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ABSTRACT

A radiologicalperformanceassessmentof the RadioactiveWaste

ManagementComplex at the Idaho National EngineeringLaboratorywas

conductedto demonstrate compliancewith appropriateradiologicalcriteria

of the U.S. Department of Energy and the U.S. EnvironmentalProtection

Agency for protectionof the general public. The calculationsinvolved

modeling the transportof radionuclidesfrom buried waste, to surface soil

and subsurfacemedia, and eventuallyto members of the general public via

air, ground water, and food chain pathways. Projectionsof doses were

made for both offsite receptorsand individualsintrudingonto the site

after closure. In addition,uncertaintyanalyseswere performed.

Results of calculationsmade using nominal data indicatethat the

radiologicaldoses will be below appropriateradiologicalcriteria

throughout operations and after closureof the facility.

Recommendationswere made for future performanceassessment

calculations.
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EXECUTIVESUMMARY

This report provides documentationof the predictedenvironmental

effects associatedwith the disposal of radioactivelow-levelwaste (LLW)

at the Idaho National EngineeringLaboratory(INEL) RadioactiveWaste

" Management Complex (RWMC). The predictedeffectswere compared with

appropriateradiologicalcriteria of the U.S. Department of Energy (DOE)

" and the U.S. EnvironmentalProtectionAgency (EPA) for protectionof the

general public.

The scope of the document covers both current and future operations of

the RWMC. lt addressesthe impactof radionuclidesin LLW, buried since

1964, on the general public. Occupationalradiologicaldoses and impacts

of nonradioactivehazardousconstituentsare the subjectsof other related

assessments.

Three time periods of concernwere addressed in this evaluation of the

RWMC:

I. The operationalperiod, 1964 through 2089, during which

radioactivewaste is activelydisposed of at the facility.

2. The institutionalperiod, 2089 through 2189, which follows site

clo_ure and during which periodicmaintenance and monitoring

activities are conducted. The facility is assumed to be

stabilized but is still part of the INEL reservationand is

fenced and patrolled.

3. The post-institutionalperiod, 2189 through 11975,during which

the facility is no longer maintainedby the DOE and may be

accessible to the public.Q

Two receptor types were assessed. The first is a member of the

general public. During the operationaland institutionalperiod this

individualwas conservativelyassumeJ to reside at or near the INEL Site
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boundary at the location of maximum concentrationof airborne

radionuclidesin the transportmedium of concern (i.e., air or ground

water).

The second type of receptor evaluated is an intruder. This

hypotheticalreceptor is assumed to inadvertentlyintrude on the RWMC

during the post-institutionalcontrol period. Two general kinds of

scenarioswere evaluated. The first is an agriculturescenario in which

the receptor obtains half of his produce from farming at the RWMC. This

individualalso drinks water from a well drilled at the edge of the

waste. The second is an acute exposure scenario that includes a

constructionscenario and a well-drillingscenario. In the construction

scenario, the receptor is an individualwho is building a house at the

RWMC and is exposed to contaminatedsoil while excavating the cellar. In

the well-drillingscenario,the receptor is exposed to contaminateddrill

cuttings that are deposited in a mud pit.

Results of the monitoring,special studies, and modeling efforts to

date indicate that the greatest potentialfor transport of radionuclides

from the RWMC to offsite receptors (now and in the future) is via airborne

transport of resuspendedcontaminatedsurfacesoil particles and ground

water transport of radionuclidesleached from buried waste. For this

reason, the performanceassessmentonly addressesthese two transport

pathways.

The exposure pathwaysevaluated include ingestionof food and water,

inhalation of contaminatedairborne particulates,and external exposure to

radionuclidesin air and soil. The agriculturalproducts consumed by the

general public are contaminatedvia food chain transport of radionuclides

deposited from air onto soil or plant surfaces.

D

The performanceassessment involveddevelopmentof a near-fieldmodel

and the use of environmentaltrar,sport models to project the releaseand

transport of radionuclidesfrom buried waste to a receptor. The
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near-field model included waste inventory and radionuclide release and

transport processes within the RWMC. The transport processes included

infiltration, plant uptake, and burrowing by small mammals. The model was

simulated by the DOSTOMANcode for periods up to 10,000 yr. The

near-field model consisted of three sub-models. The old pit model

- simulateswaste buried from 1964 through 1975 in shallowpits and

tronches. The new pit model representswaste disposed since 1975 using

. current methods. The third sub-modelrepresentssoil vaults.

The waste inventoryused in the near-fieldwas derived from the

RadioactiveWaste Management InformationSystem. The LLW buried since

1964 was used. Transuranic (TRU) waste and LLW intermixedwith TRU waste

that was buried before 1964 was not included. To simplify the assessment,

the list of radionuclideswas screened,using an index of potentialrisk,

to a final list of 11 radionuclidesthat contributemore than 99% of the

total risk from all the radionuclides. They are Co-60, Sr-gO, Cs-137,

Ra-226,Th-230, U-234, U-238, Pu-238, Pu-239, Pu-240,and Am-241.

Projectionsof radionuclideconcentrationsin surface soil and

subsurfacemedia, made by DOSTOMAN,were used as source terms for the

environmentaltransportmodels.

lt was assumed that the source of radionuclidesfor airborne transport

to offsite receptorswas contaminatedsurface soil at and around the RWMC

and radon diffusing from buried waste. Projectionsof curie quantities in

the surface soil compartmentwere used to calculaterelease rates by

multiplying these quantitiesby a resuspensionrate constant. Daughter

radionuclideswere includedin the calculations;they were estimated using

the RADDECAY code. The release rates (Ci/yr)of radionuclideswere then

input into the AIRDOS-EPAcomputer code to calculatedose to the offsite

receptor.

The PATHRAE-EPAcomputer code was used to determine the impactsof

subsurfacemigration of radionuclides. The RWMC was assumed to be an area
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source of uniform thickness. The waste was assumed to leach at a constant

rate into the unsaturatedzone. Radionuclideswere assumed to migrate

through the unsaturatedzone, reach the aquifer, and be transportedto a

down-gradientreceptor.

The ground water flow and transportcodes FLASH and FLAME were also

used to provide input to PATHRAE-EPA. PATHRAE-EPAcontains a simple

method for calculatingthe verticalground water velocity. However, the

geology of the INEL Site is so complex that it invalidatesthis method.

Tt,erefore,FLASH and FLAME were used to calculatethe vertical ground

water velocity,which was then used as input to PATHRAE-EPA.

The end points of the ground water flow and transport analysis were

radionuclideconcentrationsin well water at hypotheticallocations

down-gradientof the RWMC.

In most cases, the doses calculated for this assessment are far less

than the performanceobjectives. In one case, the dose received from

drinking water obtained from a well at the RWMC perimeter is less than,

but fairly close to, the objective. This dose was projectedfor 3.75

million yr and is due primarilyto long-livedU-238. There is some

question as to the validity of this calculationgiven the long time period

involvedand the unpredictableenvironmentalconditionsthat may exist

that far into the future.

The largest doses projected for airborne transportoccur before

closure and the addition of the final cover. Although the cover was

allowed to erode, doses followinginstitutionalcontrol because of

long-livedradionuclidesnever exceed those projectedfor future

operations.

Uncertaintyanalyses were performedfocusing on waste release

processesand ground water flow and transport parameters. Results for the

near-field indicate that inventoryis the most influentialparameter for
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all radionuclidesin terms of projectedsurface soil concentration.

Release rate is the dominant contributorto overall uncertaintyin terms

of projected subsurface inventoryavailablefor ground water. The

distributioncoefficient,release rate, and ground water velocity have the

greatest impact on doses becauseof ground water transport. The relative

- contributionof each varies with radionuclide.

, Based on the results, recommendationswere made for further

performanceassessment studies. The recommendationsinclude

• Inclusionof nonradioactivecomponents in the assessment

• A thorough investigationof past disposal practicesto obtain

better estimatesof inventorybefore 1974

• Developmentof a mechanisticmodel of the waste release process

to replace empiricaldata used

• Use of more detailed, site-specificvadose zone and ground water

flow and transportmodels

• Considerationof more appropriate,state-of-the-artuncertainty

analysis techniques.
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1. INTRODUCTION

I.I _Purposeand Scope

This report provides documentationof the predictedenvironmental

effects associatedwith the disposal of radioactivelow-levelwaste (LLW)

at the RadioactiveWaste ManagementComplex (RWMC) at the Idaho National

- EngineeringLaboratory (INEL). The predictedeffects will be used to

demonstratecompliancewith appropriateradiologicalcriteria of the U.S.

Departmentof Energy (DOE) and the U.S. EnvironmentalProtectionAgency

(EPA) for protection of the general public and the environment.

A performanceassessment is "a systematicanalysis of the potential

risks posed by waste management systemsto the public and environment,and

a comparison of those risks to establishedperformanceobjectives"

(DOE Ig88a). In the context of this performanceassessment,the waste

management system consists of the LLW waste form at the RWMC, the RWMC

disposal facility,and its environs. This performanceassessment is a tool

used to predict the potentialenvironmentalconsequencesof the LLW

facility; its intent is to determinewhether waste managementactivities

will accomplishthe goal of effectivelycontaining LLW. This goal is

consideredmet if compliancewith performanceobjectives is demonstratedin

the performanceassessment.

The scope of the document covers both current and future operations of

the RWMC. Related assessmentactivities (e.g., safety assessments,

characterizationsfor siting or construction,engineeringevaluations,and

cost/designstudies) are outside the scope of this document. Potential

radiologicaldoses to workers at the RWMC are not covered in this.¢

document. Although doses to workers are an importantarea of concern for

facility operations,they are covered by regulationsand guidance different

than those covering performanceassessments. Furthermore,compliancewith

occupationalcriteria is not necessarilydemonstratedby the type of

calculationsassociatedwith radiologicalperformanceassessments. Another

1-1
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area of concern that is excluded from the s_:opeof this document is

potential impactsof nonradiologicalhazardousconstituentsthat may be in

the waste. Occupationalradiologicaldoses and impacts of nonradioactive

hazardousconstituents.areeach the subject of other related assessments.

Only buried LLW is considered in this document. Buried transuranic (TRU)

waste, stored TRU waste, and buried commingledTRU and LLW is not included;

neither is LLW that may be disposed as a result of programs/projectsthat

are not currently at the INEL.

This performanceassessment is a baseline assessment, lt only

addressesone closure design, the addition of soil to the cover. Other

enhanced closure options, such as engineeredbarriers,will be the subject

of future efforts.

The remainder of this introductorysectionprovides background

informationrelating to the RWMC and regulations,guidelines, and criteria

(i.e., performanceobjectives)applicableto the radiologicalperformance

assessment of the RWMC.

1.2 General Descriptionof the RWMC

The INEL is a DOE facility occupyingapproximately2,300 km2 in

southeasternIdaho. Activities conductedat the INEL primarily involve

nuclear research and developmentprojects and experiments. The RWMC is one

of severalwaste management facilitiesat the INEL; it is the only

operating LLW disposal area at the INEL. There are several other waste

treatment, certification,and storage facilitieson the INEL Site.

The RWMC provides a shallow land burial site for solid LLW generated

almost exclusivelyby INEL activities, lt also serves as an interim

storage location for TRU-contaminatedradioactivewaste. Most of the

stored TRU waste is generated at other DOE sites.

The RWMC opened in 1952 near the southwesterncorner of the INEL. The

initialtract of land used as a burial ground for radioactivewaste was

1-2
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5.3 ha. This tractbecamethe SubsurfaceDisposalArea (SDA)and was

expandedin 1957 to 35.6ha. In 1970,the 22.7-haTransuranicStorageArea

(TSA)was addedto the RWMC. Over theyears,serviceand operations

buildingshave been constructed.The SDA and TSA are surroundedby a

securityfence. A drainagesystemis incorporatedat the RWMCto divert

runoffaway from the facility.

- Most of the LLW arrivesat the RWMC packedin containers,usuallylarge

woodenboxessealedwith plasticliners. Compactiblewasteis reducedin

volumeand repackagedat the WasteExperimentalReductionFacility(WERF)

beforeburial. Wasteis buriedin largepitsthat are excavatedto a

nominaldepthof 6 m. Afterthe wasteis impulsed,it is coveredwith

severalmetersof earthencover. Smallquantitiesof LLW with higher

radiationlevelsare placedin speciallypreparedsoil vaults.

LLW generatedat the INELprimarilyconsistsof protectiveclothing,

paper,rags,packingmaterial,glassware,tubing,and othergeneral-use

items. Also includeare contaminatedequipment,suchas gloveboxesand

ventilationducts,and processwaste,suchas filtercartridgesand

sludges. Thesematerialsare eithersurfacecontaminatedwith radioactive

nuclidesor are activatedfrom nuclearreactions.

Most of the radioactivityin the LLW at the time of receiptstemsfrom

short-livedradionuclides.Most of this wastehas low radiationlevels,

less than500 mR/h at 0.9 m fromthe containersurface.

As of 1988,the RWMCcontained130,000m3 of LLW. This includes

approximately50,000m3 of LLW thatwas buriedcommingledwith TRU waste

until1970. This documentdoes not addressthiscommingledLLW.

Environmentalsurveillanceprogramsare conductedbothonsiteand
m

offsiteto monitorfor any inadvertentreleaseof radioactivityfrom the

RWMCand the INEL. Theseprogramsand data collectedare describedin

Section5.
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1.3 P,.erfo.rmanceOb_iectj,.ves

Radiological performance objectives are radiological standards (i.e.,

limits) that must be met by DOE-LLWfacilities; they are derived from DOE

Orders and/or guidance and EPA regulations. Performance objectives derived

from applicableregulationsand guidelines are discussed in this section.

These performanceobjectives are summarizedin Table 1-I.

1.3.1 DOE Order 5820.2A

DOE Order 5820.2A, "RadioactiveWaste Management,"dated September 26,

1988, contains policies,guidelines,and minimum requirementsby which the

DOE manages its radioactive and mixed waste and contaminatedfacilities.

Chapter III of this Order is applicableto the management of DOE LLW. The

Order contains general policy statementsregardingprotectionof the public

health and safety and specific performanceobjectives for DOE LLW

operations. This Order also requires a site-specificperformance

assessmentto demonstratecompliancewith the objectives. Requirementsof

the Order apply only to was*_ that was not disposed of before issuanceof

the Order. The specific per._ormanceobjectives set forth in DOE Order

5820.2A state that DOE LLW that has not been disposed of before issuance of

the Order shall be managed to accomplishthe following:

• Protect public health and safety in accordancewith standards

specified in applicableEnvironmentalHealth Orders and other DOE

Orders

• Ensure that external exposure to the waste and concentrationsof

radioactivematerial that may be released into surfacewater, ,p

ground water, soil, plants, and animals results in an effective

dose equivalent (EDE) that does not exceed 25 mrem/yr to any
w

member of the public. Releases to the atmosphere shall meet the

requirementsof 40 CFR 61. Reasonableeffort should be made to

maintain releases of radioactivityin effluentsto the general

environmentas low as is reasonably achievable.
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Table i-1. Summaryof regulationsand radiologicalperformanceobjective limitsapplicableto RWMC

LLW performanceassessment

Exposure PerformanceObjectives Compliance Comk}liance

Requla_iops.. Group .....Limit (Annual} Point P(riod

DOl Orders

- 5820.2A, Ch. III Public 25 mrem EDEa Point of restrictedaccess Indefinitefuture

(fence,guards,signs, etc.)

Intruder I00 mrem EDE Sourceterm Indefinitefuture

(continuousexposure) beginning at 100 yr

or after the

500 mrem EDE loss of institutional

(acuteexposure) control

5480.xx Public 100 mrem EDE (for all Point of restrictedaccess Duringoperations

facilitieson a site)

25 mrem DEb'c (wholebody) Point of restrictedaccess Indefinitefuture

75 mrem DE (criticalorgan) Point of restrictedaccess Indefinitefuture

4 mrem EDE (drinkingwater) Closestpublic well Indefinitefuture

EP.__A
40 CFR 61 Public 25 mrem DE [air emissions Point of maximum annual Indefinitefuture

SubpartH (whole body)] air concentrationin an

unrestrictedarea where

the public residesor abides

15 mrem DE [air emissions

• (criticalorgan)]

40 CFR 141 Public 4 mrem DE [watersystems Any publicwater system Indefinitefuture

(wholebody and organs)]

40 CFR 193 Public 25 mrem EDE Facility boundary Operational,post-

Trench boundary closure (10,000yr)

4 mrem EDE (water systems) Facility boundary Operational,post-

Trench boundary closure (10,000yr)

a. Effectivedose equivalent (ICRP 1977; ICRP 1979, 1981, 1982).

b. Dose equivalent(ICRP 1960).

, c. 25 mrem is consideredthe "action level"during the operationalperiod.
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• Ensure that the committed EDEs received by individualswho

inadvertentlymay intrude into the facility after the loss of

active institutionalcontrol (100 yr) will not exceed 100 mrem/yr

for continuous exposure or 500 mrem for a single acute exposure
,.

• Protect ground water resourcesconsistentwith Federal, State, and

local requirements.

I.3.2 DOE Order 5480.xx

The DOE is responsiblefor the protectionof members of the public from

radiationexposures resulting from any DOE activity. This draft Order

5480.xx, "RadiationProtection of the Public and the Environment,"was

issued March 31, 1987, and contains the primaryDOE standards for the

protection of members of the public. When finalized,this draft Order will

be issued and will replace DOE Order 5480.IA. This draft Order

incorporatesstandardsderived from the EPA in 40 CFR 61; 40 CFR 141; and

in 40 CFR 191, "EnvironmentalStandards for the Management and Disposal of

Spent Nuclear Fuel, High-Level and TransuranicWastes."

The Order requires that compliancewith dose limits be dr_onstratedby

a combinationof measurementsand calculationsto evaluate potential

doses. The performanceobjectivesobtained from DOE Order 5480.xx are as

follows:

• Routine DOE activities shall not cause any individualmember of

the public to receive, in a year, an EDE greater than 100 mrem.

In addition,the exposure shall not cause a dose equivalent to any

tissue greater than 5 rem in a year. These limits apply for all

exposure modes.

• The airborne effluent pathway shall not result in any member of

the public receiving, in a year, a dose equivalentgreater than

25 mrem to the whole body and 75 mrem to the critical organ.
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• An annual EDE of no more than 4 mrem shall be received by any

person through ingestionof water from a drinking water supply

operated by, or for DOE.

• Radioactivematerials in liquid effluentsreleased from DOEb

facilities shall not cause public or privatedrinking water

systems downstream of the facilitydischargeto result in any

member of the public receiving an annual dose equivalent exceeding

4 mrem to the whole body or to any organ.

; 1.3.3 40 CFR 61

Subpart H of the "NationalEmission Standardsfor HazardousAir

Pollutants (Clean Air Act)" contains EPA dose limits for members of the

public resultingfrom airborne effluentsfrom DOE facilities. This

regulationrequires the preparationand submittalof a request for

constructionor modificationof any DOE facilitydemonstratingcompliance

with the regulation. The regulation requires that compliancewith the

stated dose limits be determinedusing the codes AIRDOS-EPA and RADRISK or

other EPA-approvedprocedures. The followingperformanceobjective (which

is also contained in DOE Orders) is contained in 40 CFR 61:

• The airborne effluent pathway shall not result in any member of

the public receiving, in a year, a dose equivalentgreater than

25 mrem to the whole body and 75 mrem to the critical organ.

1.3.4 40 CFR 141

" The "National InterimPrimaryDrinking Water Regulations (Safe Drinking

Water Act)" contains EPA regulationscovering radioactivityfrom manmade

• radionuclidesin communitydrinking water. This regulationcontains

radioactivityconcentrationlimits for Ra-226/Ra-228,gross alpha activity,

Sr-gO, and tritium and a dose limit of 4 mrem/yr because of beta/gamma

activity in drinking water.
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1.3.5 40 CFR 193 (proposed)

This proposed EPA regulation, "Environmental Standards for the

Management, Storage, and Land Disposal of Low-Level Radioactive Waste and

Naturally Occurring and Accelerator-Produced Waste," intends to set

environmentalradiation protectionstandards and/or guidelines for LLW to

protect the public health and general environment. The regulation sets a

proposed level of protection at 25 mrem/yr (effectivewhole body dose

equivalent)to any member of the public in the general environment for the

pre-disposalmanagement and storageactivities associatedwith LLW. The

regulation also proposes a standard that requires that all LLW disposal be

conducted in such a way that no individualreceives a total dose from

releases to the general environmentin excess of 25 mrem/yr from all the

LLW disposal in the United States. This would apply to total exposure from

all pathways, includingall uses of contaminatedground water and surface

water and would apply for all time periods. This regulationalso proposes

a level of exposure of 4 mrem/yr to be below regulatoryconcern.

40 CFR 193 also contains requirementsfor protection of ground water.

These requirementsare different in philosophythan the pre- and

post-disposalstandards,which are designed to protectpeople. These

requirementsare specifiedfor three classes of aquifers: for Class I

aquifers,no further increase in the levels of radioactivityin the aquifer

would be allowed; for Class II aquifers,two options are proposed,both of

which essentiallyset a limit of 4 mrem/yr; for Class III aquifers,the

limits set forth for pre- and post-disposalare invoked.

1.3.6 Summary of PerformanceObjectives

The specific,most restrictiveperformanceobjectives that the RWMC

must meet can be summarizedas follows:

• The annual EDE from all exposure pathways received by the maximum

individualmust not exceed 25 mrem from exposure to effluents from

the RWMC.
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• The whole body dose equivalentr_ceived by the maximum individual

(i.e., the individualresiding at the location of maximum airborne

concentration)resultingfrom airborne effluents released from all

INEL facilitiescannot exceed 25 mrem/yr. Therefore, any

projecteddose resulting from the RWMC must be added to the

airborne effluent doses for all other INEL facilities. The

critical organ dose equivalentsfrom all INEL facility operations

must likewise be summed and must not exceed 75 mrem/yr.

• Th_ committed EDE received by any individualwho may inadvertently

intrude into the facility after the loss of active institutional

control (100 yr followingthe end of operations)shall not exceed

100 mrem/yr for continuousexposure or 500 mrem for a single acute

exposure (from DOE Order 5820.2A).

• An annual EDE of no more than 4 mrem shall be received by any

person through ingestionof water from a drinking water supply

operated by or for DOE.

• Radioactivematerials in liquid effluents released from the RWMC

shall not cause public or privatedrinking water systems

downstream of the facilitydischarge to result in any member of

the public receiving an annual dose equivalent exceeding4 mrem to

the whole body or to any organ.

1.4 Other Dose Criteria

1.4.1 Time Periodsof Concern
1,

For the purposeof assessingthe performanceof the RWMC, three time

periods of concern are evaluated: the operationalperiod, the

institutionalcontrol period, and the post-institutionalcontrolperiod.

These periods are defined as follows:
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• The operationalperiodis assumedto continueuntiltheyear 2089,

at whichtime the RWMC is assumedto be closed. The waste

inventoryaccumulatedduringthis time is assumedto be that

already_ccumulatedfrom 1964through1988plus the amount

• projecteato accumulate.

• The periodof institutionalcontrolis assumedto last for 100yr,

2089-2189,duringwhichtimemaintenanceand surveillance

monitoringof the RWMC are assumedto continue. No additional

wasteis receivedduringthis timeperiod.

• The post-institutionalcontrolperiod,beginningin the year 2189,

is the periodduringwhichno maintenancenor surveillance

monitoringoccurs,and the area is availablefor unrestricteduse

by the public. The periodhas an indefiniteendingpoint;

analyseswere made out to the pointin timeof maximumimpact.

1.4.2 Receptprsand Dose Locations

1.4.2.1 MaximumIndividual.Duringthe operationaland institutional

controlperiods,the maximallyexposedindividualis a hypothetical

individualresidingat or nearthe INELSiteboundarylocationof maximum

exposureto radionuclides.Duringthe post-institutionalcontrolperiod,

the maximallyexposedindividualis a hypotheticalindividualwho

inadvertentlyintrudesontothe RWMC facility.

1.4.2.2 Populations.Duringthe operationaland institutionalcontrol

periods,the populationlivingwithinan 80-kmradiusof the RWMC is the

populationfor whichradiologicaldosesare calculated.The potential

populationdosesare not consideredfor the post-institutionalcontrol

period.
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1.4.2.3 l_ffectiveDose Equivalent.In most casesin this analysis,

radiationdosewas expressedin termsof EDE or committedeffectivedose

equivalent.The followingparagraphsdefineEDE _nd committedeffective

dose equivalent.

EDE is a quantitydefinedby the

. 7-TWTHT

where

WT = the weightingfactorspecifiedby the InternationalCommission

on RadiologicalProtection(ICRP)to representthe productionof

the stochasticriskresultingfrom irradiationof tissueT to

the totalriskwhen the wholebody is irradiateduniformly

HT = is the mean dose equivalentin tissueT.

HT may be fromexternalor internalsources.

CommittedEDE is the time integralof the dose equivalentrate in a

particulartissuefollowingan intakeof radioactivematerialintothe body

is definedas the committeddose equivalent.The committedeffectivedose

equivalentis the sum of the committeddose equivalentsto individual

tissuesresultingfrom an intake,eachmultipliedby the appropriate

weightingfactorWT.
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2. FACILITYDESCRIPTION

2.1 Site Description

This sectiondescribesthe environmentof the INEL,whichincludesthe

RWMC. The descriptionincludesthe followingtopics: climateand

meteorology,geology,hydrology,ecology,demography,land use, and

archeology.

The INELis locatedalongthe northwesternedge of the easternSnake

RiverPlainin southeasternIdaho(Figures2-I and 2-2). Lyingat the foot

of the Lost River,Lemhi,and BitterootMountainranges,the INELcomprises

somecontiguous2305 km2 of sagebrush-coveredland.

DuringWorldWar II, the U.S.Navy used about700 km2 of the Snake

RiverPlainfor a gunneryrange. An area southwestof the navalareawas

once used by the U.S.Army Air Corpsas an aerialgunneryrange. The INEL

includesall the formermilitaryarea and a largeadjacentareawithdrawn

fromthe publicdomainfor use by the DOE. Mostof the landwithdrawnfrom

publicdomainlies in ButteCounty,Idaho,althoughit extendsintoBingham,

Bonneville,Jefferson,and ClarkCounties.

The INELwas establishedin 1949as the NationalReactorTesting

Station(NRTS),a placewherethe AtomicEnergyCommission(AEC)could

build,test,and operatevarioustypesof nuclearreactors,support

facilities,and equipmentwith maximumsafety. As of October_980,52

reactorswere builtat the INEL;of which,17 wereoperatingor operable.

In 1952,the SDA of the RWMCwas openedin the southwesterncornerof

" the INEL. In 1957,the SDA was expandedto itspresentsizeof 35.6 ha.

The RWMCwas expandedin 1970by the additionof the TSA, covering22.7ha.

Severalserviceand supportbuildingshavebeenconstructedover theyears.
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Figure2-1. Locationand principalfeaturesof the INEL.
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,.. INF.J..A*IA 952

Figure 2-2. Location of the ZNELin relation to nearby mountain ranges and
the eastern SnakeRiver Plain.
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2.1.1 Climate and Meteoroloqva

The climate of the INEL is semiarid,with steppe characteristics. The

topographic features that affect local weather patterns are the

northeast-southwestorientationof the Plain and the mountain ranges to the

north and west. Air masses entering the Snake River Plain must first cross

mountain barriers,where much of the air moisture is precipitated. Thus,

annual rainfall at the INEL is light.

Meteorologicaland climatologicaldata summarized in this subsection

are from a monitoring program conductedby the National Oceanic and

AtmosphericAdministration(NOAA). Temperature,wind, precipitation,

evaporation,relative humidity, and severe weather conditionsmeasured at

locationsnear the RWMC are included.

2.1.1.1 Temperature. The extremes of temperaturesat the INEL have

varied from -42°C in January to 39"C in July. During winter, the

average temperaturevaries from -16 to -3°C. During summer, the average

temperaturevaries from 10 to 31°C.

Normal weather at the INEL includes adiabaticlapse conditions (the air

temperaturedecreaseswith height above the ground surface) during daylight

hours and inversionconditions (temperatureincreaseswith height) from

about sunset until shortly after sunrise. Winds and clouds associatedwith

stormy weather may prevent nighttime inversions. Daytime inversionsmay

occur during winter and early spring if a snow cover is present. Annual

averages show adiabaticlapse conditions 52% of the time and inversion

conditions 48% of the time.

a. This subsection is based on data collectedby Yanskey et al. (1966) from
1954 to 1966. Most of the data reported in this sectionwere gathered at
the Central FacilitiesArea, approximately8 km northeast of the RWMC.
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2.1.1.2 _. The INELis in a belt of prevailingwesterlywindsthat

are channeledby localterrainintoa prevailingsouthwest-to-northeast

direction. In summera verysharpreversalin winddirectionoccursdaily;

windsfrom the southwestpredominateduringdaylighthours,and

northeasterlywindspersistat night. The reversalsnormallyoccurshortly

aftersunriseand sunset.

Wind roses(Figure2-3)recordedat the CentralFacilitiesArea (CFA)

at the 6-m levelindicatethe percentageof time thatthe wind blowsfroma

givendirectionand the associatedwind speeds. Althoughthe wind rosesare

similarfor the four seasons,thereis a fundamentaldifferencebetweenthe

forcescontrollingthe windsin winterand thosein the otherthree

seasons. Winterwindsare controlledalmostexclusivelyby either

large-scaleweathersystemsor stagnationand showno significantdiurnal

characteristics.Windsin the otherthreeseasonsshowdiurnal

characteristicsin responseto relativelystronglocalbuoyancyforces

resultingfromthe heatingof theground. Becauseof the absenceof

mountain-valleywind circulationin winter,thereare frequentcalmsduring

periodsof high atmosphericpressure.
.,

The averagehourlywind speedvariesfrom9 km/h in Decemberto 14 km/h

in Apriland May. The greatesthourly-averagespeedwas 82 km/h fromthe

west-southwest.On the average,two or threethunderstormdays per month

occurduringthe monthsof June,July,and August. Strongwind gustscan

occurin the immediatevicinityof thunderstorms.The highestinstantaneous

speedrecorded6-m abovegroundat the CFA was 126 km/h,with the wind from

the west-southwest.Calm conditionsprevail11% of the time.

Averageairbornedust concentrationsvary from0.014mg/m3 in winter

to 0.077mg/m3 in summer. Evenwith dustdevilspresent,a concentration

of only0.15 mg/m3 was recorded. Lessthan I% of the airborneparticles

are largerthan 10 _ in diameter. Duringthe daytime,with strongwinds

present,dust concentrationdecreasessharplywith altitudesup to 21 m.
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Figure2-3. Wind rose for the INELCentralFacilitiesArea,
6.1-mlevel(JanuaryIg50-May1962).
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2.1.1.3 Precipitation. The average annual precipitation at the INEL

is 22 cm. The maximummonthly precipitation occurs during Ray and June and

the minimumduring July. There have been 13 occasions from 1950 through

1982 when 2.5 cmof rain or Bore fell within a 24-h period at CFA. The

greatest rainfall within a 24-h period was 4.4 cm, in June 1954. Only once

- did more than 1.3 cm of rainfall in 1 h; 3 cm of rainfell on June 10, 1969

(Yanskyet al. 1966).

Snowfallrangesfrom30 to 108cm/yr,with an annualaverageof 72 cm.

Althoughsnow occursmostlyduringNovemberthroughApril,it does

occasionallyfallduringMay,June,September,and October.

2.1.1.4 Evaporation.The potentialannualevaporationfrom a

saturatedgroundsurfaceat the INELis approximately91 cm, with 80% of

that occurringbetweenMay and October. Duringthe warmestmonth(July),

the dailyrate is approximately0.6 cm. From DecemberthroughFebruary,

evaporationis smalland may be insignificant.Actualevaporationratesare

much lowerthanpotentialratesbecausethe groundsurfaceis rarely

saturated.Evapotranspirationby the sparsenativevegetationof the Snake

RiverPlainis estimatedto be 15 to 23 cm/yr. From latewinterto spring,

precipitationis most likelyto infiltrateintothe groundbecauseof the

low evapotranspirationrates(Mundorffet al. 1964).

2.1.1.5 RelativeHumidity. The relativehumidityat the INELSite

rangesfrom a monthlyaverageminimumof 15% in Augustto a monthlyaverage

maximumof 89% in Februaryand December.On a dailybasis,humidityreaches

a maximumjust beforesunrise,at the time of the lowesttemperature,and a

minimumlate in the afternoon,nearthe timeof the highesttemperature.

o_

2.1.1.6 SevereWeatherConditions.On the average,two or three

thunderstormdays occurat the INELduringJune,July,andAugust. The

surfaceeffectsfrom thunderstormsover the SnakeRiverPlainare usually

much less severethan thoseeastof the RockyMountainsor even in the

mountainssurroundingthe Plain. Althoughsmallhailstonesfrequently

accompanythe thunderstorms,damagefromhail has not occurredat the INEL.
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Since 1954, only three small tornadoes, which caused no damage,have

been reported at the INEL. Only six funnel clouds (vortex clouds that do

not reach the ground surface) were confirmed during the sameperiod at the
INEL.

2.1.2 Geoloq.y

2.1.2.1 Structureand Topoqraphy.The SnakeRiverPlainstretches

fromthe Oregonborderin a curvingarc acrosssouthernIdahoto Yellowstone

NationalPark in northwesternWyoming. The elevationis 762 m at the Oregon

borderand increasesto over 1980m at Henry'sLake near the Montana-Wyoming

border.

The INELSite is locatedon the northwesternportionof the eastern

SnakeRiverPlain,whichis definedas thatportionof the Plainthat lies

east of Twin Falls(Figure2-4).

At the RWMC,the elevationis approximately1500m. Withinthe INEL

Site,elevationsgenerallyrangefrom 1450to 1580m. A broadtopographic

ridgeextendsalongthe northwestborderof the INELSite. This ridge

effectivelyseparatesthe drainageof the mountainrangesnorthand west of

the INEL Site fromthe SnakeRiver.

Mountainrangesborderingthe SnakeRiverPlainconsistof Paleozoic

and Mesozoicrocksfolded,intruded,and upliftedalongnormalfaults.

Theserangesterminateabruptlyagainstbothsidesof the SnakeRiver

Plain. A generalmap of the geologyof the easternSnakeRiverPlainis

shownin Figure2-5.

Figure2-6 showsa typicalgeologiccrosssectionthroughthe RWMC.

The subsurfacegeologicstructureat the RWMCconsistsof successivelava

flowswith interbeddedsediments.The wind-and water-depositedsurface

sedimentsrangefrom I- to 7.5-mdeep,with an averagedepthof

approximately4.5 m. Two principallayersof sedimentoccurat

approximatelythe 33- and 73-m levels,with an averagethicknessof about

4.2 m. Sedimentlayers
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occur at other depths, as shownin Figure 2-6, but are not continuous. The

sediment layers are nearly identical in composition with the surface
sediments.

The natureof the geologiclayersvarieswith locationat the RWMC.

For example,the depthto sediment,the degreeof fissuringof the basalt,

and the thicknessof the interbeddedsedimentsall differfromone location

to another. Thus,the propertiesthatwouldaff_-.tthe migrationof waste

constituentsare difficultto projectaccurately.

2.1.2.2 Soils. The surfaceof the INELSite includesvariousalluvial

and sedimentarymaterials,sanddunes,and bare basalt. The surfacesoil

variesin thicknessand water-holdingcapacity. Figure2-7 and Table2-I

illustrateand listthe soiltypesfoundat the INELSite. Figure2-7 also

showsthe irrigati_ limitationsof the INELSite surfacebecauseof soil

depthand water-holdingcapacity. Furtherinformationon soilsis available

in McBrideet al. (1978).

Barracloughet al. (1975)measuredthe cation-exchangecapacitiesof 56

subsurfacesamplescollectedfromwellsdrilledin and aroundthe RWMC. An

averagecation-exchangecapacityfor RWMC soilsis 15 milliquivalentof

cesiumper 100g of sample. Cation-exchangecapacityis the abilityof

sedimentsto exchangepositivelychargedionsfrom solutionand is generally

dependenton the amountand the typesof clay in the sediments.

Radionuclidesin the wastemay be in the formof cationsthat couldbe

sorbed,therebyretardingfurthermigration.Soilswith lowerclay content

do not bindradionuclidesas effectively.

Studiesof INELSite surfacesedimentshave indicatedthat significant w

sorptionof plutoniumand americiumoccurs,dependingon the characteristics

of the specificsoilsand actinidesolutions(Gloveret al. 1976). However,

if the plutoniumor americiumis in a microcolloidalsuspension(Adamsand

Fowler1974),it may be much moremobileand less subjectto sorption.
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Table2-I• Classificationof soilsat the INELby mappingunita

MappingUnit Description

Bl, B2, B3, B4 Thin loam overdeep sands,gravels(surfaceglacial
B5, B6, BS, Bgc, till underlyingsurfaceloam),and limestonealluvium.
BIOJ,CI, C3

El, E2, E3, E4, Sandyloamsderivedlargelyfromwindblownsands.
E5, E6J, E7J,ESJ Stronglycalcareous,includingcementedcalcium

carbonates.Overliesbasaltrock. Stonyto rocky
northof the INEL.

