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PREFACE

Preliminary Recommendations on the Design of the Characterization Program

for the Hanford Site Single-Shell Tanks -- A System Analysis will appear in

four volumes:

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

Volume 2 contains the recommendations on closure-related analyte
priorities, concentration thresholds, and goals for analytical
detection 1limits based on public health concerns.

Volume 3 contains estimates of associated resource requirements and
impacts for a number of alternate characterization program designs.
These cases are evaluated in terms of radiological dose to charac-
terization workers, schedule impacts (compared to the milestones in
the Tri-Party Agreement), and manpower requirements.

Volume 4 contains a preliminary evaluation of remediation decision
quality for alternate characterization program designs; that is,
Volume 4 provides information on uncertainties associated with the
generation of tank inventory estimates. This includes an estimate
of the likelihood of a leave/retrieve decision 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 distributed ahead of the others because the information contained here
is intended to support Westinghouse Hanford Company in characterization activ-
ities to be started in the summer of 1991. Volumes 1, 3, and 4 are currently
being prepared and will be issued later.



EXECUTIVE SUMMARY

The Preliminary Recommendations Report consists of four volumes that
provide'recommendations and data quality objectives (DQOs) for designing and
implementing the waste characterization program and closure decisions for the
single-shell tanks (SSTs) at the Hanford Site. It is a systems analysis
approach to provide information and preliminary DQOs for the SST waste char-
acterization program. This document, Volume 2, is the first of the series of
four volumes to be completed. This volume provides recommendations based on
the ranking of closure-related analytes, concentration threshold (CT) values,
and proposed detection 1limit goals (DLGs). These recommendations are based on
public health and regulatory concerns. |

The preliminary recommendations in this volume focus on identifying sig-
nificant SST analytes and establishing analytical detection 1limit goals for
them. The recommendations from this volume will be applied during characteri-
zation Phase IC (the third phase of a multiple-sampling p1an) as DQOs for
waste characterization and closure decision determinations for SSTs at the
Hanford Site.

The objectives of the work described in this volume are 1) to prioritize
SST analytes for sampling and analysis and 2) to define significant contribu-
ting analytes and their DLGs using the CT concept. The CT concept defines the
level at which an analyte concentration in the tank potentially becomes a sig-
nificant risk contributor to public health. The CT concept can be used to
identify analytical detection limits that may need to be improved for the
characterization program and that can be used as input for selecting closure-
re]afed decisions.

This volume contains the following recommendations:

» Recommendation 2-1: Inventory estimates for the Type I and II
analytes (those which present the highest potential risk) should be
generated for the Limited Phase IC Characterization program in asso-
ciation with closure decisions. These analytes should receive the
greatest attention in terms of analytical accuracy requirements.



e Recommendation 2-2: The Limited Phase IC Characterization program
should include tests for reducing the uncertainties associated with
closure-related analyte priorities. This includes empirical solu-
bility limits (i.e., source-term data) and adsorption coefficients
(i.e., K, values) in support of Long-Term Release Risk assessments
(i.e.. performance assessments). This information should be gen-
erated over a diverse set of waste types.

e Recommendation 2-3: To the extent feasible, analyses conducted
under the Limited Phase IC Characterization program should be
designed so that analytical detection 1imits are one order-of-
magnitude below computed Short-Term Intruder Risk and Waste Classif-
ication CT values and two orders-of-magnitude below computed
Long-Term Release Risk CT values.

e Recommendation 2-4: The Extended Phase IC Characterization program
should be designed so that there is sufficient confidence that when
detection limits are not exceeded the true concentration does not
exceed the computed CT value.

The recommendations presented here may be helpful in determining costs
and schedules for waste characterization. The work and recommendations in
this volume are preliminary; as more information is obtained on the character
of SST waste, better estimates of analyte priorities, CT values, and DLGs can

be made.

This volume is being distributed before the others because it contains
information important to the SST characterization efforts that are planned for
1991. This document was prepared by Pacific Northwest Laboratory for the
Westinghouse Hanford Company, the current operating contractor on the Hanford
Site for the U.S. Department of Energy.
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1.0 INTRODUCTION

The work described in this volume was conducted by Pacific Northwest Lab-
oratory(a) to provide preliminary recommendations on data quality objectives
(DQOs) to support the Waste Characterization Plan (WCP) and closure decisions
for the Hanford Site single-shell tanks (SSTs). The WCP describes the first
of a two-phase characterization program that will obtain information to assess
and implement disposal options for SSTs. This work was performed for the

Westinghouse Hanford Company (WHC), the current operating contractor on the
Hanford Site.

Data quality objectives provide decision makers with information on the
type, quantity, and quality of the data needed to make closure decisions on
SSTs. Accurate estimates of the inventories of the tanks are needed to cat-
egorize, treat, and close each SST. Unfortunately, the inventory of each tank
is not well known; thus, it will require a detailed characterization program
to supply the critical information on which to base decisions for disposal of
the waste and closure of the tanks. It is also important to know which
analytes are most important (type of data) in the closure process and the
analytical detection 1imits (ADLs) required for those analytes (quality of
data) to properly characterize the waste in the tanks.

The preliminary DQOs contained in this volume deal with the analysis of
SST wastes in support of the WCP and final closure decisions.® These DQOs
include information on significant contributors and detection 1imit goals
(DLGs) for SST analytes based on public health risk. Final closure decisions

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

(b) Final closure decisions are considered to be separate and distinct from
safety issues associated with current and future storage of the SST
wastes. This report does not address characterization of the SST wastes
in support of resolving such safety issues.
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include "leave" or "retrieve" decisions!®) for each SST, and the selection

and implementation of a remediation system 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 indicates removal 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, remediation decisions and closure decisions are considered to be
synonymous .

The recommendations and preliminary DQOs in this report pertain to the
design of the characterization effort and provide information on sampling and
analysis techniques that can reduce resources (worker impacts) and increase
the value of characterization information obtained. The recommendations in
this volume, the first of four volumes to be issued, focus on developing DQOs
that determine requirements for identifying significant anaiytes and DLGs for
the characterization program. Subsequent volumes will deal with recommenda-
tions for the number of cures to be sampled from each tank and discuss the
advantages and disadvantages of analyzing individual core segments versus core
composites.

1.1 DESCRIPTION OF SINGLE-SHELL TANKS AT THE HANFORD SITE

The Hanford Site SST closure process involves 149 concrete underground
storage tanks, each containing a single steel-shell liner and ranging in
capacity from 55,000 to 1,000,000 gallons (Figure 1.1). The tanks were
designed to contain the chemical and radioactive waste products of nuclear
fuel separation processes that were performed in the 200 East and 200 West

(a) For this report, the "leave/retrieve" question is considered to be a
question regarding whether the waste in a tank can be acceptably disposed
of while within the tank, or whether acceptable disposal will require
retrieval (prior to processing and disposal). As such, resolution of the
"leave/retrieve" question is part of the development of a closure plan
for the tanks. A number of subtleties are involved in a "leave/retrieve"
decision, including the possibility that the waste may have been judged
to be unacceptable for near-surface disposal (e.g., containing trans-
uranic wastes in concentrations greater than 100 nCi/g) or that the most
risk/cost-effective method for treating the waste requires that the waste
first be retrieved.

1.2



Production Phase

i

Single-Shell Tanks

55,000 - 1,000,000 Gallon Capacity

1944 - 1980

» 149 Single-Shell Tanks
+ 37 Million Gallons
- Sludge

- Saltcake

- Interstitial Liquid

1 Closure Phase ]
Offsite

Disposal

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
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 Greup U -- Tank Farm U (16 SSTs)

Figure 1.2 is a schematic of 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-200-BP-7 = Tank Farm Group B, 0U-200-RO-4 = Tank Farm Group S, and
OU-200-UP-3 = 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-SHELL TANK 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-1ived radionuclides (Q”Sr and 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 inventory estimates for
SST wastes was conducted. A computer code called TRAC (Tracks Radioactive
Components) was developed to estimate individual tank inventories based on
nuciear fuels production models, reprocessing and 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 inventories generated 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 was
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 penetrating the 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 (?*'Am, “C, 1297, 239py, 249y and g9Tc), the data from
the 15 sampled tanks were compared with TRAC data for this 1ist of radio-
nuclides. It 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.

1.6



1.3 DESCRIPTION OF SINGLE-SHELL TANK WASTE CHARACTERIZATION PLAN

The Waste Characterization Plan (Winters et al. 1990) describes the first
phase of a two-phase characterization program that will obtain information to
assess and implement disposal options for the SSTs. The plan includes infor-
mation on the waste to 1) ensure protection of human health and environment in
handling of waste, 2) support regulatory requirements, 3) classify waste for
disposal, and 4) obtain information on SST analytes to support developing
technologies, supplemental environmental impact 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 important decisions were made that have influenced
current characterization efforts. The first was DOE’s decision that mixed
radioactive waste is subject to regulation under the Resource Conservation and
Recovery Act (RCRA 1976). The state of Washington was placed in a key posi-
tion as a regulator of the management (storage and 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 satisfied through a permit process before a closure plan can be
implemented.

In 1988, a preliminary WCP was prepared for the SSTs at the Hanford Site
(Winters et al. 1989). The plan acknowledged that sampling and analysis would
be required for each of the 149 tanks to support tank-specific closure decis-
ions. This plan was later revised; the current plan describes Phase I of a
"multiple-sampling p]an"“) approach consisting of two phases (Winters
et al. 1990). Phase I characterization is designed to provide information for

(a) A multiple-sampling plan is a standard option considered by quality engi-
neers in considering sample plans'which involve acceptance/rejection
decisions. Where appropriate, multiple-sampling plans have the advantage
of providing for higher confidence decisions, with lower resource
requirements than associated with single-phase sampling plans.
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a preliminary classification of SSTs into three categories: retrieval candi-
dates (retrieve), candidates for in-tank disposal (leave), and candidates for
which no conclusions can be reached at this time. This preliminary sorting
will focus the Phase II characterization on evaluating the onsite disposal and
no-conclusion candidate tanks.

