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PREFACE

Preliminary Recommendations On the Desiqn of the Characterization Proqram

, for the Hanford Site Sinqle-Shell Tanks -- A System Analysis will appear in
four volumes-

• Volume 1 contains a summary of the overall system analysis, includ-
" ing a summaryof observations and recommendations.

• Volume 2 contains the recommendationson closure-relatedanalyte
priorities,concentrationthresholds,and goals for analytical
detection limits based on public health concerns.

• Volume 3 contains estimates of associatedresource requirementsand
impactsfor a number of alternatecharacterizationprogramdesigns.
These cases are evaluated in terms of radiologicaldose to charac-
terizationworkers, schedule impacts (comparedto the milestones in
the Tri-Party Agreement), and manpower requirements.

• Volume 4 contains a preliminaryevaluation of remediationdecision
quality for alternate characterizationprogram designs; that is,
Volume 4 provides informationon uncertaintiesassociatedwith the
generation of tank inventoryestimates. This includesan estimate
of the likelihoodof a leave/retrievedecision error as a function
of the numbers of risers sampled per tank.

This document, Volume 2, is the first of the series to be issued; it is

being distributedahead of the others because the informationcontained here

is intended to supportWestinghouseHanford Company in characterizationactiv-

ities to be started in the summer of 1991. Volumes I, 3, and 4 are currently

being prepared and will be issued later.
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EXECUTIVESUMMARY

The PreliminaryRecommendationsReport consists of four volumes that

• provide recommendationsand data quality objectives (DQOs) for designing and

implementingthe waste characterizationprogram and closure decisions for the

single-shelltanks (SSTs) at the Hanford Site. lt is a systemsanalysis

" approach to provide informationand preliminaryDQOs for the SST waste char-

acterizationprogram. This document, Volume 2, is the first of the series of

four volumes to be completed. This volume provides recommendationsbased on

the ranking of closure-relatedanalytes, concentrationthreshold (CT) values,

and proposed detection limit goals (DLGs). These recommendationsare based on

public health and regulatory concerns.

The preliminaryrecommendationsin this volume focus on identifyingsig-

nificant SST analytes and establishinganalyticaldetection limit goals for

them. The recommendationsfrom this volume will be applied during characteri-

zation Phase IC (the third phase of a multiple-samplingplan) as DQOs for

waste characterizationand closure decision determinationsfor SSTs at the

Hanford Site.

The objectivesof the work described in this volume are 1) to prioritize

SST analytes for sampling and analysis and 2) to define significantcontribu-

ting analytes and their DLGs using the CT concept. The CT concept defines the

level at which an analyte concentration in the tank potentiallybecomes a sig-

nificant risk contributorto public health. The CT concept can be used to

identify analyticaldetection limits that may need to be improvedfor the

characterizationprogram and that can be used as input for selectingclosure-
related decisions.

This volume contains the following recommendations:

• Recommendation2-1: Inventoryestimates for the Type I and II
analytes (thosewhich present the highest potential risk) should be
generated for the Limited Phase IC Characterizationprogram in asso-
ciation with closure decisions. These analytes should receive the
greatest attention in terms of analyticalaccuracy requirements.
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• Recommendation2-2: The Limited Phase lC Characterizationprogram
should includetests for reducing the uncertaintiesassociated with
closure-relatedanalytepriorities. This includes empirical solu-
bility limits (i.e., source-termdata) and adsorption coefficients
(i.e., Kd values) in support of Long-Term Release Risk assessments
(i e._ performanceassessments). This informationshould be gen- "
erated over a diverse set of waste types.

• Recommendation2-3: To the extent feasible,analyses conducted
under the Limited Phase lC Characterizationprogram should be
designed so that analyticaldetection limits are one order-of-
magnitude below computedShort-Term IntruderRisk and Waste Classif-
ication CT values and two orders-of-magnitudebelow computed
Long-Term Release Risk CT values.

• Recommendation2-4: The Extended Phase IC Characterizationprogram
should be designed so that there is sufficientconfidence that when
detection limits are not exceeded the true concentrationdoes not
exceed the computed CT value.

The recommendationspresented here may be helpful in determining costs

and schedules for waste characterization. The work and recommendationsin

this volume are preliminary_as more informationis obtained on the character

of SST waste, better estimatesof ana3yte priorities,CT values, and DLGs can

be made.

This volume is being distributed before the others because it contains

informationimportantto the SST characterizationefforts that are planned for

1991. This document was prepared by Pacific Northwest Laboratory for the

WestinghouseHanford Company, the current operating contractor on the Hanford

Site for the U.S. Departmentof Energy.
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ACRONYMS AND ABBREVIATIONS

ADL analyticaldetection limit

b CPF cancer potency factor

CT concentrationthreshold

_B

DOE U.S. Department of Energy

DLGs detection limit goals

DQO data quality objective
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EDTA ethylenediaminetetraaceticacid

EHW extremelyhazardeuswaste

EIS environmentalimpact statement

EPA U.S. EnvironmentalProtectionAgency
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IRIS IntegratedRisk InformationSyste_
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MEPAS Multimedia EnvironmentalPollutantAssessment System
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1.0 INTRODUCTION

The work described in this volume was conducted by PacificNorthwest Lab-

• oratory(a)to provide preliminaryrecommendationson data quality objectives

(DQOs) to support the Waste CharacterizationPlan (WCP) and closure decisions

for the Hanford Site single-shelltanks (SSTs). The WCP describes the first

of a two-phase characterizationprogram that will obtain informationto assess

and implement disposal options for SSTs. This work was performed for the

WestinghouseHanford Company (WHC), the currentoperating contractoron the

Hanford Site.

Data quality objectives provide decision makers with informationon the

type, quantity, and qualityof the data needed to make closure decisions on

SSTs. Accurate estimatesof the inventoriesof the tanks are needed to cat-

egorize, treat, and close each SST. Unfortunately,the inventoryof each tank

is not well known; thus, it will require a detailed characterizationprogram

to supply the critical informationon which to base decisions for disposal of

the waste and closure of the tanks, lt is also importantto know which

analytes are most important (type of data) in the closure process and the

analytical detection limits (ADLs) required for those analytes (qualityof

data) to properly characterizethe waste in the tanks.

The preliminaryDQOs contained in this volume deal with the analysis of

SST wastes in support of the WCP and final closure decisions.(b_ These DQOs

include informationon significantcontributorsand detection limit goals

(DLGs) for SST analytes based on public health risk. Final closure decisions

i

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy (DOE) by Battelle Memorial Institute.

m (b) Final closure decisionsare considered to be separate and distinct from
safety issues associatedwith current and future storage of the SST
wastes. This report does not addresscharacterizationof the SST wastes
in support of resolvingsuch safety issues.
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include "leave"or "retrieve"decisions(a)for each SST, and the selection

and implementationof a remediationsystem for the ultimate disposition of the

wastes. A "leave"decision for an SST indicates in-tank treatment of the

waste (e.g.,grouting or in situ vitrification),while a "retrieve"closure •

decision indicatesremoval of the waste and offsite disposal of at least some

portion of the tank contents in a waste repository. For the purpose of this
|

report, remediationdecisions and closure decisions are considered to be

synonymous.

The recommendationsand preliminaryDQOs in this report pertain to the

design of the characterizationeffort and provide informationon sampling and

analysis techniques that can reduce resources (worker impacts) and increase

the value of characterizationinformationobtained. The recommendationsin

this volume, the first of four volumes to be issued, focus on developing DQOs

that determine requirementsfor identifyingsignificant analytes and DLGs for

the characterizationprogram. Subsequent volumes will deal with recommenda-

tions for the number of cores to be sampled from each tank and discuss the

advantages and disadvantagesof analyzing individual core segments versus core

composites.

1.1 DESCRIPTIONOF SINGLE-SHELLTANKS AT THE HANFORD SITE

The Hanford Site SST closure process involves 149 concrete underground

storage tanks, each containing a single steel-shellliner and ranging in

capacity from 55,000 to 1,000,000gallons (Figure 1.1). The tanks were

designed to contain the chemical and radioactivewaste products of nuclear

fuel separation processesthat were performed in the 200 East and 200 West

(a) For this report, the "leave/retrieve"question is consideredto be a
question regardingwhether the waste in a tank can be acceptably disposed
of while within the tank, or whether acceptabledisposal will require
retrieval (prior to processing and disposal). As such, resolution of the
"leave/retrieve"question is part of the developmentof a closure plan
for the tanks. A number of subtleties are involved in a "leave/retrieve"
decision, includingthe possibility that the waste may have been judged
to be unacceptablefor near-surfacedisposal (e.g., containing trans-
uranic wastes in concentrationsgreater than 100 nCi/g) or that the most
risk/cost-effectivemethod for treating the waste requires that the waste
first be retrieved.
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FIGURE 1.1. Wastes Contained in the Hanford Single-Shell Tanks Require

Characterization in Order to Make Prudent Closure Decisions
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Areas of the Hanford Site (DOE 1987). The tanks, constructed between 1944 and

1964, currently contain approximately 37 million gallons of sludge, salt cake,

and interstitial liquid. No additional wastes have been added to the tanks

since 1980.

The SSTs at the Hanford Site are situated in 12 tank farms located in the

200 East and West Areas. For this report, the 12 tank farms were grouped into
L

the following six tank farm groups based upon geologic setting"

Tank Farm Group A -- Tank Farm A (6 SSTs)

Tank Farm AX (4 SSTs)

Tank Farm Group B -- Tank Farm B (16 SSTs)

Tank Farm BX (12 SSTs)

Tank Farm BY (12 SSTs)

Tank Farm Group C -- Tank Farm C (16 SSTs)

Tank Farm Group S -- Tank Farm S (12 SSTs)

Tank Farm SX (15 SSTs)

Tank Farm Group T -- Tank Farm T (16 SSTs)

Tank Farm TX (18 SSTs)

Tank Farm TY (6 SSTs)

Tank Farm Grcup U -- Tank Farm U (16 SSTs)

Figure 1.2 is a schematicof the location of the SSTs and other related facil-

ities in the 200 Areas of the Hanford Site. The 12 SST tank farms have been

reorganized into six operable units (OUs) since this work was started. As it

turns out, three of the OUs contain the same SSTs as three of the tank farm

groups (OU-2OO-BP-7= Tank Farm Group B, OU-200-RO-4 = Tank Farm Group S, and

OU-2OO-Upo3 = Tank Farm Group U). In the future, SSTs waste characteristics

will be analyzed based on OUs, but for this volume, the tank farm group cat-

egories will be used.

1.2 EARLY EFFORTS TO CHARACTERIZE SINGLE-SHELLTANK WASTE

Waste management operations have complicated the characterization of the

waste by intermingling different tank wastes and removing heat-producing

1.4
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short-lived radionuclides (9°Srand 137Cs). Natural processes such as set-

tling, stratification, and segregation of waste components further complicate

the characterization of the waste. These waste management operations and

natural processes make accurate estimates of inventory,volume, and distri-

bution of waste in each tank extremely difficult.

In the early to mid-1980s, an effort to generate inventoryestimates for

SST wastes was conducted. A computer code called TRAC (Tracks Radioactive

Components) was developed to estimate individual tank inventoriesbased on

nuclear fuels production models, reprocessingand waste management flowcharts,

tank transfers, and radioactive decay calculations. In its completed form,

the TRAC code estimates tank-by-tank inventories for 68 radionuclides and

36 nonradioactive components.

In 1985 and 1986, it was assumed that inventoriesgenerated by the TRAC

code could be used to support final closure decisions. At that time, the char-

acterization plan was designed to verify if TRAC provided reasonable estimates

for radionuclide inventories for a select number of tanks. Once TRAC _#as

verified, these inventory estimates would be used to make closure decisions

for all SSTs.

Fifteen tanks were sampled in 1985 and 1986 using sampling equipment that

was designed to retrieve a "core sample" by penetratingthe dome of the tank

through existing tank risers (access ports in the tanks). A core sample

refers to the entire sample of waste taken from top to bottom of the tank and

is made up of individual segments (Weiss 1986). Analyses can be run on core

composites, cores, segments of cores, or visual strata within a segment.

Using a preliminary list of six radionuclides considered to be of key interest

for disposal decisions (241Am, 14C, 1291, 239pu, 24°pu and 99Tc),the data from

the 15 sampled tanks were compared with TRAC data for this list of radio-

nuclides, lt was determined that, although TRAC may have predicted the rela-

tive abundance of individual constituents (Adams,Jensen, and Schulz 1986), it

did not agree with actual sample results and thus could not be used to charac-

terize SST wastes (Morgan et al. 1988). As a result, the char-acterization

program was reevaluated to account for inadequacies in the inventory estimates
from the TRAC code.
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1.3 DESCRIPTION OF SINGLE-SHELLTANK WASTE CHARACTERIZATIONPLAN

The Waste CharacterizationPlan (Winterset al. 1990) describesthe first

phase of a two-phase characterizationprogram that will obtain informationto

assess and implementdisposal options for the SSTs. The plan includes infor-

mation on the waste to I) ensure protectionof human health and environment in

handliag of waste, 2) support regulatoryrequirements,3) classifywaste forb

disposal, and 4) obtain informationon SST analytes to supportdeveloping

technologies, supplementalenvironmentalimpact statements (SEIS),and closure

plans.

An evaluation of SST closure options will be published for review and

comment in an SEIS for the SSTs at the Hanford Site. This SEIS will then be

used to determine the final closure options for the SSTs described in the

Hanford Defense Waste Record of Decision report (53 FR 12449).

In 1987 and 1988, two importantdecisionswere made that have influenced

current characterizationefforts. The first was DOE's decision that mixed

radioactive waste is subject to regulation under the Resource Conservationand

Recovery Act (RCRA 1976). The state of Washingtonwas placed in a key posi-

tion as a regulatorof the _,lanagement(storageand disposal) of SST waste,

with authority over the chemical hazards in the tanks. The state agency with

regulatory authority is the Washington State Department of Ecology (Ecology),

which must be satisfiedthrough a permit process before a closure plan can be

implemented.

In 1988, a preliminaryWCP was prepared for the SSTs at the Hanford Site

(Winters et al. 1989). The plan acknowledgedthat sampling and analysis would

be required for each of the 149 tanks to support tank-specificclosure decis-

ions. This plan was later revised; the current plan describes Phase I of a

"multiple-samplingplan''(a)approach consisting of two phases (Winters

et al. 1990). Phase I characterizationis designed to provide informationfor
t

(a) A multiple-samplingplan is a standard option considered by quality engi-
• neers in consideringsample plans'whichinvolve acceptance/rejection

decisions. Where appropriate,multiple-samplingplans have the advantage
of providing for higher confidencedecisions,with lower resource
requirementsthan associatedwith single-phasesampling plans.
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a preliminaryclassificationof SSTs into three categories: retrievalcandi-

dates (retrieve),candidates for in-tank disposal (leave), and candidates for

which no conclusionscan be reached at this time. This preliminary sorting

will focus the Phase II characterizationon evaluating the onsite disposal and

no-conclusioncandidate tanks.

Parallel with developingthe WCP, DOE, the U.S. EnvironmentalProtection

Agency (EPA), and Ecologynegotiated and entered into an agreement on the

institutionalprocess and schedule for developing remediation systems for

certain Hanford wastes. The single-shell-tank-associatedmilestones described

in the joint Ecology, EPA, and DOE agreement (Ecology/EPA/DOE1989), called

the Tri-Party Agreement, include interimmilestones for characterizationas

well as milestones that relate to the developmentand demonstration of retrie-

val technology. The interimmilestones associatedwith characterizationare

tied to the initiationof characterizationactivitieswithin individual tanks.

To fulfill an interimcharacterizationmilestone, sampling on the two

reference tanks (241-B-110and 241-U-110)was initiated in August 1989. Fif-

teen cores had been pulled by the end of December 1989, in accordance with the

milestone. Virtually all analyses have been completed. However, due to sig-

nificant, unanticipateddifficulties in data management, only partial Phase IA

data were availableat the time the analyses in this report were generated.

This consists of data for four cores from Tank 241-B-110.

A second importantdecision,one which sets expectationsand certain pro-

tocol commitments for DOE, was the Record of Decision for the Hanford Defense

Waste EnvironmentalImpact Statement (53 FR 12449). In that decision, DOE

concluded that characterizationof the tank wastes, includingconsiderationof

chemical hazards, must occur before a closure option is selected, and that a

separate SEIS would be prepared and issued for the SSTs.

Significant issues that were identified in developing a revised char-

acterizationprogram includedthe potential for errors in inventory estimates

(and therefore in leave/retrievedecisions) associatedwith tank sampling,

sample hJndling (includinghomogenizationof samples and the creation of core •

composi_.es),analyticaltechniques and horizontal variance within a tank

(Jensen and Liebetrau 1988).

1.8



The current WCP is based on requirementsfor a waste analysis plan for

characterizinghazardousw_ste under RCRA and the Washington State Hazardous

Waste ManagementAct, and on requirementsunder the Atomic Energy Act that

address radioactivity. The plan contains requirementsfor parameter selec-

tion, sampling, and analyticalmethods to support closuredecisions (synon-

ymous with remediationdecisions). Modifications to the plan will be made as
J

new informationis obtained from current analyses and testi;_Ig.

Based on preliminary review meetings with a panel of the National Academy

of Sciences (NAS), it was determined that the question of whether to analyze

core compositeor segment samples (verticalheterogeneity)would also be inves-

tigated. A research approach consisting of a cycle of testing, evaluating,

and modifying WCr,procedureswas suggested, promptingPhase I to evolve into

three elements:

• Phases IA and IB: Verify sampling and laboratorycapability,
provide for error estimates for the components of characterization,
and generate other informationpertinent to the design of the next
element of Phase I using an initial group of tanks as a reference.

• Phase IC: Continue characterizationwithin the remainingtanks.
Data from Phase IA and IB would be used to determine, for Phase IC,
I) the number of cores to be sampled, 2) the need for segment analy-
ses (rather than analyseson core composites),and 3) the appropri-
ate use of duplicate aliquots in the overall samplingprogram.
These three design items, while representingmajor control variables
for the characterizationeffort, provide for the greatest influence
in terms of impactsto the waste characterizationprogram (i.e.,
radiologicaldose to characterizationworkers, costs, and
schedules).

Phase IC uses all the information (especiallythe number of cores

required to adequately characterizea tank) from Phases IA and IB to sample

and analyze all of the SSTs. Phase IC consists of a Limited Phase IC, which

is the next I to 2 years of characterization,and an Extended Phase IC, which

completes the sampling of all SSTs. The Limited Phase IC allows for a transi-

tion in using and refining the procedures and techniquesdeveloped in the

earlier part of Phase I. The Extended Phase IC will providedata for deter-

• mining the closure decision of each SST that will be performed in Phase il.
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1.4 REASONS FOR ISSUINGTHIS REPORT

This report provides preliminaryobservationsand recommendationsfor

Phase IC characterization,based upon the partial data set available from

Phase IA and IB. As previously noted, the currently incompletedata sets do

not yet allow for some evaluationsthat support completion of Phase IA and IB

objectives.

The purpose of issuing this preliminaryrecommendationsreport is two-

fold. First, for some of the evaluations,such as radiologicaldoses to

workers and analyte priorities, the resultsdo not depend upon additionaldata

from Phase IA/IB. The proposed analyte priorities and DLGs that are docu-

mented here are intended to be used by WHC to support the WCP sampling and

analysis of the next set of tanks to be sampled. This volume serves as a part

of the technical basis for updating the WCP. Figure 1.3 shows the relation-

ship between the PreliminaryRecommendationsReport and the different phases

of the WCP.

A second reason for issuing preliminarymaterial is to solicit commpnts

on the methods currently in use. This is important because of the iterative

nature of the WCP. Subsequent volumes of this report will describe the meth-

odology used to evaluate issues such as the number of cores to be sampled per

tank (Figure 1.4). Volume I will contain the comparative analysis and summary

recommendationsfrom the other volumes.

1.5 VOLUME OUTLINE

The outline for this volume is as follows: Chapter 1.0 has provided an

overview of the history of SSTs at the Hanford Site, the Waste Characteri-

zation Plan, and the Tri-PartyAgreement; Chapter 2.0 provides an overview of

the approach used in this volume; Chapter 3.0 describes the process used to

prioritize the SST analytes; Chapter4.0 describes the concept of the concen-

tration threshold and its applications;Chapter 5.0 summarizes the results,

conclusions,and recommendations;and Appendixes A through F provide technical

support to the work reported in this volume. Q
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2.0 OVERVIEW OF APPROACH

The purpose of this analysis is to provide the SST Waste Characterization

Pl_n (WCP) with a preliminary identificationof significantanalytes and

detection limit goals (DLGs) based on public health impact calculationsand

regulatoryguidelines. This analysis will assist in designingthe test pro-

gram for tanks in Phase lC characterization. These results are prelimir,ary

and are expected to change as new data are received; this entire process is

iterativeand will continue to evolve because of the testing, evaluating, and

modifying design of the program. This chapter provides a brief description of

the approach taken in this report.

2.1 DIFFERENTMETHODS OF RANKING ANALYTES

The closuredecisions (i.e., remediationdecisions) for the SSTs at the

Hani:ordSite are expected to be heavilybased upon health risk assessments.

This does not mean that the regulatoryrequirementsthat pertain to radio-

nuclide and hazardouswaste can be ignored. To accommodateboth health risk

assessmentand regulatoryconcerns and to keep the amount of work within cost

and schedule,the large number of SST analytes need to be ranked according to

importance. This ranking of analytes allows the waste characterization

process to concentrateon the most significantanalytes while considering all

analytes in general.

Three ranking methods were developed to assist in ranking the SST anal-

ytes by health risk and regulatory criteria. All three methods"usedSST

analyte concentrationsestimates from the TRAC code as input. Although the

TRAC ccde does not accuratelyestimate tank inventorieswell enough to char-

act__rizeeach SST for closure decisions, it was assumed that the TRAC infor-

matinn could be used as input for preliminaryranking of SST analytes. The .

SST analyte rankings are based on tank farm groups (describedin Section 1.1)

insteadof individualtanks; therefore,they were not required to be as

accurate as an estimate of an individualtank inventorywould need to be.

The first ranking method, called the Long-Term Release Risk (LTRR)

method, uses an integratedhealth risk model for ranking analytes based on
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maximum individualhealth risk to the public. The risk-based model used is

the Multimedia EnvironmentalPollutantAssessment System (MEPAS). The MEPAS

code is a physics-basedsystem that inputs source term data and evaluates the

potential health impact of analytes by simulating transport through the speci-

fied media and then computing human health exposures at the receptors. The

MEPAS code is described in Whelan et al. (1987),Droppo et al. (Ig8ga,b,c),
b

Buck, Hoopes, and Friedrichs (1989), and Doctor, Miley, and Cowan (1990).

Appendix A provides a brief description of the MEPAS code and its application

for this analysis.

DG'Econducted an environmentalsurvey to identify problems at their

facilities across the country (DOE 1988). PNL developed the Multimedia Envi-

ronmental PollutantAssessment System (MEPAS)code to rank the over 400 dif-

ferent environmentalproblems from 36 DOE facilities, and the results were

used as input to a juC,gmental phase for the final overall ranking for formu-

lating corrective actions (Droppoet al. 1990). Testing the MEPAS code has

been documented in Whelan et al. (1989).

The LTRR ranking method modeled six tank farm groups as defined by six

different geologic settings (as discussed in Section 1.1). lt was assumed

that there was one large tank, containing the whole tank farm group's inven-

tory, that was breached in an unspecifiedway to allow water to leach all the

inventory (over a certain time period) into the underlying unsaturatedsed-

iments. The release rate of the SST waste was solubilitylimited, and the

transport through the unsaturatedand saturatedsedimentswas controlled by

adsorption coefficients(Kd). The exposure scenario assumed a farm with a

hypotheticalwell 50 m from the source of contaminationand a family drinking

the contaminatedwater from the well and consuming the food that is irrigated

with contaminatedwater from the weil. For more details on the release,

transport, and exposure scenarios used in the LTRR method, refer to Droppo

et al. (1991). The analytes are ranked by comparing their maximum individual
health risk with that of the others within the tank farm group. Carcinogen

and noncarcinogenrisks are ranked separately.

The second ranking method is the Short-Term IntruderRisk (STIR) method.

This method uses three generic intruder scenariosdeveloped by the U.S.
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Nuclear Regulatory Commission (NRC) to simulatepotential contaminationof

individuals in the future if they inadvertentlybecame exposed to SST waste.