FI Playasin the sinksarea. Stronglycalcareousclay loam
over low-permeabilityclayat approximatelythe root
zone•

F2, F3, F4, F5, Similarto FI, with high sodiumalkalinity.
F6, F7

G Deep.well-drained,laminatedclay loam. Moderately
calcareousand slightlysodic. Lacustrinesedimentsin
playa east and southof Howe.

H, HJ Sandyloam surface,low-permeabilityclay at rootzone.
Sanddunesin places. (Includesremnantsof prehistoric
LakeTerretonnearMud Lake.)

J Sandyloamon alluvialfans. Moderatewater-holding
capacity. Localrockinessand shallowdepth.

LI, LIOBi,LIIBi Mixedgeologicmaterialsfrom hillsand mountains.Very
shallowsoils,very steepslopes,very rocky.

W2, W3, W4, W5 Thin loess-coveredbasaltplains. Smallareas
W7, WS, wg, WIO, surroundedby bare basalt. Stonyto rocky.
WIIBi,WI2Bo,
WI3J,WI4Bi

Zl, Z2, Z3 Streambottomsof the Big LostRiverat the INEL.
Generallymoderatedepthof soil and moderate
water-holdingcapacity.

Z4, Z5 Alluvialmaterialsof the LittleLostRiverdrainage.

a. See Figure2-7 formappingunits•
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2.1.2.3 Sei@micitv.The IntermountainSeismicBelt (ISB)is a zoneof

seismicactivityextendingfromArizonathrougheasternIdahoto western

Montana(Figure2-8). The belt is more than 1280km-longand gg.2-kmwide.

Two zonesare associatedwith the ISB. The first,the Idahoseismiczone,

extendsfrom the Yellowstone-H_bgenareawestwardintocentralIdaho. The

secondextendsfromsouthwesternUtah throughsouthernNevadawhereit joins

- the Nevadaseismiczone.

Seismicund microseismicdata collectedby the UnitedStatesGeological

Survey(USGS)indicateregionalearthquakesare centeredin the ISB and not

the easternSnakeRiverPlain. However,groundmotionproducedby

earthquakesin the mountainscan be transmittedontothe Plain. The INEL is

classifiedas a SeismicZone 2; however,the designlevelsfor INEL

facilitiesexceedthoserequiredfor thisclassification.

The largestearthquakeeventin the vicinityof the INELoccurredin

the Idahoseismiczoneon October28, 1983,and had a Richterscale

magnitudeof 7.3. The earthquakeoccurredbecauseof slippageon a normal

faultwith relativemovementdownto the west. The epicenterfor thisevent

was locatedat the westernflankof BorahPeak in the Lost RiverRange,

approximately40 mi northof Arco. The nearbycommunitiesof Mackayand

Challisexperie_:edsubstantialdamageto oldermasonryconstruction.

Althoughthe shockwas feltat the INELSite,onlyminornonnuclearbuilding

damageoccurredin the formof hairlinecracksand settlement.The RWMC

experiencedno structuralfailuresor wastespillsas a resultof the

earthquake.Wastestoragefacilitiesshowno evidenceof permanent

movementor resultingdamage. Data fromthisearthquakeare currentlybeing

analyzed,and furtherstudiesare in progress.

Anotherlargeearthquakeoccurredon August17, 1959,at HebgenLake,

approximately100mi northeastof the INELSite. This shockhad a Richter

scalemagnitudeof 7.1. lt was felt at the INELSitebut causedno damage.

2-15

DRAFT
I



Figure 2-8. Index map of seismic zones.
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The INELhas maintained a seismic network formonitoring earthquake

activity on and about the eastern SnakeRiver Plain since December1971.

The system initially consisted of a single seismographand evolved to the

present-day network of six stations. They are Cedar Butte (CIB), Big Grassy

Butte (GBI), HowePeak (HPI), Indian Meadowa (IMW), Juniper Gulch (JGI),

and Taylor Mountain (TMI). Locations of these stations are shownin

Figure 2-9. Also shownis the Special Study Area (SSA), which was chosen in

1981 for locattng earthquake epicenters.

Earthquake data have been acquired by the INEL seismic network for

about 11 yr. To date, activity has been detected in the adjacent mountains

and in distant locations. Since January 1981, the HYPO-71computercode has

been used for final locations of earthquakes graphically located within the

SSA. Figure 2-10 displays the location and size of 93 earthquakes that were

analyzed by HYPO-71from October 1973 through June 1982. The local

magnitude range for the 93 earthquakes was 0.8 to 3.2 on the Richter scale.

, The seismicityfor the SSA for thisperiodis quitelow. The easternSnake

RiverPlainis almostdevoidof any earthquakesabovethe detectionlimits

of the seismicnetwork.

Thesedata are in agreementwith historicalrecordsof the eastern

SnakeRiverPlainand itsmargins. Data compiledfrom 1872to 1977show

that,exceptfor a few earthquakesat the northeasternend (IslandPark

area),the easternSnakeRiverPlainhas been historicallyaseismic.

2.1.2.4 VolcanicActivity. Exceptfor smallareasalongthe mountain

frontsand threebuttes,the entireINELSite is underlainby a succession

of Pliocene,Pleistocene,and Oecentbasaltflows. The basaltwas formed
e

chieflyfrompahoehoe-typelavas. The flowshavebeen extrudedfrom rifts

a. The IndianMeadowStationis operatedby RicksCollegeat Rexburg,
Idaho,and monitoredby the INEL. The remainingstationsare INEL-operated.
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Figure2-9. Regionalmap displayingINELseismicstationlocations.
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and from volcanoes. The flows formed layers of hard rock from 3- to 30-m

thick. The flows are fracturedand fissured. Thus, physical

characteristics,such as permeabilityand horizontaldistributionof the

flows, vary. Unconsolidatedmaterial, cinders, and rock fragments are

interbeddedwith the basalt. The flows are nearly horizontalwith no

significantstructural deformation.

Volcanic structuresnear and at the INEL Site are shown in Figure

2-11. The Arco Rift Zone is approximately10-km wide and 48-km long and is

the locus of volcanic structures. The youngest basalt flows in the Arco

Rift Zone are approximately10,500-to 12,000-yrold.

Volcanic and sedimentaryrocks, perhaps ranging in age from Cambrian to

Tertiary, are presumed to underlie basalt beneath the INEL Site. Rhyolitic

volcanic rocks, ranging from approximately4- to 10-million yr old, are

exposed along the north and south margins of the eastern Snake River Plain.

A study of the Arco Rift Zone (Kuntz 1978) has led to the conclusion

that the region has been active for the last 400,000 yr, that it has been

the focus of much of the volcanic activity in the eastern Snake River Plain,

and that it is likely to be the site of future volcanic activity. The study

also suggests that the mean recurrence interval is 3000 yr for all types of

volcanic activity in the Arco-Big Southern Butte area (see the area outlined

in Figure 2-11).

Future volcanic occurrencesare postulated to be of the same types that

currently characterizethe Plain. A small but significantnumber of

eruptions have been of the hydromagmatictype. These were moderately

violent eruptions that occurredwhen the molten lava encounteredground

water at relatively shallowdepths.

The RWMC lies at the edge of the Arco Rift Zone. The two most recent

basalt flows at the RWMC are about 50,000- to 100,O00-yrold and 60,O00-yr

old. The volcanic activitieswere episodic rather than periodic. The

average frequency is two to five flows per 70,000 yr.
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Figure 2-11. Volcanic structures near the INEL.
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The most recent volcanic activity in the region occurred about ]500 to

2000 yr ago at the present site of the Craters of the MoonNational

Monument,approximately 40 kmsouthwest of the RWMC.This area lies in the

Great Rift Zone (Figure 2-11).

The estimatedprobabilityof a futurevolcaniceruptionwithinthe

Arco-BigSouthernButteareawith subsequentlava flowover the RWMC is

6 E-5/yr. This probabilitycorrespondsto a recurrencefrequencyof about

once in 20,000yr in an areawhereflowscouldreachthe RWMC (EG&G1983).

2.1.3 Hvdroloqv

2.1.3.1 The INEL. Surfacewaterat the INELSite comesfrom streams

drainingthroughintermountainvalleysto the west and north,localized

snowmelt,and rain. Streamsenteringthe INELSite includethe Big Lost

River,LittleLostRiver,and BirchCreek. Flowsfrom the LittleLostRiver

and BirchCreekare divertedfor irrigationbeforereachingthe INELSite.

BirchCreekis alsodivertedfor electricalproduction.Thus,duringdry

years,waterfromthosestreamsdoes not reachthe INELSite. Thesethree

drainagesterminatein fourplayasin the north-centralpart of the INEL

Site (Figure2-12). The INELSite is not crossedby any perennialstreams.

All surfaceoutflowsare a resultof localizedrunoff.

Exceptfor evaporation,allwaterfromthe Big LostRiverin the Snake

RiverPlainis rechargedto the ground. Waterinfiltratesfromthe Big Lost

Riverto the perchedgroundwaterbeneaththe riverand intothe SnakeRiver

Plainaquifer. This infiltrationhas beensignificantduringwet years.

Thereare zonesof perchedwater,the exactextentand volumeof whichare

not known,near largewatersourceswithinthe INELSite.

The SnakeRiverPlainaquiferis a continuousbody of groundwaterthat

underliesnearlyall of the easternSnakeRiverPlain. Approximately3_O-km

long and 48- to 97-kmwide,it comprisesan areaof about25,000km2. The
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Figure2-12. Surfacewaterfeaturesat or neartheINEL.
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depth to the aquifer at the INELSite varies from 61 m in the northern

portion to 270 m in the southwest corner. Host of the permeable zones in

the aquifer occur along the upper and lower edges of the basaltic flows.

The thicknessof the aquiferis difficlt to estimate. However,based

on deepdrillingactivitiesat specificlocationson the INELSite in 1978

and 1979,the aquifermay rangein thicknessfrom 76 to 400 m.

Groundwaterin the aquiferflowsgenerallysouthwest(Figure2-13).

Averageand peak flow ratesin the aquiferare difficultto assess. Tracer

studiesat the INELSite indicatenaturalflowratesof 1.5 to 6.1 m/day,

with an averagenear3 m/day. However,theselocallymeasuredratesare not

necessarilyrepresentativeof flow ratesthroughoutthe aquifer

(Robertsonet al. 1974).

The aquifermay contain2500billionm3 of water,of which

630 billionm3 mightbe recoverable,lt dischargesabout8.0 billionm3

annuallythroughspringsin the Hagermanarea and in the regionwest of

Pocatello.About1.8 billionm3 is withdrawnthroughirrigationwell

pumpage. The dischargesfromthe springssignificantlycontributeto the

flowof the SnakeRiverdownstreamof Twin Falls,Idaho.

In additionto providingwaterfor INELSite operations,the aquifer

supplieswaterfor otherindustries.Waterfrom springsin the Twin

Falls-Hagermanarea is used to raisefishcommercially.The springwater

flow of 47 m3/s constitutes76% of the waterused for the commercial

productionof fish in Idaho. Most of thesefish farmsdischargewater

directlyintothe SnakeRiver.

In the aquiferflow path,a stock-wateringwell is located16 km from

the RWMC and a domesticwell at 29 km.
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2.I.3.2 Tho RWMC -

2.1.3.2.1 Surface--Themost importantelementof the surface

waterhydrologynear the RWMC is the Big LostRiver,whichis 3 km northwest

of the RWMC at its nearestpoint. A flood-controlsystemwas constructedon

the Big Lost Riverin 1958. This systemconsistsof earth-filled

embankmentsthatcan divertpartof the flowto four spreadingareasnear

the southwesterncornerof the INELSite duringperiodsof high runoffor

flooding(Figures2-13and 2-14). Duringwintermonths,nearlyall flow is

divertedfromthe riverchannelto avoidaccumulationof ice in the main

channeldownstream.The rechargeof the aquiferfromthesespreadingareas

formsmoundsin the groundwaterleveland this,coupledwith the upthrusted

Big SouthernButte,can causelocalizedflow reversalsin the aquifer. Flow

reversalswouldinfluencethe distributionof contaminantsif any were

introducedintothe aquiferfromthe RWMC. Furtherdetailson the regime

and hydraulicsof the rivernear the RWMC are available(LamkeIg6g).

Sincethe flood-controlsystemwas constructed,the largestrunoffof

the Big LostRiveroccurredin 1984. Duringthis period,portionsof the

spreadingareaswere filled. If an exceptionallylargerunoffoccurs,water

wouldleavethe spreadingareaover a weir and flowout of the INELSite.

This has not occurredsincethe systemwas built.

The effectivenessof the flood-controlsystemhas been evaluatedby the

USGS by meansof mathematicalmodels(Carrigan1972). The resultsindicate

that floodsin the Big Lost Riverwouldoverflowthe embankmentson the

averageof once every55 yr. If the capacityof the diversionchannels

leadingto the spreadingareaweredoubled,the diversionembankmentswould

be ableto containa floodwith an expectedaveragereturnperiodof

300 yr. In 1984,the flood-controlsystemdikeswere raised6 ft. The

diversioncapacityis now 9300 ft3/s. This representsaboutthreetimes

the flowthat wouldoverflowthe embankmentsbeforethe enlargement.
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Figure 2-]4. Map of the flood-control diversion system.
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Surfacewater,in the formof snowmeltand runoff,is usuallypresent

at the RWMC for only a shortperiodin the spring. However,in 1962and

againin 1969,unusuallyrapidsnowmeltingand rain causedlocalflooding

at the RWMC. The floodwatercame in contactwith buriedTRU and otherwaste

in partiallyfilledpits and trenches. The dikingsystemwas thenenlarged

to protectthe RWMCfrom runoffin the localdrainagebasin. The improved

dikesand ditcheswere designedto withstanda majorlocalfloodeven in the

presenceof deep snowdrifts.

In 1971,the RWMCwas gradedto providedrainagechannelsfor surface

water. An outletpipewith a flapvalvewas placedthroughthe dike in the

northeastcornerof the RWMCto allowwaterto flowout and to prevent

outsidewaterfromentering.

On February12, 1982,a warm frontcharacterizedby strongwindsand

heavyrainsmovedintothe RWMC area. Rapidthawingof snow over frozen

groundresultedin localizedsnowmeltrunoff. On February17, a culvert

becameblockedwith snowand ice in the southeastcornerof the SDA. This

blockageresultedin overtoppingthe peripheraldike. Waterflowedinto

Pit 16, leaving0.5 m of water in the northend of the pit and 1.2m of

water in the southend of the pit. Subsidenceand crackingof the soil

allowedwaterto seepintotrenches42 and 49.

Numerousflood-controlmeasureswere takenin the vicinityfollowing

the floodingin February1982. The drainagechannelinsideand outsidethe

SDA was widened. Culvertswere installedin the road betweenthe SDA and

the dry lake bed southof the SDA, and the southeasternSDA culvertwas

removed. A secondsumppumpwas movedfromthe SDA northfence(eastof the

EarlyWasteRetrievalsite)and was installedin the SDA besidethe sump

pump near the eastSDA fence(southof the accessroad). The secondsump

pump doublesthe pumpingcapacityin the SDA. An additionalemergency,

forklift-portablesumppumpwas procured. Moisture-exclusionsoilwas

placedand gradedover disposedwaste. In the springof 1984floodcontrol

Dike No. I was raised1.8 m and Dike No. 2 was raised2.4 m. Rock rip-rap

was placedon bothdikes.
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2.1.3.2.1 Subsurface--The depth to the SnakeRiver Plain aquifer

at the RWMCis approximately 177 m. A geologic cross-section of the RWMC,

indicating the depth to the aquifer and sedimentary layers, is shownin

Ftgure 2-6.

" At the RWMC,evidenceof perchedwaterhas been foundat depthsfrom

9.1 to 70 m (Robertsonet al. 1974,Humphreyand Tingey1978,and Humphrey

z98o).

2.1.4 Ecoloar

In IglS,the INELSitewas dedicatedas one of fiveDOE National

EnvironmentalResearchParks(NERPs). lt is an outdoorlaboratoryused to

studyecologicalrelationshipsand the effectsof man'sactivitieson

naturalsystems. In addition,it providesa uniquesettingfor scientific

investigationbecausethe publichas beenexcludedfrommuch of the areafor

the past 25 yr. Ecologicaldata collectedfrom the IdahoNERP providea

basisfor analyzingenvironmentalchangesover timeand assessingthe effect

of man'sinfluenceon the environment.

Researchon the floraand the faunaof the INELSite has largelybeen

conductedby, or in conjunctionwith,the DOE'sRadiologicaland

EnvironmentalSciencesLaboratory(RESL). The physicalaspectsof the INEL

Site and its floraand faunaare typicalof cold,high,sagebrushecosystems

foundin many partsof thewesternUnitedStates.

2.1.4.1 Flora

The commonand scientificnamesfor the floradiscussedhere are

presentedin Table2-2. For ease of reading,onlythe commonnameswill be

used in this discussion.

Extensivesurveysof INELvegetationwere carriedout in 1952,1958,

and 1967using150 permanenttransectsestablishedandmaintainedfor this

purpose(HarnissandWest 1973). Vegetationhas alsobeendescribedby

McBrideet al. (1978)and Jeppsonand Holte(1978).
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Table 2-2. Flora at the INEL Site a

CommonName LatinName

CactusFamiIy--Cactaceae

Coryphantha CorvDhanthasp. .
Pricklypear cactus ODuntiapol,yacantha

GoosefootFamil,y--Chenopodiaceae

Shadscalesaltbush AtriPlexconfertifolia
Nuttallsaltbush Atriplexnuttallii
Winterfat CeratoidesIanata
Summercypress Kochiascoparia
Povertyweed MonoleosiS nuttalIiana
Russianthistle Salsolakali

Compositeor AsterFamil.y--Compositae

Big sagebrush Artemisiatridentata
Threetipsagebrush Artemisiatripartita
Hoaryfalse-yarrow Chaenactisdouglasii
Greenrabbitbrush Chr.ysothamnusviscidiflorus
Skeletonweed Lvqodesmiagrandiflora
Commondandelion Taraxacumofficinale
Gray horsebrush TetrBd.ymiacanescens
Goatsbeardor yellowsalsify Traqopoqondubius,

MustardFamily--Cruciferae

Flixweedtansymustard Descurainiasophia

GrassFamily--Gramineae

Crestedwheatgrass Aqropvroncristatum
Bluebunchwheatgrass Aqropyronspicatum
Cheatgrass Bromustectorum
Giantwildrye Elymuscinereus
Indianricegrass Oryzopsishymenoides
Bottlebrushsquirreltail Sitanionhvstrix

RushFamily--Juncaceae

Balt i c rush Juncusbal t i cus
,.
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Table 2-2. (continued)

CommonName I,at;In Name

Pea Faml]y--Lequminosae

Painted milkvetch Astraqalus ceramicusSheld.
var. _ Barneby

Thistle milkvetch Astraqa]us kentrophyta Gray
var. kentrophyta

Wool]y-pod milkvetch Astraqalus purshji Dougl.
var. oohioaenesBarneby

Phlox FamiI y--Po] emoniaceae

Large-f] owered gymnosteris Gymnosteris nudiCaU]i s Greene
Longleaf phlox Phlox ]onaifolia

BuckwheatFami] y--Po] yqonaceae

Buckwheat Oxythecadendroidesa, Nutt.

Willow Family--Sal icaceae

Wtllows Salix sp.

Parsley Family--Umbelliferae

Desert parsley Lomattumsp.

a. This information is based on Hitchcock and Cconquist (1974).
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The commonvegetation type, found on approximately 80%of the INEL

Site, is a mixture of big sagebrush, green rabbitbrush, and perennial

forbs. Host of the trees on the INEL Site are scattered along the Big Lost

River and in the Twin Buttes area. The INEL Site vegetation types are shown
in Figure 2-15.

Vegetation in low-lying areas and along playa borders consists

primarilyof alkaline-tolerantspeciesincludingshadscalesaltbush,nuttal

saltbush,and winterfat. Importantassociatedgrassesare bottlebrush

squirreltail,giantwildrye,and Indianricegrass.

Prickly-pear,paintedmilkvetch,and skeletonweedare commonin sandy

areasin the north. Willows,balticrush,and povertyweedgrow alongthe

Big LostRiverchannel.

At the RWMC,most of the SDA has beenseededwith crestedwheatgrass.

Russianthistle,summercypress,and halogeton(invaderspecies)grow over

many recentlydisturbedsitesthat were not seededwith wheatgrass.Other

plantsobservedwithinthe SDA includethreetipsage,tansymustard,common

dandelion,bushybirdsbeak,cheatgrass,rabbitbrush,desertparsley,

longleafphlox,gray horsebrush,hoaryfalseyarrow,and goatsbeard.

Knowledgeof the rootingdepthof SDA vegetationis importantin

evaluatingwhichplantsshouldbe used for reseedingand whichshouldbe

monitoredfor radionuclideconcentrations.One SDA studycomparing

radionuclideuptakeby crestedwheatgrass(rootingdepth75 cm) with that by

Russianthistle(rootingdepthI to 5 m) showedhigherradionuclide

concentrationsin the deeper-rootedspecies(Arthur1982). Examplesof

otherdeep-rootingspeciesare rabbitbrushand sagebrush.Generalexamples

of shallow-rootingplanttypesare grassesand annualforbs.

A surveyof rare plantson the INELSitewas initiatedin 1981 (Cholewa

and Henderson1984). To date,the surveyhas identifiedthe following:

paintedmilkvetchandwoolly-podmilkvetch(underFederalreviewfor

endangeredor threatenedstatus);coryphantha,large-floweredgymnosteris,

and oxytheca(onthe IdahoStateWatchList);and thistlemilkvetch,which
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was previously unknownto occur in Idaho. The study is continuing, and

actual and potential threats to the rare plant species on the INEL Site are
being evaluated.

t

Total vegetative biomass in the SDAwas estimated as 36,300 kg, of

which crested wheatgrass and Russian thistle comprised 27,200 and 8,100 kg,
respectively.

2.1.4.2 Fauna

The INELSite supportsa varietyof wildlifeincludingsmallmammals,

birds,reptiles,and a few largemammals. The commonand scientificnames

for the faunadiscussedhere are presentedin Table2-3. For easeof

reading,only the commonnameswill be used in thisdiscussion.

The smallmammalsincludechipmunks,groundsquirrels,severalspecies

of mice,kangaroorats,cottontailrabbits,and jackrabbits.Pronghorn

inhabitthe INELSiteduringthe entireyear;however,many are migratory

and summerto the northof the INELSite. Pronghornoftenbearyoungwithin

the INELSite,and Coyotesand bobcatsliveon the INELSite.

Aquaticlife on the INELSite is.limitedand dependsmainlyupon the

flowof the Big Lost River. Duringseveralmonthsof theyear,and even

duringsomeentireyears,the riverdoes not flow. However,duringspring

runoffand periodsof high rainfall,the diversionsystem(southernboundary

of the INELSite)and the Big LostRiversinks(northernboundaryof the

INELSite)supportwaterflowduringperiodsof wateraccumulation.This

normallyoccursless than2 or 3 monthsin the spring;however,dependingon

annualconditions,waterflow and accumulationmay occurovermuch of the year.

Fishspeciesobservedin the Big LostRiveron the INELSite include

rainbowtrout,mountainwhitefish,easternbrooktrout,dollyvardenchar,

Kokaneesalmon,and the shortheadsculpin(Overtonet al. 1976).

An investigationof amphibiansand reptileswithinthe INELwas

conductedfromMay throughSeptember1975. The GreatBasinspadefoottoad
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Table 2-3. Faunaat the INEL Site

CqmmonName Latin Name

Fisha

Rainbowtrout _almoaairdnerl
• Easternbrooktrout _;alvelinusfontinali@

Dollyvardenchar _alvelinusmalma
Kokaneesalmon Qncorhynchusnerka

" Mountainwhitefish prosoDiumwilliamsoni
Shortheadsculpin C_ottus_ollfusus

Reptilesand Amphibiansb

Leopardfrog Raw_aDiDiens
GreatBasinspadefoottoad _ intermontanus
LeopardIizard Gambelia wisli_enii
Sagebrushlizard SceloDorusqraciosu$
Short-hornedlizard Phr.ynosomadouo!assi
Westernskink Eumetesskilto_ianus
Desertstripedwhipsnake Masticophistaeniatus,
GreatBasingophersnake Pituoohismelanoleucus
Terrestrialgartersnake Thamnoohiseleaans
GreatBasinrattlesnake Crotalusviridis

Mammalsc

Family--Canidae

Coyote Canislatrans

FamiIy--Felidae

Bobcat Lynxrufus

Fam.iIy--Antilocapridae'

Pronghorn Antilocapraamericana

Famil,y--Cervidae

• Mule deer Odocoileushemionus
Elk Cervuscanade.nsis

Bird@d

Famil,y--Accipitridae

Goldeneagle Aauilachrysaetos
Ferruginoushawk Buteoreqalis
Baldeagle Haliaeetusleucocephalu_,
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Table 2-3. (continued)

CommonName Latin Name

Fami1,y--Falconidae

Merl in Falco columbarius
Pratrie falcon Falco _exicanus "
Peregrine falcon Falco p,ereqrinus

Fami1,y--Phastanidae

Sage grouse Centrocercus urophasianus

Familv--Scol opacldae

Long-billed curlew Numeniusamericanus

Famtly--Striqidae

Burrowingowl Athenecunicularia

Family--Columbidae

Mourningdove Zenaida macroura

Family--Mimidae

Sage thrasher Oreoscoptesmontanus

Famil.y--Tyranni,dae

Say'sphoebe Sa,yor.n.issava

Famil.y--Alaudidae

Hornedlark Eremophilaalpestris

Family--Emberizidae

Westernmeadowlark Sturnellan,e,.qlecta
Sage sparrow Amphispizabelli
Brewer'ssparrow Spizellabreweri "

a. Basedon Simpsonand Wallace1978.
b. Basedon Nussbaumet al. 1983.
c. Basedon Joneset al. 197g.
d. Basedon AmericanOrnithologist'sUnion(1983).
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was the only amphibian recorded; however, evidence indicates that the

leopard frog may be an occasional resident (Sehmanand Ltnder 1978). The

sagebrushlizard and the short-horned lizard are common;the sagebrush

lizard is the most abundantreptile. The western skink and the leopard

lizard have also been observed. Four species of snakes, including the Great

• Basin rattlesnake and Great Basin gopher snake, were recorded. The western

terrestrial garter snake and the desert striped whipsnakeare present in
lesser numbersand have more restricted distributions.

A total of 740 insect species have been recorded at the INELSite; 227

Of these species have not yet been identified beyondthe family level. The

majority of the abundantspecies belongs to the orders Hymenopteraand

Diptera. About half of the abundantspecies are parasitic or predatory.

Birdsare an integralcomponentof the GreatBasinecosystem.Over 150

speciesof birdshave beenrecordedon the INELSite. Of these,about60

speciesprobablybreedon the INELSite. However,many of the bird species

are relativelyuncommonon the INEL,and only a few speciesare very

abundant. The most commonspecieson the INELSiteare the Brewer's

Sparrow,sage thrasher,sagesparrow,hornedlark,sagegrouse,mourning

dove,Say'sphoebe,and westernmeadowlark(Arthuret al. 1984).

Specieson the INELSite thatmeritspecialconsiderationbecauseof

theirsensitivityto disturbanceor theirthreatenedst,atusincludethe

ferruginoushawk,goldeneagle,prairiefalcon,merlir,,long-billedcurlew,

and burrowingowl. The baldeagleand peregrinefalconare on the Federal

EndangeredSpeciesList and occasionallyvisitthe INELSite.

Commonlyoccurringgame animalsare sagegrouse,mourningdove,
P

pronghorn,and mule deer. Limiteddata are availableon the numberof game

animalsseasonallyinhabitingthe INELSite and on the harvestof these

animalsby hunters.

Radioecologicalresearchwas initiatedat the SDA in October1977to

determinethe roleof ecologicalcomponentsin radionuclideuptakeand
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transport throughout the RWMCarea. This ongoing research is being directed

by RESL.

Initial research efforts, directed toward determining the seasonal and

relative abundanceand distribution of wtldlife at the RWHC,identified 34

species of vertebrates (Arthur andMarkham1978, Keller 1978, Groves 1978).

The results of those studies indicated that cottontail rabbits, deer mice,

montanevoles, kangaroo rats, and pocket mice were the primary species

inhabiting the SDA. Thus, subsequentecological studies focused on those
species.

Subsequentstudies have evaluated small mammalspecies composition,

diversity, local movements,and densities (Groves and Keller 1983); small

mammalradiation doses (Arthur et al. 1986); the effects of chronic

radiation exposure on small mammalsinhabiting the SDA(Evenson1981);

radionuclide concentration in coyote feces (Arthur and Markham1982); and

radionuclide concentrations in vegetation (Arthur 1982).

2.1.5 Demoqraphy

The distributionof populationaroundthe INELSite is shownin Figure

2-16 by distanceand directionfromthe RWMC. This figureshowsthe

populationdistributioncenteredat the RWMCbasedon 1980censusdata.

The nearesttown is AtomicCity,whichis lessthan 1.5 km from the

southernboundaryand has about35 residents. In 1980,the population

residingwithinan 80-kmradiuswas 72,226. The largertownswithin80 km

are shownin Figure2-17. The populationsof thosetownshavingmore than

300 inhabitantsare givenin Table2-4.

The growthcharacteristicsoF the citiesand townsaroundthe INELSite

are similarto thoseof the rest of the State. Thereis a distinctpattern

of populationincreasein areasjustoutsidecities,wheremore land is

providedwith each housethan in towns. IdahoFalls,Blackfoot,and

Pocatelloare growingfasterthanthe townsin the immediatevicinityof the

INELSite.
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Figure2-16. Populationdistributioncenteredat the RWMC
basedon 1980censusdata.
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Figure 2-17. INEL vicinitymap centered on the Central Facilities Area.
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Table2-4. Citypopulationwithin80 km of the CentralFacilitiesArea

Popula)iona

City b 1970 1980

Aberdeen 1,542 1,528

" American Falls c 3,626

Arco 1,244 1,241

Basalt 349 414

Blackfoot 8,716 10,065

Chubbuck 2,927 7,052

Firth 362 460

Idaho Falls c 35,776 39,739

Mackay 539 541

Roberts 393 466

Shelley 2,674 3,300

a. Source: 1970 U.S. Censusand 1980 revised U.S. Censusdata (DOE1987).
b. Cities with more than 300 inhabitants.
c. Portions of these communities are outside the 80-km radius.
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Thereare no permanentresidentsat the INELSite. The work forceat

the INEL Site variesdependingon the levelsof constructionand research

beingperformedat each of the facilities.Table2-5 showsthe INELwork

forcedistributionfor each INELSite facility,basedon 1989 employment

data.

A surveytakenin 1980indicatedthat approximately52% of the INEL

employeeslivedin IdahoFalls. The remainderlive in Ammon,Blackfoot,

Pocatello,Shelley,Rigby,Rexburg,and othercommunitiessurroundingthe

INELSite.

2.1.6 Land Use

The INELSite has been committedfor energyresearchand development

and is designateda NERP. Approximately95% of the land in the INELSite

has beenwithdrawnfromthe publicdomain. The remainderis ownedand

controlledby the DOE.

Existingfacilitieson the INELSite landsare widelyspacedfor

increasedsafety. They occupya very smallpercentageof the available

Iand.

Approximately1335km2 of the INELSite are open to controlled

grazingby cattleor sheep(Figure2-18). Thosegrazingareasare mutually

agreedon by the DOE and the Departmentof the Interior,and grazingpermits

are administeredthroughthe Bureauof LandManagement.Grazingis

prohibitedwithin3 km of any nuclearfacility,and no dairycows are

allowed. Becausecattleoccasionallywanderto the edge of the RWMC,waste

storageand disposalareasare fencedto excludethem.

Otheruses of the landare limitedbecauseof the climate,lava flows,

and generaldesertsoilcharacteristics.The only landssuitablefor

farmingare near the end of the Big and LittleLostRivers,near the town of

Howe,and at a distance13 km southeastfromHowe. Arableland (with
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Table2-5. INELwork forcedistributionas of June 1989

Total
Fa¢iIity Emolovee_'b

Test Area North 727

NavalReactorFacility 2734

ArgonneNationalLaboratory-West 747

WasteExperimentalR_ductionFacility
SpecialPowerExcursionReactorTest,
and PowerBurstFacility 129

CentralFacilitiesArea 1129

IdahoChemicalProcessingPlant 1564

Test ReactorArea 545

RadioactiveWasteManagementComplex 108

TOTAL 7683

a. Valuesare for employeesworkingwithinINELSiteboundaries,Figure
2-I, includingconstructionworkers.
b. Does not take intoaccountday shiftversusnightshift.
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To Salmon N
CFA • Central Facilities Ares
EBR I • Experimental

Breeder Reactor 1
ICPP -I¢la_o Chemical Processing Plant
RWMC • Radioactive Waste

Management Complex
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Figure2-18. Grazingpermitareaswithinthe INEL.
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moderate irrigation) is present on both stdes of the Btg Lost River and
betweenMudLake and Howe.

The remainderof the INELSite,approximately65% of the surfacearea,

has a low water-holdingcapacity,is rockyor coveredwith basalt,or is

• classifiedas havingmoderate-to-severelimitationsfor agricultural

irrigation.

The Officeof Budgetand PolicyPlanning,Stateof Idaho,indicated

that the Statedoes not haveplansor policiesspecificallyrelatedto land

use eitheradjacentto, or withinthe boundariesof, the INELSite. The

East-CentralIdahoPlanningandDevelopmentAssociationis a regional

economicplanningagencyservinga nine-countyregion,most of which

encompassesthe INELSite. Likethe Stateof Idaho,the Associationdoes

not have any policiesor plansthat involvelandsor activitiesnear the

INELSite . ButteCounty,whichencompassesmostof the INELSite land,is

sparselypopulated.Becausethe countydoes not have a policyplan,

comprehensiveplan,or zoningordinance,no plansor policiesspecifically

relatedto landuse are available.

Possiblefutureusesof land at the RWMC arediscussedin connection

with radionuclidereleasescenariosin a laterchapter.

2.1.7 Archaeoloqv

Archaeologicalsurveysof the INELSitewere performedduring1967to

1969and againfrom 1970to 1972. Thesesurveyshave uncoveredevidence

that man has been in easternIdahofor perhaps10,000to 12,000yr.

P

Fossilsof prehistoricmammalshavebeen foundin excavationsat the

INEL. lt is postulatedthatthe fossilsare fromcamelsandmastodonsthat

inhabitedthe regionduringthe latterpartof the PleistoceneEpoch,about

35,000yr ago. One fossiltakenfromcarbonaceousstratabelowthe surface

is over 40,O00-yrold. Areasof specialarchaeologicalinteresthave been

identifiedoutsidethe west and northwestboundariesof the RWMC.
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Fossils of prehistoric mammalshave been found in excavations at the

INEL Site. It is postulated that the fossils are from camels and mastodons

that inhabited the region during the latter part of the Pleistocene Epoch,

about 35,000 yr ago. One fossil taken from carbonaceousstrata below the

surface is over 40,O00-yr old. Areas of special archaeological interest
have been identified outside the west and northwest boundaries of the RWMC.

2.2 RWMCDescriptionand WasteCharacteristics

The RWMC includesthe 35.6-haSDA, the 22.7-haTSA, and the

AdministrativeArea. Withinthe SDA and TSA areasare smallerspecialized

disposaland storageareas. Solidwasteis routedto the differentareas

dependingon the waste'scontent. All LLW receivedat the RWMC is buriedin

the SDA. The layoutof the RWMCareasand facilitiesis shownin

Figure2-19.

2,2.1 Historyof WasteManaclementat the RWMC

This sectionreviewspast practicesof wastemanagementatthe RWMC.

2.2.1.10riqinalBurialGround(1951-1.957).In 1951,the AEC and the

USGS selecteda sitefor evaluationas a wastedisposalarea. An area of

40.5 ha near the southwesterncornerof the INELSite was chosen. After

drilling10 exploratoryholesin the area and analyzingcore samples,the

USGS foundacceptablegeologicand hydrologicconditions.Some of these

conditionswere

• Severalfeetof clay sedimentto slowwatermovementand to absorb

nuclides

• Sufficientsedimentin the vicinityfor fill and cover

• An area not directlyupstreamfromexistingor potentialreactor

sitesor otherplaceswherewaterproductionwellsmay be drilled
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• Good surface drainage leadingaway from existing or potential

installationsor water production sites.