Parallel with developing the WCP, DOE, the U.S. Environmental Protection
Agency (EPA), and Ecology negotiated and entered into an agreement on the
institutional process and schedule for developing remediation systems for
certain Hanford wastes. The single-shell-tank-associated milestones described
in the joint Ecology, EPA, and DOE agreement (Ecology/EPA/DOE 1989), called
the Tri-Party Agreement, include interim milestones for characterization as
well as milestones that relate to the development and demonstration of retrie-
val technology. The interim milestones associated with characterization are
tied to the initiation of characterization activities within individual tanks.

To fulfill an interim characterization milestone, sampling on the two
reference tanks (241-B-110 and 241-U-110) was initiated in August 1989. Fif-
teen cores had heen pulled by the end of December 1989, in accordance with the
milestone. Virtually all analyses have been completed. However, due to sig-
nificant, unanticipated difficulties in data management, only partial Phase IA
data were available at the time the analyses in this report were generated.
This consists of data for four cores from Tank 241-B-110.

A second important decision, one which sets expectations and certain pro-
tocol commitments for DOE, was the Record of Decision for the Hanford Defense
Waste Environmental Impact Statement (53 FR 12449). In that decision, DOE
concluded that characterization of the tank wastes, including consideration of
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-
acterization program included the potential for errors in inventory estimates
(and therefore in leave/retrieve decisions) associated with tank sampling,
sample hindling (including homogenization of samples and the creation of core
composil.es), analytical techniques and horizontal variance within a tank
(Jensen and Liebetrau 1988).
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The current WCP is based on requirements for a waste analysis plan for
characterizing hazardous waste under RCRA and the Washington State Hazardous
Waste Management Act, and on requirements under the Atomic Energy Act that
address radioactivity. The plan contains requirements for parameter selec-
tion, sampling, and analytical methods to support closure decisions (synon-
ymous with remediation decisions). Modifications to the pian will be made as
new information is obtained from current analyses and testiig.

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 composite or segment samples (vertical heterogeneity) wouid also be inves-
tigated. A research approach consisting of a cycle of testing, evaluating,
and modifying WCr procedures was suggested, prompting Phase I to evolve into
three elements:

e Phases IA and IB: Verify sampling and laboratory capability,
provide for error estimates for the components of characterization,

and generate other information pertinent to the design of the next
element of Phase I using an initial group of tanks as a reference.

e Phase IC: Continue characterization within the remaining tanks.

Data from Phase IA and IB would be used to determine, for Phase IC,

1) the number of cores to be sampled, 2) the need for segment analy-

ses (rather than analyses on core composites), and 3) the appropri-

ate use of duplicate aliquots in the overall sampling program.

These three design items, while representing major control variables

for the characterization effort, provide for the greatest influence

in terms of impacts to the waste characterization program (i.e.,

radiological dose to characterization workers, costs, and

schedules).

Phase IC uses all the information (especially the number of cores
required to adequately characterize a 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 1 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 techniques developed in the
earlier part of Phase I. The Extended Phase IC will provide data for deter-

mining the closure decision of each SST that will be performed in Phase II.

1.9



1.4 REASONS FOR ISSUING THIS REPORT

This report provides preliminary observations and recommendations for
Phase IC characterization, based upon the partial data set available from
Phase IA and IB. As previously noted, the currently incomplete data sets do
not yet allow for some evaluations that support completion of Phase IA and IB
objectives.

The purpose of issuing this preliminary recommendations report is two-
fold. First, for some of the evaluations, such as radiological doses to
workers and analyte priorities, the results do not depend upon additional data
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 Preliminary Recommendations Report and the different phases
of the WCP.

A second reason for issuing preliminary material is to solicit comments
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 1 will contain the comparative analysis and summary
recommendations from 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-Party Agreement; 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; Chapter 4.0 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.
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2.0 OVERVIEW OF APPROACH

The purpose of this analysis is to provide the SST Waste Characterization
Plan (WCP) with a preliminary identification of significant analytes and
detection limit goals (DLGs) based on public health impact calculations and
regulatory guideTines. This analysis will assist in designing the test pro-
gram for tanks in Phase IC characterization. These results are preliminary
and are expected to change as new data are received; this entire process is
iterative and 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 DIFFERENT METHODS OF RANKING ANALYTES

The closure decisions (i.e., remediation decisions) for the SSTs at the
Hantord Site are expected to be heavily based upon health risk assessments.
This does not mean that the regulatory requirements that pertain to radio-
nuclide and hazardous waste can be ignored. To accommodate both health risk
assessment and regulatory concerns 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 concentrate on the most significant analytes 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. A1l three methods ‘used SST
analyte concentrations estimates from the TRAC code as input. Although the
TRAC ccde does not accurately estimate tank inventories well enough to char-
actarize each SST for closure decisions, it was assumed that the TRAC infor-
mation could be used as input for preliminary ranking of SST analytes. The
SST analyte rankings are based on tank farm groups (described in Section 1.1)
instead of individual tanks; therefore, they were not required to be as
accurate as an estimate of an individual tank inventory would need to be.

The first ranking method, called the Long-Term Release Risk (LTRR)
method, uses an integrated health risk model for ranking analytes based on
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maximum individual health risk to the public. The risk-based model used is
the Multimedia Environmental Pollutant Assessment System (MEPAS). The MEPAS
code is a physics-based system 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. (1989a,b,c),
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.

DCE conducted an environmental survey to identify problems at their
facilities across the country (DOE 1988). PNL developed the Multimedia Envi-
ronmental Pollutant Assessment System (MEPAS) code to rank the over 400 dif-
ferent environmental problems from 36 DOE facilities, and the results were
used as input to a judgmental phase for the final overall ranking for formu-
lating corrective actions (Droppo et 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). It was assumed
that there was one large tank, containing the whole tank farm group’s inven-
tory, that was breached in an unspecified way to allow water to leach all the
inventory (over a certain time period) into the underlying unsaturated sed-
iments. The release rate of the SST waste was solubility limited, and the
transport through the unsaturated and saturated sediments was controiled by
adsorption coefficients (K,). The exposure scenario assumed a farm with a
hypothetical well 50 m from the source of contamination and a family drinking
the contaminated water from the well and consuming the food that is irrigated
with contaminated water from the well. 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 noncarcinogen risks are ranked separately.

The second ranking method is the Short-Term Intruder Risk (STIR) method.
This method uses three generic intruder scenarios developed by the U.S.
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Nuclear Regulatory Commission (NRC) to simulate potential contamination of
individuals in the future if they inadvertently became exposed to SST waste.
The three generic intruder scenarios are the intruder-construction, intruder-
discovery, and intruder-agriculture scenarios (NRC 198la,b, 1982, 1986).

The first two intruder scenarios are dominated by inhalation and direct
exposure to contaminated surface soil. The third scenario, the intruder-
agriculture scenario, is the most plausible case for SST waste. This scenario
assumes that at some future time (assuming loss of institutional control),
individuals could establish a home on SST-contaminated soil and begin farming.
This scenario assumes that the concentration of analytes in the specific tank
farm group has contaminated the surface soil. Ingestion, inhalation, and
direct radiological exposure to contaminated surface soils are included in
this scenario. This ranking method assumes direct exposure to the SST waste
as opposed to the LTRR method that computes release, transport, and exposure
to contamination through 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 concentration for the tank
farm group given by the TRAC code to a reference toxicity parameter. The
reference toxicity parameter for each SST analyte depends on the exposure
route (ingestion, inhalation, or direct radiological exposure) and constituent
type (carcinogenic radionuclide, carcinogenic hazardous, or noncarcinogenic
hazardous waste). More details on the reference toxicity parameter and
indexes can be found in Section 3.2.1. The analyte toxicity indexes are con-
verted to a percentage of the reference toxicity parameter and these
percentages are 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 concentration guidelines for near-
surface disposal from NRC and Ecology for radioactive and hazardous waste,
respectively, to generate a ranking of SST analytes. The NRC’s guidelines are
based on "Land Disposal of Low-level Radioactive Waste" (10 CFR 61); Ecology’s
guidelines are based on WAC 173-303-084 (Washington State 1987) and are
primarily designed for determining whether a waste is "dangerous" or
"extremely hazardous." ;
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The Tow-level radiocactive waste classification from NRC gi idelines is
divided into long- and shorti-lived radionuclides. Waste classification values
presented in Table B.1 of Appendix B are provided as guidelines for class-
ifying radioactive waste for specific waste disposal. The waste can be clas-
sified 4s either A, B, C, or greater than class C (GTCC) waste. The ranking
of SST analytes is computed by comparing the 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 Institute of Occupa-
tional Safety and Health (NIOSH) toxicity data (NIOSH 1987). Unfortunately,
the SST ranking needs to be for analytes (i.e., CN, C1, Na, Fe, NO,) rather
than compounds (i.e., NaCl, Fe(CN),, NaNO,), because the analytical analysis
conducted for the WCP is based on analyte data, not compound data. An alter-
nate NIOSH toxicity classification had to be developed to assign NIOSH
toxicity data to analytes. A description of this alternate classification is
provided in Appendix B. The ranking of SST analytes is computed using a form
of the Toxicity Equivalency Concentration (TEC) relationship as described in
WAC-173-303-084 (Washington State 1987).

2.2 SELECTION OF ANALYTE PRIORITIES

An important recommendation and 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 (analytes that are underlined did not have
tank inventories). This 1ist was developed through a series of evaluations
and considerations. Past characterization efforts for SSTs have emphasized
radioactive wastes; 68 radionuclides were identified in the TRAC program. An
evaluation of these isotopes based on regulatory and earlier assessments
reduced the number of important radionuclides to 42 for this analysis. Sev-
eral radionuclides were added because TRAC indicated they were in the tanks;
therefore, 50 radionuclides were considered. In the process of tracking
radionuclides, the TRAC program provided estimates of inventories for some
nonradioactive compounds. A comprehensive 1is: of about 300 nonradicactive
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TABLE 2.1.

