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PREFACE

The U.S. Departmentof Energy (DOE) is in the processof completing a

surveyof environmentalproblems,referredto as the EnvironmentalSurvey,at

their facilitiesacrossthe country. The DOE Risk InformationSystem (RIS)

is being used to prioritizethese environmentalproblems identifiedin the

. EnvironmentalSurvey'sfindings.

The RIS is a two-stepprocessfor prioritizingDOE's environmental

• problemsL The first step is to use quantitativeand qualitativemethods to

define scoresfor criteriarela_ed'to human healthand environmentalissues.

In the second step, these scores are used as a basis for an expertpanel to

prioritizethese environmentalproblems.

This reportcontainsa discussionof site-specificpublic health risk

parametersand the rationalefor their inclusionin the RIS. These parame-

ters are based on computedpotentialimpactsobtainedwith theMultimedia

EnvironmentalPollutantAssessment System (MEPAS). MEPAS is a computer-b_sed

methodologyfor evaluatingthe potentialexposuresresultingfrom multimedia

environmentaltransportof hazardousmaterials. MEPAS was developedby the

PacificNorthwestLaboratory(a) for DOE's Office of Environment,Safety,and

Health for applicationto the EnvironmentalSurvey.

This reporthas three relatedobjectives" I) documentthe role of MEPAS

in the RIS framework,2) reportthe resultsof the analysisof alternative

risk parametersthat led to the currentRIS risk parameters,and 3) describe

analysisof uncertaintiesin the risk-relatedparameters.

(a) PacificNorthwestLaboratoryis opera'iedby BattelleMemorialInstitute
for the U.S. Departmentof Energyunder ContractDE-ACO6-76R[O1830.
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SUMMARY ,
,,

The U.S. Departmentof Energy (DOE) is in the process of completinga

survey of environmentalproblemsat its facilities. The surveyeffort is

referred to as the EnvironmentalSurvey,or Survey,and consists.ofa struc-"

tured programof site visits,samplingar.danalysis,and prioritizationof

• environmentalproblems. An environmentalproblemwasdefined in terms of a

potentialhazard to human health or the environment.' The Surveyresultswill

• be containedin an EnvironmentalSurvey SummaryReport.

This reportcontainsthe resultsof an analysisof the health impact

parametersin terms of their use in the Risk InformationSystem (RIS). The

RIS is being used to conductthe Survey'sprioritizat;oneffort.

The environmentalproblems identifiedin the Survey'sfindingsat

36 DOE facilities are being prioritized. The RI3 generatesand uses a series

of scores that are indicatorsof publichealth and environmentalrisks. The

Multimedia EnvironmentalPollutantAssessmentSystem (MEPAS),which is a

multimediaenvironmentaltransportand exposureassessmentmodel, is used to

computehealth impactparameterson a site-specificbasis. These health

impact parametersare used to define publichealth risk scores. A system

based on EnvironmentalProtectionAgency'sHazard RankingSystem (40 CFR 300)

is used to characterizeerjvironmentalimpacts. A RIS expert panel translates

these parametersfor eachranking unit into an overallprioritizationof

environmentalproblems.

As an intermediatestep in conductingthe Survey,DOE prepareda Pre-

liminarySummaryReport for 16 DOE facilitiesdirectly involvedin defense

productionactivities(DOE 1988>. In additionto providingvaluableprelimi-

. nary informationon the environmentalproblemsat t_,esesites, this appli-

cation provideda startingpoint for studyingoptionsfor inputsto the RIS.

In the PreliminarySummaryReport,the prioritizationwas mainly based

I on a single risk parameterrelatedto human health impacts. This MEPAS _
output parameter,the Hazard PotentialIndex (HPl), is a time-weightedmeas-

ure of populationrisk. The HPl representsonly one of many possiblemeas-

ures of-differentaspectsof health impacts. Examplesof othermeasures
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includeimpact for an individual,_impactwithouttime weighting,and time of

significantexposure. The analysisin this report uses the preliminary

prioritizationas a startingpoint to study the implicationsof the use of

HPl and/or other parametersin the prioritizationprocess.

The comparisonof the rankingsof environmentalproblemsusing HPl and

Other health impact parametersdemonstratesthe complexityof using these

parameters as rankingcriteria. Some parametersappear to behighly corre-

lated, and little informationis gained by using more than one of these

parameters. However, in some cases the parametersprovideenough suffi-

cientlydifferent informationthat the inclusionof both is desirable. The

results.showthat the time weightingfactorused to progressivelydiscount

futureimpacts is importantwhengenerating a rankingparameter. For

example,the time-weightedHPl value,as comparedto the non-weightedHPl,

greatly increasesthe relativeimportanceof currentimpacts.

Analysis shows that importantinformationregardingimpactsmay be lost

'ifa single parameteris used to rank the impactsof environmentalproblems.

Instead,a Series of parametersare requiredto characterizeeach environ-

mental problem.

The design of the RIS reflectsthe resultsof this analysis. RIS con-

sidersmultiple aspectsof potentialhealth impactsincludingpopulation,

and individualexposuresas wellas time of impacts. For averagepopulation

risks, in additionto the time-discountedsinglecontaminantscore based on

the HPl, scores are generatedfor each rankingunit based on an undiscounted

HPl, multiple contaminantHPl, and undiscountedmultiplecontaminantHPl.

For maxi_um individualrisks,two scores are used based on actual and hypo-

thetical receptor impacts. A healtheffect categorydefinesthe type of

effects associatedwith the risk, andthe time of arrivalgives information

on the immediacyof impacts.

The uncertaintyin the rankingparametersis characterizedin RIS in two

ways. First,a baselinevariabilityscore is derivedbased on the sensitiv-

ity of the HPlto variationsin the input parameters. Second,a score is

providedthat reflectsthe data quality categoryfor input parameters.
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, 1.0 INTRODUCTION

The U,S. D6partmentof Energy'(DOE)is in the processof completinga

survey of environmentalproblemsat 36 DOE sites. The DOE Environmental

Survey,hereafterreferredto as the Survey,involvesidentifyingrinspec-

ting, sampling,and reportingactivitiesaimed at characterizatingDOEIs

environmentalproblems. The environmentalproblems identifiedin the Survey

findings,arebeing priorit!zedrelativeto their potentialfor affecting

• public healthand'the environment. These Survey resultswiil be'presentedin

a 'FinalEnvironmentalSurvey SummaryReport,hereafterreferredto as the

finalSummary Report.

As part the Survey effort,computer simulationswere made to'estimate

the risks posed to human.populationsas a result of the identifiedenviron-

mental problems. The MultimediaEnvironmental.PollutantAssessmentSystem

(MEPAS)was developedfor the purposeof providinga singleconsistenttool

for conductingthese simulations.

The overallsystem being used by the Survey to prioritizethe findings

is referredto as the Risk InformationSystem (RIS). The RIS incorporates

both human healthand environmentalconcerns. MEPAS is the componentof the

RIS for computinghealth impactparametersthat are used to characterize

human healthrisks. The proposedrevisedHazard RankingSystem (HRS.)devel-

oped by the U.S. EnvironmentalProtectionAgency (EPA) (40 CFR 300) is used

to characterizeenvironmentalimpacts. This chapterdescribesthe scope of

the Survey,the preliminaryprioritizationeffort,and the objectivesof

this report.

1.1 ENVIRONMENTAL.SURVEY.

The EnvironmentalSurvey,being conductedby the DOE's Office of

Environment,Safety,and Health,consistsof identifyingand prioritizing,on

an agency-widebasis,the DOE sites that potentially.poserisks to public

health and the environment. The resultsof the Survey will provideDOE

managementwith baselineinformationon each environmentalproblem;this
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informationcan be used to develop uniform,comprehensive,long-rangeplans

for reducing,potentialpublic health and environmentalrisks posed by the
,,

identifiedproblem_.

In the Surveyefforts,an environmentalproblemis definedas either of

the following(DOE 1988):

I., the existenceof pollutantsor hazardousmaterial in the air, sur-
face water.,groundwater,or soil that resultsfrom DOE operations
and that.posesor may pose a hazardto human healthor the
environment

, ,

2. the existenceof conditionsat a DOE site that poses or maypose a
Lhazardto human health or the environment.

In general,environmentalproblems resultwhen the amountof a hazardous

material exceedsfederal,state,or local regulationsfor releaseof, con-

taminationby, or exposureto that particularmaterial or when operating

conditionsviolateregulationsor requirements. Conditionsthat meet regu-

latory or other requirements,wheresuch do exist, are generallyconsidered

not to constitutea potentialhazard and are not identifiedas an environ-

mental problem in the Survey. Environmentalproblemsmay also result when a
J

nonregulatedmaterialis present at a concentrationthat resultsin suffi-

cientpotential hazard to the local human populationor environment.

Figure 1.1 shows the progressionof effortsassociatedwith the Survey

and how this report fits in thatprogression;only major Surveyeffortsand

productcategoriesare shown. The first major Survey activityincludeda

review of all existingenvironmentalinformationconcerningthe 36 DOE sites,

followedby site visits of I to 3 weeks by DOE Survey Teams. Duringthe site

visits,team membersreviewedadditionaldocumentspertainingto currentand

past site operationsand environmentalstatus,inspectedfacilitiesand

operations,interviewedpersonnel,and observedenvironmentalsamplingand

monitoring. Followingthe site visits, preliminaryreportscontainingthe

initialSurvey findings (i.e.,known and potentialenvironmentalproblems)

were prepared=for each site.

On completionof the initialsite visit,limited samplingand analyses

were conductedto confirmthe existenceof contaminationand to provide

additionalinformationconcerningthe nature of environmentalproblems. In

I2
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FIGURE 1.1. Relationshipof this ReportwithMajor EnvironmentalSurvey
Effortsand Reports. (Surveyeffortsare enclosedwith a
singleline and survey reportproductswith a double line.)
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addition,DoE managementat each of the sites reviewedthe.preliminary

report for each site and providedcomments,referredto as TechnicalAccuracy

Review Comments (TARC).

As an intermediatestep (shownon the right side of Figure 1.1), the

i Survey_prepareda preliminaryassessmentfor a subsetof the DOE sites. Thei
I preliminaryassessmentconsideredenvironmentalproblemsbased on the find-

I it.gsreportedin the Survey'spreliminaryreportsfor each of DOE's 16

i defenseproduction(DP) sites. That effort provideda test.of the prioriti-
w

zation system and a preliminarydefinitionand prioritizationof environ-

mental problemsfor the DP sites. The prioritizationof these environmental

problems inthe PreliminarySummaryReport (DOE 1988) reliedmainly on out-

puts from MEPAS. Additionaldetail on the preliminaryassessmenteffort is

given below as backgroundfor the analysiso'_health impactparameters.

The activitiesassociatedwith the applicatior_of the RIS are shown as

enclosed in a box in the lower portionof Figure 1.1. The Survey initially

used MEPAS to model the environmentalproblemsfor the 36 sites. The

environmentalproblemsat DOE sites identifiedin the Surveyfindingswere

grouped intoranking units. The rankingunits were based on existing or

suspectedcontaminationor situationsthat could result in future risks.

The SurveyTeams revisitedthe sites in 1989 to identifyand obtain more

up-to.-datedata and to updatethe preliminaryfindings. As a result oY:these

revisits,referredto as the Data Accuracy Review (DAR),a number of earlier

findingswere modified and otherswere closed (i.e.,the identifiedproblem

hao been corrected). In addition,a significantamountof new information

. concerningthe findingswas providedto and evaluatedby the Survey.

The updatedfindingsfor the 36 sites were remodeledas appropriate

using MEPAS. These modeling effortsincorporaterevisedinformationfrom

the originalsites visits,as updatedby the samplingand analysisprogram,

the TARC, and the DAR.

The MEPAS outputswere used in the RIS judgmentalor integrationphase

where 'therelative significanceof each criterionwas consideredand an over-

all rankingof the environmentalproblemswas developed. Approximately400

ranking units,covering the 36 sites, were rankedusing the RIS.

: 1.4
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This overallrankinggeneratedin the RIS applicationwill form the

basis of the final SummaryReport (Figure1.1).

1.2 PRELIMINARYPRIORITIZATIONEFFORT

As part of the evaluationof the preliminaryprioritizationeffort,the

interrelationshipsof risk and risk-relatedinput parameterswere analyzed.

' The preliminaryprioritizationof DOE's Survey findingsat 16 DP sites (DOE

1988) encompasseda varietyof environmentalproblems and issuesfor facili-

• ties locatedacross the UnitedStates. Within these 16 DOE DP sites (listed

in Table 1.1), 208 rankingunits encompassinghundredsof differentenviron-. ,

mental problemswere identifiedby the DOE Survey Teams. A total of 393

differentconstituentswere identifiedfor the Survey;this includedradio-

nuclides,carcinogenicchemicals,and noncarcinogenicchemicals. These

environmentalproblemsin the analysisfor the PreliminarySummaryReport

encompassedover 500 d_ifferenttransportand exposurescenarios.

The environmentalproblemsand contaminantsdescribedin the Preliminary

SummaryReport variedgreatlyacross the sites. Some of the common environ-

mental problems includedthose associatedwith active and inactivelandfills,

sedimentand evaporationponds, above ground and undergroundstoragetanks,

contaminatedsoils from spillsand leaks, injectionwells, stack and vent

releases(plannedand unplanned),tank .farms,leach pits, and drum storage

areas.

In the PreliminarySummaryReport,the largestMEPAS Hazard Potential

Index or HPl value for a constituentat each rankingunit was used to gene-

rate a score for that environmentalproblem. Recognizingthe lack of

precisioninherentin the HPl, these scores.forrankingunits were reported

in groups from 0 to 10. These groups were then divided into five levelsw

whose significanceis explainedin Table 1.2.

• The modelingapplicationexperiencein this preliminaryrankingeffort'

resultedin a number of changesand enhancementsin MEPAS (Droppoet al.

1989c). New release,transport,and exposurecomponentswere added, and

existingcomponentswere improved Also, in additionto this output,MEPAS

i.5
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TABLE 1.1. Name and Locationof DOE DefenseProductionSites
Includedin the PreliminarySummaryReport

Site Name ' Location

Feed MaterialsProductionCenter Fernald,Ohio
Hanford Site Richland,Washington
Idaho National EngineeringLaboratory Idaho Falls, Idaho
Kansas City Plant Kansas City, Missouri
LawrenceLivermoreNationalLaboratory Livermore,California .

