearbox Pump 4 - -- In-Situ (Outside Containment)

3. Cooling System
a. Water Tank (leaking) 4 - - In-Situ (Outside Containment)
b. Circulation Pump 2 1 - In-Situ (Outside Containment)
c. Filter 1 - - In-Situ (Outside Containment)
d. Heat Exchanger 4 2 - In-Situ (Outside Containment)

14. Vacuum Pump (Removal of Volatiles) 2 1 - In-Situ (Outside Containment)

5. Heating Element 4 2 - In-Situ

6. Seizure or Excessive Wear of Twin 24 10 10 In-Situ (Removal to box
Screws breakdown for size reduction)

i i

Plent Maintainability Evaluation- WRAP0420
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS M-05-402, 408, 409
ASWthmmCmm,w I_ CDR [] TITLE I [] TITLE II [] TITLE III & 410 1 OF 3
CUSTOMER & LOCATION PROJECT UE&C JOE NO. DATE:

6237.008 08/08/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

i

(DATE & BY)

TITLE MANUFACTURER
IN DRUM MIXER TBD

I I IIII III

EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

illll i

SPECIAL MAINTENANCE REQUIREMENTS

PlantMaintainabilityEvJuation- WRAP0420
01/06/94 Appendix3-106



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS M-05-402, 408, 409 2 OF3
Al_yO.mcompanv I_ CDR r-] TITLE I I-1 TITLE II [] TITLE III _ 410

CUSTOMER & LOCATION PROJECT UE&C JOB NO. IDAI_-:
6237.000 08/08/93

DOE-RLNVHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE2 1604 LD

O,T_"_v_°_o_,l_l'_'_''_:oI_I_ _i "°
TITLE MANUFACTURER
IN DRUM MIXER TBD

MAIN II=NANCE ACTiVEf

PLANNED MAINTENANCE TIMES (HOUR, MAINT. ACTIVITY LOCATION

li,

Minor Infreouent Tasks

i

Plant Muntalnability Evaluation - WRAP0420 Appendix3-107
01/O6/94



ii i

UNITED ENGINEERS - MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS M-05-402, 408, 409
Af_vummcmx_nv I_CDR I"ITITLEI I-1TITLEII r-1TITLEIII &410 3 OF 3
CUSTOMER & LOCATION PROJECT ....... UE&C JOB NO. DATE:

6237.008 08/08/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ,AI,"'2/29/'93LD IBI ....... ]'"CGI IDJ "(OA_r-&aYI I E! . F .., ,, ' H ,
TITLE MANUFACTURER
IN DRUM MIXER TBD

II

BREAKDOWNMABITENANCE MECHI ELEG_" INST MAINT. ACTIVITY LOCATION
HR HR HR

II I_

Minor Failure

i

Mai9r Failures

RantMaintainabilityEvaluation- WRAI_:)420 .........
01/0e/_4 Appendix3-108



UI_'ITEDENGINEERS' MAINTENANCE DATA SHEET ITEM NUMBER " " " SHT' ----
& CONSTRUCTORS CM-05-561
AReythemlCompmty _ CDR I"I TITLE I [] TITLE II [] TITLE III 1 OF 3
CUSTOMER• LOCATION _OJECT UE&CjOBNO DATE:

6237.008 08/13/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

ii i

FILTER COMPACTOR

DESCRIPTIO" N ' ' " 'EQUIPMENT

DELETED FROM PROCESS

i

!GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i 11 i

sPECIAL MAINTENANCE REQUIREMENTS
-

i I IIIII

iii i ii ii nmmnm I III

_altt IV_intainabiiiWEvalu=tion- WRAP0420
01/06/94 Appendix3-109
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UNITED EN'GINEERS i MAINTENANCE DATA SHEET ITEM NUMBER SHT

& CONSTRUCTORS I CM-05-561A RWthe_CommmV I_ CDR r'1TITLE I [] TITLE II I::::]TITLE III 2 OF 3
CUSTOMER & LOCATION PROJEC'T UE&C JOB NO. DATE:

6237.008 08/13/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

ii i i

REVISIONS A C D,o_,_,,l_l I _,,, _1 .iol I.I ,
I -TITLE MANUFACTURER

FILTER COMPACTOR
III IIII I II I|

MAINTENANCEACTIVITY
PLANNEDMAINTENANCE TIMEB (HOUR) MA.VT.ACT._rrYLOCAnO.F_WMSc. SLEETreST

MO HR FIR HR
Bill I I '--_ -- _

Minor Routine Tasks

,|1 iii i ,, ,i

Minor Infreou_nl; Tasks

ii ii iiii iii ii iii

PlantIV_intmrmbiliWEvolullion- WRAP0420
01/O6/94 Appendix3-I 10



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEMNUMB_'_ SHT
& CONSTRUCTORS CM-05-561 3 OF 3
A RWtlmn Cempmv I_ CDR r-'l TITLE I [_ TITLE II r-I TITLE III

CUSTOMER'& LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/13/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORDo WA MODULE 2 1604 LD

(DA]-E & BY) IE! F G H
TITLE MANUFACTURER
FILTER COMPACTOR

I

BREAKDOWN MAINTENANCE MECH ELECT IN8T MAWlr'. ACTIVITY LOCATION
HR HR HR

Minor Failure

ii i_ i,,,,

Maior F_ilures

Plent MmntJrmi:_ty Evaluauon- WRAP0420
Al_endix 3-11101/06/94



UNITEDENGINEERS MAINTENANCE DATA SHEET ITEMNUMBER SHT
& CONSTRUCTORS CNI-05-581
ARW_..mComm,_ _ CDR [] TITLEI [] TITLEII [] TITLEIII I OF 3
CUSTOMER& LOCATION PROJECT UE&CJOBNO.

6237.008 08/09/93
DOE-RL/WHC WRAP FACILITY CWaSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS
(DATE & BY)

TITLE IMANUFACTURER

EMPTY DRUM COMPACTOR ITBD I

EQUIPMENT DESCRIPTION

The WRAP Module 1 Empty Drum Compactor has been used as a basis. The equipment consists of
an outer structure. A powered transfer car transports the empty 55 gallon waste drum to the
compactor. The drum is located by a bolster and compacted by the platen.

GENERAL MAINTENANCE REQtJIREMENTS SUMMARY .....

All the individual components will be run to fail. There is minimal lubrication requirements. The
worst failure would be hydraulic leakage from the hydraulic actuator seal into the compactor
containment. The failure of other components probably will not be that catastrophic. The
equipment will be designed with consideration for in-situ maintenance. Access to all replaceable
items will be reviewed at detail design.

SPECIAL MAINTENANCE REQUIREMENTS

There should be the required height consideration to allow replacement of the compaction cylinder
and bolster cylinders. A lifting eye mounted on the rear of these actuators and a structural lifting
beam in the building roof would aid removal of this equipment. A bagging flange around the drum
centralizing equipment would assist operations if the device needed replacing due to a pivot bearing
failure.

i

Plant Ma/ntainabiiiWEvaluation- WRAP0420
01/06/94 Appendix 3-112



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS CM-05-681
A Itwthm_ Com_-V I_ CDR [] TITLE I I-I TITLE II [] TITLE III 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/09/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
IHANFORD, WA MODULE 2 1604 LD

i i

REVISIONS A B D

TITLE MANUFACTURER
EMPTY DRUM COMPACTOR TBD

I

MAINTENANCE ACTIVITY
PLANNED MAINTENANCE TIMES (HOURI

FREQ/iMECHiELECT, INST MAINT. ACTIVrrY LOCATION

MO I !iHR HR. HR
Minor Routine Tasks

i ,,

Minor Infreouent Tasks

1 Lightly Grease Guide Track 12 2 - -- In-Situ / There is
• No Time

Allowance
for Man

Entry and
Exit from
Confine-
ment

i ill

-

i

Plant Maintainability Evaluation - WRAPO420
01/06/94 Appendix 3-I 13



UNITED ENGINEERS I MAINTENANCE DATA SHEET ITEM'NUMBER SHT

i CONSTRUCTORS I CM-05-581A Rw_m Cammny [] CDR I-I TITLE 1 I-I TITLE II r"l TITLE III 3 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/09/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS A Iol I.I
TITLE MANUFACTURER

EMPTY DRUM COMPACTOR lTBD

BREAKDO_,'_ MAb-T--r.NAN_. MECH ELECT INST MAINT. ACTIVITY LOCATION
FIR HR HR

Hill

Minor Failure

Lighting Failure -- 0.5 -- In-Situ |_ There isJ

Switches - 2 2 I,t-Situ
No Time
Allowance
for Man

Entry and
Exit from
Confine-
ment

Moior Failures

Platen Actuator 8 - - iln-Situ •It There is

Bolster Actuator 8 - - In-Situ | No Time

Drum Location Actuators 3 - - In-Situ J Allowance
for Man

Transfer Car Peristaltic Drive 4 - - In-Situ Entry and

Platen Guide Wheels 20 - - In-Situ Exit from
Confine-

Bolster Guide Wheels 20 - - In-Situ ment

ii

PlaintM_ntainability Evaluation- WRAP0420
01/06/94 Appendix 3-114



UNITED I_IGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
&CONSTRUCTORS CR-O8-101 I OF 3
A Rwme_ C:_nNnv I_ CDR D TITLE I [] TITLE II !'1 TITLE III

CUSTOMER & LOCATION PROJECT UE&C JOB NO. iDATe::
6237.008 09/27/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i i ii

REVISIONS A C, El ioi °' HI "

TITLE MANUFACTURER
NARROW AISLE STACKER MATERIAL HANDLING COMPANY

;EQUIPMENT DESCRIPTION

DELETED FROM PROCESS

ill

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

i i

SPECIAL MAINTENANCE REQUIREMENTS

Rant Maintainability Evaluation- WRAP0420
01/O0/94 Appendix3-I 15



UNITED ENGINEERS MAINTENANCE DATA SHEET iTEM NUMBER SHT
E CONSTRUCTORS CR-08-101
ARw_mnCompmv I_ CDR [] TITLE I [] TITLE II [] TITLE III 2 OF 3

CUSTOMER & LOCATION PROJECT ;UE&C .JOB NO. DATE:
6237.008 09/27/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANF3RD, WA MODULE 2 1604 LD

i ll|i

REVISIONS A, ' Ioi !.1 .....
TITLE MANUFACTURER
NARROW AISLE STACKER MATERIAL HANDLING COMPANY

I

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIME8 (HOURI MAINT. ACTIVITY LOCATION
FREO/ MECl4 ELECT INST

MO HR HR HR

Minor Routine Tasks

ill ii

Minor Infreouent Tasks

I ii I iii i ii

Rant Maintainability Evaiuation - WRAP0420
01/06/94 Appendix3-116



UNITED ENGINEERS I MAINTENANCE D'ATA SHEET ITEM NUMBER SHT

& CONSTRUCTORS I CR-O8-101A_Con_nV r_ CDR OTITLEI []TITLEII []TITLEIII 3 OF 3
CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 09/27/93
DOE-RL/WHC WRAP FACILITY CWBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS B C D

TITLE MANUFACTURER
NARROW AISLE STACKER MATERIAL HANDLING COMPANY

I

BREAKDOWNMAIIBTENANCE M"--EC-'H"ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

,. I I i

Mirlor Failure

i ii. ill ill ,,.,

Maior Failures

iii

Pl_t MaintainabilityEvaluation- WRAP0420
01/06/94 Appendix3-I 17
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UNITEb ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS X-06-201 A&B
A_Cempmv I_ CDR [] TITLEI [] TITLEII [] TITLEIII 1 OF 3

i •

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:

6237.008 08/10/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, _A MODULE 2 1604 LD

,E__oN__* i°i' Igl I°l"(DATE & BY) r_ .......

TITLE MANUFACTURER
JAR MILL PAUL O. ABEE

EQUIPMENT DESCRIi_I"ON '

DELETED FROM PROCESS

GENERAL MAINTENANCE REQUIREMENTS SUMMARY "'

"SPECIAL MAINTENANCE REQUIREMENTS

i I _ II

iiiii i iii ii i

Rent MIdntminabitityEvatuotion. WRAP0420 - --
01/08/94 Appendix 3-118



I

EuNR'ED ENGII_"EIERS MAINTENANCE DATA SH ET ITEM NUMBER SHT

& CONSTRUCTORS X-06-201 A&B 2 OF 3
A _ C,xm_v [_ CDR F'I TITLE 1 I-I TITLE II I-I TITLE III

CUSTOMER & LOCATION PROJECT .......... UE&C JOB NO. DATE:
6237.008 08/10/93

DOE-RL/WHC WRAP FACILITY cwss NO.' BY: ........
HANFORD, WA MODULE 2 1604 LD

REVISIONS A IH! .....,o,_,,,t_l i_ .....' _ ......,,°
JAR MILL PAUL O. ABBE

II __ I I

PLANNED MAINTENANCE . MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

I II II I III

Minor Routine Tasks

....... Minor Infrcquenl; T_sks ....

i i IIH

Plant Mant_ili_ Evatua_on - WRAI_NI,20
01/06/94 Appendix 3-I 19



UNITED ENGINEERS MAINTENANCE DATA SHEET ..... ITEM NUMBER SHT
& CONSTRUCTORS X4)6-201 A&B
A_Cmmew I_ CDR [] TITLE I [-I TITLE il [] TITLE III 3 OF 3

cuSTOMER &'"LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 08/10/93

DOE*RL/WHC WRAP FACILITY CWBSNO. BY: '
HANFORD, WA MODULE 2 1604 LD

i

REVISIONS
(DATE & BY)

TI'I:LE MANUFACTURER
JAR MILL PAUL O. ABBE

I I III I IIII I

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

II IIII

Minor Failure

iiiiiiii II l

Maior Failures

, , iiiii I

-- iiiii

Rant IV_ntainabiUty Evaluation- WRAPO4'20
01/06/114 Appendix 3-120
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS X-05-522
AR,wt_mComN_ l_ CDR [] TITLE I O TITLE II [] TITLE III I OF 3
CUSTOMER & LOCATION PROJECT ........ iuE&C JOB NO. DATE:

6237.008 08106193
DOE-RLNVHC WRAP FACILI'rY C:WBSNO. By:
HANFORD, WA MODULE 2 1604 LD

,ll

- REVISIONS .............
(DATE & BY)

;T,T IMANUFACTUR
DIVERTER TRAY !TBD ,,,,,,, ,
EQUIPMENT DESCRIPTION

Ii

DELETED FROP'_PROCESS

inll .,,, ,ll

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

ii ,,n i

SPECIAL MAINTE'_IANCE REQUIREMENTS

I I ,,,, ilii ii IIIIIII IIIIIll li

iii ilnl iinii

RQntMalntaln_ilityEvaluation- WRAPO420
01/06/94 Appondix3-121



UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM'NUMBER SHT
E CONSTRUCTORS X-05-522
A_Com_W _ CDR I'I TITLEI OTITLEII OTITLEIII 2 OF 3
C;USTOMER& LOCATION PROJECT .... UE&C JOB NO. DATE:

6237.008 08/06/93
DOE-RL/WHC WRAP FACILITY CWSS NO. BY:
HANFORD, WA MODULE 2 1604 LD

,o._,o._,_ I:I .............I_I l_I
TITLE MANUFACTURER
DIVERTER TRAY TBD
III I I

MAINTENANCE ACTIVITY
PLANNEDMAINTENANCE TIMES (HOUR) MAINT. ACTIVITY LOCATION

I

Minor Routine Tasks

....... Minor Infreauent Tasks

PlantIV_ntainabiUtyEv_u_ion- WRAP0420
014)6/94 Appendix3-122q



UNITED ENGINEERS MAINTEI_,NCE DATA SHEET ITEM NUMBER SliT
& CONSTRUCTORS X-05-522
ARwe..m Coewmv _ CDR I-'! TITLE I [] TITLE II [] TITLE III 3 OF 3
CUSTOMER'& LOCATION _PROJECT ....... UE&C JOB NO. -DATE:

6237.008 08106193
DOE-RL/WHC WRAP FACILITY CWBS NO. IBY:'
HANFORD, WA MODULE 2 1604 LD

,,, o,! .... '°' .......COAf_a,0Y)IEI .............. F IHI .....i
TITLE .... MANUFACTURER
DIVERTER TRAY TBD

II II I IIIIII

BREAKDOWNMAINTENANCE MECH EleCT INST MAINT. ACTIVITY LOCATION
HR HR HR

" i lll __ II II I i ill iii

Minor Failure

ii

Maior Failures

.... _/RAPO420 ...............PlantMaintainabilityEvaluation-
01/06/94 . Appendix3-123



II II __ III I -- I

IUNITEDENGINEERS MAINTENANCE DATA SHEET LiTEMNUMBER SHT
| & CONSTRUCTORS SH-05-521

c.+_ . co, n , +°',
ICUSTO-..LOCAT,ONIP_O:JEC_ UE&CJOBNO:" lO'TE:12130193

IDOE-RLNVHC IWlC_,P FACILITY 6237"008 icY: ........
HANFORD, WA IMODULE2 Cv_s NO.1604 LD

_'-"--'-'--- B C

,o.+E.._,let :,.!_1 ...... IGI ,,,, IH! _

CRUSHER IMcLANAHANIll II III I I IIIII I ill III Ilil

EQUIPMENT DESCRIPTION

The triple-roll crusher is composed of two basic elements: a single roll crushing primary feed roll
against a curved crushingplate and a double row of crush rollers below performing secondary
reduction. The rolls are adjustable to vary the product size. The frame is a welded carbon steel
construction, roller bearings are self aligning, alloy steel toothed rolls for primary and secondary
crushings. The equipment also features a tramp iron protection system, i.e., any un-crushable item
larger than the final product size will be released from the crusher. There are compression springs
mounted on the crushing plate once the uncrushable item has passed through the machine it
automatically re-sets and continues operations.

GENERAL MAINTI'NANCE REQUIREMENTS sUMMARY - .....

The frame fabrical:ion has been designed to allow the crusher rolls to be extracted through a
removable end panel. The drive system is mounted externally to the crushing frame. Thus it is
hands-on maintenance in a Zone 2 area. The crushing plate can be replaced, it is considered that
with the usage and material passing through the equipment, it will last the plant life. The crushing
roll bearings and actuation devices are mounted external to the crushing chamber, thus Zone 2
maintainable.

SPECIAL MAINTENANCE REQUIREMENTS .........