Name of Analyte

Actinium-225
Actinium-227
Americium-2641
Americium-242
Americium-242m
Americium-243
Carbon-14
Cobalt-60
Curium-242
Curium-244
Curium-245
Cesium-135
Cesium-137
Hydrogen-3
lodine-129
Lead-210
Neptunium-237
Nickel-59
Nickel-63
Niobium-93m
Niobium-94
Protactinium-231
Protactinium-233
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Plutonium-242
Polonium-210
Radium-223
Radium-225
Radium-226
Radium-228
Ruthenium-106
Selenium-79
Samarium-151
Strontium-90
Technetium-99
Thorium-229
Thorium-230
Thorium-232
Thorium-234
Tin-126
Uranium-233
Uranium-234
Uranium-235
Uranium-236
Uranium-238
Yttrium-90

List of Analytes of Potential Concern

Symbol

225

227,C

241Am

242Am

242m

T h
C

60Eo
24 cm
244c
m
245c
m
135CS
137,
Cs
3
1o,
210
Pb
237Np

Underlined analytes do not have

Am

Name of Analyte

Hydroxy Acetate
Aluminum
Ammonia
Ant imony
Arsenic
Barium
Beryllium
B8ismuth
Cadmium
Calcium
Carbonate
Cerium
Chloride
Chromium VI
Citrate
Cobalt
Copper
Cyanide
Ethylenediamine-
tetraacetic acid
Ferrocyanide
Fluoride
Hydroxyethel -
ethylenediamine-
triacetic acid
Hydroxide
Iron
Lanthanum
l.ead
Manganese
Mercury
Nickel
Nitrate
Nitrite
Oxalate
Phosphate
Potassium
Selenate
Silver
Silicate
Sodium
Strontium
Sulfide
Sul fate
Thallium
Thorium
Tin
Titanium
Tungstate
Uranium
Vanadium
Zinc
Zirconium

tank inventory estimates.
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cf"3°3

A

NH

Sb3
As

Ba

Be

Bi

cd

Ca

co
Ce

ct

Cr+
C.HeO

cg SV7
Cu

CN

6
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compounds that may be in SSTs was identified by Klem (1988). This list is
based on compounds that were used in Hanford production plants and support
operations. A shorter list of 100 chemical compounds of regulatory importance
is listed in Winters et al. (1989); it was developed from the Klem 1ist using
an approach developed by 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 radionuclide analytes, 24 do not have tank
inventory data available and therefore could not be ranked. These analytes
are listed in Table 2.2.

It is not expected that these analytes are in large quantities in the
SSTs (especially the radionuclides) because they were not included in his-
torical SST information such as TRAC output. For the analyte ranking and

TABLE 2.2. List of SST Ana]ytes Without Tank Inventories

Radionuclides Chemicals
%co As
34 Be
%Nb Co
N Cu
242Pu(a) Hg
126gp NH
2327, S’?
236 Sb
B7r Sr

Th
Ti
T
U(ﬂ)
v
In

(a) Could have been estimated from total Pu and U,
but were not.
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priority work, these analytes could 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 concentration threshold (CT) and DLG
calculations, these analytes were included if exposure data were available.

These 100 SST analytes were prioritized by using the three ranking
methods described in Section 2.1 and were established by categorizing the
ranked analytes into four types: Type I, Type II, Type III, anu Unranked.
Types I and II, which are of most interest because of their high risk poten-
tial, were further subdivided into two categories each (Types IA and IB; Types
IIA and IIB) to provide a more detailed picture. Type I analytes have the
greatest potential for significant public health impacts and are estimated to
provide at least 99% of the cumulative health risk. Type II analytes are
estimated to have little significant potential for 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 estimated to contribute a
combined total of at least 99.99% of the cumulative health risks. By com-
parison, the Type III analytes have no significant potential for public health
impacts, as they are estimated to contribute less 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 inventory data. These
analytes are not expected to contribute to the total risk of the tanks.
Chapter 3.0 provides a detailed description of the process of prioritizing SST
analytes.

2.3 DETERMINATION OF CONCENTRATION THRESHOLD VALUES

Another important concept this volume provides to the WCP is the CT that
can be used to define the significance of SST analytes when analyzing for clo-
sure decisions based on health-impact criteria. Specifically, the CT value
for an analyte is defined in this analysis to be the concentration at which
the analyte would contribute 1% of the cumulative risk or waste class of the
tank farm group. Significance of SST analytes is defined as whether an
analyte contributes more than a "critical" level to the public health risk.
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This "critical™ level for an analyte in this analysis is 1% of the cumulative
risk or waste class of the tank farm group. That is, if an analyte contri-
butes more than 1% of the cumulative risk or waste class of the tank farm
group, it is considered significant.

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 procedure may 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 description of the CT
computations and assumptions.

2.4 APPLICATION OF THE CONCENTRATION THRESHOLD CONCEPT

Analytical detection 1imits should be set for Phase IC Characterization
such that 1) those analytes that provide a significant contribution to a clos-
ure decision are identified, and 2) the other analytes are confirmed to not be
present in significant concentrations. The minimum CT values (most restric-
tive), based on the three different ranking methods, were used as the first
estimate of significance for each analyte. In addition, these most restric-
tive CTs were used tc define DLGs for the analytical effort of the WCP. The
uncertainty associated with ADLs is estimated to be about a factor of 10.
Greater uncertainty may be associated with the LTTR CT values than with the
STIR and WC CT values. Long-Term Release Risk CT values are currently judged
to be accurate within approximately a factor of 10 based on opinions from the
model developers and a sensitivity study conducted on the MEPAS model (Doctor,
Miley, and Cowan 1990). This gave the LTRR method a factor of 100 uncertainty
to defire DLGs. The other two methods of computing CT values are based on
toxicity -information and WC criteria and are used as if no uncertainty
existed; therefore, their CT-to-DLG factor is 10.
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Using the CT concept and the estimates of uncertainty of these CT
values, DLGs can be estimated. The accuracy of inventory estimates for signi-
ficant analytes must be greater than that for insignificant analytes (Type III
analytes). Currently, a proposed DLG for an SST analyte using the LTRR method
is defined as two orders-of-magnitude less than the most restrictive CT value.
The proposed DLG for an SST analyte using STIR and WC methods is defined as
one order-of-magnitude less than the most restrictive CT value.

In the future, DLGs should be rigorously determined using statistical
methods to provide reasonable confidence 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 analytical methods were accurate enough and
procedures precise enough. It is important to note that DLGs become important
only if a decision cannot be made with existing ADLs. More detail on the
determination of the DLGs and their comparison with ADLs and 241-B-110 TRAC
and measured values is provided in Chapter 4.0.
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3.0 SINGLE-SHELL TANK ANALYTE RANKING ANALYSIS

One of the data quality objectives (DQOs) that can optimize the waste
characterization is determining the 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-specific chronic
risk, intruder risk, and regulatory concerns. This chapter describes the
methods used to prioritize the SST analytes [Long-Term Release Risk (LTRR),
Short-Term Intruder Risk (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-specific data. Long-term risks include heaith impacts
on current and future generations. For the SST Waste Characterization Plan
(WCP) effort, a time period of 10,000 years was used for the groundwater analy-
sis because the arrival of contaminants in the soil at a particular receptor
may be delayed due to solubility-controlled releases 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 according to their computed public health
impacts.

3.1.1 Long-Term Release Risk Ranking Scenario Definition

As discussed in Chapter 2.0, the LTRR method is based on the MEPAS code.
The mathematical formuiations of the MEPAS code are documented in Whelan et
al. (1987) and Droppo et al. (1989a). Although the MEPAS code considers atmos-
pheric, groundwater, surface water, 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.

A risk-based analysis was performed with 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 individual dose computed from the
maximum 1ifetime (70 year) water concentration simulated over the modeling
period. The risk index formulation varied depending on whether the analyte
was a carcinogen or noncarcinogen. Appendix A provides the risk index
formulations.

The source terms used to compute the risk indexes are based on a solubil-
ity-controlled release of tank farm group inventories obtained from a computer
program called TRAC. The waste volume is assumed to be the accumulation of
all the wastes associated with 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 permeable walls. If an analyte did not have tank
inventory data available, it was not ranked and was placed in a separate group
(Table 2.2).

The solubility-controlled release is based on infiltrating water contact-
ing the waste form and carrying analytes away from the source at their maximum
solution concentrations. Reliable solubility limits for radionuclides were
not available, so they were based on a congruent release method. The congru-
ent release method assumes that the release of all radionuclide analytes is
controlled by a major, relatively soluble analyte. This method is a rela-
tively standard approach to use when detailed information is not available on
the solubility of many of the analytes. The major release analyte was assumed
to be sodium nitrate (NaNO,). Solubility 1imit values for chemicals were
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 groundwater compo-
nent of the MEPAS code. The waste is assumed to migrate through partially
saturated zones and a saturated zone to a hypothetical well 50 m downgradient
of the tank farm group. Site-specific climatological data for the Hanford
Site were used to determine the partially saturated zone recharge rates. A
sensitivity analysis was done to test the effects of the recharge rate on the
results (Droppo et 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 (assuming some 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-1), and Tallman et al. (1979). The groundwater transport model
used site-specific hydrologic information and contaminant-specific adsorption
coefficients (Ky) to quantify transport. The hydrologic and adsorption pro-
perties combine to determine the concentrations at the receptor well.

The exposure scenario used in this analysis assumed that a resident
obtained all drinking and irrigation water from the well 50 m from the tank
farm group. The exposure routes were ingestion, inhalation, and direct
contact; doses were computed for 70-year increments over the 10,000-year
modeling period for a 70-kg person. The risk indexes were computed based on
standard EPA guidance (EPA 1989a) for chemicals and on Buhl and Hansen (1984)
and NAS (1990) for radionuclides. A1l the release, transport, and toxicity
data used to compute these risk indexes were 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. It is based on the solubility 1imit of the analyte
(radionuclide solubility limits were based on NaNO, values [congruent release
method]) and the TRAC inventory data. Transport is the interaction among
geology, hydrology, and analyte movement through the groundwater system (par-
tially saturated and saturated zones). Exposure is based on potential health
effects from individual analytes and is associated with exposure scenarios.
When these components are combined, the analytes can be ranked based on poten-
tial risk to public health. Figure 3.1 illustrates the ranking of SST analy-
tes using the LTRR ranking method.