. Los Alamos NationalLaboratory Los Alamos, New Mexico
i

j Mound Facility Miamisburg,Ohio
Nevada Test Site Nye County, Nevada ,
Pantex Facility ' Amarillo.Texas
pinellasPlant Largo, Florida
PortsmouthUraniumEnrichmentComplex Piketon,Ohio
Rocky Flats Plant Golden,Colorado
Sandia NationalLaboratory Albuquerque,New Mexico
Sandia NationalLaboratory,Livermore Livermore,Ca]ifornia
Savannah River Plant Aiken, South Carolina
Y-12 Plant Oak Ridge,Tennessee

)rovides(or was modifiedto provide)a seriesof intermediateand final

output productsto give a more detaileddefinitionof variousaspectsof

potential risk. The completionof this preliminaryeffort provideda DOE-

specificdatabasefor the analysisof MEPAS risk-relatedoutputparameters.

1.3 SCOPE AND ORGANIZATIONOF THIS REPORT

The objectivesof this report are to documentthe role of MEPAS in the

RIS and discuss the human health impact parametersused in RIS. The role of

MEPAS is describedin Sections2.0 and 3.0. Section2.0 containsan overview

of the RIS with the rationalefor its development. SectiOn3.0 containsan

overview of MEPAS as the methodologyused to computehealth impactparame-

ters. In Section4 O, a varietyof health impactparameters_computedby

MEPAS are evaluatedfor inclusionin the prioritizationprocess. Finally,

in Section 5.0, applicationuncertaintyissuesare discussed.
t
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TABLE 1.2. DOE Scoringof HazardSignificanceof HPl Groups(a)

Level Group(b) PotentialHazard Siqnificance(c)

I 10 These groups includethe environmentalproblemsof
9 most concern in terms of the potentialhazard to the
8 public. The scores are based on the sizes of the

potentialreceptorpopulationsand the toxicityand
concentrationof the contaminants.

W
i

II 7 These groups includeenvironmentalproblemsthat
6 representa secondarylevel of concernin terms of

• potentialhazardto the public The scores for these
groups are generallydriven by large receptor
populationswith moderateconcentrations and/or
toxicityof contaminants. However,a few problemsin
these groups includesmall receptorpopulationswith
high toxicityor concentrations.

III 5 These groups includeenvironmentalproblemsthat
4 presenta tertiarylevel of concernin terms of

potentialhazardto the public. Scoresfor these
groups are generallya resultof small receptor
populations,low doses, or Iow-toxicitycontaminants.

IV 3 These groups includeenvironmentalproblemsthat are
2 characterizedas generallyreachingreceptorsat
I levelswell below those used in regulatorydecisions.

V 0 This group includesenvironmentalproblemsthat are
not projectedto reach receptors,

(a) Table was taken from DOE(1988).
(b) An HPl group is defined in terms of a HPl range. The "0" group

represents ranking units with a HPl less than or equal to zero.
Ten point ranges are used for all other groups in impacts:
Group "I" occurs for ranking units with HPIs greater than zero
and less Or equal to I0, Group "2" occurs for ranking units with
HPIs greater than 10 and less or equal to 20, etc. Each ten
points in HPl corresponds to an order of magnitude change in

, computed impacts.
(c) Significanceis based on the size of the potentialreceptor

populationmost frequentlyencountered.

i

i
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2.0 RISK INFORMATIONSYSTEM

The DOE's RIS is a methodologyfor organizinginformationon various

aspectsof public health and environmentalrisks potentiallyposed by

environmentalproblems at DOE sites and for prioritizingthose problemsbased

on these potentialrisks. The RIS rankingmethodology,developedfor appli-

• cation to the problemsidentifiedin Survey findings,evolvedbased on

internaland externalreviewers'commentson the rankingmethodologyused in

• the PreliminarySummaryReport,

In additionto being the rankingmethodologyfor the environmental

problemsthat will be presentedin the final SummaryReport,the RIS is

designedas a possibleprototypeof the method by which risk to public health

and environmentcan be integratedinto DOE clean-upplans. The DOE currently

anticipatesconductingexternaland internalreviewsof the final Summary

Reportand the methodologyunderlyingthe RIS. These technicalreviewsof

the RIS, includingthe underlyingrisk-basedmodeling (MEPAS),are plannedto

be undertakenby the NationalAcademyof Sciencesand DOE laboratories. The

DOE also plans to have a formal publicreview of'the RIS (andMEPAS)

methodologies.

2.1 OVERVIEWOF THE RIS

As illustratedin Figure 2.1, the RIS consistsof two distinctsequen-

tial phases. First, the mechanisticphase providesquantitativeand

qualitativeinformationrelatedto public health risk and risk to the

environment. Second,the judgmentalphase(a),during which the information

gatheredor generateddurinc,the mechanisticphase is integratedto establish

a rankingof the variousenvironmentalproblems.

In the mechanisticphase, informationdescribingvariousaspectsof the

risk potentiallyposed by each of the problemsis compiled. PublichealthB

criteria (expressedin terms of scores)are based on risk outputsfrom

simulationsusing the MEPAS methodology. The use of ths pathway-based

(a) Also referredto as the "integrationphase."

2.1
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DOE RISK INFORMATIONSYSI'EM(RIS)

, ,

MechanisticPhase JudgmentalPhase (11._egrationPhase)

SCORES FOR
PUBLIC HEALTH CRITERIA _-

Site and regional WEIGHTSFOR
information/dataused EACH CRITERIA
to generate information
on variousaspectsof Relative
risk using MEPAS -->- significance

-->-of each criteria

weightedby
SCORES FOR ENVIRONMENTAL expert panel GENERATERANKINGS
DEGRADATIONCRITERIA _,",' ........

Weightsapplied
Scored using HRS I. , >- to scoresto rank
conceptsof sensitive problems
environment

FIGURE 2.1. Elementsof DOE's Risk InformationSystem

computationalapproachfor generatingpublic healthcriteria inputsallows

DOE to take advantageof the monitoringand exposuredata availableat most

major DOE sites. Environmentaldegradationcriteria are generatedusing a

qualitativeapproachbased on the sensitivee_ivironmentconceptwithin the

proposed revisedHRS developedby 'theEPA (40 CFR 300). This qualitative

approachallows scoresfor the environmentaldegradationcriteriato be

deve'lopedbased on the limited informationavailable.

Data and assumptionsused in the mechanisticphase are reviewedwith

each DOE site, The informationderivedfrom MEPAS and from environmental

degradation,scoringdescribesvariousaspectsof risks to publichealth and
t

the environment. The output from this mechanisticphase is not a single

score, but rather a set of scores describingvariousaspectsof the risks

posed by each rankingunit.

2.2
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These scores from the mechanisticphase will be integratedinto a rank-

ing during the judgmentalphase by a panel of DOE environmentalofficials.

This panel will evaluatethe variousaspectsof risk (e.g.,risk to indivi-

duals, risks to population)and assignweightsto developan integrated

ranking. The resultswill be agency-wide,integrated,risk-basedranklngs

and rationalefor weights for the factorsused in the ranking.

In the RIS, the data analysisactivityof the mechanisticphase Was

designedto be separatefrom the prioritizationactivityin t_ieintegration

phase. This separationhelps prevent policydecisionsfrom obscuringthe

analysesthat take place in 'themechanisticphase. For example,in the

mechanisticphase, Severalhuman health criteriawill be developedincluding

maximallyexposed individualrisk and generalpopulationrisk. The genera-

tion of risk criteriais independentof the subjectiveand policy decisions

in the integrationphasewhere these risk criteriamay be used to derive the

final rankings.

2.2 MECHANISTICPHASE

The RIS definesenvironmentalproblemsat each site in terms of poten-

tial human health and environmentalrisks from rankingunits. In the

mechanisticphase, each of these rankingunits is characterizedbased on

13 rankingcriteria - 10 public healthrisks and 3 environmentalrisks.

• These criteria includeboth quantitativeand qualitativeinformationfor

potentialhuman health and environmentalrisks.

. 2.2.1 _Public Health Risk Scores

In the mechanistic phase_ 10 risk and related parameters contained in

the MEPASoutput are compiled for each ranking unit. This is in contrast to

' the approachused in the PreliminarySummaryReport,where the HPl, a MEPAS

output parameter (Whelanet al. 1987),served as the primaryranking

, parameter.

Both population and individual impact scores are used in the RIS. These

scores are based on potential impacts computed using MEPASfor a time period

from the present out to 100 lifetimes (7000 years) in the future.
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, The RIS includesmeasuresof potentialpopulationimpactswith and
I

I withouttime weighting. These HPIs use the risk computedfor a single con-
i
I taminantas being representativeof the problem These HPIs are supplemented

with HPl parametersbased on total risk from multiplecontaminantsto provide

a fullercharacterization.Thus, the four populationimpactparametersused

in RIS are
¢

• Single ContaminantPopulationRisk - Discounted A compositepopu-
lation risk score that referredto as the HPl in this report is

' computedfor each constituent, l'hisindex is based on the time- ,
weighted total populationrisk resultingfrom exposureto a parti-

: cular contaminant. The time weightinginvolvesan exponential
. discountingof the magnitudeof future impacts. The constituent

with the largestHPl value is used to define the HPl score for
each rankingunit.

• Single ContaminantpopulationRisk - Undiscounted Identicalto the
HPl except the health impactsto future generationsare not dis-
counted. This index is referredto as the undiscountedHPl in
this report.The lack of discountingmakes the time period length
more importantfor the undiscountedHPl than for the HPl.

• MultipleContaminantPo_opulationRisk - Discounted.A composite
score referredto as the combinedcontaminantHPl that is similar
to the HPl except the time-weightedpopulationrisks for all con-
stituentsare added before convertingthe risk to an HPl score.

• MultipleContaminantPopulationRisk - Undiscounted Same as com-
bined contaminantHPl exceptthe impactsto futuregenerationsare
not discounted.

The three measuresof potentialindividualimpactfrom MEPAS revolve

around the questionof locationsof currentand future receptors. These

measuresof individualimpactare

• Maximum IndividualRisk to ModeledRecept.or- An estimateof the
highestpotentialindividualrisk projectedto the receptors
modeled based on currentreceptorlocations. As unweightedrisk,
this informationprovidesan indicationof the potentialcurrent
risk to an individual.

• HvpotheticalMaximumI_ndividualR,isk at Site Boundary- An estimate
of the potentialrisk posed by contaminationconcentrationscom-
puted at the site boundaries. This value representsa worst-case
future risk presumingaccessrestrictionsare maintainedfor
onsite activities. This componentrepresentsDOE's current
radiationmanagementapproach
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In additionto the above informationfrom MEPAS outputs,three factors

will provideadditionalimportantrisk information. Addressingthe type, the

time, and the uncertaintyof impacts,these factorsare

• .HealthEffect Cateqory- A parameterthat indicatesthe health
effect category [carcinogen(bothradionuclideand chemical),or
noncarcinogen]that contributesthe greatestfractionof risk to
the constituentof interest.

%

• Time of Arrival - The time at which an individualrisk at a recep-
tor reachesa designated'levelof risk for _hat material. For

. carcinogens,a designatedrisk61eve110of 10_I, representingone-tenth of the commonlyused " actionrisk level is used. For
noncarcinogens,the level is one-tenthof the referencedose. If
the designatedrisk level is not exceeded,time of arrivaldefaults
to the time that the maximum individualrisk occurs.J

• Qualitative Uncertainty- An assessmentof'the uncertaintyassoci-
ated with the modelingof public health risks. The assessmentis
based on a combinationof 'thebase-casevariabilityfor a well.-
characterizedsite reportedin a sensitivitystudy (Doctoret al.
1990) and Survey informationon uncertaintyrelatedto the sources
of inputdata.

Finally,a measureof potentialfuture impact for a personat the worst

possiblelocationis providedas an indicatorfor the loss of institutional

control:

• Loss of InstitutionalControl-The significanceof potentialcon-
taminationassumingfut--u-reloss of institutionalcontrolover the
site. This parameterdescribesthe fractionof the initialrisk
from ingestionof contaminantswhich remainswithin site soils one
hundredyears from the present_the time when institutionalcontrol
is assumedto be relinquished.

For input to the RIS judgmentalphase, these parametersare convertedto

scoresrepresentingspecificlevelsof impact. With the exceptionof Hypo-

theticalMaximum IndividualRisk and the Loss of InstitutionalControl,the
w

basis for the choosingof all the publichealth parametersincludedin the

RIS analysisis presentedin Section4.0 of this report. The basis for

' choosingthe qualitativeuncertaintyfactorsis discussedinSection 5.0.
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2.2.2__EnvironmentalDeqradationS.cores

For environmentaldegradation,the RIS focuseson potentialharm to

"sensitiveenvironments,",as identifiedby EPA in the proposedrevisedHRS

(40 CFR 300). The RIS relies on the judgmentof SurveyTeams -- expertswith

direct knowledgeof the sites -- to evaluatethe three environmentaldegrada-

tion criteria: I) the type of sensitiveenvironmentaffected,2) the

likelihoodthat contaminantswill reach that environment,3) and the time of '

contaminantarrival. In this subjectiveprocess,expertsmake broad but

importantdistinctionsbased on all available'Information.The methoddoes

not includeany measureof severityor possibleconsequencesof potential

exposure at sensitiveenvironmentsbecause,ofa lack of sufficient

scientific informationto categorizethese consequences.

2.3 JUDGMENTALPHASE

In the judgmentalphase, the scores from each criteriafrom the mecha-

nistic phase are used as a basis for rankingthe environmentalproblems. Ani

expert panel definesweights for the differentcriteria reflectingpublic

health and environmentalrisks. A revisedAnalyticalHierarchyProcess(AHP)

is used in the RIS to derive these weights. The applicationof AHP in the

RIS judgmentalphase is based on an adaptionof EPA's Risk Based Decision

Making (RBDM)project(EPA 1989a).

Prioritysetting,either formal or informal,has always been a component

of most decision-makingprocesses. Generally,decision makers have been

forced to use availableinformationto set prioritiesin an informalmanner.

This sort of systemworked well when only a small number of sites was

involved. However,as the number of sites increases,the decisionmaker is

not able to make such evaluationswith the same level of confidence. With a

large number of sites,the decisionmaker will be unableto make consistent

comparisonsamong sitesbecause of the extent of the informationthat must be

integratedand the range of criteriathat must be weighted for each site.