The crushing roll drive shaft penetrates the crushing chamber without a dust seal. A diverter plate
will keep 95% of debris within the chamber. WRAP Module 2A will required these penetrations
sealed, by the manufacturer. Assuming the crushing rollers last the life of the plant, there will be no
specia_ maintenance requirements.

IIII -- I

I! III II

Iqlmt MmntadnlbiUtyEvaluation- WRAP0420
01/06/94 Appendix 3-124
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS SH-05-521
A _ con_,ml II CDR I"! TITLE I [] TITLE II [] TITLE III 2 OF 3

i

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 12/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REvIsIONS ,An I BI ,C, ' D I(oA_&aY)!El ' F' IG! ,, H ' ,
TITLE MANUFACTURER
CRUSHER McLANAHAN

I

M,i_ITENANCE ACTIVITY

PLANNED MAINTENANCE TIME,(HOUR) MAINT. ACTIVITY LOCATION

FREG/MOMECH I EL_RCTHR INSTHR
_r III I ,,,, ,

Minor Routine Tasks

Minor Infr_auQnt Tasks

1. Grease Crusher Roll Bearings 1 0.5 - - In Situ

Plant M_ntainal_lity Evaluibon - WRAP0420
01/06/94 Appendix 3-125
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UNITEDENGINEERS! MAINTENANCE DATA SHEET ITEMNUMBER SHT

& CONSTRUCTORSI SH-05-521A_we_mC=m=_v _ CDR r-1TITLE,I....I"1TITLEII I-1TITLEIII 3 OF 3
CUSTOMER& LOCATION PROJECT UE&CJOBNO. OATS:

6237.008 12/30/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

CoATBy)E F IGI H
TITLE MANUFACTURER
CRUSHER McLANAHAN

IIIIIII

_.AKDO_,"_ MAh_ANG-E MECH ELECT INsT' MAINT.ACTIVITYLOCATION
FIR HR HR

IIIIII

Minor Failure

i i :.

Maior Failures_

1. Motor 1 3 - In Situ

2. Drive Belt 4 1 - In Situ

3. Drive Chain 8 - - In Situ

4. Bearing 8 - - In Situ

5. Tramp Protection Springs 16 - - In Situ

i ii

R=ntMaint=nabilityEv=luetion- WRAP0420
01/08/94 Appendix3-126
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS SN-05-521
A R,wth_mCompmv [] CDR [] TITLE I [] TITLE II [] TITLE III I OF 3

CUSTOMER & LOCA'I'ION PROJECT UE&C JOB NO. DATE:
6237.008 12/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS

(DATE & BY) j A

I I ........!

TITLE MANUFACTURER

ROTARY SCREEN McLANAHAN

EQUIPMENT DESCRIPTION

The screen is supported on four wheeled rollers. The rotary screen is driven by a chain and sprocket
arrangement direct to an electric motor drive. The unit is mounted on a sub frame and is fully
enclosed by a fabricated carbon steel housing. The internal fins are welded to the mesh screen.
The fins direct the material flow through the unit. Items less than the screen size pass through the
mesh and fall by gravity through a hopper positioned below the rotary screen. The material larger
than the mesh size will be transported through the equipment and continue into the process.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The rotary screen will be located in a Zone 1 confinement area thus maintenance on the chain drive,
motor or wheel rollers will have to be by man access. The motor will be a relatively simple
operation. The chain drive will require the removal of 5'-0" diameter guard before the chain can be
accessed. The drum support roller bearings require the screen to be raised to allow for bearing
replacement. This will be unlikely as the bearings have a rated life of 10 million revs. It is more
likely that the seals will deteriorate and the beanngs will be become noisy.

i

SPECIAL MAINTENANCE REQUIREMENTS

The removal of the chain guard is presently a two-man operation. The manufacturer could make the
chain guard in four pieces to make this a one-man operation. Replacement of the screen support
bearings will not be considered due to the enormity of the task in a Zone 2 area. It would be a
better option to ensure sealed-for-life bearings and lip seals were used within the bearing housing to
give a secondary degree of confinement.

Rant MaintainabilityEvaluation- WRAP0420
01/06/94 .Appendix3-127



iUNITED ENGINEERS J MAINTENANCE DATA SHEET ITEM NUMBER SHT

i& CONSTRUCTORS SN-05-521
A l_vm=e. Cmmnv I_ CDR I-I TITLE I [] TITLE II [] TITLE III 2 OF 3

CUSTOMER & LOCATION PROJECT ..... UE&C JOB NO. DATE:

6237.008 12/30/93
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS A C D

TITLE MANUFACTURER
ROTARY SCREEN McLANAHAN

MAINTENANCE ACTIVITY
PLANNED MAINTENANCE TIME8 (HOURI

MAINT. ACTIVITY LOCATION
FREO/ MECH ELECT INST

MO HR HR HR
I I

Minor Routine Tasks

Minor Infreouent Tasks

i i

Rant Maintainability Evaiua_on - WRAP0420
01/06/94 Appendix 3-128



ITEMNUMBER SHT

SN-05-521 I 3 OF 3|

;USTOMER& LOCATION PROJECT UE&CJOB NO. iDATI_:
6237.008 12/30/93

:)OE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS .,,_.__ I DI
(DATE& BY) HIi

TITLE MANUFACTURER
ROTARY SCREEN McLANAHAN

BREAKDOWNMAINTENANCE MECH ELECT IN$T MAINT.ACTIVITYLOCATION
HR HR HR

_lnmRn a_allmllU IBIBBBlll _

Miner Failure

Mai0r Failures

1 3 -- In Situ1. Motor

8 - - In Situ !|_ ThereNo is2. Chain Drive

3. Support Rollers - - - Dispose of ,I Allowance
equipment for Man
or malor Entry or
stripdown Exit
required.

PlantMaintainabilityEvaluation- WRAPO420 Appendix3-129
01/06/94
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UNITEDENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS DR-05-521
ARWmmmCm_MnV • [] CDrl D TITLE1 I"7TITLEII [] TITLEIII 1 OF 3

i i ii

CUSTOMER& LOCATION PROJECT UE&C JOBNO. DATE:
6237.008 12/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

(DATE& BY) E F ' G H
TITLE MANUFACTURER
MIXER DRYER CHRISTIAN ENGINEERING

EQUIPMENT DESCRIPTION

The mixer dryer is comprised of two major components, the heated screws and a containment
vessel. The number of screws is dependant on the throughput requirement. The screws are
intermeshed. This provides some additional mixing, ensuring the material is uniforma,y dried. The
screws convey the product in one direction. This four screw unit can be driven so the material
circulate( 4 within the compartment. Once the desired drying has been obtained, the direction of a
pair of screws can be changed to empty the vessel. Intermediate condensate drains are provided
along the vessel. The electric heating is provided to the jacketed vessel and down the center of the
hollow screws. The unit is powered by a geared motor.

ii

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The maintainable components of the mixer dryer are external to the processing elements. These
items, motor, gearbox, heating elements are in a Zone 2 area. Long term, the helical screws may
wear due to product abrasion and the shaft seals will leak.

SPECIAL MAINTENANCE REQUIREMENTS

When the shaft seals leak, the gearbox and end bearings must be removed. This operation may be
carried out with the equipment in situ, using a portable confinement arrangement. If the screw
fli_lhts fail or wear to a point that the heating conduction or material transfer is affected, the entire
unlt must be replaced using the portable confinement method.

m

I IIIII I
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS DR4)5-521
A_Commw []CDR OTITLEI []TITLEII I-I TITLEIII 2 OF 3

CUSTOMER'& LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 12/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

II ......I Cl I°IREVISIONS A B ' ,G(DATE & BY) E 'F .... H '
TITLE MANUFACTURER

MIXER DRYER CHRISTIAN ENGINEERING
I I I IIII

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIMES (HOURI MAINT. ACTIVITY LOCATION
FRE(1/ MECH I ELECT INST

MO HR I HR HR

MinQr Routine Tasks

Minor Infreauent Ta'sks

1. Grease End Bearings 6 0.5 - - In Situ

2. Check Oil Level on Gearbox 6 0.5 - - In Situ

3. Check Heating Elements 6 0.5 - - In Situ

i
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITS,4 NUMBER SHT

& CONSTRUCTORS DR-05-521 3 OF 3
A Rwmm_ Cromer I_ CDR [] TITLE I I_ TITLE II I-I TITLE III

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DAT_:
6237.008 12/30/93

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD i

i

REVISIONS,o_,o_,I;I I°_i.... Iol,, l_l,, '....,,
iTITLE MANUFACTURER
MIXER DRYER CHRISTIAN ENGINEERING

I I

BREAKDOWN MAWTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
FIR HR HR

i IIIIIII

Minor Failure

m

Maior Failures

1. Geared Motor 1 3 - In Situ

2. Screw Support Bearings 8 - - In Situ (There is now allowance
for assembly of a separate
confinement structure)

3. Screw Flights - - - Dispose of Equipment

i ii

Rant Maintainability Evaluation- WRAP0420
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uNITED"ENGINEERS MAINTENANCE DATA SHEET iTEMNUMBER SHT
& CONSTRUCTORS SN-05-522
A_Com_mv I_CDR OTITLEI []TITLEII []TITLEIII I OF 3
cUSTOMER& LocATiC)N ....PROJECT................... UE&Cj0E NO. DATE:.....

6237.008 1/3/94
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:....
HANFORD, WA MODULE 2 1604 LD

RE-VIsIONs A I'' _ L.B .....................

TIiLE........... IMANUFACTURER
!VIBRATORY SCREEN lCLEVELAND VIBRATOR COMPANYII II II IIIII II I IIInl I II

EQUIPMENT DESCRIPTION '

The equipment consists of a vibratory trough with a screen in the lower portion. The mechanical
shaker assembly is directly attached to the trough. The trough is mounted on a series of leaf
springs. This assembly is mounted on a base frame, The shaker assembly is a totally enclosed,
geared counter rotating mechanism, with a self-contained oil bath for lubrication. Two weights are
mounted on individual shafts which are geared together, one rotates clockwise, the other counter-
clockwise. The chute transfer items larger than 3mm to the large item removal box located below
the debris line. Particulate smaller than 3mm continues through the process. The equipment will be
contained within a custom-designed structure with access to the maintainable components.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

This equipment has a good record of low maintenance. The first failure to occur is usually the off-
set wenghts that induce the vibration. These are trimmed then bolted in place. After 2 to 3 years
they wear loose and need re-tightening. This can be carried out in situ. The other failure is stress
cracking or fatigue in the trough support springs. This can occur after 20,000 to 30,000 hours
operation.

A cost/benefit analysis is required to determine if in situ access to the equipment is required or the
unit will be removed from service for operational adjustments.

SPECIAl' MAINTENANCE REQUIREMENTS ..............

Good access is required around the motor and spring location area. Periodic adjustment to the
shaker assembly is required.

nm illl i iml i ill I InUre IN lib I__
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UNITED ENGINEERS I MAII_:TENANCE DATA SHEET ITEM NUMBER SliT
& CONSTRUCTORS SN-05-522
ASWdvmCompaW J W CDR [] TITLE I E] TITLE II rl TITLE iii 2 OF 3
cUSTOMER & LOCATION PROJECT ............................ UE&C JOB NO. DATE:

6237.008 1/3/94
DOE-RL/WHC WRAP FACILITY cwBS NO. BY:
HANFORD, WA MODULE 2 1604 LD

iii i iiiiiii i iiii [ ,1,1,1 _

i iiii i

(DATE & BY) E .......... H
Time i iii ii ii i

TIIBRAI MANUFACTURERIV TORY, SCREEN CLEVELAND VIBRATOR COMPANYI II II El I II IIIIIII I I IIIIIIII II II III I Illll II

MAINTENANCE ACTIVITY
PLANNEDMAIN11NANCE TIME8 (HOURI

I_MOO/ MECHHR EL_HRCT _1 T MAINT. ACTIVITY LOCATION
I I I I I I|lllllll IIIIIII III II

Minor Routine Tasks

I IIIII mUll I I I I I

Minor Infreouent Tasks

1. Re-set Counterbalance Weight 24 8 - - In Situ

iiii iii i
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uNrreomO'INEERS MAINTENANCEDATASHEET ITeM"NUMeER ..... SHT
& CONSTRUCTORS SN-05-522
AI_ ComMe_ I_ CDR I'1 TITLE I l"l TITLE II [] TITLE Ill 3 OF 3
CUSTOMER & LOCATION..... PRC)JECT UE&C JOB NO. DATE:

6237.008 1/3/94
DOE-RL/WHC WRAP FACILITY CWBS NO. BY: ............
HANFORD, WA MODULE 2 1604 LD

REWSIONS............................
(DATE & BY)

TITLE MANUFACTURER
VIBRATORY SCREEN CLEVELAND VIBRATOR COMPANY

-- + I I IIIII I I I1' I I I

BREAKDOWNMAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

HI I I i I

Minor Failure

Maior Failures

1. Vibro Motor Failure 24 8 - In Situ

2. Trough Leaf Springs 24 - - In Situ

nlmll i iiiiiiii
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uNrrED B_OINEER8 ............ MAINTENANCE DATA SHEET I_ NUMBF.R SHT
& CONSTRUCTOR8 CR-05-501

A_Cc.vmew I_ CDR O TITLE I I_ TITLE II O TITLE III 1 OF 3
F0jecTCUSTOMER & LOCATION UE&C JOB NO. DATE:

6237.008 1/3/93
DOE-RL/WHC WRAP FACILITY CWBS N0_ BY:
HANFORD, WA MODULE 2 1604 LD
, , i i inl| Jl i , ..,., ,,, , ,, ,,,,, i | Lll i ill

REVISIONS

CLAMSHELL GRAB TBD
I i III I i il i i i i i,,,,,,,,, __ ,,,, ,,, i i i ii ii ii

EQUIPMENT DESCRIPTION

This hydraulically operated unit consists of two quarter segment, cylindrical fabrications that are
connected by a support frame. The two clamshells are held together under their own weight. The
hydraulic actuator forces them apart to discharge the load. The unit can be configured so that the i
operator can open the grab only on a slack rope condition. Therefore, this equipment can be
considered fail safe.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ......

The hydraulic actuators are good for 10 6 cycles. This equipment should be low usage either for
loading of special waste product bottles into the disposal container or large heavy items from the
debris line.

sPECIAL MAINTENANCE FIEOUIREMENTS ........

None Required.

I iiin I iiinnl IIllllI
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"UNITEDENOINEERs "' MAINTENANCE DATA SHEET - -iTEMNUMBER ....... SHT
& CONSTRUCTORS CR-05-501
A SW_lmmCmm.v m CDR I'1 TITLE I _ TITLE II O TITLE IIi 2 OF 3

CUSTOMER &"'LOCATION ........ iPRO_JECT UE&C JOB NO. DATE: .......

6237.008 1/3/94
DOE-RL/WHC WRAP FACILITY CWBS NO. BY: ........
HANFORD, WA MODULE 2 1604 LD

REVISIONS !;I l°! iCl loi(oA'rE_,.v) ...... ,,' ' _ .... lal .l_ ,::',i

TITLE MANUFACTURER
CLAMSHELL GRAB TBD

....... ' W..Tt.A.c=Ac_rrv '
PLANNED MAINTENANCE TIME8 (HOUR) MAWr.ACTivrrYLOCAnO.

FREO/ MEGH ELECT INST
MO HR HR HR

II IIII II I __ IIII II I

Minor Routine Ta_tks

_inor IDfreauQnt Tasks -- '

......... =0....... - ' 'Ront M_ntain-abillty EveiueUon- WRAP04
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uNrrSD mG._EERsI MAINTENANCE DATA SHEET ........i'_J_ NUMBER SHT
& CONSTRUCTORSI CR-05-501
__"" ! = CD._,_ I .....c:]_, []"rm._m 3 oF3CuSTOME._LOCA_ON_oj_cr uE_cJoB.o. DA_:

6237.008 1/3194
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS A

, (DAY_.& BY) I El- ......
TITLE MANUFACTURER
CLAMSHELL GRAB TBD

I IIII II III

BREAKDOWN MAINTENANCE lEECH ELECT INeT MAINT. ACTIVITY LOCATION
Hilt FIR HR

I II Ill I I I ill

Minor Failure

ill i ,i,ii i

Maior Failures

Hydraulic Actuator 4 - - In Situ _1 There is

Feed Hose to Actuator 4 - - In Situ i' No Time
Allowance
for Man
Entry/Exit
into the
Zone 1
Confine-
ment

lllll I IIt I
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS TBD 1 OF 3
A RWthm, CmmsV I_ C_DR E:] TITLE I I-I TITLE II [] TITLE III

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 1/3194

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ,A ! I BI C I D(DATE.Y) IEI F !G "T,T ,v,A.U,:AC'rU.
DIVERTER GATE DCL

EQUIPMENT DESCRIPTION

The flat blade diverter valve is a heavy duty carbon steel weldment. The fabrication forms an
inverted "Y" shape. There is a through shaft at the intersection. This is supported by sealed-for-life
ball bearings, mounted external to the weldment. A shallow vee double wall blade provioes strengm
and smooth catch free profile, this is welded to the pivot shaft. The blade is actuated to one of two
positions by a pneumatic actuator also mounted external to the weldment.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The actuator, limit switches and support bearings are all mounted externally to the diverter. The
bearings are good for 10 million revs and the actuator has a 10s life expectancy. This equipment
should require minimal attention. Due to the waste passing through the equipment and not holding
up there, the levels of activity on the support bearings should be minimal. Therefore, if a bearing
replacement is required, localized containment of the area should be achievable.

SPECIAL MAINTENANCE REQUIREMENTS

None Required.