Risk indexes were computed for carcinogens and noncarcinogens separately
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). A1l radionuclides in this analysis and
arsenic (As) were assumed to be carcinogens for the exposure calculations.
A1l nonradioactive chemicals in SST waste, except arsenic, were defined by
EPA’s definition as noncarcinogens.

It is important not to use the risk indexes in this report as true esti-
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. It is also important not to compare carcinogen and noncarcincgen risk
indexes hecause they are based on different health effects. In the future,
comparisons of carcinogens and norcarcinogens may 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 Fquation 3.1.

analyte risk index
cumulative risk index

percent cumulative risk = * 130 (3.1)

These perceatages represent the contribution of 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. Ethylenediaminetetraacetic acid (EDTA)
ranked as the most important noncarcinogei:ic analyte because of its large
inventory as indicated by 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 (ZBU, 234y, #%, and 23SU) were ranked as some of the most
important carcinogenic analytes because they were modeled as being quite
mobile in the environment (assumed to be present as soluble uranyl carbonate
species), resulting in conservative estimates of risk (i.e., higher risk than
may actually be the case). The large uncertainties associated with the input
data for EDTA and the uranium isotopes may have caused them to be ranked high,
but these risk indexes were not included in the cumulative risk index, thereby
allowing even more conservatism in selecting important analytes.

Twenty-four analytes were not ranked or included in the cumulative risk
index calculation because tank inventories were 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 are
not expected to be present in significant quantities in the SSTs and therefora
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would not influence the cumula*ive risk calculations for tanks or tank farm
groups (Uranium metal may be the exception). Future efforts will be required
to verify these assumptions.

3.1.2 Long-Term Release Risk Ranking 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 groups based on their relative contribution to the
overall risk for 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 detail.

TABLE 3.1. Carcinogen Analyte Ranking Based on Long-Term Release Risk(®

Type I-A Type I-B Type II-A Type II-B Type III Unranked
238) 235 93myp 234y 225p 233p As
91¢ 242mp (b)) 238p, (b) 2415 () 227p . 223p 60¢,
l4g 240p, (b) 239p,, (b) 2420 (b) 242p 225p, 3
129 2375 (b) 243p0 226p, 94N

233 20800 228p 59N
245Cm lﬂsRu 242Pu
135¢ 19ge 126,
1370 151 2327
218py) %0, 236
63N 2291 937,

241Pu Z30Th
Zlﬂpo 234Th
231Pa SGY

(a) Type I-A analytes include 0.00 to 90.00% of cumulative risk.
Type 1-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.
Carc1nogen1c Tyge ana]ytes in th1s list are based on percent risk
excluding ° U, and 2% in the cumulative risk.

(b) Indicates the ana]yte 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 analytes account 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 analyte was
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 percentages associated with the risk indexes for the analytes are
provided in Tables A.1 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 inventories were 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 additional analysis 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 classified as 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 analytes that 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 I1I analytes were ranked as insignificant risk contributors because
of their lack of mobility in the groundwater system (high adsorption coeffi-
cient [K,]) or their Timited release rate (solubility limited).

3.2 SHORT-TERM INTRUDER RISK RANKING SCENARIO

The STIR ranking method was used to assist in determining an analyte’s
potential health impact when there is the possibility of contact with the
hazardous or radioactive analytes. Unlike the LTRR method that considers risk
out to 10,000 years, the STIR method considers chronic intruder risk for the
waste in its current state. Contact with an analyte can occur through several
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TABLE 3.2. Noncarcinogen Analyte Ranking Based on Long-Term Release Risk(®

Type I-A Type I-B Type II-A Type II-B Type III Unranked
EDTA CN Na SO, C,H,0, La Be
NO, cr* AT Pb Co
NO, Ba Mn Cu
F Bi Ni Hg

Cd c,0, NH,
Ca PO, Sb
Co, K Sr
Ce Se0, 2
C1 Ag Th
CeH:0, Si0, T
Fe Sn Ti
Fe(CN), WO,

HEDTA Ir

OH In

(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.
Noncarcinogenic Type 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 scenarios were 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 inventory and toxicity
of the analyte.

3.2.1 Short-Term Intruder Risk Ranking Scenario Definition

In the future, if institutional control is lost, individuals may inad-
vertently become exposed to hazardous and radioactive analytes that pose a
threat to human health. Intruder scenarios are designed to simulate possible
contamination received by an individual under such circumstances. The NRC
outlined three generic intruder scenarios: the Intruder-Construction
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Scenario, the Intruder-Discovery Scehario, and the Intruder-Agriculture
Scenario (NRC 198la,b, 1982, 1986). The first two scenarios are dominated by
two exposure routes, inhalation and direct radio]ogicQ1 exposure. Direct rad-
iological exposure is defined as health effects caused\by direct contact or
nearly direct association with radioactive sources. )

The third séenario, Intruder-Agriculture, considers the possibility that
at some future time, people will build homes or farms on the disposal site and
operate farms on the surrounding contaminated region. For this analysis, the
SST analytes are assumed to have contaminated the surface soil (through4exca-
vation or some other disturbance). The exposure routes of concern with the
Intruder-Agriculture scenario are ingestion, inhalation, and direct exposure.

Instead of deciding which of the three exposure routes is most important
and determining how to properly weight each to determine its toxicity index
value, each of the exposure routes was evaluated separately. Analytes were
grouped as radionuclides or chemicals. The chemical ranking was based on
ingestion and inhalation exposure routes, while radionuclides included inges-
tion, inhalation, and ground exposure.

Toxicity parameters and TRAC-computed concentrations were 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 particular exposure route. Toxicity parameters were
obtained from the MEPAS database unless otherwise stated.

For ranking the noncarcinogenic analytes, the reference doses (RfDs)
were used when available. The RfD is defined as the estimate of the largest
amount of a noncarcinogenic analyte to which a person can be exposed without
adverse health effects. The majority of RfDs 1isted by MEPAS were obtained
using EPA’s Integrated Risk Information System (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,
LD, values were converted to RfD values using the following empirical con-
version factor, which is based on a study by Layton et al. (1987):

RFD = LD,, » 4.0 x 107° (3.2)
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LD, values 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
ingestion and inhalation exposure routes. For three chemicals, Cr*®, Ni, and
Cd, cancer potency factors were used to rank the inhalation exposure route
(these chemicals are noncarcinogenic for ingestion only). The cancer potency
factors are expressed in units of kilogram-days per milligram (inverse of RfD
units). Based on the RfDs and cancer potency factors, a means of ranking the
importance of each chemical analyte was created.

A parameter called the Toxicity Index was defined for each SST analyte
to be ranked. The TRAC-estimated concentrations for each tank farm group of
chemical noncarcinogens and carcinogens were 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 noncarcinogens and multiplied by the cancer
potency factor for carcinogens to obtain the toxicity index (which is dimen-
sioniess).

Radioaccive analytes were ranked for three exposure routes: inhalation,
ingestion, and direct exposure. Radiological dosimetry factors and specific
activity per mass (pCi/g) for each radionuclide and exposure route were used
to determine toxicity index. The radiological dosimetry factor value for
direct exposure is expressed as a dose rate (rem/hr) per ground concentration
in the surface sediments (pCi/mz). Thus, for the direct exposure case, the
radiological dosimetry factor value was multiplied by the specific activity
per mass of the radionuclide and divided by the tank farm area (mz) to deter-
mine the toxicity index. This toxicity index for direct exposure is expressed
in units of rem/hr/g.

The radiological dosimetry factor value for inhalation and ingestion is
expressed in rem/pCi. Therefore, for the inhalation and ingestion toxicity
index, the radiological dosimetry factor value was multiplied by the TRAC
estimate of radionuclide total specific activity for the tank farm group. The
resulting toxicity indexes were in units of rems per gram of waste for all
three exposure routes.
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3.2.2 Short-Term Intruder Risk Ranking 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

categor

ize 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. Carcinogen Analyte Ranking Based on Short-Term Intruder Risk(®
Type I-A Type I-B  Type II-A Type II-B Type III Unranked
2410 240p,, 242p 0 24350 225p 223p2 As
1370 24400 227p . 2252 60¢,
239p,, 237Np 242mp 226, 3
9. 238p,, l4¢ 228p %N
98y 241p,, 2020 186p,, 594
238 2450 7954 242p,,
1350 ¢ 151g 126g, (b)
1291 910 2327,
210p}, 2297, 236
63N 2387y, 937,(b)
9amy 2341
218p,, 233
21p, 234
233p, 235
(a) I-A analytes include 0.00 to 90.00% of total toxicity.

(b)

Type I-B analytes include 90.00 to 99.00% of total toxicity.
Type IL-A analytes 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 include 99.99 to 100.00% of total toxicity.
Indicates analyte was accidentally omitted from analysis.
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TABLE 3.4. Noﬁcarcinogen Analyte Ranking Based on Short-Term Intruder Risk(?

Type I-A Type I-B Type II-A Type I1-B Type III Unranked
Al Ba Fe(CN), Ca C,H,0, Be
Cr'e cd S0, Na Bi Co
EDTA co, Ce Cu
Fe F (0 Hg
Mn HEDTA CHs0, NH,
Ni NO, CN Sb
NO, Pb La Sr
OH S0, c,0, 5
PO, Ir K Th

Se0, T1
Ag Ti
Sn u
WO, v
in

(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 I1-B analytes include 99.90 to 99.99% of cumulative risk
Noncarcinogenic Type analytes in this list are based on percent risk
excluding EDTA in the cumulative risk.

index for an analyte was 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.

The analytes that were ranked as Type I and II analytes by the STIR
method were ranked as such based primarily on the toxicity parameter (RfD,
cancer potency factor, or radiological dosimetry 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 **'Am, '*'Cs,
@9y, sy, %%y, A1, Cr*S, EDTA, Fe, OH, Mn, Ni, NO,,and PO, are Type I-A
analytes.

3.3 WASTE CLASSIFICATION RANKING METHOD

As a check on analyte priorities generated through the LTRR and STIR
methods, an alternative ranking 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 responsibility for
licensing/permitting the disposal of certain radioactive and chemically haz-
ardous wastes (i.e., dangerous waste), have previously promulgated concentra-
tion guidelines for near-surface disposal. The criteria for disposal of
commercially generated low-level radioactive waste are specified in the NRC’s
10 CFR 61, "Land Disposal of Low-Level Radiocactive Waste."

