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ABSTRACT

The problemsencounteredduring facilityor landcleanupop.erationswill
providechallengesboth to technologyand regulatoryagencles° Inevitably,
the decisionsof the federalagenciesregulatingcleanupactivitieshave been
controversial. The major dilemmafacinggovernmentand industryis how to
accomplishcleanup in a cost-effectivemanner while minimizingthe risks to
workersand the public.

In recognitionof the potentiallycomplexrelationshipbetweenscienceand
public policy in severalareas, includingcleanupof lands and facilities,lJn
1981 the U.S. Congressdirectedthe Food and Drug Administration(FDA) to
contracta study of the institutionalmeans for risk assessment. The National
Academyof Sciencesconductedthe study on behalfof the FDA and reportedthe
results in a document issuedin 1983 ([NationalResearchCouncil]NRC 1983).
The document examinedand codifiedpast experiencewith risk assessmentand
relatedthat experienceto potentialfuture patternsand practices. The goal
of the effort was to developa constructivepartnershipbetweenscience and
government,and to ensure that governmentregulationtakes the best advantage
of scientificknowledgewhile preservingthe ',ntegrityof scientificdata and
judgementsin the conflictof diverse intereststhat generallyaccompanies
regulatorydecisions. Specifically,the reportexaminedwhetheraltered
institutionalarrangementsor procedurescould improveregulatoryperformance
in controversialareas.

In an ideal world, risks from varioussourcescould be evaluatedand risk
managementdecisionscould be made in a constant,agreed-uponmanner. In the
real world, our abilityto assessrisks is limitedby lack of scientificdata
on the hundredsof chemicaland physicalagentsthat must be considered. When
data are available,there is great uncertaintyin estimatingthe frequency,
types, and magnitudeof healtheffectsassociatedwith a given agent.

One of the fundamentalneeds in managingthe risks of facilityor site cleanup
is to have well-establishedstandardsthat apply uniformlyto a number of
situations. Discussionsare being conductedbetweenthe U.S. Departmentof
Energy (DOE) and the U.S. EnvironmentalProtectionAgency (EPA) in the
developmentof risk-basedstandardsfor cleanupoperations. This paper
providesan overviewof risk assessment,risk management,and the role and
importanceof risk-basedstandardsto facilitycleanupactivities.

_) ....The _Paci_fic--NorthwestLabm'atoryis operatedby BattelleMemorial
Institutefor the U.S. Departmentof Energyunder ContractDE-ACO6-76RLO
1830.

l



o

Over the past fortyyears, nationaland internationalauthoritieshave set
radiationprotectionstandardsin an attemptto limit the potentialrisk of
exposed individualsto radiation-inducedhealtheffects. Althoughthe methods
for estimatingthe resultantrisk have changed(i.e.,controllingwhole-body
versus critical-organrisk),the objectivehas remainedconstant. Under the
authorityof the Atomic EnergyAct of 1954, as amended,the DOE continuesto
use a risk basis in it5 public radiationprotectionOrders (DOE 1990). lt is

also the EPA's generalphilosophythat the individualo]ifetime._isk posed byremediatedhazardouswaste sites be in the range of I to "Br The EPA has
taken a similarrisk-basedapproachto establishingemissionstandardsfor
hazardouspollutantsin its recentproposalof standardsfor radionuclides
regulatedunder the Clean Air Act's NationalEmissionStandardsfor Hazardous
Air Pollutants.

The idea of risk-basedstandardsis a potentiallybroad subjectand covers
tnpics includingoffsiteradiologicalreleasecriteria;radiologicalcriteria

' for materialrecycle/reuse;decommissioningcriteria (includingsurface and
bulk contaminationcriteriafor soils,buildings,and facilities);
radiological"Below RegulatoryConcern"(BRC) standardsfor waste management;
and cleanuplevels for site remediationunder the ComprehensiveEnvironmental
Response,Compensation,and LiabilityAct of 1980 (CERCLA),as amended,and
the ResourceConservationand RecoveryAct (RCRA). For each of the potential
topics, it is both desirableand possibleto protectthe environmentand
public health in a consistentmannerthroughthe establishmentof a risk-based
frameworkfor settingthe standardsand implementingthe process.