In 1952, development of the SDA was started on a 5.3-ha tract of the

40.5-ha site. That same year the first shipmentsof radioactivewaste

from the INEL were received and buried in trenches at the SDA. This

initialwork was the beginningof the RWMC. The managementof the RWMC

was then the responsibilityof the Site Survey Branch, Health and Safety

Division, of the AEC-ldaho OperationsOffice (AEC-lD). The National

IndustrialMaintenanceCompany (NIMCO)conducted burial operations in 1952

and part of 1953. NIMCO was succeededin 1953 by the Phillips Atomic

Energy Company, a subsidiaryof Phillips PetroleumCompany (PPCo),which

continued burial operations.

Generally, the waste received from 1952 through 1957 was buried in

trenches. On July 8, 1952, the first trench was opened for the waste

generated at the INEL Site . Between 1952 and 1957, Trenches I through 10

were excavatedto basalt. Pits were also excavated starting in 1957

because of the large size of some containersand the amount of waste being

received. The onsite low-levelsolid radioactivewaste was placed in

cardboard boxes and sealed with tape. The sealed boxes were placed in

metal Dempster Dumpsters that were labeled and used only for radioactive

waste. The dumpsterswere transportedto the SDA, and the waste was

dumped into the pits or trenches. LLW was periodicallycoveredwith

soil. Waste that could cause excessivepersonnelexposure was transported

in special containers and transfer vehicles to reduce worker exposure.

That waste was deposited into the trenches and was immediatelycovered

with soil.

In 1953, the AEC decided that solid radioactivewaste from the Rocky

Flats FabricationFacilitynear Golden, Colorado,would be sent to the

RWMC. The first shipment of Rocky Flats waste was authorizedin March of

1954. This shipmentwas a trial run to provide (a) handling and shipping

experienceand (b) cost informationto compare with alternativedisposal

methods. The first drums containing TRU waste from Rocky Flats waste

arrived on April 22, 1954. The trial run proved that such shipmentscould

2-48

DRAFT



be handled satisfactorily, and the AECauthorized the shipmentof Rocky

Flats waste to the INEL. BetweenApril 1954 and November1957, the waste

from RockyFlats was interspersed with INELwaste in Trenches 1 through

10. In 1957, RockyFlats waste destined for the pits was packed in steel

30- or 55-gal drumsor, if bulky, in woodencrates. Waste arrived by
. ratlcar at the CFAand was then transferred to the SDAvia truck. The

drumswere hand'stacked in the plt. The woodencrates were lifted from

the trailer by crane and stacked around the edgesof the plt. The waste

in the pits was covered with soil periodically but on no set schedule.

2.2.1.2 ExpandedSDA(1957-1970). The original 5.3-ha SDAwas nearly

filled by 1957. The SDAwas then expandedto its present size,

encompassing35.6 ha of the original site evaluated by the USGS. The

expansion was to the immediate east and south of the original area. The

expansion also enclosed an acid plt that had been used for disposal of

nonradioactive laboratory acids since January 1, 1954.

Trencheswere usedfor the disposalof LLW and specialwaste. The

RockyFlatswastewas placedin the pitsbecauseof the largevolumebeing

receivedand the low radiationlevel. BetweenMay 1960and August1963,

the RWMC servedas an interimburialgroundfor wastegeneratedby AEC

licensees.Wastefroma numberof offsitegeneratorswas received. In

October1962,the responsibilityfor the RWMCwas transferredfromthe

SiteSurveyBranch,AEC-ID,to the PPCo,whichhad been actingas the

AEC-IDagentin operatingthe RWMC. Beginningin November1963,Rocky

Flatswastewas no longerstacked;it was dumpedin pitsto reducelabor

costsand minimizepersonnelradiationexposures.Randomdumping

continueduntil1969. In 1966,the IdahoNuclearCorporation(INC)took

over fromPPCo. INC,a jointsubsidiaryof Aerojet-GeneralCompanyand

AlliedChemicalCorporation,assumedresponsibilityfor the RWMC.

" Numerouschangesin waste-handlingpracticestookplacefrom 1966to

1970. The minimumrequiredsoilcoverover buriedwastewas increased

from0.6 to 0.9 m. Minimumtrenchdepthfor futuretrencheswas increased

from0.9 to 1.5m. A heavymetalplatewas droppedontowastein trenches
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to compactthe waste. Stackingof the wastecontainerswithintrenches

and pits in the SDA was reinstatedin 1969. In 1958,a floodcontrol

projectwas constructedon the Big LostRiveradjacentto the RWMC to

protectdownstreamINELfacilitiesand to protectthe RWMC from flood

waters. The projectinvolvedconstructionof a diversiondam and

spreadingareasfor runoffwater. The.diversionsystemwas laterenlarged

to protectthe RWMC fromrunoffin the localdrainagebasin.

2.2.1.3 SDA and TSA (_970-present).On March20, 1970,the AEC

issuedImmediateActionDirectiveNo. 0511-21,"PolicyStatementRegarding

SolidWasteBurial." Thatpolicyrequiredsegregationof all waste

contaminatedwith TRU nuclidesand storageof thatwasteto permit

retrievalof contamination-freewastecontainersfor 20 yr. In supportof

the directive,a decisionwas made to storeand coverTRU waste

abovegroundon pads. The 22.7-haTSA was establishedat the RWMC for

storage;thus,the RWMCwas expandedto its presentsize,58.3-ha. In

1971,AerojetNuclearCompany(ANC)replacedINC as the operations

contractorfor the RWMC. In 1976,EG&G Idaho,Inc.,replacedANC as the

INELprimecontractorand assumedresponsibilityfor operatingthe RWMC.

A changein disposalmethodsfor LLW occurredearlyin the IgTOswith the

beginningof wastevolumereductionby compaction.Sincethen,

radioactivewastehas been separatedintocompactibleand noncompactible

waste. Earlyin the 1970s,the NavalReactorFacility(NRF)began

compactingwaste,reducingthe volumeof compactiblewasteby

approximately10:1. In 1974,a hydraulicbale-typecompactor(likethe

NRF compactor)was installedin the WasteVolumeReductionFacility(WVRF)

at the RWMC to reducethe volumeof INELwaste. The volumereduction

variesbecauseof the heterogeneousmixtureof compactiblewaste.

INEL-generated,compactibleLLWwas placedin polyethylenebags,deposited

in dumpstersdesignatedfor this typeof waste,and transportedto the

RWMC. At the WVRF,the wastewas compactedintoplastic-linedcardboard
W

bales,whichwere steel-banded,wrappedin plastic,and placedin a

disposalpit. This operationwas transferredto WERF in 19B6.
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2•2.2 Oescriotton of the SDA

The SDA is a fenced,35.6-haareaon the westernpart of the RWMC.

Includedin the SDA are pits,trenches,soilvaultrows (SVRs),and PadA,

all of whichhave been usedto disposeof LLW. Figure2-20 illustrates

• the layoutof the SDA. Supportfacilitiesare locatedeast of the SDA.

Table2-6 liststhe openingand closingdatesof the trenches,pits,SVRs,

. and PadA.

2.2.2.1 Pits. Pitsare normallyused for routine,solid,low-level

beta-gammacontaminatedwastewith radiationlevelsbelow500 mR/h at

0.9 m. Excavatedin a previouslysurveyedareawith scraper-carryalland

bulldozers,pits average5-m deep by 30.2-mwide and vary in length• As a

meansof makingmaximu_use of the SDA, pitswere excavatedinto the

basaltand the exposedbasaltwas coveredwith 0.6 m of soil. Afterthe

wastewas emplaced,the pitswere backfilledwith a leasto.g m of soil.

Currentpits are excavatedintorockto a depthof g m, then backfilled

with 0.6 m of soilover rock.

In FY-1985,geotextilefabricwas incorporatedin the upperportionof

the pit floorsoil coverto add stabilityfor the wastestackand for

mobileequipment.Afterthe floodingin 1982,the earthberm around

Pit 17 was modifiedto eliminatethe O.3-mhigh vehicleaccess• The

continuousberm is 0.6 to 1.5m abovegrade. The earthbermsserveas

radiationshielding,firebreaks,and dikes• A cranepad was constructed

for the bulk disposalareaof the pit in FY-Ig85. Cornersof the pits are

locatedby concretemonuments•A brassplateon eachmonumentincludes

the pit number,boundarydirections,and the openingand closingdates.

2.2.2.2 Treqches. Trencheswere dug alongpredeterminedcenterlines

andwere separatedfromadjacentcenterlinesby no more than4.9 m. This

allowedmaximumuse of availablespacewithoutdisturbingpreviously

buriedwaste. The averagewidthof the trencheswas 3.1 m (thosewith

collapsingwallswerewider). Trenchoperationemployedtwo metaltrench

linersthatwere leap-froggeddown the trenchas theywere filled. The
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linersperformedtwo functions:they preventedthe trenchfrom sloughing

off, and they providedshielding.Trencheswere used for all rangesof

radioactivewaste. Wastewith high radiationlevelswas handledremotely

usingspecialshieldedcontainersand boomcranes. As wastedisposal

becamemore rigorouslycontrolled,the trencheswere usedmore frequently

for high radiationwasteuntiltheywere replacedby the soilvault

concept. When the trencheswere full,theywere coveredwith a minimumof

0.9 m of soil. Locationsof all trenchesand soil vaultsare identified
m

by concretemonuments.A brassplateon eachmonumentwas stampedwith

trenchnumberand the openingand closingdates. All LLW packages

exceeding500 mR/h at 0.9 m were depositedin trenchesor soil vaults. In

July 1981,trenchdisposalswere discontinued,and the unfilledtrench

areawas redesignatedfor soilvaultdisposals.

2.2.2.3 Soil Vaults. Beginningin 1977,areasnot suitedfor pits

were set asidefor drillingof soilvaults. This practicenot onlyhelped

to conserveSDA space,but it alsoreducedpersonnelexposureto

radiation.High-radiation(greaterthan 500 mR/h)beta-gammawasteis

normallydepositedin the soil vaults. Rowsof thesevaultsare drilled

alongpredeterminedcenterlinesand each vaultis separatedfrom

previouslyburiedwasteby approximately0.6 m. Soilvaultdiametersvary

from 0.4 to 2 m; minimumdepthis 2 m. If the drillingexposesbasalt,

0.6 m of soil is placedon the vaultfloor. Open soil vaultsare

surroundedby barriersdenotingthe hazard. Vaultlinersare used to

preventvaultcollapse. A shieldcoveris also placedover openvaultsto

provideprotectionfromweatherand to providepersonnelshieldingand

protection.

2.2.2.4 Pad A. Pad A was constructedin September1972 in the north

centralpart of the SDA thatwas not suitedfor pits or trenchesbecause

of near-surfacebasaltoutcroppings.Pad A was establishedto disposeof

uraniumwasteand wastethatwas not TRU but did containmore than

0.1 nCi/gbut less than 10 nCi/gof TRU alpha-emittingnuclidesand had

radiationlevelsless than200 mR/h at the containersurface. From 1972

through1978,thiswastewas disposedon PadA. Boxeswere stackedaround

the peripheryand drumswere stackedhorizontallyin staggeredlayers.
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Wasteon the padswas coveredwith earthso thatno more than one row of

boxesor two rows of drumswere exposedat anytime. Sufficientearthwas

placedaroundthe pad to give at leasta O.g-mcoverand a 3:1 maximum

finalslope. Since1978,additionalsoil has been placedon top of the

berm to correctfor subsidence.The soil covernow rangesfrom I- to 2-m

- deep. Pad A was closedin 1978.

• 2.2.2.5 SupportFacilities.Operationswithinthe SDA are supported

by personneland equipmenthousedin severalstructuresand buildings

locatedoutsideof the SDA.

• BuildingWMF-601housesmaterialstorageareasand healthphysics

offices.

• The OperationalSupportFacility(BuildingWMF-602)is used for

technologydevelopment,thawingcontainersin coldweather,

temporarystorage,vehiclemonitoring,equipmentmaintenance,and

othersimilaractivities.

• The watersupplysystemlocatedin BuildingWMF-603provides

domestic-and-fire-systemwaterfor the RWMC. A watersupplyis

maintainedin a 250,O00-galinsulatedstoragetank adjacentto

BuildingWMF-603.

• BuildingWMF-604providesspacefor personnelchangeareasand

the lunchroom for RWMC/StoredWasteExaminationPilotPlant

(SWEPP)personnel.

• BuildingWMF-60gprovidesa coveredstructurefor storageand

maintenanceof heavyequipmentusedat the RWMC/SWEPP.To

minimizecoldweatherstartupproblems,electricpoweris

providedfor vehicleheadbolt heaters.

• BuildingWMF-611,a guardhouseon AdamsBoulevard,the main

accessroad to the RWMC/SWEPP,is staffedby uniformedsecurity

guards24 h a day.
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• Building WMF-613provides a conference room and office space for

personnel from RWMC/SWEPPProgramsManagement,Engineering,

Technical Programs, and miscellaneous support.

• Butlding WMF-619housescommunicationsand alarms.

• The area managerand shift manageroffices and other support

offices are located in building WMF620/621, which also housesan

health physics office. All personnel are required to report to

the shift manager's office for work authorization and

radiological dosimetry before entering radiation areas and again

for survey and work status report before leaving the RWMC/SWEPP.

2.2.3 Descriptionof the Waste

The SDA containsLLW and TRU waste,includingsomethat couldpose

nonradiologicalhazards. Earlywastemanagementpracticesallowed

intermixi_gof LLW and TRU waste in pits and trenches. However,waste

receivedsince1970has generallybeen segregateddependingon the waste

type. Since1970,TRU wastehas been storedon pads in the TSA, and LLW

has been buriedin the SDA.

2.2.3.1 LL___WW.Disposalof contact-handledLLW recentlyhas been

averaging3000m3 to 4000 m3/yr. In addition,about50 m3/yrof

remote-handledLLW has been receivedfromwastegenerators;containersof

this wastehave beendisposedat the RWMC in wastedisposalpits or in

soilvaults.

Beginningin 1977,soil vaultswere usedto disposebeta-gammawaste

with high radiationlevels(greaterthan 500 mR/h at 0.9 m); beforethen,

trencheswere used forwastewith highradiationlevels. The trenches
p

were closedin 1981. Pits are used for routine,solidlow-level

beta-gammacontaminatedwastewith radiationlevelsbelow500mR/h at

0.9 m.
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Waste disposed in the older trenches and the pits included plastics,

paper, cloth, a variety of metals (stainless steel and aluminum), wood,

contaminated soil, asphalt, gravel, concrete, glass, construction

equipment and materials, filters, resins, rubber, biological waste,

• uranium fuel elements, reactor core components,and absorbed liquids.
Soil vaults and the newer trenches contained waste from irradiated reactor

and reactor core components,irradiated samples, and irradiated

experimental fuel.

Until1970,LLW and TRU wastepackageswere at timesburiedtogether

at the RWMC. As of 1970,about50,000m3 of wasteclassifiedas LLW

(containingabout4.7 millionCi) had beenburiedcommingledwith about

62,000m3 of wasteclassifiedas TRU waste(containingabout250,000Ci

of TRUs). All of thesewastepackageswere buriedin an areaof lessthan

20 ha withinthe SDA. From 1970to the present,about80,000m3 of

additionalwasteclassifiedas LLW (containingabout4.6 millionCi) has

beenplacedin shallowland burialin the RWMC,occupyingabout8 ha

adjacentto the above-mentioned20 ha. About62,000m3 of additional

wasteclassifiedas contact-handledTRU waste (containingabout470,000

Ci) has accumulatedin retrievablestorageat the TSA of the RWMC.

Currently,this 62,000m3 of storedwasteis undergoingre-examination

in the SWEPPfacilitylocatedat the TSA. Principalfindingsthus far

have been

• Most (about90%)of this storedwastein the TSA alsocontains

EPA-hazardousconstituents;therefore,it classifiesas mixed

waste.

• Many of thesecontainersof wastehave been foundto containTRU

concentrationsbelow100 nCi/g;therefore,theydo not fit the

presentdefinitionfor TRU waste. Projectionsindicatethatwhen

the re-examinationsare completed,about40% of the totalnumber

of containersof wastewill havebeen foundto containTRU

concentrationsbelow100 nCi/g.
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Thus, it appearsthatabout27,000m3 of thisstoredwastecouldbe

reclassifiedto LLW or LLW-mixedwaste(inmost casesit couldbe

classifiedas LLW-mixedwaste).

2.2.3.2 TRU Waste. Receiptand shallow-landdisposalof TRU waste

beganin 1954and endedin 1970. About62,000m3 of TRU wastewas

buriedin pits and trenchesat the RWMCSDA. In 1987,ongoingstudiesto

addresslong-termmanagementof buriedTRU wastewere acceleratedin

responseto environmentalmonitoringthat indicatedmigrationof low

concentrationsof plutoniumand organicchemicalsfromthe buriedwaste.

Remedialactionrequirementsare currentlybeingaddressedto allow

recommendationof an alternativefor long-termmanagement.

Since1970,solidTRU wastereceivedat the RWMChas been segregated

from non-TRUsolidwasteand placedinto interimretrievablestorageat

the RWMCTSA. Contact-handledwasteswere either(a) storedon

above-groundasphaltpadsand protectedby coveringwith plywood,plastic,

and an earthenoverburdenor (b)placedon asphaltpads underan air

supportedweathershield. The majorityof storedcontact-handled-TRU

wastewas generatedby the RockyFlatsPlant. Lesseramountswere

generatedby the MoundLaboratory,ArgonneNationalLaboratory-East

(ANL-E),BattelleColumbusLaboratory,BettisAtomicPowerLaboratory,and

INELonsitegenerators.Remote-handled-TRUwastesare storedin specially

designedsteelvaultsat the IntermediateLevelTransuranicStorage

Facility(ILTSF)withinthe TSA. The primarygeneratorof

remote-handled-TRUwastein storageat the INELSite is ANL-EandANL-W;

smalleramountsaregeneratedby INELonsitegenerators.

2.2.4 PresentWasteManaqementPractices

The majorburialareaspresentlyopen are Pits 17, 18, 19, and 20.

Currentpracticeexpandsthe capacityof a pit by blastingand removing

the basalt;then 0.6 m of dirt is placedoverthe basalt. After
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containersof wasteare stackedin the pit, at least2 m of dirt coveris

placedover the containers.

As describedbelow,LLW receivedat the RWMC is managedin one of

severalways dependingon the wastetype,physicalconfiguration,

• radioactivity,and container.The fourcategoriesof LLW are

nonprocessiblewaste,compactiblenonincinerablewaste,incinerablewaste,

- and metallicnoncompactiblewaste.

2.2.4.1 NonprocessibleWaste(OirectDisposal).LLW that currently

cannotbe processedat the WERF becauseof radiationlevels,size,or

compositionis directlydisposedof at the RI_CSDA. This wastecomesto

the RWMC in woodenboxes,metalbins,55-galdrums,etc. The currentLLW

acceptancecriteriadocumentprohibitsdisposalof free liquids,hazardous

materials,and pyrophorics,lt also requiresphysicaland chemicalwaste

characterizationas well as encouragingvoid spaceminimization.Studies

wereconductedto determinethe feasibilityof usingconcreteor

heavy-walledmetalboxesfor somewastesthat haveradiationlevels

greaterthan that allowedfor contacthandling(i.e.,greaterthan

500 mR/h)to reducethe use of soilvaults,whichare less spaceefficient

and may interferewith SDA remedialactions. DuringCY-1988,1268m3

(27%of the generatedLLW)was shippedto the RWMC for directdisposal.

Becausethis 27% of the generatedwastereceivedno volumereduction

treatmentwhilethe restdid, it became64% of the totalLLW disposedof

at the RWMC in 1988.

2.2.4.2 Compactib!eNonincinerableWaste. LLW that cannotbe

incineratedbut can be compactedgenerallycontainshalogensor sulfurand

somerubbermaterials,with a radiationlevellessthan 200 mR/h at the

surface. In CY-1988,859 m3 of thiswastewas sentto WERF for '

compactionin a 200-toncompactor.The wastecompactsinto
I

1.2 x 1.2 x 1.8m metalboxesand achievesa volumereductionratioof

about5:1. The compactedwasteis shippedto the RWMCfor disposal.
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2.2.4.3 Incinerables. Incinerable LLWmaterial consists of rags,
plastics, wood, and other combustible matertal with a radiation level

currently l imtted to less than 20 mR/hat contact. Host incinerable waste
,,

is packagedin cardboard boxes at the generator, shipped to WERFin cargo

containers,and burnedin the WERF incinerator.In CY-Ig88,1574m3 of

this was;_.was sentto WERF. The incineratorachievesa volumereduction

ratioof ,_:I to 300:1dependingon the type of materialthat is being

incinerate_ Test resultshave shownthat the resultingash is mixed

wastebecau_ it containsleachabletoxicmetals(leadand cadmium). The

incineratorash is treatedby solidification,with cementin 71-galdrums

to stabilizethe chemicallyhazardouslevelsof leadand cadmium. The

resultantproductis dispassionateaccordingto its EPA characteristics.

2.2.4.4 MetallicNoncompactible.Metallicnoncompactiblewasteis

definedas metal(aluminum,stainlessand carbonsteel,copper,and others

with wall-thicknesstoo greatfor compactionwith the 200-toncompactor)

havingradiationlevelslessthan 100 mR/h at contactand freeof toxic

and hazardousmaterial. Metallicwasteis shippedto WERF in bins. These

bulkmetalshipmentsare then size-reduced(providinga volumereduction

of about4:1),packaged,and shippedto the RWMC for disposal. In

CY-1988,913 m3 of metallicwastewas sentto WERF for sizing.

Sizedmetallicwastecan be meltedfor a furthervolumereduction(of

about4:1) and for stabilizationof the radionuclidesit contains.

However,the operationalcostof meltingis too highto justifythe volume

reductionbenefitrealized(at present);therefore,thisoptionis

reservedfor uses such as meltingof wastemetalthat has a classified

shapefor declassification.

2.2.5 FutureModificationsto WasteManaqementpractices

FutureLLW managementpracticesshoulduse improvedtreatmentand

disposalpreferablywith disposalat a new location.
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Actions that can be taken include improving waste characterization,

improving current LLWmanagementpractices, developing more widely

applicable volume reduction and stablllzatlon treatment methods, and

definlng the radiological performance of future LLWdisposal. The

, following actions are planned:

. • Modifyingwasteacceptancecriteriato (a) requirethat

significant(in riskto the generalpublic)radionuclidesbe

identifiedand quantifiedand that thewaste'sclassificationbe

determinedaccordingto an INELLLW classificationsystem;(b)

requirethateach packageof wasteclassifyinghigherthan INEL

LLW ClassI be stabilizedby acceptedmethod;and (c)require

wastegeneratorsto use wasteseparationand sortingmethodsto

sendthe maximumpracticalproportionof theirwasteto WERF.

• Changesto the RWMC'soperatingproceduresare beingconsidered

thatwould (a)requireat least2 m of radiologically

uncontaminatedcoverover all LLW and at least4.g-mcoverfor

all INELLLW Class3; (b) permitdisposalof INEL LLW Class2 and

Class3 only if stabilized;and (c) prohibitdisposalof INELLLW

greater-than-Class3, or wasteclassifyingas greater-than-Class

C per 10 CFR 61, unlessthe disposalsystem(s)for suchwaste

havebeenjustifiedby a specificDOE-approvedperformance

assessment.

• Plannedupgradesto LLWmanagementcapabilitiesat WERF include

(a)extendingthe new sizingbuilding,(b) installingupgraded

handlingand wastesorting/separationcapabilitiesand

capabilitiesto add cementgroutto treatedLLW, (c)addingLLW

storagespace,and (d)modifyingWERFwasteacceptancecriteria
i

to allowacceptanceof a widerrangeof materialsand increased

radiation/contaminationlevels.
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, Radiological performance assessmentswill (a) define

intruder-protectionlimitsfor all significantINEL"

radionuclides;(b)completethe ongoingradiologicalperformance

assessmentof past and currentwastedisposalat the RWMC;and

(c)make a projectionof wasteto be disposedat the INELSite

duringthe next 50 yr basedon projectedwastetreatment, • "

optimizedwasteform,and completea radiologicalperformance

assessmentof the optimizedwasteform.

• Designtwo upgradedLLW disposalinstallations(onefor

contact-handledLLW and the otherfor remote-handledLLW)to meet

LLW storageas well as disposalrequirements.

• Evaluatenew facilitiesfor the treatmentof LLW and mixedLLW.

• Operationsat WERF will emphasizeacceptingand treatingas much

LLW as practical.All INELwastegeneratorswill emphasize

sendingthe highestpracticalproportionof theirwasteto WERF,

whichwill processall acceptablewasteintowasteformsin waste

packagessuitablefor disposalin upgradednew LLW disposal

installations.Eachgeneratedpackageof wastethat cannotbe

acceptedat WERFwill be evaluatedby the wastegeneratorand

WERF personnelto determinewhat shouldbe done to eliminateor

reducefuturesuch cases. All LLW thatdoes not meetWERF waste

acceptancecriteria,but thatmeetsRWMCwasteacceptance

criteria,will continueto go intodisposalat the RWMC. All

wasteprocessedthroughWERFwill continueto go intodisposalin

RWMC burialpits.

2.2.6 Determinationof WasteInventory

i

Inventoriesof past burialsand predictionsfor the futureare

discussedin detailin this section. The informationfor the inventories

generallycomesfromthe availableshippingrecords.
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2.2.6.1 Data Base. For shipmentsmadebefore 1971, the inventory

information camefrom existing shipping invoices and other records. Some

of these early documentsdid not contain complete information. The best

information available regarding the types of waste shipped to the RWMCwas

. used to develop assumptionsfor the volumes, radioactivity, and other
information.

For shipments from 1971 to the present, the inventory data have been

stored in the Radioactive Waste ManagementInformation System (RWMIS).

The RWMIS,a computerized data base, was started to record waste shipments

to the RWMCas well as INEL airborne and liquid effluents. The available

information for earlier waste shipmentsalso has been compiled into the

RWMIS. Data on shipments to the RWMCare furnished by the waste generator
and include

• Type of waste

• Type of containers

• Date of shipment

• Wastegeneratorlocation

• Wastedescription

• Grossvolumeand weight

• Grossradioactivity

• Nuclideidentificationincludingamountor percentof gross

radioactivity.

The burialor storagelocationand date of disposalfor each shipment

are providedby RWMC operatingpersonnel.

2.2.6.2 WasteCoveredin This Document. ThisdocumentaddressesLLW

burieJsince1964. Wasteburiedbeforethattimewas generatedprimarily

fromRockyFlatsand is TRU wasteintermixedwith LLW. This TRU waste

intermixedwith LLW will eitherbe retrievedor treatedin placeand is

subjectto otherenvironmentalcomplianceassessments.
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A very smallamountof TRU'wasteis includedin this document. This

TRU wasteoriginatedon the INELSite or at offsitelocationsotherthan

RockyFlats. No RockyFlatsTRU wasteis consideredin thisdocument.

The majorityof radionuclidesconsideredin this documentare

beta-gammaemitters.

Table2-7 listswastelocationsand categoriescoveredby this

document. The informationin Table2-7 is basedon yearlywastereceipt

recordsand on recordsfor openingand closingof wastelocations.

2.2.6.2.1 WasteVolumes--Forthe wastecoveredin thisdocument

(seeTable2-7),the volumeis about105,489m3 through1988. The

breakdownby year is shownin Table2-8.

2.2.6.2.2 WasteContainers.The followingtypesof containers

have been usedto containwasteemplacedin the SDA: cardboardboxes,

fiberbarrels,metalbarrels,woodenand metalboxes,balesof compacted

waste,ingots,M-IIIsteelbins,inserts,and othercontainers.The

numberof eachtype of containerof LLW is listedin Table2-9. From 1964

through1988,the totalnumberof wastecontainersburiedin the SDA for

the wastecoveredby thisdocumentwas 140,969.

2.2.7 WasteRadioactivityInventory

Knowledgeof the inventoryof radionuclidesin the disposedwasteis

essentialto the perfcrmanceassessment.The amountsof radionuclides

disposedhavebeen enteredintothe RWMISdata baseand were usedto

estimatethe radionuclideinventoriesfor this assessment.The

radionuclidedisposalhistoryand projectionsof futuredisposalof

radionuclidesare presentedin this section.
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Table 2-7, Waste evaluated in this document

i i i ,

Location ...... WasteEvaluateda

Trenches 19, 20, 26, 27 ONS-TRU

Trench 33 LLWreceived after 1963

Trenches 34-58 Ali LLW. Also, ONS-TRU'in Trenches 39, 45,
47, 48, 51, 52, 55

Pit 2 OFS-TRU

Pit 4 LLW receivedafter1963and theOFS-TRU

Pit 5 LLW receivedafter1963

Pits 6-10 LLW

Pits 13-20 LLW

Soil vaultrows LLW

a. ONS-TRUis TRU wastegeneratedat the INEL;OFS-TRUis TRU waste
generatedat non-INELfacilities.OFS-TRUdoes not includewastefrom Rocky
Flats.
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Table 2-8. Volumes of waste covered in this document

Volume
Year' (m)

1964 3,132
1965 4,077
1966 4,634
1967 3,820

1968 3,947
1969 4,743
1970 4,032
1971 4,026

1972 3,548
1973 3,879
1974 3,693
1975 5,692

1976 6,212
1977 6,591
1978 5,932
1979 5,348

1980 5,074
1981 3,067
1982 3,185
1983 5,474

1984 3,906
1985 3,140
1986 3,394
1987 2,963
1988 1,980

TOTAL I05,489a

a. The volumes of ONS-TRU and OFS-TRU listed in Table 2-8 are included in
this volume. They are so small as to be a completelynegligible fractionof
the total volume.
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Table 2-9. Types and quantitiesof waste containers covered in this
document (1964-1988)

Container Number of
Tvoe Contai.ners

• Bales 5,299
Bins 1,643
Cardboard boxes 77,190
Fiber barrels 191
Ingots 45
Inserts 1,748
Metal barrels 28,663
Metal boxes 23
Othera 10,361
Steel boxes 96
Wooden boxes 15,7I0

TOTAL 140,969

a. "Other" includes containertypes not listed and waste that is not in a
container (i.e.,trucks and large tanks).
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2.2.7.3 Estimatesof RadionuclidesDisposed in Soil Vaults.

Radionuclideshaw been disposed in soil vault rows (describedin

Section 2.2.1.3) since 1977. This disposal techniquehas been used for

wastes with high external exposure rates. The radionuclidesdisposed in

soil vaults were treated separatelyfrom those disposed in pits. The annual

quantities of radionuclidesdisposed in solid vaults are listed in

Table 2-13 for the period 1977-1988.
J

2.2.7.4 Estimatesof Future RadionuclideDisposal Rates. Two methods

were used to estimate future disposal rates of radionuclidesat the RWMC.

The first was to survey the organizationsshippingwastes to the RWMC to

obtain their projectionsof future disposal rates. The second method was to

use the recent historicaldata as the basis for estimatesof future disposal

rates. ..

Table 2-14 compares the results of the two methods of estimating future

disposal rates for pits at the RWMC. The shippers'estimates for pits and

soil vaults are shown together with the 10- and 12-yr average disposal

rates, respectively. In both cases, the recent disposal experience suggests

that the amountsof radionuclidesdisposed in future years will generally be

larger than the shippers'projections. For some radionuclides,including

those believed to be the most importantto the performanceassessment,the

differencesbetween the projectionsand historicalvalues is quite large.

Because use of the projectionswould appear to substantiallyunderestimate

the future inventories,historicalaveragedisposal rates were used to

estimate future disposal rates.

2.3 Waste Treatment_Certification,and Disposal

2.3.1 Waste Treatment

Currently, there are no waste treatmentfacilities/processesin

operation at the RWMC. Waste treatment is performedat WERF before shipment

to the RWMC.
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Table 2-14, Comparison of shipper projectionsand average disposal rates

Estimatesfor Pits Estimatesfor Vaults

Shipper 10-yr Shipper 12-yr
Projected Average Projected Average

. Disposal Disposal Disposal Disposal
Nuclide Rate (Ci/y) Rate (Ci/v) Nuclide _ate (Ci/y) Rate (Ci/y).

H-3 2.1E-01 4,3E+02
" C-14 2,3E-03 Sc-46 6.5E+00

Cr-51 1,2E+02 7,9E+02 Cr-51 5,5E+03 6,7E+04
Mn-54 2,lE+02 2,1E+01 Mn-54 1,0E+05 5,7E+04
Co-58 5,2E-02 5,2E+00 Fe-55 1,7E+03 1,3E+04
Co-60 2,4E+00 1,2E+03 Fe-5g 7,4E+02 1,1E+04
Ni-5g 4,0E-01 Co-58 1,7E+05 8,1E+04
Ni-63 O,OE+O0 Co-60 2,3E+04 5,2E+04
Sr-d0 1,3E+01 1,2E+02 Ni-5g
Zr-g5 4,2E+00 4,9E+01 Ni-63 5,2E+03 2,6E+04
Tc-99 5,4E-06 Sr-d0 7,7E+00 1,4E+02
Ru-106 1,3E+01 3,2E+01 Zr-95 1,3E+03
Sb-125 6,0E+O0 7,8E+01 Nb-95 1,0E+02
Cs-134 3,4E-03 4,2E+01 Ru-106 9.8E+01
Cs-137 1,3E+01 1,3E+03 Cs-134 3,9E+00 1,1E+02
Ce-144 2,9E+01 2,7E+02 Cs-137 7,7E+00 4,9E+03
Eu-152 1,1E+01 Ce-144 1,9E+01 3,5E+02
Eu-154 1,1E+01 Eu-152 3,3E-01
Eu-155 5,4E+00 Ta-182 2,0E+01 1,5E+02
Hf-181 3,1E-02 3,3E-01 U-235 1,7E-06 1,7E-04
Ra-226 1,3E-01 U-238 1.7E-02 1,0E-02
Th-230 1,8E-03 Pu-239 1.2E-03 3,6E-03
U-234 1,6E-02 Pu-240 1,5E-05 4,0E-04
U-235 1,3E-02 7.3E-03
U-238 2,7E-03 3,0E-01
Np-237 7,0E-04
Pu-238 8,5E-02
Pu-239 1,1E-03 7,7E-02
Pu-240 g,SE-05 2,7E-02
Pu-241 1,6E-01
Pu-242 4,4E-05
Am-241 7,7E-09 3,3E-02
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2.3.2 Waste Certification
o

Generators of LLW must be approved to ship LLW to the RWMC for

disposal in the SDA. In order to maintain this approval,the waste

generatormust comply with the INEL LLW acceptancecriteria. Future

updates to this acceptancecriteria will requirewaste generators to have

an approved Waste CertificationProgram on file with RWMC/SWEPP Programs.

At least annually,the Waste CertificationProgramof each waste generator

will be given a competencyreview by RWMC/SWEPP Programs.

The Waste CertificationProgram Plan shall invokethe waste acceptance

criteria requirementsfor the waste generator, lt also will identifythe

LLW management responsibilitiesfor each organizationassociatedwith the

LLW management process and will list the generating organization's

proceduresrequired to manage LLW in a competentmanner.

2.3.3 Waste Disposal

The RWMC is operated for disposal of LLW and interim storage of TRU

waste. Receipt and shallow-landdisposal of TRU waste began in 1954 and

ended in 1970. Remedial actionsare currently being addressed to allow

recommendationof an alternativefor long+termmanagement of this buried

TRU waste. Since 1970, solid TRU waste received at the RWMC has been

segregatedfrom non-TRU solid waste and placed into interim retrievable

storageat the RWMC. This waste is planned to be shipped to the Waste

IsolationPilot Plant (WIPP).

LLW disposal at the RWMC has been underway since 1952. Until 1983,

solid LLW management consistedof shallowland burial of waste in

trenches, pits, and soil vaults. Since 1983, WERF operations have reduced

the LLW disposal volume and have convertedthe waste to a reduced form

througha combinationof incineration,compaction,and metal sizing

operations.
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Soil vaults and pits are excavated to provide sufficient space for the

anticipated waste volume and to minimize the infiltration of water.

Before excavation of a row of soil vaults or a plt, probe holes are

drilled to determine the usable soil depth. A minimumof 0.6 m of soil

covering is left above the basalt, or placed over rock, when rock removal

operations are required to attain the necessary depth for proper disposal

operations. This soil cover ensures a smooth surface without rock

. projections for placement of the waste containers; it also provides for

filtration, absorption, and ion exchange that inhibits migration of the

radionuclides that escape from the waste containers.

At the SDA, pits are used to dispose of routine waste (solid,

low-level,beta-gammacontaminatedwaste with radiationlevels normally

below 500 mR/h at o.g m). Soil vaults and the bulk disposal pit are used

to routinelydispose of waste packageswhose unshieldedcontents exceed

500 mR/h at 0.9 m and/or the waste containedin odd size or bulk

containerssuch as tanks, metal gates, reactor vessels, etc.

