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ABSTRACI"

This paper provides an overviewof currentand futuredecommissioning
standardsapplicablein the United States. The standardspromulgatedby both
the U.S. Departmentof Energy (DOE) and the U.S. NuclearRegulatoryCommission
(NRC),as well as standardsproposedby the AmericanNational Standards
Institute,are presented. A summaryis presentedof the recent NRC actionsto
produce revisedresidualradioactivitycriteria. The NRC regulatesthe
activitiesof licenseeswho own lands and structuresthat may be contaminated
with r_,dioactivematerialsand who wish to terminatetheir licenses. To
acquireunrestrictedreleaseof their property,licenseesmust meet specific
criteriaand follow identifiedproceduresthat help the NRC staff determine
that public health, safety,and the environmentare protected. For license
termination,existing standardsare found in RegulatoryGuide 1.86,
"Terminationof OperatingLicensesfor NuclearReactors_'(AEC 1974). The
standardsare in terms of fixed,removable,and totalsurface-contamination
leve'Isfor groups of radionuclidespotentiallypresentat licensedfacilities.
The standardsin RegulatoryGuide 1.86 have alsobeen adopted by the DOE for
d._commissioningdefense-relatedfacilities. There are no widely accepted
standardsfor releaseof soils or other bulk sources.

Since these standardswere publishedin 1974, there have been revisionsto the
methodsused for estimatingradiationdose, changesin the underlyirmg
philosophyof radiationprotection,and problemsassociatedwith applying
surface-activitycriteriato bulk-contaminationcases. As a result,the NRC
is in the processof revisingits standardsto providea consistentbasis for
determiningwhether the use of lands, structures,materials,equipment,and
productsinvolvinglow levelsof radioactivitycouldmerit deregulation. For
decommissioning,the NRC will set goals for limitingpotentialindividualand
collectivedoses and will define a procedurefor measuringthe value of
returninglands and structuresto unrestricteduse by balancingthe potential
dose againstpotentialbenefitsof licensetermination.

Recentwork for the NRC has establisheda genericbasis for translating
cGntaminationlevelsto annualdose. This basis uses modelingand radiation
exposurepathway/scenarioanalysesto relateresidualcontaminationlevels in
buildingsand on land to individualdose. The NRC will use this work as the
basis to developgenericscreeningcriteria,in terms of surface-or bulk-
contaminationlevels,relatedto their annualdose criteria.

(a) The PacificNorthwestLaboratoryis operatedby BattelleMemorial
Institutefor the U.S. Departmentof Energyunder Contract
DE-ACO6-76RLOIB30.
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BACKGROUND

To aid in understandingthe discussionof decontaminationand decommissioning,
the NRC providedthe followingstandardizeddefinitions(Oak et al. 1980)"

• DecommissjoDing: Preparationof nuclearfacilitiesfor retirementfrom
activeservice--aprogramto reduceor stabilize
radioactivecontaminationand reducepotentialhealth
and safety impactson the public.

• De___c_on__t_aminati_o_n:Those activitiesused to reducethe levels of
radioactivecontaminationin or on property.

• Dis__mantlemen_t.: Immediateremovalof radioactivematerial at time of
site closureprior to licensetermination.

.. _nbm__h_m_e.E_: The encasementof radioactivematerialsin concrete
or other materialto assurelong-livedretentionof
radioactivematerialsfor decay.

• S_afeStoraqe: Actionsneeded to place and maintaina nuclear
facilityin a conditionto permit radioactivedecay
prior to final decommissioning.