Ecology provides concentration-based guidelines in its Dangerous Waste
Regulations (WAC 173-303-084). These regulations include a means of deter-
mining an equivalent concentration of toxic constituents (sum of the frac-
tions) when a waste contains a mixture of toxic constituents (nonradioactive).
This regulation includes classification of chemical waste as non-regulated,
dangerous, or extremely hazardous waste (EHW).

3.3.1 Dangerous Waste Classification Description

The WAC 173-303-084 document is designed primarily for determining the
equivalent concentration when toxic nonradioactive constituents remain as
compounds in solution, and it is used as one method for assessing whether a
waste is dangerous waste or EHW.

For analytes stored in the SSTs, most of the compounds dissolved in the
aqueous phase ionize and remain in ionic forms. Any excess amount above their
solubility limits will precipitate and form slurry or sludge in the bottom of
the tanks. WAC 173-303-084 was not designed to apply to ionic species that
constitute toxic analytes in the case of the SST waste. An alternate method
of defining toxicity categories was developed to define a NIOSH toxicity para-
meter for each of the SST analytes considered in the ranking study. This



alternate method 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 information on compounds associated with the SST
chemical environment in the tanks will be evaluated for a more realistic
approach. Values for these alternate toxicity parameters are provided in
Table B.2 and a detailed description of this alternate toxicity classification
is provided in Appendix B of this report.

Once toxicity parameters were determined for each analyte based on the
NIOSH toxicity data, a total WC index (similar to the equivalent classifi-
cation concentration specified in the WAC 173-303-084) was computed for each
SST farm group. The computation of the total WC index involved dividing all
the analyte concentrations within a given NIOSH toxicity category by the
appropriate factor provided by WAC 173-303-084 (X by 1, 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 individual analyte’s concentration to
determine its percent of the cumulative WC for the tank farm group. These
percentages were then used to rank the analytes for the WC ranking method.

3.3.2 Low-level Radioactive Waste Classification Description

The specification of 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 classification has two categories of waste: Tlong-lived and short-
Tived radioactive waste. Examples of long-lived radionuclides are '‘c, %°7c,
1297 242¢cq  241py - and any alpha-emitting transuranic with a half-life greater
than five years. Examples of short-lived radionuclides are H, %o, 3Ni,
%Sy, 13Cs, and radionuclides with half-lives less than 5 years.

For this analysis, the class of waste in the SSTs is not important. The
important aspect of the analysis is how the analyte concentrations in the SST
farms groups compare using the Class C calculation method for ranking analy-
tes. Table B.1 in Appendix B provides a reproduction of the long- and short-
lived radionuclide tables from the 10 CFR 61 document in units appropriate for
the SST analysis. The WC criteria have been converted to microcuries of
analyte per gram of waste (uCi/g) using an average bulk density of the SST
sludge waste as 1.8 g/cm’.
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The Class C criteria provided in Table B.1 were used to compute the WC
index by dividing each radionuclide concentration by the appropriate value in
Table B.1. These indexes were then summed for each tank farm group to provide
a total WC index for radionuclides. Each individual WC index was divided by
the total WC index for the tank farm group and converted to a percentage.
These percentages were used to rank the analytes.

3.3.3 Waste Classification Ranking Method Results

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. Carcinogen Analyte Ranking Based on Waste Classification(®

Type I-A Type I-B  Type II-A Type II-B Type II1I Unranked
241p 0 238p,, 242mp 24300 2254 226 As
13706 241p,, 24400 227p 228 59,
239p,, 140 237\p 242p0 1o6p, 3
248p, 1297 24200 7950 %np
9y, 63 24500 181 59N
97¢ 13504 2297 242p,,

218p} 2387, 126, (b)
93mnb 23411 2327
218p,, 233, 236,
231p, 234 937,.(b)

233p, 235
223, 238))
225, 9y

(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.

(b) Indicates analyte was accidentally omitted.
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TABLE 3.6. Noncarcinogen Analyte Ranking Based on Waste Classification(?

Type I-A Type I-B Type II-A Type II1-8B Type II1 Unranked
Bi Al Fe(CN), Ba Cd Be
Cr'® CsHs0, Ca Ce Co
Fe co, C,H,0, Cl Cu
OH EDTA K CN Hg
Na F Mn La NH,
NO, HEDTA Pb C,0, Sb
NO, Ni Se0, Sr

PO, Ag g
§i0, Sn Th
SO, Wo, Tl
Ir Ti

In

(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 scenario are 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
IT-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 radiological dosimetry factor) of the analytes. Analytes such as
*'am, #%pu, *°Pu, **Tc, NO,, NO,, Cr'®, Fe, OH, Na, and Bi are Type I-A
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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.



4.0 CONCENTRATION THRESHOLD VALUES FOR_SINGLE-SHELL TANK ANALYTES

Another objective of this analysis in support of the SST Waste Characteri-
zation Plan is to estimate a concentration threshold (CT) value for each
analyte. The CT values are expected to serve as an input in selecting suspect
ADLs and to aid in evaluating remediation technologies.

The CT concept defines the concentration at which an analyte present in
SSTs begins to make a significant contribution to a risk or waste class rank-
ing. For this analysis, an analyte is declared to be a "significant contrib-
utor" if it provides at least 1% of the cumulative risk or waste class for a
tank farm group. Conversely, an analyte is not considered a significant con-
tributor if its contribution is less than 1% of the cumulative risk or waste
class.

Concentration threshold values 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-controlled release (no matter how much the tank concentration was
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% contribution criterion pro-
vide a first approximation, an additional check on the adequacy of the CT
values was performed. The estimated CT values for the LTRR method were com-
pared to generally accepted standard reference levels. 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 inventories were evaluated using the CT concept if exposure data was
aVai]ab1e. These analytes could be evaluated because the C/ concept is a
hypothetical tank concentration based on a computed risk to the publicj actual
tank .concentrations (inventories) are not required to compute the CT. Toxi-
city data were not available for S°%, Th, and Ti, making the CT calcula.ion
impossible for these analytes. The other 21 unranked analytes did have CT
values computed.
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4.1 LONG-TERM RELEASE RISK CONCENTRATION THRESHOLD VALUES

The CT values were computed for each analyte using the MEPAS groundwater
and associated exposure pathway models. The SST concentration was adjusted
iteratively and evaluated until the risk index for that analyte contributed 1%
of the cumulative risk for that tank farm group. This 1% of the cumulative
risk is referred to as the C7 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 concentrations reduced below the TRAC
estimate to reach the CT, 2) had to have their concentrations increased above
the TRAC concentration to reach the CT, 3) did not reach the CT by increasing
the concentration because 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 receptor within the modeling time of 10,000-
years (combination of slow release rate and high K, associated with the trans-
port velocity).

A few analytes had risk indexes greater than the 1% cumulative risk, and
therefore their concentration needed to be reduced to reach the CT. Many of
these analytes had very high inventories relative to the solubility release
limit and thus the maximum predicted groundwater concentration at the well was
incensitive to small changes in the inventory. Thus, the concentrations for
these analytes had to be reduced by a large amount before their release rate
decreased and the iisk index began to decrease. Analytes of this type inclu-
ded NO,, NO,, EDTA, *c, '?I, *Tc, U, and ®®. 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 concentrations increased to reach the CT included
F, CN, C1, and Cr*®. These analytes are generally Type I-A and I-B analytes.

Normally the risk index for an analyte would be proportional to its con-
centration if the release rate of the analyte remained constant, which is the
case for this analysis. But if the anaiyte concentration in the groundwater
is at its solubility limit, an increase or decrease in inventory will not
change the risk. Analytes of this type were Ag, S0,, Ni, Na, %™b, %, and
234y, These analytes are generally II—A'and I1-B analytes.
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Analytes such as Al, Ba, Mn, Zr, Pb,9”Sr, 137Cs, 21‘”Pb, and ?®Th did not
reach the receptor within the 10,000-year time limit either because their
estimated K s are too high or, in the case of **Sr and '¥Cs, the half-life is
too short. Other analytes have lower Kys but did not reach the 1% of the
cumulative risk because their peak water concentration that corresponded to
the CT occurred too far in the future (much later than 10,000 years). A1l of
these analytes are Type III analytes.

Concentration threshold values were computed for all the analytes that
could reach the 1% cumulative risk level. Tables E.1 and E.2 in Appendix E
contain a summary of the CT values for the carcinogenic and noncarcinogenic
analytes, respectively, in each of the six tank farm greups.

4.2 SHORT-TERM INTRUDER RISK CONCENTRATION THRESHOLD VALUES

To establish a CT value based on the STIR method, 1% of the sum of the
toxicity indexes was used. Individual analyte concentrations were calculated
simply by reversing the 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 (ug/g). Following
the same guidelines, CT values were calculated for all analytes and for all
the exposure routes considered.

Tables E.3 through E.7 in Appendix E are summaries of 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 CLASSIFICATION CONCENTRATION THRESHOLD 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 (ug/g) were back-calculated for the chemical analytes. Concentration
threshold values were computed by taking the 1% of the total WC index and
multiplying the appropriate factor based on the analyte’s NIOSH toxicity value
(Table B.2 in Appendix B).

Concentration threshold values for radionuclides were based on the WC
values for short-lived and long-lived low-level radicactive waste. Based on
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specific activity per mass (uCi/g) for radionuclides in NRC’s 10 CFR 61
document (Table B.1 in Appendix B), WC indexes were computed by taking the
TRAC codes estimate of the specific activity (uCi/g) data and dividing it by
the 10 CFR 61 limit. Concentration threshold values were computed based on 1%
of the cumulative WC index for each radionuciide and multiplying it by the
appropriate 10 CFR 61 limit.

Summary tables were created to easily identify those analytes of greatest
concern as well as their corresponding CTs. 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 primarily on analyte toxicity (NIOSH toxicity values).