A few nonstandard,nonroutinewaste packages are accepted on a

case-by-casebasis and must have approvalbefore shipment. Records are

kept of all disposed waste. These records show the distance (in feet) and

directionof the waste from a presurveyedreferencepoint.

Most of the noncompactiblewaste received for disposal in the SDA is

contained in 1.2 x 1.2 x 2.4 m, 1.2 x 1.2 x 1.2 m, and 0.6 x 1.2 x 2.4 m

fire-retardant,painted wooden boxes. These boxes are stacked in pits in

close-packagedarray to conserve space. Large bulky items such as

support stands and tanks are placed in the bulk pit located in an area

separate from the box stack.

Waste packages are coveredwith soil to minimize their exposure to the

weather, to provide fire protection,and to reduce radiationlevels to

less than I mR/h at 0.9 m (at least 0.9 m of soil is used). The contoured

soil cover is crowned and compactedto allow efficientnatural drainage.
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A LLW classificationsystemis beingdevelopedfor the INELusingINEL

Site characteristicsto derivethe limits. The classificationsystemwill

provideprotectionfor futureinadvertentintrudersonto the INELLLW

disposalsite by providingcriteriafor identifyingand classifyingwaste

radionuclideconcentrationshavingdifferingpotentialsfor exposureto

• futureinadvertentintruders.The limitswill be equivalentor more

restrictivethan the limitsin 10 CFR 61. Requirementsfor disposalwill

be specifiedfor each classof wastedefinedin the wasteclassification

system.
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3. ANALYSIS OF PERFORMANCE

3.1 Nuclide Inventoryfor PerformanceAssessment

The tabulationsof radionuclidedisposal shown in Tables 2-10 through

2-13 show that many differentnuclides have been disposed in portions of

th_ RWMC. To simplifythe performanceassessment,it was necessary to

focus the analysis on the most importantof the disposed radionuclides, lt

was also importantto project the future disposal rates for the most

importantradionuclides,so the effects of continuedoperation of the RWMC

can be included in the assessment. Calculationsof relative hazard of the

disposed radionuclidesare described in Section 3.1.1. Projectionsof

future disposal rates for these nuclides,by containertype, are discussed

in Section 3.1.2. Radionuclideconcentrationsin wastes disposed in soil

vaults are described in Section 3.1.3.

3.1.1 Measures of Relative Hazard

Comparisonsof the total activities (measuredin Ci) of the disposed

radionuclidesdoes not provide a good measure of the relative hazards of

the nuclides. Some of the nuclides have short half-lives and will not

persist in the disposal area; others are very long-lived and will be

present for many years. The radiationsemitted by the various nuclides

differ widely, and there are differencesin radionuclidemetabolism that

make some nuclides more hazardousto man than others.

To provide a better measure of the potentialhazards of the disposed

radioactivity,an index of potentialrisk, defined below, was developed

that reflects both the half-life of the radionuclideand its inherent

toxicity.

For a particular time (t), the risk index of radionuclide(i) is

defined here to be the ratio of the total inventoryof that radionuclideat
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the time [Qi(t),Ci] to the annuallimiton intakefor the radionuclide

(ALIi, Ci). BecausebothQi(t)andALIi havethe sameunits,the risk

index(RIi) is dimensionless.

RIi " Qi(t)/ALIi

The annuallimiton intakehas been computedfor both ingestionand

. inhalationof radionuclidesby the ICRP. For eitherintakemode,the ALIs

reflectthe differencesin radionuclidemetabolismand radiationemissions

that affecthumanradiationexposurefromthe nuclide. An intakeof I ALI

wouldresultin a 50-yrcommitteddose equivalentequalto the dose

equivalentlimitfor an occupationallyexposedperson. The basesfor the

calculationsof ALIs andthe ICRPestimatesfor a largelistof nuclidesare

presentedin a seriesof reports(ICRP1977,ICRP1979,1981,1982).

Calculationsof r'iiskindicesfor the radionuclidesin pits at the RWMC

were performedfor the years1988,2088,2188,and 2588. The inventoriesof

radionuclidesduringthoseyearsreflectthe continueddisposalof

radionuclidesat the projectedrates(10yr averagedisposalrate in

Table2-14)for 100yr as well as the decayof disposedradionuclidesduring

the periodsof interest. Tables3-I and 3-2 containthe fractionsof the

totalpotentialingestionand inhalationrisk,respectively,contributedby

specificradionuclidesin the waste. The 11 most importantradionuclides,

f_'omTables3-I and 3-2, contributeslightlymorethan 99% of the totalrisk

(basedon the risk index)from all radionuclidesat eachof the times
considered.

The tablesshowthat relativelyshort-livedfissionand activation

productsare importantcontributorsto the totalriskat earlytimes,while

the long-livednuclidesdominatethe riskat timesgreaterthan about200 yr

fromnow. The resultsof thesecalculationsprovidethe properfocusfor

the assessmentwithoutignoringany importantfractionof the totalrisk at

the timesof interest.
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Table 3-I. Fractionsof ingestionrisk contributedby the most important
radionuclides

Fractionof Total Risk Bt SpecifiedTime

Nuclide 1988 2088 2188 2588

Co-60 4.54E-01 5.29E-02 ....
Sr-gO 2.56E-01 2.30E-01 9.03E-02 --
Cs-137 2.0gE-01 5.51E-01 2.42E-01 --
Ra-226 -- 1.39E-02 5.82E-02 7.87E-02
U-234 ...... 2.15E-03
U-238 -- 4.04E-03 1.76E-02 2.83E-02
Pu-238 5.74E-03 1.23E-02 2.42E-02 --
Pu-239 6.60E-02 1.20E-01 5.21E-01 8.28E-01
Pu-240 -- 6.48E-03 2.80E-02 4.31E-02
Am-241 .... 1.30E-02 1.10E-02

Total g.gIE-01 9.91E-01 9.94E-01 9.91E-01

Table 3-2. Fractionsof inhalationrisk contributedby the most important
radionuclides

Fractionof Total Risk at SpecifiedTime

Nuclide 1988 2088 2188 2588

Co-60 2.30E-01 1.89E-02 ....
Sr-g0 1.86E-01 1.17E-01 1.33E-02 --
Cs-137 1.01E-02 1.88E-02 ....
Th-230 -- 3.64E-03 4.57E-03 5.04E-03
U-234 -- 6.28E-03 7.90E-03 8.73E-03
U-238 1.75E-02 5.16E-02 6.49E-02 7.18E-02
Pu-238 6.24E-02 9.42E-02 5.38E-02 2.53E-03
Pu-239 4.78E-01 6.12E-01 7.67E-01 8.40E-01
Pu-240 3.56E-03 3.31E-02 4.12E-02 4.38E-02
Am-241 3.20E-03 3.57E-02 3.83E-02 2.23E-02

Total 9.91E-01 g.91E-01 9.91E-01 9.94E-01
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3.1.2 Projections of Radionuclide Disposal b,yContainer Type

Recordsof the numbersof containersof varioustypesthat havebeen

used for wastedisposalin the pits at the RWMC have beenmaintainedin the

RWMIS. Reviewof the historicaldata revealsthatalthoughmany different

typesof containershave beenused,the typesthat accountfor most of the

volumeof disposedwasteare cardboardboxes,metalcontainers,and wooden

• boxes. Thesethreetypesof containerswere employedin modelingthe

movementof disposedradionuclidesin pits.

For the set of 11 radionuclidesfoundto contributemore than99% of

the potentialrisk (Tables3-I and 3-2),disposalratesfor "oldpits"and

"newpits"wereestimatedfor eachcontainertype. Assigningthe disposed

activitiesof the most importantradionuclidesto threecontainertypesis

an approximationthat is believedto be reasonablefor the performance

assessment.For the yearsbetween1964and 1988,the actualdistributionof

containertypesis known,and the fractionalwastevolumeassociatedwith

woodenand cardboardboxesandwith metalcontainerscan be estimated.For

futureyears,the disposalratesby containertype have beenprojected.

This procedureassumesthat futurecontainerusagefor pit disposalwill

reflectthat of the recentpast. See AppendixA, SectionA.2, for more

information.

In the caseof Ra-226,itwas knownthatthe radionuclidesources

containingthatnuclideweremost frequentlydisposedin "2-R"pipe

containers;therefore,all of the Ra-226disposalwas assumedto be in metal

containers.No otherpreferentialassociationsof radionuclidesand

containertypesare knownto haveoccurred. However,if the other10

radionuclideswere preferentiallydisposedin one type of container,some

bias in the assessmentcouldoccur. The potentialmagnitudeof possible

biaswill be estimatedby the uncertaintyanalysis(seeSection4.2).

3.1.3 Concentrationsof Lonq-LivedRadionuclidesDisposedin SoilVaults

To assessthe potentialexposureto radionuclidesdisposedin soil

vaults,the radionuclideconcentrationsin the wastethat couldbe
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encounteredwhile drilling through it were needed. Because the 100-yr

institutionalcontrol period allows for nearly complete decay of the

short-livedactivationproducts (i.e.,<30 yr), only concentrationsof

longer-livedradionuclideswere evaluated. The four most important

long-lived radionuclidesin wastes disposed in soil vaults were Sr-g0,

Cs-137, Pu-23g, and Pu-240.

Concentrations(measuredin Ci/m3) of these nuclides in the waste at

the time of disposal were computed using data from the RWMIS. A very wide

range of concentrationswas found for all of the nuclides. Mean values were

44, 340, 0.0014, and 0.00018 Ci/m3 for Sr-90, Cs-137, Pu-23g, and Pu-240,

respectively. The highest concentrationsfor these four radionuclideswere

1.1E+4, 1.2 E+3, 5.2 E-2, and 1.8 E-2, respectively. As would be expected,

the median concentrationswere much lower than the mean values. The median

concentrationswere 18, 8.5, 1.8 E-5 and 5.3 E-7, respectively,for Sr-gO,

Cs-137, Pu-23g, and Pu-240. The geometric standarddeviations for the

distributionsof nuclide concentrationswere generally very large, 14, 4,

19, and 24, respectively,for the four radionuclides.

The statistics for Sr-90 differ from those for Cs-137. This difference

is probably an artifact of reportingof the waste concentrations. When

radionuclideconcentrationsare small, it is less likely that an analysis

for Sr-gO will be performedand more probable that no value will be reported

on the waste manifest. This would reduce the range of reported

concentrationsand the geometric standarddeviationcalculated for Sr-g0.

Details of the methodologyused to determine radionuclideinput rates

into the near-fieldmodel can found in AppendixA.

3.2 Pathways and Scenarios

3.2.1 Time Periods of Concern

Three time periodsof concernwere addressedin this evaluationof the

RWMC:
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I. The operationalperiod, 1964-2089,during which radioactivewaste

is actively disposed at the facility.

2. The institutionalperiod, 2089-2189,which follows site closure

and during which periodicmaintenanceand monitoring activities

are conducted. The facility is assumedto be stabilizedbut is

still part of the INEL reservationand is fenced and patrolled.

3. The post-institutionalperiod, 2189-11975, during which the

facility is no longer maintained by DOE and may be accessibl._to

public.

3.2.2 Receptors and Scenarios

Two receptor types were assessed. The first is a member of the general

public. For the airborne transportpathway, this individualwas

conservativelyassumed to reside at or near the INEL Site boundary at the

locationof maximum concentrationof airborne radionuclidesin the transport

medium of concern (i.e., air). For the ground water transportpathway, the

receptorwas assumed to reside at the INEL Site perimeterduring operational

and institutionalperiods. During the post-institutionalperiod, the

receptorwas assumed to reside at the RWMC perimeter. The dose to the

hypotheticalmaximum individualwas assessed for each of the three time

periods of concern discussedpreviously.

The second type of receptor evaluated is an intruder. This

hypotheticalreceptor is assumed to inadvertentlyintrudeon the RWMC during

the post-institutionalcontrol period. Two general kinds of scenarioswere

evaluated. The first is an agriculturescenario in which the receptor

obtains half of his produce from farming at the RWMC. This individualalso

drinks water from a well drilled at the edge of the waste. The second is an

acute exposure scenario that includes a constructionscenario and a

well-drillingscenario. In the constructionscenario,the receptor is an

individualwho is building a house at the RWMC and is exposed to
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contaminatedsoil while excavatingthe cellar. In the well-drilling

scenario,the receptor is exposedto contaminateddrill cuttings that are

deposited in a mud pit.

3.2.3 RadionuclideTransport Pathways

Environmentalsurveillanceof the RWMC has been conducted since 1960.

The current RWMC environmentalsurveillanceprogram consists of several

routine monitoring activitiesdesigned to monitor contaminanttransport from

the RWMC facility (EG&G lgsga). Special studies are also conductedto

identify contaminantsin the environment. For example, the Site

CharacterizationProgram (EG&G IgSgb) is currentlybeing conducted to

determine the extent of contaminantmigration in subsurfacemedia below the

RWMC. The RESL also conducts radioecologicalstudies at and around

the RWMC (DOE 1985). Many of the RESL studieshave focused on radionuclide

transportvia biota.

Results of the monitoring and special studies to date indicatethat the

greatest potentialfor transportof radionuclidesfrom the RWMC to offsite

receptors (now and in the future) is via airborne transportof resuspended

contaminatedsurface soil particlesand ground water transportof

radionuclidesleached from buried waste. For this reason, the performance

assessmentonly addressesthese two transportpathways.

The exposure pathways evaluated include ingestionof food and water,

inhalationof contaminatedairborneparticulates,and external exposure to

radionuclidesin air and soil. The agriculturalproducts consumed by the

general public are contaminatedvia food chain transportof radionuclides

deposited from air onto soil or plant surfaces.

3.3 Assumptionsand i4ethods

The following is an overview of the assumptionsand methods used to

evaluate the performanceof the RWMC. A detailed descriptionof methods can

be found in Appendix A.
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3.3.1 Near-Field Model

The near-field model describes the release of radionuclides from the

buried waste and subsequenttransport within the RWMCto surface soil and

subsurface media. Projections of radionuclide concentrations in surface and

subsurface media were used as source terms for the environmental transport

models. Figure 3-1 illustrates the relationship between the near-field and

other categories of models used in the performance assessment.

Becausecurrentoperationsinvolvethe excavationof deeperpits and

the emplacementof a thickersoilcover,two distinctnear-fieldmodelswere

developedfor the pits and trenches. One addressesthe wasteemplacedfrom

1964through1975 in shallowpits and trenches. The seconddepictsthe

burialof wastein deep pits (i.e.,pitsdeeperthan 5 m) from 1975on. The

formermodel is termedthe old pitsmodel. The lattermodelis calledthe

new pits model. Soil vaultswere addressedseparatelyfromthe pitsand

trenches.

Near-fieldmodelsdo not includethe TRU wasteand LLW intermixedwith

TRU wasteburiedfrom 1954through1970 (i.e.,the wasteevaluatedin DOE

1982). lt was assumedthiswastewill eitherbe retrievedor treatedin

situ. Thiswasteis the subjectof environmentalevaluationsbeing

performedby the EG&G IdahoBuriedWasteProgram. For similarreasons,the

near-fieldevaluationalsoexcludesretrievableTRU wastestoredat Pad A

and at the TSA.

Finally,the near-fieldmodelsdo not includethe nonradioactive

hazardouscomponentsof the wasteburiedat the RWMC in the inventory.This

has been and continuesto be the subjectof otherevaluations(e.g.,Walton

et al. 1989).
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3.3.1.1 Old pits

The near-fieldmodel for old pitsaddressesLLW buriedfrom 1964

through1975. lt was assumedthatthe wastewas disposedin a
.,

square-shapedareaapproximatelyequivalentto the combinedareasof each

• pit and trench.

The wastewas assumedto disposedby emplacingwasteto an average

depthof 3.66m and placingan initialsoilcoverof 0.91 m over the waste

(EG&G1984). A laterminimumsoilcoverof 0.75 m was addedin 1985. lt

was assumedthat a finaltotalcoverof approximately5 m wouldexistat

closurein 2089. Enhancedclosuredesigns(e.g.,biobarriers,denser

covers,grouting,etc.)were not modeled.

Afterthe institutionalcontrolperiod,the coverwas allowedto erode

to an extentsuchthat the finalsurfaceelevationwouldbe evenwith the

surroundingambienttopography.Becausethe SnakeRiverPlainis a

depositionalarea (i.e.,wind depositsmaterialfromerodingmountains

surroundingthe plain)it was assumedthatthe soilwouldnot erodebelow

the currentambientsurfaceelevation,lt was estimatedthaterosionfrom

wind and surfacewaterrunoffwouldresultin a finalcoverof 2.4 m

approximately4980yr afterclosure(i.e.,the year 7069).

The conceptualmodelfor the old pits is shownin Figures3-2 through

3-4. The modelis shownin threefiguresbecauseof itscomplexity.Each

figurecorrespondsto a differenttimeperiodand associatedcoverdepth.

Note thatthereis no separatefigurefor the time periodbetween2089 and

7069,when coverdepthis greaterthan 2.4m. Duringthis timeperiodthe

coveris sufficientto precludeanimalor plantintrusionintothe buried

waste, lt was assumedthat untilthe covererodedto a depthat which

bioticintrusioncouldoccur(inthe year 7069)thatcontaminationof the

surfacesoilwouldbe insignificant.Thus,duringthis timeperiodthe

modelshownin Figure3-4 was applied;however,the biotictransport

processeswere suppressed.
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1984.
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Figure 3-3. Conceptualmodel of the transport of radionuclides in the
near-fieldof the old pit disposalareafrom 1985 through
2089.

3-12

DRAFT



SO=L

'T
I SOIL 2

J_,,

"-I DEEP

Y _LANTS

_ a

OIL 6 : _ Pathwaysthat intersect
_--,m m

_wooo_N I t '''"w'''"''0o"o',----

WASTE t.._.lI METAL SOIL 1

._NTAINERS _ I -'_

-- _ •

BALES

Figure 3-4. Conceptual model of the transport of radionuclides in the
near-field of the old pit disposal area from 7069 through
12089.

°

3-13

DRAFT



Each box represents the quantity of radionuclides in an environmental

mediumor compartment. Compartmentnamesanddescriptions are presented
in Table 3-3. Arrows between the boxes indicate the transfer of

radionuclides. The movementof radionuclides between boxes is controlled

- by rate constants, which specify the fraction of radionuclides entering or

leaving a compartmentduring a specified period of time. Such factors as

. plantbiomass,concentrationratios,animaldensities,soildensity,and

radionuclidedistributionconstantsare used in the estimationof rate

constants.The transportprocessesare listedin Table3-4. Sourcesof

radionuclidesintothe buriedwastecompartmentsare providedas inputand

are alsodescribedin Table3-4. Notethat soilcompartmentdescriptions

may changewith time (e.g.,surfacesoil is coveredand becomesan upper

soil layer). Similarly,certaintransportprocessesmay only applyto

certain1timeperiods. Thesechangesare implementedin the codethrough

the use of time switches.

The conceptualmodelwas simulatedon a computerusingthe DOSTOMAN

code,whichis describedin AppendixB.

3.3.1.2 New Pits. The near fieldmodelfor new pits addressesLLW

buriedfrom 1975through2089. ltwas assumedthatthe wastewas disposed

in a rectangular-shapedareaequivalentto the combinedareasof Pits 15

through20.

The wastewas assumedto be disposedby the currentpracticeof

blastingintothe basaltand emplacingwasteto a depthof 5.3 m, with an

initialcoverof 2 m and a finaltotalcoverof 5 m of soilat closure

(2089). Enhancedclosuredesigns(e.g.,biobarriers,densercovers,
I

grouting,etc.)were not modeled.

Afterthe institutionalcontrolperiod,the coverwas allowedto erode

to an extentdescribedin Section3.3.1.1. Therefore,a finalcoverof

2.4m approximately4980yr afterclosure(i.e.,the year 7069)was

assumed.
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Table3-3. Definitionof compartmentsin the old pit near-fieldmodel

Compartment Compartment Compartment
Number Name Description

I Surfacesoil Top 40 cm of coversoil
(2089-11964)

2 Uppersoil 40 cm of coversoil
(2089-11964)

3 Surfacesoil Top 40 cm of coversoil
(1985-2089)

Uppersoil 40 cm of coversoil
(2089-11964)

4 Uppersoil 40 cm of coversoil
(1985-11964)

5 Surfacesoil Top 40 cm of coversoil
(1964-1984)

Uppersoil 40 cm of coversoil
(1985-11964)

6 Uppersoil 40 cm of coversoil
(1964-2089)

7 Wastesoil 183cm of wastesoil

8 Wastesoil 183cm of wastesoil

9 Subsurfacemedia Vadosezone and aquifer
beneathdisposedwaste

10 Shallowrootedplants CrestedWheatgrass

11 Deep-rootedplants RussianThistle(1964-2089)
Sagebrush(2089-11964)

12 Air/soil Air and offsitesoil

13 Activatedmetals Activatedmetalwaste

14 Woodenboxes LLWdisposedin woodenboxes "

15 Metalcontainers LLWdisposedin drums
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Table 3-3. (continued)

Compartment Compartment Compartment
Number Name Desccipt i on

16 Cardboard boxesor ba]es LLWdisposed in cardboard boxes
or bales

17 Flooded soils Soils outside the RWMC
contaminated during spring

• snowmelt in 1962 and 1969.
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Table 3-4. Transport processes and source terms represented in the old
pits near-field model

CompartmentNumber Transport Process

From To

1 12 Resuspensionof soil

3,5 12 Erosion of soil

1,2,3,4 11 Uptake of nuclides by deep-rooted plants
5,6,7,

3,2,5,6,7 10 Uptake of nuclides by shallow-rooted plants

11 1,2,3, Death anddecay of deep-rooted plants in soil
4,5,6,
7

10 1,2,3, Death and decay of shallow-rooted plants in soil
4,5,6,
7

2,3,4 1 Movementof soil to surface by burrowing mammals

3,4,5,6 3 Movementof soilto surfaceby burrowingmammals

6,7 5 Movementof soilto surfaceby burrowingmammals

I 2--
2 3
3 4
4 5 - Radionuclidetransportvia infiltration
5 6
6 7
7 8
8 g--

13 7,8 Releaseof activationproductsfrommetalto burial
soil

14 7,8 Releaseof radionuclidesfromwoodenboxesto •
burialsoil

15 7,8 Releaseof radionuclidesfrommetalcontainers
to burialsoil

16 7,8 Releaseof radionuclidesfromcardboardboxesand
balesto burialsoil
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Table3-4. (continued)

CompartmentNumber SourceTerms

From TO

$5 5 Radionuclidesdepositedon RWMC surfaceduring
" floodingof 1962and 1969.

$13 13 Radionuclideinventorydisposedas activatedmetals

$14 14 Radionuclideinventorydisposedin woodenboxes

S15 15 Radionuclideinventorydisposedin metalcontainers

$16 16 Radionuclideinventorydisposedin cardboardboxes
or bales

$17 17 Radionuclidesdepositedoutsidethe RWMCduring
floodingof 1962and 1969
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The conceptualmodel for the new pits is shown in Figure 3-5. As in

the old pits model, the biotic transportprocesseswere suppressedduring

the time period between 2089 and 7069, when plant roots resume penetration

of buried waste. This and other time dependentprocesses are controlled

by time switches.

Compartment names and descriptionsare presented in Table 3-5. The

transportprocesses and source terms are listed in Table 3-6.

The conceptual model was simulatedon a computer using the DOSTOMAN

code, which is described in Appendix B.

3.3.1.3 Soil Vaults. The inventoryin the soil vaults consists of

primarily of relatively short-lived,high-energy,gamma-emitting

radionuclides, lt was concludedthat the limiting exposure scenario for

the soil vaults would probably be the acute exposure intruder scenario in

which a well driller is exposed to contaminatedwell cuttings. For this

reason, the near-fieldmodel consists of the average inventory in a vault

of average dimensions (diameterof 2.0 m and a depth of 3.6 m). lt was

assumed that the waste is coveredwith .91 m of soil and has a final total

cover of 5 m.

3.3.2 Airborne Transport

lt was assumed that the source of radionuclidesfor airborne transport

to offsite receptors is contaminatedsurface soil at and around the RWMC.

Projectionsof curie quantities in the surfacesoil compartmentwere used

to calculate release rates by multiplyingthese quantities by a

resuspensionrate constant (3.44 E-3 yr'1). Daughter radionuclideswere

included in the calculations. These were estimatedusing the RADDECAY

code. Details of these calculationsmay be found in Appendix A.
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Table 3-5. Definition of compartments in the new pit near-field model

Compartment Compartment Compartment
Number Name .... Description

I Surface soil Top 40 cm of cover soil
(2089-11975)

2 Surface soil Top 40 cm of cover soil
(1975-2089)

Upper soil 40 cm of cover soil
(2089-11975)

3 Upper soil 40 cm of cover soil
(1985-11975)

4 Upper soil 40 cm of cover soil
(1985-11975)

5 Surface soil 40 cm of cover soil
(1985-11975)

6 Upper soil 40 cm of cover soil
(1985-11975)

7 Waste soil 183 cm of waste soil

8 Waste soil 183 cm of waste soil

9 Subsurfacemedia Vadose zone and aquifer
beneathdisposed waste

10 Shallow rooted plants Crested Wheatgrass (1975-2089)

11 Deep-rootedplants RussianThistle (1975-2089)
Sagebrush (2089-11975)

12 Air/soil Air and offsite soil

13 Activatedmetals Activatedmetal waste

14 Wooden boxes LLW disposed in wooden boxes

15 Metal containers LLW disposed in drums

16 Cardboard boxes or bales LLW disposed in cardboardboxes
or bales
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Table3-6. Transportprocessesand sourcetermsrepresentedin the new
pitsnear-fieldmodel

CompartmentNumber TransportProcess

From To

• I 12 Resuspensionof soil

2 12 Erosionof soil

1,2,3,4 11 Uptakeof nuclidesby deep-rootedplants
5,6,7

2,3,4 10 Uptake of nuclides by shallow-rooted plants

11 1,2,3, Death and decay of deep-rooted plants in soil
4,5,6,
7

10 2,3, Death and decay of shallow-rooted plants in soil
4

2,3,4 1 Movementof soil to surface by burrowing mammals

3,4,5,6 2 Movementof soilto surfaceby burrowingmammals

I 2 m
2 3
3 4
4 5 - Radionuclidetransportvia infiltration
5 6
6 7
7 8
8 9m

13 7,8 Releaseof activationproductsfrommetalto burial
soil

14 7,8 Releas,aof radionuclidesfromwoodenboxesto
burialsoil

• 15 7,8 Releaseof radionuclidesfrommetalcontainers
to burialsoil

16 7,8 Releaseof radionuclidesfrom cardboardboxesand
balesto burialsoil
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Table 3-6. (continued)

Com_rtment,,,Number SourceTerm@,

From To

S13 13 R_ionuclideinventorydisposedas activatedmetals .

S14 14 Radionuclideinventorydisposedin woodenboxes

S15 15 Radionuclideinventorydisposedin metalcontainers

S16 16 Radionuclideinventorydisposedin cardboardboxes
or bales
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The releaserates(Ci/yr)of radionuclideswere then inputintothe

AIRDOS-EPAcomputercode to calculatedose to the offsitereceptor.This

code is describedin AppendixB.

3.3.3 GroundwaterTransport

The computercode PATHRAE-EPAwas used to determinethe impactsof

subsurfacemigrationof radionuclides.The RWMCwas assumedto be an area

sourceof uniformthickness.The wastewas assumedto leachat a constant

rate intothe unsaturatedzone. Radionuclideswere assumedto migrate

throughthe unsaturatedzone,reachthe aquifer,and be transportedto a

downgradientreceptor, lt was assumedthatlongitudinaldispersion

occurs,but transversedispersionwas neglected.Retardationis

incorporatedinto boththe unsaturatedzoneand the aquiferthroughthe

use of distributioncoefficients.More detailon the groundwaterflow

and transportportionof PATHRAE-EPAcan be foundin AppendixA.

The near-fieldmodel (seeSection3.3.1)was used to provideinputfor

PATHRAE-EPAin the areasof wasteinventoryand releaserate. Outputfrom

the near-fieldmodelconsistedof inventoryas a functionof time in

compartmentsfromwhichgroundwatertransportcouldoccur. This

inventorywas usedas inputto PATHRAE-EPA.The inventoryavailablefor

transportis not equivalentto the inventorycontainedin drumsand other

containers.The formerinventoryaccountsfor containerfailure,

biointrusion,and transportthroughthe trench. The latterinventoryonly

accountsfor radioactivedecayand ingrowthof radionuclidesin the

container.

The groundwaterflow and transportcodesFLASHand FLAMEwere also

used to provideinputto PATHRAE-EPA.PATHRAE-EPAcontainsa simple

methodfor calculatingthe verticalgroundwatervelocity.However,the

geologyof the INELSite is sufficientlycomplexas to invalidatethis

method. Therefore,FLASHand FLAME(seeAppendixB) were usedto

calculatethe verticalgroundwatervelocity,whichwas thenused as input

to PATHRAE-EPA.
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The end pointof the groundwaterflowand transportanalysiswere

radionuclideconcentrationsin well waterat hypotheticallocationsdown

gradientof the RWMC.

3.3.4 IntruderScenarios

Threegeneralclassesof intruderscenarioswere assessed:

intruder-agriculture,intruder-construction,and intruder-drillingThe

intruder-agriculturescenariowas usedto assesscompliancewith the

chronicperformanceobjectivesof DOEOrder5820.2A. The scenario

incorporatedinhalationof contaminatedsoil,ingestionof contaminated

food products,and externalexposureto gamma-emittingradionuclides.The

intruderpathwayariseswhen the intruderexcavatesa cellarintothe

wasteand spreadsthe resultingcontaminationaroundthe area. The

ingestionpathwayresultsfromgrowingfood cropsin contaminatedsoil.

Ingestionof contaminatedwell wateris also includedin this scenario.

Externalexposuresresultfromexposureto contaminatedsoilthat has been

excavatedfromthe cellar. PATHRAE-EPAwas used to modelthe inhalation

and ingestionpathwaysand MICROSHIELDwas usedto modelthe external

exposurepathway.

The intruder-constructionscenariowas similarto the

intruder-agriculturescenariobut was an acuteexposurescenario. The

intruderwas assumedto excavatea basementto a home intothe waste.

This resultsin an inhalationexposureand an externalexposure. Both the

inhalationexposureand internalexposureare of shortduration,assumed

to be 500 h. PATHRAE-EPAwas usedto modelthe inhalationexposure,and

MICROSHIELDwas usedto modelthe externalexposure.

The intruder-drillingscenariowas assumedto applyonlyto soil

vaults. Becauseof the increasedcoveroverthe waste,excavationof the

wastematerialwas not assumedto occur. However,intrusionintothe

wastevia welldrillingwas assumedto takeplace. The intruderisr
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assumedto be exposedto contaminateddrillcuttingsthat are depositedin

a mud pit. This exposurewas assumedto be of shortduration(6 h). The

intruderwas then assumedto occupythe sitefor 494 h, for a total

exposuretimeof 500 h.

• In each of theseexposurescenarios,ingrowthof radioactiveprogeny

is accountedfor by explicitlydeterminingthe quantityof material

. presentand calculatingthe resultingdoses._The intruder-agricultureand

intruder-constructionscenarioswere assumedto takeplace3000yr after

siteclosure. This time correspondsto the maximumpenetrationof the

wasteby the intruderand yieldsthe maximumintruderdose. The

intruder-drillingscenariowas assumedto take place100yr aftersite

closure,whichalsoyieldsthe maximumintruderdose.

3.3.5 Dosimetr__

DoseconversionfactorsweregenerallyderivedfromDOE/EH-O070(DOE

Ig88b)and DOE/EH-O071(DOE1988c),with one exception.The EPA RADRISK

doseconversionfactorswere used in the AIRDOS-EPAsimulationsin order

to comparethe resultswith EPAdose standardsin 40 CFR 61. Both sets of

doseconversionfactorsare derivedusingICRP26 (ICRP1977)and ICRP30

(ICRP1979,1981,1982)methodology.
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4. RESULTSOF ANALYSIS

4.1 ProjectedDoses

4.1.1 Dosesto the GeneralPublic

B

4.1.1.1 Airbornetransport.As statedin Section3.3.2,the

radionuclideinventoriesin surfacesoil,as projectedusingthe

near-fieldmodeland the DOSTOMANcode,were used to calculaterelease

ratesfor inputintothe AIRDOS-EPAcode. The AIRDOS-EPAcodewas then

usedto calculatedosesto the maximumindividualduringthe operational

and institutionalperiods. Afterclosureand loss of institutional

control(i.e.,in 2189),themaximumindividualis the intruder(see

Section4.1.2).

Figures4-I through4-11 showthe radionuclideinventoriesin the

surfacesoilof the old pits area. The dramaticdips in inventoryreflect

the emplacementof coversoiloverthe pits and trenches20 and 120yr

afterinitiationof burialactivities.Laterincreasesin the inventories

of long-livednuclides(i.e.,U-234,U-238,Th-230,Ra-226,Pu-23g,

Pu-240,and Am-241),after5000yr, correspondsto the timewhen the cover

has erodedto a depthat whichplantrootscan penetrateburiedwaste.

Note thatalthoughthe surfacesoilinventoriesare plottedfor 10,000yr,

only the yearsbefore2189were usedin AIRDOS-EPAcalculations.

Resultsof the AIRDOS-EPAcalculationsfor the old pits are contained

in Table4-I. The highestdosesare projectedto occur20 yr after

disposalbegan(i.e.,1984). This was theyear beforethe additionof new

coversoilat the RWMC. The wastewas buriedat a depththatcouldbe

easilypenetratedby vegetation,as evidencedby the Environmental

SurveillanceProgram(EG&G1984). The majorcontributorsto the projectea

dosesare Sr-gOand Cs-137,whichare readilyassimilatedby plants.The

highestprojecteddosesduringfutureoperationsoccurin 2024.

Strontium-gOand Cs-137are againthe majordose contributors.
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Figure4-I. Cobalt-60concentrationin surfacesoil at old pit area.
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Figure 4-2. Strontium-90concentrationin surface soil at old pit area•
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Figure 4-3. Cesium-137concentrationin surface soil at old pit area.
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Figure 4-4. Radium-226concentrationin surface soil at old pit area.
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Figure4-5. Thorium-230concentrationin surfacesoilat old pit area.
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Figure4-6. Uranium-234concentrationin surfacesoil at old pit area.
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Figure4-7. Uranium-Z38concentrationin surfacesoil at old pit area.
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Figure 4-8. Plutonium-238concentrationin surface soil at old pit area.
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Figure 4-9. Plutonium-239 concentration in surface soil at old pit area.
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4-I. FIFTY-YEARDOSECOMMITMENTS(MREM)TO THEMAXIMUMINDIVIDUALFROMAIRBORNETRANSPORTOF
RADIONUCLIDESRESUSPENDEDFROMSURFACESOIL ANDFROMRADONAT OLDPITS DURINGOPERATIONALAND
INSTITUTIONALPERIODS.