Plant Malntalnabiliw Evaluation- WRAP0420
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UNITED ENGINEERS J MAINTENANCE DATA SHEET ITEM NUMBER SHT

& CONSTRUCTORS I TBDA RWthm Cm_Nnv I_ CDR [] TITLE 1 I-I TITLE II [] TITLE III 2 OF 3

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DATE:
6237.008 1/3/94

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE2 1604 LD

REVISIONS

(DATE & BY) ! A

I
El IB C D

TITLE MANUFACTURER

DIVERTERGATE DCL
I I I

MAINTENANCE ACTIVITY

PLANNED MAINTENANCE TIMES (HOURI MAINT. ACTIVITY LOCATION
FREO/ MECH ELECT INST

MO HR HR HR
I

Mirl0r Routine Tasks

Minor Infreauent Tasks

P1entM_ntainebility Evaluation- WRAP0420
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UNITED ENGINEERS MAINTENANCE DATA SHEET .... ITEM NUMBER SHT
& CONSTRUCTORS TBD
AmwthumCompmV [_ CDR [] TITLE I [] TITLE II [] TITLE III 3 OF 3

CUSTOMER & LOCATION PROJECT ' UE&C JOB NO. OATE: .......
6237.008 1/3/94

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

(DATE & BY) E IF! , " ' . . ,
TITLE MANUFACTURER
DIVERTER GATE DCL

I II I I IIII

BREAKDOWN MAINTENANCE MECH EI/'.CT INS"'_ MAINT. ACTIVITY LOCATION
HR HL_I HR

I llil 'il ii

Minor Failure

i ill i , ,

Maior Failures

1. Pneumatic Actuator 2 .... In Situ

2. Support Bearings 8 - - In Situ - This operation would
break confinement.
Local confinement may
be required dependent
on the amount of
activity present.

3. Limit Switches -- 2 -- n Situ

i ii ii!
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UNITEDENGINEERSi MAINTENANCE DATA SHE ITEMNUMBER S& CONSTRUCTORS H-06-201
ARWthMmComp=mr I _ CDR I-I TITLE1 I-I TITLEII I-I TITLEIII OF 3ii i

CUSTOMER& LOCATION IPROJECT UE&CJOBNO. DATE:

DOE-RL/WHC IIWRAP FACILITY 6237.008 1/4/94
HANFORD, WA IMODULE 2 CWBSNO. 3Y:1604 LD

CoATEev)IEI ' IFI ........
TITLE IMANUFACTURER

MERCURY EVAPORATOR IPAUL.O.ABBE INC.
EQUIPMENT DESCRIPTION

This evaporator is a 42" rota cone vacuum dryer approximately 21 ft3 capacity with 13 ft3 operating
volume. All contact parts of the evaporator are constructeo Trom 304 stainless steel. The only
service penetration into the vacuum cone is a 1 1/4" vacuum line with a thermweil mounted in line.
The ends of the rota cone are valved to retain the material while heating and evaporation take place.
The rota cone is jacketed for oil heating. The evaporator is mounted on two trunnion bearings. The
trunnions are hollow to accept the vacuum lance on one side and the heating medium through the
other trunnion. Connections are made via rotary couplings. Rotation is performed using a sprocket
and chain coupled to a low geared motor. The make and break connection to the evaporator will be
a remotely operated retractable device due to the exposed contaminated faces, secondary
confinement will be required.

ii i l iBi

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

Due to the confinement problem at the make and break entry/exit, it will be necessary to have a
secondary confinement. If it can be engineered, the confinement barrier should pass through the
trunnion area of the equipment then the roto cone drive support bearings and rotary couplings can
be located outside the secondary confinement. The make and break connections to the process
would be the only items of equipment requiring special maintenance considerations.

SPECIAL MAINTENANCE REQUIREMENTS

Due to the rotating nature of the evaporator, an expandable joint will be required and a remotely
controlled side valve. Maintenance penetrations in the secondary confinement will be required.

iI
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
&.CONSTRUCTORS H-06-201 2 OF 3
A Rwm,m Ceemev I_ CDR I"7 TITLE I [] TITLE II [] TITLE III

CUSTOMER & LOCATION PROJECT UE&C JOB NO. DAi_':
6237.008 1/4/94

DOE-RLNVHC WRAP FACILITY CWBSNO. BY:
HANFORDo WA MODULE 2 1604 LD

REVISIONS I ' I(DAVE & BY) i A Iol i.
TITLE MANUFACTURER
MERCURY EVAPORATOR PAUL-O. ABBE INC.

MAINTENANCE ACTIVITY

Iq.ANNED MAINTENANCE TIME8 (HOUR) MAINT. ACTIVrrY LOCATION
FREG/ MECH ELECT INST
MO HR HR HR

Mingr Rgutine Tasks

,i ,,

Minor Infreouent Tasks

1. Grease Bearings 12 0.5 - - in Situ

2. Check Calibration of Thermocouple 6 - 1 2 In Situ

3. Check for Oil Leakage in Heating 3 0.5 - - In Situ Visual
System

4. Check Wear on Drive Chain 12 2 - - In Situ

Plent Maintainability Evaluation- WRAPO420
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UNITED ENGINEERS MAINTENANCE DATA SHEET ITEM NUMBER SHT
& CONSTRUCTORS H-06-201
A RavammContrary m CDR [] TITLE I r-1TITLE II r"l TITLE III 3 OF 3

i ,IH

CUSTOMER & LOCATION PROJECT UE&C JO8 NO. DATE:
6237.008 1/4/94

DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i i H

(DATE&BY) E F IG! H ......
TITLE MANUFACTURER
MERCURY EVAPORATOR PAUL O. ABBE INC.

II Ilill I I III

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVn'Y LOCATION
FIR HR HR

I I _--"

Minor Failure

i

Maior Failures

1. Extendable Make and Break Connection TBD - - In Situ _. These

2. Entry Exit Valves TBD - - In Situ _ items are
within a

3. Trunnion Bearings 8 - - In Situ secondary

4. Rotary Coupling (Vacuum) 8 - - In Situ confine-
ment zone

5. Rotary Coupling (Oil) 16 - -- In Situ

6. Rotor Cone Drive Chain 8 4 - In Situ

7. Motor 4 4 -- In Situ

8. Control Switching - 2 2 iln Situ ill

I ii
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UNITEDENGINEERS MAINTENANCE DATA SHEET ITE_INUMBER SHT
& CONSTRUCTORS TBD 1 OF 3
A_ C_mnv I_ CDR [] TITLEI D TITLEII 1"7TITLEIII
CUSTOMER& LOCAl"ION PROJECT .... UE&CJOBNO. DATE:

6237.008 114/94
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

(DATE& BY) F G H

TITLE MANUFACTURER
COMPACT HANDLER TBD

EQUIPMENT DESCRIPTION

The majority of compacted drum handlers use a 5 or 6 finger grapple centrally actuated by one
hydraulic or pneumatic cylinder. The final size of the compact is accurately determined by the
bolster of the compactor. Therefore, the amount of movement by the grippers can be kept to a
minimum. This has the advantage of a close stacking configuration.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY

The compact handlers have a central lifting eye with a double quick release coupling to the actuator.
The compact handler will operate within a confinement suspended from a hoist. Allowance should
be made to ensure that the compact handler can be accessed for disconnection and reconnection of
a new unit.

SPECIAL MAINTENANCE REQUIREMENTS

The confinement structure shall posses the required access to disconnect the failed unit and re-
connect a replacement.

Ptant Nlantamebility Evalull]on - WRAP0420
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UNITED ENGINEERS i"' MAINTEI_NCE DATA SHEET iTEM NUMBER ' SliT
& CONSTRUCTORS TBD
A lk_,m, Com_nv [] CDR I'I TITLE I ,,I-ITITLE II I-I TITLE III 2 OF 3
CUSTOMER & LOCATION PROJECT Ui:&c job NO. DATE:

6237.008 1/4/94
DOE-RL/WHC WRAP FACILITY CW_S NO'""'"-_m"__ BY:
HANFORD, WA MODULE 2 1604 LD

i i i i

REVISIONS A B

TITLE MANUFACTURER ........
COMPACT HANDLER TBD

I I MAINTEN_CEANACTIVITY
m._NED MAINTENANCE TIMES (HOUR) MAINT. A_IVTT'Y LOCATION

FP.EQ/ MEcH ELECT INST
MO HR HR HR

I I I '1

Minor Routine Tasks

Minor Infreouent Task_; .......

ii iii ii i ill _

PtentMaintainabilityEvaluation- WRAP0420
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uNITED ENGINEERS - MAINTENANCE DATA SHE_ ITEM NUMBER SHT
& CONSTRUCTORS TBD
A RWtlmmC_V 110CDR D TITLE I [] TITLE II r'1TITLE III 3 OF 3
cusToMER & LOCATION PROJECT UE&C JOB NO. .... D'ATE: .....

6237,008 1/4194
DOE-RL/WHC WRAP FACILITY CWBSNO. BY:
HANFORD, WA MODULE 2 1604 LD

i ii i ,111,i i i i

(DATEBY)IEI IFI , ,
TITLE MANUFACTURER
COMPACT HANDLER TBD
IIIIIII I I II III II III IIII 11 III I I I

BREAKDOWN MAINTENANCE MECH ELECT INST MAINT. ACTIVITY LOCATION
HR HR HR

I II IIIIIII I I

Minor Failure

Major 'Failures ....

1. Actuator TBD - -- In Situ

iiii I
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IUNrrm mGi_IEERS.........i........ mmTeNAlr-_ DATA SHEET ITEMNUMBER SHT
I& CONSTRUCTORSi ............. RT-05-613
I A_c_ ! mCDR [_TITLEI r'1 I OF 3......... ...... !,!.........o m...............
CUSTOMER & LOCATION PROJECT UE&C JoB NO. DATE:

6237.006 1/4/94
DOE-RL/WHC WRAP FACILITY CWBSNO__"_'-" BY:
HANFORD, WA MODULE 2 1604 LD

REVISIONS ...................
(DATE & BY)

TITLE MANUFACTURER

WASTE DRUM SAMPLER TBD

EQUIPMENT DESCRIPTION

This equipment ismounted on s rail system translated by a linear drive. The carriage supports a
reciprocating mechanism that will.enter the WaSte drum. The hot end of the manipulator can be
fitted with interchangeable tools that enable the equipment to take a dry or wet sample. Once the
sample has been taken the carriage will be retracted to allow the sample to be deposited into a
sample bottle. All actuations are pneumatically operated with limit and proximity switches for
control.

GENERAL MAINTENANCE REQUIREMENTS SUMMARY ...................

The drum sampler will be located in a confined area. Due to the nature of this equipment and its
maintenance requirements. The confinement will probably resemble a glovebox configuration. This
will give gloved access to the entry exit port and the waste drum sampler. Samples will be removed
by bagless transfer.

SPECIAL MAINTENANCE REQUIREMENTS

Access to the sampler and tool change area as this will probably be a manual operation, as well as
loading the samples into a transfer container.

iIlnml IIII I I I ill I
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..... DATA .....................uNrrEDmaINESRS MAINTENANCE SHEET ITEM NUMBER SHT
& CONIrI'RUCTOR8 RT-05-613
A kv_mm CmaMnv m CDR O TITLE I rl TITLE II r'1 TITLE III 2 OF 3

i[ iiii

cusTOMER & LOCA:I"ION PROJECT .................... UE&C JoB NO. DATE:
- 6237.008 114194

DOE-RLNVHC WRAP FACILITY CWBSi_0. BY:
HANFORD, WA MODULE2 1604 LD

IA: 'I ..... '°'.............i i Ii i i ill ill iii i i i

(0A,=_ BY) S! ..... IF 1G! ....
TITLE .................. MANUFACTURER .................

WASTE DRUM SAMPLER TBD
.A*T_A.ClA=T._

l

PLANNED MAINTENANCE TIMES (HOUR) MAINT. ACTIVITY LOCATION
FREG/ MECH E_CT INaT

MO HR HR HR
II II I III I III I II I II

Minor Routine Tasks

Minor Infreauent Tasks ....

1. LubricateLinear Slides 12 1 - -- In Situ

2. Remove Waste from Tools and 3 4 - • - In Situ
Actuator

Ilia II IIIIII IIIIIIIIII I III

Plant IVleintanab_ty Ev_ua_on - WRAP0420
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IuNrrm)mG,,nM I MAINTENANCE DATA SHE_ ITEMNUM'ii'_ .... SlIT ........& CONlrrnuc'roM i RT-06.613A_c_npew rmCDR I"1TITLEI O_11 DTITLEIII 3 OF 3,, ,,i i iii i i i ii i 1 ii

CUSTOMER-&LOCATION PROJECT...... UE&CJoB NO. DATE:
6237.008 1/4/93

r [ ii

DOE-RL/WHC WRAP FACILITY uC'WBSNO. BY:
iHANFORD, WA MODULE 2 1604 LD
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WRAPFAClUTY,DOE4U. _ ENQINEEIW& OONITRUOTORI
DE-AOOg-91RL111M4 _ No. 1237.008

DOSE RATE ESTIMATE FOR

CONTAMINATED SORTING MANIPULATOR

Contamination Prior to Decon - 200,000 cps/cm2 = 5.405E-06 Ci/cm2

Contamination After Decon - 2,000 cps/cm2 : 5.405E-08 Ci/cm2

: . Tol .. , D.oon Woonil
Cs-137 5.9 3.189E-07 3.189E-09 2.073E-O3 2.073E-05

Ba-137 5.89 3.184E-07 3.184E-09 2.069E-O3 2.069E-O5

Sr-90 1.27 6.864E-08 6.864E- I 0 4.462E-O4 4.462 E-06

Y-90 1.28 6.918E-08 6.918E- I 0 4.497 E-O4 4.497E-06

Pu-241 25.44 I. 375E-06 I. 375E-08 8.938E-03 8.938E-O5

Am-241 1.61 8.702E-08 8.702E- 10 5.656E-04 5.656E-O6

Pu-239 1.69 9.134E-08 9.134E-I 0 5.937E-O4 5.937E-O6

Pu-240 0.86 4.648E-08 4.648E-I 0 3.021E-04 3.021E-O6

Pu-238 0.29 1.567E-08 1.567E- I 0 1.019E-O4 1.019E-O6

Ru-103 4.23 2.286E-07 2.286E-O9 1.486E-03 1.486E-O5

Rh-103 4.22 2.281E-07 2.281E-09 1.483E-O3 1.483E-O5

Sn-113 4.56 2.465E-07 2.465E-09 1.602E-03 1.602E-O5

1-I29 O.1 5.409E-09 5.409E- 11 3.513E-O5 3.513E-O7

Eu-155 O.19 1.027 E-08 1.027E- I 0 6.675E-05 6.675E-07

Pm-147 4.96 2.681E-07 2.68 IE-O9 1.743E-O3 1.743E-O5

Ru-106 18.75 1.013E-06 1.013E-08 6.587E-03 6.587E-05

Rh-106 18.76 1.014E-06 1.014E-08 6.591E-03 6.591E-05

• Taken From SDRD

• • Assuming a 6500 cm2 DiskSource

Dose Rate at lcm from Source Prior to Decon (From ISOSHLD): 54 mRem/hr

Dose Rate at l cm from Source After Decon (From ISOSHLD)" 0.54 mRem/hr

PlantMaintainabilityEvaluation- WRAP0420
01/06/94 Appendix4-1



WRAP FACILITY, OOE-RL UNITED ENGINEENI & CONSTRUCTOR8
DE-AC06-91RL 11940 I_r(_eotNo. 6237.00S

PRELIMINARY ALARA ASSESSMENT FOR DECON OF SORTING MANIPULATOR .

1. Cost of Decontamination Equipment:

Replacement of Wrist Assay & Potentiometer Hose Set 25034
($12517/replacement, twice in plant life) 15000

Decontamination Bath and Fume Hood 9000
Fume Hood 5000
HVAC and Services 2000
Special Maintenance Tools 1000
Extended Length Transfer Tube 2700
Decontamination Fluid O

($900/year) 84034
Disposal of Decontamination Fluid

2. Assumed Cost of No Decontamination Total 0

3. Contact Dose to Maintenance Worker (no decon): 51.8 rem

(0.054rem/hr)(16 hrs/main)(2 times/yr)(30 years) =

4. Contact dose to Maintenance Worker (with decon): 0.5 rem

(0.00054rem/hr)(16 hrs/main)(2 times/yr)(30 years)

5. Cost Benefit Ratio:

_46317 - $0 1638 $/rem
51.8 - 0.5 rem

Note: Criteria and Methodology to determine the cost benefit of the measure is identical to the
WRAP-1 Facility Design ALARA Assessment.

Criteria for WRAP-1 was:
Below 2500 $/rem the measure is considered cost effective
Between 2500 and 8300 $/rem the measure may be cost effective
Above 8300 $/rem the measure is not cost effective

CONCLUSTION

Based upon th¢_current source term data, estimated contamination levels, equipment costs and
maintenance times, the cost/benefit ratio falls below the lower limit of 2500 $/rem and is
considered to be cost effective.

i i,i i
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WRAP 2A ACDR
PRELIMINARY FIRE HAZARDS ASSESSMENT

1.0 OBJECTIVE

1.1 Background

I. The purpose of the WRAP 2A facility is to provide treatment for radioactive solid
wastes, specifically non-thermal treatment of contact (CH) mixed low-level waste (MLLW).

2. All Module 2A waste will be received in boxes or drums that are CH and designated
as MLLW Category I and Category 3 as defined in WHC-EP-0063-3, Hanford Site So/id
Waste Acceptance Criteria (Willis 1991 ).

3. All waste received at the facility will be characterized for dangerous and radionuclide
constituents, in accordance with WAC 173-303 and other regulations, prior to receipt.
Individual MLLW items will be treated as required, with deactivation, macro encapsulation,
stabilization, and immobilization being the primary treatments. Small volumes of MLLW
which require special processing shall be held in storage for campaigning in a specialty
process enclosure provided as part of Module 2A.

4. Sources of waste to be treated include secondary solids from Hanford Site liquid
effluent treatment facilities (LETF), thermal treatment facility ash, other WRAP modules,
storage, and onsite and offsite waste generators.

5. The Tri-Party agreement, and WAC 173-303, limit the application of the Uniform Fire
Code (and by implication, the Uniform Building Code) to occupancies containing ignitive or
reactive wastes. Other UFC/UBC hazardous material categories (eg, radioactive or pyro-
phoric materials) are not considered under the Tri-Party agreement. Therefore, unless either !

ignitive or reactive wastes, as defined in the Uniform Fire Code, are present, the
requirements of the UFC and UBC do not apply. The only exception to this statement is
that the Uniform Building Code does apply re seismic design requirements.

6. The governing life safety document is NFPA 101, 1991 edition, "Safety to Life from
Fire in Buildings and Structures". Only NFPA 101 occupancy classifica-
tions/designations will be used, unless ignitive or reactive waste materials are
identified.