The three generic intruderscenarios are the intruder-construction,intruder-

i discovery, and intruder-agriculturescenarios (NRC 1981a,b, 1982, 1986).

The first two intruder scenariosare dominated by inhalation and direct

a exposure to contaminatedsurface soil. The third scenario,the intruder-

agriculturescenario, is the most plausible case for SST waste. This scenario

assumes that at some future time (assumingloss of institutionalcontrol),

individualscould establish a home on SST-contaminatedsoil and begin farming.

This scenario assumes that the concentrationof analytes in the specific tank

farm group has cont;:minatedthe surface soil. Ingestion, inhalation,and

direct radiologicalexposure to contaminatedsurface soils are included in

this scenario. This ranking method assumesdirect exposure to the SST waste

as opposed to the LTRR method that computes release, transport, and exposure

to contaminationthrough the groundwater.

A ranking of SST analytes is obtained from the STIR method by computing a

toxicity index, which is the ratio of the analyte concentrationfor the tank

farm group given by the TRAC code to a reference toxicity parameter. The

referencetoxicity parameterfor each SST analytedepends on the exposure

route (ingestion,inhalation,or direct radiologicalexposure) and constituent

type (carcinogenicradionuclide,carcinogenichazardous, or noncarcinogenic

hazardouswaste). More details on the reference toxicity parameter and

indexescan be found in Section 3.2.1. The analyte toxicity indexes are con-

verted to a percentage of the reference toxicity parameter and these

percentagesare used to rank the SST analytes.

The third ranking method used in this analysis is called the Waste Clas-

sification (WC) method. This method uses concentrationguidelines for near-

surface disposal from NRC and Ecology for radioactiveand hazardous waste,

respectively,to generate a ranking of SST analytes. The NRC's guidelines are

based on "Land Disposal of Low-levelRadioactiveWaste" (10 CFR 61); Ecology's

guidelines are based on WAC 173-303-084 (WashingtonState 1987) and are

primarilydesigned for determiningwhether a waste is "dangerous"or

"extremelyhazardous."
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The low-level radioactivewaste classificationfrom NRC gLidelines is

divided into long- and short-livedradionuclides. Waste classificationvalues

presented in Table B.I of Appendix B are provided as guidelines for class-

ifying radioactivewaste for specificwaste disposal. The waste can be clas- e

sified us either A, B, C, or greater than class C (GTCC)waste. The ranking

of SST analytes is computed by comparingthe percent ratio of TRAC concentra-

tion for a tank farm group with the WC value.

The Ecology WC guidelines use an equivalent concentration,which is

computed for compounds in the waste using the National Instituteof Occupa-

tional Safety and Health (NIOSH)toxicity data (NIOSH 1987). Unfortunately,

the SST ranking needs to be for analytes (i.e., CN, Cl, Na, Fe, NO3) rather

than compounds (i.e., NaCl, Fe(CN)B,NAN03), because the analytical analysis

conducted for the WCP is based on analyte data, not compound data. An alter-

nate NIOSH toxicity classificationhad to be developed to assign NIOSH

toxicity data to analytes. A descriptionof this alternateclassificationis

provided in Appendix B. The ranking of SST analytes is computed using a form

of the Toxicity EquivalencyConcentration(TEC) relationshipas described in

WAC-173-303-084(WashingtonState 1987).

2.2 SELECTIONOF ANALYTE PRIORITIES

An importantrecommendationand preliminary DQO presented in this volume

is the list of priority SST analytes that should be measured to provide infor-

mation in support of closure decisions. The initial list of SST analytes to

be considered is given in Table 2.1 (analytesthat are underlined did not have

tank inventories). This list was developed through a series of evaluations

and considerations. Past characterizationefforts for SSTs have emphasized

radioactivewastes; 68 radionuclideswere identified in the TRAC program. An

evaluation of these isotopes based on regulatory and earlier assessments

reduced the number of importantradionuclidesto 42 for this analysis. Sev- k
eral radionuclideswere added becauseTRAC indicated they were in the tanks;

therefore, 50 radionuclideswere considered. In the process of tracking

radionuclides,the TRAC program provided estimates _F inventoriesfor some 6

nonradioactivecompounds. A comprehensivelis,tof about 300 nonradioactive
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TABLE 2.1. List of Analytes of PotentialConcern

Name of Analyte Symbol Name of Analyte Symbol

Act injure-225 225Ac Hydroxy Acetate _H303Act i ni urn-227 227Ac A[umi num

Americium-241 241. Ammonia NH3
Anmr i c i um-242 242A_-
/unericium-242m 242m_m Antimony SbArsenic As

Americium-243 243Am Barium Ba
= Carbon-14 14C Beryllium Be

60 o
Cobalt-60 24_. Bismuth Bi
Curium-242 Cadmium Cd
Curium-244 244CU_ Calcium Ca

Curium-245 245Cm Carbonate CO3
Cesium-135 135Cs Cerium Ce
Cesium-137 137Cs Chloride Ct

Hydrogen-3 3 ChromiumVI Cr+6

Iodine-129 I_91 Citrate C6H507
Lead-210 210pb Cobalt Co
Neptunium-237 237.s9_P co_m_ cu
Nickel-59 Ni Cyanide CN
Nickel-63 63Ni Ethylenediamine-
Niobium-93m 93mNb tetraacetic acid EDTA

94
Niobium-94 23_ Ferrocyanide Fe(CN)6
Protactinium-231 ra Fluoride F

Protactinium-233 233pa Hydroxyethel-
Plutonium-238 238pu ethylenediamine-
Plutonium-239 239p. triacetic acid HEDTA

Plutonium-240 240p_ Hydroxide OH
Plutonium-241 241pu iron Fe
Plutonium-242 242pu Lanthanum La
Polonium-210 21%o Lead Pb

Radium-223 223Ra Manganese Mn
Radium-225 225Ra Mercury Hg
Radium-226 226Ra Nickel Ni

Radium-228 228Ra Nitrate NO3

Ruthenium-106 106Ru Nitrite NO2

79 e Oxalate C204
Selenium-79 15_Sm
Samarium-151 Phosphate PO4

90- r
Strontium-90 99_ Potassium K

Technetium-99 22_ h Setenate SeO4Thorium-229 Silver Ag

• Thorium-230 230Th Silicate SiR
Thorium-232 232Th Sodium Na

"234.L
Thorium-234 Strontium Sr

Tin-126 126S_ Sulfide S"2

Uranium-233 233U Sulfate SO4
Uranium-234 234, Thallium TI

Uranium-235 235_ Thorium Th
236U

Uranium-236 238U Tin SnUranium-238 Titanium Ti

Yttrium-90 90y Tungstate WO4
Zirconium-93 93Zr Uranium U

Vanadium V

Zinc Zn
Zirconium Zr

Underlined analytes do not have tank inventory estimates.
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compounds that may be in SSTs was identifiedby Klem (1988). This list is

based on compoundsthat were used in Hanford production plants and support

operations. A shorter list of 100 chemical compoundsof regulatory importance

is listed in Winters et al. (1989); it was developed from the Klem list using _'

an approach developedby Keller et al. (1989). A number of these compounds

were not considered in this analysis because they were thought not to exist in

that particular molecular structure in the high pH and high levels of radia-

tion in the SSTs. The final list used for this analysis contains 50 analytes

that can be combined to form the 100 chemical compounds of interest.

Of these 100 chemical and radionuclideanalytes, 24 do not have tank

inventorydata availableand thereforecould not be ranked. These analytes

are lis_ed in Table 2.2.

lt is not expected that these analytes are in large quantities in the

SSTs (especiallythe radionuclides)because they were not included in his-

torical SST informationsuch as TRAC output. For the analyte ranking and

TABLE 2.2. List of SST Analytes Without Tank Inventories

Radionuclides Chemicals

6_C0 As
3H Be

94Nb Co
59Ni Cu

242pu(a) Hg
126Sn NH

232Th S-_

236U Sb

93Zr Sr

Th

Ti

Tl

U (a)

V

Zn

(a) Could have been estimatedfrom total Pu and U,
but were not.
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priority work, these analytescould not be evaluated because tank inventories

are required for each analyte. They were placed in a separate group and iden-

tified for future analysis. For the concentrationthreshold (CT) and DLG

calculations,these analyteswere included if exposure data were available.

These 100 SST analyteswere prioritizedby using the three ranking

methods described in Section2.1 and were establishedby cate.o,orizing the

ranked analytes into four types: Type I, Type II, Type III, an& Unranked.

Types I and II, which are of _ost interestbecause of their high risk poten-

tial, were further subdividedinto two categorieseach (Types IA and IB; Types

IIA and lIB) to provide a more detailed picture. Type I analytes have the

greatest potential for significantpublic health impacts and are estimated to

provide at least 99% of the cumulative health risk. Type II analytes are

estimated to have little significantpotentialfor public health impacts,

having been estimated to contribute no more than 0.99% of the cumulative

health risks.

Type I and Type II analytes, therefore, are estimatedto contribute a

combined total of at least 99.99% of the cumulativehealth risks. By com-

parison, the Type III analytes have no significantpotential for public health

impacts, as they are estimatedto contributeless than 0.01% of cumulative

health risk for a tank farm group. The Unranked analytes (listed in

Table 2.2) could not be ranked because of lack of tank inventorydata. These

analytes are not expectedto contribute to the total risk of the tanks.

Chapter 3.0 provides a detailed descriptiono_ the process of prioritizingSST

analytes.

2.3 DETERMINATIONOF CONCENTRATIONTHRESHOLDVALUES

Another importantconcept this volume provides to the WCP is the CT that

can be used to define the significanceof SST analyteswhen analyzing for clo-

sure decisions based on health-impactcriteria. Specifically,the CT value

for an analyte is defined in this analysis to be the concentrationat which

the analyte would contribute I% of the cumulativerisk or waste class of the
$

tank farm group. Significanceof SST analytes is defined as whether an

analyte contributesmore than a "critical"level to the public health risk.
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This "critical" level for an analyte in this analysis is I% of the cumulative

risk or waste class of the tank farm gruup. That is, if an analyte contri-

butes more than I% of the cumulative risk or waste class of the tank farm

group, it is considered significant, t

The CT concept can be used to develop DLGs for each analyte (i.e., DQO}

and these can be compared with current analytical detection limits (ADLs}. If

the ADL is greater than the DLG, the method is considered suspect and an

improved proceduremay be required.

The CT concept can be applied by using the three different ranking

methods discussed in Section 2.1. For the LTRR method, CT values can be com-

puted using the MEPAS model and are based on health risk. For the STIR and

the WC methods, the CT values can be computed based on toxicity data and waste

class criteria. Chapter 4.0 provides a detailed descriptionof the CT

computationsand assumptions.

2.4 APPLICATIONOF THE CONCENTRATIONTHRESHOLD CONCEPT

Analytical detectionlimits should be set for Phase IC Characterization

such that I) those analytesthat provide a significantcontributionto a clos-

ure decision are identified,and 2} the other analytes are confirmed to not be

present in significantconcentrations. The minimum CT values (most restric-

tive), based on the three different ranking methods, were used as the first

estimate of significancefor each analyte. In addition,these most restric-

tive CTs were used to define DLGs for the analytical effort of the WCP. The

uncertainty associatedwith ADLs is estimated to be about a factor of 10.

Greater uncertaintymay be associated with the LTTR CT values than with the

STIR and WC CT values. Long-TermRelease Risk CT values are currentlyjudged

to be accurate within approximatelya factor of 10 based on opinions from the

model developers and a sensitivitystudy conducte_on the MEPAS model (Doctor,

Miley, and Cowan 1990}. This gave the LTRR method a factor of 100 uncertainty J

to defi;L_DLGs. The other two methods of computing CT values are based on

toxicity informationand WC criteria and are used as if no uncertainty
I

existed; therefore, their CT-to-DLG factor is 10.

2.8



Using the CT concept and the estimatesof uncertaintyof these CT

values, DLGs can be estimated. The accuracy of inventoryestimates for signi-

ficant analytes must be greater than that for insignificantanalytes (Type III

analytes). Currently, a proposed DLG for an SST analyte using the LTRR method

is defined as two orders-of-magnitudeless than the most restrictiveCT value.

The proposed DLG for an SST analyteusing STIR and WC methods is defined as

one order-of-magnitudeless than the most restrictiveCT value.

In the future, DLGs should be rigorouslydetermined using statistical

methods to provide reasonableconfidence that the true mean concentration

value is below the CT. The new proposed DLGs could then be compared with the

current ADL values to assess if analyticalmethods were accurate enough and

procedures precise enough, lt is importantto note that DLGs become important

only if a decision cannot be made with existing ADLs. More detail on the

determinationof the DLGs and their comparison with ADLs and 241-B-110TRAC

and measured values is provided in Chapter 4.0.
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3.0 SINGLE-SHELLTANK ANALYTE RANKING ANALYSIS
!

One of the data quality objectives (DQOs) that can optimize the waste

characterizationis determiningthe most important analytes based on risk to

public health. To accomplish this, analytes must be ranked or prioritized.

The bases for ranking analytes in this analysis are site-specificchronic

risk, intruder risk, and regulatory concerns. This chapter describes the

methods used to prioritize the SST analytes {Long-TermRelease Risk (LTRR),

Short-Term IntruderRisk (STIR), and Waste Classification(WC)] and presents

the resulting rankings.

3.1 LONG-TERM RELEASE RISK RANKING METHOD

Long-term risk concerns are based on potential health impacts to the pub-

lic over a time period greater than an average single lifetime (70 years)

using site- and waste-specificdata. Long-termrisks include health impacts

on current and future generations. For the SST Waste CharacterizationPlan

(WCP) effort, a time period of 10,000 years was used for the groundwateranaly-

sis because the arrival of contaminantsin the soil at a particular receptor

may be delayed due to solubility-controlledreleases and sorption and desorp-

tion of analytes to the soil. The LTRR ranking method considers release,

transport, and toxicity parameters in computing potential risk indexes that

can be used to rank analytes accordingto their computed public health

impacts.

3.1.1 Lonq-Term Release Risk Rankinq Scenario Definition

As discussed in Chapter 2.0, the LTRR method is based on the MEPAS code.

The mathematicalformulationsof the MEPAS code are documented in Whelan et

al. (1987) and Droppo et al. (1989a). Although tileMEPAS code considers atmos-

pheric, groundwater,surfacewater, and overland releases as well as all major

• exposure pathways,the LTRR scenario is based on a tank leaking into the

groundwater. Therefore, only the groundwater transport and related exposure

components were used for this analysis.
J

A risk-based analysiswas performedwith the MEPAS code to provide a

relative ranking of analytes of concern in the SST waste at the Hanford Site
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based on tank farm groups (as defined in Section 1.1). A risk index was com-

puted for each analyte and is based on the individualdose computed From the

maximum lifetime (70 year) water concentrationsimulated over the modeling

period. The risk index formulationvaried depending on whether the analyte

was a carcinogenor noncarcinogen. Appendix A provides the risk index

formulations.

The source terms used to compute the risk indexes are based on a solubil-

ity-controlledrelease of tank farm group inventoriesobtained from a computer

program called TRAC. The waste volume is assumed to be the accumulationof

all the wastes associatedwith the SSTs in the tank farm group. For each tank

farm group, the total waste volume is assumed to be contained in a large under-

ground tank with completely permeablewalls. If an analyte did not have tank

inventorydata available, it was not ranked and was placed in a separate group

(Table 2.2).

The solubility-controlledrelease is based on infiltratingwater contact-

ing the waste form and carrying analytes away from the source at their maximum

solution concentrations. Reliable solubility limits for radionuclideswere

not available, so they were based on a congruent release method. The congru-

ent release method assumes that the release of all radionuclideanalytes is

controlled by a major, relatively soluble analyte. This method is a rela-

tively standard approach to use when detailed informatiouis not available on

the solubilityof many of the analytes. The major release analyte was assumed

to be sodium nitrate (NAN03). Solubility limit values for chemicalswere

obtained from previous SST studies (Weiss 1986) and literature (Serne and Wood

1990; CRC 1988; Schultz 1978).

The transport of SST analytes was simulated with the groundwatercompo-

nent of the MEPAS code. The waste is assumed to migrate through partially

saturatedzones and a saturatedzone to a hypotheticalwell 50 m downgradient

of the tank farm group. Site-specificclimatologicaldata for the Hanford

Site were used to determine the partially saturatedzone recharge rates. A

sensitivityanalysis was done to test the effects of the recharge rate on the
&

results (Droppoet al. 1991). Recharge rates vary from 0.5 to 10.0 cm/yr
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(1.0 cm/yr is the closest to a mean value at the Hanford Site). To be con-

servative (assumingsome ground and gravel cover), 10 cm/yr was used for SSTs.

The specific transport media were defined by the geologic setting associated

with the tank farm group as determined by Price and Fecht (1976a-d),Fecht and

Price (1977a-I),and Tallman et al. (1979). The groundwatertransport model

used site-specifichydrologic informationand contaminant-specificadsorption

J coefficients(Kd) to quantify transport. The hydrologic and adsorption pro-

perties combine to determine the concentrationsat the receptor weil.

The exposure scenario used in this analysis assumed that a resident

obtained all drinking and irrigationwater from the well 50 m from the tank

farm group. The exposure routes were ingestion,inhalation,and direct

contact; doses were computed for 70oyear incrementsover the lO,O00-year

modeling period for a 70-kg person. The risk indexeswere computed based on
I

standard EPA guidance (EPA 1989a) for chemicalsand on Buhl and Hansen (1984)

and NAS (1990) for radionuclides. All the release, transport, and toxicity

data used to compute these risk indexeswere taken from Droppo et al. (1991).

The LTRR ranking process is made up of three major components,source

term, transport, and exposure. The source term is the assumed release rate of

analytes from the SST. lt is based on the solubility limit of the analyte

(radionuclidesolubility limits were based on NaNO3 values [congruentrelease

method]) and the TRAC inventorydata. Transport is the interactionamong

geology, hydrology, and analyte movement through the groundwater system (par-

tially saturated and saturated zones). Exposure is based on potential health

effects from individualanalytes and is associatedwith exposure scenarios.

When these components are combined, the analytes can be ranked based on poten-

tial risk to public health. Figure 3.1 illustratesthe ranking of SST analy-

tes using the LTRR ranking method.

Risk indexeswere computed for carcinogensand noncarcinogensseparately

, because of their different health effects. Carcinogenic analytes are those

that are known or suspected to cause or induce cancer and include radio-

nuclides and hazardous chemicals. Noncarcinogenic analytes are known or sus-

pected to cause some type of health effect (ranging from irritation of the
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FIGURE 3.1. The Single-Shell Tank Analyte Ranking Process
Using the Long-Term Release Risk Ranking Method

eyes to destruction of organ tissue). All radionuclides in this analysis and

arsenic (As) were assumed to be carcinogens for the exposure calculations.

All nonradioactive chemicals in SST waste, except arsenic, were defined by °

EPA's definition as noncarcinogens.

lt is important not to use the risk indexes in this report as true esti- t

mates of the risk from the analytes within SSTs. Instead, these indexes are

being used to provide a ranking of a large number of analytes in a consistent
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manner, lt is also importantnot to compare carcinogen and noncarcinegenrisk

indexes because they are based on different health effects. In the future,

comparisonsof carcinogensand noncarcinogensmay be required to make closure

decisions on SSTs.

The risk indexes for each SST analyte were computed for a given tank farm

, group and were summed to create a cumulative risk index for carcinogens and

noncarcinogens. This cumulative risk index was divided into each individual

risk index and converted to a percentage as shown in Equation 3.1.

percent cumulative risk = analyte risk index * 100 (3 I)cumulative risk index

These perce,_tagesrepresentthe contributionof each analyte to the total risk

of the tank farm group. The results of analyte rankings for each tank farm

group are presented in Appendix A. Ethylenediaminetetraaceticacid (EDTA)

ranked as the most importantnoncarcinoge_;icanalyte because of its large

inventoryas indicatedby the TRAC code (EDTA has a relatively low toxicity

value and is highly mobile. However, it is thought that EDTA is not in its

original form because of the high pH and high radiation in the tanks. The

uranium isotopes (233U,234U,235U,and 23BU)were ranked as some of the most

importantcarcinogenicanalytes because they were modeled as being quite

mobile in the environment (assumedto be present as soluble uranyl carbonate

species),resulting in conservativeestimatesof risk (i.e., higher risk than

may actually be the case). The large uncertaintiesassociatedwith the input

data for EDTA and the uranium isotopesmay have caused them to be ranked high,

but these risk indexeswere not included in the cumulative risk index, thereby

allowing even more conservatismin selecting important analytes.

Twenty-four analytes were not ranked or included in the cumulative risk

index calculationbecause tank inventorieswere not available (Table 2.2).

" However, because these analytes are of regulatory concern to the state of

Washington,they were included in the list of SST analytes as a separate group

of Unranked analytes. Based on expert judgment, these unranked analytes areJ

not expected to be present in significantquantities in the SSTs and therefore



would not influencethe cumulaiive risk calculationsfor tanks or tank farm

groups (Uraniummetal may be the exception). Future efforts will be required

to verify these assumptions.

3.1.2 Lonq-TermRelease Risk Rankinq Scenario Results

The ranking of analytes in the SST waste for all six tank farm groups for

the LTRR ranking scenario is summarized in Table 3.1. This table lists the

analytes in seven general grJups based on their relative contributionto the

overall risk foY all tank farm groups. The Type I and II analytes are sub-

divided into two groups (Type I-A and I-B and Type II-A and II-B) to provide

more detaiI.

TABLE 3.1. CarcinogenAnalyte Ranking Based on Long-Term Release Risk(a)

TvDe I-A Type I-B Type II-A Type II-B Type III Unranked

238U Z35U 93mNb 234U 225Ac Z33pa As

99Tc 242mAiTl(b) 238pu(b) 241Am(b) 227Ac 223Ra 60C0

14c Z4epu(b) 239pu(b) 242Ca(b) 242Am 225Ra 3H

129,_ Z37Np(b) 243Am ZZBRa 94Nb

2339 244Cm ZZSRa 59Ni

245Cm' leSRu 242pu

13SCs 79Se 126Sn

137Cs 151Sm 232Th

Zlopb 90Sr 23Bu

83Ni 229Th 93Zr

241pu 23_Th

210p0 234Th

231pa 90y

(a) Type I-A analytes include 0.00 to 90.00% of cumulative risk.
Type I-B analytes include90.00 to 99.00% of cumulative risk.
Type II-A analytes include99.00 to 99.90% of cumulative risk.
Type II-B analytes include99.90 to 99.99% of cumulative risk.
CarcinogenicType analvtes in this list are based on percent risk238 235 23_,
excluding U, U, U, and Z33Uin the cumulative risk.

(b) Indicatesthe analyte priority is because of daughter product risk.
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The analyte types were defined by dividing the cumulative risk index per-

centages into general groups. Type I-A analytesaccount for 90% of the cumu-

lative risk index, Type I-B analytes account for the next 9% (90% to 99%),

Type II-A analytes account for the next 0.9% (99% to 99.9%), Type II-B anal-

ytes account for the next 0.09% (99.9% to 99.99%), and Type III analytes

account for less than 0.01% of the cumulative risk index. Each analytewas

assigned a group based on its highest ranking for all of the tank farm groups

(i.e., if an analyte is a Type I-B in one tank farm group and it is a Type III

in the other five tank farm groups: it will be assigned to the Type I-B

group). The percentagesassociatedwith the risk indexes for the analytes are

provided in Tables A.I through A.6 in Appendix A.

The 24 analytes in the unranked group in Tables 3.1 and 3.2 were not

ranked because tank inventorieswere not available. For seven radionuclides,

all of which are transuranics,the risk index is based on a decay product

rather than on the parent analyte. The additionalanalysis used for decay

products is described in detail in Appendix C.

As shown in Tables 3.1 and 3.2, only 8% (8 out of 100) of the SST ana-

lytes were classifiedas Type I-A based on the LTRR ranking scenario. Only 5%

(5 out of 100) of the analytes that were Type I-B, 4% (4 out of 100) were

Type II-A, and 10% (10 out of 100) were Type II-B. This leaves 54% (54 out of

100) of the analytesthat were ranked as Type III and 24% (24 out of 100) of

the analytes that were unranked based on the LTRR ranking scenario. Most of

the Type III analyteswere ranked as insignificantrisk contributorsbecause

of their lack of mobility in the groundwater system (high adsorption coeffi-

cient [Kd]) or their limited release rate (solubilitylimited).