The judgmentalphase of the RIS is intendedto addressthis problem.

The expertiseof the panel is incorporateddirectlyinto the prioritizing

process. Furthermore,the method of assigningweightsto the ranking
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cri'teriaformalizesthe decisionmakers' informalrankingprocess,allowing

the corsistentapplicationof experiencein ranking releasesites.

The design of the RIS judgmentalphase explicitlyacknowledgesthat

human judgment is an integralelementof any rankingsystem. For instance,
,

the panel may decide that a large immediaterisk to a relativelysmall popu-

lation should be rankedhigherthan a smallerriskto a much largerpopula-

tion. The use of expert judgmentsprovidesa logical,experience-based

method to make such decisions. The RIS, however,makes these underlying

judgmentsclear both to those makir,gand those reviewingthe rankings. The

RIS presents informationfrom all factorsand requiresthe panelto

explicitlydecide on the relativeweightsfor each factor,thus formalizing

'thedecisionmakers_ informalrankingsystem and facilitatinga consistent

approachto the rankingof numeroussites. The RIS, however,does not impose

consistency;it only ensuresthat the decisionmakers are aware of any

inconsistencies,therebyallowingthem to either adjust the weightsor

justify the apparentinconsistency.
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3.0 .MULTIMEDIAENVIRONMENTALPOLLUTANTASSESSMENTSYSTEM

All the public health scores used 'inthe RIS are derivedfrom, or rel_,:,_,_

to, MEPAS output parameters. Hence,to understandthes6 PUblichealth sc_,,;e

used in RIS, a knowledgeis needed of the processused to computethese out-

put parameters.

This sectionprovidesa brief descriptionof the MEPAS methodology. The

objectiveof this sectionis to presentthe reader with sufficientdetailto

" understandthe overallprocess by which health impactparametersare computed

using MEPAS. More detaileddescriptionsof the MEPAS formulationsare given

in Droppo et al. (1989c),and Whelanet al. (1987). The detailedguidance

used in applyingMEPAS in the Survey is given in Droppo et al. (1989a,

1989b).

3. I BACKGROUND

MEPAS,which is an enhanced version of the Remedial Action Priority

System (RAPS) (Whelan et al. 1987), is a multimedia environmental assessment

system that starts with contaminant releases and simulates the movement of

contaminants though major transport pathways to humanexposure routes. MEPAS

provides estimates of human health impacts though airborne, waterborne, and

direct exposure routes. Model outputs include environmental concentrations,

health 'impact parameters, and related parameters.

MEPASis based on mathematical algorithms that simulate contaminant

release to the environment and transport through environmental media to

receptor locations. Using the computed environmental concentrations at the

receptor locations, exposures and resultant health impacts are computed. The

• mathematical algorithms in MEPASare based on standard approaches for model-

ing releases, transport and dispersion_ and health impacts in atmospheric,

, groundwater, surface water, and overland transport media Inhalation,

ingestion, direct contact, and direct exposure pathways are included in the

health impact component. The interaction and coupling between the transport

pathways and the exposure assessment component of MEPASare illustrated in

Figure 3.1.
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_To reducethe numberof _requiredinputsand standardizethe values used

for certainnon-site-specificparameters,a MEPAS constituentdatabasewas

developed(Strenge and Peterson1989). This MEPAS databasecontainstoxicity

data, _transferfactors,chemicaland physiralconstants,and other relevant

constituentdata.

_ For additionalinformationon MEPAS components,refer to Droppo et al.

(1989c),Whelan et al. (1986),and Whelan et al. (1987),and for implementa', ,

tion informationrefer to Buck et al (1989)and Droppoet al. (1989a,1989b,

1989c).

3.2 HUMAN HEALTH IMPACTS

The human health impactsare computedby MEPAS and expressedin terms of

risk factors. For applicationsof MEPAS, environmentalproblems are expres-

sed in terms of.rankingunits. The overall operation,referredto as a

facility,may have any r_umberof rankingunits. Each rankingunit may have

multiple releases to one, or more, transportmedia. Each release_hasan

associatedtransportand exposurescenariofor computationof potentialhuman

health impacts.

3.2.1. Constituer,ts and AssociatedPotentialImpacts

MEPAS considersthree types of constituentimpacts" radioactivecar-.

cinogenic,chemicalcarcinogenic,and noncarcinogenicconstituents. In

MEPAS, a risk factor is one of the factorsusedin computingthe potential

impacts (Whelanet al. 1987). A risk factorcharacterizesthe pertinent

constituenttoxicitypropertiesfor each pathway,populationgroup, and

exposuretime.

The computationof risk factorsuses regulatorylevelsbased on protec-

tion of publichealth from harmfulexposuresto a constituent. Carcinogenic

risk factors are based on increasedcancer incidences. Noncarcinogenicrisk

factors are based on acceptabledaily intakesfor the chemicalsof concern

based on EPA guidance.

The risk factor for carcinogeniceffectsfrom radionuclidesis calcu-

lated assuminglow-levelexposureover the lifetimeof an individualand is

3.3
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equal _to the_.productof the computedindividuallifetimedose and the health

effectsconversionfactor. The dose factorsarebased on dosimetryof ICRP_

_(1979-.1982). The healtheffectsconversionfactor,expressedas risk per

unitldose,wasthe value derivedby Buhl and Hansen (1984)from NAS (1980).

Chemicalcarcinogenicrisk factorsare definedfor inge:_tionand inhala-

tion exposureroutes estimatedfrom cancer potencyfactors(pl,imarilydevel-
4

oped by the EPA). These cancer potencyfactorsrelatethe daily intakeper

unit body mass averaged over an individual'slifetimeto the risk of
, o.

developing cancer.

For noncarcinogenicimpacts,EPA (1989b)definesthe chronic reference

dose (RfD)as an estimate "of an exposurelevel for the human population,

includingSensitive subpopulations,that is likelyto be without an appre-

ciable risk of deleteriouseffectslduringa lifetime." The EPA includesin

their definitionthe fact thatthe uncertaintiesof the RfD span perhapsan

order of magnitudeor greater. The MEPAS risk factorsfor noncarcinogenic

impacts,which are based on the RfD levels as establishedby the EPA for

intakevia inhalationand ingestion,are the ratio of the estimateddose

dividedby the RfD.

Although normallyone type of impact is associatedwith a constituent,a

constituentcan have differenttypes of impacts. A few constituentsare

carcinogenicfor one exposureroute and noncarcinogenicfor anotherexposure

route. Constituentsalso may be of concernboth as a result of their radio-

active and chemical properties.

Risk factorsare computedusing informationin the MEPAS constituent

database. Strengeand Peterson(1989)documentthe sourceof each data

value. The toxicitydata are based on EPA valueswheneverpossiblewith

other referencesand estimationmethods used only to supplementEPAdata.

3.2.2 EnvironmentalReleases

Each of the four primarytransportpathwaysconsideredby MEPAS (ground-

water, surfacewater, overland,and atmospheric)has severalassociated

environmentalreleasetypes. Detailed informationon these releasetypes may

be found in Droppo et al. (1989a). For the groundwater,surfacewater, and
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overland pathways,the releasetypes are precipitation-drivenreleaserate,

known contaminantreleaserate, or knownwater concentrationat the receptor.

The.atmospherictransportpathwayin MEPAS has three major release

types" I) stack/ventreleases,2) suspensionof contaminatedsoil, and

3) gaseous releasesthroughvolatilization. The stack/ventis treatedas a

point sourceand the latter two releasesas area sources. Stack/vent

releasesare eithermodeledwith knownemission rates or environmentalair

concentrations. Suspensionand volatilizationhave three differentrelease

' types: I) known emission rate, 2) emissionrate internallycomputedby MEPAS

based on releaseand site characteristics,and 3) known environmentalair

concentrations..Forboth point and area sources,the known environmentalair

concentrationsare used to back-calculatean emissionrate. '

3.2.3 Transportand ExposureScenarios

The transportscenariosdesignatehow thecontaminant may move through

the environment, Table 3.1 showsthe transport scenarioscurrentlyincluded

in MEPAS. Multiplelayers may be definedin the partiallysaturatedzone

(vadosezone). Direct leachingto a saturatedzone is also possible. The

outputsof the waterbornetransportcomponentincludea time series of con-

taminantfluxesor concentrationsin each of the modeledmedia along with

separatelistingsof initialcontaminantarrivaltime, time of peak concen-

tration,and peak concentrationvalue for each constituent. The outputs of

the airbornecomponentincludelong-termaverage air concentrationand depo-

sition patternsas a functionof distanceand directionfrom the ranking

unit.

The exposurescenariosdesignatethe exposure routesand receptorsfor

computinghealth impact parameters. Exposurescenariosevaluatedby MEPAS

" are listed in Table 3.2. In these scenarios,populationsat the receptors

can be exposedto contaminationvia inhalation,ingestion,directcontact,

• and externalexposure. The exposureanalysisis based on 70-yearincrements.

Airborne exposuresare computedonly for the first 70-.yearperiod. For the

waterbornetransportcomponentof MEPAS,the exposureanalysisis conducted

3.5
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TABLE 3.1. MEPAS TransportPathwaysand TransportScenarios

GaSeousor particulateemissionsto air from rankingunits that have
uncontaminatedsurfacesoil or nonsoil-typereleases:

Ranking unit -+Air/Surfacesoil(a)
Ranking unit -+Air-+Surfacesoil,-+,Air,/Surfacesoil(a)(b)
Ranking unit -+Air-+Surfacesoil_a){D) -+Groundwater
Ranking unit -,Air -+Surfacesoil(a)(b)-+ -+b Groundwater Surfacewater
Ranking unit -+Air-+Surfacesoil(a)() -+Overland-+Surfacewater
Air as a source(c) J

Gaseousor particulatecontaminantsin the sur_fac.e,soil with emissionsfrom
I) landfills,to the atmosphericor overlandenvironments,or 2 nonlandfill,
to the groundwaterenvironment(SS = surfacesoil)"

Surface soil -,Air/Surface,_gil(d)
Surface soil _.Groundwater_U]
Surface soil _ Groundwater-+Surfacewai_T(d)

_+ -+ ._u]Surface soil Overland Surfacewater

Releases to groundwaterfrom rankingunits, includinglandfills
(GW = groundwater)"

Ranking unit -+Groundwater
Rankingunit -+Groundwater-+Surfacewater
Groundwateras a source(C)

Startswith releasesto surfacewater (SW = surfacewater)"

Rankingunit _ Surfacewater
Surfacewater as a source(c)
Surfacewater as a source-_Air(a)
Surfacewater as a source-,Air -+Surfacesoil(a)

A direct exposure to contaminantsat receptor(DE : direct exposure)"

Direct soil ingestionat receptor
Measuredfood concentrationsat receptor
Measured radiationdoses at receptor

(a) This transportscenariocurrentlyinvolvesa two-stepmodelingprocess.
Eventually,this two-stepprocesswill be internallyhandledby the model.

(b) The second surfacesoil locationis the resultof atmosphericdepositionof
materials transportedfrom the first surfacesoil location.

(c) The source is characterizedby measuredenvironmentalconcentrationsthat
take precedenceover any modelingeffort and that are used in the exposure
and health effectsassessment.

(d) Measuredcontaminantconcentrationsare availableto computeemissions
(gaseousand particulate)from contaminatedsurfacesoils.
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TABLE 3.2. MEPAS ExposurePathwaysand ExposureScenarios

Exposureto contaminatedair:

Air/Surfacesoil -+Inhalation,Externalexposure(a),
and/or Soil ingestion

Air/Surface soil_ Crops -+Ingestion
Air/Surfacesoil-+Crops.+Animals-+Ingestion

Exposure to contaminated groundwater'

Groundwater -+Ingestion
Groundwater-+Bathing.+Ingestion/Inhalation
Groundwater-+Irrigation.+Crops ,_Animals-,.Ingestion
Groundwater-+Animals.+Ingestion

Exposure to contaminated-',rfacewater:
, .

: Surfacewater .+Ingestion
Surfacewater -+Fish/Shellfish-+Ingestion
Surfacewater .+Irrigation.+Crops -+Ingestion
Surfacewater .+Irrigation-+Crops.+Animals.+Ingestion
Surfacewater -+Animals.+Ingestion
Surfacewater-+Bathing.+Ingestion
Surfacewater -+Recreation-+Externalexposure(a)
Surfacewater -+Recreation-+Ingestion

Direct exposure to contaminants.

Direct ingestion of surface soil
Measured food concentratioDs
Measured radiation dosesta)

(a) For radionuclidesonly.

for one transportpathway,one receptor,and one 70-yearperiod at a time.

, The required 70-yearaverageconcentrationsare computedfrom the time series

generatedby the waterbornetransport component._
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3.2.4 HazardPQ.tentialIndex_PI_l

The HPl is an index that reflectslong-termaveragepopulation,impacts

and containsan option for discountingimpactsthat do not occur in the next

70 years. In the RIS versionof MEPAS,HPl values are reportedwith and

without a time-discountfactor. The time-discount'factoris an exponential

factor with a half-lifeof 70 years (assumedto be one human lifetime).

Table 3.3 shows how this factor varieswith 70-yeartime periods. The dis-

countingfactor only appliesto waterborneexposuresas waterborneexposures

are computedout to 7000 years while airborneexposuresoccur in the first

70-yearperiod. HPIs with a time discountingwere reportedin the Prelimi-

nary SummaryReport (DOE 1988),

The HPl is computed using a multistepprocess. First,a preliminary

Hazard Index (PI) is computedfor each constituent. The PI is equal to 'the

productof the risk factor,the population,and the time factor summed for

each exposurepathway, receptor,time step, and transportpathway. This PI

is based on total human populationexposurefrom a singleconstituent. The

PI is convertedinto the final HPl value by multiplyingthe base-t0logarithm

of the PI by 10.0.

The HPl is scaled such that exposuresto a singlepersonwill correspond

to a given constituent'sreferencelevel of protection(10.6 for carcinogens

and RfD for noncarcinogens)willgive the same magnitudeof HPl. Thus the

HPl scales for carcinogensand noncarcinogensuse the referencelevel of

protectionas a common point for comparison. This formulationis not meant

to imply any equivalenceof effectsfor thesetwo classesof materials.