1.2 Purpose

1. The purpose of this assessment is to:

a. Identify the Uniform Fire Code Article 80 (and Uniform Building Code Table 9-A)
categories of waste potentially present; in particular, ignitives and reactives;

b. Identify the UFC and UBC "exempt amounts" for ignitive or reactive materials
which may be present in each waste stream;

c. Identify implications to the project (eg, building construction) if either ignitives
or reactives are present in amounts in excess of the UFC/UBC exempt amounts;

i ,ll i i = i |
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d. Establish, with the project Architect, NFPA 101, and (if required) UBC building
occupancies, and materials of construction;

e. Outline an approach to performing the Title 1 and 2 Fire Hazards Analysis (FHA).

2. This assessment will deal mainly with the process portion of the building. The
administrative areas will not greatly affect the final fire hazards analysis.

2.0 SUMMARY

1. This assessment reviewed each of the waste streams and the encapsulation processes
to identify presence of ignitable and reactive materials. For this assessment, ignitable
and reactive materials are taken to mean any substance which is identified directly,
or by implication, in Article 80 or Appendix VI-A of the Uniform Fire Code, Table 9-A
of the Uniform Building Code, NFPA 49, or NFPA 325M. As noted above, however,
the only constituents of interest in so far as UFC/UBC classification is concerned are
ignitable or reactive wastes or materials.

a. Waste stream component and process agent characteristics were reviewed to
determine if any ignitive or reactive materials, in significant (ie, greater than
exempt amounts) quantities were potentially present.

b. Many ignitive or reactive materials identified in the waste streams are expected
to be present in either "nondetectable" or "negligible" quantities (Ref: WHC-SD-
W 100-RD-001, Rev. 0).

c. Two (2) waste stream components, ammonium nitrate and sodium oxide, both
reactives, may be present in amounts which exceed the exempt amounts of
Article 80 or the Uniform Fire Code, based on quantities indicated in WHC-SD-
W100-RD-O01, and WHC-SC-W306-TI-O01.

d. Not withstanding the quantities indicated in the two documents just referenced,
the design of this plant is based on the understanding that ammonium nitrate
and sodium oxide, as specific compounds, will not be allowed in the WRAP 2A
facility in sufficient quantity such that the total inventory of either ammonium
nitrate or sodium oxide at any given time will exceed the UFC Article 80 exempt
amounts (10 pounds and 100 pounds, respectively).

2. Based on *.he FDC (WHC-SD-W100-FDC-001, Rev. 2), no reactives (e.g., zirconium,
etc.) are considered to be present in the WRAP 2A facility, even though such metals are
listed as chemical components in WHC-SD-W306-TI-001.

3. Expected average and maximum drum contents, were provided by WHC (Ref: WHC-
SD-W306-TI-001, Rev. 0). The drum inventory provided in this same document has not
been used since the inventory was based on a plant layout which is no longer aprJlicable.
This data, when revised and agreed upon, will be used during Title design to establish
maximum and average fire loads in the building. Refer to WHC-SD-WIO0-RD-001 and
WHC-SD-W306-TI-001 for detailed information on quantities.

_'RAP0482 ......
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4. Expected quantities of process agents were obtained from process engineers. A
summary of the expected quantities of the various agents is found in Table 1.

5. A building occupancy was established, taking into consideration the hazardous
components identified, and the expected quantities of waste drums and process agents.

a. Occupancy and physical separation requirements are based solely on NFPA 101.

b. The NPFA 101 occupancy for this facility has been determined to be "Special
Purpose Industrial", in accordance with Chapter 28 or NPFA 101.

6. Other related issues have been identified and addressed. These include the design of
HVAC systems, and fire suppression systems within the glovebox enclosures.

7. An approach to the FHA has been outlined. Inputs required from WHC have been
identified.

8. Possible design basis fires have been discussed.

9. "Code" issues requiring clarification have been identified.

3.0 CONCLUSIONS

1. Since the amount of all ignitive or reactive material in the facility is understood to be
below the UBC/UFC exempt amounts, these Codes do not apply. Therefore the entire
facility can be considered a Special Purpose Industrial Facility, per NFPA 101, Chapter 28.

!

2. The major fire hazard to be addressed is the polyethylene (PE) beads used in the
process. PE is treated as a Class A combustible solid, and a Class III-B combustible liquid
(flash point > 200 °F). The major hazard associated with PE is the production of
combustible gases at elevated temperatures (over 572 °F), and possibly hazardous
combustion products.

3. It seems unlikely that the PE encapsulated waste need be considered as a point of
origin for a fire. The PE encapsulated waste does need to be considered as a fuel source
for a fire which exposes the drums.

4. No specific fire or explosion hazards associated with the grouting process, or the grout
agents, have been identified.

5. The decontamination agents identified as being present in the facility are all everyday
detergents; no chemical solvents or solutions will be present for decontamination on a
regular basis. There is thus no identified hazard due to decontamination agents.

6. The building construction is NPFA 220 Type II-000. Specific areas of the building will
require fire resistance rated construction; eg, two (2) hour fire resistance rated construction
is required to separate the Process HVAC room from the rest of the facility. Refer to the
architectural drawings for further discussion and information.

WRAP(_'482 ' -- .....
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TABLE 1
WRAP 2A PROCESS AGENTS
SUMMARY OR QUANTITIES

Basis: Conversations with RE&C process engineers

, i"

AGENT QUANTITY OF AGENT

OUTSIDE INSIDE SUB'iOTAL
I i H i •

Polyethylene Process (quantity in cubic feet)

Low density 3,500 175 3.675
polythylene

Total 3,500 175 3,675

Grouting Process (quantity in cubic feet)

Ordinary Portland 000 20 620
Cement

Blast Furnace Slag 2,400 60 2,460

Pulverized Fly Ash 2,400 60 2,460
,i

Total 5,400 140 5,580

WRAP0482

03/01/94 Page4



WRAP FACILITY, DOE-RL UNITED ENGINEERS & CONSTRUCTORS

DE-ACO6-91RL11946 Project No. 6237.008

7. Additional study and assessment, possibly including limited fire modeling, will be
required during Title design to determine adequacy of HVAC duct penetrations through
fire walls, in lieu of fire dampers.

8. Fire areas need to be determined during Title design based on estimated costs
(including costs of demolition, decontamination, disposal, salvage, and restart) and
functional considerations.

9. Final occupancy classification and building construction type will be established
during Title design in conjunction with the project architect.

4.0 FIRE HAZARDS ASSESSMENT

4.1 General

1. An inventory of the feed and product waste containers, along with the chemical
components of the waste feed and product containers, is found in Table 2.

2. The chemical source terms are taken from WHC-SD-W306-TI-001. The drum
inventory from this document is not used due to changes in the building layout since
that document originated, and due to the current use of boxes for the waste product
stream. The inventory used is based on UE&C Drawing H-2-140599.

3. All drum quantities listed in Table 2 are "Drum Equivalents." Each waste (product)
box has been taken as equal to 8 waste (product) drums.

4. The inventory is not broken down into individual fire areas. At this time, the entire
building is considered a single fire area. Two hour fire rated walls are provided as
required by the DOE Fire Protection Standard and other documents, but are not
considered in the initial estimate of the MPFL. If the DOE MPFL criteria are exceeded,
then the facility will be divided into smaller fire areas as required.

4.2 Process Descriptions

1. Grout Processes

There are three grouting agents which will be used, either singly or in a blend. The
agents are: ordinary portland cement (OPC), granulated blast furnace slag (BFS), and
pulverized fly ash (PFA). Information on typical physical and chemical properties of all
three agents are described in References (Para. 5.4) 3, 4, and 5, attached to this
document. The quantities of agents stored, both inside and outside, are listed in Table
1.

There are two grout process lines: the vibro-grout process, and the mixed grout
process. The primary difference in the two processes is the grout agent: In the vibro-
grout process, a single agent is mixed with water and added (with the aid of vibration)
to a product container box containing waste materials. The mixed grout process
involves a blend of two (or more) grout agents, which are mixed with water and waste,
and then metered into a product container box.

i
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TABLE 2

WRAP 2A DRUM CHEMICAL SOURCE INVENTORY

Total Drum Chemical Inventory

J[ , ,,Compoocot Ave.Feed I Oly MaL Fccd Oly Ave. Prod. Oly MnL Prod. O|y [ Tolal ToIsl

! k DE', t DB's
Ammonia 0 93 04s 2 0 461 _ s 1.9

Ammonium Nitrate *" 0 93 ?.9 2 0 44_ 4 s 3s.s ?s.N

Acetone 0 93 3 2 0 4u 1.5 s t3.s 29.7?

l_ryllium oig 93 ? 2 0.1 44_ Is s 9s.97 21,.6t

Cadmium "* ou 93 90 2 0.43 4161 45 $ 69622 1513.12

Manganese ** 0 93 0.6 2 0 468 0.3 $ 27 5.95

M©rcury 1,74 93 44 2 o.I 461 22 $ 73422 1618.96

Nilric Acid o96 9) 35 2 0.5 461 17.5 J 450.7s lOgO.t2

PhosphoricAcid 8.4 9J _0 2 2.2 468 25 5 2035.8 44118.94

Sodium I iydroxide ** t II 93 37 2 0.9 468 19 $ 757.6 1670.51

Sodium Oxide ** 0 93 41 2 0 468 2$ $ 221 417.31

Uranyl Nitral© Hexahydrate 0 93 6.1 2 0 46a 3.t $ 27.2 61.01

Zirconium metal 0" ooi 93 0.9 2 0.005 4611 0.$ _ 7.$7 16.69
Tolal reaclh,e or i.g.nitivccomponen!

Feed Drums _ __ = | 1"/10..9| 3TrS.SI

Total Product Drums

Total Drums

NOTES:

I. Componenis marked "" arc idenlil'¢d as ignilivc or reaclive; i[ is assummcd thai cadmium, manganese, and zirconium arenol present, basedon WHC-SD-W 100-FI)C-001.
2. Source: WIIC- SD-W.t06-TI-001, R©v.0; WIIC-SD-WI00-RD-001, Rcv. 0; & UI:.&C Drw& 11-2-140599.
.1. DE = Drum Equivak:nl
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Primary bulk storage of grouting agents, for both processes, is outside the building in
bulk storage silos. The grout agents are transported via dense phase pneumatic
conveyors into the building wh_re the agent is placed into "day storage bins". Each bin
is equipped with a bin vent type air filter to clean the transport air prior to its discharge
into the exhaust air system. Transport of the grout agents downstream of the day bins
is by mechanical screw conveyor into batch tanks, where the grout is mixed with water
and added to the waste drums. An option to the batch process is to utilize a continuous
mixer to mix the grout and water, and convey the mixed grout into the waste drums. In
either event, the dry grout is utilized in a closed system, equipped with filters at
"normal" points of air exhaust. The possibility of leaks at piping and equipment
connections does exist, but can be minimized by proper installation and by proper
maintenance practices.

2. Polyethylene Encapsulation Process
I

Low density polyethylene is used to encapsulate waste in this process. The process
basically involves heating solid polyethylene beads to above their melting point
(approximately 260 °F), mixing the liquid polyethylene with the waste, and extruding the
PE/waste mix into appropriate waste containers.

Bulk storage for polyethylene beads is outside (see Table 1).

4.3 Fire Protection

1. The design goal of the fire protection system is to provide safe and reliable fire
protection, alarm, and detection systems with adequate interlocks, supervisory signals,
and alarms to alert operators against unsafe system operating conditions. The fire
protection, detection and alarm systems incorporate best available technology, comply
with the requirements of DOE and WHC criteria, and conform to NFPA Codes,
standards, guidelines and recommendations.

2. The water supply for the fire protection system will be taken from an existing 12"
potable (sanitary) water main. Two separate tie-ins will be supplied to the facility from
this existing main. The fire protection system will consist of a gridded sprinkler system,
which is "zoned" as required to accommodate the individual areas of the facility.
Sectional control valves, complete with valve tamper devices, will be provided to allow
isolation portions of the sprinkler system (ie, zones), and prevent a single active
component failure from disabling the complete fire protection system. Sprinkler system
control valves, and associated alarm and supervisory devices, will be located in a non-
contaminated (non-SWP) area.

3. Automatic wet pipe sprinkler protection, conforming to NFPA 13, is provided
throughout the facility. Office and administrative area sprinkler systems will be designed
to meet NFPA 13 Ordinary Hazard Group 1 criteria; the process area sprinkler system
will be designed to meet NFPA 13 Ordinary Hazard Group 2 criteria. In waste container
storage areas, the system will be designed to meet the NFPA 231 criteria, as determined
by the commodity classification. The commodity classification will be determined during
Title design.

i
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4. Preaction or limited volume sprinkler systems evaluated in Title design, for possible
use in specific process enclosures where wet pipe sprinkler systems and/or large
volumes of water could pose cleanup or criticality problems.

5. An automatic fire alarm and detection system, complete with manual pull boxes,
will be provided throughout the facility. All alarm initiating devices and notification
appliances will be electrically supervised by the fire alarm system. All trouble,
supervisory, and alarm signals will annunciate both at the facility fire alarm control panel
(FACP) and at an approved central alarm facility. Alarm signals will also annunciate
locally, via alarm chimes and strobes, as required.

6. Based on the WRAP 1 project maximum possible fire loss (MPFL) costs, the MPFL
for WRAP 2A is expected to be less than $150M, including the direct capital costs, as
well as the indirect costs of clean-up, decontamination, and restart. This assumption
needs to be confirmed during Title design. The current assumption is based on
engineering judgement, and lower anticipated levels of radioactive and hazardous
contamination. The basis for this is the source term documentation.

7. Fire barriers are provided in the facility, as required by DOE criteria. Two (2) hour
fire resistance rated barriers are provided to separate the Process HVAC room (the final
HEPA filter plenums) from the rest of the facility, in accordance with DOE Filter Plenum
Fire Protection Standard (March 1993. DRAFT Rev. 4). The Control and Computer
Rooms are separated from the rest of the building by one (1) hour fire resistance rated
construction, as required by DOE/EP-0108 Standard for Fire Protection of DOE Electronic
Computer/Data Processing Systems (January 1984).

8. In addition to the rated fire barriers, barriers for radiation shielding are provided in
the process area. These barriers are concrete and, while not necessarily fire resistance
rated, provide non-combustible physical separation around some process areas expected
to have high fire loads. These barriers are not considered to limit the MPFL, but are
expected to help limit the maximum credible fire loss (MCFL).

9. Redundant fire protection for the facility is provided in accordance with DOE
5480.7A. Redundant fire protection system for this facility consist of a combination of
automatic suppression, automatic detection, occupant warning, manual fire alarms and
fire alarm reporting systems combined with the Hanford Fire Department.

4.4 Uniform Fire Code Article 80, Hazardous Materials

1. Refer to WHC-SD-WlO0-RD-001 and WHC-SD-W306-TI-001 for details on the

quantity and type of materials to be expected in the feed and product containers. Refer
to Table 3, "Waste Components", for a summary of the waste components, there NFPA
classification, and the exempt amounts for each category.

Refer to Table 4 "Process Agents" for a summary of the various agents proposed for
use in the grouting process and the polyethylene (PE) encapsulation process. None of
the agents proposed have been identified as hazardous, therefore, no exempt quantities
for them are established.

i
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NOTE: The Tri-Party Agreement limits the application of the Uniform Fire Code to
ignitive and reactive materials. All ignitive or reactive materials processed by WRAP 2A
will be below the exempt amounts established in Article 80 of the Uniform Fire Code.
The following discussion of Article 80 of the UFC is also limited to general requirements,
and those for ignitive and reactive materials. The general requirements have been
discussed solely for their value as good engineering practice.

2. Sec. 80.301: General
a. 80.301 (a) 2

Storage of hazardous materials, within any control area, in excess of exempt
amounts specified in Sections 80.302 through 80.315 shall be in accordance with
this division.

A control area is an area whose boundaries are formed by one or more of the
following: occupancy separations with a minimum of one-hour fire-resistive
ratings, or the exterior wall, roof, or foundation of the building. In no case shall
the number of control areas within a building exceed four (4). (Section 80.108
(b)).

b. 80.301 (_i 3 D

Separation of incompatible hazardous materials shall be in accordance with Section
80.301(n).

c. 80.301 (I)

Unless exempted or otherwise provided in Sections 80.302 through 80.315,
rooms, buildings, or areas used for the storage of solid and liquid hazardous
materials shall be provided with a means to control spillage and to contain or drain
off spillage and fire protection water. This includes providing a minimum 4" sill to
prevent flow of liquids to adjacent areas, and designing the area to provide
secondary containment.

Secondary containment must contain the largest single spill, plus 20 minutes of fire
flow.

d. 80.301 (p)

Indoor storage areas and buildings must be provided with an automatic sprinkler
system, designed for Ordinary Hazard Group 3 with a minimum of 3000 sq. ft.
design area (0.18 gpm/sf). Note: This is more stringent than the SDRD
requirement to comply with NFPA 13, Ordinary Hazard Group 2 (0.17 gpm/sf).
Also note, Ord. Hazard 3 no longer exists in NFPA 13.

e. 80.301 (q)

Unless exempted or otherwise provided for in Sections 80.302 through 80.315,
indoor storage areas of hazardous materials shall be provided with explosion
control.

i
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TABLE 3
WRAP 2A WASTE COMPONENTS

SUMMARY OF LISTED COMPONENTS & CHARACTERISTICS

Basis: WHC-SD-W100-RD-001, Waste Receiving and Processing Module 2A Feedstream Specification, Rev. 0; WHC-
SD-W306-TI-O01, Radiological and Chemical Source Terms for Solid Waste Operations Complex, Rev. 0

,, ,, ,,, , ,,, ,,

WASTE COMMENTS NFPA 49/325M UFC ART. UFC EXEMPT
COMPONENT HAZARD 80 SECTION AMOUNTS

DESIGNATION (STORAGE}

.ll.io
, H i i i

Ammonia Irritant, explosive in confined 3 1 0 N/A N/A
areas, moderate fire and
explosion hazard when exposed
to heat or flame.

I I II I II II I I Ilal

Ammonium Irritant, powerful oxidizer which 2 0 3 a 80.308 500 Ibs
Nitrate supports combustion, explosive 80.309 10 Ibs

hazard if heated in confinement.
I I I

Acetone Vapor is e fire end explosion 1 3 0 N/A N/A
hazard, Class 1B flammable liquid

Beryllium Moderate fire hazard, can be 4 1 0 - N/A N/A
explosive in duet form, emits

toxic fumes (oxide of beryllium) ,

Cadmium Weak fire and explosive hazard, ? ? ? b 80.308 4 Ibs
will burn with toxic fumes

I II IIII III

Manganese Flammable and moderately 3 2 1 - 80.309 "unlited"
explosive (dust or powder}.

llI I I

Mercury Toxic, nonflammable, emits toxic 3 0 0 - N/A N/A

fumes when expos,ed to fire. ,.........

