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BACKGROUND

Departmentof Energy (DOE) facilities,locatedat sites across the nation,
generatelarge quantitiesand a wide varietyof low-levelradioactivewaste
(LLRW)from nucleardefenseproductionand researchand development
activities. All DOE-generatedLLRW is disposed of at DOE disposal sites.
Most DOE waste generatingsites do not have disposal facilitieson site and so
must ship their LLRW to one of six currentlyactive DOE disposal locations.
Four disposal sites are locatedin generallyarid regions: the Hanford
Reservation(HANF) in the state of Washington,the NevadaTest Site (NTS),the
Idaho National EngineeringLaboratory(INEL),and the Los Alamos National
Laboratory(LANL)in New Mexico. The other two disposalsites are located in
the humid southeast: the SavannahRiver Plant (SRP) in South Carolina and the
Oak Ridge NationalLaboratory(ORNL)in Tennessee.

DOEORDER5820.2A

Historically,the DOE has operatedin a self-regulatorymode within criteria
establishedby internalDOE directives. In 1986, DOE launchedan effort to
revise its internalOrder on radioactivewaste managementactivities. The
objectiveof the revisionwas to make the Order more prescriptiveand
detailed,in responseto criticismsthat the existingOrder was too general
and did not supporta system-wide managementapproach. The new directive,
DOE Order 5820.2A, issued in September1988 mandatesrequirementsin chapters
that addresshigh-levelwaste, transuranicwaste, low-levelwaste, naturally
occurringor acceleratorproducedradioactivematerial,and decommissioningof
radioactivelycontaminatedfacilities.

PERFORMANCEOBJECIIVES

Chapter III nf the Order, "Managementof Low-LevelWaste,"establishes
policies,guidelines,and minimumrequirementsfor managingthe Department's
LLRW. Section3a of Chapter III definesperformanceobjectivesthat DOE sites
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with LLRW disposalfacilitiesmust meet to protectpublic health and safety.
TKe performanceobjectivesare summarizedas follows:

• protect publichealth and safety in accordancewith DOE Orders

• assurethat no member of the public receivesan annual dose above
25 mrem, effectivedose equivalent,from all pathwayscombined.Releases
of radioactivityto the generalenvironmentshall be maintainedas low
as reasonablyachievable(ALARA). Releasesto the atmosphereshallmeet
the requirementsof 40 CFR 61

• assure that after loss of active institutionalcontrol, the committed
effectivedose equivalentreceivedby the inadvertentintruderwill not
exceed 100 mrem/yr for continuousexposureor 500 mrem for a single
acute exposure

• protectground-waterresourcesconsistentwith Federal,State, and local
requirements.

The performanceobjectivesreflectboth operationaland long-termrequirements
for the managementof LLRW. lt should be noted that the performance
objectivesapply only to waste disposalafter the effectivedate of the Order,
even if that waste is disposed in a facilitywhich has receivedwaste prior to
the issuanceof the Order. In addition,the performanceobjectivesapply to
each LLRW disposal facilitylocatedon sites having more than one such
facility.

PERFORMANCEASSESSMENT

Chapter III, Section3b requiresthat each site with LLRW disposalfacilities
prepareand maintaina radiologicalperformanceassessment(PA) to demonstrate
compliancewith the radiologicalperformanceobjectives. The PA providesa
technicalanalysisof the long-termbehaviorof the disposal facilityand its
potentialimpactson man and the environment. The analysisprovidesa basis
for decisionsconcerningsystemdesign, acceptablewaste loadings,and
regulatorycompliance.

Unusualsite featuresand disposaltechnologies,unique hydrogeologicand
climatologicregimes,and a broad varietyof radioactivewastes generated
within the DOE complexall contributeto the complexityof developinga PA for
a DOE disposalfacility. One exampleof an unusualsite feature is the
engineeredsurfacestructures(berms)at INELwhich have been designedto
preventfloodingat the disposalfacilitydue to rapid snow melts; another is
the steep slopingsides of the mesa on which the LANL disposalfacilityis
located. The respectivePAs would have to addressthe long-termconsequences
of berm failure,erosionof the sides of the mesa, and contaminantmigration
throughthe sides of the mesa.

Massiveconcretevaults at the Hanfordand SavannahRiver sites containing
cemented radioactiveliquid wastes provideexamplesof unusualdisposal
technology. These concretevaults are as large as 183 m long, 31 m wide, and
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8 m deep. Changes in the concrete'sphysicalparametersover time and
migrationof conta_,_aantsthroughmicrocracksin the vault walls are some of
the phenomenawhich must be addressedin the PA.

At NTS, the deep water table (275 m), high evapotranspirationrate, and very
little precipitation,providean exampleof a unique hydrogeologicand
climatologicregime. In this regime,diffusionof contaminantsto the soil
surfaceand vapor phase migrationof specificcontaminantswould have to be
consideredin the PA.

Given the complexityof the analysis,the developmentof the PA requiresthe
participationof a multi-disciplinaryteam. Key disciplinesincludecomputer
science,civil engineering,geology,geochemistry,health physics,hydrology,
and waste managementand disposal facilitiesoperations.