The NRC currentlyhas over 22,000licensees,includingcommercialreactors,
other uraniumfuel cycle facilities,and facilitiesinvolvedin the production
and use of industrialand radiopharmaceuticalsources. All of these
facilities,and additionalfuture facilities,will ultimatelyrequirelicense
termination. TRere is a recognizedneed for a consistentand comprehensive
approachfor decommissioningthat uses standardizedcriteriafor the
protectionof public health and safety,and protectionof the environment.
The decommissioningoptionsfavoredby the NRC are either immediate
dismantleme'Itafter site closureor dismantlementafter some period of safe
storageto permit radioactivedecay. The least-favoreddecommissioningoption
is entombmentbecauseit requirescontinuedcommitmentof resourcesfor
securityand monitoring,and regulatoryactionsfor long periodsof time. The
followingsectionsdescribeexistingguidancefor decommissioningprovidedby
the NRC, DOE, and th_ AmericanNationalStanda_'dsInstitute(ANSI).

Regu!atory Guid_____e/:_86.86

In June of 1974, the Directorateof RegulatoryStandardsof the U.S. Atomic
Energy Commission(AEC) issuedRegulatoryGuide 1.86 entitled"Terminationof
OperatingLicensesfor NuclearReactors"(AEC 1974). This RegulatoryGuide
containsdescriptionsof the methodsand proceduresconsideredacceptablefor
the terminationof operatinglicensesfor nuclearreactors, lt has been used
by both the NRC and DOE in evaluating,on a case-by-casebasis, requestsfor
licenseterminationor decommissioni,_g.The regulatoryguide is intendedto
serve as the primarystandardagainstwhich to evaluatethe adequacyof
decontaminationeffortsprior to unrestrictedrelease. The standardsare
summarizedin Table I in terms of acceptablesurfacecontaminationlevels.
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.T_ab=]!e_._!.Summaryof the Acceptable Surface Contamination Levels from
Regulatory Guide 1.86

Li mit (dp_m./100cruZ}_

_ ___ v^ra.e(a)(b) . (a)(c)Radionuclide Avera_eor.___ Hax1mum....... Removable(a)

23SU and 5,000 _ 15,000_ i,000Natural U, ,
associateddecay
products

Transuranics 2_BRa 100 300 20
ZZBRa nOTh _2BTh _31

2BI-"'227Ac,' zz.si,,I Pa,

Natural Th, _32Th 9°Sr, 1,000 3,000 200
223Ra z24- 232U ,'126I, Ka,
z311, 1331

Beta-gamma emitters 5,000 _-y 15,000_-y 200 dpmp-y/1OOcm2
(radionuclides with
decay modes other than
alpha or spontaneous
Fission) except °_Srand
other noted above

(a) Corrected for background, efficiency, and geometry of the detector.
(b) Averagedover an area less t_an i m_,
(c) For an area less than 100 cm_.

RegulatoryGuide 1.86 also describespossession-onlylicensealternatives,
surveillance,and securityrequirementsnecessaryto achievean unrestricted
relea.sefor materialsat nuclearreactors. This regulatoryguide has been
appliedto a numberof situationsbeyondnuclearreactorsand remainsthe
basic standardfor achievinglicensetermination.

Values were providedfor average,maximum,and removablesurface-contamination
levels in units of dpm/100cmz. No bulkor volumeactivityvalueswere
provided. The averagevalueswere intendedto representthe averagevalue
over an area of I m_, or the entire area of objectssmallerthan 1"m2. The
maximumvalues were intendedto apply to a surfacearea not to exceed 100 crn2
and were a factorof three largerthan the averagevalue. The factorof three
was intendedto reflecta half-scaledeflectionof a log-basedradiation
detectioninstrumentand was judged to be a level that could be observed under
field conditions. The removablecontaminationlevel was intendedto relateto
the amount removedby wiping an area of 100 cm2 with dry filterpaper.
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D__O__O__rder s

The DOEhas established policies dnd guidelines for th_ management,
decontamination, and decommissioning of radioactively contaminated facilities
and land under DOEownership or control in DOEOrder 5820.2A, Chapter V (DOE
1988). The policy of DOEis to ensure that contaminated facilities controlled
by DOEare managed in a safe, cost-effective manner that complies with Federal
and State requirements regarding exposures to radiation a_d other hazardous
materials.