The HPl ranges from-250 to greaterthan 100 with the range of interest

from 0 to 100. An HPl computedfor the exposureof a singleperson at a risk

level of 10-6 has a value of O. HigherHPIs indicategreaterimpacts. HPIs

less than 0 are generated for low-levelexposuresdown to an arbitrarysmall

value of-250. HPIs are computedfor each constituentidentifiedfor a

rankingunit, and the rankingunit scores are based on the constituentwith

the greatestcomputedtotal potentialhealth impacts.
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TABLE 3.3, HPl DiscountFactoras a Functionof Time

70-year Start Fractional
Time Time Discount
Period _ Factor

I 0 1.00
2 70 0.50
3 140 0.25
4 210 0.125
5 280 0.063

" 6 350 0.031
7 420 0.016
8 490 0.0078

' 9 560 0.0039
10 630 0.0020
15 980 6.1 x 10-5
20 1330 1.9 x 10.6
30 2030 1.9 x I0"9
40 2730 1.8 x I0"12
50 3430 1,8 x 10"15
70 4830 1.7 x 10"21
100 6931 1.6 x I0"30

3.2.5 The M_aximumIndividualIndex (MII)

In additionto the HPl, a MaximumIndividualIndex (MII) is computed

from MEPAS outputsof maximum individualimpactsfor the modeledreceptors.

The maximum individualrisk is equal to the maximum risk to an individual

from all of the pathways identifiedfor the constituent. The total exposure

for a constituentis computed as the sum of the highestindividualintake

rates for each exposurepathwayover all time periods. This maximumexposure

may be greaterthan that which would occur to any one individualin the popu-

lation. The same time weightingthat is used for the HPl is also appliedto

the MI!.

Mathematically,the MII is the sum of the risk factors. The risk factor

. is based on the maximumaveragedaily intakefrom inhalationand ingestion

(Dhij,Dgij) for all usage locationsand time periods (Whelanet al. 1987),
. As with the HPl, the MII can be computedwith and withouttime-discount

factors.
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exposure
pathway

MIIi = _, RFij (maximum)
Jn = I

where MII is the maximum individualindex for constituenti, Jn is the num-

bered exposure pathways,and RFij is the maximumrisk factor for constituent

i and exposure pathwayj for all usage locationsand time periodsbased un

daily average individualin'takerates,

The MII used in the analysis in this report is a versionof a maximum

exposed individualparameter. The maximumexposedindividualparameteris an

index parameterrepresentingthe maximum risk that occurs in the affected

population. The MII is based on the sum of maximumindividualimpactsthat

may be affectingdifferentindividuals. A'Ithoughit is a conservative

assumptionto sum risks over pathways for individuals,the distinctionis

1_ormallyunimportantfor screeningapplicationsbecausethe highestrisk

value generallydefinesthe magnitudeof the summed risk.

The MII selectedfor this analysisrepresentsonly one method of using

MEPAS outputs to define maximumexposed individualimpact. For the RIS, the

maximum individualimpactis characterizedby two parameters,one based on

the highest impactto any current receptorand the other the maximum impact

to a hypotheticalindividualat the site boundary,
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4.0 HEALTH IMPACTPARAMETERANALYSIS

An analysiswas conductedto study the implicationsof the use of vari-

ous measures of public health risk in the RIS. This analysiswas based on

the rankingunits that were consideredin the PreliminarySumlnaryReport

effort,describedin Section 1.2. These rankingunits for the 16 DOE DP sites

providea set of cases for consideringissues relatedto using variousmeas-

ures of public health risk.
i

The transportand exposurecomputationsfor these rankingunits were

rerun using the final SummaryReportversionof MEPAS. Followingthe efforts

for the PreliminarySummaryReport (DOE 1988),MEPAS was updatedfor the

final SummaryReport to incorporaterefinementsfrom ongoingefforts (Droppo

et al. 1989a). This more recent versionprovidesadditionaloutput parame-

ters for characterizingdifferentaspectsof health impacts. A set of

health impactparameterswas thus generatedfor each constituentconsidered

at each rankingunit. This versionof MEPAS also incorporatesa number of

correctionsand updates in the code and associateddatabases_, As a result,a

one-to-onecorrespondencewill not necessarilyoccur betweenrankings in this

report and rankingsin the PreliminarySummaryReport (DOE 1988),although

only minor differencesare expectedfor most cases.

As describedin Section3.0, MEPAS is a computer-basedmethodologythat

can be used to compute varioushuman health impactparameters. In the pre-

liminaryrat' j effort,a singleMEPAS output parameter(HPl) was used as a

measure of public health risk. In the final SummaryReporteffort,the RIS

will use severalmeasuresof public health risk includingaspectssuch as

individualand populationimpacts,time of impacts,and type of impacts.

• The resultsof the analysisof the varioushealth impactparametersare

discussedbelow in terms of comparisonsbetweenthe HPl and alternative

, parametersto describe human health impacts. The range of concernsaddressed

in this analysisarose mainly as the result of experienceand comments

relatedto the preliminaryrankingeffort. For the sake of discussion,these

concernsar'estated in terms of a seriesof issuesrelatedto use of the HPl

.
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alone(as was done in the preliminaryrankin'g).The discussionof each issue

includes background, analysis results, and conclusions,

4.1 MAXINUM EXPDSI_DINDLYIDUAL

An issue being considered is whetherto includea health impact parame-

ter that reflectsmaximum individualexposur_ in additionto the HPl, which

is based on populationexposures. This issue was evaluatedby comparing

rankingsof problemsbased onthe HPl with those based on individualhealth

impact parameters.

4.1.1 D_]L_cussion

If a population-impact-basedparameteralone is used, the resulting

rankingmay not adequatelycharacterizerisk for those individualswith the

highestcomputedexposure. Certainindividualswithin a populationwill

either have lifestylesor locationsthat qualifythem as maximallyexposed

individuals(e.g.,avid fishermanfor a situationwhere consumptionof con-

taminatedfish is the primaryexposurepathway). Furthermore,the population

rankingparametermay yield the same value for a case with low exposuresiria

highly populatedarea as a case with high exposuresin a sparselypopulated

area. In an extremecase, an area with significantindividualexposures

could score lower than a more populatedsite that has minimal individual

exposures. In contrast,for two environmentalproblemswith identicalmaxi-

mum individualimpacts,one centeredin an urban area and another in a rural

area, the populationrisk parametersfor these two problemswill reflect

differencesin the size of the affectedpopulationswhereasthe individual

risk parameterswill not.

4.1.2 A_nal_ysis

The MII, which reflectsrisk to an individualwith the highestexpos-

ures, was used to representthe individualimpactparameter. The HPl, which

reflectsthe averagerisk to a population,was used to representtilepopula-

tion risk parameter. To eliminatethe effect of time discountingin compar-

ing of Mils and HPIs, the MII includedthe same time-discountingfactor as

the HPl. The influenceof the time-discountingfactor is considered

4.2
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separately in Section 4.4. Furthermore, because the HPl is expressed as a

logarithm of risk, the MII was converted to a similar scale.

Figure 4.1 shows the relationship between Log(Mll) and the HPl for all

421 constituent pathways modeled for the 16 DP sites. The populations for

the HPIs in Figure 4.1 range from 10 to 3,000,000 people. The correlation

coefficient between HPl and MII is +0.94 indicating, as would be expected,

' that the HPl and MII are highly correlated.

, The high correlation coefficient calculated for HPl and MII does not

mean these two parameters are redundant. In fact, the scatter of the indi-

vidual points in Figure 4.1 shows that a range of up to five in the Log(Mll)

occurs for any given HPl. This range corresponds to a five order-of-

magnitude variation in the maximumindividual risk for a given HPl value.

Although the scatter appears to decrease with increasing HPl, this decrease

could be the result of fewer data points used to compute the larger HPl
values,

A line corresponding to regulatory decision levels for exposures of

individuals is plotted on Figure 4.1. For this discussion, if a data point

is above that line, that constituent is said to be "of regulatory concern for

individual exposures." This line crosses the HPl population-based values at

an HPl of about 40 points with a scatter of 15 points. Additional regulatory

decision levels for exposure of populations are discussed by Travis et al.

(1987).

Figures4.2 and 4.3 are graphs of the HPl versus the MII for waterborne

and atmosphericconstituentpathwaycases,respectively. There are 312 con-

stituentpathwaysfor the waterbornecases and 109 for the atmosphericcases.

The data points for the waterborne (Figure4.2) and atmospheric(Figure4.3)

, constituent pathways show the same overall trend as the composite of all

pathways (Figure 4.1). The correlation coefficient between HPl and Log(Mll)

, for the waterborne cases (Figure 4.2) is +0.91; for the atmospheric cases,

+0.93 (.Figure 4.3).

Using Figures 4.1, 4.2, and 4.3 to indicate the correspondence between

population and individual impacts provides a relationship that is consistent

with the _nterpretation of HPIs used in the preliminary rankings (see
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Table 1.2). Hl_ivalues for constituentsin Groups8, 9, and 10 (i.e., 70 <

HPl < 100) correspondto high MII valueswell above tilelevel of regulatory

concernat Log(MII) of O; constituentsranked as Groups 6 and 7 (i,e.,50 <

HPI _ 70) predominantlyhave an MII above the level of regulatoryconcernon

I_ Figures4.1, 4.2, and 4.3. Groups 4 and 5 (i.e.,30 < HPl < 50) have Mils on
the order of 1.0 and are borderlineas being categorizedof regulatorycon-

cern. The majority of constituentswith an MII under 1.0 are assignedtD

groups denotinga low level of concernbecauseof potentialhealth impacts.

Although these graphs show a consistencywith the HPl definitionsin

Table 1.2,the positionof specificenvironmentalproblems (representedas

data points)on this plot varieswidely.

• For illustrativepurposes,a combinationindex "MIX" (shortfor mixture)

is definedthat attemptsto represent,u_11individualand populationhealth

impactsin a single parameter. This index was developedto investigatehow

these two regulatoryapproachesinteractin varioustransportpathways. The

MIX index is equal to the populationrisk (HPl) for cases where individual
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exposureseither exceed or are within an order of magnitudeof a regulatory

exposure limit. For lower exposures,the index is equalto the maximum

individual exposure(MII).

To compareHPl and MIX parameters,the constituentpathwaysinthe

PreliminarySummaryReport were ranked using thenumerical valuesof both the

HPl and MIX - 'thehighest value had the numberone ranking,the secondhigh-

est the second ranking,etc. Each constituentpathwaywas thus assigned,

both an HPl ranking number and an MIX rankingnumber. These rankingsare

shown in Figure4.4 where a low rankingnumber indicatesa high HPl and a

high rankingnumber indicatesa low HPl. The correlationcoefficientbetween

HPl and MIX for all pathways (groundwater,overland, surfacewater,and

atmospheric)in Figure4.4 is +0.95.

The high correlationfor the HPl and Log(MII) is due in part to the fact

'thatMIX values are equal to HPl values for those cases that representthe

worst human health impactsand have the highestranking (i.e, approximately

the first 100 cases). After the 100th-rankedconstituentpathway,scatter

begins to appear in the correlationbetweenthe two rankings. This is

equivalentto the transitionzone betweenusing HPIs and Mils to define the'

MIX parametervalue (approximatelythe next 30 points). This scatterrepre-

sents the differencebetween usingthe population-basedHPl and using the

population/individualMII combinationparametersfor ranking. After the

450th-rankedconstituentthe agreementbetweenthe HPl rankingparameter

value and the MIX rankingvalue again becomesvery close. This regionof the

plotrepresents cases with large populationsand relativelylow contaminant
,

exposureswhere the MIX is nearly equal to the HPl.

The waterborneconstituentpathwaysincludeboth groundwaterand surface

water cases. Figure4.5 is a graph of the HPl rankingversus MIX ranking for

the groundwaterconstituentpathways. This plot shows a one-to-onecorrela-

tion betweenthe HPl and MIX rankingsfor the first 95 constituentpathways,

which reflectsthe fact that the MIX parameteris definedby the HPl for

these constituents. The MII is greaterthan 10% of the regulatorylevel of

concernfor these 95 constituentpathways. These 95 constituentpathways

_i 4.6
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representapproximately70% of the groundwatercases_ A similarrelationship

occurred for the surfacewater cases.

Figure4.6 is a graph of the HPl rankingversus MIX rankingfor only the

airborneconstituentpathways, ks noted for the groundwaterpathway,there

is a _ne-to-onecorrelationbetweenthe MIX rankingand the HPl rankinguntil

near the 30th-rankedconstituent. This plot indicatesthat only 30% of the
b

constituentsassociatedwith the airbornepathwayshave Mils greaterthan I0%

of the regulatorylevel where the MIX is definedby the HPl. More scatter in

the rankingoccurs after this transitionpoint than in the waterbornecase in

Figure4.5. From the definitionof MIX, the greaterscatterfor airborne

than groundwaterindicatesthat the airborneconstituentpathwayshave a

greater fractionof cases where the MIXs are definedby Mils.

i 4.1.3 Conclusions

The analysis results show that maximumindividual exposure information

should be included in the RIS health impact ranking parameters. Rankings of

constituent pathways based on the MII and HPl have similar overall trends,

especially for the constituent pathways with larger computed human health

impacts. The average results are equivalent, even when the data points are

sorted by transport pathway. However, the scatter in the MII and HPl com-

parisons is large enough that rankings based on each of these individual

parameters can be expected to show considerable variation on a problem-to-

problem basis.

The analysis using the MIX parameter shows how the individual and popu.-

lation risk considerations interact. The MIX parameter resulted in a one-to-

one correlation between MIX rankings and HPl rankings for about 25% of the

constituent pathways. Thus, 25% of the constituent pathways in this data set

have MlXs definedby Mlls. Nearly 70% of the rankedgroundwaterconstituents

had MIXs definedby Mils, though only 30% of the airborneconstituentshad

Mils of this magnitude.This means that most of the groundwaterpathways

with high HPIs (greaterthan 40) are probablyalso above regulatorylimits.

In the case of the airborneconstituentpathways,most of the cases with high

HPIs tend to have a mixture of Mils above and below the presumedregulatory
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limits. The combined informationgeneratedby using both the HPl and the MII

appearsto affectthe airbornerankingsmore than the waterbornerankings.