Nirtric Acid Noncombustible, but is an 3 0 0 e 80.306 500 Ibs
oxidizer.

I III

Phosphoric Acid Noncombustible, contact with 2 0 0 N/A N/A
metals may liberate hydrogen
gas. I I

Sodium Hydroxide DO NOT USE WATER ON 3 0 1 c 80.309 "unlimited"
SODIUM HYDROXIDE FIRES

I I I ii I III I

Sodium Oxide Strong oxidizing agent which 3 0 2 e 80.308 20 Ibs
greatly supports combustion. 80.309 100 Ibs

ii i

Uranyl Nitrate UNKNOWN ? ? ? ? UNKNOWN UNKNOWN
Hexahydrate

i I II I,IBI

Zirconium May be pyrophoric, powder is 1 4 1 b 80.308 4 Ibs
very susceptible to ignition by 80.309 "unlimited"
static electricity

=

NOTES:

1. All exempt quantities are based on the building being fully sprinklered, and assume the hazardous material is
not within a storage cabinet.

2. The NFPA Hazard Designations ere as follows: H = Health
F = Flammability
R = Reactive
0 = Other hazard, where: a = Oxidizer

b = Pyrophoric
c = Water reactive, do not use water on fire.

i i
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TABLE 4
WRAP 2A PROCESS AGENTS

SUMMARY OF COMPONENTS & CHARACTERISTICS

Basis: MSDS for OPC, vendor data and industry information for other agents.

' ' " ' , ,,, , , , ,,m

PROCESS POLY. AGENT HAZARDS AND UFC ART. 80 UFC EXEMPT
CHARACTERISTICS SECTION AMOUNTS

,, ,,,, i , , ,, , T , ,,

Polyethylene Low density Per study by Hughes Assoc for N/A N/A
Encapsulation polyethylene Rocky Flats, polyethylene melts

to become a flammable fluid; no
data available on flash point;
treat as • Class A combustible
solid and a Class IIIB

combustible liquid.
II

Grouting Ordinary Portland Class 2 health and Class 1 80.309 "unlimited"
Cement (OPC) reactive hazard (NFPA

designations). Noncombustible.
, ,,, , ,,, r

Blast Furnace Slag No data found, assume similar to
(BFS) OPC.

,

Pulverized Fly Ash No data found, assume similar to
(PFA) OPC.

• ,
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3. Section 80.305: Flammable Solids

a. Flammable solids include organic solids (eg, cellulose nitrate), inorganic solids
(eg, potassium sulfide, and sulfur), combustible metals (eg, zirconium, magnesium
and cesium), and combustible dusts and powders, including metals (eg, sawdust,
plastics, and most powdered metals).

b. Amounts of flammable solids in excess of the exempt amounts, in any one
control area, mandate an H3 occupancy for the r_om or building affected. NOTE:
Combustible dusts (see above), which are not present in the WRAP 2A facility, are
not considered here.

c. The plastics which will be present (eg, polyethylene) will not be present in
the form of dust, but rather are larger "beads", and are thus not considered a
hazard in this category.

d. The flammable metals which will be present (eg, zirconium) are assumed to
be present only in large particles, and not in the form of dusts. The flammable
hazard is thus considered to be negligible.

4. Section 80.306: Liquid and Solid Oxidizers

a. Oxidizers include the following: Gases such as oxygen and oxides of fluorine
and chlorine; liquids such as bromine, hydrogen peroxide, nitric acid, and sulfuric
acid; and solids such as chlorates, iodine, nitrates, nitrites, perchlorates, and
peroxides.

b. Exempt amounts vary, based on the class of the oxidizer. If the exempt
amounts are exceeded, the hazardous occupancy becomes as follows: Class 4 -
H1; Class 3 - H2; and Class 2 and 1 - H3.

c. Smoke and heat venting is required when the amounts of oxidizers exceed
the exempt amounts; explosion control is required only for Class 4 oxidizers in
excess of the exempt amounts.

d. Oxidizers are potentially present in the waste streams (ammonium nitrate and
sodium oxide) in quantities in excess of the UFC Article 80 exempt amounts.
However, the plant has been designed with the understanding that such materials
will not be present in the building in amounts exceeding the exempt amounts at
any one time. The requirements of this section therefore do not apply.

6. Section 80.308: Pyrophoric Materials

a. Pyrophoric materials include the following: Gases such as diborane and
silane; liquids such as diethyl aluminum chloride and trieth_l boron; and solids such
as lithium, plutonium, potassium, sodium and thorium.

b. Amounts over the exempt amount require building construction to comply
with requirements for H2 or H3 occupancies for gases or solids and liquids,
respectively.

wR'AP0482 .......
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c. The pyrophoric metals which will be present (eg, zirconium) are assumed to
be present only in large particles, and not in the form of dusts. The pyrophoric
hazard is thus considered to be negligible.

7. Section 80.309: Unstable (Reactive) Materials

a. Unstable materials range from those which become unstable at elevated
temperatures and pressures to those readily capable of detonation or explosion at
normal temperatures and pressures. Unstable materials include sodium perchlorate
and styrene.

b. Hazardous occupancies, if exempt amounts are exceeded, are as follows:
Class 4 - H1; Class 3 (detonatable) - H1; Class 3 (non-detonatable) - H2; Class 2 -
H3; and Class 1 (gas) - H3. Smoke and heat venting are required, as is secondary
containment, and liquid tight floors, if the exempt amounts are exceeded.

c. Reactives are potentially present in the waste streams (ammonium nitrate and
sodium oxide) in quantities in excess of the UFC Article 80 exempt amounts.
However, the plant has been designed with the understanding that such materials
will not be present in the building in amounts exceeding the exempt amounts at
any one time. The requirements of this section therefore do not apply.

4.5 Other Flammable and Combustible Materials, and Hazards

1. In addition to the waste streams and process agents identified above and in the
accompanying tables, there are numerous "normal" combustibles to be found throughout
the facility.

These "normal" combustibles include Class A materials, such as paper and rags, which
are found in every business and industrial occupancy. These materials will not
determine the occupancy classification, or the construction type, of the facility. They
are thus not considered in this preliminary assessment, even though they may contribute
greatly to the total fire load in the facility.

2. Some floor and wall finishes will also be combustible, and wil8 need to be evaluated
for the final fire hazard analysis. However, like the Class A combustibles just discussed,
these finishes will not determine the occupancy of the facility, and are therefore not
considered in detail in this assessment. The potential for foam insulation in wall and
roof panels to add to the combustible loading for any fire will be addressed in the Title I
FHA.

3. The polyethylene beads used in the PE encapsulation process are most likely the
largest "non-hazardous" (ie, not listed in UFC Art. 80) combustible material. There are
no unusual fire or explosion hazards associated with polyethylene, and no NPFA
hazardous material designations. PE will release combustible gases at temperatures in
excess of 572 °F. and may release hazardous decomposition products, depending on the
temperature and other materials present. Complete combustion results in only carbon
dioxide and water.

i i.==l ill we. ,,, .ul
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The melting temperature of PE is given as approximately 250 °F. No flash point is
established, however, it must be above the melting temperature. The melted PE can
thus be considered a Class III-B combustible liquid.

4. The decontamination agents anticipated to be used in the WRAP 2A facility are
"everyday detergents". Due to the low anticipated radiation levels, agents such as
caustic, and nitric or oxalic acids, are not likely to be required. Solvents (as yet not
identified) will be present, infrequently and in small quantities, only during maintenance
periods. It is assumed that appropriate administrative controls, and maintenance
procedures (eg, fire watches) will be established as required.

4.6 Building Occupancies

1. Given the understanding that there are no ignitive or reactive materials present at
any one time in excess of the UFC/UBC exempt amounts, the facility does not need to
be classified per the UBC.

2. The NFPA 101, "Life Safety Code", classification for the entire facility, including
the administrative portions of the building, is "Special Industrial". Special Industrial
facilities are covered in Chapter 28 of NFPA 101.

4.7 Building Implications

1. There are no special requirements in NFPA 101, Chapter 28, for the type of
building construction.

4.8 Other Issues

1. Filter Plenums (DOE Filter Plenum Fire Protection Standard, March 1993, DRAFT
REV. 4).

a. REQUIREMENTS: Listed 1-1/2 hour fire rated dampers are required in ducting
which is not required to continuously operate as a part of the confinement system,
and which penetrate 2 hour fire rated construction. Ref: Paragraph 6.2.1.

Fire dampers shall not be utilized in ducting which penetrates fire rated
construction when the ducting is an integral part of a nuclear air filter system
required to operate continuously as part of the confinement system. Such ducting
shall be made part of the fire rated construction (eg, by enclosing the duct) or shall
be qualified by engineering analysis to be 2 hour fire rated. Ref: Paragraph 6.2.3.

Fixed combustible gas analyzers should be provided in final filter enclosures which
are subject to receiving flammable or combustible gases or vapors. Ref: Paragraph
7.3.

Prefilters, duct entrance filters, and fire screens are required. The prefilters can be
located anywhere in the exhaust system, at least 36" upstream from the final
HEPA filter. Ref: Paragraph 8.1.1 and 8.1.3.

i i
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Fire screens must be located upstream from prefilters and final filter plenums. Ref:
Paragraph 8.2.

Heat detectors or pilot sprinkler heads shall be provided in the ducting prior to final
filter plenums, and in the final filter plenums. Ref: Paragraph 9.2.1 and 9.2.2.

"Automatic and manual water deluge spray systems shall be provided inside all
final filter plenums for protection of the filters where plenum filters have a leading
filter surface area greater than 16 square feet." Ref: Paragraph 10.1.1.

Install a demister in the final filter plenum, if a prefilter is not provided. Ref:
Paragraph 10.2.1

Install a ventilation air cooling system if normal operating temperatures are
expected to exceed 200 °F. Ref: Paragraph 11.3.1.

Install lighting in the final filter plenum, in front or between filter banks where
automatic sprinkler heads are located. Ref: Paragraph 11.5.1.

b. IMPACTS ON DESIGN: Fire dampers, or "rated construction of ducts" will be
required where ducts penetrate 2 hour fire rated construction.

Gas analyzers may be required in the final filter plenum.

Heat detectors will be required in all ducting prior to final filter plenums, and in final
filter plenums.

Deluge systems will be required inside at least some of the final filter plenums.
Prefilters may be required in the final filter plenum; if prefilters are not provided,
demisters will be required in plenums protected by deluge systems.

An air cooling system may be required.

Lighting will be required in at least some of the final plenums.

c. IMPLICATIONS: Ducting needs to be designed to incorporate the fire
dampers and/or rated construction. An engineering analysis may be required to
justify construction features of the ducting.

A means of draining, containing, and handling contaminated deluge system water
must be provided.

An analysis of the ventilation system operations must be conducted to determine
the normal expected operating temperatures and if cooling of the air stream is
required.

wRAP0482
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2. Shredding Operations

a. PROBLEM: The process involves shredding drums (and contents) in both the
Shred and Direct Repack line and the Special Waste Processing/Repack line.
Shredding of drums, by its very nature, potentially produces sparks, heat and
friction.

b. IMPLICATIONS: Due to the potential for small amounts of VOC's, flammable
liquids, and flammable metals (eg, zirconium) the shredding operations are judged
to be a highly hazardous area, and a likely point of origin for fires.

c. IMPACTS ON DESIGN: The fire potential in the shredder area will require
careful design of an extinguishing system, including an assessment of the impacts
of dry chemical agent (or other suppressant) on the shredding equipment.

A means of inerting, containing, or safely venting a potential explosion may be
required. Since confinement is a key safety issue, it is judged to be unacceptable
to vent an explosion. The remaining alternate is to inert the process equipment
lines whenever shredding operations are occurring, or to provide extremely fast
acting explosion suppression systems.

3. Encapsulation Process

a. CONCERN: The temperatures involved in the PE encapsulation process are
on the order of 300 to 350 °F (extruder), to 450 °F (macro encapsulation). This
could exceed the ignition or flash temperature of some components of the waste.
This could result in ignition of waste during the encapsulation process, which
would then involve the PE material in the fire.

PE produces toxic and irritating fumes during burning. This will require self-
contained breathing apparatus for emergency personnel, and may require additional
mechanical ventilation equipment to remove vapors. PE needs to be at tem-
peratures over 572 OFbefore combustible gases are released. It is assumed that
no toxic or irritating gases are released until at least this temperature, either. It is
therefore considered that off-gassing of the PE does not pose a hazard.

A fire within an item of process equipment may not be adequately protected
against by the process area fire protection systems.

b. IMPLICATIONS: Additional means of fire detection/protection may be
required in the process equipment. Additional ventilation may be required to
prevent accumulation of combustible, toxic, or irritating gases. Process controls
may be able to mitigate this potential situation.

4. Building Shell

a. REQUIREMENT: DOE 6430.1A, Section 0111-99.0.1 contains the

requirement that "In no case shall the total combustible loading located in a fire
area exceed the fire resistance rating of the are,] enclosure. This shall be
documented in a fire risk analysis."

11111
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b. IMPLICATION: This Section has been specifically invoked by the FDC, para.
5.2.1. This implies, at least, that the building shell (and any internal fire areas)
must be rated for fire resistance, and that the rating must be substantiated in the
FHA.

c. IMPACT: Section 1161-2 of DOE 6430.1A also addresses this issue. RE&C

has submitted a deviation request to these two sections to Mr. A. W. Kellogg at
the Richland Operations Office of DOE (Reference letter UDL0437.007, dated Sept.
7, 1993). This deviation request is for the WRAP Module 1 project. At the time of
this report, it is assumed that the deviation request will be approved. Approval of
this request will establish a precedent for using non-rated building construction in
non-reactor nuclear facilities. If the WRAP 2A FHA to be performed in Title I !
design so indicates (i.e. the MPFL limits are exceeded), UE&C will submit a similar
deviation request. This request, if required, will be issued as early in Title Design
as possible.

4.9 FHA Approach

1. The approach taken to the FHA to be performed in Title I and Title 2 design is
based on the directives contained in DOE Order 5480.7A, issued 2-17-93.

a. The FHA will take the form of a narrative document, with tables, figures,
mathematical analyses, and other reports attached to the FHA as required to
support the document.

b. The overall format and content will be similar to the Final Fire Hazards
Analysis produced for WRAP Module 1.

c. The 15 elements of a fire hazards analysis identified in paragraph 9.a.(3) of
DOE 5480.7A will each be addressed.

d. Damage potential (for both the maximum credible fire loss and the maximum
possible fire loss) will be based upon a mutually agreeable definition.

It is proposed that the maximum credible fire loss (MCFL) be based upon the
greatest total value of equipment contained within any design area of the sprinkler
system.

It is also proposed that the maximum possible fire loss (MPFL) be based upon the
total value of the equipment, and structure within a fire area, where a fire area is
bound by fire-resistance construction (walls, floor, and ceiling, as appropriate) with
fire-resistance ratings of 3 hours. For the "first pass" at the MPFL, the entire
facility will be considered to be a single fire area. If the MPFL exceeds $150M
(DOE 5480.7A), the facility will be subdivided into fire areas as required to limit
the MPFL in any single area to less than $150M.

e. The MPFL and MCFL values will include the additional costs of demolition,
decontamination, disposal, salvage, and restart.

WRAP0482
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f. DOE Order 5480.7A allows, but does not mandate, the use of fire models.
The difficulty of determining a complete description of a design basis fire (DBF) (ie,
fire growth rate, peak rate of heat release, quantity of fuel, etc), and of "bounding"
a maximum possible fire, make the use of a fire model of questionable value for the
WRAP 2A facility. The lack of applicable data re fire characteristics of the waste,
and the behavior of waste in drums and containers, increases the difficulty of
modeling the fire.

g. The dollar limits of DOE 5480.7A re MPFL's and the need for 3 hour fire
barriers will be used; ie, if the MPFL exceeds $150 million, then redundant fire
protection an.0__.3 hour fire barriers between fire zones will be utilized. If 3 hour
barriers are required, then FM Data Sheet 1-22 (Maximum Foreseeable Loss Fire
Walls) will be used.

i. A request for a formal interpretation will be required to determine if this
facility is a "vital facility" or "vital program" as defined by DOE 6430.1A. A
request for a determination of the maximum acceptable time out of service is also
required.

j. The potential for fire to spread between fire areas, and from one piece of
equipment to another will be assessed based on physical separations, and rating of
fire barriers, if any. The assessment will probably not use a fire model, for the
reasons discussed above. The assessment will necessarily involve an considerable
amount of engineering judgement.

k. "Fuel packaues" will be identified ana "quantified" (ie, the amount of fuel
present will be estimated) for the purpose of establishing building occupancies.
These fuel packages will also be used in proposing one or more design basis fires.
Fuel packages which consist of waste feed drums and product containers will be
based on chemical sourceterm data provided by WHC. Unless agreement can be
reached on a modeling procedure, the fuel packages will not be utilized in a
quantitative analysis of fire severity.

m. The DBF will assume the presence of an ignition source adequate to initiate
combustion of the involved fuel package(s). The likelihood of ignition will not be
assessed.

n. Fire areas will be established using estimates of all appropriate costs, and
considering the function of each building area, and building layout. It is not
possible to establish preliminary fire areas without cost data, including the costs of
demolition, decomination, disposal, salvage, and restart. Therefore, for the
purposes of this report, the entire facility is considered a single fire area.

2. Input from WHC will be required in order to prepare an acceptable and complete
Fire Hazards Analysis. Required input includes, but is not limited to, the following items.

a. The definitions of "critical process equipment" and "high value property" (the
6thand 7t" elements of an FHA listed in DOE 5487.7A) will be jointly developed
and agreed upon by WHC and RE&C.

_____LI .......
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b. Input from WHC is required to develop the costs of demolition,
decontamination, disposal, salvage, and restart for both the MCFL and MPFL.

c. If a fire model is to be utilized for any purpose, including assessment of
HVAC duct design, early and complete agreement re the "details" of a DBF must
be achieved between all involved parties. This requires WHC input re the fire
characteristics of the waste forms (eg, peak rate of heat release, growth and decay
coefficients, fuel quantities). It is proposed that a meeting between the Raytheon
Engineers and Constructors fire protection engineer, and WHC fire protection
engineer(s) take place prior to the start of Title design to establish the approach to
be taken for all fire modeling. In addition, periodic meetings to review the
modelling results should be held.

d. WHC input is required re the fire department response; potential for a toxic,
biological, or radiation incident; emergency planning; and security consideration
elements of the FHA.