ORGAN

Eff_ct|ve
WhoLe Red Bone Stomach Dose

YEAR Body Gonads Breast Marrow Lungs Thyro|d Surface L{ver WaLL Kidneys EquivaLent

1964 2.35E-14 2.88E-14 2.60E-14 2.23E-14 2.49E-14 2.74E-14 2.35E-14 2.12E-14 2.06E-14 2.21E-14 2.51E-14
1974 1.55E-03 1.57E-03 6.96E-04 6.42E-03 1.33E-03 7.1"/'E-04 7.24E-02 1.59E-02 5.52E-04 6.02E-04 5.28E-03
1984 4.64E-03 5.11E-03 4.01E-03 9.70E-03 5.27E-03 4,1SE-03 7,06E-02 1,87E-02 3.09E-03 3,41E-03 8.65E-03
1994 1.09E-03 1,22E-03 1.16E-03 8.96E-04 1.58E-03 1,19E-03 1.70E-03 7,66E-04 1,04E-03 8,26E-04 1.16E-03
2004 1,08E-03 1.85E-03 1,79E-03 1,20E-03 2.60E-03 1,81E-03 2,86E-03 1.05E-03 1,71E-03 1,15E-03 1.77E-03
2014 2.18E-03 2,38E-03 2.31E-03 1,43E-03 3.47E-03 2,34E-03 3.86E-03 1.28E-03 2.28E-03 1,42E-03 2.29E-03
2024 2.59E-03 2.80E-03 2.74E-03 1,60E-03 4.20E-03 2.76E-03 4,70E-03 1.44E-03 2.76E-03 1,62E-03 2.71E-03
2034 2.92E-03 3.15E-03 3,08E-03 1,72E-03 4,80E-03 3,10E-03 5.42E-03 1.56E-03 3,16E-03 1.76E-03 3,04E-03
2044 3,18E-03 3.42E-03 3.35E-03 1,79E-03 5.31E-03 3,37E-03 6,02E-03 1.64E-03 3,49E-03 1.86E-03 3.31E-03
2054 3,39E-03 3.63E-03 3.57E-03 1.83E-03 5.73E-03 3.59E-03 6,53E-03 1.70E-03 3,77E-03 1.93E-03 3.52E-03
2064 3.57E-03 3.80E-03 3,75E-03 1.84E-03 6.09E-03 3.76E-03 6.96E-03 1.73E-03 4.00E-03 1.98E-03 3.69E-03
2074 3,69E-03 3.93E-03 3.88E-03 1,84E-03 6.37E-03 3.89E-03 7.31E-03 1.74E-03 4.19E-03 2.00E-03 3.82E-03
2084 1,30E-03 1,42E-03 1.37E-03 8.99E-04 2.00E-03 1,39E-03 2.34E-03 8.18E-04 1.33E-03 8.71E-04 1.37E-03
2094 7.22E-04 7.53E-04 7.53E-04 2.68E-04 1.33E-03 7.49E-04 1.52E-03 2.67E-04 8.69E-04 3.31E-04 7.38E-04
2104 7.54E-04 7.86E-04 7.87E-04 2.80E-04 1.39E-03 7.82E-04 1.59E-03 2.79E-04 9.08E-04 3.46E-04 7.71E-04
2114 7,83E-04 8.16E-04 8.171E-042.91E-04 1.44E-03 8,12E-04 1.65E-03 2.90E-04 9.42E-04 3.59E-04 8.00E-04
2124 8.08E-04 8.43E-04 8.44E-04 3.00E-04 1.49E-03 8.38E-04 1.?0E-03 2.99E-04 9.73E-04 3.70E-04 8.26E-04
2134 8,31E-04 8.66E-04 8.67E-04 3.096-04 1.53E-03 8.62E-04 1.75E-03 3.07E-04 1.00E-03 3.81E-04 8.49E-04
2144 8,51E-04 8.87E-04 8.88E-04 3.16E-04 1.57E-03 8.82E-04 1.79E-03 3.15E-04 1.02E-03 3.90E-04 8.69E-04
2154 8,68E-04 9.05E-04 9.06E-04 3.22E-04 1.60E-03 9.00E-04 1.83E-03 3.21E-04 1.04E-03 3.98E-04 8.87E-04
2164 8.83E-04 9.21E-04 9.22E,04 3.28E-04 1.63E-03 9.16E-04 1.66E-03 3.27E-O4'1.06E-03 4.05E-04 9.0EE-04
2264 9,53E-04 9.94E-O& 9.95E-04 3.54E-04 1.75E-03 9.88E-04 2.01E-03 3.52E-04 1.15E-03 4.37E-04 9.74E-04
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During the institutional period (2089-2189), no radionuclides are expected

to reach the surface soil via biotic intrusion, which is suppressed

becauseof cover dopth. As a result, the dose during this period is due

entirely to radon, which is producedby Ra-226 and emanatesthrough the
soil cover.

Figures 4-12 and 4-13 showPu-239 and Am-Z41concentrations in surface

. soil surrounding the RWHC.These radionuclides were the major

constituents of contamination resulting from flooding events in 1962 and

1969. The doses resulting from these nuclides are shownin Table 4-2.

Figures 4-14 through 4-24 illustrate the radionuclide inventories in

the surface soil of Pits 15 through 20. As in previous results, early

decreases in inventory reflect the emplacementof cover soil over the pits

(in 2089). Although only the inventories prior to 2089 were used for

AIRDOS-EPAcalculations, the inventories after 5000 years, whenthe cover

has eroded to the point where plant roots can penetrate buried waste, are

also plotted.

Results of the AIRDOS-EPAcalculations for the newpits during the

operational and institutional periods are contained in Table 4-3. The

highest doses are projected to occur during the late operational period,
just before closure and the addition of final cover. The major

contributors to the projected doses are Sr-90 and Cs-137. During the

institutional period, no radionuclides are expected to be transported to
the surface via biotic intrusion becauseof the addition of a thick soil

cover. Consequently, the dose in this time period is due to radon, which

diffuses from the waste through the soil cover.

The AIRDOSE-EPAcode was also used to calculate the collective dose

(man-mrems)to the population living within 80 kmof the RWHC. The

maximumpopulation doses from the three areas modeled, projected to occur

in 2074, are presented in Table 4-4. There is no performance objective to

comparethe results with. However, other studies have comparedsuch data

with cancer risk estimates basedon humanexposure studies. For example,
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Figure4-12. Plutonium-239concentrationin surfacesoiloutsidethe
RWMC.
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4-2. FIFTY-YEAR DOSE COMMITMENTS(HREH) TO THE MAXIMUM INDIVIDUAL FROMAIRBORNETRANSPORTOF
RADIONUCLIDES RESUSPENDEDFROMCONTAMINATEDSURFACESOIL OUTSIDE THE RWHC.

ORGAN

Effective
_lhol,e Red Bone Stomach Dose

YEAR Body Gonads Breast Marrow Lungs Thyroid Surface Liver ;/at t Kidneys EquivaLent

1964 O.OOE.OO O.OOE+O00.OOE+OO O.OOE+O00.OOE+O00.OOE+O00.OOE+O00.OOE+O00oOOE+O00.OOE+O00.OOE+O0
1974 4.06E-03 3.79E-03 3.93E-04 2.39E-02 2.48E-03 3.86E-04 2.94E-01 6.35E-02 3.75E-04 3.79E-04 1.91E-02
1984 3.87E-03 3.61E-03 3.75E-04 2.28E-02 2.37E-03 3.68E-04 2.80E-01 6.06E-02 3.58E-04 3.61E-04 1.83E-02
1994 3.69E-03 3.45E-03 3.57E-04 2.17E-02 2.26E-03 3.51E-04 2.68E-01 5.78E-02 3.41E-04 3.45E-04 1.74E-02
200/, 3.52E-03 3.29E-03 3.41E-04 2.07E-02 2.16E-03 3.35E-04 2.55E-01 5.51E-02 3.26E-04 3.29E-04 1.66E-02
2014 3.36E-03 3.14E-03 3.25E-04 1.98E-02 2.06E-03 3.20E-04 2.44E-01 5.26E-02 3.11E-04 3.14E-04 1.59E-02
2024 3.21E-03 2.99E-03 3.10E-04 1.89E-02 1.96E-03 3.05E-04 2.32E-01 5.02E-02 2.96E-04 2.99E-04 1.51E-02
2034 3.07E-03 2.87E-03 2.97E-04 1.81E-02 1.88E-03 2.92E-04 2.23E-01 4.81E-02 2.84E-04 2.87E-04 1.45E-02
2044 2.92E-03 2.73E-03 2.82E-04 1.72E-02 1.79E-03 2.78E-04 2.12E-01 4.57E-02 2.70E-04 2.?'3E-04 1.38E-02
2054 2.79E-03 2.60E-03 2.69E-04 1.64E-02 1.71E-03 2.65E-04 2.02E-01 4.36E-02 2.57E-04 2.60E-04 1.32E-02
2064 2.66E-03 2.48E-03 2.57E-04 1.56E-02 1.63E-03 2.53E-04 1.93E-01 4.16E-02 2.46E-04 2.48E-04 1.26E-02
207/, 2.44E-03 2.28E-03 2.36E-04 1.44E-02 1.50E-03 2.32E-04 1.77E-01 3.83E-02 2.26E-04 2.28E-04 1.15E-02
2084 2.33E-03 2.18E-03 2.25E-04 1.37E-02 1.43E-03 2.21E-04 1.69E-01 3.65E-02 2.15E-04 2.18E-04 1.10E-02
209{, 2.31E-03 2.16E-03 2.23E-04 1.36E-02 1.42E-03 2.20E-04 1.68E-01 3.62E-02 2.14E-04 2.16E-04 1.09E-02
210{, 2.21E-03 2.06E-03 2.13E-04 1.30E-02 1.35E-03 2.10E-04 1.60E-01 3.46E-02 2.04E-04 2.06E-04 1.04E-02
2114 2.11E-03 1.97E-03 2.04E-04 1.24E-02 1.29E-03 2.00E-04 1.53E-01 3.30E-02 1.95E-04 1.97E-04 9.95E-03
2124 2.01E-03 1.88E-03 1.94E-04 1.18E-02 1.23E-03 1.91E-04 1.46E-01 3.15E-02 1.86E-04 1.88E-04 9.50E-03
2134 1.92E-03 1.79E-03 1.85E-04 1.13E-02 1.18E-03 1.82E-04 1.39E-01 3.01E-02 1.77E-04 1.79E-04 9.07E-03
2144 1.83E-03 1.71E-03 1.77E-04 1.08E-02 1.12E-03 1.74E-04 1.33E-01 2.87E-02 1.69E-04 1.71E-04 8.66E-03
2154 1.75E-03 1.64E-03 1.69E-04 1.03E-02 1.07E-03 1.66E-04 1.27E-01 2.74E-02 1.62E-04 1.63E-04 8.27E-03
2164 1.67E-03 1.56E-03 1.61E-04 9.84E-03 1.02E-03 1.59E-04 1.21E-01 2.62E-O2'1.54E-04 1.56E-04 7.90E-03
2264 1.06E-03 9.87E-04 1.02E-04 6.22E-03 6.46E-04 1.00E-04 7.66E-02 1.65E-02 9.75E-05 9.84E-05 4.99E-03
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Figure4-14. Cobalt-60concentrationin surfacesoilat new pit area.
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Figure4-15. Strontium-90concentrationin surfacesoil at new pit area.

4-19

DRAFT



Q

1.00E+O0

• [] m [] [] m []_.oo.-o1 []
m

C
u []
r 1.00Eo02
|
e
s

1.00E-03

[]

I .OOE-04

1970 1990 2010 2030 2050 2070 2090

Year

Figure4-16. Cesium-137concentrationin surfacesoilat new pit area.

4-20

DRAFT



1.00E-O§

1.00E-06 •

1.00E-07 -- "

[] m [] "
I.OO_-O8 [] II,

[]
C 1.00E'09 mmm
U
r
i I .OOE-IO
e

s 1.00E-11

1.00E-12

1.00E- 13

1.00E- 14

1.00E-15 "

1970 1990 2010 2050 2030 2070 2090

Year

1.00E-05

[]
[]

[]
[]

1.00E'06 "-mm

c []
u []
r

[]
e
s

1.00E-07 ,.

[]
[]

[] |
1.00E-08 _ , , '" •

7000 7500 8000 8500 9000 9500 10000 10500 11000 11500 12000

Year

Figure4-17. Radium-226concentrationin surfacesoil at new pit area.
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Figure4-18. Thorium-230concentrationin surfacesoilat new pit area.
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Figure4-19. Uranium-234concentrationin surfacesoilat new pit area.
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Figure4-20. Uranium-238concentrationin surfacesoil at new pit area.
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Figure 4-21. Plutonium-238 concentration in surface soil at new pit
area.
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Figure 4-22. Plutonium-239 concentration in surface soil at newpit
area.
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Figure4-23. Plutonium-Z40concentrationin surfacesoilat new pit
area.

4-27

DRAFT



i

1. OOE-09

" I I [] [] I I

1.ooE-lO,... •

. []
C
U

m

r 1.00E-11 []
i
e

s

1.00E-12
I

1.00E-13

1970 1990 2010 2030 2050 2070 2090

Year

1.00E-09

1.00E-I0

1.00E-11 I_

c
u 1.00E-12
r
|

• 1,00E-13 •
S

1.00E'14 I

I

1,00E-15 II

1,00E-I& ..

- 7000 7500 8000 8500 9000 9500 10000 10500 11000 11500 12000

Year

Figure 4-24. Americium-241concentrationin surface soil at new pit
area.
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TABLE 4-3. FIFTY-YEAR DOSE CONMITMENTS(MREM) TO THE MAXIMUM INDIVIDUAL FROMAIRBORNETRANSPORTOF
RADIONUCLIDESRESUSPENDEDFROMSURFACESOIL AND FROMRADONAT PITS 15 THROUGH20
DURING OPERATIONALAND INSTITUTIONAL PERIOOS.

ORGAN

Effective
WhoLe Red Bone Stomach Dose

YEAR Body Gonads Breast Harrow Lungs Thyroid Surface Liver WaLL Kidneys EquivaLent

1975 1.16E-16 1.41E-16 1.28E-16 1.10E-16 1.22E-16 1.35E-16 1.16E-16 1.04E-16 1.01E-16 1.08E-16 1.24E-16
1985 4.87E-07 4.03E-07 3.77E-07 8.84E-07 1.74E-06 3.91E-07 1.58E-06 3.06E-07 3.12E-07 3.20E-07 6.68E-07
1995 2.19E-05 2.47E-05 2.32E-05 2.22E-05 3.08E-05 2,40E-05 3.11E-05 1.77E-05 1.87E-05 1.87E-05 2.38E-05
2005 8,59E-05 9.67E-05 9.20E-05 7.51E-05 1.19E-04 9.43E-05 1,25E-04 6.39E-05 7.90E-05 6.86E-05 9.16E-05
2015 2.30E-04 2.54E-04 2.45E-04 1.64E-04 3.45E-04 2.49E-04 3.76E-04 1.45E-04 2.32E-04 1.60E-04 2.42E-04
2025 4.46E-04 4.86E-04 4.74E-04 2.79E-04 7.02E-0¢ 4.79E-04 7.77E-04 2.54E-04 4.72E-04 2.85E-04 4.65E-04
2035 7.22E-04 7.80E-04 7,64E-04 4.11E-04 1,17E-03 7.70E-04 1.31E-03 3.81E-04 7.85E-04 4.35E-04 7.48E-04
2045 1.05E-03 1.13E-03 1.11E-03 5.58E-04 1.74E-03 1.11E-03 1.95E-03 5.24E-04 1.16E-03 6.05E-04 1.08E-03
2055 1.42E-03 1.52E-03 1.50E-03 7.16E-04 2,39E-03 1.50E-03 2.69E-03 6.79E-04 1.60E-03 7.91E-04 1.46E-03
2065 1.83E-03 1.95E-03 1.93E-03 8.85E-04 3.12E-03 1.93E-03 3.52E-03 8.46E-04 2.08E-03 9.93E-04 1.88E-03
2075 2.27E-03 2.42E-03 2.39E-03 1.06E-03 3.91E-03 2.39E-03 4.44E-03 1.02E-03 2.61E-03 1.21E-03 2.34E-03
2085 2.75E-03 2.91E-03 2.89E-03 1.25E-03 4.77E-03 2.89E-03 5.42E-03 1.21E-03 3.17E-03 1.43E-03 2.82E-03
2095 7.45E-04 7.76E-04 7.77E-04 2.76E-04 1.37E-03 7.72E-04 1.57E-03 2.75E-04 8.96E-04 3.41E-04 7.61E-04
2105 8.79E-04 9.16E-04 9.17E-04 3.26E-04 1.62E-03 9.11E-04 1.85E-03 3.25E-04 1.06E-03 4.03E-04 8.98E-04
2115 1.01E-03 1.05E-03 1.05E-03 3.74E-04 1.85E-03 1.04E-03 2.12E-03 3.73E-04 1.21E-03 4.62E-04 1.03E-03
2125 1.12E-03 1.17E-03 1.17E-03 4.17E-04 2.07E-03 1.16E-03 2.37E-03 4,15E-04 1.35E-03 5.15E-04 1.15E-03
2135 1.23E-03 1.28E-03 1.28E-03 4.55E-04 2.25E-03 1.27E-03 2.58E-03 4.53E-04 1.47E-03 5.62E-04 1.25E-03
2145 1.32E-03 1.37E-03 1.37E-03 4.89E-04 2.42E-03 1.37E-03 2.77E-03 4.87E-04 1.59E-03 6.04E-04 1.35E-03
2155 1.40E-03 1.46E-03 1.46E-03 5.19E-04 2.57E-03 1.45E-03 2.94E-03 5.17E-04 1.68E-03 6.41E-04 1.43E-03
2165 1.47E-05 1.53E-03 1.54E-03 5.46E-04 2.T1E-03 1.53E-03 3.10E-03 5.44E-04 1.77Er03 6.74E-04 1,50E-03
2175 1.54E-03 1.60E-03 1.60E-03 5.70E-04 2.82E-03 1.59E-03 3.23Eo03 5.68E-O4'l.85E-03 7.04E-04 1.57E-03
2275 1.87E-03 1.95E-03 1.96E-03 6.96E-04 3.45E-03 1.94E-03 3.95E-03 6.93E-04 2.26E-03 8.59E-04 1.91E-03
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TABLE4-4. FIFTY-YEARDOSECOMMITMENTS(MAN-MREM)TOTHE80-KMPOPULATIONFROMAIRBORNETRANSPORTOF
RADIONUCLIDESRESUSPENDEDFROMCONTAMINATEDSURFACESOIL FROMRADONFROMAND

" AROUNDTHERWMCBEFORECLOSURE

ORGAN

Effective
Whole Red Bone Stomach Dose

AREA YEAR Body Gonads Breast Marrow Lungs Thyroid Surface Liver Wall Kidneys Equivalent

Old ptts 2074 1.30E+O11.38E+011.36E+016.01E+O02,29E+011,3BE+OI2.62E+015.75E+00 1.50E+Ot6.75E+00 [.34E+01

Newpits 2075 9.94E+001.05E+011.04E+014.26E+001.76E+011.04E+012.00E+014.15E+00 1.16E+014.99E+001.02E+01

Outside 2074 6.14E+005.73E+005.93E-01 3.61E+013.76E+005.83E-01 4.45E+029.61E+015.67E-01 5.73E-01 2.90E+01
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the Final EnvironmentalImpact Statement for the Special Isotope

Separation Project (DOE IgB8d) used the review published by the Committee

on Biological Effects of Ionizing Radiationof the National Academy of

Sciences (BIER, 1980) to assess the health risks associatedwith

radiation-inducedcancer. The Special IsotopeSeparationProject

EnvironmentalImpact Statementused the health effectsestimators of 33

and 72 cancer fatalities per million person-remfor gamma and beta

emitters and for TRUs, respectively,for comparisonwith the EDE. Because

the great majority of the projecteddoses were due to low LET radiation,

the health effects estimatorof 33 cancer fatalitiesper million

person-rem is more appropriatefor this study. Using this estimator,the

projectedhealth effects (in the form of cancer fatalities)because of

airborne radionuclidesreleased from all three areas is 1.76 E-6.

4.1.1.2 Ground Water Transport. During the operational and

institutionalcontrol periods, radionuclideswere not projected to reach

the receptor, who was assumedto be locatedat the edge of the INEL Site,

4800 m from the RWMC. The travel time of the ground water to the edge of

the INEL Site was determinedto be approximately1000 yr. The travel time

in the unsaturatedzone accounts for most of this time; the travel time in

the aquifer was approximately8 yr. The retardationby the geologic media

increasesthe radionuclidetravel time by factorsof 20-4000, dependingon

the radionuclide. Appendix A.4 contains a detailed explanationof the

ground water transportmethodology.

During the post-institutionalcontrol period,the hypothetical

receptor was moved from the edge of the INEL Site to the edge of the

RWMC. The ground water travel time to this receptor was also determined

to be approximatelyI000 yr, with flow in the unsaturatedzone accounting

for most of this time. Because of the long ground water travel times and

retardationby geologic media, many radionuclidesin the RWMC inventorydo

not reach the receptor. Long-lived radionuclidesdo reach the receptor,

but the presence of long-livedradionuclidesis augmentedby the presence

of radioactiveprogeny. In some cases, relativelyshort-lived

radionuclidesdecay to long-livedprogeny, which then are transportedto
P
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the receptor. In other cases, the progenyare more hazardous than the

parents. Therefore, the ingrowth of radioactive progeny from both short-

and long-lived radionuclides was explicitly accountedfor in the
calculation of radionuclide doses.

• Table4-5 illustratesthe radionuclidedosesfromold pits,new pits,

and soilvaults. The totaldose was 2.2 mrem/yrin the year of peak

. dose. U-238and its decayproductswere the dominatecontributorsto the

peakdose,whichoccurred3.7 millionyr aftersiteclosure. The new pits

were responsiblefor the vastmajorityof the dose,1.7 mrem/yr. The bulk

of the dose associatedwith U-238came from Ra-226,Pb-210,and Po-210,

whichare relativelyshort-livedradioactiveprogenyof U-238.

4.1.2 Dosesto Intruders

The inadvertentintruder-agriculturescenarioresultedin a peakdose

of 1.7mrem/yrfrom intrusionintothe old pits (seeTable4-6). Thiswas

approximately2% of the regulatoryrequirementof 100mrem/yr. The

dominantcontributorto thisdosewas externalexposurefromuraniumand

plutoniumdecayproducts. The dominantradionuclidefor inhalation

exposureswas Pu-239and its decayproducts;the dominantradionuclidefor

ingestionexposureswas Ra-226and its decayproducts.

The inadvertentintruder-constructionscenarioresultedin a peak dose

of 7.0 mrem from intrusionintothe old pits (seeTable4-6). Thiswas

approximately1.4%of the regulatoryrequirementof 500 mrem. The

dominateradionuclideswere uraniumand plutoniumdecayproducts,via the

externalexposurepathway.

The inadvertentintruder-drillingscenarioresultedin a peakdose of

12 mrem from intrusionintothe soilvaults(seeTable4-6). Thiswas

approximately2.4%of the regulatoryrequirementof 500 mrem. The

dominantradionuclidewas Cs-137. The scenariowas assumedto take place

at year 100,whilethe intruder-constructionand intruder-agriculture

scenarioswere assumedto take placeat year 3000.
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Table4-5. Groundwatertransportto well at edge of Site

EffectiveDose Equivalent
Area (mrem/vr)

New pits 1.7
hld pits 0.54
Soil vaults .!-2E-4

Total 2.2

Table4-6. Dose to inadvertentintruders

EffectiveDose
Equivalent

Area .... Scenar.io (mrem/vr)

New Pits I-Aa O.45

I-Cb 1.4

I-Dc --

Old Pits I-A 1.7

I-C 7.0

I-D --

Soil Vaults I-A 3.0 E-03

I-C --

I-D 12

a. Intruder-agriculturescenario
b. Intruder-constructionscenario
c. Intruder-drilling scenario
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4.1.3 Comoari$onwith PerformanceOb.iectives

Table4-7 summarizesthe maximumdosesprojectedwith the performance

objectives.In most cases,the calculateddosesare far less thanthe

objectives.In one case,the dose receivedfrom drinkingwaterobtained

• from a well at the RWMCperimeter,is lessthan but fairlycloseto the

objective.Thisdose was projectedfor 3.75millionyr and is due

primarilyto long-livedU-238. Thereis some questionas to the validity

of this calculationgiventhe long timeperiodinvolvedand the

unpredictableenvironmentalconditionsthatmay existthat far in the

future.

Uncertaintiesassociatedwith the calculationsare discussedin

Section4.2. A discussionof furtherstudiesrecommendedhelpclarifyand

reducetheseuncertaintiesin presentedin Section6.

4.2 Sensitivityand UncertaintyAnalysis

4.2.1 Introduction

Computercodeshave been used in many areasof radiologicaland

performanceassessmentsto modelmany complexsystemsand processes.In

this analysis,AIRDOS-EPA(Mooreet al. 1979)was usedto estimatethe

dose to man from atmosphericreleasesof radionuclides,DOSTOMAN(Kinget

al. 1985,Root 1981)was used to estimatereleasefrom the near-fieldat

the RWMC,and PATHRAE-EPA(Rogersand Hung 1987)was used to estimatethe

dose to man fromgroundwatercontaminationand inadvertentintrusion.

Thesecodesare deterministic.A set of parametersis used as input,and

outputvaluesare estimated.In reality,inputparametersare not single

valuesbut exhibita rangeof values. Thereis uncertaintyin the input

values;therefore,thereis uncertaintyin the outputvalues. The

" objectiveof a parameteruncertaintyanalysisis to quantifythis

uncertaintyby propagatinginputuncertaintythroughthe model.

4-34

DRAFT



4-35

DRAFT



There is also uncertaintyin the formulationof the model itself;this

is known as structuraluncertainty (Rish 1982). Structuraluncertainty

results from an incompleteunderstandingof the system or process,while

parameter uncertaintyresults from the stochastic nature of the parameters

" and an incompleteunderstandingof the parameters.

Implicit in the developmentof these computermodels is an attempt to

include all variables that could be importantto the system. As a result,

models tend to have many input parameterswhose influenceon model output

is unknown. For example, a model may have hundreds of input parameters,

but relatively few may contributeto the majority of output uncertainty.

Sensitivityanalysis is used to determine the relative influenceof input

parameterson overall parameteruncertainty. Therefore, sensitivitycan

be defined as the change in the model output relative to the change in

model input. By identifyingthe major contributorsto output uncertainty,

areas of concern and importantinput variablescan be identified.

The objective of a parameteruncertaintyanalysis is to determine the

uncertaintyin an output parameter,based on the uncertaintyin the input

parameters and a model of the system. There are four basic techniques

that have been commonly used to assess uncertainty (Cox and Baybutt 1981):

I. Analytical methods

2. Monte Carlo methods

3. Differentialmethods

4. Response surface methods.

Each method uses different assumptionsabout model parameters,

complexity,and correlations. Therefore, a techniquethat works well with

one particularmodel or set of models will not necessarilybe applicable

to anothermodel.
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Analytical methodsare most often applicable whenthe model to be

evaluated has a simple structure, and the data have knownand well behaved
distributional characteristics. This methoddoes not work well whenthe

models are complex; hence, it was not used in this analysis.

Monte Carlo methodsentail sampling values from each input parameter

probability distribution and propagating these values through the model to

yield a probability distribution for the output parameter of interest.
This method is the most useful whenstatistical data are available to

estimate input parameter probability distributions. A Monte Carlo

analysis also requires substantial computer resources as well as
modifications of the computercode. For these reasons, a Monte Carlo

analysis was not performed.

Differential methodsrequire that partial derivatives for each output

parameter with respect to each input parameter of interest be estimated.

In manycases, the partial derivatives are too complexto be evaluated

analytically. Adjoint analysis (Worley 1987) may be used to estimate the

partial derivatives. This type of analysis is typically the methodof

choice for large computer codeswith hundredsof parameters and a system

of equations (Harper 1983); therefore, lt was not chosenfor use in this

analysis.

A responsesurfaceanalysisis basedon usingan experimentaldesign

to selectvaluesand pairingsof inputparametersthat are then used to

make runs of the computercode (Imanand Helton1985). Most often,

factorialand fractionalfactorialexperimentaldesignsare chosen. In

some instances,a complexcomputermodelmay be replacedby a simpler

responsesurface. In othercases,multiplesystematicallyselectedruns

are used to establishthe overallrangeor uncertaintyin the results. In

addition,data frompreviouslyperformedsensitivityanalysiscan be

incorporatedreadilyintothe experimentaldesignmatrix. The multiple

systematicallyselectedruns derivativeof responsesurfacemethodswas

selectedfor use in thisanalysis.
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4.2.2 Analvsi@StrBteov

The firststep in any analysisis to clearlyformulatethe questions

thatthe analysisshouldanswer. At any givenwastedisposalsite,there

are literallyan infinitenumberof questionsthat may be asked.

Therefore,the RWMCwas dividedintoareas,and questionswere formulated

for each area. The followingareaswere defined: near-field,ground

waterflow and transport,and surfacesoil.

For the near-fieldarea,the key questionwas the uncertaintyin the

amountof radioactivematerialavailablefor transportout of the facility

and to postulatedreceptors.In thiscontext,transportwas limitedto

transportin groundwater. An experimentaldesignwas formulatedto

assessthe rangeof possiblereleasesas well as to identifypossible

interactionsbetweenkey outputparameters.

In the areaof groundwaterflowand transport,the key questionwas

the uncertaintyin the radionuclideconcentrationin a postulatedwell

near the RWMC. Becauseradionuclideconcentrationis directly

proportionalto dose,uncertaintyin concentrationcan be used to estimate

uncertaintyin dose. An experimentaldesignwas developedto estimatethe

rangeof radionuclideconcentration.

For surfacesoil,the key questionwas the uncertaintyin the amount

of radioactivematerialavailablefor atmospherictransportto postulated

receptors.This quantityis alsodirectlyproportionalto dose,so the

uncertaintyin the quantityof radioactivematerialavailablefor

transportcan be used to estimateuncertaintyin dose. An experimental

designwas formulatedto assessthe rangeof possiblequantities.

A previoussensitivitystudywas performedon an earlierversionof

the near-fieldmodelused in this analysis(Shumanet al. 1985). The

majordifferencesbetweenthe currentnear-fieldmodeland the earlier
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versionis that it includedadditionalbioticpathway(e.g.,smallmammals

consumingvegetation)and RockyFlatswaste (primarilyTRU waste). The

rate constantcalculationsare basicallythe same;although,in somecases

parameterswere updatedto reflectcurrentliteraturevalues. It was

assumedthat the modelsare similarenoughto applythe sensitivity

resultsto this study. A discussionof this studyfollows.

The sensitivitystudyaddressed5 radionuclides(Co-60,Sr-g0,Cs-137,

Pu-239,and Am-241)and the following10 transportprocesses:(I)waste

release,(2) hydrologictransportin the unsaturatedzone,(3) surface

runoff,(4) resuspension,(5)plantuptake,(6)plantdeath,(7) surface

litterdecay,(8) smallmammalingestion,(g)smallmammaldeathand

elimination,and (10)smallmammalburrowing.The controllingrate

constantfor each of theseprocesseswas perturbedby I%. The changein

modelresponsebecauseof thisperturbationwas comparedmathematically

with the nominalmodelresponse.The transportprocesseswere then ranked

accordingto relativesensitivity.This was done for severaltime

periods. Interactionsbetweentransportprocesseswere also quantified.

In designingthe uncertaintyanalysis,the followingconclusionsfrom

the sensitivitystudywere considered.

• The most sensitivetransportprocessfor all nuclidesduring

earlyoperations(20yr afterinitialburial)was wasterelease.

• The most sensitivetransportprocessfor most radionuclides,in

particularthe longer-livednuclides,duringlateoperations

(100yr afterinitialburial)was wasterelease.

• Plantuptakeand smallmammalburrowingwere usuallyranked

withinthe top threein termsof relativesensitivity.
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In light of the above observations, it was decided to focus the

uncertainty analysis on parameters that affect waste release. This

decision was also temperedby the facts that (a) less data were available

on waste release at the RWMCthan on biotic processes, and (b) there may

be considerable uncertainty associated with waste related data (i.e.,

" inventory,containerlifetimes,and releaserates).

- 4.2.3 Near-Field

The end pointof the near-fielduncertaintyanalysiswas the amountof

radioactivematerialavailablefor transportout of the facility. Three

parameterswere varied: the inventory,containerlifetime,and release

rate fromthe facility. Eachparameterwas examinedat two levels: a

nominalvalueand an adjustedvalue. For the old pits,inventorywas

increasedby 300%,containerlifetimewas assumedto be O, and the release

ratewas doubled. For the new pits,inventorywas increasedby 30%,

containerlifetimewas assumedto be O, and the releaseratewas doubled.

A two-levelfull-factoraldesignwas used to evaluatethe impactsof the

changesin the inputparametervalues.

Two radionuclideswere examinedin detail: U-238and Pu-23g. These

two radionuclidesare representativeof lessmobileand slightlymobile

radionuclides.Separaterunsweremade for the old pits and the new pits.

4.2.3.1 Results. For eachof the radionuclides,a two-level

factorialdesignwas used to establishthe rangeoverwhichthe quantity

of radioactivematerialavailablefor transportcouldvary. The amount

availablefor transportwas definedas the peak inventorycontainedin the

compartment.4

• U-238. The inventoryavailablefor transportexhibiteda range

of 9.5 to 12 Ci for the new pits and 6.0 to 22 Ci for the old

pits (seeTable4-8). For the new pits,no substantial

interactionsbetweenpairsof parameterswere observed,although
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Table 4-8. Experimental Results for U-238

Pits

Container Release InventoryAvailable
Experiment Inven_pr.y Lifetime Rate Constant for Release

1 -1 -1 -1 9.46
2 1 -1 -1 11.9
3 -1 1 -1 9.46
4 1 1 -1 12.3
5 -1 -1 1 9.46
6 1 -I 1 11.9
7 -I I I 9.46
8 1 1 1 12.3

Pits

Container Release InventoryAvailable
Experiment Inventory Lifetime Rate Constant for Release

1 -1 -I -I 5.97
2 I -I -I 22.3
3 -I I -I 7.46
4 I I -I 22.3
5 -I -I I 7.46
6 I -I I 22.3
7 -I I I 7.46
8 I I I 22.3
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release rate had a smaller effect than inventory or container

1ifetime.

• For the old pits,inventorywas the primecontributorto the

overalluncertainty.In addition,no substantialinteractions

betweenparameterswere observed.

• Pu-239. The inventoryavailablefor transportexhibiteda range

of 2.5 to 3.3 Ci for the new pits and 20 to 61 Ci for the old

pits (seeTable4-g). For both the new and old pits,inventory

was the overwhelmingcontributorto overalluncertainty.No

substantialinteractionswere observedbetweenparameters.

4.2.4 GroundWaterFlow andTransport

The end pointin the uncertaintyanalysisof groundwaterflow and

transportwas definedto be the radionuclideconcentrationin wellwater

at a postulatedlocationnearthe RWMC. The computercode PATHRAE-EPA

(Rogersand Hung 1987)was usedfor this portionof the analysis.

The actualtransportof materialfromradioactivewasteto a human

receptorentailssubstantialinteractionbetweennear-field,groundwater

flow and transport,and foodchaintransportphenomena.For the purposes

of this analysis,flowand transporthas beendecoupledfrom the

near-fieldand foodchainprocess_ in orderto clearlyfocusthe

analysis. The near-fieldwas assessedseparately,and food chain

processeshave been assessedin many otherstudies(Maheras1988,Otis

1983,Hoffmanet al. 1982,SchwarzandHoffman1980).

Preliminarysensitivityanalysesof the PRESTO-EFA-CPGcomputercode

havealreadybeen performed(Shumanand Rogers1987,EPA 1988). This code

is similarin structureto PATHRAE-EPA;therefore,the resultsof these

analyseswere used as a basisfor constructingan experimentaldesign

applicableto the RWMC. Becauseof the structureof the RWMCand the I
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Table4-9. ExperimentalResultsfor Pu-239

Pits

Container Release InventoryAvailable
Experiment Inventory Lifetime RateConstant for Release

I -I -I -I 2.51
2 1 -1 -1 3.27
3 -1 1 -1 2.52
4 1 1 -1 3,27
5 -1 -1 1 2.52
6 1 -1 1 3.27
7 -1 1 1 2.45
8 1 1 1 3.27

Pits

Container Release InventoryAvailable
Exper.,imentInventory Lifetime Rate Constant for Release

1 -1 -1 -1 20.5
2 1 -1 -1 61.6
3 -1 1 -1 20.5
4 1 1 -1 61.6
5 -1 -1 1 20.5
6 1 -1 1 61.6
7 -1 1 1 20.5
8 I I 1 61.6
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relativeflowratesof the unsaturatedzone and the SnakeRiverPlain

aquifer,emphasiswas placedon thoseparametersthat affecttransportin

the unsaturatedzone.

Analysisof PRESTO-EPA-CPGidentifiedthe followinggroundwaterflow

• and transportparametersas exhibitingmediumto highsensitivity:

• Wastereleasefraction

• Distributioncoefficients

• Trenchand sub-trenchporosityand residualsaturation

• Distancefromtrenchto well and trenchto aquifer

• Aquiferporosityand thickness

• Groundwatervelocity.

The porosityand residualsaturationparametersare usedto calculate

the verticalgroundwatervelocity. Therefore,the uncertaintyin these

parameterswas lumpedintothe uncertaintyof the v_rticalgroundwater

velocity. The distancesfromtrenchto well and fromtrenchto aquifer

are fixedbecauseof the site-specificnatureof the analysisand were not

evaluated.Aquiferporosityand thicknesswere not evaluatedbecauseof

the emphasisof the analysison the unsaturatedzone. Threeparameters

were evaluated:wastereleasefunction,distributioncoefficients,and

verticalgroundwatervelocity.

A full factorialexperimentaldesignwas used to evaluatethe

uncertaintyin radionuclideconcentrationbecauseof the uncertaintyin

thesethreeinputparameters.Thisdesignhas a numberof advantagesover

otherdesigns. For example,if interactionsbetweenparametersoccur,

then thisdesignwill be ableto assessthem. In addition,the entire

parameterspaceis sampledin a minimumnumberof computerruns.
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Each parameterwas examinedat two levels: a nominalvalueand an

adjustedvalue. The nominalvaluesrepresentreasonablyconservative

estimatesof parametervaluesused in this analysis. The adjustedvalues

representvaluesthat lead to increasedradionuclideconcentrationin well

water. For the purposesof this analysis,radionuclidedistribution

coefficientswere decreasedby a factorof 10,wastereleasefractions

were increasedby a factorof 100,and the verticalgroundwatervelocity

was increasedby a factorof 10.