The basic radiation protection standards applied by the DOEare contained in
DOEOrder 5400.5 (DOE1990). For residual radioactive materials, the basic
standard (to be applied in addition to naturally occurring background
exposures) is I mSv (I00 mrem) effective dose equivalent; with the condition
that exposures be maintained "as low as reasonably achievable" (ALARA). Under
unusual circumstances, DOEmay approve a temporary dose limit higher than I

_. mSv (100 mrem), but not greater than 5 mSv (500 mrem) in a year. These
unusual circumstances may include temporary conditions at a property scheduled
for remedial action. The ALAPArequirement would apply for the selection of

, such a temporary dose limit.

For soil contamination, site-specific cleanup guidelines are to be calculated
: using the RESRADsoftware (DOE1989). Residual concentrations of radioactive

material in soil are those in excess of background concentrations, averaged
over an area of I00 mP, Soil concentrations of 226Ra, 22BRa,and 2"T°Th,are

• 5 pCi/g, averaged over the first 15 cm of subsurface soil, and

• 15 pCi/g averaged over 15-cm.-thick layer of soil below a depth of 15 cre.

For external gammaradiation, buildings or habitable structures can not be
released if the exposure rate exceeds 20 _R/h above background, and they shall
comply with the basic dose limit under an "appropriate use" scenario.

For surface contamination, DOEadopted the Regulatory Guide 1.86 values shown
in Table I, with the exception of the transuranic (TRU) radionuclide group.
For the TRUgrouping, DOEheld in reserve the surface-contamination values,
pending the development of standards more applicable to DOEfacilities.

Oraft ANSl Standard N13.12

In August 1988, ANSl published ANSI Standard N13.12, entitled "Draft American
National Standard, Control of Radioactive SurCace Contamination on Materials,
Equipment, and Facilities to be Released for Uncontrolled Use" (ANSl 1988).
This draft standard was published for trial use and comment For a 12-month
period, after which the standard would be revised and finalized. However,
there has been no action to finalize the standard. The surface-contamination
standard was developed by using the MaximumPermissible Conce_ntration in air
(MPCa)or water (MPCw)found in 10 CFRPart 20 (1975) to group radionuclides
into three categories.



,Ta__ble____..Summaryof Draft ANSI Standard N13.12 Primary Surface Contamination
Limits

_Limit(dDm/100Cm______

Group_ Description(a) Radionuclides Rem____oovableT_ota](.fixedplu_
..... - ................ removabl_!___

(b)

I MPCa<2 x I013Ci/m_ ZZ!Ac,241,242m, 20 non-detectable
or - Z43Am 249.250.

MPC_ 2 x 10-TCi/m3 2sz,2_2Cf 243.244, 245, 2_6, 247

24BCm 125, 129Ii
237,, _ 231,,-

240,?._z,244p.

22G,Z28Ra' 2_',
23OTh

254Es ZSSFm 200 2 000_2 Radionuclidesnot in , ,
Group I and with the zz6,iAl,2331, non-detectableO-y(c)

MPCa< I x I0-12Ci/m3 2Z°Po 223Ra
oY' 9°Sr,232Th,

MPC< I x 10"TCi/m3 232U

3 Radionuclidesnot in ..... 1,000 5,000
Group I or Group 2

a) Non-occupationalMPC and MPC listed in 10 CFR 20 (1975).a

Ib) With an instrumentcalibrate_to measureat least 100 pCi distributed
over I00 cre2•

(c) With an instrumentcalibratedto measure I nCi spread over the detector
area in an area with a backgroundless than 100 counts per minute.