As seen from a ri_k perspective,regulatoryactionsare based on two elements:
I) risk assessmentand 2) risk management(NRC 1983). I_iskassessmentis the
qualitativeor quantitativecharacterizationof the potentialhealtheffects
of particularsubstanceson individualsor populations. The major elementsof
risk assess_entare i_azard_dentification,dose-responseassessment,exposure
assessment,and risk characterization.By contrast,risk managementis the

: process of evaluatingalternativeregulatoryoptionsand selectingone of
them. In additionto risk assessment,risk managementIncludesan evaluation
of economic,social,and politicalconsequencesof the regulatoryoptions.

The developmentof risk-basedpublic healthstandardsis a key element in the
risk-managementprocess,as shown in Figure1. Withoutstandardsand a
framework'Forimple_,entation,the risk-managementprocessis out of control
and decisionscan be made that result in undue publichealth risks or economic
costs. TEe logical startingpoint, as shown in Figure I, is the
identificationof existing standardsfor both radiologicaland hazardous
materials. Once identified,the risk basis (or lack thereof)needs to be
determinedand potentialdiscrepanciesor omissionsneed to be noted. For
example,existingstandardsmay or may not be based on risk and, for those
that are, differentmethedsof estimatingthe risk or differentacceptable
levels of risk may havebeen used. In some cases,there may be redundantor
contradictorystandardsthat have been appliedfor s=.mi3arsituations. When
t_: ._ccurs,additionallegal opinionsconcerningthe appropriatelegal
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authoritymay have to be obtained. Three potentialtypes of optionsexist'
develop,modify, or simplyadopt existingrisk-basedstandards,as shown in
Figure I. Once the risk-basedstandardsare in l)lace,they can be used in a
risk-managementframeworkto add credibilityto the regu'latorydecision-making
process.

I_.F_VELOPMENT_OFRISK-BASEDSTANDARD__

The developmentof risk-basedstandardscould potentiallycover a number of
individualtopics. Topicsof importanceincludethe following:

• Qff-Si,teRadioloqicalReleas_Cr.it_riafor Ma_erials._H._aqement.Since
the mid-1970s,surfacecontaminationlevelshave been controlledusing
RegulatoryGuide 1.86developedby the U.S. Atomic EnergyAgency (AEC)
for licenseterminationfor commercialfacilities(AEC 1974). This
guide lists r@movableand fixed surface-contaminationlevels,in units
of dpm/100 cre",for broad groupingsof radionuclides.The levels in
this guide were based on detectabilityand do not reflecta uniform
level of risk protection. Althoughthese levelshave been appliedfor
variousDOE-controlledclean-upoperations,attemptsto includethe
guidance in ChapterIV of DOE 5400.5 (IggO)met with criticalcomments
from severalDOE OperationsOffices. At issuewas the lack of ability
to detect the alpha contaminationlevels (iBportantfor 2_gPu
contaminationcontrol)and the lack of a uniformrisk basis for the
guidance. A uniformrisk-managementapproachwould allow the
developmentof consistent,technicallycrediblestandards,while
consideringpracticaland public concerns.

• B__g.i_jC_eria .for_he pot_ptialRecYcle/Reuseo_Z__T.p_Q_!__
EQuion_nt,_and_S__!capMaterials. The releaseof sligl_tlycontaminated
equipmentand materialsfor unrestrictedrecycle/reuseis of continuing
concernbecauseof the growingstockpileof such material and the lack
of uniformFederalguidancegoverningits release. The DOE has an
estimated$60 millionworth of slightlycontaminatedsmeltedalloys.
Additionalcosts are incurredthroughloss of land becauseof
unnecessaryburial and the perpetualcare of such burial grounds.
Recent internationalefforts,led by the InternationalAtomic Energy
Agency (IAEA),are attemptingto set uniformguidancefor material
recycle/reuse. However,beyond the surface-contaminationguidance
containedin RegulatoryGuide 1.86, there are no applicableregulations
in the United States. For recycleor reuse of radioactively
contaminatedmaterials,a risk.,managementsystemwould allow
considerationof health risks and costs,and the potentialfor other
effectslike the potentialeffectsof low levelsof radiationfrom
importantindustrialproducts,includingelectronicsequipment.