The followingradionuclideswere examinedin detail: Ra-226,U-238,

and Pu-23g. In general,theseradionuclidesare representativeof mobile,

lessmobile,and slightlymobileradionuclides.A unit concentration

(I Ci/m3) of each radionuclidewas assumedto be presentin the waste

inventory.Separatecomputerruns were madefor the old and new pits,but

the data were analyzedtogether. Tables4-10,4-11,and 4-12 containthe

factorialdesignmatricesfor Ra-226,U-238,and Pu-23g,respectively.

4.2.4.1 Results. For each of the radionuclides,a two-level

factorialdesignwas usedto establishthe rangeoverwhichthe

radionuclideconcentrationin well watercouldreasonablevary. A unit

concentration(I Ci/m3) of each radionuclidewas assumedto be present

in the wasteand the resultsfromboth old and new pits were aggregated.

The followingexampleswere analyzed: Ra-226,U-238,and Pu-23g(see

Tables4-13 through4-15).

• Ra-226. Ra-226exhibiteda rangeof concentrationin wellwater

waterof 8.6 E-41to 7.7 E-4 Ci/m3 (seeTable4-14). This

translatesto a rangein dose of 3.1 E-35to 1.7 E+3 mrem. The

upperrangeonly occurswhen the adjustedvaluesof all parameters

are used. If onlythe distributioncoefficientand groundwater

velocityare changed,the upperrangebecomes17 mrem. lt can

also be seenthatthereis substantialinteractionbetweenthe

distributioncoefficient,releaserate,and groundwater

velocity. In addition,each of the parameterscontributed

approximatelythe sameamountto the overalluncertaintyin

concentrationand dose.
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Table4-I0. Factorialdesignmatrixfor Ra-226

Vertical
Distribution Release GroundWater

. Coefficient Fraction Velocity

Experiment (cm3/a) {coded) (I/yr) (coded) (m/vr) (coded)

1 5 -1 5.02 E-05 -1 0.18 -1
2 0.5 1 5.02 E-05 -1 0.18 -1
3 0.5 1 5.02 E-03 1 0.18 -1
4 0.5 1 5.02 E-03 1 1.8 1
5 5 -1 5.02 E-03 1 0.18 -1
6 5 -1 5.02 E-03 1 1.8 1
7 5 -1 5.02 E-05 -1 1.8 1
8 0.5 1 5.02 E-05 -1 1.8 1

Table4-11. Factorialdesignmatrixfor U-238

Vertical
Distribution Release GroundWater
Coefficient Fraction Velocity

Experiment (cm3/q) (coded) (I/vr) (coded) (m/yr) (coded)

I 100 -I 2.51 E-06 -I 0.18 -I
2 10 I 2.51E-06 -I 0.18 -I
3 10 1 2.51E-04 1 0.18 -1
4 10 1 2.51 E-04 1 1.8 1
5 100 -1 2.51 E-04 1 0.18 -1
6 100 -1 2.51 E-04 1 1.8 1
7 100 -1 2.51E-06 -1 1.8 1
8 10 1 2.51E-06 -1 1.8 1
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Table4-12. Factorialdesignmatrixfor Pu-239

Vertical
Distribution Release GroundWater
Coefficient Fraction Velocit,y

Experiment (cm3/q) (coded) _ (I/vr) (coded) (m/vr) (coded)

I 200 -I 1.26E-06 -I 0.18 -I
2 20 I 1.26E-06 -I 0.18 -I
3 20 I 1.26E-04 I 0.18 -I
4 20 I I.26 E-04 I 1.8 I
5 200 - 1 1.26 E-04 1 O.18 - 1
6 200 -I I.26 E-04 I 1.8 1
7 200 - 1 1.26 E-06 - 1 1.8 1
8 20 1 1.26 E-06 -1 1.8 1
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Table 4-13. Experimentalresults for Ra-226

New Pits

Vertical

Distribution Release Ground Water Concentration
Q

Run Coefficient Rate Constant Velocity (Ci/m3)

I -I -I -1 1.24 E-40
2 1 -1 -1 3.75 E-O9
3 1 1 -1 3.75 E-07
4 1 1 1 3.62 E-04
5 -1 1 -1 1.24 E-38
6 -I I I 5.20 E-07
7 -I -1 I 5.20 E-09
8 1 -1 1 7.67 E-06

Old Pits

Vertical

Distribution Release Ground Water Concentration

Ru_...nnCoefficient Rate Constant Velocity (Ci/m3)

I -I -I -I 8.75 E-41
2 I -I -I 2.61 E-O9
3 I I -I 2.60 E-07
4 I I I 5.33 E-04
5 -I I -I 8.57 E-39
6 -I I I 3.60 E-07
7 -I -I I 3.60 E-09
8 I -I I 5.33 E-06
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Table 4-14. Experimental results for U-238

NewPits
Vertical

Distribution Release GroundWater Concentration

Ru___onCoefficient Rate Constant Velocity (Ci/m3)
1 -1 -1 -1 9.07 E-07
2 1 -1 -1 9.07 E-07
3 1 1 -1 9.07 E-05
4 1 1 1 9.07 E-05
5 -1 1 -1 9,07 E-05
6 -1 1 1 9.07 E-05
7 -1 -1 1 9.07 E-07
8 1 -1 1 9.07 E-07

Old Pits

Vertical

Distribution Release GroundWater Concentration

Ru___nnCoefficient RateConstant Velocity (Ci/m3)

I -I -I -I 6.30 E-07
2 I -I -I 6.31 E-07
3 I I -I 6.31 E-05
4 I I I 6.31 E-05
5 -1 1 -1 6,28 E-05
6 -1 1 1 6.29 E-05
7 -1 -1 1 6.31 E-07
8 1 -1 1 6.31 E-07
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Table 4-1'.;. Experimental results for Pu-239

New Pits

Vertical
.,

Distribution Release GroundWater Concentration

Run Coefficient Rate Consta,,n.t.Velocity (Ci/m3)

I -I -I -I o
2 1 -1 -1 2.26 E-16
3 1 1 -1 2.26 E-14
4 1 1 1 5.23 E-06
5 -1 1 -1 0
6 -1 1 1 2.07 E-14
7 -1 -1 1 2.07 E-16
8 1 -1 1 5.23 E-08

Old Pits

Vertical

Distribution Release GroundWater Concentration

Ru___nnCoefficient RateConstant Velocity (Ci/m3)

I -I -I -I 0
2 I -I -I 1.57 E-16
3 1 1 -1 1o57 E-14
4 1 1 1 3.63 E-06
5 -1 1 -1 0
6 -1 1 1 1.42 E-14
7 -1 -1 1 1.42 E-16
8 1 -1 1 3.63 E-08
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• U-Z38. U-238 exhibited a range of concentration in well water of

6.3 E-7 to 9.1 E-5 Ci/m3 (see Table 4-14). This yields a range

in dose of 0.54 to 170 mrem. Unlike Ra-226, the upper ranges

occur whenthe release rate is high; the values of the other

parameters have no effect. No interactions betweenpairs of

parameters were observed. Release rate is also the dominant

contributor to the overall uncertainty in concentration and dose.

. Pu-239. The dose from Pu-239 ranges from 1.2 E-4 to 0.97 mrem.

Becauseof the long travel times in the unsaturated zone, Pu-239

does not reach the well in somecases (see Table 4-15). The

highest concentrations occur when the distribution coefficient and

groundwater velocity are adjusted. There is also a slight

interaction between the distribution coefficient and ground water

velocity.

4.2.5 SurfaceSoil

The end pointof the uncertaintyanalysisof surfacesoilwas the

quantityof radioactivematerialavailablefor transportfrom surfacesoil

throughthe atmosphericpathway. Threeparameterswere varied: the

inventory,containerlifetime,and releaserate (throughthe groundwater

pathway). Eachparameterwas examinedat two levels: a nominalvalueand

an adjustedvalue. As with the near-fieldanalysis,the old pit inventory

was increasedby 300%,containerlifetimewas assumedto be O, and the

releaseratewas doubled. For the new pits,inventorywas increasedby

30%, containerlifetimewas assumedto be O, and the releaseratewas

doubled. A full factorialexperimentaldesignwas neededto evaluatethe

uncertaintyin inventoryavailablefor release. This designenablesthe

main effectsof parametersand any interactionsbetweenparametersto be

assessed. Threeradionuclideswere chosenfor evaluation:Cs-137,U-238,

and Pu-239. Theseradionuclidesare representativeof mobile,less

mobile,and slightlymobileradionuclides.Separaterunswere made for

the old and new pits.
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4.2.5.1 Resqlts

CS-137

The inventoryavailablefor transportexhibiteda rangeof 0.26 to

" 0.86 Ci for the new pits and 0.59 to 2.5 Ci for the old pits (see

Table4-16). The resultingdosesrangedfrom4.2 E-4 to 1.4 E-3 mrem for

the new pits and 9.5 E-4 to 4.0 E-3 mrem for the old pits. For the new

pits,inventorywas the most sensitiveparameter,followedby container

lifetimeand releaserate. Therewas also interactionexhibitedbetween

inventoryan_icontainerlifetime.

For the old pits,inventorywas alsothe most sensitiveparameter,

followedby releaserate and containerlifetime. In this case,

interactionsbetweeninventoryand releaseand inventoryand container

lifetimewere exhibited.No interactionswere exhibitedbetweencontainer

lifetimeand releaserate.

U-238

The inventoryavailablefor transportexhibiteda rangeof 1.0 E-3 Ci

(3.3E-5 mrem)to 1.3 E-3 Ci (4.3E-5 mrem)for the new pits and

5.5 E-6 Ci (1.8E-7 mrem)to 2.1 E-5 Ci (6.9E-7 mrem)for the old pits

(seeTable4-17). For the new pits,inventorywas the mos_ sensitive

parameter.The quantityavailablefor transportwas relatively

insensitiveto containerlifetimeand releaserate.

For the new pits,inventorywas alsothe most sensitiveparameter.

. Littlesensitivitywas shownto containerlifetimeand releaserate.

Pu-23g

The inventoryavailablefor transportexhibiteda rangeof 4.1 E-7 to

6.3 E-7 Ci for the new pits and 3.8 E-7 to 4.5 E-7 Ci for the old pits

{seeTable4-18). The resultingdosesrangedfrom6.1 E-8 to 9.3 E-8 mrem
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Table 4-16. ExperimentalResults for Cs-137

New Pit@

Container Release InventoryAvailable

Experiment Inventory _Lifetime Rate Constant for Transport

I -I -I -I 0.258
2 I -I -I 0.360
3 -I I -I 0.264
4 I I -I 0.601
5 -I -I I 0.352
6 1 - 1 1 O.488
7 -1 1 1 0.359
8 1 1 1 0.860

Old Pits

Container Release InventoryAvailable

Experiment Inventory Lifetime Rate Constant for Transport

I -I -I -I O.588
2 1 -1 -1 1.76
3 -1 1 -1 0.612
4 1 1 -1 1.83
5 -1 -1 1 0.794
6 1 -1 1 2.38
7 -1 1 1 0.826
8 1 1 1 2.48
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Table 4-17. ExperimentalResults for U-238

New Pits

Container Release InventoryAvailable
Experiment Inventorv Lifetime Rate Constant for Transport

• I -1 -I -I 1.00.E-3
2 I -I -I 1.27 E-3
3 -1 1 -1 1.00 E-3
4 1 1 -1 1.30 E-3
5 -1 -1 1 1.01 E-3
6 1 -1 1 1.27 E-3
7 -1 1 1 1.01 E-3
8 1 1 1 1.30 E-3

Old pits

Container Re'dease InventoryAvailable
Experiment Inventor_( Lifetime Rate Constant for Transport

I -I -1 -I 5.54 E-6
2 I -I -I 2.11 E-5
3 -1 1 -I 7.07 E-6
4 1 1 -1 2.11 E-5
5 -1 -1 1 7.09 E-6
6 I -I I 2.12 E-5
7 -I I I 7.10 E-6
8 I I I 2.12 E-5
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Table 4-18. ExperimentalResults for Pu-239

Pits

Container Release InventoryAvailable
Experiment Inventory Lifetime Rate Constant for Transport

I -I -I -I 4.14 E-7
2 I -I -I 6.30 E-7
3 -I I -I 4.87 E-7
4 I I -1 6.31 E-7
5 -I -I I 4.88 E-7
6 I -I I 6.32 E-7
7 -I I I 4.88 E-7
8 I I I 6.32 E-7

Pits

Container Release InventoryAvailable
Experiment Inventory Lifetime Rate Constant for Transport

1 -1 -1 -1 3.77 E-7
2 I -I -I 4.51 E-7
3 -I 1 -1 3.77 E-7
4 I 1 -1 4.51 E-7
5 -1 -1 1 3.77 E-7
6 1 -1 1 4.52 E-7
7 -1 1 1 3.78 E-7
8 1 1 1 4.53 E-7
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for the old pits. For both the old and the newpits, inventory was the

most sensitive parameter. Little sensitivity was shownto waste container
l if_time or release rate.

'.%
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5. PERFORMANCEEVALUATION

A radiologicalperformanceassessment is used to project whether or not

a facility will meet performanceobjectives. However, the monitoring

program and related environmentalprograms are the primary mechanismsby

which RWMC compliancewith applicableperformanceobjectiveswill be

determined. Aspects of the monitoring programare summarized in the

following text and in Table 5-I. Detailsmay be found in the annual

reports for the EnvironmentalMonitoring Program (e.g.,Tkachyk et al.

1989).

Airborne transport is the most likely mechanism by which radionuclides

could be transportedfrom the RWMC facility. Consequently,extensiveair

monitoring is conductedon and around the RWMC to detect the presence of

radionuclides. Air samples are collectedon a routine basis and analyzed

for gross levels of radioactivityas well as for specific radionuclides•

The USGS monitors ground water in the Snake River Plain aquifer

downstream of the RWMC. Samples of ground water are analyzed for

radionuclidesand hazardousmaterials from waste at the RWMC. Samples from

four monitoring wells around the RWMC are collectedand analyzed quarterly.

Although no surfacewater flows from the RWMC, except during or after

heavy rainfalls, surfacewater samples are collectedquarterly (as rainfall

permits) and analyzed for radionuclideconcentrations. These samplesare

important in determiningwhether radionuclidetransportfrom the RWMC via

surfacewater is possible.

Soil monitoring and plant and animal sampling are conducted at regular

intervals at and around the RWMC. Surface soils at the RWMC are slightly

contaminatedwith radionuclidesfrom past flooding events, from

transportationand handling of LLW, and from physical and biological

transport processes.
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Table5-I. Aspectsof themonitoringprogram

Sample Description Frequency of Analysis "I_e of Analysis

Air 8 low-volume air samplers Biweekly Gross alpha
operated at O.14 m3/min Biweekly Gross beta

• (includes 1 control and Monthly Gamma spectrometry
I replicate) Quanerly Radiochemistry a

Water 4-L samples from Quanerly, but depends Gross alpha
surface" SDA and _ontrol location on precipitation Gross beta

Gamma spectrom.etry
Radiochemistrya,o, c

Subsurface 2-L samples fror;_each of 65-m well annually Gamma spectrometry
(sampled by the 6 wells 183-m wells quarterly H-3, Sr-90, Pu-238
USGS) Production well Pu-239, -240, Am-241

quarterly (see Table 13 Specific conductance
for additional drinking Chloride, sodium, nitrate
water samples taken
at WMF-603).

Direct radiation
surface gamma Truck-mounted VRM-I Semiannually External radiation

detector system levels

Ionizing (con- 25 TLD packets (RESL), Semiannually External radiation
ducted by RESL 2 TLD packets (EG&G levels
and EG&G Idaho) Idaho) and 7 background

communities (RESL)

Small mammal 3 composites in each of Annually, but species Gamma spectrometry
5 major areas (plus sampled varies each year Radiochemistry a
1control area) c

Soil 5 locations in each of Biennially Gamma spectrometry
5 major areas (plus 1 Radiochemistry a
control area)

Vegetation 3 composites in each of Annually, but species Gamma spectrometry
5 major areas (plus sampled varies each Radiochemistry a
I control area)c year

Visual inspection Tour SDA and TSA Monthly Results reported for any
required corrective action

.

a. Analysis for Am-241, Pu-238, Pu.239,-240, U-23_, U-238, and Sr-90.

b. Samples for radiochemical analyses usually taken during second quarter only.

¢. Exact number of samples may vary, due to availability.

i.
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Direct ionizing radiationlevels are monitored at the RWMC with

thermoluminescentdosimeters. These measurementsare used to establish

exposures because of handling and disposal of LLW and to detect any trends.

Results of the monitoring program are documented annually (e.g.,

Tkachyk et al. 1989). Results to date indicate adherenceto applicable

environmentalstandards.
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6. FURTHERSTUDIES

Based on the results and analyses for this iterationof the RWMC

performanceassessment,seven main areas have been identifiedfor

considerationin planning future studies.

6.1 Inventory

Inventoryis a critical parameterfor a performanceassessment. Data

needs vary with the area of the RWMC considered. In general, current

operationalpractices are superior to past practices. Specific needs are

discussed below.

6.1.1 Current Inventory

Current inventorypractices and documentationare adequate for the

radionuclideinventoryat the RWMC. However, informationon

nonradiologicalcomponents, such as organic solvents and chelating agents,

needs to be obtained in order to address future possible mixed waste

issues. While this performanceassessmentdid not address nonradiological

inventory,future assessmentswill need to evaluate this part of the

inventory.

6.1.2 Past Inventory

Past disposal practices are a continuingproblem area because of

inadequate recordkeeping. A thorough investigationand documentationof

past waste disposal practices should be conducted. This would include

interviewswith employees involvedwith past waste disposal,packaging,

and transport and a thorough search of available records.

The followingtwo componentsof past inventorywere not evaluated in

this assessmentand should be consideredfor future assessments:(a) the

nonradiologicalcomponents and (b) the TRU and intermingledLLW buried

before 1964. Informationon these componentswill need to be collected or

updated.
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6.2 Waste Release

The waste release from the near field is a critical parameterthat

affects the performanceof the RWMC. Empiricalvalues, thought to be

conservative,were used to model the waste releaseprocess. A more

mechanisticmodel, based on up-to-datedata and integratingwaste release,

geochemical,and hydrologicalprocesses, should be developed. This model

would allow full credit to be taken for the RWMC unique propertiesrather

than making conservativeassumptions.

The developmentof a more detailed waste release model will require

data more appropriateto the near field that are not currently available.

This could require field experimentsthat are not yet planned (e.g.,

lysimeters that simulateburied waste). The planning and implementation

of such experimentswill require the integrationof modeling needswith

other planning factors.

6.3 Cover

Depth of cover is an importantconsideration,particularlyfor those

pathways that act to move radionuclidesto the surface. Past practices

have included several instancesof new cover being added. Current records

are not sufficientto accuratelyproject the cumulativecover depth. In

situ studies are needed to obtain best estimatesof the depth of soil

above the waste throughoutthe RMWC.

6.4 UnsaturatedZone

For this iterationof the RWMC performanceassessmenta simple,

one-dimensional,unsaturatedzone flow and transportmodel was used. A

more detailed, site-specific,unsaturatedflow and transportmodel (FLASH

and FLAME) has been developedby the EG&G Idaho GeosciencesUnit.

Although undocumented,this code is more appropriatefor the subsurface

transport of radionuclidesand may more adequatelydeal with flow and
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transportthrough basalt and unsaturated,arid conditions. Documentation

and implementationof the code should be a part of further performance

assessment efforts. In addition,use of a site-specificmodel will

require site-specificdata that are not currentlyavailable. As discussed

in Section 6.2, field experimentsto obtain these data should be

considered.

6.5 Aquifer

A simple, one-dimensionalflow and transportcode was used to model

ground water flow. A mo,re complex, two-dimensionalcode (Magnum-2D)is

available and is currently being used for other projects at the INEL.

This code should be considered for use in furtherevaluations.

6.6 Future EnvironmentalConditions

One of the most difficult areas of the assessmentto address was

future environmentalconditions. With model projectionsbeing made

thousands,and in one case millions, of years in the future,the modeler

should consider changes in the environmentthat may be caused by changes

in climatic and geologic factors. For example, flooding of the RWMC by

surfacewaters was not consideredbecause studiesof potential floodingof

the INEL by a failure of the Mackay dam indicatesthat the RWMC would not

be flooded as a result of such a failure (Koslowand Van Haaftan 1986).

This, however, assumes that the spreadingareas are still in existence.

Climatic changes could include increasedrainfallrates that would change

the nature of subsurfacetransport. Erosionrates could also change with

time. At a minimum, a literaturesearch could be performedto project the

impact of differentclimatic scenarios. These scenarioscould be .

evaluatedand included in the uncertaintyanalyses.

6.7 Sensitivityand UncertaintyAnalyses

Because of the complex structureof the near-fieldmodel, which

employs coupled differentialequations,a differentialuncertainty
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analysis technique may be more appropriate. This methodology was not

developed to a sufficient extent to apply it to this performance

assessment. However, the technique shows promise and should be considered
when avai 1able.

.¢tj
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APPENDIXA

DETAILEDMETHODOLOGY

A,I INTRODUCTION

This appendixdiscussesthe methodsused in the performance

assessment.A near-fieldmodelwas developedto simulateradionuclide

transportfrom buriedwastecontainerswithinthe facilityboundaryto

mediawheretho nuclidescan be transportedoffsite. Thesemediaare

surfacesoil and subsurfacesoil. Two main environmentaltransport

pathwayswere modeled: airbornetransportof resuspendedcontaminated

soilparticlesand groundwatertransport.In addition,inadvertent

intruderscenarioswere developed.Eachof thesetopicsare discussedin

this appendix. The radondose calculationmethodologyis also presented.
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A.2 NEAR-FIELDMODEL

As discussedin Section3.3.1,the near-fieldmodeldescribesthe

releaseof radionuclidesfrom buriedwasteand subsequenttransportwithin

the RWMC to surfacesoil and subsurfacemediabelowthe buriedwaste.

Projectionsof radionuclidesin the surfaceand subsurfacemediawere then

used as inputintothe environmentaltransportmodels.

A.2.1 ConceptualModel

The conceptualmodelwas dividedintotwo separateconceptualmodels.

The new pitsmodeladdressesLLW wasteburiedin pitsgreaterthan 5_m

deep. lt representswasteemplaced,since1975,in Pits 15 through20.

Beginningwith Pit 17, in 1982,the pitswere excavateddeep into basalt

to a depthup to 9 m. Pits 15 through20 are situatedadjacentto each

otherin an approximatelyrectangulararea (seeFigure2-20). For this

reason,theywere treatedas one largepit. The assumedprofileof pits

15 through20 is shownin FigureA-I. A totalcoverof 4.89_mthickness

is assumedat the time of closurein 2089. The totalarea of thesepits

was estimatedto be approximately3.13 E+4m2.

The old pitsmodeladdressesLLW wasteburiedin trenchesand pits

between1964through1974. The pitsand trencheswere excavatedto

basalt. Wastewas emplacedat averagedepthof 3.66 m and coveredwith

.61m of soil (EG&G1984). A latercoverof, at a minimum,.61m was

addedin 1984. A totalcoverof 4.87m is assumedto be presentat

closurein 2089. The assumedprofileof the old pits is shownin

FigureA-2. The totalarea of the pits and trencheswas estimatedto be

approximately8.64 E+4 m2.

The coverin both conceptualmodelswas assumedto erodeat a rate of

0.05 cm/yr(seeSectionA.2.3). At this rate,the operationalcoverwill

have eroded6 cm by the time of closure. Thus,the coverthicknessused

in the modelsfor the year 2089was 4.8 m. The coverwas furtherassumed
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Figure A-I. Conceptualprofileof new pits.
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FigureA-2. Conceptualprofileof oldpits.
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to erode to a level that is equivalent to the current surrounding

elevation. The cover was estimated to erode to a final thickness of 2.4 m

in the year 7069. At this point in time it was assumedthat the net

erosion of the cover is zero. Any loss of radionuclideswas assumed to

occur by resuspensionof particlesless than 100 /_min diameter (see

Section A.2.4). The loss of soil particleswas assumed to be replaced by

deposition.

The conceptual model shown in Figures A-3 throughA-5 represents the

old pits area. The model is presented in three figures because of its

complexity. Each figure correspondsto a different cover regime. The

first is the original cover emplaced during operations (1964 through

1984). The second includesthe cover emplaced in 1984. The third

includes the final cover after erosion has decreased the depth to ambient

elevation in 7069. This model addresses the cover between 2089 and 7069.

lt was assumed that the depth of the cover was sufficientto preclude

biotic intrusionduring this period. Any movement of long-lived

radionuclidesto the surfaceduring this period from soils contaminated

before 2089 would be minimal compared to the movement of radionuclides

from buried waste compartmentswhen biotic intrusionoccurs again in

7069. In addition,the impact of short-livedradionuclideswould peak

well before the cover is added in 2089. Thus, it was assumed that there

is no transport of radionuclidesto the surfacebetween 2089 and 7069. lt

should be noted that the subsurfacetransportof radionuclides (i.e., from

waste to soil to subsurfacemedia) was assumedto continue during the

period from 2089 through 7069.

Tables A-I and A-2 describe individualcompartmentsand transport

pathways in the old pits model. Tables A-3 and A-4 describe individual

compartmentsand transportpathways in the new pits model. The transport

pathways modeled were selected from a much larger set of potential

pathwaysmodeled previously (Shumanet al. 1985). The other pathways

(e.g., small mammal ingestionand defecation)were eliminated from this

model because a sensitivityanalysisdemonstratedthem to be relatively

insignificant.
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FigureA-3. Conceptualmodel of the transportof radionuclides
in the near-fieldof the old pit disposal area from
1964 through 1984.
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in the near-field of the old pit disposal area from
7069 through 12064.
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TableA-1. Definitionof compartmentsin the old pit near-fieldmodel

Compartment Compartment Compartment
Number Name Description

I Surfacesoil Top 40 cm of coversoil
(2089-11964)

2 Uppersoil 40 cm of coversoil
(2089-11964)

3 Surfacesoil Top 40 cm of coversoil
(1985-2089)

Uppersoil 40 cm of coversoil
(2089-11964)

4 Uppersoil 40 cm of coversoil
(1985-11964)

5 Surfacesoil Top 40 cm of coversoil
(1964-1984)

Uppersoil 40 cm of coversoil
(1985-11964)

6 Uppersoil 40 cm of coversoil
(1964-2089)

7 Waste soil 183 cmof waste soil

8 Wastesoil 183 cm of wastesoil

9 Subsurfacemedia Vadosezone and aquifer
beneathdisposedwaste

10 Shallowrootedplants CrestedWheatgrass

11 Deep-rootedplants RussianThistle(1964-2089)
Sagebrush(2089-11964)

12 Air/Soil Air and offsitesoil

13 Activatedmetals Activatedmetalwaste

14 Woodenboxes LLW disposedin woodenboxes -

15 Metalcontainers LLW disposedin drums
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Table A-1. (continued)

Compartment Compartment Compartment
Number Name l;)escription

IE Cardboardboxesor bales LLWdisposedin cardboardboxes
or bales

,w

17 Floodedsoils Soilsoutsidethe RWMC
contaminatedduringspring

" snowmeltin 1962and 1969.
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TableA-2. Transportprocessesand sourcetermsrepresentedin old pits
near-fieldmodel

CompartmentNumber TransportProcess

From To, ,

I 12 Resuspensionof soil

3,5 12 Erosionof soil

1,2,3,4 11 Uptakeof nuclidesby deep-rootedplants
5,6,7,

3,2,5,6,7 10 Uptakeof nuclidesby shallow-rootedplants

11 1,2,3, Deathand decayof deep-rootedplantsin soil
4,5,6,
7

10 1,2,3, Deathand decayof shallow-rootedplantsin soil
4,5,6,
7

2,3,4 I Movementof soil to surfaceby burrowingmammals

3,4,5,6 3 Movementof soilto surfaceby burrowingmammals

6,7 5 Movementof soil to surfaceby burrowingmammals

1 2--
2 3
3 4
4 5 - Radionuclidetransportvia infiltration
5 6
6 7
7 8
8 g--

13 7,8 Releaseof activationproductsfrommetalto burial
soil

14 7,8 Releaseof radionuclidesfromwoodenboxesto
burialsoil

15 7,8 Releaseof radionuclidesfrommetalcontainers
to burialsoil

16 7,8 Releaseof radionuclidesfromcardboardboxesand
balesto burialsoil
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Table A-2. (continued)

CompartmentNumber Source Terms

From To

$5 5 Radionuclides deposited on RWMCsurface during
flooding of 1962 and 1969.

. S13 13 Radionuclide inventory disposed as activated metals

Sl4 14 Radionuclideinventorydisposedin woodenboxes

$15 15 Radionuclideinventorydisposedin metalcontainers

S16 16 Radionuclideinventorydisposedin cardboardboxes
or bales

$17 17 Radionuclidesdepositedoutsidethe RWMCduring
floodingof 1962and 1969.
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Table A-3. Definitionof compartmentsin the new pit near-fieldmodel

Compartment Compartment Compartment
Number Name Description

I Surface soil Top 40 cm of cover soil
(2089-11975)

2 Surface soil Top 40 cm of cover soil
(1975-2089)

Upper soil 40 cm of cover soil
(2089-11975)

3 Upper soil 40 cm of cover soil
(1985-11975)

4 Upper soil 40 cm of cover soil
(1985-11975)

5 Surface soil 40 cm of cover soil
(1985-11975)

6 Upper soil 40 cm of cover soil
(1985-11975)

7 Waste soil 183 cm of waste soil

8 Waste soil 183 cm of waste soil

9 Subsurfacemedia Vadose zone and aquifer
beneath disposed waste

10 Shallow rooted plants Crested Wheatgrass (1975-2089)

11 Deep-rootedplants RussianThistle (1975-2089)
Sagebrush (2089-11975)

12 Air/soil Air and offsite soil

13 Activatedmetals Activatedmetal waste

14 Wooden boxes LLW disposed in wooden boxes

15 Metal containers LLW disposed in drums

16 Cardboardboxes or bales LLW disposed in cardboardboxes
or bales
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TableA-4. Transportprocessesand sourcetermsrepresentedin.new pits
near-fieldmodel

CompartmentNumber TransportProcess

From To

I 12 Resuspensionof soil
c

2 12 Erosionof soil

1,2,3,4 11 Uptakeof nuclidesby deep-rootedplants
5,6,7

2,3,4 10 Uptakeof nuclidesby shallow-rootedplants

11 1,2,3, Deathand decayof deep-rootedplantsin soil
4,5,6,
7

10 2,3, Deathand decayof shallow-rootedplants,in soil
4

2,3,4 I Movementof soilto surfaceby burrowingmammals

3,4,5,6 2 Movementof soilto surfaceby burrowingmammals

I 2--
2 3
3 4
4 5 - Radionuclidetransportvia infiltration
5 6
6 7
7 8
8 9 m

13 7,8 Releaseof activationproductsfrommetalto burial
soil

14 7,8 Releaseof radionuclidesfromwoodenboxesto
burialsoil

15 7,8 Releaseof radionuclidesfrommetalcontainers
to burialsoil

16 7,8 Releaseof radionuclidesfromcardboardboxesand
balesto burialsoil
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Table A-4. (continued)

CompartmentNumber Source Terms

From .... To

S13 13 Radionuclide inventory disposed as activated metals .

$14 14 Radionuclide inventory disposed in woodenboxes

$15 15 Radionuclide inventory disposed in meta] containers

$16 16 Radionuclide inventory disposed in cardboard boxes
or bales
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FigureA-6 presentsthe new pit model. As describedabove,the final

coverwas assumedaftererosionto be 2.4-mdeep. Thismodelalso

suppressessubsurfaceto surfacetransportduringthe periodfrom2089 to

7069,when bioticintrusionis precluded.

" A.2.2 MathematicalModel

The informationsuppliedbelowaboutthe DOSTOMANcomputercode is

adaptedfromRoot (1981). Additionsto and refinementsof the model,in

adaptingit for use at the INEL,havebeen included.

Basedupon a conceptualmodel,appropriatedata are inputinto

DOSTOMAN,whichcalculatesthe transferof radionuclidesbetweenmodel

compartments.The generalequationgoverningradionuclidemovement

accountsfor the fourfactorsdeterminingthe radionuclideinventoryin a

givencompartment:

I. Transferin from othercompartments

2. Transferout to othercompartments

3. Sourceor sinkterms

4. Radioactivedecay.

Thesefactorsare incorporatedintothe followinglineardifferential

equation:

dQm N N

----=dt m _'=I _n'mQn - m Z=I _m,nQm - _RQm _+ Sm (A-I)

where

Qm = the quantityof radionuclidein compartmentm (Ci)

Qn = the quantityof radionuclidein compartmentn (Ci)
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Figure A-6. Conceptual model of the transport of radionuclides
in the near-field ot: the new pit disposal area.
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)'n,m - the rateconstantfor the transportof radionuclides
fromcompartmentn to compartmentm (yr"I)

_m,n = the rateconstantfor the transportof radionuclides
fromcompartmentm to compartmentn (yr"I)

_R = the decayconstantfor the radionuclide(yr"I)

Sm = a sourceor sinkterm in compartmentm (Ci/yr)

N = the totalnumberof compartmentsunderconsideration.

The firsttermto the rightof the equalsignin the equationis the sum

of all inputratesto compartmentn. The secondand thirdtermsare the

sum of all loss ratesfrom compartmentn, whilethe fourthterm is the

gain or loss in compartmentn becauseof sourcesor sinks.

The modelis a seriesof simultaneous,lineardifferentialequationsthat

definethe radionuclideinventoryin compartmentm with time,as a function

of rate constants(_km,n and )kR);sourcesand sinks(Sn);the
initialradionuclideinventory(Q°);and the time increment(At).

This seriesof equationscan be expressedin matrixtermsas

A • X = B . (A-2)

The solutionto this equationis X = A'IB and is accomplishedby

Gauss-Jordanelimination(e.g.,Burdenet al. 1978). The resultis the

valuefor Qm at timet for each compartmentm. This valueis the

radionuclideinventoryaveragedfor the entirecompartmentm. The

methodologyand inputparametersemployedin calculatingthe rate

constants(_n,m)are discussedin the followingsections.

A.2.3 Erosionof Cover

Erosionof surfacesoilcan occurvia wind and surfacewaterrunoff.

Soilerosioncausedby wind was evaluatedusingmethodologydescribedin
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Isrealsen et al. (1980). The equation used was developed for determining

wind erosion on highway construction sites. This is appropriate for the

RWHCduring active operations, but probably overestimates soil loss

following closure. The formula is

E' - I' • C' • K' • V' • L' (A-3) "

where

E' - soilloss by wind in tons/acre/yr(assumesan activelayer

of 8 cre)

I' - soilwind erodibilityfactor

C' = localwind erosionclimaticfactor

K' = soil surfaceroughnessfactor

V' --vegetativefactor

L' - lengthof the unshieldeddistanceparallelto wind in the

directionof thewind fetch.

The soilwind erodibilityfactor(I') is the potentialsoilloss in

ton/acre/yrfrom a wide unsheltered,isolated,bareand smoothcrustedor

noncrustedsoil expanse. The I' valueis determinedby dry-sievinga soil

samplethrougha 20-meshscreenand comparingthe percentageof particles

largerthan 20-meshfromTableA-5. No data are currentlyavailableon

the mechanicalcompositionof RWMC soils. Data on soilscollectedfrom

the BORAXarea (Chapin1980),whichis closeto the RWMC,were thus used

(seeTableA-6 and FigureA-7). FromFigureA-7, the percentof soilnot

passingthrougha 20-meshscreenis approximately1%. The I' value

correspondingto thispercentageis 310 ton/acrefor noncrustedsoil

surfacesand 51.7 ton/acrefor crustedsoil surfaces, lt was assumed,

basedon visualobservationsof the RWMC,that75% of RWMC surfacesoils

arecrusted. Thus the weightedI' valuewas calculatedas follows:
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Table A-5 Soil wind erodibility index I 'a

Percent of Dry Soil
got Passing a 20 0 IZ 2Z 3Z 4Z 5Z 6Z 7Z 8Z 9Z

Mesh, Screen

(Unite) Non-crusted Soil Surface (tons/acre)

0 - 310 250 220 195 • 180 170 160 150 140
I0 134 131 128 125 121 117 113 I09 106 102
20 98 95 92 90 88 86 83 81 79 76
30 74 72 71 69 67 65 63 62 60 58
40 56 54 52 51 50 48 47 45 43 41

4

50 38 36 33 31 29 27 25 24 23 22
60 21 20 19 18 17 16 16 15 ]4 13
70 12 11 10 8 7 6 4 3 3 2
80 2 ..........