4.10 Design Basis Fire(s)

1. One possible DBF can be found in a study (REFERENCES 5.4 #1) done by Hughes
Associates for EG&G Rocky Flats Plant, Inc. in 1990. This study determined that the
primary fire hazard associated with the polyethylene encapsulation process being
considered is related to the storage and use of the raw PE material.

The DBF proposed by Hughes Associates assumes that the PE melts and becomes
involved in a pool fire. The study assumes the presence of an adequate ignition source,
and does not attempt to assess the likelihood of ignition.

One scenario involves a fire starting within the extruder, due to the hot (melted) PE
igniting a combustible substance within the waste stream.

2. Work done for the Center for Explosives Technology Research (REFERENCES 5.4
#2) indicates that the PE encapsulated waste does not present a fire or explosion hazard
in 1;heabsence of other combustible materials.

Based on this study, it is believed that a DBF will not originate in the processed waste
box area. The contents of the processed waste boxes may, however, require
consideration as a potential fuel for the DBF, MCFL, and/or MPFL.

This is a consideration primarily for the WHC input to the FHA re the potential of a toxic,
biological or radiation incident; and the resultant demolition, decontamination, disposal,
salvage, and restart costs.

3. Other potential DBFs can be developed based on the VOCs (and other wastes)
present in the process equipment etc.

As discussed previously, an area of high potential for a fire involves the shredding
operations. This scenario could become a DB[- for the processing area.

WRAP0482
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4.11 Clarifications

1. Clarification has been received on the definition of "redundant fire protection
system"; the Hanford Fire Department is a redundant system when combined with
automatic fire detection.

5.0 REFERENCES

5.1 DOE Orders and Documents

1. DOE 6430.1A, General Design Criteria, 4-6-89

2. DOE 5480.7A, Fire Protection, 2-17-93

3. DOE Filter Plenum Fire Protection Standard, Mar 1993, DRAFT REV. 4

4. DOE Fire Protection Resource Manual

5.2 NFPA Documents

1. NFPA 49 - 1991, Hazardous Chemicals Data

2. NFPA 325M - 1991, Fire Hazard Properties of Flammable Liquids, Gases, and
Volatile Solids

5.3 Building and Fire Codes

1. Uniform Building Code, 1991

2. Uniform Fire Code, 1991

5.4 Other Studies, etc.

1. Hazard Analysis Study of Polyethylene Usage in Building 374 and Alternative
Locations; Hughes Associates, Inc; Sept. 27, 1990

2. CETR Report FR-91-02; Polyethylene Waste Form Evaluation of Explosion and Fire
Hazards; Block-Bolten, Olsen Persson, and Sandstrom; June 8, 1991

3. Telecon, D. W. Chapin (UE&C/BNFL) to R. M. Horgos (WHC), dated 12/09/93, re
WRAP 2A DECON CHEMICALS.

4. ASTM Standard C 150 - 92, Standard Specification for Portland Cement

5. P=A Bulletin, PFA in Grouts, published by Ash Marketing, Central Electricity
Generating Board, London, England

6. Cement Wasteform Properties, by D. J. Lee, Atomic Energy Establishment,

Dorchester, England, and C. R. Wilding, Harwell Laboratory, Oxfordshire, England I
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5.5 Material Safety Data Sheets

1. Ammonia
2. Ammonium Nitrate
3. Acetone

4. Beryllium
5. Cadmium

8. Manganese
7. Mercury
8. Nitric Acid

9. Phosphoric Acid
10. Sodium Hydroxide
11. Sodium Oxide
12. Zirconium

13. Polyethylene

5.6 Design Criteria

1. Functional Design Criteria, WHC-SD-W100-FDC-001, Rev. 2D

2. Supplemental Design Requirements Document, WHC-SD-W100-SDRD-001, Rev. A

3. Waste Receiving and Processing Module 2A Feed Specification, WHC-SD-W100-
RD-001, Rev. 0

4. Radiological and Chemical Source Terms for Solid Waste Operations Complex,
WHC-SD-W306-TI-001, Rev. 0

WRAP0482

03/01/94 Page 21



WRAP FACILITY, DOE-RL UNITED ENGINEERll& CONSTRUCTOR8
DE-ACO6-91RL11944 _ejeot No. 6237.008

i i i i ii ill|ll .--.

WASTE
RECEIVING
AND
PROCESSING FACILITY

i i l llll ,,i i ,

TITLE: WRAP 2A ACDR PRELIMINARY NEC CLASSIFICATION ASSESSMENT

I III I II I IIHI II I

ii i

Rev. 0 o

Submitted to:

UNITED STATES
DEPARTMENT OF ENERGY

Richland, Washington

Prepared by:

UNITED ENGINF_RS
& CONSTRUCTORS
A Raytheon Company

Weatem Opmetiona

WRAPO429 January 1994



WRAP FACILITY, DOE-RL UNITED ENGINEER8 & CONSTRUCTORS
DE-AC06-91RL11946 Proje_ No. 6237.008

WRAP 2A ACDR NEC CLASSIFICATION ASSESSMENT

i

,:'ro0aro00y_'__. _ Oa,e:_.,"
Electrical Eng_'neer

Senior Engineer

Approved by: Date:' 1!/ /C/
n.e'er-i_ Manager ' "

Project "_l_n'age-r

i iiii iii i

WRAPO429

01/10/94 Page 2



WRAP FACILITY, DOE-RL UNITED ENGINEER8 & CONSTRUCTOR8
DE-ACO6-91RL11946 Project No. 6237.008

TABLE OF CONTENTS

1.0 OBJECTIVE ................................................. 1

1.1 Background .............................................. 1
1.2 Purpose ................................................. 1

2.0 PROCEDURE ................................................ 1
2.1 Pertinent Documents ....................................... 1
2.2 Assumptions ............................................. 1
2.3 Assessment .............................................. 3

2.3.1 Feedstreams ........................................ 3
2.3.2 Polymer Storage, Processing and Encapsulation ................ 5
2.3.3 Grout Storage, Processing and Encapsulation ................. 5
2.3.4 Decontamination (Decon) Solutions ........................ 5
2.3.5 Aqueous Processes ................................... 7

3.0 CONCLUSION ............................................... 7

ATTACHMENT A WRAP 2A PROCESS FLOW DIAGRAM

ATTACHMENT B DRAWING SK-E1 HAZARDOUS LOCATION AREA PLAN REVISION A

i II.ll I Ill I

WRAP0429

01110/94 Page i



WRAP FACILITY, DOE-RL UNITED ENGINEERS & CONSTRUCTORS

DE-ACO6-SlRL11946 Proje_ No. 6237.008

1.0 OBJECTIVE

1.1 Bo_;knround

1. WRAP 2A will process waste forms that contain minimal volatile organic compounds
(VOCs) and encapsulate them in either a polymer or grout. Even though the quantities
of VOCs to be processed are expected to be minimal (less than the amount required
to form an ignitable mixture) all areas, equipment and materials involved in processing
these wastes need to be assessed prior to the start of Title Design.

1.2 P_mose

1. The purpose of this assessment is to review the WRAP 2A process areas and
processes to determine which areas, processes and enclosures may require being
designated NEC Hazardous (classified) locations and to determine what additional
information will be required to perform a detailed evaluation during Title design of the
facility. This is a preliminary assessment and detailed calculations to determine the
exact extent of the hazard, hazardous boundaries, concentrations (LEL & HEL) and the
exact electrical hazardous classifications were not performed.

2.0 PROCEDURE

2.1 Perl;inenl; Documents

1. Waste Receiving and Processing Module 2A Feed Specification (WHC-SD-W100-RD-
001, Revision 0). This document was used to determine which feedstreams contained
VOCs. Some of the feedstreams specifications indicate that the actual concentration
for many of the constituents is expected to be small or non-detectable. However, it
should be understood that these statements are based upon average amounts expected
to be encounte,ed.

2. Radiological and Chemical Source Terms for Solid Waste Operations Complex (WHC-
SD-W306-TI-001 Revision 0), section 4.4 W- 100 Chemical Source Term Assumptions,
provides a list of "hazardous" chemicals with average and maximum expected
quantities, by weight. Ammonia, Acetone, Beryllium and Zirconium metal are the four
chemicals which stand-out as hazards for this assessment. Acetone is the "worst"
chemical listed due to its volatility even with small amounts. The average quantity per
feed and product drum is O.OKG; however, the maximum per feed drum is 3.0 KG and
the maximum per product drum is 1.5 KG. This implies that the majority of feed drums
and product drums will not contain any acetone, but that a few feed drums may
contain significant amounts of acetone which will be processed through the system
and end up in the product drums (see Assumption 2.2.2).

f

2.2 A_umption_

1. The following assumptions are the basis for the NEC Classification assessment. These
assumptions are based upon the current design, operational procedures/philosophies
and pertinent documents.

WRAP0429 ........
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2. The two waste feedstream documents which form a part of the basis for this
assessment are the WRAP 2A Feed Specification (WHC-Wl00-RD-001, Revision 0),
and the Radiological and Chemical Source Terms for Solid Waste Operations Complex
(WHC-SD-W306-TI-O01, Revision 0). There is a basic contradiction between these
two documents which must be resolved prior to detailed hazard evaluation during Title
Design. The Feed Specification (section 6.1) states:

None of the DO01 wastes intended for treatment at WRAP Module 2A will be in the
three DO01 subcategories for ignitable liquids (i.e., none of the waste intended for
treatment at WRAP 2A will have a flash point < 140"F).

The only water-reactive substances intended for treatment in WRAP Module 2A will
be strong acids and bases...

Although WRAP Module 2A is not intended to treat wastes such as oils, solvents and
alkali metals, it is expected that small quantities of these types of materials may
occasionally be "discovered" during waste sorting. Upon discovery, such waste will
be repackaged and returned from WRAP Module 2A to storage.

This general waste description is also supported by individual waste characterizations
found in the Feed Specification. For example, feed stream 2A lists F003 (acetone,
butyl alcohol, methylisobutyl ketone). However it is also stated:

Listed codes are by the derived-from rule; most constituents are expected to be non-
detectable.

The Source Term document includes a list of materials which should be assumed to
be present in any waste feedstream to be processed in WRAP Module 2A as a
bounding case. This document lists ammonia, acetone, beryllium and zirconium as
potentially being present in both the waste feed and the treated product from WRAP
2A. This implies that these materials may not be removed, repackaged and returned
to storage, but instead processed through the facility. The quantities of these
materials listed in this document are:

Chemical Mox, Feed Drum. Ka Max. Product Drum.ko
Ammonia 0.45 0.2
Acetone 3.0 1.5
Beryllium 7.0 3.5
Zirconium 0.9 0.5

This implies that significant quantities of these materials may be present throughout
the WRAP 2A facility and should be considered for the NEC classification assessment.

_ .

For the purpose of this assessment, the Waste characterization and operating
philosophy stated in the Feed Specification was assumed. This is also consistent with
statements made by WHC personnel. To summarize, it is assumed that volatile organic
compounds (VOCs) with a flash point < 140°F or pyrophoric metals may potentially be
present in waste feed to WRAP 2A. If such a wasto is present in significant quantities,
it will be detected and removed before the waste is processed through the facility.
How this detection and removal is accomplished is discussed in the following
paragraphs.

WRAP0429 -- ' "
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3. Drums previously characterized or determined through sampling to contain significant
quantities of VOCs will not be processed in WRAP 2A. Waste feed lot verification
sampling and analysis will be performed before a lot is accepted for processing in
WRAP 2A.

4. If a vial or container of VOCs is found in a feed drum, it will be removed at the sorting
tables in the Special Waste Processing and the Sludge and Particulate Processing
areas. In the Debris Processing Area, the vial or container will either be removed from
the sorting screen or fall through the screen and be caught in a repack drum. The
repack drum will be sent to the Sludge and Particulate Processing Area where the
container will be removed at the sorting table.

5. Due to the above procedures, no hazardous amounts of VOCs will reach the
polyethylene (PE) polymer and grout solidification areas.

6. i:or Waste (Feed) Streams 2A and 2B which are processed through the dryer in the
Sludge and Particulate Processing Line, the non-detectable or minimal amounts of
VOCs will not form an ignitable mixture in the dryer, condenser or associated
equipment.

7. Document WHC-SD-W306-TI-001 Rev. 0 lists Beryllium and Zirconium metal as being
present in the feed drums. For the purpose of this assessment these items were
considered to be in solid form, non-hazardous and non-pyrophoric.

2.3 _Asses_ment

1. The following items were reviewed for VOCs and hazardous materials:

a. Feedstreams

b. Polymer (polyethylene) storage, processing and encapsulation

c. Grout storage, processing and encapsulation

d. Decontamination (decon) solutions

e. Aqueous processes

2.3.1 _Fee_dstreams

1. Feedstreams which contained VOCs were followed through their process steps and the
areas involved. See Table 1 and Attachment A (WRAP 2A Process Flow Diagram) for
feedstreams and the areas involved.

2. Areas which may be classified as hazardous locations were then identified.

3. The feedstreams and processes were reviewed per the following criteria:

a. Contents of the feedstream.

b. Expected operational procedures.

WRAP29
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c. NFPA 30-1990
NFPA 325M-1984
NFPA 70- 1993 (NEC: Chapter 5)
NFPA 497A-1992
NFPA 497M - 1991

4. The results of the feedstream assessment are as follows:

a. All feedstreams, except for 2A and 2B, are processed at or below temperatures
of IO0°F. Therefore, only VOCs with a flash point below 100°F (NFPA 497M-
1991, Table 2-3) were evaluated for this assessment. For feedstreams 2A and
2B which are processed through a dryer operating at 250°F, all VOCs with a flash
point less than 250°F have been considered in this assessment.

b. Four feedstreams were identified as potentially having hazardous VOCs present
(2A, 2B, 2C, 9B). These feedstreams and their VOCs are listed in Table 1.

c. Six handling and process areas were identified as areas which may be classified
as NEC hazardous locations. These are shown on drawing SK-EI. Further
evaluation of these areas will be required during Title Design to determine the
exact hazardous classifications and classification boundaries. The areas are as
follows:

1) Box Breakdown

2) Sample Management

3) Sludge and Particulate Processing.

4) Debris Processing (Debris and Repack Drum)

5) Special Waste Processing

6) Empty Drum Compaction

c. The polyethylene (PE) polymer and grout solidification areas are considered non-
hazardous areas due to all VOCs having been removed from the feedstreams prior
to arrival in these areas. All VOCs found in the feedstreams at the sorting table
will be separated out, repacked, and returned to storage.

e. The cure storage area is non-hazardous because the VOCs will have been
removed from the feedstream or diluted and encapsulated by the time they arrive
in this area.

f. Final hazardous classification designation of the above areas will be dependent
upon the final design of the process equipment, ventilation design, and amount
of VOCs present. Based upon the information at presently available, the listed
areas may have both Class I, Division I and Class I, Division 2 areas.

g. The general building areas outside thf=boundaries of the hazardous process areas
are classified non-hazardous due to the VOCs being contained in sealed barrels

WRAP0429
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2.3.2 Polymer _;toraae. Processina and Encaosulation

1. The poiymer used in the encapsulation process is polyethylene. The storage,
processing and mixing of the polyethylene for encapsulation of other materials was
reviewed per the following criteria:

a. Expected operational procedures.

b. NFPA 30-1990
NFPA 325M-1984
NFPA 70- 1993 (NEC: Chapter 5)
NFPA 497A- 1992
NFPA 497M - 1991

2. The results of the hazardous assessment are that no polymer storage, processes or
encapsulation area/procedures require NEC classification.

2.3.3 Grout Storaae. Processina and Encaosulation

1. The assessment of the grout storage, processing and encapsulation was the same as
polymer storage, processing and encapsulation.

2. The results of the hazardous assessment are that no grout storage, processes or
encapsulation area/procedures require NEC classification.

2.3.4 De¢ontamination (D_con) Solutions

1. The storage, handling and use of three decon solutions was reviewed per the following
criteria:

a. Contents of the decon solutions.

b. Expected operational procedures.

c. NFPA 30-1990
NFPA 325M-1984
NFPA 70 - 1993 (NEC: Chapter 5)
NFPA 497A-1992
NFPA 497M - 1991

w_APo_29 ..........
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TABLE 1

WRAP 2A ACDR
NEC ASSESSMENT - STREAM FLOW BY LOCATION

i

FeedeUeam Wh_e Clue 1, What I
Div. 1 or

2, Group

2A Sample Mgmt. _ Sludge & Part Processing "-> Polymer o_rGrout Solidification _ Cure/Store D Acetone, Methyl Isobutyl

Ammonium Sulfate Ketone (MIK), Pyridine,

Sludge Methyl _._hylKetone (MEK),

Butyl Alcohol, Cresylic Acid

2B Sample Mgmt. _ Sludge & Pert Processing -')' Polymer or Grout Solidification ") Cure/Store D Acetone, MIK, Pyridine,

Ion Exchange Resin MEK, Butyl Alcohol, Cresylic
Acid

2C Sample Mgmt. _ Sludge & Part Processing -'> Polymer or Grout Solidification "#' Cure/Store D Ammonia

Ferric Hydroxide

Sludge

9B Sample Mgmt. or "> Debris Processing''_ Grout Solidification "> Cure/Store D Acetone, Benzene, MEK,

Heterogeneous Box Breakdown MIK, Pyridine, Toluene
Solids/Debris

i

1 All chemicals listed, except for acetone, are expected to be present in minimal or non-detectable amounts. Acetone may
appear in vials or containers.

W" "00421
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2. The three decon solutions reviewed were:

a. Caustic Solution (Sodium Hydroxide)

b. Acidic Solution (Nitric or Oxalic Acid)

c. Liquid Soap (Laundry Detergent)

3. The results of the hazardous assessment are that the storage, handling or use of decon
solutions require no NEC classification.