The HPl and MII are thus relatedbut are differentmeasuresof potential

impacts. Based on externalreview guidanceto providewheneverpossible

actual statisticson differentaspectsof risk, a combinationparametersuch

as MIX was not adopted in the RIS. Separateparameterswere used to char-

acterizethe populationand individualimpacts. Individual impactsare

incorporatedin the RIS by use of two parametersto characterizemaximum

individualimpactsto amodeled receptorand hypotheticalmaximum individual

- impactsdefinedat the facilityboundary. The former providesan indication

of currentmaximum individualimpact,and the latter providesan indication_

• of the maximumpossible individual impact.

4.2 TYPE OF CONSTITUENTIMPACT

An issuebeing consideredis whetherto use the HPl as a single ranking

index to compareconstituentswith differenttypes of health impacts. The
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principalconcern s comparisonsOf carcinogenicand noncarcinogenicimpacts.

A secondaryconcernis the variationof effectswithin each constituenttype

(e.g.,radioactiveand chemicalcarcinogens).Analysis of the DOE ranking

units in the PreliminarySummaryReport providedinformationon the distri-

bution of HPIs in the differentconstituentcategories.

4.2.1 Discussion p

The issue of comparingimpacts from differenttypes of constituents

arises becausecarcinogensand noncarcinogenscause differenttypes of health

effects. Carcinogensare of concernbecausethey cause cancer. Radioactive

carcinogenicconstituentrisk parametersare based on cancer fatalities(NAS

1980,1990). Human healthrisk parametersfor chemicalcarcinogeniccon-

stituentsare based on cancer incidencesor fatalitiesdependingon the

database used by the EPA in determiningthe dose responsefunctionfor each

constituent. Effectsof noncarcinogenicconstituentsare generalmeasures of

human health impacts,with emphasison health impactsthat may be considered

life threatening.

In MEPAS, the effectsof carcinogenicchemicalsare based on cancer

potency factorsand dose. The risk resultingfrom exposuresto carcinogenic

chemicalsare then comparedto a risk limit set in EPA guidance, A standard

level of protectionof public health is about one cancer per millionpeople

(EPA 1989b) or a 10̀ -6risk limit. An initialreview of the recentlyproposed

revisionsof toxicityassessmentfor radioactivematerials (NAS 1990) sug-

gests that these revisionswould increasethe estimateof the numberof fatal

cancersper unit exposure. This change,which involvesless than an order of

magnitude,will result in a relative increasein importanceof radioactive

carcinogenscomparedto chemicalcarcinogens. This shift is not expectedto

significantlyaffectoverallcomparisonsof problemswith differencesin

computed risk spanningmany orders ofmagnitude.

The potential for health effectsfrom a noncarcinogenicchemicalis

based on a comparisonof the actual dose with the acceptableexposurelimit,

RfD (EPA 1989b). Noncarcinogenichealth effectsare assumedto only occur

above this RfD. The RfD is thus a thresholdlimit for exposureabove which

health effectsmay occur, lt representsa standardlevel of protectionfor
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noncarcinogens. The questionof how to includethresholdinformationfor

noncarcinogensin t.heRIS is addressedseparatelyin Section4.3.

As part of the concernover comparisonof differenteffects,the ques-

tion arises of how the HPl relatesto the numberof effects. The HPl is

defined in terms of a ratio of the exposurefor a constituentcomparedto a

regulatorylevel of protectionfor public healthfor that constituent. For

carcinogensthis HPl definitionmakes the HPl proportionalto the logarithm

of the number of effects. For exposuresto noncarcinogensthat exceed the

' RfD, the number of healtheffectsare expectedto increasewith larger HPl

values. However,for noncarcinogens,,:,heHPl is not expectedto be neces-

sarilyproportionalto the logarithmof the numberof effects. For expusures

less than the Rfd, the HPl is a level of concernindex representingonly how

close the predictedexposuresare to a maximumacceptableexposurerepre-

sentedby the RfD.

4.2.2

To analyzethe issue of type of constituentimpact,the constituent

types were defined for each HPl based on the largestcontributorto impactat

each rankingunit. Figure4.7 shows the distributionof carcinogensand

noncarcinogensfor these rankingunits. The percentageof the constituents

in each HPl group (witheach group 10 HPl pointswide) for carcinogensis

generallygreater than for noncarcinogens. Figure4.7 shows HPIs for all

constituentsmodeledfor the rankingunits (as opposedto the highest scoring

constituent),and thereforedoes not show the relativepercentageof those

rankingunits with the highestHPIs for carcinogensand noncarcinogens.

Inspectionof data points for the individualrankingunits summarizedin this

plot revealedthat when a rankingunit containeda mixtureof carcinogensand

noncarcinogens,the carcinogenicrisk tended to be largerthan the noncar-

cinogenicrisk.

, The analysis showedthat the issue of comparingcarcinogensand noncar-

cinogens appliesto rankingunits with low HPl scores. The issue of whether

or not to includethresholdinformationis particularlyapplicablefor these

lower HPl values (seediscussionin Section4.3).

I 4.ii



12l

10

i

I - °
l O. ,

aroinog ns

: 2

i

O0 1 2 3 4 5 6 7 8 9

HPl Group
$9oo7o2o,2

FIGURE4.7. Percentage of Carcinogen and Noncarcinogen
Constituent Types by HPl Groups for All
Constituent Pathways

4.2..3 Conclusions

The discussionand analysisClearly indicatethe care that must be

taken inusing the HPl as a singleranking index to comparedifferenttypes

of health impacts. Although the HPl formulationresultsin a convenient

continuousindex for all cases where contaminationreachesthe receptors,

additionalinformationon type of impact (carcinogenicor noncarcinogenic)is

needed to interpretHPl values in terms of expectedeffects.

The comparisonof HPl values based on differenttypes of health impacts

is addressedin the RIS by providinga health effect category. This category

defines the type of effect (radionuclidecarcinogen,chemicalcarcinogen,or

noncarcinogen)representedby the constituentwith the largestcomponent

impact in the HPl for a rankingunit. The carcinogenictypes are divided t

into chemicaland radiologicalbecausehistoricallythese two types have been

treated independently.
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4.3 THRESHOLDLIMIT FORNONCARCINOGENICCONSTITU__T_U_[N_TS

How the threshold limit for noncarcinogenic constituents should be

incorporated into the ranking process is also an issue of concern. This

issue was addressed by comparing rankings generated using different threshold

assumptions.

4.3.i Discussion

In risk assessment analyses, effects from noncarcinogenic chemicals are

• based on a comparison of the actual dose with the acceptable limit, RfD (EPA

1989b). According to EPA's definition, noncarcinogenic effects only occur

above a threshold limit that is equal to the RfD.

For the HPl parameter, a linear model is used to represent noncarcino-

genic constituents such that for all exposures the HPl is based on fractional

values of the RfD at the receptor. The HPl formulation is an expedient

method for generating a continuous ranking for all cases where contamination

reaches the receptors.

The concern arises because if no threshold is used for noncarcinogens,

it is possible for comparisons to be made of no-effect noncarcinogenic expo-

sures with expected-effect carcinogenic exposures. Because the HPl considers

the exposed population, it is also possible that no-.effect exposures for

large populations maybe ranked higher than expected-effect exposures for

smaller populations.

Because the RfD is, by definition, a safe intake rate, the RfD is a

logical parameter to use as a threshold value to separate exposures. In the

current screening of _ large number of sites, large uncertainties exist in

the computed magnitudes of exposures (see Section 5.0). As a result of this

uncertainty, the use of a threshold value may not be as appropriate as in

more detailed individual site investigation where the uncertainties may be

less.

4.3.2 Analysis

To analyze use of a threshold limit, the Log(Mll) is plotted versus the

HPl for noncarcinogenic constituent pathways in Figure 4.8. This graph can

be compared to Figure 4.1, which includes evaluation of all constituents.
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The noncarcinogenicconstituentpathwaysaccountfor 31% (131 out of 427) of

all 'theconstituentpathways analyzedthat had HPIs greaterthan -10.0. The

horizontalline at Log(MII)equal to 0.0 correspondsto exposureat 'theRfD

value for the noncarcinogenicconstituents.

The use of a cutoff limit below which the noncarcinogensare not

included in the rankingswas consideredin this analysis. If only noncar-

cinogenicconstituentswith their intakerates greaterthan or equal to the

RfD (thresholdlimit model) were used for ranking,only 15% of these con-

stituentswould be ranked. In Figure 4.8, all noncarcinogenshave been

ranked and their scores reported. Figure 4.9 shows the percentage of non.
carcinogenic constituents that would be ranked based on different cutoff

levels referred to the thresholdlimit. The cutoff values plottedon the ,

logarithmicx-axis correspondto 'theminimumMII values for constituentsthat

are consideredin the ranking. A cutoffequal to the RfD has a value of
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I (I x 100). Although expressedas powers of ten, the MII data plotted in

Figure4.9 are not risk values but rattlerthe ratios of the exposures to the

RFD for each constituent.

The relationshipshown by the points plotted in Figure 4.9 can be used

to estimatethe percentageof noncarcinogenicconstituentsthat could be

includedfor differentselectionsof MII cutoff values. Includingall

noncarcinogensin this data set is equivalentto having a MII cutoff limit

of I0"7. When the MII cutoff is set equal to the referencedose (Ix 100),

all but the highest20% of MII values are eliminated. If an MII cutoff of

0.1 (I x 10-I) is used then the highest30% of the MII valuesare used.

4.3.3 Conc]qsions
#

• This issue of a thresholdlimit for noncarcinogensis addressedin the

RIS by providingadditionalinformationto interpretthe HPl (as opposedto

. computingthe HPl with a thresholdlevel for noncarcinogens).A health

effect categoryfrom MEPAS is suppliedto provide a definitionof the type of

effect (radionuclide,chemicalcarcinogen,and noncarcinogen)associatedwith

a particularconstituentgeneratingthe HPl score. In addition,the maximum
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individual risk input parameters for the RIS define how close the computed

maximum individual risk is to a regulatory level of concern for each type of
constituent,

For noncarcinogenic constituent exposures below the Rfd, the HPl pro-

vides useful ranking information on the proximity of the exposures to effects
levels. However, the analysis shows that information on the maximum indi-

vidual exposure needs to be included in the ranking process. Although the

magnitudes of these HPIs generally correspond to a relatively low level of
f

concern, considerable scatter occurs in the relationship between the Log(Mll)

and HPl. Ranking units with HPIs indicating impacts of secondary concern

have exposures both greater than and less than the RfD (Figure 4.8). The

maximum individual exposure provides additional information for case-by-

case interpretation of the HPl.

The results show that the rankings obtained are consistent with the

definitions of HPl groups used in the preliminary rankings (see Table 1.2).

No noncarcinogenic constituents ranked as Group I, and only a few that ranked

as Groups II and III were above or near the RfD value. Ali noncarcinogenic

constituents well below the Rfd were assigned to appropriate groups repre-

senting a low level of concern for potential health impacts.

4.4 _T!MEOFIMPACT

The issueof whetherto includethe time of impact in the set of health

impact parameters'Inthe RIS was studiedby comparingrankingsbased on time-

discountedand undiscountedrisks.

4.4.1 D_scussion

The time at which impactsoccur can be an importantaspectof the poten-

tial health impactsfor an environmentalproblem. The time of impact pro-

vides informationthat can be used to assigndifferentweightsto predicted

impactsbased on when they occur. Normally,a major impactthat will occur

tomorrow is of more concern than an equal impactthat will occur 7000 years

from now.
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For each constituent,MEPAS providesinformationon the time of first

arrival,time of arrivalof peak concentrations,and durationof exposureat

the receptorlocation. MEPAS also providesdetailedtables of environmental

constituentconcentrationsas a functionof time at the receptor. These

parametersdescribethe distributionof contaminantarrivalat _ receptor.

The HPl includesa factorfor progressivelydiscountingfuture impacts

as a functionof when they occur. MEPAS computesthe HPl for consecutive

average70-yeartime periodsfor a total of 100 time periods (i.e.,

' 7000 years). Seventyyears is assumedto representa typicallifetimeof an

individual. A time weightingfactor reducesthe magnitudeof the health

impact exponentiallywith a half life of 70 years .Forevery 70-yeartime

intervalbeyond the first 70-yearperiod. Table 3.3 lists the time weighting

factorsfor selectedtimes duringthe 100 70-yearlifetimeperiodsused to

computethe HPl. The weightingfactorsin Table 3.3 are approximately

equivalentto a I% annualdiscount rate.

Time of travel 'ismainly of concernfor cases involvingmovementof con-

taminantsthroughgroundwaterbecauseexposuretimes often extend,or occur,

beyond the first 70 years. Other waterborneand airbornepathwaysgenerally

have considerablyfastermovementof constituentsin the environment. For

example,the HPl for airbornereleases is evaluatedonly for the first

70 years based on the assumptionthat these immediateimpactswill always;be

the (jreatestin this pathway.

The choice of whetheror not to use discountingfor future health

impacts is mainly a policy issue. The argumentin favor of using a time

weightingfactor is that tilemore immediateenvironmentalproblemsshould be

ranked higher than ones that may occur in the future. The opposingargument

is that major futureproblemsmay receivelow or insignificantrankingscom-

pared to less importantnear-termproblems. A relatedargumentagainst

discountingfuture impactsis that now is the best time to remedycertain4

long-termimpacts.

f_elatedto the time-of-impactissue is the assumptionthat existing

conditionswill remainthe same into the future. No allowanceis made for

future population,land-use,or climatechanges. This assumptionof static

4.17
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conditions when evaluating future impacts is often referred to as a "snap-

shot" approach. Morris and Meinhold (1988), in their discussion of time

considerations for MEPAS,point out that not only are populations, rivers,

lakes, and land formations subject to change, but advances in medical science

might also make exposures to carcinogens or other toxic materials unimpor-

tant. Morris and Meinhold (1988) suggest that major changes in rankings can

result from reasonable changes in the environmental conditions. However,

they also acknowledge that predicting such changes would be virtually impos-

sible, Furthermore,includingpotentialchangeswill tend to greatly

increasethe uncertaintyin the resultantrankings. Morris and Meinhold

(1988)concludethat the assumptionof staticconditionsdoes providea well-

definedsituationfor a comparativeanalysisand the resultantrankingsdo

reflectthe r_,lativehazard presentedby differentwaste sites. They also

note that the time di,.countingfactor reducesthe importanceof long-term

effects,which are much more uncertaincomparedto near-termeffects.