• Residual RadioactivityCriteriafor_becommi_ioninqof Retired
_o_ia for ReleaseQf Lands and,B.ui.ij_i_q_q_.
Releaseof slightlycontaminatedlandsand buildingsafter
decontaminationand decommissioninghave occurredlargely on a case-by-
case basis. The U.S. Nuc%earRegulatoryCommission(U.S. NRC) is in the
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processof developinga revisedpolicyregardingresidualradioactive
materialsafter decommissioning.The revisedpolicywill use three
levels of screening,from highlygeneric to site-specific,in
determiningrisk-basedreleasecriteria (Kennedyand Peloquin1990).
The DOE establishedguidelinesfor residualsoil radioactivityin DOE
5820.2A(DOE 1988) and a methodologyfor derivingsoil guidelines,the
RESRADcomputerprogram(DOE IgBg). These guidelinesare based on a
radiationdose of 100 mrem/yrplus the applicationof the "as low as
reasonablyachievable"(ALARA)principlefor limitingradiationdose.

• Below ReqqlatoryconcernCriteriafQr Low,LevelRadioac___tj._.e_Waste(LLW)
MBnaaeme_n_.Both the NRC and EPA have publishedbackgroundmaterials
concerningthe establishmentof BRC criteria;however,the approaches
offeredby these agenciesdiffer. The NRC favors settingan individual
dose limit (10 mrem/yr)and a collectivedose criteria (500 person-
r'em/yr)to assurethat the overallpopulationrisks are managed. The
NRC proposal has been abandonedbecauseof unfavorablecomments from the
public and agreementstates. The EPA favors settinga singl,_individual
dose limit of 4 mrem/yr. Both the NRC and EPA draft numbers are within
the range of dose valuessuggestedby the IAEAfor exemptionof
radiationsourcesand practicesfrom regulatorycontrol (IAEA 1988).
This subjectis of potentiallygreat importancebecause,through
appropriatewaste segregation,use of BRC criteriacould help conserve
the limited LLW disposalspace.

• .Non-_Radioac_tiveHa;_ardousMateria.!sCriteria. A slightlydifferent
situationexists for non-radioactivehazardousmaterialsbecauseoF the
role of the EPA under CERCLA and RCRA. NeitherDOE nor NRC has the
authorityto set regulationsfor non-radioactivehazardousmaterials.
However,a clear risk-managementframeworkfor implementingstandards
should includethese non-radioactivehazardousmaterialsbecausedoing
so would help standardizethe processof identifyingwhich regulations
containthe applicable,or relevant,and appropriaterequirementsfor a
particularsite'scleanup.

For cleanupof both radiologicaland hazardousmaterials,it will be necessary
for Federaland State agenciesand membersof the publicto interact. Those
interactionsmay be more credibleif the resultantactionsare seen in an
overallrisk-managementcontext.