3.2 SHORT-TERM INTRUDERRISK RANKING SCENARIO

The STIR rankingmethod was used to assist in determining an analyte's

. potential health impactwhen there is the possibilityof contact with the

hazardous or radioactiveanalytes. Unlike the LTRR method that considers risk

out to 10,000 years, the STIR method considerschronic intruder risk for the

waste in its current state. Contact with an analyte can occur through several
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TABLE 3.2. NoncarcinogenAnalyte Ranking Based on Long-Term Release Risk(a)

Type I-A Type I-B Type II-A Type II-B Type III Unranked

EDTA CN Na SO4 C2H303 La Be

NO2 Cr+6 Al Pb Co

NO3 Ba Mn Cu

F Bi Ni Hg

Cd C204 NH3

Ca PO4 Sb

CO3 K Sr

Ce SeO4 S-z

Cl Ag Th

C6H507 SiD3 T1
Fe Sn Ti

Fe(CN)6 WO4 U
HEDTA Zr V

OH Zn

(a) Type I-A analytes include0.00 to 90.00% of cumulative risk.
Type I-B analytes include90.00 to 99.00% of cumulative risk.
Type II-A analytes include 99.00 to 99.90% of cumulative risk.
Type II-B analytes include99.90 to 99.99% of cumulative risk.
NoncarcinogenicType analytes in this list are based on percent
risk excluding EDTA in the cumulative risk.

exposure pathways, each having a different level of toxicity. To evaluate SST

analyte ranking, intruder scenarioswere included along with the associated

exposure pathways to determine which analytes were of greatest toxic concern.

The main consideration of the STIR evaluations are the inventoryand toxicity

of the analyte.

3.2.1 Short-Term Intruder Risk Rankinq Scenario Definition

=m

In the future, if institutionalcontrol is lost, individualsmay inad-

vertently become exposed to hazardous and radioactiveanalytes that pose a

threat to human health. Intruder scenarios are designed to simulate possible 4

contaminationreceived by an individual under such circumstances. The NRC

outlined three generic intruder scenarios: the Intruder-Construction

3.8



Scenario, the Intruder-DiscoveryScenario, and the Intruder-Agriculture

Scenario (NRC 1981a,b, 1982, 1986). The first two scenarios are dominated by

two exposure routes, inhalationand direct radiologicalexposure. Direct rad-

iologicalexposure is defined as health effects caused_\'bydirect contact or

nearly direct associationwith radioactivesources. _.

The third scenario, Intruder-Agriculture,considers thepossibility that

at some future time, people will build homes or farms on the disposal site and

operate farms on the surroundingcontaminatedregion. For this analysis, the

SST analytes are assumed to have contaminatedthe surface soil (throug_ exca-

vation or some other disturbance). The exposure routes of concern with the

Intruder-Agriculturescenario are ingestion, inhalation,and direct exposure.

Insteadof deciding which of the three exposure routes is most important

and determininghow to properly weight each to determine its toxicity index

value, each of the exposure routes was evaluated separately. Analytes were

grouped as radionuclidesor chemicals. The chemical ranking was based on

ingestionand inhalationexposure routes,while radionuclidesincluded inges-

tion, inhalation,and ground exposure.

Toxicity parameters and TRAC-computedconcentrationswere used to com-

pute the toxicity indexes that were used to rank SST analytes. These toxicity

parameters varied depending on whether the analyte was a carcinogen or noncar-

cinogen and on its particularexposure route. Toxicity parameters were

obtained from the MEPAS database unless otherwise stated.

For ranking the noncarcinogenicanalytes, the referencedoses (RfDs)

were used when available. The RfD is defined as the estimate of the largest

amount of a noncarcinogenicanalyteto which a person can be exposed without

adverse health effects. The majority of RfDs listed by MEPAS were obtained

using EPA's IntegratedRisk InformationSystem (IRIS) documented in EPA

(1989b). When IRIS values were not available, other referenced sources were

used to estimate an RfD. When MEPAS did not list RfDs for certain chemicals,

LD50values were converted to RfD values using the followingempirical con-

version factor, which is based on a study by Layton et al. (1987)"

RfD = LDs_• 4.0 x I0-s _3.2)
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LD50values are defined as the mean lethal dose of a chemical expected to

cause death in 50% of the test animals. RfDs expressed in Equation 3.2 have

units of milligrams of chemical per kilogram of person per-day for both the

ingestionand inhalationexposure routes. For three chemicals, Cr+6, Ni, and

Cd, cancer potency factors were used to rank the inhalationexposure route

(these chemicals are noncarcinogenicfor ingestiononly). The cancer potency

factors are expressed in units of kilogram-daysper milligram (inverse of RfD

units). Based on the RfDs and cancer potency factors, a means of ranking the

importanceof each chemical analytewas created.

A parameter called the Toxicity Index was defined for each SST analyte

to be ranked. The TRAC-estimatedconcentrationsfor each tank farm group of

chemical noncarcinogensand carcinogenswere converted to a dose (divided by

the average person's weight of 70 kg and a 70-year lifetime). This dose is

then divided by the RfD for noncarcinogensand multiplied by the cancer

potency factor for carcinogensto obtain the toxicity index (which is dimen-

sionJess).

Radioactiveanalytes were ranked for three exposure routes: inhalation,

ingestion,and direct exposure. Radiologicaldosimetry factors and specific

activity per mass (pCi/g) for each radionuclideand exposure route were used

to determine toxicity index. The radiologicaldosimetry factor value for

direct exposure is expressed as a dose rate (rem/hr) per ground concentration

in the surface sediments (pCi/m2). Thus, for the direct exposure case, the

radiologicaldosimetryfactor value was multiplied by the specific activity

per mass of the radionuclideand divided by the tank farm area (m2) to deter-

mine the toxicity index. This toxicity index for direct exposure is expressed

in units of rem/hr/g.

The radiologicaldosimetry factor value for inhalation and ingestion is

expressed in rem/pCi. Therefore, for the inhalation and ingestiontoxicity

index, the radiologicaldosimetry factor value was multiplied by the TRAC _

estimate of radionuclidetotal specific activity for the tank farm group. The

resultingtoxicity indexeswere in units of rems per gram of waste for all
6

three exposure routes.
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3.2.2 Short-Term IntruderRisk Rankinq Scenario Results

The rankings of analytes in the SST waste for all tank farms using the

STIR ranking scenario are summarized in Tables 3.3 and 3.4. These tables

categorize the analytes into general risk-based groups as was done for the

LTRR method in Tables 3.1 and 3.2. The scenario with the highest toxicity

TABLE 3.3. CarcinogenAnalyte Ranking Based on Short-Term IntruderRisk(a)

Type I-A Type I-B Type II-A Type II-B ....Type III Unranked

24tAm 24°pu 242Am zn3Am 225Ac 223Ra As

137Cs 244Cm 227Ac 225Ra SOCo

239pu 237Np 242roAm 22BRa 3H

9eSr 238pu 14c 228Ra 94Nb

9_y 241pu 242Cm I@6Ru 59Ni

238U 245Cm 79Se 242pu

135Cs 151Sm 126Sn(b)

1291 99Te 232Th

21@pb 2Z9Th 23BU

63Ni 23_Th 93Zr(b)

93mNb 234Th

21Bpo 233U

231pa 234u

233pa 23s u

(a) I-A analytes include0.00 to 90.00% of total toxicity.
Type I-B analytes include90.00 to 99.00% of total toxicity.
Type II.-Aana]ytes include 99.00 to 99.90% of total toxicity.
Type II-B analytes include 99.90 to 99.99% of total toxicity.
Type III analytes include99.99 to 100.00%of total toxicity.

(b) Indicatesanalyte was accidentallyomitted from analysis.
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TABLE 3.4. NoncarcinogenAnalyte Ranking Based on Short-Term Intruder Risk(a)

Type I-A Type I-B Type II-A TvDe II-B Type III Unranked

AI Ba Fe(CN)B Ca C2H303 Be

Cr+B Cd SiO3 Na Bi Co

EDTA CO3 Ce Cu

Fe F Cl Hg •

Mn HEDTA CBHB07 NH3

Ni NO3 CN Sb

NO2 Pb La Sr

OH SO4 C204 S-2

PO4 Zr K Th

SeO4 Tl

Ag Ti

Sn U

WO4 V
Zn

(a) Type I-A analytes include 0.00 to 90.00% of cumulative risk.
Type I-B analytes include 90.00 to 99.00% of cumulative risk
Type II-A analytes include 99.00 to 99.90% of cumulative risk
Type II-B analytes include 99.90 to 99.99% of cumulative risk
NoncarcinogenicType analytes in this list are based on percent risk
excluding EDTA in the cumulative risk.

index for an analytewas used to rank the analyte as presented in Tables 3.3

and 3.4, and a diagram of the ranking process using the STIR ranking method is

provided in Figure 3.2.

In Tables 3.3 and 3.4, 14% of the SST analytes are Type I-A based on the

STIR ranking method, 10% of the analytes are Type I-B, 8% are Type II-A, and

3% are Type II-B. This leaves 41% of the analytes that were ranked as

Type III and 24% of the analytes unranked based on the STIR ranking method, o

The analytes that were ranked as Type I and II analytes by the STIR

method were ranked as such based primarilyon the toxicity parameter (RfD,

cancer potency factor, or radiologicaldosimetry factor)of the analytes. If

an analyte is associated with 90% of the cumulative risk for the tank farm
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group, it was ranked as a Type I-A analyte. Analytes such as 241Am,137Cs,

239pu' 9OSr ' 9By, Al, Cr+6, EDTA, Fe, OH, Mn, Ni, NO2,andPO4 are Type I-A

analytes.

3.3 WASTE CLASSIFICATIONRANKING METHOD

As a check on analyte priorities generatedthrough the LTRR and STIR

methods, an alternativeranking system was applied based on the Waste Classi-

fication (WC) systems of the NRC and the Washington State Department of

Ecology (Ecology). These regulatory agencies,having responsibilityfor

licensing/permittingthe disposal of certain radioactiveand chemically haz-

ardous wastes (i.e., dangerous waste), have previously promulgatedconcentra-

tion guidelines for near-surfacedisposal. The criteria for disposal of

commerciallygenerated low-level radioactivewaste are specified in the NRC's

10 CFR 61, "Land Disposal of Low-Level RadioactiveWaste."

Ecology provides concentration-basedguidelines in its DangerousWaste

Regulations (WAC 173-303-084). These regulationsinclude a means of deter-

mining an equivalent concentrationof toxic constituents (sum of the frac-

tions) when a waste contains a mixture of toxic constituents(nonradioactive).

This regulation includes classificationof chemical waste as non-regulated,

dangerous, or extremelyhazardouswaste (EHW).

3.3.1 Danqerous Waste ClassificationDescription

The WAC 173-303-084document is designed primarily for determining the

equivalent concentrationwhen toxic nonradioactiveconstituentsremain as

compounds in solution,and it is used as one method for assessingwhether a

waste is dangerouswaste or EHW.

For analytes stored in the SSTs, most of the compoundsdissolved in the

aqueous phase ionize and remain in ionic forms. Any excess amount above their

solubility limits will precipitateand form slurry or sludge in the bottom oF x

the tanks. WAC 173-303-084was not designed to apply to ionic species that

constitute toxic analytes in the case of the SST waste. An alternatemethod
A

of defining toxicity categories was developedto define a NIOSH toxicity para-

meter for each of the SST analytes considered in the ranking study. This

3.14



alternatemethod was meant to be an estimate of the SST analyte toxicities by

using reference compounds in the tanks that had toxicity data available. In

the future, more accurate informationon compoundsassociated with the SST

% chemical environment in the tanks will be evaluated for a more realistic

approach. Values for these alternate toxicity parametersare provided in

Table B.2 and a detailed descriptionof this alternatetoxicity classification
P

is provided in Appendix B of this report.

Once toxicity parameterswere determined for each analyte based on the

NIOSH toxicity data, a total WC index (similarto the equivalent classifi-

cation concentrationspecifiedin the WAC 173-303-084)was computed for each

SST farm group. The computationof the total WC index involved dividing all

the analyte concentrationswithin a given NIOSH toxicity category by the

appropriate factor providedby WAC 173-303-084(X by I, A by 10, B by 100, C

by 1000, and D by 10,000) and summing them for a given tank farm group. The

total WC index is then divided into each individualanalyte'sconcentrationto

determine its percent of the cumulative WC for the tank farm group. These

percentageswere then used to rank the analytes for the WC ranking method.

3.3.2 Low-LevelRadioactiveWaste ClassificationDescription

The specificationof the 10 CFR 61 document divides low-level radio-

active waste into four classes" A, B, C, and greater-than-Class-C(GTCC)

waste. The classificationhas two categories of waste" long-lived and short-

lived radioactivewaste. Examplesof long-livedradionuclidesare 14C,99Tc,

1291,242Cm, 241pu,and any alpha-emittingtransuranicwith a half-life greater

than five years. Examplesof short-livedradionuclidesare 3H, 6°Co, B3Ni,

9_Sr, 13;Cs,and radionuclideswith half-lives less than 5 years.

For this analysis,the class of waste in the SSTs is not important. The

importantaspect of the analysis is how the analyteconcentrationsin the SST

farms groups compare using the Class C calculationmethod for ranking analy-

tes. Table B.I in Appendix B provides a reproductionof the long- and short-

lived radionuclidetables from the 10 CFR 61 document in units appropriatefor

the SST analysis. The WC criteria have been convertedto microcuries of

analyte per gram of waste (_Ci/g)using an averagebulk density of the SST

sludge waste as 1.8 g/cm3.
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The Class C criteria provided in Table B.I were used to compute the WC

index by dividing each radionuclideconcentrationby the appropriatevalue in

Table B.I. These indexeswere then summed for each tank farm group to provide

a total WC index for radionuclides. Each individualWC index was divided by !

the total WC index for the tank farm group and convertedto a percentage.

These percentageswere used to rank the analytes.

3.3.3 Waste ClassificationRankinqMethod Res.ults

The rankings of analytes in the SST waste for all tank farms based on

the WC ranking method are summarized in Tables 3.5 and 3.6. These tables

categorize the analytes into general groups for optimizing the SST characteri-

zation effort, as was done for LTRR and STIR ranking scenarios. The groups

TABLE 3.5. CarcinogenAnalyte Ranking Based on Waste Classification(a)

Type I-A Type I-B Type II-A TYpe II-B Type III Unranked

241Am 238pu 242roAm 243Am 225Ac 226Ra As

137Cs 241pu 244Cm 227Ac 228Ra 6eCo

239pu 14c 237Np Z42Am ZeSRu 3H

248pu 1291 242Cm 79Se 94Nb

9eSr 63Ni Z4SCm ZSZSm 59Ni

99Tc 135Cs 229Th 242pu

Ztepb 23OTh 126Sn (b)

93mNb 234Th 232Th

210p0 233u 236u

231pa 234u 93Zr(b)

233pa 235U

223Ra 238u

22SRa 9_y

(a) Type I-A analytes include0.00 to 90.00% of waste classification.
Type I-B analytes include90.00 to 99.00% of waste classification.
Type II-A analytes include99.00 to 99.90% of waste classification.
Type II-B analytes include99.90 to 99.99% of waste classification.
Type III analytes include99.99 to 100.00% of waste classification.

(b) Indicatesanalyte was accidentallyomitted.
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TABLE 3.6. NoncarcinogenAnalyte Ranking Based on Waste Classification(a)

Type I-A Type I-B Type II-A Type II-B Type III Unranked

Bi Al Fe(CN)6 Ba Cd Be

Cr.6 CBHsO/ Ca Ce Co

Fe CO 3 C2H303 Cl Cu

OH EDTA K CN Hg

Na F Mn La NH3

NO2 HEDTA Pb C204 Sb

NO3 Ni SeO4 Sr

PO4 Ag S-2

SiO3 Sn Th

SO4 WO4 Tl

Zr Ti

U

V

Zn

(a) Type I-A analytes include 0.00 to 90.00% of waste classification.
Type I-B analytes include 90.00 to 99.00% of waste classification.
Type II-A analytes include 99.00 to 99.90% of waste classification.
Type II-B analytes include 99.90 to 99.99% of waste classification.
Type III analytes include 99.99 to 100.00% of waste classification.

for this scenarioare the same as were used in the other ranking scenarios so

they can be compared. Figure 3.3 shows a diagram of the SST analyte ranking

process using the WC ranking method.

In Tables 3.5 and 3.6, only 13% of the SST analytes were ranked Type I-A

based on the WC ranking method, 16% of the analytes are Type I-B, 4% are Type

II-A, and 7% are Type II-B. This leaves 36% of the analytes that were ranked

as Type III and 24% unranked based on the WC ranking method.

The analytes that were ranked other than Type III by the WC method were

ranked as such based primarily on the toxicity parameter (RfD, cancer potency

• factor, or radiologicaldosimetry factor)of the analytes. Analytes such as

24IAm, 239pu, 24Bpu, 99Tc, NO 2, NO_, Cr+6,Fe, OH, Na, and Bi are Type I-A
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FIGURE 3.3. The Single-Shell Tank Analyte Ranking Process
Using the Waste Classification Ranking Method

analytes based on the WC method. The WC ranking method does not consider con-

taminant release rates or transport parameters as does the LTRR ranking

method.
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4.0 CONCENTRATIONTHRESHOLDVALUESFORSINGLE-SHELl.TANKANALYTES

Another objective of this analysis in support of the SST Waste Characteri-

zation Plan is to estimate a concentrationthreshold (CT) value for each

analyte. The CT values are expected to serve as an input in selectingsuspect

ADLs and to aid in evaluating remediationtechnologies.

The CT concept defines the concentrationat which an analyte present in

SSTs begins to make a siqnificantcontributionto a risk or waste class rank-

ing. For this analysis, an analyte is declared to be a "significantcontrib-

utor" if it provides at least 1% of the cumulativerisk or waste class for a

tank farm group. Conversely,an analyte is not considered a significantcon-

tributor if its contributionis less than I% of the cumulative risk or waste

class.

Concentrationthresholdvalues were estimated for each analyte based on

results from the three ranking methods described in Chapter 3.0 and for each

of the six tank farm groups, However, for certain analytes considered in the

LTRR method, no CT value could be computed because of the nature of the

solubility-controlledrelease (no matter how much the tank concentrationwas

increased,the analyte could not contribute 1% of the total risk because the

release rates are solubility-limited).

Finally, although CT values based upon a 1% contributioncriterion pro-

vide a first approximation,an additionalcheck on the adequacy of the CT

values was performed. The estimated CT values for the LTRR method were com-

pared to generally accepted standard referencelevels. A detailed description

of this comparison is provided in Appendix D.

The 24 SST analytes that were not ranked in Chapter 3.0 because of lack

of tank inventorieswere evaluated using the CT concept if exposure data was

available. These analytes could be evaluatedbecause the C, concept is a

,_ hypotheticaltank concentrationbased on a computed risk to the public; actual

tankconcentrations (inventories)are not required to compute the CT. Toxi-

city data were not availablefor S-2,Th, and Ti, making the CT calcula,_on

impossiblefor these analytes. The other 21 unranked analytes did have CT

values computed.
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4.1 LONG-TERMRELEASE RISK CONCENTRATIONTHRESHOLD VALUES

The CT values were computed for each analyte using the MEPAS groundwater

and associatedexposure pathway models. The SST concentrationwas adjusted

iterativelyand evaluated until the risk index for that analytecontributed I% t

of the cumulativerisk for that tank farm group. This I% of the cumulative

risk is referred to as the C3 for that analyte in that tank farm group.

There are four categories of analytes in this CT analysis for LTRR,

analytes that 1) had to have their concentrationsreduced below the TRAC

estimate to reach the CT, 2) had to have their concentrationsincreased above

the TRAC concentrationto reach the CT, 3) did not reach the CT by increasing

the concentrationbecause its solubility limit was low and the groundwater

release was limited, and 4) did not reach the CT because the analyte was not

mobile enough to arrive at the receptorwithin the modeling time of 10,000-

years (combinationof slow release rate and high Kd associatedwith the trans-

port velocity).

A few analytes had risk indexesgreater than the I% cumulative risk, and

therefore their concentrationneeded to be reduced to reach the CT. Many of

these analytes had very high inventoriesrelative to the solubility release

limit and thus the maximum predictedgroundwater concentrationat the well was

insensitiveto small changes in the inventory. Thus, the concentrationsfor

these analytes had to be reduced by a large amount before their release rate

decreased and the risk index began to decrease. Analytes of this type inclu-

ded NOz, NO3, EDTA, 14C,1291,9gTc,235U, and 23BU. These analytes had the

highest risk indexes and were previously identified as Type I analytes

(Table 3.1) based on the LTRR ranking method.

Analytes that had their concentrationsincreased to reach the CT included

F, CN, Cl, and Cr+6. These analytes are generally Type I-A and I-B analytes.

Normally the risk index for an analyte would be proportionalto its con-

centration if the release rate of the analyte remained constant,which is the

case for this analysis. But if the ana]yte concentrationin the groundwater

is at its solubilitylimit, an increase or decrease in inventorywill not d

change the risk. Analytes of this type were Ag, S04, Ni, Na, 93mNb, 233U,and

Z34U. These analytes are generally II-A and II-B analytes.
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Analytes such as Al, Ba, Mn, Zr, Pb, 9°Sr,137Cs, 21°pb,and 229Th did not

reach the receptorwithin the 10,O00-yeartime limit either because their

estimated KdS are too high or, in the case of 9°Srand 137Cs,the half-life is

too short. Other analytes have lower KdS but did not reach the I% of the

cumulative risk because their peak water concentrationthat correspondedto

the CT occurred too far in the future (much later than 10,000 years). All of
e-

these analytes are Type III analytes.

Concentrationthreshold values were computed for all the analytes that

could reach the I% cumulative risk level. Tables E.I and E.2 in Appendix E

contain a summary of the CT values for the carcinogenic_nd noncarcinogenic

analytes, respectively,in each of the six tank farm groups.

4.2 SHORT-TERM INTRUDERRISK CONCENTRATIONTHRESHOLD VALUES

To establish a CT value based on the STIR method, I% of the sum of the

toxicity indexeswas used. Individualanalyte concentrationswere calculated

simply by reversingthe method used to obtain their individual toxicity index.

For example, CT values were determined by multiplying 1% of the total toxicity

index by the chemical's RfD value to obtain a concentration(_g/g). Following

the same guidelines,CT values were calculatedfor all analytes and for all

the exposure routes considered.

Tables E.3 through E.7 in Appendix E are summariesof the CT values for

the STIR analytes by tank farm group. Most of these CT values are higher

(less restrictive)than the CT values from the LTRR method.

4.3 WASTE CLASSIFICATIONCONCENTRATIONTHRESHOLD VALUES

As with the LTRR and STIR methods, CT values for the WC method were

calculated. Based on 1% of the total WC index for each tank farm group, CT

values (_g/g) were back-calculatedfor the chemical analytes. Concentration

• threshold values were computed by taking the 1% of the total WC index and

multiplying the appropriatefactor based on the analyte'sNIOSH toxicity value

• (Table B.2 in Appendix B).

Concentrationthreshold values for radionuclideswere based on the WC

values for short-livedand long-lived low-levelradioactivewaste. Based on
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specific activity per mass (_Ci/g) for radionuclidesin NRC's 10 CFR 61

document (Table B.1 in Appendix B), WC indexeswere computed by taking the

TRAC codes estimate of the specific activity (_Ci/g)data and dividing it by

the 10 CFR 61 limit. Concentrationthreshold values were computed based on i% i

of the cumulative WC index for each radionuclideand multiplying it by the

appropriate10 CFR 61 limit.

Summary tables were created to easily identifythose analytes of greatest

concern as well as their correspondingCTs. Tables E.8 and E.9 in Appendix E

show the CT values for each tank farm group for chemical and radionuclide

analytes respectively,based on the WC method. For chemicals, it is apparent

that the CT values for STIR and WC methods are very similar, because they are

both based primarilyon analytetoxicity (NIOSHtoxicity values).