The standardstatesthat propertywith contaminationlevels in excess of the
table values shall be treatedas radioactivematerial. In addition,the
standardoutlinedthe differencebetweenfixed and removablecontaminationby
definingthe specificlevelssummarizedin Table 3. t

As the basis of ANSI N13.12, the limit for 9°Sr was arbitrarily taken to be
1000 dpm/100 cm2 from background resulting from the atmospheric testing of
nuclear weapons For ingestion, the groupings were derived based on MPC.with• W ,

a bound of 5000 dpm/100 cm_. For inhalation, the groupings were derived uslng
a resuspension rate equation to determine the surface concentration needed to
create the MPCa expressed in dpm/100 cm2.
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Tab!e 3. Sun_naryof Draft ANSI StandardN13.12 AlternateSurface
ContaminationLimits

Contaminatio.n__Contin_e_n_cies(a!Removabl____eeTotal _Fixed Plus Removable_t

(b)
Unknown radionuclides;or alpha 20 no_1-detectable
emittersother 'thannaturalU
and decay productsof naturalTh
are present;or if 227Acor _SBRa
are present

All alpha emittersare from 200 2,000 e non-detectable_(c)
naturalU and decay productsor

naturalTh; _2_dbeta emittersdo
not include _c,'1251,226Ra,
and 228Ra

All alpha-emittersare from 1,000 5,000
natural U and naturalTh in
equilibriumwith progeny;beta
emitters do not include227Ac,
125, 119, 131, 1331 9°Sr, and
223, 22BRa

(a) Averagedover I m_-withmaximumactivityin any 100 cmz to be less than
three times value shown.

(b) With an instrumentcalibratedto measure 100 pCi or less over 100 cm2.
(c) With an instrumentcalibratedto measure I nCi or less beta gamma over

detectorarea with a backgroundless than 100 countsper minute.

Problemswith Existin_ulations

Several issues have been ericounteredthat were beyondthe scope of Regulatory
Guide 1.86 and ANSI N13.12. These includethe following'

• controlof radioactivecontaminationthat is dispersedwithin a material
(bulkcontamination)

• materialsmade radioactiveby neutronactivation

• contaminatedsoils

• contaminatedclothingand personnel

• materialfor recycle (metalsor equipment),and

• use of field instruments'Formaterialswith variablegeometries
contaminatedwith alpha-emitters.
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In addition,both methodsrely on the use of the dosimetrymethodsfound in
the InternationalCommissionon RadiologicalProtection(ICRP)Publication2
(1959) and the outdatedlistingsof MPCa and MPC . Each systemwas based on
ingestionand inhalationwithoutregardto the _otentialcontributionfrom
external irradiation. With the publicationof the revised10 CFR Part 20, the
NRC adoptedthe dosimetrysystemoutlinedin ICRP Publications26 (ICRP 1977)
and 30 (ICRP 1979-1988). Becauseboth RegulatoryGuide 1.86 (AEC 1974) and
draft ANSI StandardN13.12 (ANSI 1988) use the recommendationsin ICRP
Publication2, both are inconsistentwith other currentstandardsand
regulations. In recognitionof these technicalfailings_and in an effort to
improvetheir policy regardingdecommissioning,the NRC is in the processof
updatingtheir decommissioningregulationsand criteria.

DEVELOPMENTOF REVISEDDECOMMISSIONINGCRITERIA

During January 1990,the Office of NuclearRegulatoryResearchof the NRC
issued a draft report for publiccommententitled"ResidualRadioactive
Contaminationfrom Decommissioning:TechnicalBasis for Translating
ContaminationLevelsto Annual Dose" (Kennedyand Peloquin1990). The report
was publishedto affordthe benefitof commentsfrom a broad spectrumof
readers and potentialusers of the proposedmethods. The reportwas intended
to serve as the technicalbasis for upgradingthe NRC's decommissioning
policy, includingreplacingRegulatoryGuide I.B6 for surfacecontamination.
The scenariosand pathwaysoutlined in the technicalbasis report are intended
to model conditionsin both buildingsand contaminatedsoil areas so that a
completeset of decommissioningcriteriacan be developed. For contaminated
land, a specialscenariowas includedto estimatethe potentialdoses from
residualcontaminationin soil resultingin contaminatedgroundwater.