2.3.5 Aaueous Processes

1. Aqueous processes such as process water, waste water streams and mixed liquid
streams were reviewed with the following criteria:

a. Contents of the aqueous streams.

b. Expected operational procedures.

c. NFPA 30-1990
NFPA 325M-1984
NFPA 70 - 1993 (NEC: Chapter 5)
NFPA 497A-1992
NFPA 497M - 1991

2. The results of the hazardous assessment are that no aqueous processes require NEC
classification.

3.0 CONCLUSION

1. The hazardous areas identified by this assessment are depicted in the attached drawing
SK-E1 Revision A.

2. Further evaluation of the identified hazardous areas will be required during the Title
Design. These evaluations will allow for the exact classification of areas and
equipment based upon detailed information about the quantities of VOCs involved,
detailed design of the process areas, the type and quantity of ventilation provided and
the ambient working temperatures in the process areas. The evaluation during Title
Design should also include a study for the potential of mixing liquids that produce
VOCs when combined, and the possibility of hydrogen being present in the cure
storage area, due to chemical reactions during curing. Preliminary reports/tests
indicate that hydrogen being off-gassed is not a problem. However, a more detailed
review of this situation should be completed.

3. A matrixed identification of VOCs, by feedstream and quantities, needs to be supplied
in the SDRD from WHC Hanford along with anticipated container sizes that may
contain these VOCs early in Title design. This matrix will assist in classifying the
areas, and the design of the electrical system.

4. The general areas not specifically addressed in this assessment are classified as non-
hazardous.

ill ill i ii , i
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1.0 OBJECTIVE

1.1 Back0rQund

1. The Waste Receiving and Processing (WRAP) Facility Module 2A will receive, process,
package, certify and ship contact-handled low-level radioactive mixed waste, for
permanent burial at the Hanford site disposal facilities. To ensure the safe processing
of the waste materials, process operations will be accomplished in confinement
systems, (i.e. enclosures with associated ventilation systems).

2. The Conceptual Design Report (CDR) (Reference 1) included the Preliminary Safety
Evaluation (PSE) which classified the facility as "Low Hazard" and as Safety Class 3.

3. The scope of this Assessment is to:

a. Define the confinement system design criteria

b. Select an optimum arrangement that meets the criteria and good engineering
judgement at the least cost to the DOE

c. Present the selected arrangement in enough detail so that interfacing disciplines
can use it to begin Title I design

1.2 Pumose and Need

1. The objective of this Assessment is to recommend a primary and secondary
confim,_ementsystem that complies with all requirements and results in a cost effective
system.

2. The purpose and need for the Assessment is to provide an advanced conceptual design
so that project wide concurrence can be obtained prior to beginning the Title I design.

2.0 SUMMARY

1. This study has defined the confinement system design criteria by reviewing and
summarizing applicable requirements from the various design requirement documents.
Excerpted criteria are tabulated in Table I.

2. The confinement system recommended provides a safe and reliable system and
includes two confinement zones while the waste is confined inside the enclosures.

3.0 CONCLUSION AND RECOMMENDATIONS

1. Based on the design requirement documents provided, it is concluded that a safe and
reliable confinement system design using Safety Class 3 equipment and two
confinement zones will meet the applicable design criteria.

2. The recommended Confinement Zone Plans (H-2-140733 and H-2-140734) are
included in Volume IV of this report.

ii iiiii i i •
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3. The recommended arrangement should be used as the starting point for Title i design
(i.e. interfacing disciplines should use this arrangement as the reference design, and
the HVAC discipline should continue development in Title I design).

4.0 DESCRIPTION OF INVESTIGATION AND SOLUTIONS

gdu.
J

1. To help identify the many references in DOE 6430.1A (Reference 3) that provide
requirements for the ventilation confinement systems, a computer word search was
performed on DOE 6430.1A. The words "CONFINEMENT" and "ENCLOSURE" were
used. Any statements not relating to the confinement system were eliminated (e.g.
references to electrical enclosures). In addition, some statements that refer to
confinement or enclosure, but neither word was specifically used were also added.

2. The FDC, Rev. 2 (Reference 4), and the SDRD, Rev. A (Reference 5) were reviewed
and the criteria were added to the list. Finally, WHC-CM-4-9, Section 4.0 (Reference
6) was reviewed and any new criteria were added. The result of this research is
presented in Table I.

3. Table I consolidates confinement system criteria as quoted from the requirement
documents. It is recognized that some of these statements are taken out of context
and do not apply because the statement is intended for higher Safety Class equipment
only. This is considered in the study.

4.2 Assumotion#

Assumptions made as part of this study are:

1. The facility has no Safety Class requirement greater than Safety Class 3.

2. The design requirement documents for this study are:

a. DOE Order 6430.1A (Reference 3)

b. FDC (Reference 4)

c. SDRD (Reference 5)

d. WHC-CM-4-9, Section 4 (Reference 6)

WRAP0481 ....................
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4.3 Co_f'mement System DescriQtion

1. Description

a. Primary and secondary confinement zones:

Area Zone Preu, *
Process Enclosures I (Primary) (in. wg)

(-) 0.7 to 1.0

Process Areas and II (Secondary) (-) 0.1 to 0.25

HEPA Filters Room(s)

• Pressure with respect to next higher confinement zone.

b. All other areas are considered to be non-confinement zones.

c. HVAC Zone Plans, Drawings H-2-140733 Rev.C and H-2-140734 Rev.C show the
zone requirements superimposed on the building layout.

d. The primary confinement system consists of the process cells and enclosures and
Zone I ventilation system. Zone I is maintained at a negative pressure with
respect to the surrounding Zone II areas. Air is drawn into the Zone I enclosure
through an inlet I-IEPA filter from the Zone II space. HEPA filters _re provided at
the Zone I outlets to minimize contamination of the exhaust ducts. Redundant
filter trains and exhaust fans with two stages of testable HEPA filters will be
provided. A parallel Zone I system similar to the above system with the addition
of two stages of carbon bed absorbers will be used to extract air from the vicinity
of releases of VOCs or toxic vapors that can be removed by carbon absorbers.
(Other hazardous vapors or fumes (off-gas) generated in the process requiring
scrubbers, etc., shall be treated within the process before entering the Zone I
exhaust stream.)

e. The secondary confinement systems consist of the building structure forming the
operating areas surrounding the process cells and enclosures and the Zone II
ventilation system. Zone II is maintained at a negative pressure with respect to
the atmosphere and the non-confinement zone areas of the building. A once-
through ventilation system is used for Zone I1. Outside air is heated, cooled or
humidified as required and passes through 90 - 95% efficient filters before
reaching the Zone II space. The air exhausted from Zone II passes through two
stages of HEPA filters prior to being discharged to the atmosphere. Redundant
Zone II supply and exhaust systems are provided. The supply air volume into
Zone II areas will be controlled at a lower flow rate than the combined flow rates
of the Zones I and II exhaust rates to maintain the Zone II pressure relationship.

f. Other confinement system factors:

• Only the exhaust ductwork, ductwork supports, and HEPA filter housing will
be designed to withstand the Safety Clas ; 3 DBE

• The exhaust fan(s) are not required to operate after the DBE

WRAPO4Sl.................
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• Requires entry into Zone II through airlocks

• Is designed not to maintain negative pressure during the DBF

• Has stack monitoring UPS power to maintain monitoring capability during
power outage

• Has a design to minimize potential inhalation of radioactive materials during
normal operations

• HEPA filter assemblies to ASME N509, with in-place testing to ASME N510

5.0 REFERENCES

1. Conceptual Design Report, Waste Receiving and Processing Facility Module 2A.

2. Hazard Classification and Preliminary Safety Evaluation for Waste Receiving and
Processing Facility Module 2A, WHC-SD-W100-PSE-002, Draft, dated July 1992.

3. DOE Order 6430.1A, dated April 6, 1989.

4. Functional Design Criteria, Waste Receiving and Processing Facility, Module 2A, SD-
Wl O0-FDC-001, Rev. 2.

5. Supplemental Design Requirements Document for Project W100, Waste Receiving and
Processing (WRAP) Module 2A, WHC-SD-Wl00-SDRD-O01, Rev. A (DRAFT).

6. Radiological Design, WHC-CM-4-9, Section 4, Rev. 0, undated draft.

7. SDC-4.1, Standard Arch-Civil Design Criteria, Design Loads for Facilities, Rev. 11,
916189.

8. SDC-5.1, Standard Design Criteria for Heating, Ventilating and Air Conditioning, Rev.
6, 2128179.

II I II __ nnuul
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TABLEI
CONFINEMENT CRITERIA
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1 (1) 0110-6.4 The design of hazardousareas shall facilitate access by emergency personnelfrom the
exterior and, at the same time, shall maintain any required CONFINEMENT or
containment usingair locks or other features.

2 (1) 0110-12.4 Buildingenvelopeair leakage through walls, windows, and doors shall comply with
ASHRAE Standard 90.

iii

3 (1) 0110-99.0.3 Particular care shall be taken to identify the use requirements of such large energy
consumersas secondary CONFINEMENT ventilation systems and other high volume
air-usingequipment to ensure that suchequipment is properlydesigned.

ii i i. i i ill

4 (1) 0110-99.0.3 Operating control features shall allow reducedequipment air flows duringperiods of
nonuse, if personnelhealth and safety and environmentalprotection will not be
adversely affected.

5 (1) 0110-99.0.4 In those areas where an accidental breach of a primary CONFINEMENT system could
expose personnelto radioactive material, a distance of 75 feet as measured by the
method in the NFPA 101 shall be the maximum travel distance to ensure that
personnelcan exit through the next t;ONFINEMI_NTbarrier.

i

6 (1) 0110-99.0.6 The structural shell surroundingthe critical areas and their supporting membersshall
remain standing and continue to act as a CONFINEMENTstructure duringthe DBF
under conditionsof failure of any fire suppressionsystem not designed as a safety
class item.

7 (1) 0111-99.0.1 The designof structures, includingtheir supports, that are (;;QNFINEMENTsystem
barriersshall ensure satisfaction of the functional requirements for the specific
CONFINEMENT system they are a part of.

i ii i

8 (1) 0111-99.0.1 In no case shall the total combustibleloadinglocated in a fire area exceed the fire
resistance rating of the area ENCLOSURE.

i i

9 (1) 1161-1 ENCLOSUREsas used here are physical barriers(e.g., cubicles, gloveboxes, fume
hoods, conveyor tunnels) that, together with their ventilation and operating systems,
prevent the releaseof radioactive or other hazardousmaterial to the work space or the
environment. Accordingly, their structural and CONFINEMENT integrity shall be
primary designconsideration.

ii

10 (1) 1161-1 Unless more specific design guidance is provided to the design professional from DOE
project manager, the primary reference source shall be the ACGIH Industrial
Ventilation Manual.

ii , i ii

11 (1) 1161-1 !The design objective shall be to prevent exposure of the plant personnelto airborne
contamination and shall implement ALARA concepts as practical to minimize operator
exposures.

L i , .=

• (1) 6430.1A, (2) FDC Rev. 2, (3) SDRD Rev. A (Draft),
(4) WHC-CM-4-9, Section 4.0 (Draft)

WRAP0481
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TABLE I: CONFINEMENT CRITERIA
i ii i i ii ,= i

No. * Reference Criteria

12 (1) 1161-1 The ENCLOSURE system, including its internal and external support structures, shall
be designed to withstand the effects of normal operating conditions and the
environment.

13 (1) 1161-1 Also, DBAs such as fire, explosion, criticality, and natural phenomena shall be
considered in the design of the ENCLOSURE.

14 (1) 1161-1 j_cj=._)..__ stability during a seismic event shall be based on the seismic parameters
described in Section 0111-99.0.4, Earthquakes.

i i

15 (1) 1161-1 iAII equipment that must be located within the ENCLOSURE shall be designed to allow
ifor in-place maintenance and/or replacement.

ii

16 (1) 1161-1 The design and operation of support and protection systems, such as fire protection,
shall not promote the failure of the ENCLOSURE system integrity or the loss of

i

17 (1) 1161-2 Noncombustible or fire-resistant and corrosion-resistant materials shall be used for
J_L_s and, to the maximum extent practicable, for any required radiation
shielding.

18 (1) 1161-2 EN(,,LOSUREs (except open-face hoods) shall be designed with the objective of being
leak-tight.

19 (1) 1161-2 In conjunction with their ventilation systems, all ENCLOSUREs shall be capable of
maintaining _0NFINEMENT (i.e., negative pressure with respect to the surrounding
operating area).

20 (1) 1161-2 To reduce migration of contamination, closure devices or permanent seals shall be
provided on entrances and exits of piping, ducts, or conduits penetrating
(_,ONFINEMENT barriers.

Such closures or seals shall have an integrity equal to or greater than the barrier itself.

21 (1) 1161-2 Where pertinent to safety, the ENCLOSURE design shall consider the heat generation
in the ENCLOSURE.

,,

22 (1) 1161-2 Generally, the fire barriers within and between ENCLOSUREs will be normally closed.

Where operations require that the fire barrier be in the open position, it shall
automatically close on activation of the fire detection system or by release of a fusible
device.

Design of the ENCLOSURE system shall allow automatic closure of the fire barrier
without loss of CONFINEMENT, without degradation of the EN..CLOSURE system's
integrity, and without injury to personnel.

The fire barrier shall be capable of being opened or closed manually from the exterior
and interior of the ENCLOSURE.

....

WRAP0481
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TABLE I: CONFINEMENT CRITERIA
III II

No. * Reference Criteria

23 (1) 1 161-4 A ventilation system shall be installed on all ENCLOSURE systems to maintain a
minimum negative pressure differential of 0.3 in. of water inside the ENCLOSURE
(except open-face hoods) with respect to the operating area.

24 (1) 1 161-4 HEPA filters shall be provided at the interface of the .I_ICLOSURE outlet and the
ventilation system to minimize the contamination of ductwork and at the ENCLOSURE
inlet to prevent movement of contamination within the ENCLOSURE to the operating
area in the event of a flow reversaI.A roughing filter should be installed to reduce
HEPA filter loading.

25 (1) 1 161-4 The system shall be designed to automatically ensure adequate inflow of air through a
credible breach in the ENCLOSURE system.

Minimum inward air velocity shall be 125 plus or minus 25 linear ft/min or as
determined from guidance provided in the ACGIH Industrial Ventilation Manual.

26 (1) 1 161-4 The design of the EN(;LOSURE ventilation flow pattern shall minimize the spread of
fire, and fire screens shall be provided where necessary.

i

27 (1) 1 151-4 For EN_LOSI_REs where over pressurization is possible, a system shall be provided to
ensure that (_:I;)NFINEMENT is not breached.

28 (1) 1 161-4 Small ENCLOSURE systems with positive-pressure supplied gases shall have positive-
acting, pressure-relief devices (connected into the exhaust system) to prevent
pressurization of the ENCLOSURE.

29 (1) 1300-1.3 The design of new or modification of existing special facilities shall address the health
hazards represented by all hazardous materials in ENCLOSUREs, general work areas,
and non-contaminated areas.

i i

30 (1) 1300-1.3 In additionf to the extent practical, such re!eases shall be maintained ALARA.

31 (1) 1300-1.4.2 Releases of hazardous materials postulated to occur as a result of DBAs shall be
limited by designing facilities such that at least one (;0NFINEMENT system remains
fully functional following any credible DBA (i.e., unfiltered/unmitigated releases of
hazardous levels of such materials shall not be allowed following such accidents).

32 (1)i 300-1.4.2 For facilities whose hazard potential is determined to be extremely low, deviations
from the criteria of this section may be considered in accordance with Section 0101-
2, Criteria Deviations.

32A (1) 1300-1.4.2 To the extent practical, ALARA concepts shall be applied when designing special
facilities to mitigate post-DBA releases of hazardous materials.

33 (1) 1300-1.4.4 iReleases shall be monitored in accordance with the directive on Radiological Effluent
Monitoring and Environmental Surveillance in the DOE 5400 series.

!
WRAP0481
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TABLE I: CONFINEMENT CRITERIA
] l llllll i.i i., i. ., ,,.,, ,

No. o Reference Critede

33A (1) 1300-6.1 Special facilities shall be designed to minimize personnel exposures to external and
internal radiological hazards, provide adequate radiation monitoring and alarm systems,
and provide adequate space for health physics activities.

Primary radiation protection shall be provided by the use of engineered controls (e.g.,
confinement, ventilation, remote handling, equipment layout, and shielding); secondary
radiation protection shall be provided by administrative control.

ll= ,,, ,, i i i ,

34 (1) 1300-6.1 ALARA concepts shall be applied to minimize exposures where cost- effective.

35 (1) 1300-6.4 In addition, to the extent practical, the concept of ALARA shall be used when
designing CONFINEMENT and ventilation systems to limit airborne contamination
levels.

The design shall ensure that respirators are not required to meet the dose limits for
normal operations.

i =l, i ,,

36 (1) 1300-6.4 Engineered controls and features shall also be provided to minimize potential inhalation
of radioactive and other hazardous materials under all conditions.

i, i i

37 (1) 1300-6.8 The change room exhaust air shall be HEPA filtered if dispersible radionuclides are
handled in the process areas it serves.

,,, ,,, , , , ,,,,,,

38 (1) 1300-7.1 (_0NFINEME'N.T systems shall accomp,ish the following:

• Minimize the spread of radioactive and other hazardous materials within the
unoccupied process areas

• Prevent, if possible, or else minimize the spread of radioactive and other
hazardous materials to occupied areas

• Minimize the release of radioactive and other hazardous materials in facility
effluents during normal operation and anticipated operational occurrences

• Limit the release of radioactive and other hazardous materials resulting from
DBAs including severe natural phenomena and man- made events in
compliance with the guidelines contained in Section 1300-1.4.2, Accidental
Releases.

39 (1) 1300-7.2 (;QNFINEMENT capabilities, including CONFINEMENT barriers and associated
ventilation systems, shall maintain a controlled, continuous airflow pattern from the
environment into the CONFINEMENT building, and then from non-contaminated areas
of the building to potentially contaminated areas, and then to normally contaminated
areas.

_4 . , I ''

40 1) 1300-7.2 For a specific nuclear facility, the number and arrangement of (_0NFINEMENT barriers
and their required design features and characteristics shall be determined on a case-
by-case basis.

, ,,

41 1) 1300-7.2 Typical factors that affect CONFINEMENT system design are the type, quantity, form,
and conditions for dispersing the hazardous material, including the type and severity o
DBAs.

i ii

WRAPO481
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42 1) 1300-7.2 In addition, alternative processand facility designsmay reduce the potential hazards
. and the requirements for t_0NFINEMENT system design. .