4.4 APPLICATIONOF THE CONCENTRATIONTHRESHOLDCONCEPT

Because of the large number of SST analytesthat must be characterized,

it is not realistic in cost, schedule, and worker impacts to analyze all pos-

sible SST analytes with the same amount of detail. The CT concept was devel-

oped to provide a means of identifyingSST analytes that are judged to be

significantor insignificantcontributorsto potentialpublic health impacts

and therefore to closuredecisions. A CT value was computed for each SST

analyte using the LTRR, STIR, and WC ranking methods.

The CT concept was used to relate other parametersto potential health

impacts from SST waste. One of these parameters is the ADL. If ADLs for

analytes are not sensitiveenough, there is a potentialfor an analyte at

concentrationsbelow the ADL to pose significanthealth impacts. Therefore,

the CT concept was used to define health impact DLGs that can be used to set

criteria for the ADL.

The uncertaintyof the LTRR CT calculation,based on input data, models,

scenario definitions,and risk factors, is qualitativelyestimated, based on

expert judgment, to be a minimum of one order-of-magnitude, lt is also

observed that there is often some variability in the ADL for a given analyte •

from sample to sample by a factor of 10 (one order-of-magnitude).
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With the use of the CT concept and these preliminary estimates of uncer-

tainty in model and analytical methods, DLGs can be determined. For LTRRCT

values, the DLGs are proposed to be two orders-of-magnitude less than the com-

puted CT value. For example, if the computed CT value is 1.0 x I0 -4 _Ci/g for
an analyte, the DLG is 1.0 x 10.6 _Ci/g. In the future, statistical methods

should be used to rigorously calculate DLGs that provide a reasonable amount

_" of confidence that the actual analyte concentration in a tank is less than the
CT.

In determining proposed DLGs for CT values based on STIR and WC, a value

of one order-of-magnitude less than the computed CT values was considered

reasonable. Unlike the LTRRmethod, the STIR and WCmethods are based on

generic site information and are used as standards; therefore, they are

assumed not to have any uncertainty associated with them. This leaves only

the uncertainties associated with the method of determining ADLs. For STIR

and WCCT values, corresponding DLGs are proposed to be set at one order-of-

magnitude less than the computed CT value. For example, if the computed CT

value is 1.0 x 10 .4 _Ci/g for an analyte, the proposed DLG is 1.0 x 10.5 _Ci/g.

Using these definitions, goals for ADLs can be based on health risk.

Tables F.I through F.4 in Appendix F present the proposed health impact DLGs

for the most restrictive CT values for different types of analyte by tank farm

group and the associated ADLs. TRAC and measured results from 241-B-110 are

included in the tables in Appendix F to provide a comparison with the ADLs and

DLGs. These DLGs are preliminary and are expected to change as more data on

the waste and better statistical techniques can be developed to assist in

defining improved goals.
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5.0 RESULTS AND CONCLUSIONS
i

The objective of this volume is to determine preliminaryDQOs for the SST

! CharacterizationProgram. The approach consists of deriving a preliminary

ranking of SST analytes based on risk and closure-relatedguidelines (type of

data needed) and detection limit goals (DLGs) for analytes based on the

concentrationthreshold (CT) concept (qualityof data required). The prelimi-

nary ranking of SST waste analytes and the DLGs will be used in design of the

sampling and analysis plan used in Phase IC characterization. These recom-

mended DQOs are only preliminaryand are expected to change as new data from

other tanks are analyzed. The entire characterizationprocess is iterative

and will continue to evolve as new sample data are obtained and analyzed.

Closure-relatedanalyte prioritieswere established (using the LTRR,

STIR, and WC methods) by categorizinganalytes into three types: I, II, and

III. Type I analytesare estimated to contributemost of the public health

impactsbecause they provide at least 99% of the cumulative health risk for a

tank farm group. Type II analytes are estimated to contribute no more than

0.99% of the cumulative health risks for a tank farm group. Types I and II

analytes are estimated to contribute a combined total of at least 99.99% of

the cumulative risk. By comparison, the Type III analytes are estimated to

contribute no significantpublic health impacts, as they are estimated to

contribute less than 0.01% of cumulative risk for a tank farm group.

Closure-relateddecisions for SST wastes are expected to be based heavily

upon results from risk assessments. Therefore, the analyte ranking and CT

evaluations includedconsiderationsof methods for LTRR and STIR. Carcinogens

and noncarcinogenswere considered separately because of their different

health effects. As a check, analyte prioritiesand CT values were developed

using WC criteria. The analyte prioritiesand CT values were calculated

separately for six different tank farm groups, based upon geologic settings.

The CT value for each SST analyte is defined to be that concentrationat

which its contributionto a risk- or waste-class-calculationis judged to

become significant. For the purposes of this report, significant is defined

as constitutingI% of the cumulative risk or waste class index (based on LTRR,
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STIR, and WC) for each tank farm group. The computed CT values were then used

to define DLGs based on health risk and waste class. Analyte priorities,

DLGs, and other tank data can be used to identify current analyticalmethods

that may need improvement. !

Type I analytes are expected to play the greatest role in closure deci-

sions. However, because there are a number of uncertaintiesassociatedwith

the tank inventoriesand transport parameters for the LTRR calculations,near-

term (Limited Phase IC Characterizationover the next I-2 years) characteri-

zation efforts should continue to include Type II and III analytes. Recom-

mendations in this report are designated by the volume they come from and

numerical order in that volume (i.e., Recommendation2-3 is the third recom-

mendation from Volume 2). There are four key recommendationswithin this

volume:

• Recommendation2-I: For the Limited Phase IC Characterizationpro-
gram, a sampling and analysis objective related to closure decisions
should be to generate inventoryestimates for the Type I and II
analytes. These analytes should additionallyreceive the greatest
attention in terms of accuracy requirements.

• Recommendation2-2: The Limited Phase IC Characterizationprogram
should include tests which provide for reducing the uncertainties
associated with closure-relatedanalyte priorities. This includes
empirical solubility limits (i.e., source-termdata) and adsorption
coefficients (i e., Kd values) in support of Long-Term Release Risk
assessments (i.e., performanceassessments). This information
should be generated over a diverse set of waste types.

• Recommendation2-3: To the extent feasible, analyses conducted
under the Limited Phase IC Characterizationprogram should be
designed such that analytical detection limits are one order-of-
magnitude below computed STIR and WC CT and two orders-of-magnitude
below computed LTRR CT values.

• Recommendation2-4: The Extended Phase IC Characterizationprogram
should be designed so that when detection limits are not exceeded
there is sufficient confidence that the true concentrationdoes not
exceed the computed CT value.
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5.1 SELECTIONOF ANALYTE PRIORITTES

Phase IC Characterizationdata will be used for determiningwhich ana-

lytes make the greatest contributionto public health impacts and confirming

• that other analytesare insignificantto public health impacts. The combined

_, rankings of SST analytes based on all three ranking scenarios are provided in

w Table 5.1 (identifiedas Priority Case 1) and a schematicof this process is

shown in Figure 5.1. An analyte is assigned to a particular type based upon

its highest rank in the three scenarios. Thus, if an analyte scores Type I-A,

Type II-A, and Type II-A, the combined ranking is the most conservative, I-A.

If the scores are Type II-B, II-A, II-B, the score is II-A. Analytes that are

not Type I-A, I-B, II-A, or II-B for any of the ranking scenarios are catego-

rized as Type III analytes.

Of the 100 analytes studied,50 were Type I or Type II analytes.

Table 5.1 indicatesthat together these analytes contribute at least 99.99% of

the cumulative risk for a tank farm group. Thirty-eightof the 100 SST

analytes were Type I, 11 were Type II, 27 were Type III, and 24 were unranked

(lack of tank inventory). The analyte selection criteria are identified at

the bottom of Table 5.1. As additional informationis gathered through the

characterizationof the tank wastes, it will be possible to reduce conserva-

tism in this analysis;a likely outcome will be the "de-ranking"of some

analytes.

To illustratethe use of the analyte priorities,an alternate set of pri-

orities was developed for comparison purposes (identifiedas Priority Case 2

in Table 5.2). PriorityCase 2 gives more emphasis to the LTRR ranking scen-

ario by shifting all the STIR and WC ranking analytes down one category; for

example, from Type I-A to I-B. Otherwise,the process for determining the

combined ranking score was the same as in Priority Case I. This report

recommends PriorityCase I as the list of analyte priorities to be used in

Phase IC characterizationefforts.

5.2 DETERMINATIONOF CONCENTRATIONTHRESHOLD VALUES

The most restrictiveCT values computed for all three ranking methods are

provided in Tables 5.3 and 5.4 for carcinogen and noncarcinogenanalytes,
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TABLE 5.1. Combined SST Analyte Ranking (PriorityCase I)(a)

Carcinoqen
Type I-A Type I-B Type II-A Tvpe II-B Type III Unranked

24ZAm 242mAm 244Cm 243Am 225Ac 225Ra As '*
14c 63Ni 93mNb 242Cm 227Ac 226Ra 6_C0

137Cs 238pu 237Np 234u 242Am 228Ra 3H

1291 241pu 245Cm 196Ru 94Nb

239pu 235U 135Cs 79Se S9Ni

246pu 23Zpa IS1Sm 242pu

9_Sr 233pa 229Th 126Sn

99Tc 21_pb 23_Th 232Th

238u 210po 234Th 236u

9ey 223Ra 233U 93Zr

Noncarcinoqen

Type I-A TYpe I-B Type II-A Type II-B Type III Unranked

Al Ba Ag C2H303 C204 Be
Bi C6H507 Fe(CN)6 Ca Ce Co
Cr+6 Cd K C1 Cu

EDTA CN La Hg

F CO3 SeO4 NH3
Fe HEDTA Sn Sb

Mn Pb WO4 Sr
Na Si03 S-2

Ni SO4 Th

NO2 Zr Tl

NO3 Ti
OH U

PO4 V
Zn

(a) Type I-A analytes include 0.00 to 90.00% of cumulative ranking index. .h
Type I-B analytes include 90.00 to 99.00% of cumulative ranking index.
Type II-A analytes include99.00 to 99.90% of cumulative ranking index.
Type II-B analytes include99 90 to 99.99% of cumulativeranking index
Type III analytes <99.99% of cumulative ranking index. °
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FIGURE 5.1. Diagram of the Single-Shell Tank Analyte Ranking Process
Using Ali Three Ranking Methods

respectively and a diagram of the process in shown in Figure 5.2. In general,

the LTRR CT values are the most restrictive except for certain transuranics

(24ZAm,244Cm, 23Bpu, 239pu, 24_pu, and 241Puradionuclides); these radionuclides'

risk indexes result from decay products rather than the parent constituent

itself.

lt is unclear why the risk indexes for transuranics are different from

the other ranking-based CTs; it may be that the institutional limit for trans-

uranics, set at 100 nCi/g, is more restrictive (on a public health basis) than

. for other radionuclides. Alternately, it may be that the congruent release

method used in the multimedia environmental pollutant system (MEPAS) for
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TABLE 5.2. Alternate Combined SST Analyte Ranking (PriorityCase 2)(a)

Carcinoqen
Type I-A T.ypeI-B Type II-A T.ypeII-B Type III Unranked

14C 24ZAm 93mNb 242Cm 225Ac 223Ra As

z291 242roAm 63Ni 244Cm 221Ac 225Ra 60C0

99Tc 137Cs 238pu 237Np 242Am 226Ra 3H
238u 239pu 241pu 234U 243Am 22BRa 94Nb

24_pu 245Cm 1@6Ru 59Ni

90Sr Z35Cs 79Se 242pu

z35U 231pa 151Sm 126Sn

90y 233pa 229Th 232Th

21_pb 23_Th 236u

210p0 234Th 93Zr

233U

Noncarcinoqen

Type I-A Type I-B T.ypeII-A Type II-B Type III Unranked

EDTA Al Ba Ag C2H303 Be
Co

F CNBi _H50, Fe(CN)6 C204 Cu

_0_ Cr+6 CO Ce Hg
Fe HE_)TA Cl NH
Mn Pb K Sb3
Na SO La Sr

Ni Si_)3 SeO 4 S-2
OH Zr Sn Th

PO4 WO4 Tl
Ti
U
V
Zn

(a) Type I-A Analytes, 0 to 90% from LTRR rankings only.
Type I-B Analytes, 90 to 99% from LTRR and 0 to 90% from STIR and WC
rankings.
Type II-A Analytes,99 to 99.9% from LTRR and 90 to 99% from STIR and WC.
Type II-B Analytes, 99.9 to 99.99% from LTRR and 99 to 99.9% from SFIR
and WC.
Type III Analytes, <99.99% from LTRR and <=99.9% from STIR and WC
rankings.
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TABLE 5.3. ConcentrationThreshold Values for,Garcinogen
Analytes (Most Limiting Tank Farm)Laj

LTRR- QJC- STIR Proposed Goat for
Carcinogen Based Based Inhalation Ingestion Ground Exposure Detection Limit
Constituent (_Ci/Q) _ (_Ci/g) (_C|/g) (_Ci/Q) __ (_Ci/Q)

225Ac ...... 4.1E-02 3.0E-01 3.6E+00 4.1E-03
227Ac ..................
241Am 1.8E+01 3.0E-04 8.6E-04 7.3E-03 1.9E+00 3.0E-05
242Am ...... 7.5E+00 2.5E+01 2.5E+00 2.5E-01
242mAm 4.1E-04 3.0E-04 8.8E-04 1.6E-02 2,0E+01 3.0E-05

k 243Am --- 3.0E-04 8.6E-04 7.3E-03 ?.OE-01 3.0E-05
Arsenic (b) 1.7E-01 ............ 1.7E-03
242Cm 2.2E-02 5.9E-02 2.5E-02 4.7E-01 5.7E+01 2.2E-04
244Qn 6.1E+01 3.0E-04 1.6E-03 2.7E-02 6.8E+01 3.0E-05
245Cm --- 3.0E-04 8.2E-04 1.4E-02 6,9E-01 3.0E-05
135Cs ..................
137Cs --- 3.8E-01 4.9E+01 2.7E+01 4.0E-01 3.8E-02
14C 6.3E-04 1.3E-02 2.1E+02 1.6E+01 "'" 6.3E'06
60Co --- 5.8E-02 2.0E+O0 1.2E+00 2.6E-02 2.6E-03
3H --- 3.3E-03 7.1E+03 5.2E+02 "'" 3.3E-04
1291 2.1E-06 1.3E-04 2.6E+00 1.2E-01 2.6E+00 2.1E-08
93mNb ............... NMA( c )
94Nb - - - 3.3E- 04 1.1E+O0 4.6E+O0 3.7E-02 3.3E- 05
59Ni --- 3.6E-01 1.7E+02 1.6E+02 1.4E+02 3.6E-02
63Ni --- 5.8E-02 7.1E+01 5.6E+01 --- 5.8E-03

237Np 3.7E-03 3.0E-04 9.0E-04 8.2E-04 1.8E+00 3.0E-05
231pa ..................
233pa ...... 4.7E+01 9.1E+00 2.5E-01 2.5E-02
210pb ..................
21%o ...... 4.8E-02 1.7E-02 6.8E+03 1.7E-03
238pu 8.4E-02 3.0E-04 9.8E-04 8.6E-03 6.2E+01 3.0E-05
239pu 1.1E+00 3.0E-04 8.6E-04 7.6E-03 1.5E+02 3.0E-05
240pu 1.6E-01 3.0E-04 8.6E-04 7.6E-03 6.8E+01 3.0E-05
241pu 5.9E+02 1.0E-02 4.5E-02 3.8E-01 1.8E+03 1.0E-03
242pu ...... 1.1E-03 9.7E-03 8.8E+01 1.1E-04
223Ra ...... 5.8E-02 5.0E-02 3.8E-01 5.0E-03
225Ra ...... 5.8E-02 8.6E-02 3.8E+00 5.8E-03
226Ra ..................
228Ra ..................
106Ru ...... 1.0E+O0 1.2E+00 1.6E-01 1.6E-02
79Se ..................

151Sm ..................
126Sn ...... 2.3E+01 1.3E+00 9.6E-01 9.6E-02
90Sr --- 5.8E-01 3.5E-01 2.3E-01 1.0E+01 2.3E-02 .
99Tc 1.4E-04 4.9E-03 5.4E+01 2.2E+01 9.5E+04 1.4E-06
229Th ..................
230Th ...... 1.4E-03 5.9E-02 6.2E+01 1.4E-04
232Th ...... 2.8E-04 1.2E-02 8.4E+01 2.8E-05
234Th ...... 1.3E+01 2.3E+00 5.7E+00 2.3E-01
233U ...... 3.5E-03 1.1E-01 1.1E+02 3.5E-04

_ 234U ...... 3.5E-03 1.2E-01 6.9E+01 3.5E-04
235U 4.4E-06 --- 3.7E-03 1.2E-01 3.4E-01 4.4E-08
236U 2.6E-06 --- 3.5E-03 1.2E-01 7.5E+01 2.6E-08
238U 6.8E-06 --- 3.7E-03 1.3E-01 8.5E+01 6.8E-08
90y ...... 5.3E+01 3.OE+O0 5.7E-01 5.7E-02
93Zr ...... 1.4E+00 1.9E+01 "-- 1.4E-01

(a) --- indicatesthat was not computed or available.
(b) Concentrationsin g/g for As (arsenic).

(c) NMA = No method available.
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TABLE 5.4. ConcentrationThreshold Values for Noncarcinogen
Analytes (Most Limiting Tank Farm)(a)

Non- LTRR- Qf(:;- STIR Proposed Goal for
carcinogen Based Based Inhatation Ingestion Detection Limit

Constituent (#_I_) _ (#q_/a) (_I_) (_gl_) f
Ag -'- 4.4E+02 1.9E+02 8.0E+03 1.9E+01
At "'" 4.4E+03 8.7E+01 6.3E+01 6.3E+00
Be --- 4.4E+02 8.7E+00 2.3E+03 8.7E-01

Be 3.3E-01 ......... 3.3E-03
Bi "'- 4.4E+01 5.5E+01 3.9E+01 3.9E+00

C2H303 "'" 4.4E+03 ...... 4.4E+02
C204 -'- 4.4E+02 4.5E+02 3.2E+02 3.2E+01
C6H507 --- 4.4E+03 ...... 4.4E+02
Ca --- 4.4E+03 2.5E+03 1.8E+03 1.8E+02
Ce --- 4.4E+03 5.2E+03 3.8E+03 3.8E+02
Cd --- 4.4E+02 5.3E+00 2.3E+01 5.3E-01
Ct 1.1E+02 4.4E+03 2.2E+02 1.6E+02 1.1E+00
CN 3.8E-01 ......... 3.8E-03
Co --- 4.4E+02 3.6E+02 2.2E+01 2.2E+00
CO.( "'" 4.4E+03 4.6E+03 3.3E+03 3.3E+02

Cr _6 4.1E+02 4.4E+02 7.9E-01 2.2E+02 7.9E-02
Cu(b) ..............

EDTA 8.8E-02 4.4E+03 8.0E+01 5.8E+01 8.8E-04
F 1.1E+02 4.4E+03 3.7E+03 2.7E+03 1.1E+00
Fe --- 4.4E+02 5.3E+02 5.8E+06 6.6E+01

Fe(CN)6 --- 4.4E+03 1.2E+03 8.9E+02 8.9E+01
HEDTA --- 4.4E+02 8.3E+02 6.0E+02 4.4E+01
Hg 7.BE-01 4.4E+01 3.2E+00 8.9E+01 7.8E-03
K -'- 4.4E+03 3.2E+07 2.3E+07 4.4E+02
La --- 4.4E+03 1.0E+04 7.5E+03 4.4E+02
Mn "'" 4.4E+03 1.9E+01 9.8E+03 1.9E+00
Na "'- 6.4E+03 1.9E+07 1.3E+07 4.8E+02

NH3 "'" 4.4E+01 5.8E+03 8.1E+03 4.4E+00 .
Ni "'" 4.4E+02 3.9E+01 8.9E+02 3.9E+00

NO2 4.3E+00 4.4E+03 2.1E+02 1.5E+02 4.3E'02
NO3 9.4E+01 4.4E+03 6.2E+04 4.5E+04 9.4E'01
OH "'" 4.4E+02 9.0E+02 6.5E+02 6.4E+01
Pb -'" 4.4E+03 2.7E+01 6.3E+01 2.?E+O0

--CSPO_ ..."" 6.4E+03.... 4.3E+02.. 2.1E+04... 4.3E+01...

Sb 9.0E-01 ......... 9.0E'03

SeO4 "-" 4.4E+00 4.0E+O0 2.9E+00 2.9E-01
SiO3 "'- 4.4E+03 1.2E.04 1.3E+02 1.3E+01
Sn --- 4.4E+03 8.7E+02 4.5E+02 4.5E+01

SO4 "'- 4.4E+03 4.3E+03 3.2E+06 4.3E+02
Sr --- 6.4E+03 8.5E.03 1.1E+04 4.4E+02
Th(b) ...............
Ti (b) ...............

Tt --- 6.4E+00 1.8E+01 1.0E.02 4.4E-01
V 4.9E+01 ......... 4.9E-01

W_)4 --- 6.6E+03 7.6E+03 2.1E+03 2.1E+02
U --- 4.4E+02 6.3E+01 8.7E+01 6.3E+00
Zn --- 4.4E+02 4.9E+04 2.2E+03 4.4E+01
Zr "'" 4.4E.03 5.7E+03 4.1E+03 4.1E+02 .

(a) --- Indicates that was not computed or availabte.
(b) No toxicity data avaitabte.
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FIGURE 5.2. Diagram of the Single-Shell Tank Analyte Cor_,-entration
Threshold Values Using the Most Restrictive Values

_. radionuclides is not representative. Empirical tests on solubility limits and

adsorption coefficients will assist in resolving this issue.

In the case of the noncarcinogen analytes (Table 5.4), the LTRR CT is

always the most restrictive when a value can be computed (only 28% of the
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analytes have a CT for the LTRR case because they are solubility-limitedor

because they do not reach the receptor within the 10,O00-yeartime limit of

the modeling time): The WC and STIR CT values for noncarcinogensare very

similar because they are both based mainly on the toxicity of the constituent.

The LTRR CT values tend to be different becausethey depend on release, trans-

port, and toxicity parameters.

5.3 DETECTION LIMIT GOALS BASED ON HEALTH RISK

" For Phase IC Characterizationefforts, those analytes that provide a

significant contributionto a closure decision for SSTs based on public health

impacts are identified. The other analytes (Type III) should be confirmed not

to be present in significantconcentrations. The unranked analytes need to be

addressed in this work to confirm that they are not significantcontributors

to risk.

The most restrictiveCT value estimated for each analyte provides a

measure of significantcontributionbased on public health risk. Using these

CT values, DLGs can be defined to provide DQOs for analytical efforts. For

this volume, two orders-of-magnitudebelow computed CT based on the LTRR

method und one order-of-magnitudebelow computed CT based on STIR and WC

methods were used. These DLGs provide sufficientconfidence that if an

analyt_'smean tank concentrationis found to be at or below the detection

limit value (based on health risk), it will not cause significantrisk to the

public should the analyte get released.

Waste characterizationefforts should have as a goal improvingdetection

limits in which there can be confidence that the true analyte mean concentra-

tion in the tank can be quantified at levels below the correspondingCT value.

To achieve this, the CT calculationsneed to be ;improved(more accuracy and

greater confidence) by incorporatingempirical solubilityand adsorption

values from laboratory tests on reference tank and new tank core samples.

Modifications to analytical techniques and procedures to lower the detection
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limits or development of a new analytical technique that lowers detection

limits would also improve confidence that detection limits are below CT

values.

Again, it should be stated that the current computed CT values and DLGs

are but a first estimate and should be used with caution. There is a great

deal of uncertainty in the TRAC inventories and many assumptions had to be

made to complete the risk calculations. Goals for the Limited Phase lC Char-

acterization effort should include the collection of data which will support

less conservative analyte priorities and LTRRCT values. Subsequent reassess-

ments may also result in modified requirements for ADLs. In short, as more

information is obtained on the characteristics of the waste and the nature of

release/transport of analytes in the SSTs, better estimates of the analyte

priorities, LTRRCT values, and DLGs can be made. Figure 5.3 shows a diagram

of the relationship between the SST analyte ranking, CT values, and proposed

DLGs using all three methods.

lt is important to have DQOsthat guide the sampling and analysis pro-

grams. The preliminary DLGs developed in this report will be used by the

Waste Characterization Project as an initial check of ADLs. If an analyte's

ADL is greater than the computed DLG, that ADL is identified as suspect and

will require further evaluation. The process of evaluating and modifying an

analyte's ADL can be time-consuming and expensive. To expedite this process,

the list of SST analytes with suspect ADLs needs to be prioritized.