4.4.2

Although completeresolutionof the time-of-impactissue is beyond thei
scope of this report,the followingcomparisonsof undiscountedand dis-

countedrankingparameterswill provide informationfor evaluatingeffects

of time discounting. HPIs with time discounting,HPIs without time discount-

ing and Time Of Arrival (TOA)of contaminantat the exposurelocationwere

computedfor each the rankingunits consideredin the PreliminarySummary

Report. The TOA is the time at which an MII computed for a constituent in a

i drinking water pathway first exceeds a value of 0.I0. Thus the TOA indicates

the time at which significant concentrations first reach the receptor.

i For the purposesof this analysis,the cases with a TOA less than or
equal to 70 years have been separatedfrom cases with TOA values greaterthan

i 70 years. The former representscases with near-termimpactsand the latter

representscases with impactsin the distant'Future.The near-termimpacts

reflectrelativelyshort groundwatertravel t_mes normallyresultingfrom

some combinationof small distributioncoefficients(KdS)for constituents,

high groundwatervelocities,and/or short traveldistances.
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Figure4.10 is a plot of discountedHPl versus undiscountedHPl for

cases with impactsstartingduring thefirst 70 years. The high correlation

reflectsthe small effect of the discountingfactor for impactsstarting iri

the first 70 years (but perhapsextendingout over severallifetimes). Cases

fallingon the one-to-oneline representcases in which all the significant

Impactsoccurred in the first 70 years. Cases above the line are cases in

. Which the HPlhas significantcontributionsfrom impactsoccurringafter the

first 70-yeartime step.

' Figure 4.11 is a plot of discounted HPl versus undiscounted HPl for

cases with impacts starting in the distant future (i.e. after the first

70-year time period). The effect of discounting on the ranking parameter for

future impacts is obvious. The scatter from tile one-to-one line indicates

that the HP:i scores are reduced between 0 to 60 points by the time

discounting.

100
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t

FIGURE4.10. Undiscounted HPIs as a Function of Discounted HPIs
for WaterborneConstituentPathwayswith Impacts
Startingin the First 70 Years
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FIGURE 4.11. Undiscounted HPIs as a Function of Discounted HPIs
for WaterborneConstituentPathwayswith Impacts
Starting after the First 70 Years

4.4.3 Conclusions

This analysis shows that the time-discount factor does significantly

reduce the magnitude of the ranking parameter for future impacts (Fig-

ures 4.10 and 4.11). The ranking parameter' without the timediscounting

factor provides valuable additional information for interpreting the ranking
parameter with the time-discount factor.

The effect of time of impact is incorporated two ways in the RIS. For

: near-termimpacts {thosepredictedto occur in the first 70 years), the time
,.

of arrival is used as a measure of the immediacyof the problem. A RIS

parameteris providedthat designatesthe arrivaltime in one of five time

period groups coveringthe first 70 years. For impactsof concernbeyond the

first 70 years, the time when impactsare predictedto occur is accountedfor

in the HPl by the time discountingfactor.
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4.5 PEAK VERSUS INTEGRATEDEXPOSURES

Also consideredis whether the rankingshouldbe based o_ exposures

calculatedfrom peak or averageconcentrations. This issue was addressedby

comparingrankingparametersbased on peak concentrationwith the HPl, which

is based on integratedexposures.

4.5.1 Discussion

Transportscenarios involvingthe groundwaterpathwayoften have impacts

• extendingfar into the future. HPIs are based on the sum of time seriesof

70-year-averagecontaminantimpactsat the receptorfor the next 7000years.

A time discountingfactoris used to discount future_impacts(seeSec-

tion 4.4). These concentrationsmay take hundredsor even thousandsof years

to arrive at a receptorbecauseof slow groundwaterflow rates or attenuation

in the soil. Thus for groundwatertransport,the water concentrationsmay

first arrive at the receptorfar in the future. In additionto arrivingin

the future,the arrivaldistributionmay also be spread over hundredsor even

thousandsof years dependingon sourcecharacteristics,groundwaterflow, and

attenuation. Thus, the distributionof effectsfor contaminantsin the

groundwaterpathwayat a particularsite may be spread over quite different

periodsof time.

4.5.2 _Analysis

The distributionof environmentalconcentrationsat the receptor influ-

ences the determinationof human health impactsover time. An approach

other than using averageconcentrationsis to base the rankingparameteron

the peak concentrations.The approach for analyzingpeak versus integrated

exposureswas to examinethe relationshipbetweenrankingwith HPIs and a new

parameter, Npeak,which is based on normalizedpeak concentrations. Npeak

for a constituentpathwayis definedas the peak water concentrationat the

receptordivided by the water concentrationcorrespondingto a regulatory

' level for that constituent. 'Theobjectiveis to see how similaror dissimi-

lar the rankingresultsare based on these two parameters.

} -
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Npeak differsfrom the HPl in two ways. First, Npeak is based on a

singlepeak exposure rather than an exposure integratedover time. Second,

Npeak does not includea time discountingfactor. Npeak differsfrom the

undiscountedHPl only in the concentrationused to characterizethe exposure.

To evaluatethe relationshipbetweenNpeak and an equivalentHPI p,_'ame-

ter, Npeak was plotted as a functionof undiscountedHPl (Figure4.12). The

resultsindicatea relationshipexists betweenthis HPl and Npeak parameters, "

althoughconsiderablescatteroccurs in the relativeraw,kingsindicated by
!

the two parameters.

4.5.3 Conclusions

The comparisonbetweenrankingsgeneratedwith integratedconcentrations

and rankingsbased on peakconcentrationsshows that althougha relationship

exists betweenthe HPl and Npeak parameters,they providerankingswith
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FIGURE4.12. LOglO of Normalized Peak Water Concentration
as a Function of HPI Without Time Discounting



significantdifferences. The scattermay representdifferencesin the

distributionof how impactsare predictedto occur and not necessarily

differencesin total impacts.

Althoughthe RIS does not directlyincorporatea peak exposureparame-

ter, selectedinformationis providedin the RIS on the time distributionof

impacts. The RIS providesa time of arrivalto definewhen near-term (i.e.o

first 70 years) impactsstart. The RIS uses maximum70-yearvalues to define

maximumindividualimpactsto modeledand hypotheticalreceptors.

4.6 SINGLE VERSUSMULTIPLECONSTITUENTS

An issue being consideredis whetherto characterizeimpactsof a rank-

ing unit based on the constituentwith maximum impact,as is done with the

HPl, or on the sum of impactsbymultiple constituents. This issue is

addressedby comparingrankingsgeneratedusing both assumptions.

46.1 Discussion

The use of the constituentwith the greatest impactto representthe

impactsof a site allows the analysisto focus on the worst constituentat a

site. Furthermore,there is no credit or penaltyto the rankingbased on the

number of constituentsmodeled. Of course,the more constituentsthat are

known and modeled,the greaterthe probabilitythat a constituentwith a

large impact is included. The use of the constituentwith the greatestcom-

puted impact also avoids the issue of adding impactsacrossdifferentcon-

stituenttypes. Becausedifferenttypes of constituentscause different

health effects(see Section4.2), simpleadditionof level-of-concernindexes

may be inappropriate.
,,

To understandthe differencebetweenthe two methodstested for ranking

environmentalproblems,one must understandhow the last step of the HPl is

calculated. The HPl is based on a logarithmicscale; an HPl is definedfor

each constituentpathway at a rankingunit. The equationfor an HPl is

HPl = 10 * LOG(PI)
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where PI is the PreliminaryHazard Indexof concern for each transportand

exposurepathwayfor a particularconstituent The PI can be thoughtof as

equivalentto the number of healtheffectsf'oran exposed population.

Becausethe HPl is based on a logarithmicscale, the sum of impactsfrom

mul'tipleconstituentsmust be much largerthan themaximum impactfrom a sin

gle constituent (i e., the basis of the HPl)for the multipleconstituentHPl

to be significantly.differentthan the singleconstituentHPl. For example,

consider a rankingunit with Pis for constituentsA and B of 1.0 x 102 and

5.0 x 102, respectively. The individualHPl would be 20.0 for constituentA

and 27.0 for constituentB. Becausethe rankingunits are ranked by the con-

stituentwith the largestHPl value, the HPl for the ranking unit in this

examplewould be 27, Basing the rankingon the sum of Pis for these two con-

stituents,the resultingHPl for 'therankingunit is 27.8. Even if these 'two
L

constituents,A and B, each had equal impactsthat gave HPIs of 27.0, the HPl

based on the sum of Pis for these constituentswould be 30.0 showingthat the

magnitudes'ofHPIs are relativelyinsensitiveto whether impactsare based on

one or multiple constituents. The argumentfor the use of total constituent

impacts is mainly 'thatthis approachprovidesa more comprehensivecharacter-

izationof impacts. In the extremecase, use of a single constituentcould

resultin a site with multiple constituentsbeing ranked lower in importance

than a site with a single constituent,even thoughthe total risk from the

multiple constituentsis greaterthan that of the singleconstituent.

4.6.2 Anal.vsis

In the preliminaryrankings,the HPl score for a rankingunitwas based

on an HPl computedfrom the constituentwith the maximumhuman health impact.

As part of the HPl computation,the individualimpactswere computedfor all

constituentsof concernin each rankingunit. In this analysisalternative

HPl values were computedbased on the sum of impactsfor multipleconstitu-

ents, rather than the highestimpact from a singleconstituent.
i

Figure 4.13 shows the comparisonbetweenthe two rankingapproaches"

one based on the highest impactfor a constituentand the other based on the

sum of impactsfor all constituents, l'hereare on'lysmall differences
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betweenthese two rankings. The largestdifferencebetweenthese two rank-

ings is less than 5 HPl points,which is within the overall uncertaintyof

HPIs as discussed in Chapter5.0.

4.6°3 Conclusions

There is little differencebetweenbasing the HPl on the constituent

with the maximum impactand basing the HPl on the sum of impactsfor all

constituents. The logarithmicnatureof the HPl requireslarge changes in

the impactsto change the HPl significantly.

The RIS uses rankingsbased on both the maximumsingle constituentas

well as the sum of modeledconstituents. Although there is little

• differencebetweenthe rankingsbased on single and multiple constituent

impacts,the inclusionof HPIs computed by both approacheswill provide

informationon the multiplicityof defined contaminantsat a site.
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5.0 UNCERTAINTYIN HEALTH IMPACT PARAMETERS

Uncertaintiesassociatedwith the exposureassessmentprocessinclude

input parameteruncertainty,model uncertainty,scenariouncertaintyand risk

factor uncertainty(EPA 1988). The EPA notes that estimatinguncertainty

from all the above sourcesquantitativelyis difficultfor applicationsof

• models (such as MEPAS).

Input parameteruncertaintyfor MEPAS describeshow well the input

• parametersare known• This uncertaintyincludeserror in actualmeasurements

of the parametersand error resultingfrom inadequaciesin the characteriza-

tion data used for the input parameters. Also recognizedby EPA (1988)are

uncertaintiesrelatedto computinghumanhealth impact. The uncertaintyin

computinghealth impactparameterstogetherwith the measurementerrors

representbaselinevariabilityfor the inputparameters.

Model uncertaintyis a measureof how well a model describesthe

physicalprocessesbeing representedin an application. Aspectsof model

limitationsare discussedin the mathematicalformulationsdocumentsfor

MEPAS (Droppoet al. 1989a;Whelan et al. 1987). To supplementthese MEPAS

formulations,a discussionof mass budgetsuncertaintyis given in Appen-

dix A. For the preliminaryrankings,the Survey documentedsourcesof model

applicationlimitations(DOE 1988). The final SummaryReportwill also

discuss model applicationlimitations.

In applicationsof models such as MEPAS, a commonassumptionis that

conditionsremain static. This assumptionmeans that future populations,

land use, and climate,for example,do not change in the future. In addi-

tion, medicalscience,upon which the parametersused to estimatehuman

health impactare based, is also assumednot to change. These assumptions

result in exposure scenarioand risk factoruncertainty.

, Uncertaintiesin input parametersand modelsmay have differentimpacts

for differentproblems. Morris and Meinhold (1988)point out that uncer-

tainty in inputsmay result in a conservativecharacterizationof a problem.

For such instances,high impactscomputedfor poorly characterizedsites may

be the direct resultof uncertaintyin input parameters. Becauseproblems

5.1
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with larger input uncertaintieswill tend to be ranked higherrather than

lower as the result of the use of conservativeassumptionsfor those cases,

the processwill tend not to excludepotentialproblemsas a result of the

uncertaintyin the computedrisk parameters.

5.1 EVALUATIONOF UNCERTAINTYFOR THE ENVIRONMENTALSURVEY

_'Uncertaintiesin the health impactparametersgeneratedby MEPAS can

arise from data, model, and applicationuncertainties. Data uncertainties

occur'for application-specificdata (i.e.,input parameters)and for fixed-

value data (i.e.,constants)associatedwith the computer code or its asso-

ciated databases. A sensitivityanalysisfor the MEPAS applicationto the

EnvironmentalSurvey (Doctoret al. 1990)was conductedto determinethe

minimal variabilityin HPl values associatedwith the varioustransportand

exposure componentsof the MEPAS methodology.The variabilityin user-

defined input parameterswas chosento be the smallestiexpectedfor each

parameterat an ideal well-characterizedsite. The sensitivityanalyseswere

performedi:ora set of environmentalpathwaysand exposure scenariosrepre-

sentativeof those associatedwiththe DOE rankingunits describedinthe

PreliminarySummaryReport (DOE 1988).

The sensitivitystudy did not addressuncertaintiesin constantsused in

the model. The uncertaintyof constantsin the model can vary dependingon

the nature of the constants. For example,most of the physicaland chemical

parameterstreatedas constantshave acceptedfixed values,and uncertainty

for those parametersis thereforesmall. However,many of the toxicological

parametersthat were also treatedas constantsare known to have large

uncertaintiesassociatedwith them. This uncertaintyin the toxicological

parametersis known to be a major sourceof uncertaintyin computedhealth

impacts (EPA 1988). An initialanalysisof the uncertaintyfrom toxico-

logicalparameterswas conductedand is reportedin AppendixB. This.analy-

sis was developedfor assessinguncertaintiesassociatedwith these

parametersbased on the sourceand qualityof information.