4.4 APPLICATION OF THE CONCENTRATION THRESHOLD CONCEPT

Because of the large number of SST analytes that 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 identifying SST analytes that are judged to be
significant or insignificant contributors to potential public health impacts
and therefore to closure decisions. 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 parameters to potential health
impacts from SST waste. One of these parameters is the ADL. If ADLs for
analytes are not sensitive enough, there is a potential for an analyte at
concentrations below the ADL to pose significant health impacts. Therefore,
the CT concept was used to define health impact DLGs that can be used to set
criteria for the ADL.

The uncertainty of the LTRR CT calculation, based on input data, models,
scenario definitions, and risk factors, is qualitatively estimated, based on
expert judgment, to be a minimum of one order-of-magnitude. It 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 LTRR CT
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 107 uCi/g for
an analyte, the DLG is 1.0 x 107 uCi/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 LTRR method, the STIR and WC methods 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 WC CT values, corresponding DLGs are proposed to be set at one order-of-
magnitude Tess than the computed CT value. For example, if the computed CT
value is 1.0 x 107 uCi/g for an analyte, the proposed DLG is 1.0 x 107 uCi/qg.

Using these definitions, goals for ADLs can be based on health risk.
Tables F.1 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

The objective of this volume is to determine preliminary DQOs for the SST
Characterization Program. The approach consists of deriving a preliminary
ranking of SST analytes based on risk and closure-related guidelines (type of
data needed) and detection Timit goals (DLGs) for analytes based on the
concentration threshold (CT) concept (quality of 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 preliminary and are expected to change as new data from
other tanks are analyzed. The entire characterization process is iterative
and will continue to evolve as new sample data are obtained and analyzed.

Closure-related analyte priorities were established (using the LTRR,
STIR, and WC methods) by categorizing analytes into three types: I, II, and
ITT. Type I analytes are estimated to contribute most of the public health
impacts because 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 significant public health impacts, as they are estimated to
contribute less than 0.01% of cumulative risk for a tank farm group.

Closure-related decisions for SST wastes are expected to be based heavily
upon results from risk assessments. Therefore, the analyte ranking and CT
evaluations included considerations of methods for LTRR and STIR. Carcinogens
and noncarcinogens were considered separately because of their different
health effects. As a check, analyte priorities and CT values were developed
using WC criteria. The analyte priorities and 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 concentration at
which its contribution to a risk- or waste-class-calculation is judged to
become significant. For the purposes of this report, significant is defined
as constituting 1% 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 analytical methods
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 uncertainties associated with
the tank inventories and transport parameters for the LTRR calculations, near-
term (Limited Phase IC Characterization over the next 1-2 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., Recommendation 2-3 is the third recom-
mendation from Volume 2). There are four key recommendations within this
volume:

e Recommendation 2-1: For the Limited Phase IC Characterization pro-
gram, a sampling and analysis objective related to closure decisions
should be to generate inventory estimates for the Type I and II
analytes. These analytes should additionally receive the greatest
attention in terms of accuracy requirements.

e Recommendation 2-2: The Limited Phase IC Characterization program
should include tests which provide for reducing the uncertainties
associated with closure-related analyte priorities. This includes
empirical solubility limits (i.e., source-term data) and adsorption
coefficients (i.e., K, values) in support of Long-Term Release Risk
assessments (i.e., performance assessments). This information
should be generated over a diverse set of waste types.

e Recommendation 2-3: To the extent feasible, analyses conducted
under the Limited Phase IC Characterization program 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. '

e Recommendation 2-4: The Extended Phase IC Characterization program
should be designed so that when detection Timits are not exceeded
there is sufficient confidence that the true concentration does not
exceed the computed CT value.

5.2



5.1 SELECTION OF ANALYTE PRIORITTES

Phase IC Characterization data will be used for determining which ana-
lytes make the greatest contribution to public health impacts and confirming
that other analytes are insignificant to public health impacts. The combined
rankings of SST analytes based on all three ranking scenarios are provided in
Table 5.1 (identified as Priority Case 1) and a schematic of 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 indicates that together these analytes contribute at least 99.99% of
the cumulative risk for a tank farm group. Thirty-eight of the 100 SST
analytes were Type I, 11 were Type II, 27 were Type III, and 24 were unranked
(Tack of tank inventory). The analyte selection criteria are identified at
the bottom of Table 5.1. As additional information is gathered through the
characterization of 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 illustrate the use of the analyte priorities, an alternate set of pri-
orities was developed for comparison purposes (identified as Priority Case 2
in Table 5.2). Priority Case 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 1. This report |
recommends Priority Case 1 as the list of analyte priorities to be used in
Phase IC characterization efforts.

5.2 DETERMINATION OF CONCENTRATION THRESHOLD VALUES

The most restrictive CT values computed for all three ranking methods are
provided in Tables 5.3 and 5.4 for carcinogen and noncarcinogen analytes,
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TABLE 5.1. Combined SST Analyte Ranking (Priority Case 1)“)

Carcinogen
Type I-A Type I-B  Type II-A  Type II-B Type III Unranked
1370 238p,, 237Np 234 242p 228p 3y
1297 241p,, 2450 106, %\b
239p,, 235, 135cg 79 59N 1
248p, Blp, 15lgy 242p,,
9g,. 233p, 2297, 126g,
97 218p), 2307 2321
238, 218p, 2347 235
9y 223p, 233 937,
Noncarcinogen

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

Al Ba Ag C,H,0, c,0, Be
Bi CeH0, Fe(CN), Ca Ce Co
cr*® cd K C Cu
EDTA CN La Hg
F co, Se0, NH,
Fe HEDTA Sn Sb
Mn Pb WO, Sr
Na $i0, s
Ni S0, Th
NO, Ir T
NO, Ty
OH u
PO, v
in

(a) Type 1-A analytes include 0.00 to 90.00% of cumulative ranking index.
Type I-B analytes include 90.00 to 99.00% of cumulative ranking index.
Type II-A analytes include 99.00 to 99.90% of cumulative ranking index.
Type I1-B analytes include 99.90 to 99.99% of cumulative ranking index.
Type IIl analytes <99.99% of cumulative ranking index.
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FIGURE 5.1. Diagram of the Single-Shell Tank Analyte Ranking Process
Using A11 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
(*'Am, %%cm, 28py, BOpy 28, ang ip, radionuclides); these radionuclides’

risk indexes result from decay products rather than the parent constituent
itself.

It 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 (Priority Case 2)(”

Carcinogen
Type I-A Type I-B Type II-A Type II-B Type III Unranked
14c 241pm 93mNb 2020, 225,  223p, As
91 137¢ ¢ 238p,, 237Np 242p,  226p, 3
238) 239p,, 241p,, 234 2435, 228p. %Nb
240p,, 2450, 106p, 59N
905, 3¢  79gq 242p,,
235 231p, 18l 126g,
QBY 233Pa 229Th 232Th
Zlﬂpb 230Th 236U
210p 234Th 37,
233))
Noncarcinogern
Type I-A Type I-B  Type II-A Type II-B Type III Unranked
EDTA Al Ba Ag CH,0 Be
F Bi CeHsO, Fe(CN), CZO4 Co
NO, CN cd ca Cu
NO, Cr*e co Ce Hg
Fe HEDTA cl NH,
Mn Pb K Sb
Na SO La Sr
Ni 510, Se0, 52
OH ir Sn Th
PO, WO, T
Ti
U
v
In

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 STIR

and WC.

Type III Analytes, <99.99% from LTRR and <=99.9% from STIR and WC

rankings.

5.6



TABLE 5.3. Concentration Threshold Values for garcinogen
Analytes (Most Limiting Tank Farm)(®

LTRR- We- STIR Proposed Goal for
Carcinogen Based Based Inhalation Ingestion Ground Exposure Detection Limit
Constituent (uCi/q) (uCi/q) (uCizqg) (uci/zqg) uCizqg) (uCizq)
225 4.1E-02 3.0€-01 3.6E+00 4.1€-03
227, S
21y 1.8E+01 3.0E-04 8.6E-04 7.3€-03 1.9E+00 3.0E-05
262, 7.5€400 2.56+01 256400 2.5€-01
2e2m, 4.1E-04 3.0€-04 8.8E-04 1.6E-02 2.0E+01 3.0€-05
23 py 3.06-04 8.6E-04 7.3€-03 9.0E-01 3.0E-05
ézsenic(b) 1.7E-01 1.7€-03

2.26-02 5.9-02 2.56-02 4.7€-01 5.7E+01 2.2E-04
2ehep 6.1E+01 3.06-04 1.6€-03 2.7€-02 6.8E+01 3.0E-05
2Scn 3.06-04 8.2€-04 1.4E-02 6.9€-01 3.0€-05
135,
137¢4 3.8€-01 4.9E+01 2.76+01 4.0E-01 3.86-02
14¢ 6.36-04 1.3€-02 2.1€+02 1.6E+01 6.3E-06
60co 5.8€-02 2.0E+00 1.2E+400 2.6€-02 2.6E-03
3y 3.3£-03 7.1E+03 5. 2E+02 3.36-04
129, 2.1E-06 1.36-04 2.6E+00 1.2€-01 2.6E+00 2.1€-08
93myp, - .- ea- .-- - NMACS)
Y4np 3.36-04 1.1€+00 4.6E400 3.7€-02 3.3€-05
i 3.6E-01 1.7E+02 1.66402 1.4E+02 : 3.6E-02
83y4 5.8E-02 7.1E+01 5.6E+01 5.8E-03
By 3.7e-03 3.06-04 9.0E-04 8.26-04 1.8E+00 3.0€-05
231, iy
33,5, 4.7E+01 9.1€+00 2.5€-01 2.5€-02
2105,
2105, 4.8E-02 1.7€-02 6.8E+03 1.7€-03
238p,, 8.4E-02 3.0E-04 9.8€-04 8.6€-03 6.2E+01 3.0€-05
239, 1.1€+00 3.0E-04 8.6E-04 7.6E-03 1.5E+02 3.0€-05
240p,, 1.6€-01 3.0E-04 8.6E-04 7.6€-03 6.8E+01 3.0E-05
2610, 5.9E+02 1.0E-02 4.5€-02 3.8E-01 1.8E+03 1.0E-03
242p,, 1.1€-03 9.7E-03 8.8E+01 1.1E-04
223p, 5.86-02 5.0E-02 3.8€-01 5.0E-03
2250, 5.8E-02 8.6€-02 3.8E+00 5.8E-03
226,
228,
106, 1.0E+00 1.2E+00 1.6€-01 1.6E-02
Mse - e - e
151,
1264, 2.36+01 1.3€+00 9.6€-01 9.6E-02
90g. 5.8€-01 3.5E-01 2.36-01 1.0E+01 2.3€-02
997 1.4E-04 4.98-03 5.4E+01 2.26+01 9.5E+04 1.4E-06
229, - .- e -
2304, 1.4E-03 5.9€-02 6.2E+01 1.4E-04
2324, 2.8E-04 1.2€-02 8.4E+01 2.8E-05
234y 1.36+01 2.3E+00 5.7E+00 2.36-01
233, 3.56-03 1.1€-01 1.1E+02 3.56-04
234, 3.5€-03 1.26-01 6.9E+01 3.56-04
235, 4.4E-06 3.76-03 1.26-01 3.4€-01 4.4E-08
236, 2.6E-06 3.56-03 1.2€-01 7.5€+01 2.6E-08
238, 6.8E-06 3.7€-03 1.3€-01 8.5€+01 6.8E-08
90y 5.3E+01 3.0E+00 5.7€-01 5.7E-02
9B 1.4E+00 1.96+01 1.4€-01
(a) --- Indicates that was not computed or available.