One way of prioritizing work on suspect ADLs is determining whether the

analyte is expected to be in the tank at quantities greater than the current

ADL value. A preliminary determination can be made using TRAC and measured

241-B-II0 concentration data. Analytes with estimated concentrations near the

current ADL values are of higher priority than those analytes estimated to be

in quantities above their ADL. Once the list of analytes with suspect ADLs is

prioritized by comparison with estimated quantities in the SSTs, the Type I,

II, and III categories can be used in the effort to further prioritize the
ADLs.

Tables 5.5 to 5.7 summarize the data on DLGs, ADLs, and 241-B-II0 tank

concentrations for 40 SST analytes with suspect ADLs (the other 60 analytes
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FIGURE 5.3. Diagram of the Relationship Between the Single-Shell Tank
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Proposed Detection Limit Goals Using All Three Methods

have adequate ADLs). The mor_ detailed information on the DLGs by analyte 4

priority type is provided in Appendix F. Table 5.5 contains detection limit

and tank concentration data for suspect analytes that are in large (with

respect to the ADL) quantities in reference tank 241-B-110 and TRAC inventory

estimates. Although all of these analytes are Type I, they are estimated to
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TABLE 5.5. Single-ShellTank Analytes with Suspect Analyt_icalDetection
Limits that Appear to be in Large QuantitiesLaJ

Analytical
Detection Detection Measured TRAC
Limit Goal Limit 241-B-110 241-B-110

Priority (_Ci/g or (_Ci/g dr Concentration(b) Concentration
Anal.yte Type uq/q) _q/q) _Ci/q or L{q/q) (=Ci/q or _q/q)

• 241Am I 3.OE-05 4.OE-04 7.3E-02 3.6E-OI
238pu I 3.0E-05 7.0E-05 2 gE-03(c) 3.5E-03
Z39pu I 3.0E-05 7.0E-05 1 IE-01(c) 6.8E-02
24epu I 3.0E-05 7.0E-05 1 3E-02(c)(d) 1.7E-02
99Tc I 1.4E-06 9.0E-04 1 8E-02(c) 1.0E-01
Z38U I 6.8E-08 2.0E-07 7 2E-05(c) 2.3E-03
Al I 6.3E+O0 I.3E+OI 2.7E+03 2.7E+03
Cr+6 I 7.gE-02 5.7E+O0 2.3E+03 5.3E+02
EDTA I 8.8E-04 5.0E+01(e) g 5E@Q2(f) O.OE+O0
HEDTA I 4.4E+01 5.OE+OI(e) NAIgJ O.OE+00
F I I.IE+O0 2.OE+O1(e) I.9E+03(c) 5.8E+O0
Ni I 3.9E+O0 5.OE+O0 I.2E+04 I.5E+02

I 4.3E-02 40E+01 (e) 1.0E+04(c) O.OE+O0
I 9.4E-OI 4.OE+O1(e) I.9E+05(c) I.IE+05

SiO3 I I.3E+01 I.5E+01 6.OE+04 5.2E+O0

(a) ADLs based on acid leach for chemical and fusion for radionuclidesunless
noted otherwise.

(b) All measurementsare based on dry weight data unless noted otherwise.
(c) Measurement based on wet weight data.

24epu/239pu(d) Calculated from mass ratio and assumes that the specific
activity of the mass ratio is the same as 239pu.

(e) ADL is based on water leach method.
(f) ADL is based on water leach method for total organic content (TOC).
(g) NA indicatesdata or method is not available.

be in quantities in SSTs well above detection limits and, therefore, are low

priority for ADL modificationcompared with analytes in Tables 5.6 and 5.7.

Table 5.6 shows suspectSST analytes that are estimatedto be in small quanti-

ties based on measured 241-B-110 and TRAC data. These analytes are the top

priority for ADL modificationbecause tank concentrationsare estimatedto be

near the ADL. For the analytes in Table 5.6, the Type I analytes should be

evaluated and their analyticalmeasurement techniquesmodified first, then the

Type II and III analytescan be done. Table 5.7 shows nine Type I and II

analytes that do not have ADLs adequatelydefined (noted as TBD). These

analytes should be evaluatedafter the analytes in Table 5.6 but before the
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TABLE 5.6. Single-ShellTank Analytes with Suspect Analyt_icalDetection
Limits that Appear to be in Small Quantities_aj

Analytical
Detection Detection Measured TRAC
Limit Goal Limit 241-B-110 241-B-110

Priority (/_Ci/gor (/_Ci/gor Concentration(b) Concentration
Analyte Type _qlq) _qlq) (uCilq or /_q/q) (_Cilq or /_q/q)

242mAJIl I 3.OE-05 I.OE-04 NA(c) I.4E-03 '

14C I 6.4E-06 5.OE-O5(d) 4.OE-O4(e) 3.4E-02
1291 I 2.1E-08 70E OB (d) -_ OE-O5 (e) 1.7E-04 "
Ba I 8.7E-01 9.2E-01 g.7E+O0 4.7E+O0

IE
Cd I 5.3E-01 1.6E+O0 4. tc_1 O.OE+O0Z43Am II 3.OE-05 7.OE-03 NA 6.8E-04
244Cm II 3.OE-05 4.OE-04 8.6E-O4(e) 3.4E-03
Z37Np II - 3.0E-05 4 8E-o5!d!(g) 1 2E-04(e) 1.0E-05
Cl III I.1E+O0 20E+01 (d) 1.3E@Q3(e) O.OE+O0
24SCm III 3.OE-05 2.OE-01 NA_cj 3.4E-07
SeO4 II! 2.9E-01 5.OE-01 I.8E+02 O.OE_QO

_(f) 1.7E-03 7.0E-03 5.6E+01 NAI_I
As

V (f) 4.9E-01 2.7E+00 3.5E+02 NA' -

(a) ADLs based on acid leach for chemicaland fusion for radionuclidesunless
noted otherwise.

(b) All measurementsare based on dry weight data unless noted otherwise.
(c) NA indicatesdata or method is not available.
(d) ADL is based on water leach method.
(e) Measurement based on wet weight data.
(f) U indicates analyte unranked because of lack of inventorydata
(g) 237Npdetection limit is based on the percent of error on Tank B-110

measurements.
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TABLE 5.7. ImportantAnalytes that Need Analytical Detection Limits
to be Determined(a)

Analytical
DeLection Detection Measured TRAC

I

Limit Goal Limit 241-B-110 241-B-110

Priority (_Ci/g or (_Ci/g or Concentration(b) Concentration

Analyte Type _q/g) uq/q) (uCi/q or uq/q) (_Ci/q or _q/q)

63Ni I 5.8E-03 TBD(c) NA(d) 7.OE-01

9_y I 5.7E-02 TBD(c) NA(d} 2.2E-01

CBH507 I 4.4E+02 TBD(c) NA(d) 3.2E+04
CN I 3.8E-03 TBD(c) NA(d) O.OE+O0

CO3 I 3.3E+02 TBD(C) NA(d) O.OE+00
Cu U(e) TBD(c) 4.IE+O0 4.6E+02 NA(d)
OH I 4.4E+01 TBD(c) NA(d) 5.8E+03
93mNb II TBD(c) TBD(c) NA(d) I.4E-02

C2H303 II 4.4E+02 TBD(c) NA(d) O.OE+O0
Fe(CN)6 II 8.gE+01 TBD(c) NA(d) O.OE+O0
Zn U(e) TBD(c) I.2E+O0 5.8E+02 NA(d)

(a) ADLs based on acid leach for chemical and fusion for radionuclidesunless
noted otherwise.

(b) All measurementsare based on dry weight data unless noted otherwise.
(c) TBD indicatesthe value is to be determined.
(d) NA indicatesdata or method is not available.
(e) U indicatesanalyte unranked because of lack of inventorydata.

analytes in Table 5.5. This informationis preliminaryand is to be used

until more data are obtained from the next set of tanks to be sampled.
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APPENDIX A

DESCRIPTION OF LONG-TERM RELEASE RISK ANALYTE METHOD BY TANK FARM GROUP

The Long-TermRelease Risk (LTRR) scenario is based on estimates of

' potential public health impacts from groundwaterusage at a hypothetical

location. Initialcharacterizationof the SST inventories,analyte release

rates, environmentaltransport, and exposure scenarioswere used as input to

the Multimedia EnvironmentalPollutantAssessment System (MEPAS) (Whelan et

al. 1987; Droppo et al. 1989). For this assessment,the list of possible SST

analytes includes those of potential health and regulatoryconcerns. A base

list of analytes predicted with a TRAC computer simulationof SSTs inventories

was supplementedwith additional analytes that may (or are suspectedto) be

present in the SST wastes. Thus, the analytes in the SST wastes evaluated in

this study include those that are known to be present, some that are suspected

to be present, and some whose presence or absenceneeds to be defined as part

of the characterizationprogram. The characterizationof SST wastes will be

an iterativeprocess; as characterizationproceeds,future assessmentswill be

more refined.

Based on informationfrom past studies at the Hanford Site, it was deter-

mined that there are six geologic settings associatedwith the 12 SST farms.

These six geologic settings representdifferent geologic and hydrologic condi-

tions present beneath the SST farms. The 12 SST farms at Hanford were

combined and considered as six tank farm groups designated as Tank Farm Groups

A (A and AX SST farms), B (B, BX, and BY SST farms),C (C SST farm), S (S and

SX SST farms), T (T, TX, and TY SST farms), and U (U SST farm). The 12 SST

tank farms have been reorganized into six operable units (OUs) since this work

was started. This requires modificationsto inventoriesand as well as pos-

sible changes to geologic and hydrologic settings.

Three of the OUs contain the same SSTs as three of the tank farm groups

. (200-BP-7= Tank Farm Group B, 200-R0-4 = Tank Farm Group S, and 200-UP-3 =
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Tank Farm Group U). In the future, SSTs waste characteristicswill be

analyzed based on OUs but for this currentvolume, the tank farm group

categorieswill be used.

The release of the inventoriesfor each tank farm group is based on a

simplifiedwaste form. All wastes from each tank farm group are assumed to be

aggregated in a large underground tank with completely permeablewalls.

Wastes are then released to the environmentthough solubility-controlled

releases,which assumes that infiltratingwater contacts the waste form and

carries analytes away from the source at their maximum solution concentration.

The transport of SST wastes in Hanford soils and groundwaterwas simula-

ted with the groundwatercomponent of MEPAS. Transport was predicted through

the unsaturatedand saturated zones to a hypotheticalusage location repre-

sented by a well 50 m downgradientfrom each tank farm. Because the potential

receptor population in the Hanford region actually occurs considerablyfarther

downgradient,this approach is merely a convenientmethod of computing impacts

with minimum dispersion for comparativepurposes. Potential human hoalth

impactswere computed at.the hypotheticalusage location for each tank farm

group out to 10,000years in the future.

A standard Hanford "farm exposure scenario" (patternedafter the Hanford

Grout PerformanceAssessment documented in Sewart et al. [1987]) involving

direct human and agriculturalusage (vegetable,meat, and milk) of well water

was selected as a scenario that includedall major exposure routes. This farm

exposure scenario provides a means of computing potential health impacts for

comparativepurposes based on Hanford-areainformation.

The total health impact rankings From the farm exposure scenario for rad-

ioactivecarcinogens,chemical carcinogens,and chemical noncarcinogenswere

reported in terms of a ranking index. The ranking index formulationsfor rad-

ioactive constituents(RIR),for carcinogenicconstituents (Ric),and for non-

carcinogenicconstituents(RIN) are presentedbelow. The dose computed for r

each constituent is based on the maximum water concentrationfor the modeling

period. The ranking indexes are reported separately to reflect the different

nature of impacts (i.e.,carcinogensversus noncarcinogens)and _ossible

uncertainty in theequivalence of carcinogeniceffects.
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For radionuclides,the ranking index is evaluatedfollowing EPA's general

guidance for carcinogenicrisk levels (EPA 1989) using an effectivedose equi-

valent (EDE) for an individualexposed for a 70-year lifetime in a farming

, scenario. The health effects conversion factor (HE), expressed as risk per

unit dose, was the value derived by Buhl and Han,sen (1984) from NAS (1980).

' RIR = (EDE) * HE (A.I)

where RIR = ranking index for a radionuclide

EDE = maximum effectivedose equivalentfor lifetime exposure

for an individual,rem

HE = health effect conversion factor, 2.7 x 10-4 health effects

per rem lifetime exposure

For carcinogenicchemicals, the ranking index is evaluated consistent

_,ithEPA's guidance for carcinogenicrisk levels (EPA 1989) using a chemical-

.pecific cancer potency factor.

RIc = D x CPF (A.2)

where RIc = ranking index for a carcinogenicchemical

D = maximum lifetime intake rate of a chemical (mg/kg/d)

CFF = cancer potency factor for the chemical (mg/kg/d)-I

The ranking indexes for radionuclidesand carcinogenicchemicals are

approximatelycomparable because both are based on estimates of latent cancer

fatalities. The ranking index for noncarcinogenicchemicals, on the other

hand, is not related to any specific fatal effect.

The noncarcinogenranking index is evaluated followingEPA's guidance for

noncarcinogenichazard quotients (EPA 1989)"

RIN = D/RfD (A.3)
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where RI_ : ranking index for a noncarcinogenic chemical

D = maximum iifetime average rate of a chemical, mg/kg/d

RfD = reference dose for the chemical, mg/kg/d

The reference dose is an intake level that represents a safe level of intake

for continuous exposurp over the lifetime of an individual.

Indexes for both radioactive and chemical carcinogens are based on sim-

ilar risk-based considerations. On these scales, the EPA often uses a value

of 10_ as an acceptable level of protection.

The impacts of noncarcinogens are normally assumed to occur only at

concentrations greater than some threshold value. The scale for the non-

carcinogenic ranking index is such that a value equal to or less than I.O

indicates the co_uted levels for the hypothetical exposure scenario are below

those at which effects are expected.

A combined rankins _ndex was computed for parent radionuclides and their

decay products. The decay products were evaluated separately to account for

individual transport properties, and these doses were combined with the parent

to provide a complete ranking index for the parent radionuclide and its decay

products. The ranking indexes computed at 10,000 years were approximated by

scaling this result with decay-chain-predicted inventories for the next 10,000

years. This procedure allowed simulation of relatively fast-moving decay

products that are produced by relatively slow-moving parents.

Tables A.I through A.6 provide the analyte and cumulative risk indexes

from the LTRR assessment. These indexes were used to rank analytes and to

compute concentration threshold values based on chronic health impacts.

Ethylenediaminetetraaceti_ acid (EDTA) ranked as the most important

noncarcinogenic analyte because of its large inventory as indicated by the

TRAC code (EDTA has a relatively low toxicity value), lt is thought that EDTA

is not in its original form; the high temperatures in the tanks neutralize it

and it forms strong metallic complexes. The high ranking of uranium isotopes

(233U,234U, 235U, and 238U) as important carcinogenic analytes results mainly

from the assumption that uranium is present in the uranyl carbonate form.

This assumption makes them very mobile, resulting in conservative estimates of
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TABLE A.]. Long-TermRelease Risk Method Risk Indexesfor
Noncarcinogenand Carcinogensin Tank Farm Group A

Non-CarcinoqenicAnaIytes
Constituent Risk % Total Cumulative

- Name Index Risk % Risk

Nitrite I.00E+04 95.880 95.88
Nitrate 3.90E+02 3.739 99.62

" Cyanide Ion I.70E+01 1.63E-01 99.78
Fluoride I.40E+OI I.34E-01 99.92
Sodium Ion 5.40E+00 5.18E q2 99.97
SuIfate 3.OOE+O0 2.88E-0_ I00.O0
Chromium VI 3.20E-01 3.07E-03 100.00
NickeI I.OOE-04 9.59E-07 I00.O0
SiIver i.20E-06 I.15E-08 I00.O0
ChIoride 3.40E-08 3.26E-I0 I00.O0
Iron I.60E-08 1.53E-10 i00.O0
Cumulative Risk 1.04E+04 100.00

EDTA 1.40E+04 (not included in cumulative risk)

CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index RisI. % Risk

99

14Tct 9.IE-02 56.28 56.285.7E-02 35.25 91.53
129T 6.6E-03 4.08 95.61
242mam 3 8E-03 2 35 97 96
240_'......
239[u 1.7E-03 1.05 99.02
238[u 9.OE-04 5.57E-01 99.57
241_u 5.4E-04 3.34E-01 99.91
242_m 6.6E-05 4.08E-02 99.95
•_m 5 9E-05 3 65E-02 99 98

237.. " " "
241_P 2.2E-05 1.36E-02 I00.00
3mVU 4.8E-06 2.97E-03 I00.O0

Nb 4.9E-08 3.03E-05 100.00
rA:4_Cm 3.0E-08 1.86E-05 I00.00
Cumulative Risk 1.6E-01 100.00

238H
235_ 1.0E-01 (not included in cumulative risk)
234_ 1.6E-02 1,.,otincluded in cumulative risk)

qlI 233_ 1.4E-03 (not included in cumulative risk)1.9E-05 (not included in cumulative risk)
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TABLE A.2. Long-TermRelease Risk Method Risk Indexes for
Noncarcinogenand Carcinogensin Tank Farm Group B

Non-CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

Nitrite I.40E+05 97.90 97.90
Fluoride 2.30E+03 I.61 99.51
Nitrate 4.90E+02 3.43E-01 99.85 '
Cyanide Ion I.50E+02 I.05E-OI 99.96
Sodium Ion 5.50E+01 3.85E-02 100.00
Chromium VI 3.90E+00 2.73E-03 100.00
Sulfate I.60E+O0 I.12E-03 100.O0
NickeI 8.80E-03 6.15E-06 I00.O0
SiIver 5.80E-05 4.06E-08 I00.O0
ChIoride 5.OOE-07 3.50E-I0 I00.00.
Iron 4.40E-07 3.08E-I0 I00.O0
Cumulative Risk 1.43E+05 100.00

EDTA 1.60E+04 (not included in cumulative risk)

CarcinoqenicAnaIYtes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

99Tc
I_,. 1.4E+01 84.87 84.87. I.3E+O0 7.88 92.75
12_T 1.1E+00 6.67 99.42
242_- 9 2E 02 5 58E 01 99 97
237..HB' . - . - .
240mP 2.OE-03 i.21E-02 99.99
239[u I.OE-03 6.06E-03 99.99
238[u 6.3E-04 3.82E-03 100.00
242_u 4.ZE 04 2.55E-03 100.00
241_m 1.4E-04 8.49E-04 100.00
241_m 1.2E-04 7.27E-04 100.00

40E06 2 2EOS 100O0lw • • .

244Cm 5 IE-07 3 09E-06 100 O0_.7E-07 1.03E-06 100.00
Cumulative Risk 1.6E+01 100.00

238H
235_ 3.6E+00 (not included in cumulative risk)
234_ 1.7E-01 (not included in cumulative risk)
233_ 8.6E-04 (not included in cumulative risk)9.1E-05 (not included in cumulative risk)
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TABLE A.3. Long-Term Release Risk Method Risk Indexesfor
Noncarcinogenand Carcinogens in Tank Farm Group C

Non-CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

Fluoride I.60E+03 58.18 58.18
Nitrite 5.OOE+02 18.18 76.36
Nitrate 4.90E+02 17.82 94.18
Cyanide Ion 1.50E+02 5.45 99.63
Sodium Ion 9.70E+O0 3.53E-01 99.98
SuIfate 3.IOE-OI I.13E-02 100.O0
Chromium VI I.IOE-01 4.00E-03 100.00
NickeI 1.50E-04 5.45E-06 I00.O0
SiIvet 3.OOE-06 I.09E-07 I00.O0
Iron 6.60E-09 2.40E-I0 I00.O0

- ChIoride I.90E-09 6.91E-11 I00.O0
Cumulative Risk 2.75E+03 100.00

EDTA 3.30E+03 (not included in cumulative risk)

CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

99Tc I 2E+O0 78 72 78 72
14 " "

12_i 1.9E-01 12.46 91.18
242m- 1.2E-01 7.87 99.06
240-Am I.IE-02 7.22E-01 99.78
_vu 1.7E-03 I.12E-01 99.89
-_D. 9 4E-04 6 17E-02 99 95
238'_....
24IVU 4.6E-04 3.02E-02 99.98
242_m I.4E-04 9.18E-03 99.99
237_m 1.2E-04 7.87E-03 100.00
24ImP I.7E-05 I.12E-03 I00.O0
244/u 5.5E-06 3.61E-04 100.00

93m_ 2.3E-07 1.51E-05 100.003.7E-08 2.43E-06 100.00
Cumulative Risk 1.5E+00 100.00

238H
235_ 1.6E+00 (not included in cumulative risk)
234_ 6.4E-02 (not included in cumulative risk)
233_ 7.0E-04 (not included in cumulative risk)' 1.9E-05 (not included in cumulative risk)
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TABLE A.4. Long-Term Release Risk Method Risk Indexesfor
Noncarcinogenand Carcinogens in Tank Farm Group S

Non-CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

.

Name Index Risk % Risk i_

Nitrite 3.20E+05 95.66 95.66

Chromium VI 1.20E+04 3.59 99.25 v
Fluoride 1.80E+03 5.38E-01 99.79
Nitrate 4.90E+02 1.46E-01 99.93
Cyanide Ion 1.50E+02 4.48E-02 99.98
Sodium Ion 5.50E+01 1.64E-02 99.99
Nickel 1.00E+01 2.99E-03 100.00
Iron 6.30E+00 1.88E-03 100.00
Sulfate 4.30E+00 1.29E-03 100.00
Silver 8.70E-05 2.60E-08 100.00
Chloride 1.70E-06 5.08E-I0 100.00
Cumulative Risk 3.35E+05 100.00

EDTA 3.80E+04 (not included in cumulative risk)

CarcinoqenicAnaIytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

99Tc 1.9E+01 88.24 88.24
129T 1.2E+00 5.57 93.81
14c" 1.3E+00 6.04 99.85
93mNh
242_ 2 IE-02 9.75E-02 99.95
240 _m 8.3E-03 3.85E-02 99.98
239[u 1.IE-03 5.11E-03 99.99
238[u 7.9E-04 3.67E-03 99.99
237[u 6.8E-04 3.16E-03 100.00

241_ 5.4E-04 2.51E-03 100.00
242_"" 1.3E-04 6.04E-04 100.00
241_m 1.2E-04 5.57E-04 100.00
_..vu 2.6E-06 1.21E-05 100.00
Z44Cm 8.0E-08 3.72E-07 100.00
Cumulative Risk 2.2E+01 100.00

238H
235_ 1.9E+00 (not included in cumulative risk)
234_ 9.9E-02 (not included in cumulative risk)2.3E-03 (not included in cumulative risk) '_
233_ 8.0E-05 (not included in cumulative risk)
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TABLE A.5. Long-TermRelease Risk Method Risk Indexesfor
Noncarcinogenand Carcinogensin Tank Farm Group T

Non-CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

Nitrite 3.50E+05 98.65 98.65
Fluoride 3.80E+03 1.07 99.72

k Nitrate 4.90E+02 I.38E-01 99.86
Chromium VI 2.90E+02 8.17E-02 99.94
Cyanide Ion 1.50E+02 4.23E-02 99.98
Sodium Ion 5.50E+01 1.55E-02 100.00
NickeI 7.OOE+O0 I.97E-03 I00.O0
SuIfate 4.30E+O0 I.21E-03 100.O0
Iron 5.90E-OI I.66E-04 I00.O0
SiIver 3.80E-05 I.07E-08 I00.O0

' Chloride 5.IOE-06 1.44E-09 100.00
Cumulative Risk 3.55E+05 100.00

EDTA 3.80E+04 (not included in cumulative risk)

CarcinoqenicAnaIytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

99

14_c 2.3E+01 86.45 86.45
129T 2.1E+00 7.89 94.341.5E+00 5.64 99.98
242mAm 1.3E-03 4.89E-03 99.99
93mNh I IE-03 4 13E-03 99 99240_....
239[u 5.8E-04 2.18E-03 99.99
238[u 4.9E-04 1.84E-03 100.00
237[u 4.6E-04 1.73E-03 100.00
242_P 4.4E-04 1.65E-03 100.00
241_m 2.3E-04 8.65E-04 100.00
241_m 3.0E-05 1.13E-04 100.00

244_ 1.8E-06 6.77E-06 100.001.1E-08 4.13E-08 100.00
Cumulative Risk 2.7E+01 100.00

238H
235_ 2.7E+01 (not included in cumulative risk)

234_ 1.1E+00 (not included in cumulative risk)
233_ 6.3E-03 (not included in cumulative risk)1.7E-04 (not included in cumulative risk)
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TABLE A.6. Long-Term Release Risk Method Risk Indexes for
Noncarcinogenand Carcinogens in Tank Farm Group U

Non-CarcinoqenicAnalytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk
I

Nitrite I.IOE+04 90.09 90.09
Nitrate 4.90E+02 4.01 94.10
Chromium VI 4.IOE+02 3.36 97.46
Fluoride 2.80E+02 2.29 99.75
Sodium Ion 2.90E+01 2.38E-01 99.99
Nickel 4.40E-01 3.60E-03 99.99
Iron I.40E-OI I.15E-03 I00.O0
Sulfate 5.20E-OI 4.26E-03 i00.O0
Cyanide Ion 1.40E u3 1.15E-05 100.00
SiIver 2.50E-06 2.05E-08 I00.O0
ChIoride 5.IOE-08 4.18E-I0 I00.O0
Cumulative Risk I.22E+04 100.00

EDTA 3.80E+04 (not included in cumulative risk)

CarcinoqenicAnal.ytes
Constituent Risk % Total Cumulative

Name Index Risk % Risk

99Tc I.6E+O0 88.86 88.86
129T 1.1E-01 6.11 94.97
14c" 9.0E-02 5.00 99.97
93_Nh 1 9E-04 I 06E-02 99 98
242fli= " " "
238 _m 1.7E-04 9.44E-03 99.99
240vu 9.7E-05 5.39E-03 99.99
239/u 5.5E-05 3.05E-03 100.O0
237/u 3.9E-05 2.17E-03 I00.O0
24ImP 3.8E-05 2.1IE-03 100.O0
242_m 4.2E-06 2.33E-04 I00.O0
241_m 3.0E-06 1.67E-04 100.00

244_u 1.2E-07 6.66E-06 100.001.3E-09 7.22E-08 100.00
Cumulative Risk 1.8E+00 100.00

23811
235_ 5.1E+00 (not included in cumulative risk)1.8E-01 (not included in cumulative risk)
234_ 1.2E-03 (not included in cumulative risk)
233_ 2u_SE-05(not included in cumulative risk) "
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risk (i.e., high risk). The large uncertaintiesassociatedwith EDTA and the

uranium isotopes caused them to be ranked high, but these risk indexeswere

not included in the cumulative risk index, providing further conservationin

selecting importantanalytes.

t
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APPENDIX B

• RADIOACTIVEWASTE AND NIOSH TOXICITY CLASSIFICATIONFOR

. SINGI_E-SHELLTANK ANA[,YTEANAl,YSIS

This analysiswas concernedwith radioactivewaste classification.