The uncertaintyfor MEPAS applicationto the EnvironmentalSurvey was

evaluatedwith respectto application-specificdata. TilebaselineHPl
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uncertaintyfor a well-characterizedsite is discussed. The way that uncer-

tainty was accountedfor in the Survey is describedin the sectionon data

qualitY categories.

5.1.1 Baseline HPl Uncertainty

One of the inputsto the RIS is a baselineHPl variabilityfor a well-

characterizedsite representingthe major transportand exposurescenarios

identifiedby the Survey. A sensitivityanalysis(Doctoret al. 1990) pro-

vided estimatesof the baselinevariabilityfor a representativeset of the

transportpathwaysand exposureroutes used in the Survey (DOE 198B).

The baselineHPl variabilityfor four categoriesof constituentsand the

groundwaterand overlandflow pathwaysfrom Doctoret al. (1990) is given 'J.n

Table 5.1. The four categories,based on combinationsof constituent

half-livesand constituentdistributioncoefficient(Kd), in Tables 5.1

though 5.4 are I) radionuclideswith short half-lives(<140years) and low Kd

(<1.0mL/g)(a);2) radionuclideswith short half-livesand high Kd, repre-

sentedby 90Sr and 9Oy; 3) eitherorganicor, inorganicconstituents,or

radionuclideswith long half-livesand low Kd, representedby perchloroethy-

lene (PCE) and 'toluene;and 4) either organicor inorganicconstituents,or

radionuclideswith long half-livesand high Kd, representedby As, PCE, and

Hg.

The HPl ranges for the waterbornetransportin Figure 5.1 are given for

known flux cases (knownflux) and precipitation-driven(precip)"rankingunit

to groundwaterto surfacewater" (RU -> GW -> SW) pathwaysand for precipi-

tation driven "rankingunit to overlandto surfacewater" (RU -> OL -> SW).

The baselinevariabilityof the atmosphericpathwaysfrom Doctor et al.

(1990)is given in Table 5.2. HPl ranges are given for a point (stack)

. releaseboth with downwash (DW) and withoutdownwash (NDW) for "rankingunit

to airborneexposure"(RU > AIR). HPl ranges are given for area particulate

• (resusp)and gaseous (volatil)releases.

(a) In the applicationof these resultsto the implementationof RIS,
the criteriafor applicationof the "low Kd" resultswere expanded
to includeKd less than or equal 'to3 mL/g.
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_.BLI_f__L[. Base HPl Ranges for Waterborne Transport Scenarlo_
and Constituent Types for the MEPASMethodology _a)

_" - ' _'I,,,J, i i '" " l £ '' ' .... i:1_ L_, ,, , -- _ _ "

Radioactive constituent Radioactive, organic,
Transport with a short half-life or inorganic constituent
scenario - ......

linkage 'lowKd high Kd low Kd high Kd
'''"' ' ' , ,,,' : ,i , , :: r ", ',"', ':_ , ' .......

RU->GW->SW
precip 2 28 3 28
-.. , , ,,, ,, , ,

RU->GW->SW
known flux 4 32 2 18

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

RU->OL->SW
precip 22 30 29 33

_
... ,....... ,..

r

"GW" "SW" : surface(a) "RU" : rankingunit, = groundwater,
water, "OL" : overland,"precip": releaseby precipita-

tion-drivenflux, "knownflux" : known flux, and "K_ isdistributioncoefficientwith low definedas belng ss
'thanI mL/g.

TABLE 5.2. BaselineHPl Ranges for AirborneTransportScenarios
and ConstituentTypes for the MEPAS MethodologyLa)

__ _: ._ . __ _ ,

l'ransport Constituentwith Radioactive,organic,
Linkage a short half-life or inorganicconstituent

__ _ -- :_ TI ,I l li lllll I , ''I Iii l i. Z TI

RU->AIR
stack(DW) I I

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

RU->AIR
stack(NDW) 2 3

............ , _

RU->AIR

iresusp 3 2
-- ,........ _ .,.,....

RU->AIR
volatil not modeled 17

"DW" = case with"AIR" = airborne,(a) "RU" : ranking unit,
"NDW" :buildingdownwash, case without building

downwash,"resusp"= area suspensionparticlesand
"volatil": area volatilizationof gases.
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_ABLE 5.3. EstimatedHPl Rangesas a Functionof TransportS_enariosand ConstituentTypes for the MEPAS Methodology(

i '," --_ ,', !!...... _, , ,, i,,_' ' , ,-,,'_IL_ _ , ,, ,,_,, , _ , , _4L_il , ,, , , , . ]_;L

Radioactiveconstituent Radioactive,inorganic,
Transport with a short half-life or inorganicconstituent
scenario _ -- , ..................

linkage low Kd high Kd low Kd high Kd

• RU->GW
precip 2 28 3 28

..... --- , , ,, ,,,,,,, , , ,

' RU,.>GW
known flux 4 32 2 18

, _, , ,.... , ,,

RU->GW->SW
precip 2 28 3 28

- J ,, ,,,i._._, L ,

RU->GW->SW
known flux 4 32 2 ..18

' '" _ _ - - _t ,,

RU->OL->SW
precip 22 30 29 33

,., =,, ,

RU->OL->SW
known flux I I I i

RU->SW
direct I I I I

.,,_ ,, ............

RU->AIR
stack(DW) I I

,, ,,, , , ,,

RU->AIR
stack(NDW) 2 3

.......... , ___

RU->AIR
resusp 3 2

.... ,

RU->AIR
volatil not modeled 17

• . ,..,,,.._

"GW" : surfacea) "RU" : rankingunit, : groundwater,"SW"
water, "OL": overland,"AIR" : airborne,"precip"=

, release by precipitation-driveniflux, "known flux" :known flux, "direct" = direct d scharge to media, "DW" :
"NDW"case with downwash, = case without building

"res usp"downwash, = area suspension of particles, and
"volatil" = area volatilization of gases, and "Kd" is
distribution coefficient with "low" defined as being less
than I mL/g.
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.TABLEB,4..BaselineHPl VariabilityGroupsforMEPASadd
- ConstituentTypesfor theMEPASMethodologyLa)

.'w,i: L ,, ,,,,li_"'i' ,.., , ,, _,_. ,, , ,,, , :L ,, _..., h , , ,.,.,fw',', !_ , " .....

RadioactiveconstituentRadioactive,inorganic,
Transport witha shorthalf-lifeor inorganicconstituent
scenario ....................
linkage lowKd highKd lowKd highKd
_L_' , , " ,;"' ' 'J',l,, _',!,I ,,,LL " '"_'" ..... ..... :" _ ' ' ',',

RU->GW
precip 0 3 0 3

•, r

RU->GW
knownflux 0 3 0 2

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

RU->GW->SW
precip 0 3 0 3

RU->GW->SW
knownflux 3 3 0 2

i, ,., ,,,,,, ,,, ,, ,

RU->OL->SW
precip 3 3 3 3
,,, , , , ,. , ,, -.

RU->OL->SW
knownflux 0 0 0 0
,, ., ..-,-- , , _ ,,,.,, ,,,

RU->SW
direct 0 0 0 0

,,. , --, , , l,

RU->AIR
stack(DW) 0 0

.......

RU->AIR
stack(NDW) 0 0
,, ., ,,,,. , ,_ .,,, ,, .... L.

RU->AIR
resusp 0 0

== , ....,,, ._.... ,

RU->AIR
volatil not modeled 2

.......

(a) See footnote in Table 5,3 for definition of terms. w
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Given that only a 'Finitenumberof transportpathwaysand exposure

scenarioscould be consideredin the sensitivityanalysis,the pathwayswere

chosen to maximize applicabilityof the informationinTables 5,1 and 5,2 to

DOE_s rankingunits.

Table 5.3 gives the HPl rangesfor all possibletransportpathwayscon-

tained in MEPAS based on extrapolationfrom the rangesgiven in Tables 5.1

and 5,2, Based on the discussionin Section1.1 of Doctoret al. (1990),the

HPl ranges in Tables 5,1 and 5.2 were extrapolatedto additionalpathways

' (Table5.3). The HPl ranges for known flux and precipitation-driven"ranking

unit to groundwater"(RU -> GW) pathwayswere assumedto be approximately

the same as those for the comparableknown flux and precipitation-driven

"rankingunit to groundwater'Losurfacewater" (RU -> GW -> SW) pathways.

This assumptionwas based on the fact that the variabilityfrom the longer

pathwayincludesboth that from the RU -> GW componentand that from the GW -

> SW component. The lattermay be thoughtof as analogousto thE'(RU -> SW)

pathway in having a relativelysmall uncertainty. Becausethe sensitivity

resultsin Doctor et al. (1990)show GW componentvariablesgenerallycon-

tributinga large fractionof the computedvariability,the RU -> GW pathway

is assumedto have tilesame HPl range as the longer RU -> GW -> SW pathway,

- Thus the values in the first row of Table 5.3 are identicalto the values in

the third row, and the values in the second row are identicalto those in the

fourthrow.

A short half-lifefor groundwatertravel times is consideredto be less

than 140 years becausethe constituentswould decay significantlyduring the

first two, and most highlyweighted,70-yeartime periods. The HPl ranges

for the known flux groundwaterpathwayare based on sensitivityruns for a

case with minimal Kd (Case 2 in Doctor et al. 1990) and a case with realistic

" Kd (Case 5 in Doctor et al. 1990), The baselineHPl range in Table 5.3 is=.

that expected for a well-characterizedsite. Lesswell-characterizedsites

" will have greater variability.

Cases with direct discharge to surface water are expected 'Lo have a

lower variability than are the three sensitivity cases with inflow linkages

from groundwater and precipitation-driven overland flow considered in Doctor



F

et al. (1990). The surfacewater variablesgenerallycontributeto a small

fractionof the variabilityin these cases. Assuming a known flux source

term for an idealwell characterizedsite, an HPl range of approximately

I unit was estimatedfor direct dischargeto surfacewater (row7 of

Table 5,3). This 1-HPl-unitrange is the minimum observedfor theother

pathways. The ranges for the differentconstituentswere all chosen to be

'thesame becausethe travel times in the river pathwayswould not be

different.

The known flux RU ,->OL-> SW pathway (row 6 of Table 5.3) is equivalent

in MEPAS to a directdischarge into a river. Hence the HPl variabilityfor

the direct dischargeto surfacewater has been used for this pathway. The

variabilityfor the precipitation-drivenpathway(row 5 of Table 5.3) was

inappropriate because that pathway includes variability from tile constituent

either reaching or not reaching a river - an effect not included in a known

fl ux computati on.

In the RIS, the baseline HPl variability is represented using varia-

bility groups derived from the HPl ranges in Table 5.3. These groups were

selected to represent ranges of uncertainty as follows:

Group 0 for HPl range of < 4
Group I for HPl range of 5 to 14
Group 2 for HPl range of 15 to 24
Group 3 for HPl range of _>25

Table 5.4 gives the HPl baselinevariabilityas group classifications

for each of theconstituenttypes and transportpathways. The translationof

Fable 5,3 into groups uses the groupingdefinitionlistedabove except for

the precipitation-drivenRU -> OL -> SW pathway. In this transportpathway,

it was felt that the differencesin computedvariabilitieswere likelymainly

reflectingdifferencesin transportcomputationsnot relatedto differences

in constituentproperties. Hence althoughone constituenttype (radio-

nuclideswith short life with low Kd) had slightlylower variability,all

constituenttypes for this pathwaywere assigned'toGroup 3, based on the

averagevariability.
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5.1.2 Data Qualit,yCateqories

The baselinevariabilitydiscussedin the previous sectionrepresents

only a minimum]evel of HPl Uncertaintybased on input parameterranges for a

well-characterizedsite. The RIS also includesa categorizationof the

uncertaintyin the inputparametersfor each problem•

The Surveyfound a range in the qualityof characterizationof envirori-

mental problemsat DOE sites. This range was expressedin terms of estimates

of input data quality. Each of the rankingunits was placed in one of three

categoriesbased on the number and type of assumpLionsused in derivingthose

input data that most influencethe rankings. The data qualitycategoriesfor

each rankingunit are defined in Table 5.5.

Figure 5.1 shows DOE's preliminaryrankings sortedbydata quality

groupsexpressed in terms of occurrencesin HPl Levels (SeeTable 1.2)'. Both

number of rankingunits and percentageof cases within each dataquality

categoryare shown. The tendencyis for poorly characterizedsites to tend

to group at the bottom of the rankings (HPl Level V) and well-characterized

sites to group at the top of the rankings(HPl Level I). This tendency

likely reflectsthe fact tha'Lcharacterizationeffortshave focusedon the

environmentalproblems with the greatestpotentialimpacts.

TABLE 5.5. Definitionof Data QualityCategories(a)

Cateqory Definition

- A Good data quality;mainly monitoringdata
and samplingdata

B Averagedata quality;a few assumptions

C Poor data quality;many assumptionsused

(a) Table was taken from DOE (1988).
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6.0 'CONCLUSIONS

The analysisdemonstratesthe complexityof the use of impact-based •

parametersas risk measures for rankingenvironmentalproblems. The HPl, a

time-weightedmeasure of populationimpact, representsonly one of many pos-

sible measuresof risk. Examplesof other measures are individualimpacts

and time.of impact. The comparisonof rankingswith HPl andother impact

parametersdemonstratesthe complexityof using these parametersas.ranking

•_ criteria.

An importantfactor in generatingrankingparametersis shown to be the

time weightingfactor used to progressivelydiscountfuture impact. The

discountedHPl value,as comparedto the undiscountedHPl, greatlydecreases

the relativeimportanceof future impactsoccurringby groundwatertransport

comparedto currentimpacts.

This analysisindicatesthat impo_tantimpact informationmay be lost

by the use of a single impact parameterto representpublichealth risk

Instead,a seriesof parametersare requiredto characterizeeach environ-

mentalproblem. The multipleaspectsof potentialhealth impactsinclude

populationrisk, maximum individualrisk, and timing of impacts. The design

of the RIS allowsdifferencesin these and other aspectsof risk to be

considered.

Indicatorsof the uncertaintyinthe computedrisk parametersare

includedin the RIS. A baselineuncertaintyfor HPIs resultingfrom data

inputuncertaintiesis estimatedbased on the constituentand pathway sen-

sitivityanalysis (Doctoret al. 1990). The uncertaintyfrom input varia-

bilityat mostsites will be largerthan this minimumbaselinevariability.