PERFORMANCEASSESSMENTPEER REVIEW PANEL

Chapter III of the Order also calls for the creationof an Oversightand Peer
Review Panel of technicalspecialiststo assureconsistency,technical
quality,and defensibilityin the developmentof a site radiologicalPA. The
Peer Review Panel (PRP),establishedin 1988, is comprisedof eight members,
one each from the six field officeswith a major LLRW disposal site, one
representingthe waste generators,and one representingDOE Headquarters'
(DOE-HQ)Office of Environment,Safety,and Health. In addition,the
Department'sOffice of NuclearEnergy,the U.S. EnvironmentalProtection
Agency, and the U.S. NuclearRegulatoryCommissioneach have a technical
adviserto the Panel. Membersof the Peer Review Panel are listed in Table I.

PERFORMANCEASSESSMENTREVIEW

The Panel has establisheda two-stageprocessfor reviewingeach PA. The
first stage is an informal,preliminaryreview conductedwhile the PA is still
under development. At that time, the developmentof the PA should be far
enough into the assessmentprocessso that the technicaldirectionis apparent
but early enough so that the Panel'sinput can be efficientlyaccommodatedin
the final document. The preliminaryreviewwill focus on the overall
technicalapproach,assumptions,rationale,justifications,conceptualmodels
and scenarios,selectedcomputercodes, and preliminaryfindings. This stage
of the review includesa visit to the disposalfacility,presentationsby and
technicaldiscussionswith facilitystaff, and recommendationsby the Panel
for enhancingthe developmentof the PA.

The second stage of the Panel'sreview processis more structuredand formal.
The draft final PA document is submittedto the Panel for final review through
the DOE Field Office and DOE-HQ. The Panel first conductsa completeness
review and, if needed, issuesa requestfor additionalinformationto the
preparersof the PA. The Panel'sfinal reviewconsists of detailed technical
review and commentsby Panel members individually,followedby a one- or two-
day PRP meeting to developa consensuson the technicaladequacyof the PA.
The Panel then issues formaljudgementto DOE-HQ as to the technical
acceptabilityof the PA. Three forms of judgementare possible"
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• acceptablewith suggestionsfor future improvement

• conditionallyacceptablewith satisfactorytreatmentof the technical
inadequaciesdemonstratedto the Panel before approval

• unacceptablebased on technicalinadequacies.

The final review process is expectedto requireat least three months. The
resultsof the Panel'sreviewwill be used by DOE-HQ in determiningfacility
compliancewith the requirementsof DOE Order 5820.2A.

GUIDANCEDOCUMENTS

The Panel has developedand issuedtwo documents:

• RecommendedFormat and Contentfor DOE Low-LevelWaste DisposalFacility
RadiologicalPerformanceAssessmentReports,DOE/LLW-81,April 1989.

• PerformanceAssessmentReview Guide for DOE Low-LevelRadioactiveWaste
DisposalFacilities,DOE/LLW-93,October 1991.

The intentof these documentsis to help DOE sites preparePAs which meet the
Panel'sexpectationsin terms of content,detail,quality,and consistency.

Additionalpublicationsrecommendedfor use in preparingPAs are providedin
the referencesectionsof these documents.

TOPICS ADDRESSED IN THE PERFORMANCEASSESSMENT

Technicalissueswhich should be addressedin the PA are briefly summarized
below (greaterdetail may be found in the documentsreferencedabove):

• Disposalfacilitydescription

- Site characteristics
- Waste generationprocess
- Waste characteristics

• Analysis of performance

- Source terms
- Transport/pathways/scenarios
- Assumptions/methodologies

• Resultsof analysis

- Dose to publicand intruder
- Sensitivityand uncertaintyanalysis

• Quality assurance/qualitycontrol.



The PA should focus on those site characteristicsthat dominatethe analyses.
Others should be discussedin less detail. Site characteristicsgenerally
include,but are not limitedto, hydrogeology,ecologyand biotic conditions,
naturalresources,land and water use, geographyand demography,climateand
meteorology,geology,seismology,and naturalradiationbackground.

For example,the hydrogeologydiscussionshould addressthe ground-waterand
surface-waterregimes, includingthe saturatedand unsaturatedzones, the
presenceand types of aquifers,rechargeand dischargepoints,geologic,and
geochemicaland other factorscontrollingsubsurfaceradionuclidetransport.
The descriptionof surface-waterflow should includeground-wateroutcropping,
potentialflooding,surfacerunoff and erosion,pathwaysto streamsand lakes,
and transferof radionuclidesto the surface.

The discussionof waste characteristicsshould includeradionuclidetype,
volume,concentration,chemicaland physicalform, and waste packaging. Waste
acceptancecriteria and waste certificationprograms,as requiredby Chapter
III of the Order, should also be addressed.

Source term developmentfor all waste streamsshould be clearlyexplained.
The screeningprocess for significantradionuclidesshouldbe clearly
discussedand their selectionjustified. Radionuclideselectionmay be
scenariodependent.