Table B.I provides a reproductionof the long- and short-lived radionuclide

waste classificationfor near-surfacedisposal from the U.S. NRC's 10 CFR 61

document. The units of the radionuclidewaste classificationshave been con-

verted to curies per gram (Ci/g) to match the values computed in this ana-

lysis. These waste classificationtables for radioactivewaste were used to

define the Waste Classification(WC) method for ranking radionuclidesand

computed concentrationthreshold (CT) values for single- shell tank (SST)

wastes.

For the waste classificationof chemicals, Regulation WAC 173-303-084of

the Washington State Department of Ecologywas used. Unfortunately,ti_isreg-

ulation was not designed to apply to ionic species that constitutetoxic

analytes in the SSTs. To adapt this regulation to the prioritizationof SST

:. analy:__, a method of calculatingtoxicity equivalent concentrationvalues was

developed to classify SST analyte toxicity. This equivalent method is used to

define National Instituteof OccupationalSafety and Health (NIOSH)toxicity

values for each of the SST analytes analyzed in the ranking study.

In a strict sense, the regulation can be applied if I) equilibriumrela-

tionships between all the ionic species in solution can be established,_2)the

pairs of ionic speciescan be sorted out, and 3) their inr'Jvidualconcentra-

. tion-formingcompoundscan be estimated. This process, however, would be

complicated,time-consuming,and impractical. An alternativemethod to assist

in prioritizingSST analytes is based on evaluating the possible combinations
P

of the ionic speciesforming in the tanks to correspond to the typical case

scenario. For this approach, the toxicity values indicated in the "Toxic

, Category Table" of the state of Washingtor regulation should be located From

the published sourcessuch as the NIOSH Registry, EPA's IRIS database, and
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MEPAS chemical database for all the possible compoundsthat can be obtained

through the combinationsof the ionic species.

"able B.2 was derived using this approach and assigns the toxicity cate-

gory for each ionic species found i, the SST based on the most realistic com-

pounds in the SST. This table provides toxicity values to simple ion combina-

tions based on LDsovalues,which are defined as the mean lethal dose of a

chemical expected to cause death in 50% of the test animals. This table also

shows LDse(using the worst exposure route) values for rats, unless otherwise

noted, and references for the toxicity values.

Table B.2 provides an alternatemeans of calculatingequivalent toxicity

concentrationsfor the waste mixtures in the SST waste quickly and economic-

ally without sacrificingaccuracy. Even if models are developed for estab-

lishing equilibriumrelationships,uncertaintywill still exist because of

I) the uncertaintyassociatedwith the models, 2) the unavailabilityof the

equilibrium constants for all the ionic speciesfound in the SSTs, and 3) the

unavailabilityof the toxicity values for the compoundsderived from the pos-

sible combinationsof the ionic species. The reason for using an alternate

equivalent toxicity concentrationmethod is to assist in prioritizingSST

analytes, not to propose a new equivalenttoxicity concentrationcalculation

for regulatory waste classification.
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TABLE B.I. Long- and Short-LivedRadionuclideWaste
ClassificationConcentration

Long-Lived Radionuclides
Concentration

for Class C Waste in SST(a)Q

; RadionqclideName (_Ci/q)

Carbon-14 4.44E+00
, Carbon-14 in activatedmetal 4.44E+01

Nickel-Sg in activatedmetal 1.22E+02
Niobium-g4 in activatedmetal 1.11E-01
Technetium-gg 1.67E+00
Iodine-12g 4.44E-02
Alpha emitting TRU with half-
lives greater than 5 years 1.00E-01

Plutonium-241 3.50E+00
Curium-242 2.00E+01

Short-LivedRadionuclides
Concentration

for Class A, B, or C Waste in SST
(pCi/q)

RadionuclideName Class A Class B Class C

Total of all radionuclideswith
half-lifeless than 5 years 3.89E+02 (a) (a)

Tritium-3 2.22E+01 (a) (a)
Cobalt-60 3.8gE+02 (a) (a)
Nickel-63 1.94E+00 3.89E+01 3.89E+02
Nickel-63 in activatedmetal 1.94E+01 3.89E+02 3.89E+03
Strontium-90 2.22E-02 8.33E+01 3.89E+03
Cesium-137 5.56E-01 2.44E+01 2.56E+03

(a) No limits establishedfor these radionuclidesfor Class B or C
waste.
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TABLE B.2. EquivalentToxicity Category for Analytes and Other Compounds

Analyte RfD LDs. Toxicity
Name (mq/kq/dav) Ref, (mq>_q) Cateqorv Reference Compound

_y 3.0xlo-3- IRIS 75 c _y NO3 ,--- RTECS 3654 D (NO3)3
As 1.0xI0-_ HEAST 25 B ---

5.1xI0_ EPA 1275 CBa Ba(NO_)2
Be --- RTECS 82 C BeSO,_
Bi ...... 22 B BiCl_
C2H303 .......... D ---
C HsO7 .......... D ---
_,_cb --- RTECS 2300 D Na2CO3
C_O ...... C ---

4 ... RTECS 1000 D CaCl,
Cd --- RTECS 88 D CdClt
Ce --- RTECS 2111 D CeCl_

--- RTECS 1000 D CaCl_
C +B
C 5.0xI0"_ EPA 125 C Chro_ic Acid

Cu ions 5 Ox10"_ HEAST 125 C Cu(CN)z
EDTA --- MEPAS 397(a} D ---
F 6.0xi0"2 IRIS 1500 D ---
Fe --- RTECS 428 C Ferrous Sulfate

Fe(CN)B ...... 500. D ---
HEDTA --- RTECS 337{a) C ---
Hg --- MEPAS 50 B Mercuric Nitrate
K 5.1xi02 MEPAS 1.3xi07 D ---
La --- RTECS 4184 D LaCl
Mn 2.2x10-I EPA 5500 D _._ 3
NO --- RTECS 85 C ---

NO_ 1.0 IRIS 25000 D ---
Na 3.0xI_2 MEPAS 7.5xi06 D ---
Ni 2x10-_ IRIS 500 C NiCl
OH ...... 365 C KOH 2
PO4 --- MEPAS 1050 D ---
Pb 1.4xi03 RTECS 3613 D Pb(N03)
Sb --- RTECS 525 D SbCl, 2

SeO, --- RTECS 1.6 A Na2S_O4
SiO_ 2.xi0-I MEPAS 5000 D ---
Sn --- RTECS 700 D ---
_04 7.1xi01 MEPAS 1.8xi05 D ---
Sr.... MEPAS 2250 D ---
V 7.0xi0"3 HEAST 175 C Vanadium

WO4 --- RTECS 1190 D Na2WO4
Zr --- RTECS 2290 D ---

(a) This was interpolated.
--- Indicatesthat was not computed or available.
RTECS Registry of toxic effects of chemical substances.
HEAST EPA's Health EffectsAssessment Summary Tables.
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APPENDIX C

II RISK INDEX CALCULATIONSFOR ANALYTES WITH DECAY PRODUCTS

.__ As discussed in Section 3.1.2, an (a) next to an analyte in Table 3.1

indicatesthat its risk index was computed from the risk from a daughter prod-

uct. These daughter product risk indexeswere not computedfrom the MEPAS

: code, but were estimated from the parent concentrationand the decay chain

over a 10,O00-yearperiod (time period of the groundwatermodel). The MEPAS

groundwatermodel has a limitationso that the daughter products have the same

chemical properties (solubilitylimit and adsorption coefficient[Kd]) as the

parent analytes. The MEPAS code does compute decay of the parent and produc-

tion of daughter decay chains.

As a result, parent analytes with high KdS (low mobility)and daughter

products with low KdS (high mobility) do not reach the receptorwith the

iO,O00-yeartime limit of the groundwatermodel. An exampleof this is 238pu

that has a half-lifeof 86 years and a Kd of 10.0 mL/g (retardationfactor

varies from 35.8 to 183.0). 238Pudecays to 234U,which has a half-life of

2.47E+05years and a Kd of 0.0 mL/g (retardationfactor of 1.0 or 2_4Uflows at

the same speed as the groundwater).
_alm_t

To account for this, all the daughter analyteswere run for the MEPAS

groundwatermodel as parents (concentrationsused from the TRAC database and

their own solubilitiesand KdS) and then a risk index was computed. Assuming

that these risk indexeswere not solubility-limitedin the groundwater (i.e.,

the groundwater is saturatedwith the analyte and changes in concentration

will not affect the risk index),the risk index is linearwith the tank

concentration. The original parent analyte concentrationsfrom the TRAC

database were decayed (multipledaughter products were considered)for a

10,O00-yearperiod. Ratios were then calculated for the resultingdaughter

concentrationfrom the decay calculationto the daughter run as a parent

concentrationand its risk index. This produced a new risk index for the

parent (e.g., 2_8Pu)from the daughter analyte (e.g., 234U). The result is a

C.I



conservativebut realistic estimate of the daughter analyte's risk index.

Table C.I shows the parent-daughterproduct relationshipsand associated

chemical properties. A modificationto the MEPAS groundwatermodel is being

considered to eliminatethis limitation. L

m

v
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TABLE C.I. Parent-DaughterRelationshipsand Chemical Properties

Chemical Properties
Half-Life K

Anal.yteName Dauqhter Product(s) (years) (mL_q)
!

J 4.58E+02 8.20
241AIIt_'-_237Np"_233p_ 2.14E+06 3.00

. _a_'-'l 233U 3.00E-02 24.301.62E+05 0.00

242mAm-'-I I.52E+02 8.20
I_'242Cm--_ 4.5E-01 8.20

L-_'238 Ptt--'] 234U___Lo,, 8.60E+01 10.002.47E+05 0.00
_23_Th 8.OOE+04 40.O0

242c-
_r__238p_ 4.5E-01 8.20

L._D234U__...I 8.60E+OI I0.O02.47E+05 0.00
I-_'23°Th 8. OOE+04 40.O0

1.76E+01 8.20

244Cm'_L°'?40Pu---L_._236U 6.58E+03 40.O02.36E+07 O.O0

2.14E+06 3.O0

237Np'-'--L-_233Pa__'233U 1.62E+05 0.00
3.00E-02 24.30

u-_2 8.60E+O1 10.O0238p 34U----I 2.47E+05 O.O0
L-_Z30Th 8. OOE+04 40. O0

239p.,.=.11 - 2.44 E+04 40. O0
z'_ID'235U 7.10E+08 0.00

240ptP'---1236U_ 6.58E+03 40.002.36E+07 0.00

1.32E+01 40.00
4.58E+02 8.20

241ptz____41AII___23, Np_.__233 pa_.__233 U 3.00E-022.14E+0624.303.001.62E+05 0.00
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APPENDIX D

COMPARISONOF CONCENTRATIONTHRESHOLD_tALUESTO STANDARD HEALTH IMPACT LEVELS
,4

'_ The concentrationthreshold (CT) concept is presented in this volume as

J an importantindicatorof the health impacts from single-shelltank (SST)

analytes. The CT refers to the concentrationbelow which an analyte concen-

tration is considered insignificantin terms of human health impacts. The

current analysis defines insignificanthealth impacts as less than I% of the

cumulative health impactsfor a tank farm group. To estimate if I% of the

cumulative health impactsfor a tank farm group is a reasonablecriterion for

determining the significanceof SST analytes,this level is compared to stan-

dard health impact level.

There is some difficulty in defining acceptable risk for carcinogens

because they are assumedto have no safe threshold; therefore,even a very low

dose has some level of risk. The revisedNational ContingencyPlan

(40 CFR 300) identifies the range of acceptable risk as 10.4 to IO-B,based on

individual lifetime cancer risks. For noncarcinogens,the chronic reference

dose (RfD) is defined as an estimate of a daily exposure level for the human

population that is likely to be without an appreciablerisk of deleterious

effects during a lifetime (EPA 1989). The acceptable risk of 10-4and RfD for

carcinogen and noncarcinogen,respectively,are used as standard health impact

levels for this analysis.

The CT values computed for the SST analytes were compared to concentra-

tions that representthe standard health impact levels defined above. The

LTRR-CT values for Tank Farm Group B were used as input to the MEPAS model to

compute peak groundwaterconcentrationsat a hypotheticalwell 5000 m down-

gradient from the tank farm group. The 5000-m distance was used to compare

with the standard health impact level as per U.S. EnvironmentalProtection

Agency (EPA) standard 40 CFR 191. Table D.I shows LTRR-CT values for Tank

Farm Group B analytes, the peak groundwaterconcentrationcorrespondingto the

CT values at a well 5000 m downgradient,the groundwater concentrationat a

D.I



TABLE D.I. Comparison of ConcentrationThreshold to Standard Risk Levels

Peak Groundwater Groundwater Ratio of Peak Groundwater
Tank Farm Concentration Concentration CT Value to Groundwater
Group B Corresl=<w_dingto Corresponding Concentrat i on Correspondi ng

Anatyte LTRR-CTValue CT Value at 5000 m to the RfD to RfD Level
Name _ (_/_) (/_/ml) (/Lq/mt) (dimensionless) _

Be 2.30E +01.. 1.62E- 02 1.47E- 02 1. IOE+O0

CN+6 5.82E+00 _a) 1.34E- 03 7.44E- 03 1.80E- 01Cr 2.98E+05 (a) 9.14E-05 3.81E- 04 2.40E-01
EDTA 7.45E- 01 8.7OR- 04 7.25E - 04 1.20E+O0
F 9.78E+02 1.06E+O0 9.64E- 01 1.10E+O0
Hg 2. _E+01 1.1(WE-03 B.92E- 03 1.30E- 01
_la No CT .........
NO 7.72E+02.. 8.16E - 02 9.60E- 02 8.50E - 01
NO_ 2.12E+04 (a) 3.37E+01 2.81E+01 1.20E+O0
Sb_ 2.79E+01 1.33E- 03 1.02E- 02 1.30E- 01
SO No CT .........
V 4 7.61E+02 6.02E-01 5.47E-01 I. IOE+O0

(a) Indicates that the CT value for this anatyte is based on its solubility limit.
--- Indicates that w_s not computed or available.

Groundwater Ratio of Peak Groundwater
Tank Farm Concentration Concentration CT Value to Groundwater

Group B Corres_ing to Corres_nding C_trat ions._hat
Anatyte LTRR-CT Value CT Value at 5000 m to lO'--Risk Correspond to 10 " Risk
Name _ (_Ci/ml ) (_Ci/mt) (dimens ionless)

241Am 1.55E+02 1.15E-08 8.50E- 09 1.35E+00
242mAj. 3.69E- 03 2.74E- 08 2.04E- 08 1.34E+00
14
24__ 6.12E-03 2.91E-05 2.91E-06 1.00E+01
129_m 1.99E- 01 2.77E- 08 2.05E- 08 I. 35E+002.08E - 05 9.48E - 08 1.01E -08 9.40E+00
93L_Nb-" No CT .........23
238NP 3.28E" 02 1.15E -08 8.55E - 09 1.35 E+00

I,,

239Pu 7.54E-01 2.75E- 08 2.04E- 08 1.35E+00

240pu 9.65E+00 2.79E-08 2.06E-08 1.35E+00
99 c 1.43E+00 2.99E-08 2.22E - 08 1.35E+00
Z3_ 9.82E- 04 5.90E - 05 4.92E - 07 1.20E+02No CT .........
235g 6.65E-05 2.91E-08 2.08E-08 1.40E+00

As_(_ 4o67E-05 6.64E- 07 2 21E-08 3 00E+01) 4.63E+00 1.94E- 03 ! ".39E- 03 1".39E+00

(a) Indicates that the As values are in /Lg/g and /Lg/mt.
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well that represents the standard health impact levels,and the ratio of the

peak groundwater CT value to a groundwater concentrationthat representsthe

standard health impact level.

,_ The ratio of the CT value and tank concentrationthat representsthe

standard health impact level at a well 5000 m downgradientindicatesthat for

._ noncarcinogens,the va_,'es (based on I% of cumulative health impact from
CT

the tank farm group) _pproximatethe RfD value closely. For carcinogens,the

CT values were within an order-of-magnitudeof the tank concentrationsthat

represent 10.4risk, with the exception of 9STc,which has a CT value two

orders-of-magnitudeabove the 10-4 level.

The uncertaintyassociatedwith the computed CT values is at least plus

or minus one order-of-magnitude. The CT values were computed for a tank farm

group and not an individualSST (for an individualtank the CT value would be

about one order-of-magnitudeless than for a tank farm group), making the CT

values coaservative. This suggests that the CT values are at least at the RfD

concentrationfor noncarcinogensand are within an order-of-magnitudeof the

10-4health impact level for carcinogens, lt is suggestedthat better phys-

ical properties for transuranics(Kd and solubilityvalues) be obtained and

the transport modeling be modified to better representdecay product risks.

With the uncertaintyand conservativenature of the CT calculation,the CT

values computed for SST analytes compare wel'lwith standard health impact

level concentrations.
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TABLE E.I. Long-Term Release Risk Ranking Scenario Concentration
Thresholds (CTs) for CarcinogenicAnalytes

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name (/J£i/a) __(//Ci/q) (/JCi/q)_ (/JCi/q) (/JCi/q) (/JCi/a)

225Ac ..................
227Ac ..................

241Am 1.75E+01 1.55E+Q2 6.Q7E+QI 1.93E+92 2.61E+02 6.69E+61
_. 242Am ..................

J 1.46E-93 4.56E-93 6.94E-93 1.59E-93
242mAin 4 19E+02 3.69E-93
243. " ............

......6.72E-91 4.63E+96 1.16E+96 1.47E+99 1.33E+H 1.69E-61
4.29E-93 6.12E-93 3.56E-93 1.24E-93 2.25E-63 6.25E-94

24_Cm 2.17E-62 1.99E-91 7.41E-92 2.37E-91 3.24E-_1 8.34E-92
244Cm 6.13E+01 5.38E+92 2.69E+92 6.74E+92 9.33E+92 2.38E+92
245Cm ..................
135^

137 : =: := =: =: =: ---
6co ............... :::
3H ..................

129j, 3.71E-66 2.98E-95 1.12E-95 4.17E-E6 7.76E-96 2.14E-9693I1b ..................
94Nb ..................
59Ni ..................
63. i ..................
23_N
231p_ 3.69E-93 3.28E-82 1.27E-62 4.97E-92 5.61E-92 1.42E-92
233pa ..................
219pb ..................
219po ..................

238pu 8.41E-92 7.54E-91 2.96E-61 9.25E-91 1.27E+66 3.21E-91

239pu 1.98E+9_ 9.63E+66 3.75E+96 1.18E+91 1.61E+61 4.29E+99
246pu 1.69E-91 1.43E+99 5.43E-91 1.78E+99 2.44E+g6 6.67E-91
241pu 5.93E+02 5.32E+93 2.g8E+O3 6.6lE+g3 8.94E+_3 2.2lE+g3
242pu ..................
223Ra ..................
225Ra ..................
226Ra ..................
lg6Ru ..................
79- e ............
15_Sm --- ::: .......... :::
99Sr ..................

99Tc 1.65E-g4 9.82E-94 6.61E-g4 2.g9E-g4 3.62E-g4 1.36E-04
229Th ..................

230Th ..................

232Th ..................
234Th ..................

233U ..................
234U ...................

235U 7.22E--66 6.65E-95 2.37E-95 1.63E-95 4.44E-06
236U 2.64E-06 4.32E-g5 2.37E-g5 3.67E-95 1.57E-g5 4.49E-g6

238U 6.83E-g6 4.67E-g5 3.81E-95 8.92E-B6 1.6gE-65 1.03E-05

99y ..................
93Zr ..................

(a) Arsenic 1%concentration thresholds are in (/Jg/g).
--- Indicatesthat was not computed or available.
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TABLE E.2. Long-Term Release Risk ConcentrationsThresholds (CTs)
for Noncarcinogenic Analytes

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U

Name (/J_la) (/Jqla)__ (/Jalq) {/Jqlq) (/_/q) {/_Lq)

Ag ..................
Al ..................

As -'................

Ba ..................

Be 3.31E-el 2.30E+@I 1.77E+g6 7.63E+_@ 6.61E-_I 5.83E-01

Bi ..................

C204 ..................

C2H3D3 ..................

CBH5O7 ..................
Ca ..................

Cd ..................
Ce ..................

C1 1.14E+g2 1.elE+g4 1.86E+g3 8.2lE+g2 1.36E+03 3.16E+g2
CN 3.78E-el ...............

Co ..................

CO3 ......... .........
Cr+6 ......... 8.38E+62 1.8lE+g3 4.g5E+02
Cu ...................
EDTA 8.81E-07 7.45E-g1 2.61E-g1 4.57E-g1 1.25E+00 2.46E-01
F 1.13E+g2 9.78E+g2 1.97E+02 5.86E+g2 1.36E+03 1.37E+02
Fe ..................
Fe(CN)+6 ..................
HEDTA ..................

Hg 1.82E+_0 2.44E+01 1.39E+Oe 4.4BE+_ 4.22E+_ 7.78E-01

La ..................
Mn ..................
Na ..................
Ni ..................

7.28E+gl 7.72E+02 4.26E+06 7.37E+61 1.6gE+02 2.55E+01
:_ 7.00E+02 --- 9.40E+_1 6.07E+02 9.59E+02 2.64E+02
DH_ ..................
Pb ..................
PO ..................

Sb4 2.38E+B_ 2.79E+01 1.52E+_ 6.54E+_B 8.02E+00 8.96E-01
SeO4 ..................

Si03 .................. "
Sn ..................

SO4 ..................
Sr ...................
Tl ...................
U ..................