The overallneed for the developmentof risk-basedstandardsfor site cleanup
stems from the overallresponsibilityto maintainpublichealth rindsafety for
cleanupand post-cleanupoperations. In this context,the goal is to provide
a technicallycredible,risk-basedframeworkto serve as an "umbrella"of
safetyover operationaland managementdecisions. Developmentof risk-based
standardsshould serve as the basis or startingpoint;however,the processof
risk management,by necessity,includescommunityinvolvement. Cor_nunity
involvement(i.e.,public opinionincludingthose expressedthroughpublic
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reviews,or hearings,and by State agencies)mav ultimatelycontrolmany of
the regulatorydecisionsthat are reached. This is especiallyimportantwhen
site cleanupoperationsare considered. For example,the overallsite cleanup
for DOE is estimatedto cost many tens of billionsof dollarsover the next 20
years. Althoughthe cost estimatesproducedto date vary, in light of the
expectedhigh costs, DOE must developa programof cost reductionwhile
assuringthat public health and safetyare maintained. Known methodsof cost
reductionincludethe use of standardizedproceduresfor site characterization
and cleanup,and applicationof standardizedengineeringtechnology;however,
the identificationand implementationof appropriatestandards,including
communityinvolvement,are essentialto the reductionof costs. Unless
Bccepzablecleanupcriteriaare establishedearly in the process,cost control
will be very difficult.

Discussionof Risk-BasedStandard_

The term "risk"means differentthingsto differentindividuals. Before risk-
based standardscan be promulgated,a consensusmust be obtainedon what
constitutes"risk" for the purposesof the standards. In general,a risk-
based standardrestrictsthe probabilityof occurrenceof an event to some
predeterminedacceptablelevel (or range of levels). However,the standard
can be expressedin a varietyof ways. For example,it could be used to limit
the risk of cancer in individualsto I in 100,000over their lifetime,or the
total incidenceof cancer in a populationto I incidenceof fatal cancer per
year. Althoughthe standardhas risk as its basis, it could also be expressed
in other terms,for examplethe radiationdose in rems that will result in an
individuallifetimerisk of I in 10,000. Agreementon the definitionand
contextof the term "risk" shouldinvolveinter-agencydiscussionsand
communityinteractions.

A risk-basedstandardmight also includethe probabilityof a release
occurringfrom a waste site as part of the standard. For example,the high-
level waste repositorystandardslimitthe maximumreleaserate, as well as
the estimatedhealthrisko This situationmay cause a direct conflictbecause
the same quantityof release in differentenvironmentalsettingswill lead to
differentvaluesof estimatedpub3icrisk.

The developmentof risk-basedstandardsrequiresthe selectionof an agreed
upon target risk level, as shown in Figure2. Figure 2 shows a general flow
chart for the d_velopmentof risk-basedstandardsand includesa "reality
check"to evaluatethe reasonablenessand technicalfeasibilityof
the proposedcriteria. This figure is a simplifiedrepresentationof the
steps necessaryto establishrisk-basedstandards. There are numerous
optionalways to proceedwith each of the identifiedsteps in Figure2. For
example,it is not an easy matterto establishthe risk term of the standard
as indicatedby the currentdebateover the need to establishindividual
and/orcollectivedose standardsfor BRC radioactivewastes. The selectionof
targetrisk values is a complextask becauseit is difficultto get regulatory
and societalagreett,ienton what constitutesan acceptablerisk. One potential
method is to establisha range of risk valuesthat encompassesa generally
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DEFINE RISK
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i
SELECTTARGET
RISK VALUE(S)

1

DEVELOPCLEANUP
CRITERIAAND
GUIDANCE

I

AND TECHNICALFEASIBILITY
OF CRITERIA

PROMULGATESTANDARD;
PUBLISHGUIDANCE

_. Flow Chart for the Developmentof Risk-BasedStandards

agreed-uponrange; however,this may have the disadvantageof relegating
related topics to differentrisk levels. The standarditselfmay be expressed
in terms of dose, contaminantconcentrationlevel,cancer incidence,or other
units that can be convertedto risk only throughmodelingor other secondary
methods• Cleanupcriteriamay specifytechnologicalor engineeringmethods
for decontaminationor cleanup,or may includeperformancestatementsthat
define their effectiveness. Finally,there may not be a clear jurisdictional
authorityfor promulgatingthe standard,as witnessedby the sometimes
redundantroles of Federaland State agencies;thus, some level of review and
cooperationamong all partiesis essential•