Fully Crusted Soil Surface (tons/acre)

0 - 51.7 41,7 36.7 32.5 30.0 28.3 26.7 25.0 23.3
10 22.3 21.8 21.3 20,8 20.2 19.5 18.8 18.2 17.7 17.0
20 16.3 15.8 15.3 15.0 14.7 14.3 13.8 13.5 13.2 12.7
30 12.3 12.0 11.8 11.5 11.2 10.8 10.5 10.3 10.0 9.7
40 9.3 9.0 8.7 8,5 8.3 8,0 7.8 7,5 7.2 6.8
50 6.3 6,0 5,5 5.2 4.8 4,5 4.2 4,0 3.8 3.7
60 3.5 3.3 3.2 3.0 2.8 2.7 2.7 2.5 2.3 2.2
70 2.0 1.8 1.7 1,3 1,2 1.0 0.7 0.5 0.5 0.3
80 0.3 .........

a. Isrealsen et al. (1980).

Table A-6, Hechanica] composition of INEL soils a

Depth Below

Sample Land S_:rface Typical
Number Location (m) Area

2A SW 1/4 SE 1/4 NE 1/4 Sec. 18, T2N, R29E 4.27 co 4.42 BORAX

25 NW I/4 SW 1/4 Sec. 19, T3N, R30E 1.77 co 2.13 CPP, TEA

27 NW 1/4 SW 1/4 Sec. 19, T3N, R30E 1.16 Co 1.58 CPP, TEA

31 SW 1/4 NE I/4 Sec. 8, T3N, R30E 0.3 to 0.46 CPP, TEA

40 SW 1/4 SW 1/4 SE 1/4 Sec. 35, T2N, R31E 0.09 to 0.21 ARA

. 44 NE 1/4 NE 1/4 NE 1/4 Sec. 8, T3N, R30E 0.3 _o 0.61 CPP, TEA

a. Chapin (1980).
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I' - (0.25 • 310 + 0.75 • 51.7) ton/acre - 1X6.28 ton/acre (A-4)

The monthlyisovaluesof the localwind erosionclimaticfactorC' are

givenon maps presentedin FiguresA-8 throughA-13. Fromthesefigures,

C' was determinedfor eachmonth.The valuesare tabulatedbelow:

January = 200 July = 225

February - 200 August - 80

March - 300 September- 200

April = 250 October - 125

May - 250 November m 30

June - 90 December - 200

Assumingthat the RWMC surfacesoil is not exposedto windsduringthe

wintermonths,the annualC' valuewas determinedby summingthe monthly

C' valuesfor the monthsof AprilthroughOctober. The sum is 1220or

12.2%.

The soil roughnessfactor(K')is a measureof the naturalor

artificialroughnessof the soilsurfacein the formof ridgesor small

undulations.The soil at the RWMCtendsto clumpas it dries,forminga

fairlyroughsurface, ltwas assumed,basedon observationof the RWMC,

thatthe heightof the roughnesselementsis approximately3 cm. From

FigureA-14,a valueof around0.5 was selectedfor K'.

The vegetativefactor(V')representsequivalentpoundsof vegetative

matteras a roughnesselement, lt is obtained,usingtheweightof

organicmaterialin soil,fromFigureA-15. The weightof organic

material,in thousandsof poundsper acre,is calculatedby multiplying

the fractionof organicmaterialin soil by I E+6. No data are currently

availableon the fractionof organicmaterialin RWMCsurfacesoils. The

soilsof the SnakeRiverPlainare classifiedas Aridisols.The RWMC is

locatedin an area classifiedas frigidAridisol. The percentorganic

carboncontentof a similarfrigidsoil,an AridicArgiborollfromBlaine
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Figure A-8. Wind erosion C' factor isomaps for the United States
(January and February) (Isrealsen et al. 1980).
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FigureA-9. Wind erosionC' factorisomapsfor the UnitedStates
(Marchand April)(Isrealsenet al. 1980).
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FigureA-lO. Wind erosionC' factorisomapsfor the UnitedStates
(Mayand June) (Isrealsenet al. Ig80).
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AUGUST

FigureA-II. Wind erosionC' factorisomapsforthe UnitedStates
(_uly and August) (Isrealsenet al. 1980).
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Figure A-12. Winderosion C' factor isomapsfor the United States
(September and October) (Isrealsen et al. 1980).
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DECEMBER

Figure A-13. Wind erosion C' factor isomaps for the United States
(November and December) ([srealsen et al. 1980).
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FigureA-14. Wind soilroughnessfactorK' versussoil roughness
heightKr (Isrealsenet al. 1980).
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FigureA-15. VegetativefactorV' versusR' (Isrealsenet al. 1980).
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County, Montana, is shownin Table A-7 (USDA1975). Pageet al. (1982)

states that the percent of organic carbon is typically multiplied by a

factor of 1.9 for surface soil and by 2.5 for subsoils to obtain the
percent of organic matter. The estimated organic matter values (R') are

also shownin Table A-7 (the organic matter fractions are multiplied by

106 to yield R'). Using Figure A-15 and these values, V' could range

anywherefromapproximately48,000to over 100,000Ib/acre. If one looks

at the nomograph(FigureA-16)used for the solutionof the soilloss

equation,any valueof V' greaterthan 18,000Ib/acreis out of the range

of the nomographand requiresextrapolation.For the sakeof simplicity,

and to be conservative,a V' of 18,000Ib/acrewas selected. Becausethe

RWMC is coveredwith lakebed soil fromthe spreadingareas(Figure2-12),

the low organicmatterof the subsoilhorizonsmay be appropriate.

To estimatethe lengthparallelto the preponderantwind direction

(L'),it was assumedthat the area of assessmentis a square. The areas

of the old burialground(8.64E+4m2) and the new pits (3.13E+4 m2)

were summed(I.1BE+5 m2). The lengthof one side of a squareof this

area is 3.43 E+2 m.

The nomographicchartfor solutionof the wind soilloss equationis

shownin FigureA-16. Becausethe valueof I'K'C'(709ton/acre)is well

off the scaleon the nomograph,the problemwas dividedintotwo parts.

The erosionrate fromAprilthroughJune and fromJuly throughOctober

were calculatedseparately.Fromthe nomograph,the erosionrateduring

AprilthroughJune is I ton/acre. The erosionrate duringJuly through

Octoberis 2 ton/acre. The totalerosionrate is 3 ton/acre/yr

(672.27g/m2/yr). This compareswellwith the resuspensionrate

calculatedin SectionA.2.4. If one used an activesoil layerof 8 cm,

whichis assumedfor the soilerosionformula,the resuspensionrate of

1.09 E-lO s"1 is equivalentto an erosionrate of 1.76ton/acre/yr.

Becauseresuspensionaffectsparticles<I00#,one wouldexpectthe

resuspensionrate to be lessthan the erosionrate.
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TableA-7. RepresentativeAridisolsoil seriesand percentorganic
carboncontenta

Horizon Deuth(cm) % Orqaniccarbon % Orqanicmaterial R'

AI 0-5 2.06 3.92b 39,200

BI 5-13 1.29 2.45b 24,500

B21t 13-23 0.97 2.43c 24,300

B22t 23-33 0.74 1.85c 18,500

B23t 33-48 0.76 1.90c 19,000

B3ca 48-64 0.67 1.68c 16,800

Clca 64-95 0.50 1.25c 12,500

C2ca 95-135 0.35 0.88c 8,800

C3 135-165 0.31 0.78c 7,800

a. USDA(1975).
b. Calculated by multiplying the percent of organic carbon by a factor
of 1.9.
c. Calculated by multiplying the percent of organic carbon by a factor
of 2.5.
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The loss of soil becauseof entrainedparticlesin surfacewater

runoffwas estimatedusingresultsobtainedfrom surfacerunoffsamples

collectedat the SDA pump. The waterpumpedfromthe SDA representsall

surfacerunoffdrainingthe SDA. Significants,lrfacerunofftypically

occursfor a few days in the spring,when the snowmelts. The water

samplesare collectedin 4-I bottlesand are assessedfor particulate

concentrations,as well as radionuclideconcentrations.Resultsfrom 1983

. through1988are presentedin TableA-8. Usingthe probability

distributionfunctionin MINITAB(Ryanet al. 1985),it was determined

thatthe data are lognormallydistributed.The geometricmean of the

particulateconcentrationdata is 0.41mg/mL. The 95% confidenceinterval

is from0.10 to 1.74mg/mL. To be conservative,the maximumparticulate

concentration,2.13mg/mL,was used in the erosioncalculations.Usingan

averageprecipitationrate of 23.03cm/yr,the surfacewatererosionrate

was estimatedto be 49.04g/m2/yr.

The totalsoilerosionratefor the RWMC is the sum of the soil loss

becauseof wind and the soillossbecauseof surfacewaterrunoff. The

totalused in the assessmentis 721 g/m2/yr. At this rate,the cover

erodesat approximately0.048cm/yr. Therefore,it takesabout830 yr for

a 40-cmsectionof cover(thesizeof each soilcompartmentin the

near-fieldmodel)to erode.

To approximatethe lossof radionuclidesfromsurfacesoil,via

erosion,in the DOSTOMANcode,the erosionrate had to be convertedto an

erosionrateconstantthat couldbe used in a firstorderdifferential

equation(note:this assumesthat radionuclidesare lost in direct

proportionto soilparticleloss). Becausethe DOSTOMANcode only solves

differentialequations,the use of a constantfractionalerosionrate

(i.e.,O.O012/yr)wouldresultin a nonlinearcoverloss function. That

is, the initialquantityof radionuclideslostwouldbe the highest

• amount,and successivelosseswouldbecomesmallerand smaller. Usingan

erosionrate,the coverloss is a linearfunction.An exponential

functionwas thusdeterminedthatwouldsimulatea near-linearcoverloss
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Table A-8. Particulate concentrations in surface water samplescollected
at the SDApump

Weightof particulates Particulateconcentration
• Date i (mq) (llmq/mL)

3/10/83 7390, 8530a 1.85, 2.13

6/27/83 640a 0.16

3/14/84 7200b 1.80

3/21/85 800c 0.20

4/02/85 396c 0.10

2/18/86 6523d 1.63

4/22/88 92.2e 0.02

a. Blanchfield and Hoffman (1984).
b. Reyes et al. (1985).
c. Reyes et al. (1986).
d. Reyes et al. (1987).
e. Tkachyk et al. (19893.
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functionin the DOSTOMANcode. To accomplishthis,the fractionof soil

mass removedeachyear from a 40-cmdeep sectionof coverwas convertedto

a naturallogarithm.A linearregressionwas performedon the converted

data usingMINITAB. The resultingformulais

k = 7.318 E-4 • exp(O.O0359 • time) . (A-5)

• The variable k is the rate constant input into the DOSTOMANcode for rate

constants X2,12, X3,12, and X5,12" The validity of
using this rate constant was checkedby modeling the erosion process with

the TIME-ZEROcode (Ktrchner lg8g). Twomodelswere simulated using

TIME-ZERO. The first model was a simple linear model that simulated the

estimated loss of cover using a constant rate of 0.012 cm/yr. The second

modelwas a first order differential equation

Cover(t)= -k • Cover (A-6)

0

where Cover(t) is the amountof cover (massor curies) at time t and k is
the rate constant, which varies with time and was described previously.

Figure A-17 showsthe results of the two simulations. The figure shows

that the differential equation model tracks the linear model fairly

closely.

The erosion rate constant was not used in the modelduring the period

after the year 7069. It was assumedthat at this point in time that the
net cover erosion is zero. The surface of the cover is level with the

ambient elevation and there is no net soil loss becauseof erosion. That

is,whateversoil loss occursis replacedby deposition,lt was further

assumedthat the surfacesoil is fairlystableand radionuclideloss

occursprimarilyby resuspension.See SectionA.2.4for a descriptionof

the derivationof the resuspensionrateconstant(_2,12)"
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The points labeled as "estimated"represent the model
that uses a constant rate of soil erosion (i.e., a
linear equation). The points labeled as "model input"
representthe first order differentialequation that
uses a rate constant that varies with time.

Figure A-17. Results of linear and first-orderdifferentialequation
erosion model simulations.
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A.2.4 ResusoenslonRate Constant

Transport of surface soil to air via resuspension was quantified

using experimental results of Sehmel(1978). In these experiments, a

submicrometer calcium molybdate tracer was deposited in a ltghtly

- vegetated area at Hanford. Resuspendedparticles were collected using a

cowled impactor, which always faced into the wind. Measurementswere made

. at specific wind speeds, as measuredat a height of 2.1 m above the

ground. Resuspensionrates were calculated from a massbalance calculated

from the profile. Respirable particles were separated into nominal

diameters for unit-density spheres of 7, 3.3, 2.0, and 1.1 #m and

smaller particles on the backup filters. Tracer resuspension rates are

plotted as function of particle diameter and wind-speed increments in

Figure A-18. Note that considerable uncertainty is associated with the

data obtained during the winter months (January 16 through February 18,

1974), whenwind intervals with wide speed intervals were used. If the

winter data is excluded, the resuspension rates for all sizes increase

with wind speed to the 4.8 power. For this reason, and because it is the

most conservative mode], the formula that was derived from the backup

filter particles was used.

RR= 1.96 E-13 (_)4.82 (A-7)

where

m

U = mean wind speed.

In a neutralatmosphere,wheretemperaturedecreasewith heightis

adiabatic,the frictionvelocityis relatedto wind speedby

- Z
• K) + ]n (A-8)

Zo
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where

#Z = measuredwind speed at height Z (m/s)

K = von Karmanconstant (found by integration to be equal to

" 0.4)

• Z = height at which wind speedmeasurementsare taken (m)

Zo = height at which wind speed is zero (m).

Wind speeddata used in dispersion calculations are measuredby NOAA

at a height of 10 m (Z). A value of 0.034 m, indicative of lightly

vegetated deserts (Sehmel 1978), can be used for Zo. Substitution of
the above relationship in the Sehmelequation, thus yields the following:

RR= 7.04 E-8 #.4.82 . (A-9)

Wind speeddata used in the determinationof #. are presentedin

TableA-9. The valuesin the tableare basedon meteorologicaldata

measuredby NOAAduringthe years1981through1985. To be conservative,

the maximumwind speedwas usedto representeachwind speedclass. In

the case of calms,the wind speedusedwas 0.1 m/s. Thesevelocitieswere

weightedby the frequencyof occurrence.Usingthis information,#Z

was calculatedto be 3.71m/s and#. was determinedto be 0.26. The

resuspensionrate constantwas then estimatedto be 1.09 E-lOs"I.

The resuspensionrateconstantwas used in the near-fieldmodelto

accountfor lossof radionuclidesfrom the coversoilafterthe year 7069

(_1,12)" lt was alsoused to estimatethe sourceterm for input
intothe AIRDOS-EPAcode. The annualrateconstant(3.44E-3yr-I) was

multipliedby the soilconcentrationto yieldthe annualreleaserate

(Ci/yr).
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A.2.5 WasteSourceTerms

The source terms S5 and Sl7 in the old pits conceptual model
(Figure A-3) represent the movementof radionuclides from waste emplaced

in open pits to surface soil, both onsite and offsite, during two separate

" floodingeventsin 1962and 1969. The primaryradionuclidesaffectedby

theseeventswere Pu-239and Am-241. The magnitudeof thesesourceterms,

• by compartment,is givenin TableA-IO. The totalactivityfor each

nuclidewas assumedto be releasedin 1969alone.

The S5 and S17 sourcetermsincluderadioactivityalsotakeninto

accountin sourcetermsS28, $29, and S30. Thus,the lattersource

termsare inflatedby the amountsof activityin SI and S2 terms.

However,becausethe magnitudeof the SI and S2 termsis small,the

doublecountingwas consideredinsignificant.

The sourcetermsS13, S14, S15,and S16 (FiguresA-3 through

A-6) representthe activityburied,in theirrespectivecontainertypes,

duringthe operationalperiod. For the performanceassessment,the wastes

were assumedto be disposedin threetypesof containers.Thesewere

metalcontainersof varioustypes,woodenboxes,and cardboardboxesor

bales. The nuclideswere assumedto be distributedaccordingto the

volume,ratherthan the numberof containers.The assumedvolume

fractionsfor eachyear were basedon disposalrecordsfor containertypes

and averagecontainervolumes. TableA-11 showsthe volumefractions

assumedfor the years1964through1988. Duringthisperiod,cardboard

boxes,woodenboxes,and metalcontainersare estimatedto haveheldmore

than 90% of the totalcontainedwastevolumeenteringpitsat the RWMC.

(Thedisposalvolumeof largeuncontaineditems,such as trucks,was not

consideredin the calculation.)

" For eachyear,the disposedactivityfor a particularnuclidewas

distributedamongthe containertypesaccordingto the volumefractions

shownin TableA-11. Similardisposalratesfor a particularcontainer

were averagedto conformto the limitednumberof inputperiodsallowed
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TableA-lO. Radionuclidesourcetermsresultingfrom floodingat the RWMC

ActivityIn ActivityIn
SoilCompartment5 SoilCompartment17a

Radionuclide (CI) (Ci)

Pu-23g 3.00 E-2b,c 2.86 E-2 "

Am-241 1.49 E-3d 1.00 E-I

a. Adaptedfrom Markham(1976).
b. Adaptedfrom EG&G (Ig84a).
c. The precisionimpliedis maintainedto minimizeroundingerrorsin
modelcalculations.
d. Adaptedfrom EG&G (1984).
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Table A-II. Assumed waste volume fractionsfor each containertype for
RWMC performanceassessment

Cardboard Wooden Metal
Year ..... Boxesor Bales Boxes Containers

,,

1964 0.565 0.257 O.178
, ,

1965 0.729 0.172 0.100
1966 0.627 0.228 0.145
1967 0.670 0.178 0.152

....

1968 0'.621 0.262 0.117
1969 0.581 0.248 0.172
1970 0.484 0.380 0.135

......

1971 0.727 0.133 0.141
,,, ,,

1972 0.596 0.082 0.321
1973 0.437 O.192 0.371.........

1974 0.322 0.1 63 0.51 5....

1975 0.239 0.380 0.381
,,

1976 0.296 0.669 0.035.....

1977 0.274 0.618 0.108
1978 0.024 0.903 0.073

......

1979 0.009 0.988 0.003
1980 0.01 4 0.566 0.420
1981 0.024 0.721 0.255
1982 0.023 0.686 0.291
1983 0.047 0.800 O.153

,,

1984 0.107 0.806 0.087
.......

1985 0.108 0.733 0.159,,,

1986 0.01 6 0.858 0.1 26,,,

1987 0.001 0'819 0.180
1988 0.01 8 0.872 O.110
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for the modeling using DOSTOHAN.The input data are shownin Figures A-19

through A-46. Future disposal rates (for 1989 and beyond)were estimated

by extrapolating the recent estimated average rates for each nuclide and

container type.

A.2.6 Relea@eRatesfromRadioactiveWasteto BurialSoil

Wastenuclidesoriginatingthroughthe activationof metalcomponents

(e.g.,Co-60),were assumedto be releasedat a rate dependentupon

corrosionratesof stainlesssteel. The formulaused is

KcA (A-lO)
'_m,n = pV

where

Kc = corrosionrate of the metal(g/cm2 • yr)

A - surfacearea of the metalcomponent(cm2)

V = volumeof the metalcomponent(cm3)

p = densityof the metalcomponent(g/cm3).

A reviewof the possiblecomponentshapesled to the conclusionthat the

surfaceto volumeratio(A/V)couldbe approximatedby I/A,where

A is the metalthickness(EG&G1984a). Usinga minimumthicknessof

0.6 cm, a maximumcorrosionrate of 6.5 E-6g/cm2 • yr for Type304

stainlesssteel(Paigeet al. 1972),and a metaldensityof 7.8 g/cm3,

the rate constantwas calculated.Half of the materialwas assumedto

entereach burialsoil compartment.

The remainingradionuclidesmodeled(actinidesand fissionproducts)

were buriedin containersin the SDA. Threemajorcontainertypeswere

used: woodenboxes,cardboardboxes,and steeldrums.
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Figure A-19. Sr-90 in cardboard or bales.
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Figure A-20. Sr-90 in wooden boxes.
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Figure A-21. Sr-90 in metal containers.
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Figure A-22. Cs-137 in cardboardor bales.
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Figure A-23. Cs-137 in wooden boxes.
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Figure A-24. Cs-137 in metal containers
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Figure A-25. Pu-238 in cardboard or' bales.
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Figure A-26. Pu-238 in wooden boxes.
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Figure A-27. Pu-238 in metal containers•
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Figure A-28. Pu-239 in cardboardor bales.
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Figure A-29. Pu-239 in wooden boxes.
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Figure A-30. Pu-239 in meta] containers.
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Figure A-31. Pu-240 in cardboard or bales.
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Figure A-32. Pu-240 in wooden boxes.

A-52

DRAFT



.1 _--

!

Ri

0.01
' ' " 'n •

• •
I

Ci • • - []
[]

• mm
0.001 _-- m-__

[] T". in
,,,

i

o.ooo_ _ _,_,_ _ _ '
60 65 70 75 80 85 90

Year

Figure A-33. Pu-240 in metal containers.
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Figure A-34. Am-241 in cardboard or ba]es.

A-53

DRAFT



1 m
., ,_,

,,,,,

0.1 "
. ,

, ,

[]
, 0.01 -"

, ,,, ,

Ci ........... --

0.001
,

, ,, , , .... ,

mB

[] • []
0.0001 :.. -i . [] " " - ,

, i ,,
qB

,.,,,, ,,,,

0.00001 ............. -

60 65 70 75 80 85 90

Year

Figure A-35. Am-Z41 in woodenboxes.
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Figure A-36. Am-241 in metal containers.
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Figure A-37. Th-230 in cardboardor bales.
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Figure A-38. Th-230 in wooden boxes.
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Figure A-3g. Th-230 in metal containers.
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Figure A-40. U-234 in cardboard or bales.
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Figure A-41. U-234 in wooden boxes.
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Figure A-42. U-234 in metal containers.
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Figure A-43. U-238 in cardboard or bales.
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Figure A-44. U-238 in wooden boxes.
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Disposedwasteswere assumedto be immobileduringthe lifetimeof the

containersand then to undergogradualreleaseto the burialsoil. Data

in TableA-12 show containerlifetimesand transportrate constantsused

in the model. The valueswere estimatedthroughcomparisonof observed

concentrationsof Pu-23g/Pu-240in subpitsoil (Humphreyand Tingey1978)

" with DOSTOMANmodelpredictions.As the measuredconcentrationsresulted

at leastin part fromfloodingepisodes,it is expectedthat the estimated

- transportparameterswill lead to predictedsoilconcentrationshigher

than thosethatwill be experiencedin futureoperations.

A.2.7 BurialSoil to DeepStrata

Transportdownwardwas assumedto be due to hydrologictransport

alone. The rateconstantis givenby

Vnucl.

_m,n " Dm (A-11)

where

Dm = depthof soil compartmentm (m)

Vnucl"- radionuclidevelocitydue to hydrologictransport(m/yr).

The nuclidevelocityis givenby (Wilhite1978):

Vwater

Vnucl. = (I + KdR) (A-12)

where
m

Vwater = groundwatervelocity(m/yr)

Kd - distributioncoefficient(ml/g)
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TableA-12. Estimatedcontainerlifetimesand container-to-soil
transfercoefficientsa

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

Container Rate

Lifetime Constant

....ContainerType (yr) (yr-1)b_ ,
Woodenboxes 5 O.03
Cardboardboxes O.I 0.05
Steeldrums 15 0.01 ,

..,,

a. AdaptedfromHumphreyand Tingey(1978).
b. Totalrate constant;half of the materialwas assumedto
entereach burialsoilcompartment.

R - ratioof soilmineralweightper unitvolumeof soil

columnto watervolumeper unitvolumeof soilcolumn

(g/mL).

lt is assumedthat the groundwatervelocityin the unsaturatedzone

is proportionalto the rateof rechargeof waterat the surfaceand

inverselypropertionalto the mean volumetricmoisturecontent(NCRP

i984).

Sr
Vwater = (A-13)

MCv

where

Sr = rate of rechargeof waterat the surface(cm/yr)

MCv = mean volumetricmoisturecontent.

A paucityof data existson groundwaterrechargeby annual

precipitation.Walton(1970)citesa numberof studiesin the aridand

semiaridwesternU.S. in whichthe annualrechargeratewas 5 to 7% of the
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annualprecipitation.A valueof 5% was appliedto en annual

precipitationrateof 23.03cm/yr(EG&GIg84b).

The meanvolumetric moisture content can be conservatively assumedto

be equal to the field capacity, the water content at which moisture can no

' longerbe held againstgravity(NCRP1984). The fieldcapacitymay be

estimatedassumingthat 50% of the porespaceis occupiedby water (Foth

1978). The fieldcapacitywas calculatedusinga porosityof 0.35

(Robertson1977)for sediments.

This formulafor nuclidevelocitywas alsoused to describemovement

betweencover,surface,and burialsoilcompartments.Distribution

coefficientsused in thesecalculationsare listedin TableA-13. A value

of 8.6 g/mL was used for R, basedon bulk densityand moisturecontent

data fromthe INEL (Barracloughet al. 1976).

A.2.8. BurialSoil to SurfaceSoils

Transportbetweencompartmentsmay be in a downwarddirection,because

of hydrologictransport,and upward,becauseof plantuptakeand

subsequentdeathand animalexcavation.Soil broughtto the surfaceby

animalsmay be expectedto subsideovertime.

The incorporationof radionuclidesintosurfacesoilCompartmentsI

through6, becauseof plantrootdeath,was determinedusing

_m,n I (I - FABi)• FDi • FPi,n (A-14)

where

FABi I fractionof totalbionlassof plantspeciesi that is

aboveground
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TableA-13. Distributioncoefficientsused in hydrologictransport
calculationsin the near-field.modela

Element DistributionCoefficient(mL/g)

Co 1000
Sr 20 '
Cs 200
Ra 1000
Th 50
U 1000
Pu 2000
Am 700

a. DOE (1982)and EG&G (Ig84a).

FDi = fractionof belowgroundbiomassof plantspeciesi that

dies annually(yr-I)

FPi,n - fractionof root mass of plantspeciesi in soil
compartment n.

Assumedvaluesfor FDi were 1.0yr"1 for Russianthistle,an

annual,and 0.5 yr-I for crestedwheatgrassand for sagebrush(EG&G

1984a). Valuesfor FABi and FPi,m are includedin TableA-14.

The root depthsmeasuredby Reynolds(1989)did not exceed120 cm. To

make the modelmore conservative,the rootingdepthsand distributions

below120 cm assumedin McKenzieet al. (1982)for the "finalcommunity"

were used. The fractionalroot distributionsin Reynolds(1989)were

adjustedto accommodatethe additionaldepth.

The abovegroundbiomasswas assumedto enterthe uppermostsurface

soil layerat a rateequalto the annualdeathrate. The foliageof
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Table A-14. Data for plant uptake and death calculations

parameter Crested Wheatqrass RqssianThistle Sagebrush

Fraction of
aboveground

, biomass 0.32a 0.42b 0.50c

Fractional
root
distribution
(cm):

0-40 0.344d 0.25e 0.269e
40-80 0.313 0.26 0.27
80-120 0.343 0.31 0.281
120-160 0.09 0.09
160-200 0.04 0.04
200-240 0.04 0.04
>240 0.01 0.01

a. EG&G (1984a).
b. AdaptedfromClineet al. (Ig82).
c. AdaptedfromMcKenzieet al. (1982).
d. Adaptedfrom Reynolds(1989).
e. Adaptedfrom Reynolds(1989)and McKenzieet al. (1982).

RussianThistleand crestedwheatgrassdies at an annualrateof

1.0yr"I. lt was conservativelyassumedthat 50% of the sagebrush

abovegroundbiomassdies annually.

The RWMCwas modeledas a crestedwheatgrasscommunity,whichincludes

Russianthistle,beforeclosure. Afterclosure,it was assumedthat a

sagebrushcommunityinvadesand becomesdominant. The plantdensities

used are discussedin SectionA.2.g.

o

Soiltransportdue to burrowinganimalswas calculatedusing
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• 4

Ni * MBi " FNBi * FBi m
= i = l ' (A-15)

m,n MSm

where

Ni = numberof individualsof speciesi .

MBi = mass of soilmovedto surface,per individual,by

speciesi (g)

FNBi = fractionof new burrowsper year for speciesi (yr"I}

FBi,m = fractionof burrowsof speciesi in soil compartmentm

MSm = mass of soil compartmentm (g}.

Four species(deermice,montanevoles,kangaroorats,and ground

squirrels)comprisethe majorityof the smallmammalbiomassat the SDA

(Grovesand Keller1983). Burrowdepthdistributiondata are includedin

TableA-15. Population,soilmovement,and burrowrenewalratedata are

listedin TableA-16. The mass of each40-cmsoil compartment(usinga

densityof 1.5 g/mL)is 1.88 E+IOg for the new pit modeland 5.18 E+IO g

for the old pit model.

A.2.9 Plant Uptake

Soil nuclidemovementratesbecauseof plantuptakeare calculatedas

follows:

CR • PPi * FPi,m (A-16)
_m,n = MSm
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TableA-15. Fractionof soilsremovedper burrowfrom40-cmdepth
incrementsfor smallmammalsa

Species

Depth Deer Montane Kangaroo Ground
(cm) Mouse Vole Rat Squirrel

EDS modelw/coversoillayersI and 2:

0-40 .g83 1.0 0.571 0.620
40-80 .017 0.406 0.223
80-120 .... 0.023 0.149
120-160 ...... 0.006

a. T. D. Reynolds,U.S.Departmentof EnergyRadiologicaland
EnvironmentalSciencesLaboratory,to M. J. Case,EG&G Idaho,Inc.,
"Effectof soildisturbanceon burrowcharacteristicsof fivesmallmammal
species,"January30, 1989. Originalpercentagedata addedup to 90%.
Thesedata were adjustedso that the sum of the fractionsequal1.0.
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TableA-16. Burrowingmammalpopulationnumbersand soiltransportdata

Dear Montane Kangaroo Ground
parameter Mice Voles Rats Squirrels

Estimatednumberof
animals on SDA:a

New pit model:

1975-2089 626 432 138 85
7069-11975 532 41 103 91

Old pit model:

1964-2089 1728 1192 380 233
7069-11964 1469 112 285 250

Mass of soilmovedto
surfaceannually,perk
individualburrow(g)U 2.55 E+3 1.65E+3 1.08 E+4 4.19
E+4

Fractionof new burrows
peryearc 0.875 0.875 0.875 0.750

a. AdaptedfromGrovesand Keller(1983).
b. Adaptedfrom Reynoldsand Wakkinen(1987).
c. AdpatedfromMcKenzieet al. (1982).
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where

CR - concentrationratio

v_

PPi - net primaryproductivityfor plantspeciesi (g/yr)

FPi,m - fractionof rootmass of plantspeciesi in soil
compartmentm

MSm -mass of soilcompartmentm (g).

Rate constantswere calculatedfor crestedwheatgrassand Russianthistle

for soilCompartmentsI through6.

Plantconcentrationfactorsusedare l'_stedin TableA-17.

Abovegroundbiomassdata for eachplantspeciesare listedin TableA-18.

Applyingroot:shootratios,totalbiomasswas calculated,For Russian

thistle,the totalbiomasswas assumedto representannualproduction.A

similarassumptionwas made for the abovegroundportionof crested

wheatgrass;annualcrestedwheatgrassroot productionwas assumedto be

50% of the root biomass. The sum of thesetwo componentsyieldsannual

plantproductivity.Root:shootratiosand the calculatedplant

productivitiesare listedin TableA-18.

Rootdistributiondata are includedin TableA-14. The soil

compartmentmass was calculatedusinga soildensityof 1.5 g/cm3 as

1.88E+IOg for the new pit modeland 5.18 E+IOg for the old pit model.
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Table A-17, Plant uptake concentration factors used for the SDA

Radionuclide Russian Thistle Crested Wheatqrass Saqebrush

Coa 2.4 E-1 2.4 E-1 2.4 E-1
Sra 3.5 3.5 3.5
Csa 5.2 5.2 5.2 ,
PuP 4.6 E-5 1.7 E-5 4.6 E-5
AmD 1.4 E-3 6.0 E-4 1.4 E-3
Rac 1.4 E-3 1.4 E-3 1.4 E-3 .
Thc 4.2 E-3 4.2 E-3 4.2 E-3
Uc 2.5 E-3 2.5 E-3 2.5 E-3

a. Ng et al. (1982).
b. Price (1972).
c. McKenzieet al. (1982)

Table A-18. Plant species data for plant uptake rate constant
calculations

PlantSpecies

Parameter CrestedWheatqr_ss RussianThistle Saqebrush

Biomass(kg/m2)
Shoot= 1.10 E-I 3.27 E-2 4.6 E-2

Root:shootratio 2.1b 1.38c Id

Totalbiomass(kg)
New pit model 10,673 2,436 1,440
Old pit model 29,462 6,727 3,974

Annualplant
productivity(kg/yr)

New pit model 3,443 1,023 1,440
Old pit model 9,504 2,825 3,974 .

a. AdaptedfromArthur(1982).
b. EG&G (1984a).
c. Clineet al. (1982).
d. AdaptedfromMcKenzieet al. (1982).

A-69

DRAFT



A.3. AIRBORNETRANSPORT

The resuspensionrateconstant(seeSectionA.2_4)was usedto

estimatethe sourceterm for inputintothe AIRDOS-EPAcode for all

radionuclidesexceptradon(seeSectionA.7). The annualrateconstant

" (3.44E-03yr"I)was multipliedby the surfacesoilconcentration

projectedby the DOSTOMANcode to yieldthe annualreleaserate (Ci/yr).

The sourcetermwas modeledas a ground-levelrelease. The areaof

the releasewas assumedto be a circlewith a diameterof 200 m for the

new pit modeland 332 m for the old pitmodel.

The wind data usedare shownin TableA-g. The ingestionand

agricultureparametersused are thosepresentedin the Environmental

Assessmentof the Fuel ProcessingRestoration(FPREA) (DOE 1987). For

thosenuclidesnot includedin the FPR EA,defaultparametersin the

AIRDOS-EPAcodewere used. In orderto comparethe resultswith 40 CFR 61

criteria,the dose conversionfactorsin the EPA-RADRISKlibrarywere

used.

The maximumairborneradionuclideconcentrationat the INELSite

boundarywas determined,usingthe AIRDOS-EPAcode,to be approximately

6 km south-southwestof the RWMC. The maximallyexposedindividualwas

assumedto resideat this locationyear-round.The dosesreceivedby this

individualfrom airbornereleasesfromthe RWMCwere projectedduringthe

periodsof operationsand institutionalcontrol.

The populationdosewas determinedduringthe sametime periodsusing

. the projectedpopulationwithina 80-kmradius. The population

distributionshownin Figure2-16was increasedusinggrowthratesin the

FPR EA. Thesegrowthratesare as follows: 1980-85,1.87%;1985-90,

1.22%;1990-2000,1.12%;2000-2030,0.56%;and 2030-3000,1.00%.
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A.4 GROUNDWATERAND FOODCHAINTRANSPORT

A.4.1 IntrodqctiQn

The PATHRAE-EPAcomputercode (Rogersand Hung 1987)was used to model

the transportof radionuclidesin the vadosezoneand aquiferat the

'WMC. The scenariothatwas modeledincluded
=

• Leachingof radionuclidesfromthe waste

• Transportof radionuclidesin the vadosezone to the aquifer

• Transportof radionuclide_in the aquiferto a well

• Transportof radionuclidesin well waterthroughthe foodchain

to humans.

lt was assumedthata hypotheticalindividualoccupieda familyfarm

adjacentto the weil. Duringthe operationaland institutionalcontrol

periods,this personwas assumedto resideat the INELSite boundary,

4800 m fromthe RWMC. Duringthe post-institutionalcontrolperiod,this

personwas assumedto resideat the RWMC boundary. In eithercase,this

hypotheticalpersonwas assumedto be the maximallyexposedindividual.

The waterfrom the wellwas assumedto be used for humanconsumption,

wateringof stock,and irrigation.Therefore,the maximallyexposed

individualmay be exposedto radionuclidesthrougha varietyof exposure

pathways. The followingexposurepathwayswere consideredin this

analysis:

• Water-human

• Water-plant-human

• Water-animal-human

• Water-animal-animalproduct-human

• Water-plant-animal-human

• Water-plant-animal-animalproduct-human.
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A.4.2 Leachinaand Releasefrom theWaste

Leachingand the resultingreleaserate of radionuclidesfrom the

buriedwastewas determinedby the equation

Releaserate= Q _L • . (A-17)

. The leachrate,_L, and inventoryavailablefor release,Q, were

determinedusingthe DOSTOMANcomputercode (seeSectionA.2). The

maximuminventorycontainedin Compartments7 and 8 of the DOSTOMAN

near-fieldmodelwas used to calculatethe inventoryfor release. Because

old pits,new pits,and soilvaultswere modeledseparately,each areahad

a differentinventoryavailablefor release(seeTableA-Ig). Leachrates

were element-specificand are containedin TableA-20.