WO ..................

V 4 1.3BE+02 7.61E+g2 6.44E+_I 2.81E+_2 2.59E+02 4.85E+@1
Zn ..................
Zr ..................

--- Indicatesthat was not computed or avalldole.
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TABLE E.3. Short-Term Intruder Risk ConcentrationThresholds (CTs)
for Inhalationof Chemicals

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name (//_I/q) (pcl/a) (/J_I/q) (/Jq/q) (/J(I/_) (//Cl/q)

Ag 1.86E+02 2.69E+03 1.23E+03 7.51E+02 :.Z_E+03 2.49E+02

Al 8.6BE+01 1.25E+03 5.74E+02 3.50E+02 1.50E+03 1.16E+02As ..................

Bd 8.66E+00 1.25E+_2 5.74E+01 3.50E+01 1.50E+02 1.16E+01

Be ...................

Bi 5.45E+01 7.88E+B2 3.61E+02 2.20E+02 9.45E+02 7.29E+01

C204 4.46E+02 6.45E+03 2.95E+03 1.80E+03 7.73E+03 5.97E+02

C2H303 ..................

C6H507 ..................
Ca 2.48E+03 3.58E+04 1.64E+04 1.00E+04 4.29E+_4 3.31E+03

Cd 2._9E+01 5.31E+00 5.35E+00 4.46E+02 1.97E+01 6.59E+01
Ce 5.23E+_ _ 7.57E+04 3.46E+04 2.11E+04 9.07E+04 7.00E+03

Cl 2.18E+OZ 3.15E+03 ).44E+03 8.BIE+02 3.78E+03 2.92E+02

CN ..................

Co 3.62E+02 6.79E+03 3.17E+03 2.11E+03 8.02E+03 6.59E+02

CO3 4.63E+03 6.70E+04 3.07E+04 1.87E+04 8.03E+04 6.20E+03
Cr+6 3.10E+00 7.90E-01 7.95E-01 _.64E+01 2.92E+00 9.80E+00
Cu ..................
EDTA 8.04E+01 1.16E+03 5.33E+02 3.25E+02 1.40E+03 1.08E+02
F 3.71E+03 5.38E+04 2.46E+04 1.50E+04 6.44E+04 4.97E+03
Fe 5.32E+B2 7.71E+6_ 3.53E+03 2.i5E+03 9.23E+03 7.13E+02

Fe(Cn)6 1.24E+03 1.79E+04 8.20E+03 5.00E+03 2.!5E+04 1.66E+03
HEDTA 8.34E+02 1.21E+04 5.53E+03 3.37E+03 1.45E+04 1,12E+03

Hg 3.16E+00 4.57E+01 2.09E+01 1.28E+01 5.48E+01 4.23E+00
NH 5.81E+03 1.09E+05 5.08E+04 3.38E+04 1.29E+05 1.06E+04
K 3 3.16E+07 4.57E+08 2.09E+08 1.28E+08 5.48E+08 4.23E+07
La 1.04E+04 1.50E+05 6.86E+@4 4.19E+04 1.80E+05 1.39E+04

- Mn 1.86E+01 2.69E+02 1.2_E+02 7,51E+01 3.22E+02 2.49E+01
Na i,86E+07 2.69E+08 1.23E+08 7.51E+07 3.22E+08 2.49E+07
Ni 1,51E+02 3.86E+01 3,88E+01 3.24E+03 1.43E+OZ 4.78E+02
NO_ 2.10E+02 3.05E+03 1.39E+03 S.51E+02 3.6_E+@3 2.82E+02

NO_ 6.19E+04 8.96E+05 4.10E+05 2.50E+0_ 1.17E+06 8.29E+04

OH" 9.03E+02 1.31E+04 5.99E+03 3.65E+03 1.57E+04 1.21E+03
Pb 2.66E+01 3.85E+02 1.76E+02 1.08E+02 A.62E+02 3.56E+01
PO 4 33E+02 6.Z/E+03 2.87E+03 1.75E+03 7.5ZE+03 5.80E+02
Sb4 " _.................
SeO, 3.96E+00 5.73E+01 2.62E+01 1.60E+01 6.87E+01 5.30E+00
SiO_ 1.24E+04 1.79E+05 8.20E+04 5.00E+04 2.15E+05 1.66E+04
Sn o 8.66E+02 1.25E+04 5.74E+03 3.50E+_3 1.50E+04 1.16E+03

2.6,,+04 1.75E+04 7 52E+04 5.80E+03
SO4 4.33E+03 6.27E+04 _¢
Sr 1.05E+04 1.52E+05 6.97E+04 4.25E+04 1.83E+05 1.41E+04
T1 1.79E+01 3.35E+02 1.56E+02 1.04E+02 3.96E+02 3.26E+01
U 6.26E+01 1.17E+03 5.47E+02 3.64E+02 1.39E+03 1.14E+02
V ..................

WO4 ,.37E+03 1.07E+05 4.88E+04 2.98E+04 1.28E+05 9.87E+03
Zn 4.92E+04 9 Z2E+05 4.30E+05 2.86E+05 1.09E+06 B.95E+04
Zr 5.67E+03 8.21E+04 3.76E+04 L 29E+04 9.84E+04 7.59E+03

--- Indicates that was not computed or available.
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TABLE E.4. Short-Term Release Risk ConcentrationThresholds (CTs)
for Ingestionof Chemicals

L

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U

Name (/_la) (/_la) (/J(I/q) (//II/q) (/_/q) (/J_/a)

Ag 1.34E+02 2.51E+03 1.17E+03 7.8_E+02 2.97E+@3 2.44E+02
Al 6.26E+01 1.17E+03 5.48E+02 3.64E+@2 1,39E+@3 1.14E+02
As ..................
Ba 2.28E+03 4.27E+04 2,_E+04 1.33E+B4 5.05E+@4 4.!5E+_3
Be ..................

Bi 3.94E+_I 7.38E+_2 3.44E+_2 2.29E+_2 8.71E+B2 7.16E+@I
r 0 3.22E+_2 6.g3E+03 2.82E+83 1.87E+03 7 13E+g3 5.86E+@2"24 °
C.H.O. -.................

..................
Ca 1.79E+_3 3.35E+_4 1.57E+g4 1.g4E+g4 3.96E+04 3.26E+03
Cd 2.28E+g1 4.27E+02 2.gOE+g2 1.33E+B2 5.05E+02 4,15E+01
Ce 3.78E+g3 7.g8Z+B4 3.3BE+g4 2.19E+e4 8.36E+_4 6.87E+03
C1 1.57E+g2 2.9_E+e3 1.38E+e3 9,15E+02 3.49E+63 2.87E+g2
CN ..................
Co 2,17E+gl 3.14E+e2 1.44E+g2 8.75E+01 3.75E+02 2.90E+01

CO3 3.34E+03 6.27E+g4 2.93E+04 1.94E+04 7.4lE+g4 6.g9E+03
Cr+6 2.24E+02 4.19E+e3 1.96E+03 1.3_E+g3 4.g5E+03 4.07E+02
Cu ..................
EDTA 5.81E+_1 1.09E+_3 5._9E+_2 3.38E+_2 1.29E+_3 1.g6E+_2
F 2,68E+_3 5._3E+g4 2.35E+g4 1.56E+g4 5.94E+g4 4.8BE+B3
Fe 5.81E+g4 1.g9E+g6 5._9E+_5 3.38E+g5 1.29E+_6 1.@6E+g5

Fe(CN)6 1.68E+_4 7.83E+g3 5.2gE+_3 1.98E+@4 1.63E+g3
HEOTA 6.g3E+g2 1.13E+g4 5.27E+_3 3.5@E+g3 1.33E+g4 1.1gE+_3
Hg 8.94E+_I 1.68E+g3 7.83E+g2 5.2gE+g2 1.98E+_3 1.63E+g2

H3 8._5E+_3 1.16E+_5 5.33E+_4 3.25E+_4 1.39E+_5 1.@8E+_42.28E+97 4.Z7E+_8 2.@9E+g8 1.33E+g8 5.g5E+@8 4.15E+_7
La 7.48E+g3 1.4gE+g5 6.55E+g4 4,35E+g4 1.66E+g5 1.36E+g4
Mn 9.84E+g3 1.g4E+g5 8.6lE+g4 5.72E+g4 2.18E+_5 1.79E+g4
Na 1.34E+g7 2,51E+g8 l.llE+g8 7.8gE+g7 2.97E+_8 2.44E+g7
Ni 8.94E+g2 1.6BE+g4 7.83E+_3 5.2gE+g3 1.98E+g4 1.63E+g3

NOo t.52E+g2 2.85E+g3 1.33E+_3 8.84E+g2 3.37E+_3 2.77E+_2
NO_ 4.47E+_4 8.38E+g5 3.91E+_5 2.6gE+_5 9.9gE+gS 8.14E+g4
DH_ 6.53E+_2 1.22E+_4 5.71E+_3 3.79E+_3 1.45E+_4 1.19E+_3
Pb 6.26E+gl 1.17E+g3 5.48E+g2 3.64E+_2 1,39E+g3 1.14E+_2
PO_ 2.g6E+g4 3.86E+g5 1.8gE+_5 1.2gE+g5 4.55E+g5 3.74E+_4
SeO, 2.B6E+_ 5.36E+_1 2.5_E+_I 1,66E+_I 6.34E+_I 5.21E+_g

SiO_ 8.94E+g3 1.68E+_5 7.83E+_4 5.2gE+g4 1.98E+_5 1.63E+_4
Sn 4.47E+_2 8,3BE+g3 3.91E+g3 2.6gE+_3 9.9gE+g3 8,14E+g2 _

SO4 3.17E+_6 5.95E+_7 2.78E+_7 1.85E+_7 7._3E+_7 5.78E+@6
Sr 7.6_E+_3 1.42E+_5 6.65E+_4 4.42E+_4 1.68E+_5 1.38E+_4
Tl 2.48E+_I 3.5BE+g2' 1.64E+_2 1.ggE+g2 4.28E+g2 3.32E+_I
U 8.67E+gl 1.25E+B3 5.47E+_2 3.5@E+_2 1.5@E+g3 1.16E+_2

WO4 2.13E+g3 3.99E+_4 1.86E+_4 1.24E+_4 4.71E+_4 3.8/E+@3
Zn 2.17E+93 3.14E+g4 1.44E+g4 8.75E+g3 3.75E+_42 2.9_E+_3
Zr 4.1_E+_3 7.68E+g4 3.5BE+g4 2.38E+_4 9._7E+_4 7.46E+g3

--- Indicatesthat was not computed or available.
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TABLEE.5. Concentration Thresholds (CTs) for Inhalation of Radionuclides

CTs for Tank Farms
Analyte Group A Group B Group C Group S Group T Group U
Name (Let/q) (/JCi/o) (LICi/Q) (/_i/ql (/_i/q) (/JCi/q)

2Z5Ac 4.13E+00 2._9E-81 7.28E-_I 2.74E-BI 5.50E-g2 4.08E-B2
Z27Ac ..................

'_ 241Am 8.73E-02 4.43E-03 1.54E-62 5.80E-_3 1.I6E-B3 8.63E-e4
24ZAm 7.57E+02 3.84E+_1 1.33E+02 5.B3E+01 1._1E+01 7.48E+OB
242mAm 8.90E-_2 4.52E-03 1.57E-_2 5.91E-03 1.19E-_3 8.8eE-04

_ 243Am 8.73E-B2 4.43E-_3 1.54E-02 5.8_E-_3 1.16E-e3 8.B3E-04

4_ 14_ 2.1BE+e4 1.1_E+03 3.81E+g3 1.44E+e3 2.88E+_2 2.14E+02
24CCm 2.52E+_8 1.28E-81 4.45E-01 L.68E-el 3.36E-eZ 2.49E-_2
244Cm 1.62E-01 8.23E-03 2.86E-02 1. e8E-02 2.16E-03 1.60E-_3
245Cm 8.25E-02 4.19E-e3 I.46E-62 5.48E-03 I.I_E-03 8.16E-04
135Cs ..................

137Cs 4.99E+03 2.53E+g2 8.8DE+02 3.3lE+e2 6.65E+gl 4.93E+01
6_Co 2.06E+1_2 1.25E+01 3.64E+01 1.37E+01 2.75E+00 2.04E+00
3H 7.21E+_5 3.65E+04 1.27E+85 4.79E+_4 9.60E+03 7.13t.03
1291 2.67E+_2 1.36E+01 4.71E+81 1.77E+01 3.56E+_ 2.64E+_
93mNb ..................

94Nb I._1E+_2 5.56E+_ 1.93E+gl 7.29E+gg 1.46E+g8 1.88E+_

59Ni 1.68E+_4 8.52E+_2 2.97E+_3 1.12E+g3 2.24E+g2 1.66E+g2

63Ni 7.21E+_3 3.66E+_2 1.27E+_3 4.79E+_2 9.61E+_1 7.12E+_1

Z37Np 9._8E-_2 4.61E-g3 1.6_E-_2 6.g3E-_3 1.21E-03 8.97E-g4
231pa ..................
233pa 4.78E+_3 2.42E+_2 8.43E+_2 3.17E+_2 6.37E+_1 4.72E+_1
21gpb ..................
21_po 4.83E+_ 2.45E-_1 8.52E-_1 3.21E-_1 6.44E-_2 4.77E-_2
238pu 9.87E-_2 5.B1E-_3 1.74E-_2 6.55E-_3 1 32E-B3 9.75E-_4
239pu 8.73E-_2 4,43E-B3 1.54E-82 5.88E-B3 1 16E-_3 8.63E-_4
24Bpu 8.73E-_2 4.43E-_3 1.54E-B2 5.8_E-B3 1 16E-_3 8.63E-B4
241pu 4.54E+_ 2.3_E-_1 8._lE-_l 3._2E-_1 6 _5E-_2 4.49E-_2
242pu 1.glE-g1 5.6gE-g3 1.95E-g2 7.35E-g3 1 47E-g1 1.g9E-g3
223Ra 5.82E+_ 2.95E-_1 1.g3E+gg 3.87E-g1 7 16E-g2 5.75E-_2

225Ra 5.82E+_ 2.95E-_I 1._3E+_ 3.87E-_I 7 76E-_2 5.75E-_2
• ZZ6Ra ..................

I_6Ru 1._3E+_2 5.24E+@_ 1.82E+_1 6.85E+_ 1.38E+_ 1.@2E+_
79Se ..................

_ 151Sm ..................

126Sn 4.59E-_2 2.32E+_1 8._9E+_1 3._5E+_1 6.11E+_ 4,54E+_
9gSr 3.49E+_1 1.77E+_ 6.16E+gg 2.32E+gg 4.66E-g1 3.45E-_1
99Tc 5.47E+g3 2.78E+_2 9.65E+g2 3.63E+_2 7.29E+_1 5.41E+_1
229Th ..................

; 23_Th 1.42E-_I 7.2_E-_3 2.5_E-_2 9.42E-_3 1.89E-_3 1.4_E-_3

232Th 2.84E-g2 1.44E-_3 5.gIE-_3 1.89E-_3 3.78E-_4 2.81E-_4

234Th 1.3_E+_3 6.5BE+BI 2.29E+g2 8.61E+_1 1.73E+_1 1.28E+_I

233U 3.49E-BI 1.77E-02 6.16E-g2 2.32E-02 4.66E_g3 3.45E-_3

234U 3.49E-_I 1.77E-g2 6.16E-g2 2.32E-B2 4.66E-_3 3.45E-g3

235U 3.78E-_I 1.92E-B2 6.67E-g2 2.51E-_2 5.B4E-g3 3.74E-_3

236U 3.49E-_1 1.77E-_2 6.16E-_2 2.32E-_2 4.65E-_3 3.45E-_3
238U 3.78E-_I 1.92E-B2 6.67E-_2 2.51E-_2 5._4E-_3 3.74E-_3

9_y 5.4_E+_3 2.74E+_2 9.53E+_2 3.59E+_2 /.2_E+_I 5.34E+_I

93Zr 1.42E+_2 7.19E+00 2.5_E+_I 9.44E+_ 1.86E+00 1.40E+00

L

--- Indicatesthat was not computed or available.
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TABLEE.6. Concentration Thresholds (rTs) for Ingestion of Radionuclides

CTs for Tank Farms
Analyte Group A Group B Group C Group S Group T Group U
Name r_Cilq} (/JCllq) (/._Cilq) f/JCila) _[/.tC:i/q) (/_Cilq)

225Ac 3.98E+gl 1.58E+Og 3.9eE+Oe 2.31E+00 2.97E-01 3.26E-01
227Ac ..................
241Am 9.72E-g! 3.86E-e2 9.54E-02 5.64E-g2 7.26E-g3 7.96E-g3 %
242Am 3 36E+g3 1.34E+02 3.30E+g2 1.95E+g2 2.51E+_1 2.76E+B1
242mAm 2 m8E+H 8.27E-e2 2._4E-01 1.21E-BI 1.56E-02 1 71E-02
243

Am 9 72E-_1 3.86E-02 9.54E-_2 5.64E-_2 7.26E-@3 7 96E-03
14C 2 _8E+03 8.27E+01 2.g4E+02 1.21E+_2 1.56E+_1 1 71E+BI
242Cm 6 34E+01 2.52E+Oe 6.22E+_g 3.68E+_ 4.73E-_1 5 19E-g1
244Cm 3 64E+H 1.45E-g1 3.58E-_1 2.12E-_1 2.72E-_2 2 99E-02
245Cm 1 9eE+80 7.55E-02 1.87E-01 1.10E-BI 1.42E-_2 I 56E-02

137Cs ..................
137Cs 3.64E+03 1.45E+g2 3.58E+62 2,12E+02 2.72E+01 2.99E+01

6BCo 1.62E+e2 6.44E+e0 1.59E+g1 9.41E+00 1.21E+00 1.33E+00

3H 6.94E+04 2.76E+03 6.81E+03 4.03E+03 5.19E+_2 5.68E+@2
129I 1.56E+01 6.2_E-01 1.53E+_ 9.07E-01 1.17E-_I 1.28E-01

93mNb ..................

94Nb 6.12E+g2 2.44E+_1 6._1E+01 3.56E+_1 4.58E+_ 5._1E+@_
59Ni 2._8E+_4 8.29E+_2 2.B4E+_3 1.21E+_3 1.56E+_2 1.7gE+g2
63Ni 7.54E+_3 2.99E+_2 7.4_E+_2 4.38E+_2 5.63E+_1 6.18E+_1

237Np "1._9E-_1 4.34E-_3 1._7E-_2 6.35E-_3 8.17E-_4 8.96E-_4
231pa ..................
233pa 1.2lE+g3 4.82E+_1 1.19E+_2 7._6E+_1 9._8E+_ 9.95E+_
21gpb ..................
21gpo 2.3_E+_8 9.14E-_2 2.26E-_I 1.34E-gl 1.72E-_2 1.89E-_2

238pu 1.15E+8_ 4.57E-_2 1.13E-_I 6.68E-@2 8.6@E-_3 9.43E-@3
239pu 1.g2E+@@ 4.@4E-g2 9.98E-g2 5.91E-g2 7.6gE-g3 8.33E-g3

24@pu 1.g2E+@g 4.g4E-92 9.98E-_2 5.91E-@2 7.6gE-@3 8.33E-@3

241pu 5._8E+_I 2._2E+@_ 4.99E+_ 2.95E+@_ 3.8_E-_I 4.17E-@I

242pu 1.3_E+@_ 5.18E-_2 1.28E-_1 7.56E-_ 9.73E-_3 1._7E-@2
223Ra 6.63E+ge 2.63E-_1 6.5gE-_1 3.85E-_1 4.95E-g2 5.43E-g2
225Ra 1.15E+gl 4.57E-_I 1.13E+_g 6.68E-gr 8.6gE-_Z 9.43E-B2
226Ra ..................

I@6Ru 1.32E+_2 6.43E+_ 1.59E+_1 9.41E+@_ 1.21E+_ 1.33E+_
79Se ..................
151Sm ..................
126Sn 2.3_E+_2 9.16E+_ 2.26E+_1 1.34E+_ 1.72E+_ 1.88E+_

9_Sr 3.12E+_I 1.24E+_ 3.B7E+_ 1.81E+_ 2,33E-_I 2.56E-_I

99Tc 2.92E+83 1.16E+g2 2.86E+g2 1.6_E+g2 2,18E+_I 2.39E+_I
229Th ..................

23gTh 7.95E+_ 3.16E-gl 7.8gE-gl 4.62E-_I 5,94E-_2 6.51E-g2
232Th 1.56E+@_ 6.21E-_2 1.53E-gl 9._7E-_2 1,17E-_2 1.28E-_2

234Th 3.12E+_2 1.24E+_I 3._7E+_I 1.81E+g1 2,33E+_ 2.56E+0_

233U 1.51E+@! 5.99E-_I 1 48E+_ 8.76E-_I 1.13E-_I 1.24E-_I

234U 1.56E+@1 6.2_E-_I 1 53E+_ 9._7E-_I 1,17E-_I 1.28E-@I

235U 1.62E+@I 6.43E-_1 1 59E+gg 9.41E-_I 1.21E-01 1.33E-gl

236U 1.62E+_1 6.44E-_I 1 59E+gg 9.41E-@1 1.21E-gl 1.33E-@I
238U 1.68E+_I 6.68E-_I 1 65E+gB 9.77E-01 1.26E-_I 1.38E-_I

9_y 3.98E+_2 1.58E+_1 3 9_E+_1 2.31E+@I 2.97E+_ 3.26E+_

93Zr 2.57E+_3 1.g2E+B2 2 52E+B2 1.49E+g2 1.92E+_I 2.11E+_I

--- Indicatesthat was not computed or available.
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TABLEE.7. Concentration Thresholds (rTs) for Ground
Exposure of Radionuclides

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name (_Cila) {_Cila) (_Ci/q) (_CilQ) ,(_ilq) (_Cilq)

2Z5A 1.95E+B2 2.05E+01 1.94E+01 2.21E+01 4.39E+00 3.58E+00
... 227A_ ..................

241Am 1.0BE+g2 1.1lE+g1 1.05E+01 1.20E+01 2.38E+00 1.94E+00
\ 24ZAm 1.37E+g2 1.44E+01 1.36E+01 1.55E+el 3.09E+00 2.52E+00

J 242mAm 1.09E+03 1.14E+02 1.08E+02 1.23E+g2 2.45E+01 2.00E+01
243Am 4.88E+g1 5.12E+00 4.84E+00 5.52E+H 1.10E+00 8.95E-01
14 ..................

24_Cm 3.09E+03 3.24E+02 3.06E+02 3.50E+02 6.95E+01 5.67E+01
244Cm 3.71E+03 3.89E+02 3.68E+02 4.20E+02 8.34E+01 6.80E+01
245Cm 3.75E+B1 3.93E+gB 3.71E+00 4.24E+g6 8.43E-01 6.87E-01
137c ..................

137C_ 2.18E+gl 2.29E+00 2.16E+00 2.47E+00 4.9tE-01 4.00E-01
60Co 1.43E+00 1.50E-01 1.42E-01 1.61E-0 3.21E-02 2.61E-02
3H 1.76E-01 3.27E-01 1.86E-02 2.04E-02 4.09E-03 3.33E-03
129I 1.43E+02 1.50E+01 1.41E+01 1.61E+01 3.21E+00 2.62E+00
93mNb ..................

94Nb 2.01E+00 2.01E-01 1.99E-01 2._6E-01 4.51E-02 3.66E-02
59Ni 7.75E+03 8.12E+02 7.68E+02 8.75E+02 1.74E+02 1.42E+02

.._63"i ..................
1.79E+00

233pa 1.37E+01 1.44E+00 1.36E+00 1.55E+00 3.09E-0! 2.52E-01
210pb ..................

210po 3.71E+05 3.89E+04 3.68E+04 4.20E+04 8.34E+03 6.80E+03

238pu 3.37E+03 3.54E+02 3.34E+02 3.82E+02 /.58E+01 6 19E+01
239pu 8.07E+03 8.46E+02 7.99E+02 9.12E+0_ 1.81E+02 1 48E+02
240pu 3.71E+03 3.89E+02 3.68E+02 4.20E+02 8.34E+01 6 80E+01

241pu 1.00E+05 1.0_+04 9.94E+03 1.13E+04 2.25E+03 1 84E+03

242pu 4.81E+03 5.05L+02 4.77E+02 5.43E+02 1.08E+02 8 79E+01
223Ra 2.06E+01 2.16E+00 2.04E+00 2.33E+00 4.64E-01 3 78E-01
225Ra 2.06E+02 2.16E+01 2.04E+01 2.33E+01 4.64E+00 3 78E+00
226Ra ..................