_ssqes Relatedto__Implem_ntation

Implementationof risk-basedstandardscan be accomplishedthroughan overall
risk-managementframework• The two major issuesto be addressed,as shown in
Figure I, are resolutionof inter/intraagency issuesand the developmentof
standardizedguidance• Inter/intraagency issuesincludecompatibilitywith

7

z

=I



I •

other regulations,developmentof complianceschedules,and reaching
agreementson appropriateregulatoryactions. The standardizedguidance
shouldestablisha frameworkthat accounts"for the processof weighingpolicy
alternativesand selectingthe most appropriateregulatoryactions. This
frameworkneeds to be based on high-qualitytechnicalinformation,balanced
with communityinteractions,to assure that credibleand defensibleregulatory
actionsare undertaken. The frameworkshouldconsiderengineeringdata and
societal,economic,and politicalconcernsas weil. The elementsof risk
assessmentand risk managementare shown in Figure3 (summarizedfrom National
ResearchCouncil 1983).

P,isk assessmentis only one aspectof the processof regulatorycontrolfor
hazardoussubstances. Risk assessmentincludeshazardidentificationand
establishingdose-responserelationshipsusing researchinformationand data
extrapolations. Althoughthe EPA establishedguidelinesfor determiningthe
hazardof numerous chemicalagents,there will likelybe some chemicals
encounteredduring site cleanupthat will requirefurtherresearchto
determinedose-responserelationships.The relationshipbetweengenericand
site-specificrisk assessmentsusing data from field measurementsis shown in
Figure3 as risk characterization.

Improvementsin risk-assessme,utmethodsand risk-characterizationmethods,and
the establishmentof risk-basedstandards,may not eliminatethe controversy
over risk-managementdecisions;however,such decisionswill be better
supportedthrough documentationof the decisionprocess, lt is importantthat
agencydecisionsand actionsrely on best data fromsite characterization
(i.e.,the use of field measurementsto conductsite-specificexposureand
risk assessments). Regulatorycomplianceand agencydecisionsand actionscan
be coupledto the site characterizationdata throughstatisticalmethods. For
example,at the HanfordSite, the allowableresidualcontaminationlevel
method for decommissioningprovidesa statisticalmethod for determiningthe
"UpperConfldenceLimit"associatedwith site characterizationdata (Napieret
al. 1988). That is, for a selectedcomplianceconfidencelimit (like 90 or
95%} the method helps determinethe amountof samplingdata necessaryto
supportan unrestrictedreleasedecision. This approachhelps assure a direct
link between site-specificdata and the agencydecisionand actions,while
optimizingthe often expensivesite characterizationprocess.

SUMMARY

Becauseof the responsibilityof governmentagenciesand private industryto
maintainpublic healthand safetyfor all cleanupoperations,a major goal of
cleanupshould be to providea technicallycredible,risk-basedframeworkto
serve as an "umbrella"of safetyover'all operations. This frameworkshould
includethe processof weighingpolicy alternativesand selectingthe most
appropriateregulatoryactionusing the resultsof risk assessmentand the
best engineeringdata, while consideringsocial,economicand political
concerns. The use of risk-basedstandardsin a consistentmanner will help
streamlineand supportthe decision-makingprocess. The topics of importance
to be addressedwithin the developmentof risk-basedstandardsinclude: I}
offsiteradiologicalreleasecriteriafor materialsmanagement;
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2) radiologicalcriteriafor the potentialrecycle/reuseof tools,equipment,
and scrap materials;3) residualradioactivitycriteriafor decommissioningof
retiredfacilitiesincludingcriteriafor releaseof lands and buildings;4)
BRC criteriafor LLW management;and 5) non-radioactivehazardousmaterials
criteria• The developmentof consistentrisk-basedstandardsfor these topics
shouldserve as a startingpoint for overallenvironmentalrisk management,
with recognitionthat the final regulatorydecisionsmade for the various

" topicsmay well be driven by communityinvolvementand inter-agency
discussions•
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