(b) Concentrations in g/g for As (arsenic).
(c) NMA = No method available.
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TABLE 5.4. Concentration Threshold Values for h’oncarcinogen
Analytes (Most Limiting Tank Farm)®

Non- LTRR- WC- STIR Proposed Goal for
carcinogen Based Based Inhalation Ingestion Detection Limit
Constituent (19/9) 19/9) _(ug/q) (r9/9) (ua/9)
Ag --- 4 .4E+02 1.96+02 8.9€+03 1.9E+01
Al --- 4.4E+03 8.7e+01 6.3e+01 6.3E+00
Ba --- 4 .4E+02 8.7e+00 2.3E+03 8.7e-01
Be 3.3E-01 --- --- --- 3.36-03
Bi .- 4 . 4E+0T 5.56+01 3.9e+01 3.96+00
CZH303 .- 4 .4E+03 --- == 4 . LE+02
€50, --- 4 .4E+02 4 .5e+02 3.2E+02 3.26+01
C4Hs0- .-- 4 .4E+03 .- --- 4.4E+02
Ca .o 6.4E+03 2.5E+03 1.86+03 1.86+02
Ce .- 4 .4E+03 5.2E+03 3.86+03 3.86+02
cd --- 4 .4E+02 5.3E+00 2.3e+01 5.3E-01
cl 1.1E+02 4 .4E+03 2.2E+02 1.6E+02 1.1€+00
CN 3.8€-01 --- .- --- 3.86-03
Co --- 4.4E+02 3.66+02 2.26+01 2.26+00
co§ .-- 4.4E+Q3 4 .6E+03 3.3E+03 3.3E+402
cré 4.1€+02 4.4E+02 7.9€-01 2.2E+402 7.9€-02
CU(b) e - .- .. e
EDTA 8.8€-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+04 4.4E+01
Fe(CN)g --- 4 .4E+03 1.2E+03 8.9€+02 8.9E+01
HEDTA --- 4 .4E+02 8.3E+02 6.0E+02 4 .4E+01
Hg 7.8e-01 4 . 4E+01 3.2E+00 8.9E+01 7.86-03
K -.- 4 .4E+03 3.2E+07 2.3E+07 4 .4E+02
La --- 4 .4E+03 1.0E+04 7.56+03 4 .4E+02
Mn --- 4 .4E+03 1.9e+01 9.8E+03 1.9€+00
Na .-- 4 .4E+03 1.9+07 1.3E+07 4.8E+02
NHy .- 4 . 4E+01 5.86+03 8.1E+03 4 .4E+00
Ni .-- 4 .4E+02 3.9+01 8.9£+02 3.96+00
NO, 4.36+00 4 .4E+03 2.1E+02 1.56+02 4.36-02
NOy 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 4 .4E+01
Pb --- 4 .4E+03 2.7E+01 6.3E+01 2.7E+00
Poé --- 4 .4E+03 4.3E+02 2.1E+04 4.3E+01
s om- PR - - caw
sb 9.0E-01 .. .- --- 9.0E-03
Se0, --- 4.4E+00 4 .0E+00 2.96+00 2.9€-01
sio3 .- 4.4E+03 1.2E+04 1.3E+02 1.36+01
sn --- 4 .4E+03 8.7e+02 4 .5E+02 4.5E+01
so, .-~ 4.4E+03 4 .3E+03 3.2E+06 4.3E+02
sr .- 4 .4E+03 8.5€+03 1.1E+04 4 . LE+02
ThD) . - .- - -
1i(b) e - .- - e
Tl .- 4 .4E+Q0 1.8e+01 1.0E+02 4.4E-01
v 4 . 9E+01 --- --- --- 4.9€-01
uoa --- 4 .4E+03 7.4E+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
2r .- 4.4E+03 5.7e+03 4 .1E+03 4. 1E+02

(a) --- Indicates that was not computed or available.

(b) No toxicity data available.
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FIGURE 5.2. Diagram of the Single-Shell Tank Analyte Corcentration
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

5.9



analytes have a CT for the LTRR case because they are solubility-limited or
because they do not reach the receptor within the 10,000-year time limit of
the modeling time). The WC and STIR CT values for noncarcinogens are very
similar because they are both based mainly on the toxicity of the constituent.
The LTRR CT values tend to be different because they depend on release, trans-
port, and toxicity parameters.

5.3 DETECTION LIMIT GOALS BASED ON HEALTH RISK

For Phase IC Characterization efforts, those analytes that provide a
significant contribution to 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 significant concentrations. The unranked analytes need to be
addressed in this work to confirm that they are not significant contributors
to risk.

The most restrictive CT value estimated ror each analyte provides a
measure of significant contribution based on public health risk. Using these
CT values, DLGs can be defined to provide DQOs for analytical efforts. For
this volume, two orders-of-magnitude below computed CT based on the LTRR
method «nd one order-of-magnitude below computed CT based on STIR and WC
methods were used. These DLGs provide sufficient confidence that if an
analyte’s mean tank concentration is found to be at or below the detection
1imit vaiue (based on health risk), it will not cause significant risk to the
pubiic should the analyte get released.

Waste characterization efforts should have as a goal improving detection
limits in which there can be confidence that the true analyte mean concentra-
tion in the tank can be quantified at levels below the corresponding CT value.
To achieve this, the CT calculations need to be improved (more accuracy and
greater confidence) by incorporating empirical solubility and adsorption
values from Taboratory tests on reference tank and new tank core samples.
Modifications to analytical techniques and procedures to lTower the detection



limits or development of a new analytical technique that lTowers detection
l1imits would also improve confidence that detection Tlimits 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 IC Char-
acterization effort should include the collection of data which will support
less conservative analyte priorities and LTRR CT 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, LTRR C7 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.

It is important to have DQOs that 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 1ist 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-110 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 1ist 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-110 tank
concentrations for 40 SST analytes with suspect ADLs (the other 60 analytes
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have adequate ADLs).
priority type is provided in Appendix F.
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FIGURE 5.3. Diagram of the Relationship Between the Single-Shell Tank

Analyte Ranking, Concentration Threshold Values, and
Proposed Detection Limit Goals Using All Three Methods

The morz detailed information on the DLGs by analyte
Table 5.5 contains detection limit

and tank concentration data for suspect analytes that are in large (with

respect to the ADL) quantitiez in reference tank 241-8-110 and TRAC inventory
estimates.

Although all of these analytes are Type [, they are estimated to



TABLE 5.5. Single-Shell Tank Analytes with Suspect Ana]y ical Detection
Limits that Appear to be in Large Quantities'?

Analytical
Detection Detection Measured TRAC
Limit Goal Limit 241-B-110 241-B-110
Priority (uCi/g or (uCi/g or Concentration®®  Concentration

Analyte Type 1q/q) vg/q)  (uCi/g or mg/q) (uCi/g or ug/q)
24 I 3.0E-05 4.0E-04 7.3E-02 3.6E-01
238py, I 3.0E-05 7.0E-05 2.9€-03(¢) 3.5E-03
239p, I 3.0E-05 7.0E-05 1.1E-01¢) 6.8E-02
g;”Pu I 3.0E-05 7.0E-05 1.3E-02§°;‘d’ 1.7E-02

Te I 1.4E-06 9.0E-04 1.8E-02(° 1.0E-01
238 I 6.8E-08 2.0E-07 7.2€-05¢) 2.3E-03
Al I 6.3E+00 1.3E+01 2.7E+03 2.7E+03
Cr'd I 7.9E-02 5.7E+00 2.3E+03 5.3E+02
EDTA I 8.8E-04 5.0E+01¢ 9.55ﬂ2‘” 0.0E+00
HEDTA I 4.4E+01 5.0E+01(®) NA'9 0.0E+00
F I 1.1E+00 2.0E+01(¢) 1.9€+03¢! 5.8E+00
Ni I 3.9E+00 5.0E+00 1.2E+04 1.5E+02
N, I 4.3E-02 4.0E+01'¢) 1.0E+04!°) 0.0E+00
NO I 9.4E-01 4.0E+01(¢) 1.9E+05(¢) 1.1E+05
$id I 1.3E+01 1.5E+01 6.0E+04 5.2E+00

(a) ADLs based on acid Teach for chemical and fusion for radionuclides unless
noted otherwise.

(b) A11 measurements are based on dry weight data unless noted otherwise.

(c) Measurement based on wet weight data.

(d) Calculated from %*®Pu/?*°Pu mass ratio and assumes that the specific
activity of the mass ratio is the same as %°Pu.

(e) ADL is based on water leach method.

(f) ADL is based on water leach method for total organic content (TOC).