106Ru 8.84E+00 9.27E-01 8.76E-01 9.99E-01 1.99E-01 1.62E-01
79Se ..................

151Sm ..................

126Sn 5.23E+01 5.48E+00 5.18E+0 5.90E+00 1.1/E+00 9.55E-01
90Sr 5.54E+02 5.81E+01 5.49E+01 6.26E+01 1.25E+01 1.02E+01
99Tc 5.16E+06 5.41E+05 5.11E+05 5.83E+05 1.16E+05 9.45E+04
229Th ..................

230Th 3 37E+03 3.54E+02 3.34E+02 3.82E+02 7.58E+01 6 19E+01
232Th 4 58E+03 4.80E+02 4.54E+02 5.17E+02 1.03E+02 8 37E-01

234Th 3 09E+02 3.24E+01 3.06E+01 3.50E+01 6.95E+00 5 67E+00

233U 6 19E+03 6.49E+02 6.13E+02 6.99E+02 1.39E+02 1 13E+02

234U 3 75E+03 3.93E+02 3./IE+02 4.24E+02 8.43E+01 6 87E+01
235U 1 86E+01 1.95E+00 1.84E+00 2.10E+00 4.17E-01 3 40E-01

236U 4 12E+03 4.32E+02 4.09E+02 4.66E+02 9.27E+01 7 53E+01

238U 4 64E+03 4.87E+02 4.60E+02 5.25E+02 1.04E+02 8 50E+01

90y 3 09E+01 3.24E+00 3.06E+00 3.50E+00 6.95E-01 5 67E-_I
93Zr ..................

--- Indicatesthat was nit conchJtedor available.
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TABLE E.8. ConcentrationThresholds (CTs) for Waste Classification

CTs'for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name (Llalq) (LCq/q) (//q/q) (/Ja/q), (LL(I/o) (L/_I/O)

Ag 5.18E'H]2 6.17E+03 1.61E+e3 X.30E+e3 8.26E+e3 4.38E+02
A1 5.18E+e3 6.17E+04 1.61E+04 1.30E+04 8.26E+_4 4.38E+03

As .................. _,
Ba 5.18E+g2 6.17E+113 1,61E+03 1.36E+03 8.26E+03 4.38E+_2
Be ..................
Bi 5.18E+gl 6.lTE+e2 1.61E+02 1.3BE+e2 8.26E+62 4.38E+01

C_H_O3`_ 5.18E+113 6.17E+_4 !.61E+04 1.3gE+04 8.26E+04 4.38E+g3
C_,0 5.18E+62 6.17E+g3 1.61E+0_ 1.3BE+e3 8.26E+g3 4.38E+02

C:H:O7 5.18E+,3 6.17 E+,4 1.61E+,4 1.3,E+,4 8.26E+,4 4.38E+03c__ 5.18E+g3 6.17E+04 1.61E+04 1.38E+_4 8.26E+g4 4.38E+03
Cd 5.18E+g2 6.17E+03 1.61E+03 1.38E+03 8.26E+_3 4.38E+02
Ce 5.18E+_3 6.17E+_4 1.61E+04 1.36E+64 8,26E+g4 4.38E+03
C1 5.18E+t]3 6.17E+_4 1.61E+04 1.30E+_4 8.26E+_4 4.38E+03
CN ..................
Co 5.1BE+e2 6.17E+g3 1.6lE+e3 1.3_E+_3 8.26E+e3 4.38E+e2

CO3 5.18E+03 6.17E+_4 1.61E+04 1.3gE+B4 8.2BE+e4 4.38E+03
Cr+6 5.18E+62 6,17E+03 1.61E+03 1.3eE+e3 8.26E+63 4.38E+_2
Cu ..................
E_TA 5.18E+e3 6.17E+B4 1.61E+04 1.3BE+B4 8.26E+64 4.38E+83
F 5.18E+03 6.17E,04 1.6lE+g4 1.3gE+04 8.26E+_4 4.38E+03
Fe 5.18E+e2 6.17E+83 1.61E+_3 1.30E+_3 8.26E+B3 4.38E+_2

Fe(Cn) 6 5.18E+03 6.17E+04 1.61E+04 1.3gE+_4 8.26E+84 4,38E+_3
HEDTA- 5.18E+_2 6.17E+_3 1.61E+_3 1.3_E+B3 8.26E+B3 4.38E+B2
Hg 5.18E+gl 6.17E+g2 1.6lE+g2 1.3gE+g2 8.26E+_2 4.38E+gl
NH 5.18E+_1 6.17E+_2 1.61E+82 1.38E+_2 8.26E+_2 4.38E+_1
K 3 5.18E+_3 6,17E+_4 1.61E+_4 1.3_E+_4 8.26E+_4 4.38E+_3
La 5.18E+g3 6.17E+_4 1.61E+_4 1.3gE+_4 8.26E+g4 4.38E+g3
Mn 5.18E+_3 6.17E+_4 1.61E+_4 1.3_E+_4 8.26E+g4 4.38E+_3
Na 5.18E+g3 6,17E+_4 1.61E+_4 1.3_E+_4 8.26E+_4 4.38E+_3
Ni 5.18E+82 6.17E+_3 1.61E+_3 1.3_E+_3 8.26E+_3 4.38E+_2
NO_ 5.18E+g3 6.1lE+g4 1.6lE+g4 1.3_E+_4 8.26E+_4 4.38E+_3

NO_ 5.18E+_2 6.17E+_3 1.61E+_3 1.3_E+g3 8.26E+_3 4.38E+_2
OH- 5.18E+_2 6.17E+83 1.61E+_3 1.3_E+_3 8.26E+_3 4.38E+_2
Pb 5,18E+_3 6.17E+_4 1.6lE+g4 1.3gE+g4 8.26E+_4 4.38E+g3
PO 5,18E+g3 6.17E+_4 1.61E+_4 1.3gE+g4 8.26E+_4 4.38E+_3
Sb4 ............... _,_
SeO. 5.18E+gg 6.17E+_I 1.61E+_I 1.3_E+_I 8.26E+_I 4.38E+_

SiO_ 5.18E+g3 6.17E+_4 1.61E+_4 1.3_E+_4 8.26E+_4 4.38E+_3
Sn 5.18E+g3 6.17E+_4 1.61E+_4 1.3_E+_4 8.26E+84 4.38E+83

SO4 5.18E+_3 6.17E+_4 1.61E+84 1.38E+_4 8.26E+_4 4.38E+83
Sr 5.18E+_3 6.17E+g4 1.61E+_4 1.3gE+_4 8.26E+g4 4.3BE+g3
T1 5.18E+_ 6.17E+gl 1.61E+_1 1.3_E+_1 8.26E+_1 4.38E+_g
U 5.18E+_2 6.17E+g3 1.61E+_3 1.3_E+_3 8.26E+_3 4.38E+_2
V _.. ....... .- -.- _._

WO4 5.18E+_3 6.17E+_4 1.61E+04 1.3gE+04 8.26E+g4 4.38E+g3
Zn 5.18E+_2 6.17E+g3 1.6lE+g3 1.3gE+g3 8.26E+g3 4.38E+_2
Zr 5.18E+63 6.17E+_4 1.61E+e4 1.3BE+_4 8.26E+_4 4.38E+_3

--- Indicates that was not computed or available.
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TABLEE.9. Concentration Thresholds (CTs) for
Waste Classification Radionuclides

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name (/.ICi/a) (/.ICi/o) (/.ICi/q) (/_|IQ) (/,ICi/q) CtCilq}

225Ac ....................

_. 227Ac ..................

241Am I.58E-92 I.82E-63 9.63E-63 I.76E-93 7.64E-64 2.95E-64
242Am ..................

j 242mAm Z. 58E-u2 1.82E-g3 9.03E-03 1.76E-63 7.64E-64 2.95E-94
243Am 1.58E-_2 1.82E-B3 9. O3E-g3 1.76E-93 7.64E-64 2.95E-94

14_ 7.06E-01 8.11E-02 4.62E-II1 7.83E-B2 3.13E-12 1.31E-92
24 Cm 3.17E+H 3.65E-91 1.81E+H 3.53E-61 1.41E-61 5.89E-92
244Cm 1.58E-02 1.82E-03 9. fl3E-g3 1.76E-03 7. B4E-64 2.95E-e4
245Cm 1.58E-62 1.82E-63 9. _13E-t!3 1.76E-93 7.64E-94 2.95E-94
137Cs ..................

137Cs 2.93E+91 2.15E+ge 2.14E+06 2.34E+60 4.69E-91 3.82E-91
69Co 3.99E+69 1.87E+96 3.25E-Gr 3,56E-91 7.16E-62 5.83E-92
3H ..................

1291 7.96E-63 8.11 E-64 4,02E-03 7.83E-94 3.13E-94 1.31E-64
93mNb ..................

94Nb 1.76E-62 2.02E-03 1. BeE-02 1.96E-03 7.82E-94 3.28E-04
59Ni 1.93E+61 2.22E+90 I. 1gE+el 2.15E+99 8.69E-91 3.61E-91

_63"i 3.69E+69 3.28E-91 3.25E-91 3.57E-61 7.17E-92 5.83E-92

2;1Npp i.58E-,2 I.82E-,3 9.,3E-I]3 I.76E-,3 7.,4E-g4 2.95E-94

233pa ..................

21gpb ..................
21epo ..................

238pu 1.58E-62 1.82E-63 9.03E-_3 1.76E-93 7.94E-94 2.95EL94
239pu 1.58E-92 1.82E-93 9.93E-63 1.76E-63 7.94E-64 2.95E-94
249pu 1.58E-92 1.82E-93 9.93E-93 1.76E-93 7.94E-94 2.95E-94
241pu 5.54E-01 6.38E-02 3.16E-01 6.17E-02 2.46E-g2 1.03E-g2
242pu ..................
223Ra ..................
:_25Ra ..................
226Ra ..................
lO6Ru ..................
79Se ..................
151Sm ..................
126Sn ..................

9eSr 3.g9E+91 3.28E+g9 3.25E+g9 3.57E+gg 7.17E-91 5.83E-91

99Tc 2.64E-91 3.04E-e2 I.51E-61 2.94E-g2 1.17E-g2 4.91E-e3
229Th ..................

230Th ..................

232Th ..................

234Th ..................

233U ..................

234U ..................
235U ..................

236U ..................

238U ..................

99y ..................

93Zr _..............

--- Indicates that was not computed or available.
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APPENDIX F

COMPARISON OF DETECTION LIMIT GOALS, ANALYTICAL DETECTION LIMITS
j

AND 1)41-B-110TRAC AND MEASUR(_DCONCENTRATIONS

TABLE F.I. Detection Limit Goals, Analytical Detection Limits, and

241-B-110TRAC and(a_easuredConcentrationsfor
Type I Carcinogens

Measured TRAC
Detection Analytical 241-B-110 241-B-1I0

Carcinogen Limit Goal Detection Limit Concentration(b)Concentration
Analyte (uCi/a) (uCi/a) (uCi/q) (_Ci/q)

241Am 3. OE-05 4. OE-04 7.3E-02 3.6E-O 1
z4ZmAm 3. OE-05 1. OE-04 NA((:) 1.4E-03
14C 6.4E-06 5. OE-05(d) 4, OE-04(e) 3.4E-02
z37Cs 3. BE-02 1. OE-03 1.4E+O1 2. OE+O1
1291 2.1E-08 7. OE-06(d) 3. OE-05(e) 1.7E-04
S3Ni 5.8E-03 TBD(f) NA(C) 7. OE-O1
238pu 3. OE-05 7. OE-05 2.9E-03 (e) 3.5E-03
239pu 3. OE-OS 7. OE-05 1.1E-O 1(e) 6.8E - 02
24gpu 3, OE-05 7.0E-05 1.3E-02 (e)(g) 1.7E-02
241pu 1.0E-03 1. OE-05 1.4E-Ol(e)(h) 2.4E-bl
9°Sr 2.3E-02 4.0E-03 9.2E+Ol(e) 2.2E+01
99Tc 1.4E-06 g.OE-04 1.8E-02(e) 1.OE-01
23SU 4.4E-08 3. OE-08 4.9E-05 1.2E-04
238U 6.8E-08 2.0E-07 7.2E-05 (e) 2.3E-03
911y 5.7E-02 TBD(f) NA(c) 2.2E+01

(a) ADLs based fusion for radionuclidesunless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) NA indicatesdata or method is not available.
(d) ADL is based on water leach method.
(e) Measurement based on wet weight data.
(f) TBD indicatesdetection limit to be determined.

240 239
(g) Calculated from Pu/ Pu mass ratio and assumes that the specific

activity of the mass ratio is the same as 239pu.

(h) Assumes all activity in measured 24epu/239pumass rati_ is the same as239 241 241 co_
Pu and then c_lculated Pu from mass ratio Pu/ Pu.
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TABLE F.2. DetectionLimit Goals, Analytical Detection Limits, and

241-B-110TRAC(a_ndMeasured Concentrationsfor Type I
Noncarcinogens

Measured TRAC
Detection Analytical 241-B-110 241-B-110

Noncarcinogen Limit Goal Detection Limit Concentration(b)Concentration
AnaIyte (_w_/q) (_la) (u_/q) (,a/q)

A1 6.3E+O0 1.3E+01 2.7E+03 2.7E+03
Ba 8.7E-O 1 g. 2E-O! g. 7E+00 4.7E+O0
Bi 3.gE+O0 1.3E+UO 5.gE+01 7.1E+05
Cd 5.3E-01 1.6E+{)Q 4.1E+01 O.OE+O0

CRH TBu NA!d! 3.ZE+044.4E+02 --Lcj
sO7 3.8E-03 TBD(c) NA(d) O.OE+O0

CO3 3.3E+02 TBD(c) 4.5E+03 (e) O.OE+O0
Cr+s 7.gE-02 5.7E+00 2.3E+03 5.3E+02

EDTA 8.8E-04 5. OE+O1(f) g. 5E+02(g) O.OE+O0
F 1. IE+O0 2. OE+01(f) 1.95+03 (h) 5.8E-40
Fe 4.4E+01 2. OE+O0 4.4E+04 1.1E+04
HEDTA 4.4E+01 5.0E+01(f) NA(d) O.OE+O0
Mn 1. gE+O0 3.7E-O 1 2.4E+02 1.9E+O1
Na 4.8E+02 3.3E+01 2.3E+05 4.1E+04
Ni 3.9E+O0 5. OE+00 1.2 E+04 1.5E+02

NOz 4.3E-02 4.0E+Ol(f) 1.OE+O4(h) O. OE+O0
NO3 9.4E-O1 4.OE+01(f) 1.8E+05(h) 1.1E+05
OH 4.4E+01 NA(d) NA(d) 5.8E+03
Pb 2./E+O0 5.OE-OI I.6E+03 3.5E-OI

PO4 4.3E+01 4.0E+01(f) I.2E+05 3.2E+05
SiO3 1.3E+01 I.5E+01 6.0E+04 5.2E-40
SO4 4.3E+02 4.0E+01(f) I.1E+O4(h} I.5E-09 ,
Zr 4.IE+02 2.5E+O0 1.4E+03 3.3E-01

(a) ADLs based on acid leach for chemicalsunless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) TBD indicatesdetection limit to be determined.
(d) NA indicatesdata or method is not available.
(e) ADL is based on water leach method for total inorganic content (TIC)"

data convertedto CO.
(f) ADL Is based on water leach method.
(g) ADL is based on water leach method for total organic content (TOC).
(h) Measurement based on wet weight data.
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TABI_EF.3. Detection Limit Goals, Analytical Detection Limits, and

241-B-110TRAC and _asured Concentrationsfor
Type II Carcinogens

Measured TRAC
Detection AnalyticaI 24I-B-1I0 241-B-110

J Carcinogen Limit Goal Detection Limit Concentration(b)Concentration

Analyte (_Ci/q) (_Ci/q) (uCi/q) ,_._Ci/q)

_'_ 243AB 3. OE-05 7. OE-03 NA(c) 6.8E - 04
242Cm 2.2E-04 5. OE-05 NA(c) 1. OE-03
244Cm 3. OE-05 4. OE-04 8.6E-o4(d) 3.4E-03
93mNb NA(c) TBD(e) NA(c) 1.4E-02
Z37Np 3. OE-05 1.6E+O0(f) I.2E-04(d) I.OE-05
234U 3.5E-04 1. OE-11 8.4E+01 8.5E-07
233U 3.5E-04 7. OE-12 NA(c) 1.4E-09

(a) ADLs based fusion for radionuclidesunless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) NA indicatesdata or method is not available.
(d) Measurementbased on wet weight data.
(e) TBD indicatesdetection limit to be determined.
(f) ADL is based on water leach method.

TABLE F.4. Detection Limit Goals, Analytical Detection Limits, and

241-B-110TRAC(a_ndMeasured Concentrationsfor Type II
Noncarcinogens

Measured TRAC
Detection Analytical 241-B-II0 241-B-110

Noncarcinogen Limit Goal Detection Limit Concentration(b)Concentration

AnaIyte (_q/q) (_q/q) (_q/Cl) (uq/q)

Ag 1.gE+01 3.gE+O0 8.6E+01 I.IE-06

Ca 1.8E+02 3.6E-pa_ 5 8Efql(c) 5.5E+00CoH,O_ 4.4E+02 TBD. NA'e' O.OE+O0
F_ ("C_)6 8.9E+01 TBD(d} NA(e) O.OE+O0
K 4.4E+02 1.3E+02 9.OE+02 O.OE+O0

(a) ADLs based on acid leach for chemicals unless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) Measur_:mentbased on wet weight data.
(d) TBD inJicatesdetectionlimit to be determined.
(e) NA inclicatesdata or method is not available.
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TABLEF..5. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRACand Measured Concentrations for Type IIT
Carcinogens

Measured TRAC
Detection Analytical 241-B-II0 241-B-II0 (

Carcinoge., Limit Goal Detection Limit Concentration Concentration
Analvte (_ci/q) (_ci/q) .. (_Ci/o) (uCi/o)

Z2SAc 4. lE-03 TBD(a) NA(b) 1.7E- 12
2ZTAc NA(b) TBD(a) NA(b) 6.4E-08
Z42Aa 4. lE-05 7. OE-07(c) NA(b) 1. OE-03
Z4SCm 3. OE-05 2. OE-01(c) NA(b) 3.4E-07
13SCs NA(b) TBD(a) NA(b) 6.8E-05
231pa NA(b) TBD(a) I_A(b) 1.4E-07
Z33pa 2.5E-02 TBD(a) NA(b) 1. OE-O5
ZlmPb NA(b) TBD(a) NA(b) I. 7E- 12
Zl°Po 1.7E-03 TBD(a) NA(b) 1.7E- 12
ZZ3Ra 5. OE-03 TBD(a) NA(b) 6.4E-08
ZZSRa 5.8E-03 - TBD(a) NA(b) 1.7E- 13
ZZSRa NA(b) TBD(a) NA(b) 5.4E- 13

• ZZSRa NA(b) TBD(a) NA(b) NA(b)
Z_6Ru 1.6E-02 TBD(a) NA(b) 3.4E-06
79Se NA(b) TBD(a) NA(b) 2.7E-03
lSlSm NA(b) TBD(a) NA(b) 3.4E+O0
2Z9Th NA(b) TBD(a) NA(b) 1.7E- i2
Z3eTh 1.4E-04 TBD(a) NA(b) 8.8E- 12
Z34Th 2.3E-O 1 TBD(") NA(b) 2,3E -03

(a) TBD indicatesdetection limit to be determined.
(b) NA indicatesdata or method is not available.
(c) ADLs based fusion for radionuclides.
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TABLE F.6. Detection Limit Goals, Analytical DetectionLimits, and
241-B-110TRAC._nd Measured Concentrationsfor Type III
Noncarcinogens_aJ

Measured TRAC
Detection Analytical 241-B-110 241-B-110

Noncarcinogen Limit Goal Detection Limit Concentration(b)Concentration
Analyte (_ la) (/zqla) (ualq) (_a/q)

Ce 3.8E+02 5.4E+OI I.3E+02 O.OE+00

Cl i.IE+O0 2.OE+O_(c) I.2EiQ3 O.OE+O0
coo 3.2E+O] TBD_''' NAieJ O.OE+O0
La 4 4.4E+02 4.8E+O0 2. OE-/-Q2 O.OE+O0

N_ O.OE+O0SeO4 2.9E-01 5.0E.Q1 - -lej
Sn 4.5E+O1 NAle1 NA(e) O.OE+O0
WO4 2.IE+02 NA(e) NA(e) O.OE+O0

(a) ADLs based en acid leach for chemicalsunless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) ADL is based on water leach method.
(d) TBD indicatesdetection limit to be determined.
(e) NA indicatesdata or method is not available.
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TABLE F:7. Detection Limit Goals, Analytical DetectionLimits, and
241-B-II0 T_C and Measured Concentrationsfor Unranked
Carcinogens'°'

Measured TRAC
Detection Analytical 241-B-110 241-B-II0

Carcinogen Limit Goal Detection Limit Concentration(b)Concentration
Analvte (/_Ci/q) (_Ci/o) (_Ci/q]____ (_Ci/q)

As 1.7E-03 (c) 7. OE-03(c)(d) 5.6E+01 (c) NA(e)
S°Co TBD(f) TBD(f) 4.4E-04 NA(e)
3H TBD(f ) 8, OE-05 2.2E -03 (g) NA(e)
94Nb TBD(f) TBD(f) NA(e) NA(e)
SSNi TBD(f) TBD(f) NA(e) NA(e)
242pu TBD(f) 3. OE-O1 2.4E-06 (h) NA(e)
IZSSn TBD(f) TBD(f) NA(e) NA (e)

Z3ZTh TBD(f! TBD(f) NA(e) NA(e)
236U 2.6E-08 1. OE-Og 1.5E+O0(i) NA(e)
93Zr TBD(f) TBD(f) NA(e} NA(e)

(a) ADLs based fusion for radionuclidesunless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) Units for As are in /_g/g.
(d) ADL for As is based on water leach method with units of pg/g.
(e) NA indicatesdata or method is not available.
(f) TBD indicatesdetection limit to be determined.
(g) Measurement based.on wet weight data.
(h) Calculated from _"'Pu/_°°Pumass ratij)assuming the specific activity

of this mass ratio is the same as _°°Pu.
236 238

(i) Calculated from U/ U mass ratio and total 238Umass in fusion sample.
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TABLE F.8. Detection Limit Goals, AnalytlcalDetectionLimits, and

241-B-110TRAC(a_ndMeasured C,)ncentrationsfor Unranked
Noncarcinogens

Measured TRAC
Detection Analytical 241-B-110 . 241-B-110

Noncarcinogen Limit Goal Detection Limit Concentration(b)Concentration

\, _ Analyte .. (_q/q) (uq/q) (_q/q) (Uq/q)

Be 3 . -(c)• • N_
_3E- 40E-02 NA(C)(e) .-(c)Co TBD I.OE+02 g.OE+02 N_

Cu TBD(d) 4.IE+O0 4.6EgQ2 NA(c)
Hg 7 - -icjNN 00EfqO• _8E- 2.OE-OI
NH3 TBD 30E+O0 (f) NA(c) NA_cJ
Sb 9.OE-03 2.7E+OI 1.8E+02 NA(C)
Sr 4.4E+9_ 3• _d_4E- 5.IEfq2 5 9E-02S-2 TBD_U! TBD NA_cj N (c)
Th (d) A

TBD 4 1E+01 5.3E+02(e) NA((_ITl (d) "TBD 7 8E+02 3 5E+03 N_
T (d) "Ti BD 3.0E+O0 7.8E+01 NA(C)

U TBD(d) 3.3E+02 2.IE+02 NA(c)

V 4.9E-_o_ 2.7E+00 3.5E+02 NA(c)
Zn TBD 1.2E+00 5.8E+02 NA()c

(a) ADLs based on acid leach for chemicals unless noted otherwise.
(b) All measured data are based on dry weight data unless noted otherwise.
(c) NA indicatesdata or method is not available.
(d) TBD indic;¢tesdetection limit to be determined.
(e) Measurement based on wet weight data.
(f) ADL is based on water leach method.
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