Since January1990, over 250 coi_mentsof both a technicaland editorialnature
on the draft technicalbasis were received. Numerousadditionalcommentswere
made on variousaspectsof the NRC policyon residualradioactivity. In
response,the NRC clarifiedthe intendedpurposeof the draft and final
report. The NRC intendsto use the modelingreportas the basis for
establishinga three.-layeredhierarchyfor developingdecommissioningcriteria
to be used to evaluatethe releaseof propertyafter decontaminationand
decommissioning° This hierarchyis summarized'inFigure I. The first level
of screeningis the applicationof genericcriteria,derivedfrom the modeling
analysisusing prudentlyconservativemodels and parametervalues,to
determineradiationdoses from residualradioactivematerials. The generic
criteria are to be determinedby dividingan annualtotal effectivedose
equivalent (TEDE)releasecriterionin mrem, consistentwith the individual
dose criterionspecifiedby the NRC in the most recent versionof 10 CFR 20
(56 FR 23360-23474). The secondlevel of screeningis derivedusing the same
models as documentedfor the first level of screening,with parametervalues
selected to better representthe potentialexposureconditionsat a specific
site. The third and final layer of evaluationrelies on the use of
technically-defensible,site-specificmodels and data to providean even
closer approximationof site-specificconditions.
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Fi_ig_r_1. NUREG/CR-5512Modeling

..... ,,
_ ._.__--=,--,---_----_ -'_

I) Secondary* Exemption Levels
(concentrations or surface activity levels)

a) Generic Screening Levels
(first level of screening)

l
b) Site-Specific Derived Levels

(second level of screening)

2) Site-Specific Model ing**

Optimization/ALARA levels
(site-specific derived levels--third level of
screening)

, ,, .... _ ..,._.=....._ __ -- _i_ "_

* The primary exemption levels are defined in terms of annual dose.
Exemption levels defined in terms of radioactivity and based on the

primary exemption levels are defined as secondary exemption levels.

The developmentof modelsfor screeningto demonstratecompliancewith
environmentalstandardsis the subjectof CommentaryNo. 3 publishedby the
National Council on Radiation Protection and Measurements (NCRP1986). The
NCRPpresented three levels of criteria for determining compliance ,,_rith the
regulations of the Clean Air Act, 40 CFRPart 61, National Emission _oandards
for Hazardous Air Pollutants; Standards for Radionuclides (50 FR 5190).
Screening level I in the NCRPmethod applies the simplest models and data
including a high degree of conservatism with few user-defined parameter or
data requirements. Levels II and III require additional site-specific data to
reduce the modeling conservatism. If the user of the NCRPmethod shows
compliance using the Level I models and data, then no further calculations are
necessary. If the Level I results exceed the standards, the model user must
apply the Level II and III models until compliance is determined. If the
results fail at all levels, the NCRPrecommends the use of professional
assistancein radiologicalassessmentto determinehow to proceed (NCRP1986).
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The approachdescribedby the NRC in determiningresidualradioactive
contaminationlimits is quite similarto the NCRP screeningmethod. The NRC
approachwill be documentedin a three-volumeset to finalizethe initial
January 1990 NUREG/CR-5512report. Volume I containsthe modeling
mathematicalformulationsand the level of detail neededto develop

i microcomputer-based,user-friendlysoftwareunder strictqualityassurance
procedures. Volume I is intendedto be used as the major referencefor the
developmentof Volume 2 which containsthe softwaredescription,includinga
user's manual,tables of genericunit-concentrationTEDEs, example
calculationsdevelopedto facilitateanalyses,and the computercode listing.
Volume 3 containsthe resultsof a sensitivityanalysisof parametervalues
used in the modelingand a comparisonof the resultswith previouslyused
guidance (e.g.,RegulatoryGuide 1.86).