Thereforethe baselineuncertaintyis supplementedwith a qualitatiVemeasure
h

of data qualityfor criticaldata inputs at each rankingunit. The pre-

liminary rankings(DOE 1988) indicatesthat data qualityfactorsdo not

dominatethe overallrankings.
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8.0 GLO,SSAR_
i

constituentpathway the transportand exposurepathway'Chata
constituenttravelsthroughto impacthuman
health. An exampleof a constituentpath-
way is transportthroughthe groundwaterto
impacthumanhealth throughthe ingestion
of contaminateddrinkingwater from a weil.

- Each releaseunit (definedin a separate
entry) normallyinvolvesmultipleconsti.-

' tuent pathways.

environmentalproblem for DOE's EnvironmentalSurvey,the exis-
tence of contaminantsin the air, surface
water, groundwater,or soil resultingfrom
DOE operationsthat poses or may pose a
hazardto human health or the environment.
lt can also includethe existenceof con-
ditionsat a DOE facilitythat poses or
may inthe futurepose a hazardto human
healthor the environment,

EnvironmentalSurvey effort conductedby DOE to identifyand
prioritizetheir environmentalproblems.

exposure contactof an organismwith a chemicalor
physicalagent. Exposure isquantified as
the amountof the agent availableat the
exchangeboundariesof the organism (e.g.,
skin, lungs,gut) and availablefor
absorption(EPA 1989b).

exposurepathway the pathwayby which the human population
can be exposedto a constituent. Pathways
includedrinkingwater, showers; ingestion
of aquaticfood, crops, animals,water
•immersion,soil ingestion,and inhalation.
lt shouldbe noted 'thatthe U.S. Environ-
mental ProtectionAgency (EPA 1989b)
definesexposurepathwayslightlydiffer-

• ently. EPA definesexposurepathwayas the
coursea constituenttakes from the source
to the exposedorganism.

exposure route the course by which a constituententers
the human body. This includesingestion,
inhalation,dermal contact,and external
exposureand correspondsto the definition
given by EPA (1989b).

i

I'
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exposurescenario one or more exposurepathwaysassociated
with a receptor. An exampleof an exposure
scenarioat a well receptorwould be drink-
ing of water,_consumptionof irrigated
crops, and showering.

facility a collectionof rankingunits and/or re-
lease units consideredas a single entity.
The elementsof a facilitymay be defined
in terms of political,economic,or geo-
graphicaldivisions.

Hazard PotentialIndex (HPl) a compositeindex risk parameterthat is
computedby MEPAS to evaluatethe relative
importanceof environmentalproblems. An
HPl is generatedfor each constituentthat
is being evaluatedfor each identified
transportand exposurescenario. The HPl
ispopulation based and varieswith the
environmentalconcentrationat the receptor
and toxicityof the constituent Whelan
et al. (1987)providea detailedmathe-
maticaldescriptionof the HPl.

intake a term used as a measureof exposure ex-
pressed as the mass of a substancein con-
tact with the exchangeboundaryper unit
body weight per unit time (e.g.,mg
chemical/kg/day).Also termed the normal-
ized exposure rate; equivalentto adminis-
tered dose (EPA1989b).

lifetimeaveragedaily intake a measure of exposurethat is expressedas
the mass of a substancecontactedper unit
body weight per unit time, averagedover a
lifetime (EPA 1989b).

Maximum IndividualIndex (MII) a risk parametercalculatedby MEPAS that
representsthe maximumexposureto a hypo
thetical individual. The total intakefor
the individualis the sum of the highest
intakesfor each exposurepathwayoverall
70-yeartime periods.

An MII of 1.0 representsexposure at the
ReferenceDose (RfD) level for noncarcino-
genic constituentsand exposuregiving_a
lifetimeindividualcancer risk of 10-°
for radionuclidesand carcinogenic
constituents

o2 '
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MEPAS the MultimediaEnvironmentalPollutant
AssessmentSystem, a computer-based
methodologyfor evaluatingpotential
impactsresultingfrom releasesof hazard-
ous materialsto the environment. MEPAS is
based on a physics-basedmultimediatrans-
port and exposurepathwayanalysis.

MIX combinationparameter an alternativeimpactparameterdesignedto
. illustratean approachto combiningthe

populationimpact (HPl) and maximum indivi-
dual impact (MII).

+

normalizedpeak concentration an impactparameterthat representsa
drinkingwater concentrationat the recep-
tor. This parameteris calculatedby
dividingthe environmentalwater concen-
trationby a constantwater concentratiop_
correspondingto a levelof concern (I0"°
risk for carcinogensand radionuclidesand
1.0 RfD ratio for noncarcinogens)for that
constituent.

rankingunit an environmentalproblemor issue such as a
landfillor undergroundstoragetanks. A
rankingunit can consist of multiple re-
lease units. Althoughnot alwaysequival-
ent on a one-to-onebasis_the ranking
unit is roughlycomparableto an operable
unit as defined by EPA. For DOE's Environ-
mentalSurvey, rankingunits consistedof
parts or sets of individualenvironmental
problems.

receptoror usage location a poi._tin space where contaminationcould
potentiallyexposea populationthrough
groundwater,surfacewater,soil, or air.
Populationsand exposurescenariosare
definedfor each receptor,

ReferenceDose (RfD) Level definedas chronicReferenceDose, this is
. an estimateof a daily exposureof a non-.

carcinogeniccompoundto a human popula-
tion, includingsensitivesubpopulations,

, that is likely to be withoutan appreciable
risk of deleteriouseffectsduring a life-.
time (EPA1989b).

8.3
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With an uncertaintyspanningperhapsan
order of magnitudeor greater,this chronic
RfD was specificallydevelopedby EPA to be
protectivefor long-termexposureto a
compound.

release unit a placewhere a specifictype of release
occurs,or may occur, to the environment
(air,groundwater,and/or surfacewater).
Releaseunits are componentsof a ranking
unit. For example,a rankingunit may be
undergroundstoragetanks, and the release
unit could be a specifictank. At least
one transportand exposurescenariois
associatedwith each releaseunit.

RIS acronymfor DOE's Risk InformationSystem,
Which is a two-stepprocessfor prioritiz-
ing environmentalproblems. Referredto as
R-I-S,this systemwas used by the DOE
EnvironmentalSurvey to prioritizetheir
findingsof environmentalproblems.

risk in risk assessment,the possibilityof
sufferingharm from a hazard (Cohrssenand
Covello 1989)

source term the rate of releaseof a contaminantto the
environment. For active operations,the
sourceterm is the emissionor discharge
rate. For inactiverankingunits, the
source term is the rate of movement into
the media of concern.

Time Of Arrival (TOA) the time (in years) at which the environ-
mental concentrationsexceed a designated
level of concer_at a specific locationfor
that constituent.

transportpathway the environmentalmedium(groundwater,sur-
face water, overland,'oratmosphere)
throughwhich a contaminantcan migrate. A
sourceterm linkswith the transportpath-
way, which then links with an exposure
pathway. A transportpathway is equivalent
to the EPA (1989b)definitionof an
environmentalpathway.

J
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transportscenario one or severallinked transportpathways.
An exampleof a transportscenariowould be
rankingunit to groundwaterto surface
water.
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APPENDIXA

_ASSBUDGET_,UNCERI,A!NTY

A possiblesource of uncertaintyin any simulationof environmental

, transportis the definitionof contaminantmass within and betweendifferent

media. This appendixprovidesinformationon the influenceof mass budgets

, on the computedhealth impactparameters,

MEPAS automaticallyaccountsfor mass budgetswi_thina waterborneor

airbornepathwaywhen the total mass is definedfor a pathway. In cases

where mass inventorieswere not defined as inputs,checkswere made by the

i Survey to ensure total emissions were not greater than 'the total amount of
available contaminants.

J

As part of its design as a screeningtool, MEPAS does not allocatemass
betweentransportscenarios. This approachis taken to I) allow for evalua-

tion of multipletransportscenariosin the same media where mass depletion

betweenscenarioswould be problematic(e.g.,groundwatertransportto a well

and groundwatertransportlinkedto surfacewater transport),and 2) avoid

havingone transportscenarioincorrectlydepletingthe mass potentially

availablefor a transportscenarioin a differentmedia (e.g.,a conservative

air emissioncomputationbased on leakageof a clay cap could eliminatethe

source term for possiblegroundwatercontamination).This user definitionof

mass allocationsprovidesflexibilityfor screeningapplications.

The main sourceof mass budget uncertaintyis associatedwith the user's

uncertaintyin the definitionof the inventoryof materialavailable"For

release into each transportmedia. This uncertaintywill be reflectedin

compiled health impactparametersin cases where the releasesrates, or total

release,'isdependenton 'thisinventoryestimate.
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APPENDIX B

HEALTH IMPACTPARAMETERUNCE__INTY

q

The MEPASconstituentdatabase containsphysical,chemical,and health

. , impactdata for each constituent(Strengeand Petersen1989). The heali_h

impact evaluationparametersare in the constituentdatabaseand thus are not

input by the user. For the databaseused in the Survey_sfinal Summary
J

Report,the contentswere fixed in mid-1989to allow applicationsto proceed

based on a consistentset of information. There are 393 constituelltsin this

MEPAS database,which includesthe most appropriateand correctdata availa-

ble. In general,the physicaland chemicalpropertiesof the constituents

are not difficultto obtain, and the values are reliable(i.e., small amount

of uncertainty). The health impactparametersare more difficultto obtain,

and the uncertaintyassociatedwith them is greaterthan for the constitu-

ents' physicalproperties.

Of these health impact parameters,the toxicityparametersare con-

sideredthe most criticalparameterscontributingto uncertaintyin the HPl

values. Sourcesfor toxicitydata are EPA's IntegratedRisk Information

System (IRIS)database,ThresholdLimit Values (TLVs),Registryof Toxic

Effectsof ChemicalSubstances(RTECS),and the toxicityvalues from other

constituentsof similarstructureand properties. The primarysourceof

constituenttoxicityparametersis EPA's IRIS, which is an on-linecomputer

informationsystem. When data are not availablefrom IRISfor a chemical

constituent,other methodsmust be used to estimatetoxicityparameter

values.

' The toxicityparametersare requiredfor constituentsto relateexposure

level to relativerisk. For chemicalconstituents,the toxicityfactorsare

' the cancer potencyfactors (forcarcinogens)or referencedoses (for noncar-

cinogens). MEPAS uses cancer potencyfactorsto evaluaterisk from carcino-

genic constituentsand RfD to evaluaterelativerisks from exposure to

noncarcinogenicconstituents. At least one of these parametersmust be

definedfor inhalationexposureand one for ingestion(oral)exposure. The

BI



generalhierarchyin evaluatingtoxicityparametersis given by the following

criteria.

,I. Use valuesfrom IRIS if availablefor inhalationand ingestion.

2. If IRIS values are only'availablefor one intake route (inhalation
or ingestion),use the IRIS value for bothroutes.

3. When IRIS valuesare not available,use TLVs, if available,to
estimate an effectiveinhalationreferencedose. Use of TLVs to '
estimate inhalationreferencedoses is discussedbelow. Use the
inhalationreferencedose for ingestionalso.

4. When IRISand TLV values are not available,use acute exposure
data for small animalsfrom RTECS. Use of RTECS data is discussed
below. Data from Sax and Lewis (1989)may also be used in the same
manner a.sRTECS data

5 If these sourcesof data do not provideestimatesof toxicity
parameters,then base toxicity estimateson constituentsof similar
structureand properties.

The toxicityparametersfor radionuclidesare the internaland external

dose factors. Radiationdosimetryfactorsare defined for radionuclidesto

relate intaketo dose, which is then convertedto relativerisk using a con-

stant factor for all radionuclides Dose factorsfor radionuclidesare

based on•models and methods of the InternationalCommissionon Radiological

Protection(ICRP)and are all of comparableaccuracy.

A "toxicityindicator"can be definedfor each constituentin the MEPAS

database. The purposeof the toxicityindicatoris to providea semi-

quantitati"eindicationof the accuracy of the toxicityparametercontained

in the constituentdatabasebased on the sourceof toxicitydata. Toxicity

indicatorsare providedfor both inhalationand ingestionexposureroutes.

The indicator representsthe approximateran!'_,of HPl points (aboutthe

reportedHFI value) within which the true HPl may be contained,considering

the uncertaintyin the variousmethodsfor estimatingthe toxicity

parameters.

Generalcriteriapresentedin Table B.I is used to establishthe toxi-

city indicesin the constituentdatabase. The main informationthat these

--m_4m IllUlt.._:._ _IUVlU_ S_ all II'k,,,ll_k.,QblUII UI t, ll_ _UUI_ UI _UAI_II,,,.,y IIIIUI'IIIG}blUII.

!I These index values have been scaled only to reflect greater uncertainty for
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less certain sources. The values generatedfor specificconstituents,are

not meant to representabsoluteestimatesof actualtoxicityuncertainty

values.

Radionuclideconstituentpathwaysare assumedtohave less uncertainty

in the predictedHPl value than chemicalpathwaysas a resultof the larger

body of health-effectsdata availablefor radionuclides, Noncarcinogenic

constituentswith toxicitydata based on LD50 have the greatestuncertainty.

Data from EPA studiesare consideredthe best source of informationand

" thereforeare thus assumedto have the lowestuncertaintyfor toxicity

parametersfor chemicals.

An order-of-magnitudechange in health impactcorrespondsto a range of

10 HPl points. An index value of 5 is used to roughlyspan an order-of-

magnitudeuncertaintyin relative health impacts. Thus Table B.I provides an

index based on approximateranges of uncertaintyfor the HPl parameter.

TABLE B.I. Criteriafor DefiningToxicity IndicesFor SpecificConstituents

Toxicity
Index Value Application

5 for radionuclidesfor all exposureroutes

5 for carcinogenicand noncarcinogenicconstituentswith
toxicityparametersevaluatedby EPA (as reportedin various
EPA references)

10 for noncarcinogenicconstituentswith inhalationtoxicity
parametersbased on ThresholdLimit Values Time Weighted
Average (TLV/TWA)for occupationalexposure

20 for noncarcinogenicconstituentswith ingestiontoxicity
parametersbased on animal acute dose information(e.g.,LD50

" values) as provided

5 for carcinogenicand noncarcinogenicconstituentsthat have
inhalationtoxicityparametersestimatedfrom ingestiondata
(samefor ingestiontoxicityparametersbased on inhalation
data)
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