A.4.3 Transportin the VadoseZone

PATHRAE-EPAhas the capabilityto calculatethe verticalwater

velocityin the vadosezone. This capabilitywas not used in this

analysisbecauseof the complexhydrogeologyof the RWMC. Instead,the

computercode FLASHwas used to determinethe verticalwatervelocity

(Vw),whichwas then used as inputto PATHRAE-EPA(seeSectionA.5).

However,PATHRAE-EPAwas usedto modelradionuclidetransportin the

vadosezone. Thiswas accomplishedby firstdeterminingthe retardation,

R, in the vadosezone

ds Kd

R = I + Ps S (A-18)

where

Ps = the effectivesoilporosity

S = the fractionof saturation
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TableA-19. Maximuminventoryavailablefor groundwatertransport
fromthe RWMCa

New Pits Old Pits Soil Vaults
Radionuclide (Ci) (Ci) (Ci)

Pu-238 0.49 3.5 --
Pu-239 5.9 48 I.I
Pu-240 0.58 0.079 0.14 .
Am-241 5.7 0.0023 --
Ra-226 26 7.1 --
Th-230 0.18 0.15 --
U-234 0.22 1.1 --
U-238 19 15 --

a. DOSTOMAN(seeSectionA.2).

TableA-20. Radionuclidedistributioncoefficientsand leachratesa

LeachRate VerticalKd AquiferKd
Element (I/yr) (mL/q) (mL/q_

Po 2.48 E-4 1.0 1.0
Bi 2.51 E-5 10 10
Pb 2.51 E-5 10 10
Ra 5.02 E-5 5.0 5.0
Th 2.51 E-6 100 100
Pa 2.51 E-6 I00 I00
U 2.51 E-6 100 100
Pu I.26 E-6 200 200
Am 3.59 E-6 70 70
Ac 2.51 E-6 100 100
Np 5.02 E-5 5.0 5.0

a. EG&G (1984a)and DOSTOMAN(seeSectionA.2).
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ds = the bulk density of the soil

Kd - the distributioncoefficientfor the radionuclideof interest.

The KdS are element-specific and are contained in Table A-20. The other
parametersare containedin TableA-21.

" Afterthe retardationis determined,the radionuclidevelocity(Vr)
is determined

Vr - V_____w. (A-19)
R

A.4.3 Transport.inthe Aquifer

The concentrationof each radionuclidein the well waterat timet is

determinedby firstcalculatingthe fractionof the inventory(fo)that
arrivesat the well at timet

I N

fo - "-'-Nj=17"[Fj(t)- Fj(t-I/_L)] (A-20)

where

N = numberof spatialintegration,mesh pointsoverwastesource

t = calendartime (yr)

Fj(t) = 0.5 U(t) [erfc(z-)+ exp (dj)erfc (z+)]

etf(z) = errorfunctionof z

erfc(z)= complementaryerrorfunctionof z

U(t) - unitstep function:
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Table A-21, Miscellaneous parameters used in PATHRAE-EPA

Parameter Value Reference

Densityof aquifer ]gO0 kg/m3 EGG-WM-6523
Densityof waste 1500kg/m° EGG-WM-6523 "
Longitudinaldispersivity 91 m EGG-WM-6523
Verticalwatervelocity 0.18 m/yr SectionA.4
Groundwatervelocity 570 m/yr This study •
Porosityof aquifer 0.10 EGG-WM-6523
Saturation 0.50 SectionA.4
Percolationrate 0.011m/yr SectionA.4
Distancefromaquiferto waste 176m SectionA.I.1
Thicknessof aquifer 76 m SectionA.1.1
Erosionrate 8.6 E-4m/yr This study
Fractionof foodgrownonsite O.50 DOE/EA-0306
Time-weightedaverage

dust loading 5.53 E_,8kg/m3 EGG-WM-6523
Adultbreathingrate 8030m°/yr DOE/EA-0306
Agriculturalproductivity

for pasturegrass 0.04 kg/m2 EPA 520/1-87-012-I
Agriculturalproductivity

for vegetation 0 76 kg/m2 EPA 520/I-87-012-I
Weatheringrate constant 010021h'" DOE/EA-0306
Irrigationtime - pasturegrass 720 h EPA 520/I-87-012-I
Irrigationtime - othervegetation 1440h EPA 520/I-87-012-I
Delaytime - pasturegrass 0 h EPA 520/I-87-012-I
Delaytime - storedfeed 2160h EPA 520/I-87-012-I
Delaytime - leafyvegetables 24 h EPA 520/1-87-012-I
Delaytime - produce 1440h EPA 520/I-87-012-I
Delaytime - milk 48 h EPA 520/1-87-012-I
Delaytime - meat 480 h EPA 520/I-87-012-I
Fractionof year animalsgraze 0.47 EPA 520/I-87-012-I

on pasturegrass
Fractionof animalfeedthat is 1.0 EPA 520/I-87-012-I

pasturegrass
Amountof feed consumedby cattle 50 kg/d EPA 520/I-87-012-I
Amountof waterconsumedby

milk cows 60 L/d EPA 520/I-87-012-I
Amountof waterconsumedby

beef cattle 50 L/d EPA 520/1-87-012-I .
Fractionof year cropsirrigated 0.114 This study
Irrigationrate 0.24 L/m2-h This study
Humanuptake- leafyvegetables 16.5kg/yr EPA 520/1-87-012-I
Humanuptake- produce 94.2 kg/yr EPA 520/1-87-012-I
Humanuptake- milk 122.7L/yr EPA 520/I-87-012-I
Humanuptake- meat 61.6 kg/yr EPA 520/I-87-012-I
Humanuptake- water 467.9L/yr EPA 520/1-87-012-I
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[1±t/(Rtwj)]z± =

2 Jt/(Rtwj)

R = retardationin the aquifer- I + d/p Kd

Kd = distributioncoefficientin the aquifer

d = aquiferdensity

p = aquiferporosity

dj = distancefromsectorcenterto accesslocation,dividedby
the dispersivity

twj = watertraveltime from sectorcenterto accesslocation
(yr).

The quantityfo accountsfor retardationin the aquifer. The aquifer

KdS are containedin TableA-20.

The aquiferdilutionflowrate (%) is then determined

qw - W L Va P (A-21)

where

W = widthof wastepit perpendicularto aquiferflow (m)

L = thicknessof aquifer(m)

Va = interstitialhorizontalaquifervelocity(m/yr)

P = porosityof the aquifer.
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The radionuclideconcentration(with units of Ci/m3) is given by:

Q _L fo
(A-22)

qw

Additional detail on this methodologymay be found in the PATHRAE-EPA

model documentation(Rogers and Hung 1987).

A.4.5 Food Chain Transport

Radionuclidescontained in well water were assumed to be transferred

through the food chain to human receptors• This transfer can occur

through the followingmeans:

• Human consumptionof contaminatedwell water

• Watering of stock using centaminatedwell water

• Irrigationof plants using contaminatedwell water•

A.4.5.1 Direct Human Consumption.

Given that the concentrationof a radionuclidein well water (Cw) is

known, the quantity of the radionuclideingested throughthe drinking of

contaminatedwell water is given by

(A-23)
Cw Uwater •

In this equation,Uwater representsthe human consumptionrate of water

(see Table A-21).
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A.4.5.2 Waterinqof Stock.

If the concentrationof a radionuclidein wellwater is known,the

quantityof the radionuclideingestedby an animalthroughthe drinkingof

• contaminatedwateris givenby

" Cw Qw • (A-2,4)

In this equation,Qw representsthe amountof waterconsumedby either

beefcattleor mill_cows (seeTableA-21).

To determinethe quantityof a radionuclidetransferredfrom the

animal'sfeed (in thiscase,water)to an animalproduct,a transfer

coefficientis typicallyused. Transferto two animalproductswas

modeled:transferto meat and transferto milk. The quantityof

transferredto meat is givenby

Cw Qw Ff . (A-25)

The quantitytransferredto milk is givenby

Cw Qw Fm • (A-26)

The quantityof a radionuclideconsumedby humansthroughingestionof

meat and milk is givenby

Cw Qw Ff Umeat (A-27)

and

Cw Qw Fm Umilk• (A-28)
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The terms Ff and Fm are the meat and milk transfer coefficients,

respectively. Values for Ff and Fm are element-specificand are given

in Table A-22. Umeat and Umilk are the human meat and milk

consumptionrates, respectively(see Table A-21).

A.4.5.3 Irrigationof Plants.

If contaminatedwell water is used for the irrigationof plants, the

rate at which radionuclidesare sprayed on to plants is given by

lr = Cw WI (A-29)

where

Ir = radionuclideapplicationrate (pCi/m2-h)

WI = irrigationrate I/m2-h)

Cw = radionuclideconcentrationin irrigationwater (pCi/l

Table A-22. Radionuclidetransfer coefficientsa

Ingestion-to-MiIk Ingestion-to-Beef
Element (d/l) (d/kg)

Po 3.5E-4 9.5E-5
Bi 5.0E-4 4.0E-4
Pb 2.5E-4 3.0E-4
Ra 4.5E-4 2.5E-4 .
Th 5.0E-6 6.0E-6
Pa 5.0E-6 1.0E-5
U 6.0E-4 2.0E-4
Pu 1.0E-7 5.0E-7
Am 4.0E-7 3.5E-6
Ac 2.0E-5 2.5E-5
Np 5.0E-6 5.5E-5

a. Baes et al. (1984).
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The radionuclideconcentration(Cv) in and on vegetationthat has

been contaminatedby this irrigationwater is givenby

I I fR [I - exp(-_etw)]+ B CSP fl 1
• Cv _ r Yv _e P exp(-_th) (A-30)

where

fR - fractionof depositedactivityretainedon vegetation

'_e --weatheringrate constant

tw = irrigationtime

Yv = agriculturalproductivity[kg(dryweight)/m2]

B = concentrationratiofor soil-to-plantuptake(dryweightbasis)

CSP = time averagevalueof soilradionuclideconcentrationassuming

a steadydepositionrate

P - surfacedensityof soil [kg(dryweight)/m2]

fl = fracticaof year irrigationoccurs

th = time intervalbetweenharvestand consumptionof food.

Valuesfor B are element-specificard are foundin TableA-23. The

valuesfor most of the otherparameters_re foundin TableA-21.
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Table A-23. Concentrationratios for soil-to-plantuptakea

Element ConcentrationRatio ConcentrationRatio
for Vegetative Portions for NonvegetativePortions

of Plants of Plants
Ele.ment (Drv Weiqht) (D_ryWeiqht) .

Po 0.0025 4.0E-4
Bi 0.035 0.0050
Pb 0.045 O.OOgO
Ra 0.015 0.0015
Th 8.5E-4 8.5E-5
Pa 0.0025 2.5E-4
U 0.0085 0.0040
Pu 4.5E-4 4.5E-5
Am 0.0055 2.5E-4
Ac 0.0035 3.5E-4
Np 0.10 0.010

a. Baes et al. (Ig84).

This equation is used to estimatethe radionuclideconcentrationsof

produce and leafy vegetables consumed by humans and in pasturegrass

(Cp) and stored feed (Cs) consumed by milk cows and beef cattle.

The amount of a radionuclideingestedby a human as a result of eating

contaminatedproduce or leafy vegetablesis given by

Cv Uleafy vegetables (A-31)

and

Cv Uproduce . (A-32)

Uleafy vegetablesand Uproduce are the human leafy vegetable and

produce consumptionrates, respectively(see Table A-21).
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The concentration of each radionuclide in animal forage or feed (Cf)

is given by

Cf -- fpfsCp + (I - fpfs)Cs (A-33)

' where

- Cp = radionuclideconcentrationon pasture grass

Cs = radionuclideco_centrationon stored feed

fp = fraction of the year that animalsgraze on pasture

fs fraction of daily feed that is pasturegrass when the animals

graze on pasture.

The radionuclideconcentrationin meat (CF) and milk (CM) is again

estimated using transfer coefficients

CF - Cf Qf Ff exp(-_ts) (A-34)

and

CM : Cf Qf Fm exp(->,tf) (A-35)

where

ts - the time intervalbetween slaughterand consumptionof meat

tf : the time betweenmilking and the consumptionof milk (see

Table A-21).

The quantity of a radionuclideconsumed by humans through the

ingestionof meat and milk is given by
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CF Umeat • (A-36)

and

CM Umilk. (A-37)

To arriveat the totalquantityof materialingested,the contribution

from all contaminatedfood stuffsmust be considered.For example,the

totalhumanconsumptionof a particularradionuclidewouldbe the sum of

the amountconsumedthroughdirecthumanconsumption,wateringof stock,

and irrigationof plants.
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A.5 TRANSPORT IN THE VERTICAL UNSATURATEDZONE

A.5.1 Introduction

Understandingthe physics of moisture movement in the vadose zone is a

• basic prerequisitefor making rationalassessmentsof contaminant

migration from disposal sites at INEL (Baca and Walton 1988). Recent

field studies (Laney et al. 1988) at the RWMC have provided some insight

to the rates and directions of moisturemovement in the surficial

sediments. However, relatively little is presentlyknown about the

patterns and mechanics of moisturemovement in the fractured-porous

basalt. Consequently,any attemptsto model water flow in the vadose zone

will be highly theoreticalin nature.

The objective of this preliminaryunsaturatedflow analysis is to

estimate the averagepore water velocity in the vadose zone. The pore

water velocity is an importantquantity because it determines the water

travel time through the vadose zone, the advectivemass flux of dissolved

contaminantsand solute arrivaltimes at the underlyingaquifer. Thus,

the pore water velocity is a basic hydrologicparameterthat is important

to performanceassessmentcalculations.

A one-dimensional,steady-statesimulationof water flow through the

vadose zone was performed. The simulationprovided estimatesof the soil

moisture profile, hydraulicgradients,and fluid flux. In turn, the

simulationresultswere used to obtain a representativeestimate of the

pore water velocity in the deep basalt. This preliminaryestimate is

likely to be updated in the near-term,as additionalfield and laboratory

data become available.

A.5.2 Modeling Approach

The movement of moisture throughthe RWMC vadose zone was performed

using a traditionalcontinuumformulationfor unsaturatedflow expressed
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as Richard'sequation (Kirkham and Powers 1972). The mathematical

formulationfor a one-dimensionalsystem is given by

where @ is the pressure head, K(_) is the unsaturatedhydraulic

conductivity,and z is the vertical coordinate (cm). The water capacity

C(@) is given by

aB

C(_)= a--_ (A-39)

where e is the volumetricmoisture content. This parameter is

determined directly from the so-called"characteristicscurve." The

pressure head, @, is a negative quantity in unsaturatedsoils and

positive in fully saturated soils. Becausethis analysis deals strictly

with "unsaturated"conditiol_s,it is convenient to drop the negative sign

in the numerical and graphical results.

In using Richard'sequation,the followingbasic assumptionshave been

made"

• The geologic medium exhibits a hydraulicbehavior analogousto

that of a porous continuum.

• Fluid flow is isothermal,single phase, and independentof air

flow.

• The hydraulicproperties of the medium are nonhysteretic.
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Richard'sequationhas been used by soilphysiciststo modelunsaturated

flow in soils. The validityof this equationhas been shownwith

comparisonsto laboratoryand fielddata.

The FLASHcomputercodewas developedto solvethe one-or

" two-dimensionalformulationof Richard'sequation. The FLASHcomputer

code uses a finiteelementsolutiontechniqueto solvethe governingflow

- equation. This computercode is designedto handle

• Heterogeneousand anisotropicmedia

• Liquidand vaporphasewaterflow

• Isothermalor nonisothermalconditions

• Flow in porousmediaand/ordiscretefractures.

For the one-dimensionalcase,the FLASHcode computesthe pressurehead

and moisturecontentprofilesas a functionof the infiltrationrate at

the surface,the geometryand hydraulicpropertiesof the strata,and

drainageconditionsat the bottomof the vadosezone.

The FLASHcomputercode has beenextensivelyverifiedand benchmark

tested. The code has been verifiedusinganalyticalsolutionsfor

boundaryvalueproblemsand benchmarkedagainstotherunsaturatedflow

codes(Bacaand Magnuson1990). In addition,the FLASHcomputercode is

maintainedundera formalizedsoftwarechangecontrolprocedures.Thus,

considerableconfidenceexistsregardingitscomputationalreliability.

A.5.3 Data and Assumptions

" A relativelysimpleconceptualframeworkwas usedto representthe

geologicsettingat the RWMC. This simpleconceptualmodelwas basedon a

multilayeridealizationcomposedof (a)thin layerof surficial
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sediments (3.5 m); (b) thick basalt layer (30.5 m); (c) sedimentary

interbed (4 m); and (d) thick basalt layer (35.5 m). Only a portion of

the vadose zone was consideredin the physical representation;the upper

73.5 m of the vadose zone was modeled. Some of the importantassumptions

made in this conceptual framework are (a)fluid flow is through the rock

matrix and not in the discrete fractures, (b) there are no perched water

zones, and (c) the basalt layers exhibit a vesicularcharacter.
°

Hydraulic properties such as saturatedhydraulicconductivity,

porosity,characteristicand relative permeabilitycurves were obtained

from the technical literature. For example, the hydraulicproperties for

the sediment layers were based on laboratorytest data for sediment core

samples from the RWMC reported by Laney et al. (1988)and Borghese

(1988). Hydraulic propertiesfor the basalt layers were taken from core

test data reported by TerraTek (1988) and Johnson (1960) for INEL basalt;

however, these data required an analysis using the theory of van Genuchten

(1980) to estimate the characteristicand relative permeabilitycurves.

The primary hydraulicdata used in the simulationis summarizedin

Table A-24.

The simulation of unsaturatedflow was performedusing (a) a constant

surfacefiux of 1.15 cm/yr and (b) free drainage flux at the bottom of the

system. The surface flux was estimated by assuming the drainage rate to

be 5% (Walton 1970) of the annual average precipitationof 23 cm/yr

(EG&G Ig84a). A finite elementgrid was setup to representthe 73.5 m

portionof the geologic section. The FLASH computercode was run in a

time-dependentmode until the results convergedto steady-state.

A.5.4 Summaryof Results

The steady-statepore water velocity is a functionof the Darcy flux

and moisture content. For this case, the velocity (Vp) can be computed
directly from the equation
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TableA-24. Saturatedhydraulicconductivityand porosity

Saturated
HydraulicK

Strata (cm/s) Porosity

. Sediment 3.0 E-4 0.28
Basalt 4.3 E-3 0.12

q (A-40)
v° 6)

where

q - Darcyfluidflux

0 = volumetricmoisturecontent.

At steady-state,the Darcyflux is exactlyequalto the infiltration

rate. In the unsaturatedflow simulation,the infiltrationratewas

1.15cm/yrand saturationlevel(computedby FLASH)for the basaltwas

approximately0.50. Usingthe factthat volumetricmoisturecontentis

equalto the saturationtimesthe porosity,the porewatervelocityis

calculatedas

1.15 - 19cm/yr (A-41)
up= 0.50x0.12

This calculationrepresentsa bestestimatefor the porewater

velocity. Usingthisvelocityas averagevaluefor the vadosezone,it

suggestsa watertraveltime to the aquiferof aboutgso yr. The pore

watervelocityis usedas inputto the PATHRAE-EPAcomputercode.
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A.6 DOSESTO INTRUDERS

A.6.I Introduction

Threetypesof inadvertentintruderscenarioswere evaluatedin this

analysis:

• Intruder-drilling

• Intruder-construction

• Intruder-agriculture.

The intruder-drillingand intruder-constructionscenarioswere used to

evaluatecompliancewith the 500 mrem acuteexposurecriterionin _OL°

Order5820.2A. The intruder-agriculturescenariowas used to evaluate

compliancewith the 100 mrem/yrcontinuousexposurecriterionin DOE Order

5820.2A. Thesescenarioswere comparableto the scenariosdevelopedand

used by the U.S. NuclearRegulatoryCommissionin 10 CFR 61 to evaluate

the land disposalof radioactivewaste(NRC 1981,NRC 1982,Oztunaliand

Roles1986,Kennedyand Peloquin1988).

For the new pits and old pits,the intruder-constructionand

intruder-agriculturescenarioswere evaluated.For the soilvaults,the

intruder-drillingand intruder-agriculturescenarioswere evaluated.The

entireinventoryin each areawas assumedto be availablefor intrusion,

no depletionbecauseof leachingwas assumed(seeTableA-25). In all

cases,the dosesresultingfrom intrusionincludethe contributionsfrom

the decayand ingrowthof radioactiveprogeny.

A.6.2 Intruder-Drillinq

The intruder-drillingscenarioassumesthat an inadvertentintruder

drillsa well intothe contentsof a soilvault. The intruderwas assumed

to be exposedto contaminateddrillcuttingsin a mud pit for a periodof

6 h. Afterthis,the mud pit was assumedto be filledwith soiland the

intruderwas exposedto the buriedcuttingsfor an additionalperiodof

494 h. The totalexposuretime for thisscenariowas 500 h.
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TableA-25. Maximuminventoryavailablefor intrusionof the RWMCa

New Pits Old Pits Soil Vaults
Radionuclide (Ci} (Ci) (Ci).....

" Pu-238 1.1 6.4 --
Pu-239 5.9 48 1.1
Pu-240 0.60 0.079 0.14
Am-241 7.6 0.0023 --
Ra-226 32 8.6 --
Th-230 0.18 0.15 --
U-234 0.22 1.1 --
U-238 19 15 --
Co-60 2.0 E+5 9.1 E+5 b
Sr-90 6.4 E+3 1.0 E+4 3.4 E+4
Cs-137 4.4 E+4 2.7 E+4 2.6 E+5

a. DOSTOMAN(seeSectionA.2).
b. By the time intrusioncan occurin year 2189,all Co-60
has decayed.

The diameterof thewell was assumedto be 11 cm and the soil vault

was assumedto be 3.05-min thickness.The wellwas drilledto the

aquifer,176-min depth. Therefore,1.69m3 of cleancuttingsand

2.93 E-2m3 of contaminatedcuttingswere broughtto the surface. The

mud pit was 2.4 x 2.7 m, the depthof contaminatedcuttingswas assumedto

be 0.30m. The totalvolumeof contaminatedcuttingsin the bottomof the

mud pit was 2.04 m3. The totaldepthof the mud pit was 1.2m, water

filledan additional0.61m of the pit,overlyingthe contaminated

cuttings. The exposedindividualwas assumedto standadjacentto the pit

for 6 h. Afterdrilling,the pit was filledwith 0.91m of cleansoil.

. The exposedindividualwas assumedto standon the pit for 494 h.
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Intrusionwas assumedto t_keplaceI00 yr aftersiteclosure,which

yieldsthe maximumintruder(::Je.A totalof 0.14 Ci of Sr-gO,1.2Ci of

Cs-I_7,5.0 E-5 Ci of Pu-239,and 6.3 E-6 Ci of Pu-240were assumedto be

broughtto the surface,alongwith =ssociatedradioactiveprogeny.

Externalexposurewas the only pathwayused in this scenario. The

externaldose ratewas calculatedusingthe computercodeMICROSHIELD.

A.6.3 Intruder-Construction

The intruder-constructionscenarioassumesthat an inadvertent

intruderexcavatesa basementin the waste. The intruderwas assumedto

be exposedto contaminateddust and contaminatedwastein the bottomof

the pit. No ingestiondoseswere postulatedfor this scenario. This

scenariowas applicableto new pitsand old pits but not to soil vaults.

Soil vaultshaveextracover,whichprecludesintrusionby digginga

basement, lt shouldbe notedthat an "intruder-potatocellar"scenario

was evaluated.Becausepotatocellarsare relativelyshallow,

approximatelyI m, the intruderwas ableto contactmorewastevia

basementexcavation,assumedto be 3-m deep. Therefore,the

"intruder-potatocellar"acutescenariowas boundedby the

"intruder-basementexcavation"acutescenario.

The exposuretimewas assumedto be 500 h. For the inhalation

pathway,the dust loadingwas 1.0 E-6 kg/m3, representativeof

constructionactivities.For the externalexposurepathway,the intruder

was assumedto standdirectlyon the exposedwaste. Therefore,no

shielding,exceptfor the self-shieldingprovidedby the waste,was

assumed. The excavationwas assumedto be 10 x 10 m in area and 3-m in

depth. Intrusionwas assumedto takeplaceat 3000 yr aftersiteclosure,

whichcorrespondsto the timewhen the coveris erodedto the maximum

extent.
w

PATHRAE-EPAwas used to modelthe inhalationpathwayand MICROSHIELD

was used to the externalexposurepathway. The inventorywas decayedand

ingrownfor a periodof 3000yr; therefore,the resultingdosesreflect

exposureto radioactiveprogeny.
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A.6.4 Intruder-Aqricultqre

The intruder-agriculturescenarioassumesthat an inadvertentintruder

firstconstructsa basementin the waste. The wastefrom the excavation

was then assumedto be spreadaroundthe siteand foodgrownin it. lt

" was also assumedthata well is drilledonsite,whichmay resultin

contaminatedwaterbeingused for directhumanconsumption,wateringof

" stock,and irrigation.The intruderis exposedto contaminateddust,

contaminatedfood stuffs,and fromdirectexposureto contaminatedground

surfaces. The scenariowas applicableto new pits,old pits,and soil

vaults.

The exposuretimewas assumedto be I yr. For the dust inhalation

pathway,the intruderwas assumedto spend24 h plowingand cultivating

(I mg/m3 dust loading),1200h conductingotherfarm activities

(0.07mg/m3 dust loading),and 7536h conductingotheractivities,which

resultin a dust loadingof 0.05mg/m3. This resultsin a time-weighted

averagedust loadingof 5.53 E-8 kg/m3.

Foodwas assumedto be grownonsitein a familygardenthat contains

contaminatedsoil. SectionA.4.5providesdetailson the foodchain

transfermethodologyused in PATHRAE-EPAand on parametersused in this

analysis. This scenarioaccountsfor foodchainchaintransfervia

contaminatedsoiland contaminatedirrigationwater. The contaminated

soilwas assumedto be mixedand dilutedwith uncontaminatedexcavated

soiland surfacesoil (Rogerset al. 1982). One halfof the intruder's

foodwas assumedto come fromthis onsitegarden.

Externalexposureswere calculatedusingthe computercode

MICROSHIELD.The intruderwas assumedto be exposedto wasteexcavated

fromthe basementand spreadarounda home site (2300m2). However,the

excavatedwastewas dilutedandmixedwith uncontaminatedsoilduringthe

excavationprocess. The intruderwas assumedto be exposedto the

contaminatedsoil for 2500h/yr.
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A.7 RADONFLUXCALCULATIONS

To calculatethe releaseof radon,for inputintothe AIRDOS-EPAcode,

the radonfluxmethodologyin DOE (Ig82)was used. The following

descriptionwas obtainedfromthat reference.The radonflux is first

calculatedassumingno coverover the buriedwaste(barewaste). Then the

flux is calculatedtakingintoaccountthe soilcovers.

For calculatingthe radonfluxfrom barewaste,the flux equation

givenby Searset al. (1975)was used.

Jo = 10,000DeCRn(_V/De)I/2 (A-42)

where

Jo - radonflux frombarewaste(pCi/m2/s)

I0,000= conversionfactor(cm2/m2)

De - effectivediffusioncoefficient,definedbelow(cm2/s)

CRn = concentrationof radon-222in the void spacesof the waste

(pCi/cm3)

= decayconstantfor radon-222(2.097E-6/s)

V --void fraction(fractionof totalburiedwastevolumethat is

void).

The equationused to calculatethe radonconcentrationCRn is as

follows(Searset al. 1975)"

ECRaCRn = _ (A-43)V
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where _,
_.J

E = emanatingpower

CRa - radium-226concentrationin the waste (pCi/cm3).

" For calculations of CRnby Equation (A-43), the value of E was taken
to be 0.03,which is closeto the high-rangevaluefoundformill tailings

(Rogerset al. 1980). The valueof V was takento be 0.4, also basedon

mill tailingsvalues(Searset al. 1975).

Some valuesof the diffusioncoefficientD of radonin the air spaces

of variousmediaare shownin TableA-26. The diffusioncoefficientis

oftenexpressedas an effectivediffusioncoefficientDe as in Equation

(A-42),by correctingfor the fractionof the unit volumethat is void,

V. Thus,De = VD. lt was assumedthat the deteriorate_buriedwaste

wouldbe similarin diffusionpropertiesto the detritalgranitedeposits

and the YuccaFlatssoil shownin TableA-26. Thus,a diffusion

coefficientDe/V of 0.03cm2/swas used in Equation(A-42)for

calculatingthe flux fromthe barewaste.

To calculatethe radonfluxthroughthe soilcover,the equationof

Nielsenand Rogers(1980)and Rogerset al. (1980)was used.

J = Jofs exp(-esXs) (A-44)

where

I

J = flux fromthe coveredwaste(pCi/m2/s)

Jo = flux frombarewaste (pCi/m2/s)

fs = correctionfactorsfor the soilcover(fs= 0.86)

(Nielsenand Rogers1980)
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TableA-26. Diffusioncoefficientsfor radonin air spaces
of variousmedia

DiffusionCoefficient,D

Medium .... cm2/s

Buildingsand 0.054a

Eluvial-detritaldepositsof granite 0.015a

Alluviumvirginsoilat YuccaFlats 0.036b "

Topsoil 0.036c

Loams O.008a

Clay 0.001c

a. Tanner(1964).
b. Kraneret al. (1964).
c. Nielsenand Rogers(1980).

I/2 for soil (s),where>, V andes = (_V/De)s , ,

De have beenpreviouslydefined(/cm)

xs = thicknessesof soil (Xs)covers(cm).

Valuesof De/Vfor soil and claywere takento be 0.025and

0.001cm/s,respectively(Nielsenand Rogers1980).
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APPENDIXB

DESCRIPTIONOF COMPUTERCODESUSED

IN THE RWMC PERFORMANCEASSESSMENTANALYSES

This Appendixprovidesa briefdescriptionof computercodesused for

the analysessupportingthe RWMC performanceassessment.

B.I DOSTOMAN

This code (Root1981)was usedto implementthe conceptualmodelof

radionuclidetransportat the RWMC site. DOSTOMANwas developedat

SavannahRiverLaboratoryfor estimatingradiologicaldosesfromoperation

of a burialgroundfor solidradioactivewaste, lt has been verifiedand

partiallyvalidatedby the SavannahRiverLaboratory.lt was selectedfor

use at the RWMC afteran extensivetechnicalreviewof severalcodes,

conductedin 1982 (Shumanet al. 1985).lt is a simplecompartmentalmodel

code. Usingsite-specificdata to calculateappropriatetransferrate

constants,DOSTOMANcalculatesthe transferof radionuclidesbetween

environmentalcompartments.Data requiredto run the code includeall

factorsthat influencethe rate of movementof radionuclidesin the

environment.Such factorsare accountedfor throughthe use of transfer

coefficients.DOSTOMANoutputvaluesfromwere inputto AIRDOS-EPAfor the

calculationof offsitedoses;DOSTOMANoutputwas useddirectlyin the

calculationof the intruderdoses.
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B.2 AIRDOS-EPA

This code (Mooreet al. 1979)was designedto estimateair dispersion

of radionuclidesand radiologicaldosesto man via inhalation,ingestionof

meat,milk,and vegetables,and externalirradiation(cloudimmersionand

- exposureto contaminatedgroundsurfaces),lt is approvedby the EPA for

use in demonstratingcompliancewith40 CFR 61. DOE requiresthat an

• EPA-approvedcode be used to demonstratecompliancewith 40 CFR 61 (DOE

Order5400.5). The code usesa modifiedGaussianplumeequationto

estimatehorizontaland verticaldispersionof releasedradionuclides.

Radionuclideconcentrationsin meat,milk,and freshproduceconsumedby

humansare estimatedby couplingthe outputof the atmospherictransport

modelswith RegulatoryGuide1.109foodchainmodels. The code may be run

to estimatethe highestindividualdose in the assessmentarea or the

collectivepopulationdose,usingthe RADRISKdata baseof dose<onversion

factors(Dunninget al. 1980). Alternately,the usermay inputotherdose

conversionfactors. For the calculationof dosesbecauseof the RWMC,

outputfromDOSTOMAN(radionuclideconcentrationsin variousenvironmental

compartments)was inputto the AIRDOS-EPAcode for the maximumindividual

dose and the populationdose.

B-2

DRAFT



B.3 PATHRAE-EPA

The PATHRAE-EPAcode can be used for the calculation of the multiple

pathway transport of radionuclides and the resulting potential impact to

humansas a result of land disposal of radioactive wastes. PATHRAE-EPAcan

be used to calculate maximumannual EDEto a critical population group and
to an offsite individual at risk. Maximumannual doses are calculated to

workersduringdisposaloperations,to offsitepersonnelaftersite

closure,and to reclaimersand inadvertentintrudersaftersiteclosure.

The offsitepathwaysincludegroundwatertransportto a riverand to a

weil,surfaceerosion,disposalfacilityoverflow,and atmospheric

transport.The onsitepathwaysof concernariseprincipallyfromworker

dosesduringoperationsand from postclosuresite reclamationand intruder

activitiessuchas livinggrowingediblevegetationonsiteand drilling

wellsfor irrigationand/ordrinkingwater.
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B.4 MICROSHIELD3.0

MICORSHIELD3.0 is a PC versionof ISOSHLD,whichis a computercode

that performsgammaray shieldingcalculationsfor radioactivesourceswith

a wide varietyof sourceand shieldconfigurations.Attenuation

" calculationsare performedby pointkernelintegration;i.e.,the dose at

the exposure_ointis the contributionfroma largenumberof point

sources. A r,umericalintegrationis carriedout over the sourcevolumeto

obtainthe to_aldose. Buildupfactorsare usedand are calculatedby the

code basedon the numberof mean free pathsof materialbetweenthe source

and exposurepointlocations,the effectiveatomicnumberof a particular

shieldregion,and the pointisotropicNDA buildupdat_ availableas Taylor

coefficientsin the effectiveatomicnumberrangeof 4 to 82. For most

problemsthe userneedonly supply(a)the geometryand material

compositionof the sourceand of the shieldsand (b)the thicknessesand

distancesinvolved.Otherdata neededto completethe calculationsare

containedin data librariesused by the code.
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B.5 FLASH

The verticalone-dimensionalflowand contaminanttransportmodeling

for the subsurfaceenvironmentat the RWMCwas performedusinga general

two-dimensionalmodelcalledFLASH. This codewas developedat the INEL,

specificallyfor the RWMC subsurfaceenvironment.The codewas used to

calculatethe steadystatematricpotentialdistributionand moistureflow

velocitiesgiventhe appropriatematerialtypegeometriesand boundary

conditions.FLASHuses a Petrov-Galerkinfiniteelementmethodfor solving

Richard'sequationsfor unsaturatedflow in porousmedia. The specific

inputrequirementsof the user are the materialtypesand depths,flux

rates,and contaminantconcentrations.Valuesfor two RWMCmaterialtypes

are available;differentmaterialtypescan also be used. The outputfrom

FLASH,moisturec(Intentleveland Darcianvelocity,was used as inputto

the PATHRAE-EPAcede.
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APPENDIX C

DATA QUALITY

In 1970, drilling was started to characterizethe subsurface hydrology

at the RWMC. Data quality was consistentwith the state of the art at the

time, but because of the pioneering nature of the work, detailed

procedures and data quality standardswere not available. At this time,

data collection proceduresdid not use extensivecontaminationcontrol

technology.

In 1975, a task force was formed to review drilling procedures.

Emphasis was placed on developing proceduresthat minimized external

contaminationduring drilling and sample collection. This resulted in

improved drilling and sample collectiontechniques.

Since 1985, data quality has increasedbecauseof more stringent

quality control procedures,the use of more modern analyticaltechniques,

refining of data collectionmethods, and the use of extensive

contaminationcontrol technology. Detailed study plans and procedures are

now in place to aid in current and future investigations.

The quality of the inventorydata that has been collectedover the

years at the RWMC has continuouslyimproved. Initially,recordswere

collected, but individualradionuclideswere not identifiedand the curie

content was estimated, not measured. Improvedradionuclideidentification

procedures have been put into place, which result in reasonably accurate

estimates of container activity. In addition,data on physical and

- chemical characteristicsare now collected. Waste management recordshave

been computerizedand incorporatedinto the RWMIS.
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The burial records for the old pits are thought to exhibit a range of

uncertainty of +100%. The data for the newpits, having been collected on

a container by container basis, are thought to exhibit a range of

• uncertaintyof +30%.
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