The mathematicalformulationsin Volume I are intendedto be used for the
first two levels of screening. The first level of screeningis intendedto
producegenericdose estimatesthat are unlikelyto be exceededat real sites.
The degree of conservatismassociatedwith the modelsand data at the first
level of screeningis difficultto determine. However,effortshave been made
to selectmodels and data that representa varietyof genericconditionsand
parametervalues that lie withinthe distributionsof reportedor expected
values (i.e.,parametervaluesthat are not at the extremesof the ranges).
When this approach applies,the model and data selectionsare referredto as
being "prudentlyconservative_" The exceptionsto this generalapproach are
the model and data selectionsassociatedwith the water-usemodel to account
for potentialground-watercontamination. For the water-usemodel, both the
model and parameterselectionshave been made in an intentionallyconservative
manner and are so noted in the text°

For the first level of screening,portionsof the modelinganalysis are
intentionallyconservative. As a result,the annualTED_.scalculatedusing
the defaultparametervalues shouldprovidean overestimateof the actualdose
that individualsmight receive. The second level of screeningallows the use
of site-specificdata to reducethe conservatismof the result ar,d producea
more realisticestimateof site-specificconditions. This approach shouldbe
useful in determiningwhen more detailedsite-specificassessmentsor
modificationsto the genericscenariosare required.

As with the NCRP screeningmodels,the NRC will allowthe applicationof a
third level of evaluationto producea more site-specificresult. This third
level would employ models and data that are carefullychosen to match the
complexconditionsat a specificsite. When this third approachapplies,
licenseeswill need to defendthe models,data, and results.
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Use of Scenarios

The primary purpose of establishing generic radiation exposure scenarios for
the first two levels of screening is not to assess or predict exact radiation
exposures. Rather, the primary purpose of the scenarios is to establish four
criteria to be used along with other information to make informed decisions
about decontamination and decommissioning of sites with residual radioactive
material. Four criteria are needed to create a complete and consistent basis
for' decision-making. The four criteria are I) a surface contamination level
for buildings and building materials (in Bq/100 cm2or dpo/t00 cm2), 2) volume
(or bulk) criteria for volume sources in buildings (in Bq/g or pCi/g), 3) soil
contamination criteria (in Bq/g or pCi/g of soil), and 4) a total site
inventory criteria (in Bq or Ci). The other information used is likely to
include direct measurement of the external dose rates. Although external
exposure pathways are involved in the models for completeness, they are not
intended to replace field measurements.

Scenariosfor Cont___a_minatedBuildinqs.

Two scenariosfor residualradioactivematerialsin buildingsare needed to
adequatelydescribethe potentialcontaminationconditionsfound at actual
facilities. These two scenariosaccountfor I) buildingrenovation
(subsurfaceor volume sources)and 2) normal buildingoccupancy(exposureto
surface-contaminationsources). Estimatesof the potentialdose from a
subsurfaceinventoryin the building-renovationscenarioare importantto
account for residual inventoriesof difficult-to-measurealpha-emittersor
beta-emitters. The buildingoccupancyscenariois intendedto depict the
situationwhere the residualinventoryis presentas a layer of surface
contamination.

A number of potentialexposurepathwayscan be identifiedduring building
renovationand buildingoccupancy. Althoughthe potentialpathwaysmay be
quite numerous,some will producegreaterradiationdoses than others. The
potentialpathwaysconsideredin the NRC screeninganalysisare shown in the
followinglist, with those selectedfor analysisshown in bold type:

. externalexposureto penetratingradiationfrom surfaceor volume sources

• inhalationof airborneradioactivedust

• inadvertentingestionof '3oose'surfacecontamination

• externalexposurefrom submersionin airborr_P,radioactivedust

• internalcontaminationfrom puncturewounds duringbuildingrenovation

• dermal absorptionoF radionuclides

• inhalationof the 'indoorradon aerosol.

10
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The selectionof these pathways,along with the selectionof prudently
conservativeparametervalues,providesa balancedanalysisfor I) photon-
emitters (throughthe externalexposurepathway),2) alpha-emitters(through
the inhalationexposurepathway),and 3) beta-emitters(throughinadvertent
ingestionof "loose"surfacecontamination).