43 1) 1300-7.2 Engineeringevaluations, trade-offs, and experience shall be used to develop a practical
design that achieves CONFINEM_NT system objectives.

44 1) 1300-7.2 The numberof CONFINEMENT systems requiredin different locations of a facility may
vary dependingon the potential consequencesfrom hazards duringnormal operation,

. anticipated operational occurrences,and D.BAs.
45 1) 1300-7.2 Although individualCONFINEMENT systems are not required to withstand the effects

of every accident, they shall effectively perform their required functions :,_rthe DBAs
.. they arerequired to withstand. ......

46 1) 1300-7.2 Sufficient redundancyshall be provided in the unlikely event of a CONFINEMENT
system failure. ....

47 1) 1300-7.2 At least one of the CONFIN_ENT systems shall be designed to ensure that it can
withstand the effects of severe natural phenomena and man-made events (see Section
0111-99.0, NonreactorNuclear Facilities General), includingthe postulated DBAs and
DBF initiated by these events, and remain functional to the extent that the guidelines
of Section 1300-1.4.2, Accidental Releases, are not violated.

48 (1) 1300-7.2 The adequacy of the design of these CONFINEMENTsystems to effectively perform
their requiredfunctions shall be demonstrated by the safety analysis.

49 (1) 1300-7.2 To the extent practical, the ALARA concept shall be applied to the designof all
. (_0NFINEMENT systems to minimize exposures tO hazardousmaterials.

50 (1) 1300-7.3 Special features (e.g., air locks, enclosedvestibules) shall be considered for access
through CONFINEMENT barriers to minimize the impact of facility access requirements
on the ventilationsystem and to prevent the releaseof radioactive airborne materials.

51 (1) 1300-8.1 iWaste handlingareas shall comply with the standardsof CONFINEMENT and
ventilation requirements commensuratewith the potential for spreadingcontamination
b the waste acka es/forms handledY P g • ........

52 (1) 1300-8.1 Specific DOE design and operating requirementsfor radioactive wastes (HLW, LLW,
and TRU) appear !n DOE 5820.2A. ...

53 (1) 1300-9 Emphasisshall be placed on reducing effluents released to the environmentto ALARA
levels usingthe best technology economically availableat the time of design.

54 (1) 1300-11.1 Design of the areas in a facility that may become contaminated with radioactive or
other hazardousmaterials under normal or abnormal operating conditionsshall
incorporate measuresto simplify future decontamination.

Such items as service piping, conduits, and ductwork shall be kept to a minimumin
these areas and shall be arranged tO facil!tate decontamination.

55 (1) 1300-11.1 Filters shall be positioned in ventilation systemsin locations that minimize
contamination of ductwork.

ii ,,

56 (1) 1300-11.2 Use modular, separable_0NFINEMENTs for radioactive and other hazardousmaterials
to preclude contamination of fixed portions of the structure:......

57 (1) 1300-11.2 Locate exhaust filtration components of the ventilation systems at or near individual
....... ENCLOSUREsso as to minimize long runs of internally contaminated ductwork...

58 (1) 1300-11.2 Equipment, includingeffluent decontaminationequipment, that precludes, to the
extent practicable, the accumulation of radioactive or other hazardous materials in
relatively inaccessibleareas includingcurves and turns in piping and ductwork. _

_4VRAP0481 ..........
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59 (1) 1324-5.1 Instrumentation and control systems shall be required at a RSWF to provide monitoring
and control capabilities associated with CONFINlg_ENT, nuclear criticality safety, and

...... radiation protection.

60 (1) 1324-5.1 The degree of CONFINEMENT required in a radioactive solid waste facility is both
storage-specific and process- specific, but in either case shall suit the most restrictive

case anticipated.

61 (1) 1324-5.1 In general, the primary contamination CONFINEMENT shall be the radioactive solid
waste process systems equipment and associated off-gas or vent systems during the
treatment stage of processing.

62 (1) 1324-5.1 In special cases, such as radioactive solid waste facilities where the processes or
storage include corrosive or noxious materials, the radioactive solid waste process or
storage system shall be totally enclosed and provided with its own ventilation system
and off-gas cleanup system. In such cases, the radioactive solid waste process or

storage system shall bo treated as the primar Y C0NF!NEMENT system.

63 (1) 1324-6.1 Secondary CONFINEMENT for radioactive solid waste during treatment shall be a
process cell or building and its ventilation system, while for such waste during interim
storage t a storage building or structure shall be used. ,,, i

64 (1) 1324-6.1 Tertiary CONFINEMENTs are not required in most cases for radioactive solid waste
during the treatment or interim storage phase of the radioactive solid waste

management process.

65 (1) 1324-6.1 In addition to these principal CONFINEMENT systems, features such as change rooms
and special access ways shall be used to minimize the spread of radioactive

contamination within the facility.

66 (1) 1324-6.2 The primary (_0NFINEMENT system consists of process systems equipment and its
associated ventilation and off-gas system, storage containers, or other waste and site-
specific engineered barriers. i

67 (1) 1324-6.2 Systems, components, and structures that compose the process system and/or
storage containers shall be designed to ensure their integrity for normal operations,
anticipated operational occurrences, and for the DBAs they are required to withstand.

The primary (;QNFINEMENT system consists of process systems equipment and its
associated ventilation and off-gas system, storage containers, or other waste and site-

specific engineered barriers. .....

68 (1) 1324-6.2 As a minimum, portions of the process system and/or storage containers whose failure
would result in an unacceptable risk and whose functions are necessary to facilitate a
safe shutdown condition shall be designed to remain functional following a DBE. High-
level enriched uranium, uranium-233, and transuranic solid waste processes and/or
storage containers shall meet these requirements.

, ,i

69 (1) 1324-6.3 The secondary CONFINEMENT system consists of the process cell barriers and the
ventilation systems associated with the cells or building, or a storage building or
structure.

70 (1) 1324-6.3 The process cell and/or building CONFINEMENT barriers and associated ventilation

systems shall be capable of performing their necessary functions following a DBE.

71 (1) 1324-6.3 Other secondary (_,0NFINEMENTs shall be considered to determine the need to meet
these requirements commensurate with the hazards associated with the radioactive
solid waste to be confined. .......

WRAP481
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72 (1) 1324-6.3 The secondary CONFINEMENT shall be designed to ensure that it can withstand the
effects of severe natural phenomena and man- made events, including the DBAs and
DBF initiated by these events, and remain functional to the extent that the guidelines

.......... in Section 1300-1.4.2, Accidenta! Re!eases, are not violated.

73 (1) 1324-6.3 All penetrations of the secondary CONFINEMENT shall have positive seals to prevent

.... the migration, 'of contamination out of the secondar Y CONFINEMENT area.

74 (1) 1324-6.3 Process cells shall be supplied with ventilation air from the building ventilation system,
and shall be provided exhaust ventilation with sufficient capacity to ensure an
adequate controlled ventilation flow as required in the event of a credible breach in the

...... secondary CONFIN,_EN T barrier_ ........

75 (1) 1324-6.3 Pressure in the compartments shall be negative with respect to the building ventilation _
system. ........

76 (1) 1324-6.3 Special features (e.g., air locks or enclosed vestibules) shall be considered for access

throu h secondary and tertiary CONFINEMENT ,barr!ers. ........,,,

77 (1) 1324-7.3.1 Exhaust outlets that may contain transuranics or fission products shall be provided
with two monitoring systems. These monitoring systems shall comply with Section

1589-99.0. ! , Radioactive Airborne Effluents. .

78 (1) 1530-99.0 Wherever practical, special facilities shall be designed and constructed using building
components of fire-resistant and noncombustible material, particularly in locations vital

to the functionin_l of CONFINEMENT systems.

79 (1) 1530-99.0 To the extent practicable, combustible materials shall not be used in the construction

.... of process System (_qN,,FINEMENT barriers. ............

80 . (1) 1530-99.0 CONFINEMENT systems, particularly the building structural shell and its associated
ventilation system, shall be designed with the capability of retaining the

..... CONFINEMENT functio n during the DEF. ......

81 (1) 1550-2.5.5 Air filters shall be located on the suction side of fans and coils and in other special

.... locations as requ!red for air treatmen t. ....................

82 (1) 1550-2.5.5 Air-filter pressure drop gauges of the diaphragm-actuated, dial- type (preferred) or the

..... inclined manometer type shall be located on all filter assemblies.

83 (1) 1550-2.5.5 HEPA filter assemblies .shall compl Y with ASME NS09. .........

84 (1) 1550-2.5.5 The design professional shall design for a location that facilitates in-place testing of
HEPA filters, with particular a_tention given to plenum hardware provisions that allow

rfor testing of the HEPA filter bank without requiring the testing personnel to enter the
plenum.

Utility services shall be extended to the plenum location (e.g., electrical receptacles
and compressed air) to facilitate testing work.

In-place testing design requirements shall meet all the recommendations of UL 586,
ASME N510, and ERDA 76-21.

85 (1) 1550-2.5.5 HEPA filtration systems shall be designed with prefilters installed upstream of HEPA
filters to extend the HEPA filter's life.The design professional may eliminate the
installation of pre- filters if an analysis of filtration requirements and consideration of

....... the filter assembly justifies omission.

WF_Ae0481 .............
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86 (1) 1550-2.5.5 In providing fire protection for the HEPA filters, the design shall separate prefilters or
fire screens equipped with water spray sufficiently from the HEPA filters to restrict
impingement of moisture on the HEPA filters.

Under conditions of limited separation, moisture eliminators or other means of
reducing entrained moisture shall be provided.

Moisture eliminators may be omitted where system design provides sufficient filter
redundancy to ensure continued effluent filtration in the event of fire within any
_orti0n of the system. ...........

87 (1) 1550-2.5.5 The HEPA filter fire protection system shall be activated in a manner consistent with
the fire protection system in the room or building in which the filters are located and

..... as directed by the co0nizant DOE fire protection authority. .......

88 (1) 1550-2.5.6 Fire dampers shall not be used on exhaust system ducting if it is required to maintain

CONFINEMENT of hazardous materials during and after a fire even t.

89 (1) 1550-2.5.6 Such penetrations more than 96 square inches in area and more than 6 inches in
minimum dimension shall provide a penetration delay equal to that required for the

security barrier. ......

90 (1) 1589-2
At a minimum, facility CONFINEMENT systems, including filters and ventilation
systems, shall comply with the "improved risk" criteria defined in DOE 5480.7 and
shall preclude offsite release of greater than TLV amounts of toxic materials during the
maximum credible fire loss conditions.

, .,.

91 (1) 1595-6.5 All air handling systems shall be provided with the smoke and fire protection controls

required by NFPA 101.

92 (1) 1595-6.5 All supply, return, relief, and exhaust air ventilation systems shall have interlock
controls that interface with fire and smoke detection system controls and either turn
off or selectively operate fans and dampers to prevent the spread of smoke and fire

throughout the bu!lding. .

93 (1) 1595-6.5 Special exhaust systems shall be designed to include fire and smoke safety controls as
required by NFPA 91.

94 (2) 2.1.2 The release of radioactive and hazardous materials during routine operations shall not
exceed the administrative control limits in WHC-CM-7-5, Environmental Compliance
Manual.

95 (2) 2.1.3, HVAC system shall assure safe operation and maintain airflow from non-contaminated

(3) 3.2.1.3.3 areas to areas of progressively higher potential contamination.

96 (2) 2.1.3, Maintain airflow between different areas through the establishment of differential

(3) 3.2.1.3.3.a pressure zones for ventilation and contamination control.

97 (2) 2.1.3 Provide representative (_fluent record sampling and continuous online mon!toring.

98 (2) 2.1.3, Permit in-place testing of HEPA filters.
(3) 3.2.1.3.3.b

99 (2) 2.1.3, Provide parallel HEPA filter systems.
(3) 3.2.1.3.3.c,i

100 (2) 2.1.3, Provide adequate heating and cooling as described in DOE 6430.1A, Section 1550.
(3) 3.2.1.3.1 .a,, i ,,,

101 (2) 2.1.3, In ventilation Zones I, 2, and 3, the airflow shall be directed downward, away from

(3) 3.2.1.3.3.d the worker's breathing zone.

_/_/RAP0481 .......
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102 (2) 2.1.3, Utilize welded joints on ductwork carrying potentially contaminated materials.
..... (3) 3.2.1.3.3.e ...........
103 (2) 2.1.3, Provide changeableprefilters upstream of the first HEPA filters.

(3) 3.2.!.3.3.g ........
104 (2) 2.1.3, Use bagout or self-containedfilters and other features for changinghighly

. (3) 3.2.1.3.3.h contaminated components_ wherever possible.
105 (2) 2.1.3, The HVAC system shall be controlled by a distributedcontrol system with monitoring,

(3) 3.2.1.3.1.b alarm reporting and reset capability, through a central process control system.

106 (2) 2.1.3, Provideair conditioningas requiredfor all sensitive equipment.
(3) 3.2.1.3.1 .a

107 (2) 2.1.3, Minimize the ability of radioactive materials to accumulate in the ductwork and
(3) 3.2.1.3.3.f ....provide means to detect buildup,

108 (2) 2.1.3, Provide moisturr;separatorsor heatersto minimize moisture Ioadings on filters.
.... (3,,)3.2,.,,1.3.1 ......................

109 (2) 2.1.3 Remove flammable vapors from.air streams upstream of heaters, ..........

110 (2) 2.1.4 ...... UPS..........shall be providedfor the Effluent Monitorin_ and Samp_lin Systems.....

111 (2) 2.1.6, The HVAC Systems shall be designedto meet the conditions describedin SDC-5.1,
(3,,)3,2.1.3.1.a .....Section C. ........

112 (2) 2,2.5 The PMS shall provide control a_ndsurveillanceof,building HVAC systems.
113 (3) 3.2.1.3.2 All HVAC systemsthat serve a space containing radioactive waste (includingnon-

confinement systemsused for storage) shall be isolated from other non-confinement
. systems. ......

114 (3) 3.2.1.3.3.c The HVAC Systems shall maintain pressurerelationshipsbetween zones in accordance
with WHC-CM-4-9.

H.,= .,,,,, , i, , ,

115 (3) 3.2.1.3.3.c There shall be no loss of confinement as a consequence of any credible
system/compone.ntfailure resultin_lfrom any normal0 r DBA situation. .

116 (3) 3.2.1.3.3.c Air flowing through the maximum credible breach into the zone 1 enclosure shall be
sufficient to provide a face velocity of 125 + 25 feet per minute. The maximum
credible breach of a zone 1 barrier shall be determined by analysis of the Title 1

......... glovebox design. At a minimum this will be a single gloveport.

117 (3) 3.2.1.3.3.c Change rooms used for donning/doffing of SWP clothing shall be served by the Zone II
ventilation system. (6430.1a, ' 1300-6.8) .........

118 (3) 3.2.1.3.3.c An atmospheric pressurereference header shall be provided and used as the reference
point for control of zone pressures. ...........

119 (3) 3.2.1.3.3.c The post Design BasisAccident (DBA) configurationof the HVAC systems shall be
total system shutdown. Zone integrity (includingexhaust ducting) shall be maintained
up to the Zone II boundary, The exhaust system shall fail open. Backflow prevention
for confinement supply systems shall be providedby HEPA filtration of the supplyper

.......... DOE 6430.1A _ 1305-5.1 (paragraph7). Thesupply system shall fail open. .

120 (3) 3.2.1.3.3.c Confinement system supply and exhaust fans will be capable of operationwith either
of t,.heirAir Handlers and Filter Trains respectively. ....

121 (4) page 2 Primary Confinement Zone--Confinement features must prevent the spread of
contaminationf !ncluding the DBA for the facility.

122 (4) 2.2.4 volumetric airflow rate in.,secondaryconfinement shall be between 4 and 8 AC!hr.
123 (4) 2.3.1 The design shall provide the capability of isolatingZone I from Zone II and/or isolating

portions of Zone I from the remainder of the Zone.........

ii i Biiiii ii ii i iii
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124 (4) 3.2.4 Supply system connections to Zone I shall be equipped with HEPA filtration and

......... isolation , dampers. _ . _

125 (4) 4.1.4 Ducts serving Zone I should not connect with ducts serving other areas unless the

..... Zone I air ,stream has passe d through at least one testable stage of HEPA filtratio n. .......

126 (4) 4.1.5 The facility exhaust fans shall be located downstream of final HEPA filter banks and

iprovide sufficient redundancy to maintain the total exhaust flow rate during normal
..... operation, maintenance_ and single point failure.

127 (4) 4.1.7 iThe design shall provide redundant exhaust fans and filter systems to facilitate

.... maintenance and filter changes without SYstem performance degradation. .......

128 (4) 4.1.8 Zone I and Zone II exhaust ductwork passing through fire walls shall be constructed to

...... resist the effects of a fire a.nd contain no fire dampers. ............

129 (4) 4.1.14 The exhaust from Zone I may join the facility exhaust upstream of the final stage(s) of
HEPA filtration.

i i ,. i i,i im i i ,+, Hi, H ,,

130 (4) 4.1.17 The capacity of the exhaust fan(s) shall be sufficient to maintain design flow rates

throughout the range of dust loading on the filters t0 a maximum+0f 4 in. wg.

131 (4) 4.6.7 The first testable stage of HEPA filters for Zone I shall be located close to the exhaust
inlet to prevent airborne radioactive materials from entering a major portion of the
ventilation ductwork.

132 (4) 5.2.2 Return air streams to be recirculated from Zone II shall be filtered with two testable
stages of, HEPA filters and continuously monitored. The system shall automatically
switch to a. once through mode of operation whenever the radiation monitor detects
contamination downstream of the first HEPA filter stage. A manual override shall be

....... provided. ................

133 (4) 5.2.3 Sampling capability shall be provided between the two stages of HEPA filters to aid in

detecting airborne radionuc!.ides passing the first stage filter. ......

134 (4) 5.2.4 For a recirculating system, the CAM instruments shall be equipped with alarms and
controls which automatically change the ventilation system to supply clean air to the
work areas and HEPA filter the contaminated exhaust air.

-- .,= i m. iHi

135 (4) 6.1 The ventilation system shall be designed to adequately confine and restrict release of

........ radioactive materials, assumin_l failure Of a sin_lle component of the system.

136 (4) 6.3 Emergency, standby, or uninterruptible power shall be provided, as determined by the

..... SAR, to the exhaust ventilation system. .........
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