Transport/pathway/scenariodevelopmentuses mainly site-specificdata and site
descriptionto identifypotentialreleaseand transportmechanisms,and likely
pathways of exposureto offsite receptors. An examplescenariomight include
contaminantleachingfrom the concretevault (release),moving through the
soil into the saturatedzone (media),flowingdown-gradientin the aquifer
(transport),and reaching an offsitewater well (receptor)used for human
consumption(exposurepathway). Inadvertentintruderscenariosmust also be
considered. Exampleintruderscenariosincludeagriculture,construction,and
drilling. Additionalscenariosthat might be consideredincludesevere
storms,flooding,wind erosion,and earthquakes. A typicalPA includes
severalscenarios. Selectionsof scenariosshould be justified.

The assumptions/methodologiessectionshould includea discussionoF the
rationalebehindthe selectionof computermodelingcodes, their capabilities
and limitations. Verification,calibration,and validationof these codes
should be addressed. In a typicalPA, a large number of assumptionsare
necessaryto satisfyinput parametersof the variouscodes, to simplify
calculations,or to compensatefor the lack of site-specificdata. In all
instances,the assumptionsmade shouldbe justified.

Resultsof analysisshould be summarized,integrated,and usuallypresentedas
a functionof time. Interpretationof resultsshould includea discussionof
sensitivityto variousparametersand assumptions,an analysisof uncertainty
resultingfrom assumptionsmade, and limitationsin the availabledata.



Projecteddoses to membersof the public and the intrudershould be presented
for each scenario,pathway,and significantradionuclide. Summariesof
resultsand analysesshouldprovidecomparisonswith the performance
objectives.

The use of qualityassurance/qualitycontrol (QA/QC)is essentialin the
preparationof the PA. Work should be conductedunder a written QA/QC program
in accordancewith the requirementsof AmericanStandardsInstitute/American
Societyof MechanicalEngineersNuclearQualityAssurance-1and other
appropriatestandards.

LESSONSLEARNED

To date, the Panel has conductedpreliminaryreviewsfor the following
facilities: the Grout Facilityat the HanfordSite, Area 5 burialground at
the Nevada Test Site, Area G burialground at the Los Alamos Notional
Laboratory,the Solid Waste StorageArea 6 at the Oak Ridge National
Laboratory,and the RadioactiveWaste ManagementComplex at the XdahoNational
EngineeringLaboratory. The Panel has also concludeda final review of the
HanfordGrout Facility.

A number of generalas well as site-specificrecommendationshave evolvedfrom
the Panel'sreviews. Some of the more generalrecommendationsare summarized
below:

• Present sufficientdetails about the site and its environswhich
demonstratea clear understandingof the processesaffectingthe
performanceof the disposal facility.

• Support all estimatesof the behavior,longevityand effectivenessof
any engineeredbarriersunder disposalconditions.

• Describeand justifyall componentsof an exposure scenario. Scenarios
shouldbe consistentwith site-specificconditions.

• Explainand justifyeach aspect of the assessment. Clearly state and
justify assumptions,selectedparametervalues,radionuclides,pathways,
choice of codes, etc.

• Presentsufficientdetailsto enablethe review panel to confirm
calculations.

• Summarize,integrateand interpretthe resultsof the analyses. Include
an overall assessmentof facilityperformance.

SUMMARY

DOE Order 5820.2Arequiresa radiologicalperformanceassessment(PA) for
analyzingthe long-termbehaviorof DOE LLRW disposal operationsand the
potentialimpactson man and the environment. The Order also mandates an
Oversightand Peer Review Panel to ensureconsistencyand technicalquality in
the developmentof a site PA. The developmentof the PA is an interactiveand
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iterative process which provides a basis for decisions concerning system
design and acceptable waste loadings. The findings and recommendations by the
Panel are used by DOE-HQ to make a final determination on the acceptability of
the PA. To date, the Panel has issued guidance documents for preparing a PA
and has conducted five preliminary and one final review of site PAs. Lessons
learned from the Panel's reviews provide valuable guidance for future
preparation and refinement of the site PAs.

Table I

PEER REVIEW PANEL MEMBERS

Member Affiliation _DOEFieldOffice

Robert L. Dodge ReynoldsElectric "levada
Nevada Test Site

Wayne R. Hansen LANL Albuquerque

William E. Kennedy, Jr. Battelle-PNL Richland

David W. Layton LLNL San Francisco

Donald W. Lee ORNL Oak Ridge

Steven J. Maheras EG&G Idaho Idaho
INEL

Stanley M. Neuder Battelle-PNL DOE-HQ
Washington, DC Office of Environment,
Office Safety & Health;

Environmental Guidance
Division

Elmer L Wilhite Westinghouse Savannah River
(Chairman) Savannah River Co.

Savannah River Site

The information contained in this paper was developed during the course of
work for the U.S. Department of Energy under Contract No. DE-ACO6-76RLO 1830.
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