Scenarios f ___i_.___ n_d

Two scenarios that rely on a generic water-use model are included For
unrestricted use of land. The first scenario only considers drinking water
from a ground-water source and accounts for the total r_.dionuclide inventory
at the site, in the soil, or in building materials that potentially may be
demolished and disposed of onsite as buried rubble. The drinking-water
scenario relates the annual TEDE in mrem per pCi (and _Sv per Bq) of residual
radioactive materials in soil. The second scenario considers residential use
of land, including use of ground water for drinking and irrigation oF farm
products. The residential scenario relaters the annual TEDE in units of mrem
per pCi/g (and /_Sv per Bq/g) of soil. Because of the generic treatment of
potentially complex ground-water systems, the water-use modeling is
intentionally conservative and too simplistic to be considered a rigorous
ground-water model. This means that the annual TEDEfor the drinking water
and residential scenarios may only indicate when additional site data or more
sophisticated modeling are warranted. Again, modifications can be made to the
scenarios for contaminated land to better account for site-specific soil
contamination when conducting the level 2 or 3 screening analysis.

Several factors can influence the importance of the potential pathways that
can be considered in the residential scenario. Amongthese factors are the
nature and distribution of the contamination (i.e., surface or subsurface
sources); the radionuclides (i.e., their chemical and physical properties);
and the environmental setting (i.e., a humid or arid, warm or cold climate).
The potential pathways considered for the residential scenario are shown in
the following list, with those selected for analysis shown in bold type'

• externalexposureto penetratingradiationfrom volume soil sourceswhile
indoorsand ouLdoors at the site

• externalexposureto soil trackedindoorsas a surfacesource

• externalexposureto penetratingradiationfrom submersionin airborne
radioactivesoil

• externalexposurefrom swimmingand shorelineactivitiesassociatedwith
a contaminatedsurface-watersource

• inhalationof resuspendedsoil while outdoorsor indoors

• inhalationof resuspendedsoil sourcestracked indoors

• inhalationof the radon aerosolwhile inaoorsor outdoors

11
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. direct ingestion of soil

. inadvertent ingestion of soil tracked indoors

• ingestion of drinking water from a ground-water soul,ce

• ingestionof plant productsgrown in cont_;in.atedsoil

• inges'Lionof plant productsirrigatedwith contaminatedgroundwater

• Ingestionof animal productsgro_ onsite (i.e.,after the animalsinges_c
contanl,i_ateddrinkingwater,plant products,aridsoil)

• ingestionof drinkingwater from a contaminatedsu.rface-watersource

• ingestionof fish from a contaminatedsurface-watersource

• internalcontaminationfrom puncturewounds

• dermal absorptiowlof radionuclides.

Again, the selectionof these pathways,along with the ,;electiono_,'prudently
conservativeparametervalues,providesa balancedanalysisfor I) photon-
emitters (throughthe externalexposurepathway);2) _Ipha-emiCters(through
the inhalationexposurepathway);and 3) beta-emitters(throughingestionof
contaminateddrinkingwater, agriculturalcrops,and fish).

Unrestrictedreleaseof buildingsor land after decommi':sioningis currently
controlledby the NRC and D.OEusing RegulatoryGuide I._6 and DOE Orders that
define residualradioactivecontaminationcriteria. Licenseterminationor
unrestrictedreleasedecisionshave historicallybeen made on a case-by-case
basis using ALAPA as a generalguideline, RegulatoryGuide 1.86 contains
surface-contaminationstandardsthat were developedduring the mid-1970susing
the dosimetrysystem in ICRP Publication2 (1959). Becauseof technical
concerrbsregardingthe basis of the existingstandards,and in an effort to
develop an improvedi'isk-basedsystem for determiningstandardizedrelease
criteria,the NRC is in the processof developingrevisedpolicy for license
termination. The heart of this policy is the use of radiationexposure
scenariosand pathwaysto establisha screeningapproachto derive residual
radioactivecontaminationlimitsbased on an individualdose criterion,
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