(g) NA indicates data or method is not available.

be in quantities in SSTs well above detection limits and, therefore, are low
priority for ADL modification compared with analytes in Tables 5.6 and 5.7.
Table 5.6 shows suspect SST analytes that are estimated to be in small quanti-
ties based on measured 241-B-110 and TRAC data. These analytes are the top
priority for ADL modification because tank concentrations are estimated to be
near the ADL. For the analytes in Table 5.6, the Type I analytes should be
evaluated and their analytical measurement techniques modified first, then the
Type II and III analytes can be done. Table 5.7 shows nine Type I and II
analytes that do not have ADLs adequately defined (noted as TBD). These
analytes should be evaluated after the analytes in Table 5.6 but before the
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TABLE 5.6. Single-Shell Tank Analytes with Suspect Ana]y%ical Detection
Limits that Appear to be in Small Quantities'?

Analytical
Detection Detection Measured TRAC
Limit Goal Limit 241-B-110 241-B-110
Priority (uCi/g or (uCi/g or  Concentration!®  Concentration
Analyte Type 1g9/q) ua/q) (uCi/g or wpa/q) (uCi/g or wq/q)
242mpm I 3.0E-05 1.0E-04 NA(e) 1.4E-03
14 I 6.4E-06 5.0E-05(7) 4.0E-04(¢ 3.4E-02
1291 I 2.1E-08 7.0E-06!Y 3.0E-05¢ 1.7E-04
Ba I 8.7E-01 9.2E-01 9.7E+00 4.7€+00
cd I 5.3E-01 1.6E+00 4.1E401 0.0E+00
: oAm 11 3.0E-05 7.0E-03 NAlC ) 6.8E-04
cm II 3.0E-05 4.0E-04 8.6E-04(¢ 3.4E-03

27Np 11 - 3.0E-05 4.86-05(4(9) 1 2p_04(® 1.0E-05
Cl 111 1.1E+00 2.0E+01¢9 1'3Eﬂ3(6) 0.0E+00
245cm 111 3.0E-05 2.0E-01 NA'S 3.4E-07
Se0, 111 2.9E-01 5.0E-01 1.8E+02 0.0E+Q0
As utf) 1.7E-03 7.0E-03 5.6E+01 NAlC
v 1o 4.9E-01 2.7E+00 3.5E+02 NA(e)

(a) ADLs based on acid Teach for chemical and fusion for radionuclides unless
noted otherwise.

(b) A11 measurements are based on dry weight data unless noted otherwise.

(c) NA indicates data 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 inventory data.

(9) 237Np detection Timit is based on the percent of error on Tank B-110
measurements.



TABLE 5.7. Important Analytes that Need Analytical Detection Limits
to be Determined‘®

Analytical
Detection Detection Measured TRAC
Limit Goal Limit 241-B-110 241-B-110
Priority (uCi/g or (uCi/g or Concentration!®  Concentration

Analyte Type ua/q) pa/q)  (wCi/g or wg/q) (uCi/q or wa/q)
63N I 5.8E-03 18D NA(?) 7.0E-01
By I 5.7E-02 78D NA(d) 2.2E-01
CeH.0, I 4.4E+02 78D NA() 3.2E+04
CN I 3.8E-03 78D ! NA(Y) 0.0E+00
co, I 3.3E+02 TBD ") NA) 0.0E+00
Cu ylel 78D 4.1E+00 4.6E+02 NA(d)
OH C 1 4.4E+01 78D NA(Y) 5.8E+03
93mNb 11 18D 78D ! NAd) 1.4E-02
C,H,0, 11 4.4E+02 78D() NA( 0. 0E+00
Fe(CN), 11 8.9E+01 T8D() NA) 0. 0E+00
Zn yle 18D(¢) 1.2E+00 5.8E+02 NA(d)

(a) ADLs based on acid leach for chemical and fusion for radionuclides unless
noted otherwise.

(b) A11 measurements are based on dry weight data unless noted otherwise.
(c) TBD indicates the value is to be determined.

(d) NA indicates data or method is not available.

(e) U indicates analyte unranked because of lack of inventory data.

analytes in Table 5.5. This information is preliminary and 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-Term Release Risk (LTRR) scenario is based on estimates of
potential public health impacts from groundwater usage at a hypothetical
location. Initial characterization of the SST inventories, analyte release
rates, environmental transport, and exposure scenarios were used as input to
the Multimedia Environmental Pollutant Assessment System (MEPAS) (Whelan et
al. 1987; Droppo et al. 1989). For this assessment, the 1list of possible SST
analytes includes those of potential health and regulatory concerns. A base
list of analytes predicted with a TRAC computer simulation of SSTs inventories
was supplemented with additional analytes that may (or are suspected to) 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 absence needs to be defined as part
of the characterization program. The characterization of SST wastes will be
an iterative process; as characterization proceeds, future assessments will be
more refined.

Based on information from past studies at the Hanford Site, it was deter-
mined that there are six geologic settings associated with the 12 SST farms.
These six geologic settings represent different 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 modifications to inventories and 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 characteristics will be
analyzed based on OUs but for this current volume, the tank farm group
categories will be used.

The release of the inventories for each tank farm group is based on a
simplified waste form. All wastes from each tank farm group are assumed to be
aggregated in a large underground tank with completely permeable walls.

Wastes are then released to the environment though solubility-controlled
releases, which assumes that infiltrating water 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 groundwater was simula-
ted with the groundwater component of MEPAS. Transport was predicted through
the unsaturated and saturated zones to a hypothetical usage location repre-
sented by a well 50 m downgradient from each tank farm. Because the potential
receptor population in the Hanford region actually occurs considerably farther
downgradient, this approach is merely a convenient method of computing impacts
with minimum dispersion for comparative purposes. Potential human hzalth
impacts were computed at the hypothetical usage location for each tank farm
group cut to 10,000 years in the future.

A standard Hanford "farm exposure scenario" (patterned after the Hanford
Grout Performance Assessment documented in Sewart et al. [1987]) involving
direct human and agricultural usage (vegetable, meat, and milk) of well water
was selected as a scenario that included all major exposure routes. This farm
exposure scenario provides a means of computing potential health impacts for
comparative purposes based on Hanford-area information.

The total health impact rankings from the farm exposure scenario for rad-
ioactive carcinogens, chemical carcinogens, and chemical noncarcinogens were
reprrted in terms of a ranking index. The ranking index formulations for rad-
ioactive constituents (RI;), for carcinogenic constituents (RI.), and for non-
carcinogenic constituents (RI,) are presented below. The dose computed for
each constituent is based on the maximum water concentration for the modeling
period. The ranking indexes are reported separately to reflect the different
nature of impacts (i.e., carcinogens versus noncarcinogens) and possible
uncertainty in the equivalence of carcinogenic effects.
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For radionuclides, the ranking index is evaluated following EPA’s general
guidance for carcinogenic risk levels (EPA 1989) using an effective dose equi-
valent (EDE) for an individual exposed for a 70-year lifetime in a farming
scenario. The health effects conversien factor (H;), expressed as risk per
unit dose, was the value derived by Buhl and Hansen (1984) from NAS (1980).

RI, = (EDE) * H, (A.1)

where RI; = ranking index for a radionuclide

EDE = maximum effective dose equivalent for lifetime exposure

for an individual, rem

H. = health effect conversion factor, 2.7 x 10" health effects

per rem lifetime exposure

For carcinogenic chemicals, the ranking index is evaluated consistent

vith EPA’s guidance for carcinogenic risk levels (EPA 1989) using a chemical-
pecific cancer potency factor.

RI, = D x CPF (A.2)
where RI. = ranking index for a carcinogenic chemical
D = maximum lifetime intake rate of a chemical (mg/kg/d)
CFF =

cancer potency factor for the chemical (mg/kg/d)'l

The ranking indexes for radionuclides and carcinogenic chemicals are

approximately comparable because both are based on estimates of latent cancer

fatalities. The ranking index for noncarcinogenic chemicals, on the other

hand, is not related to any specific fatal effect.

The noncarcinogen ranking index is evaluated following EPA’s guidance for
noncarcinogenic hazard quotients (EPA 1989):

RI, = 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 exposure 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 1.0
indicates the comuted levels for the hypothetical exposure scenario are below
those at which effects are expected.

A combined rankint index 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.1 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). It 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
(”3U, a“U, 2%y, 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.1. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group A

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative

Name Index Risk % Risk
Nitrite 1.00E+04 95.880 95.88
Nitrate 3.90E+02 3.739 99.62
Cyanide Ion 1.70E+01 1.63E-01 99.78
Fluoride 1.40E+01 1.34E-01 99.92
Sodium Ion 5.40E+00 5.18E N2 99.97
Sulfate 3.00E+00 2.88E-0¢ 100.00
Chromium VI 3.20E-01 3.07E-03 100.00
Nicke? 1.00E-04 9.59E-07 100.00
Silver 1.20E-06 1.15E-08 100.00
Chloride 3.40E-08 3.26E-10 100.00
Iron 1.60E-08 1.53E-10 100.00
Cumulative Risk 1.04E+04 100.00

EDTA 1.40E+04 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Ris'. % Risk

YT 9.1E-02 56.28 56.28
125 5.7E-02 35.25 91.53
242% 6.6E-03 4.08 95.61
240 Am 3.8E-03 2.35 97.96
239Pu 1.7E-03 1.05 99.02
238Pu 9.0E-04 5.57E-01 99.57
241Pu 5.4E-04 3.34E-01 99.91
242Am 6.6E-05 4.08E-02 99.95
23./Cm 5.9E-05 3.65E-02 99.98
241Np 2.2E-05 1.36E-02 100.00
.3mPu 4.8E-06 2.97E-03 100.00
244Nb 4.9E-08 3.03E-05 100.00

Cm 3.0E-08 1.86E-05 100.00
Cumulative Risk 1.6E-01 100.00
gggu 1.0E-01 (not included in cumulative risk)
234U 1.6E-0? f.ot included in cumulative risk)
233U 1.4E-G3 (not included in cumulative risk)

U 1.9E-05 (not included in cumulative risk)
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TABLE A.2. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group B

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative

Name Index Risk % Risk
Nitrite 1.40E+05 97.90 97.90
Fluoride 2.30E+03 1.61 99.51
Nitrate 4.90E+02 3.43E-01 99.85
Cyanide Ion 1.50E+02 1.05E-01 99.96
Sodium Ion 5.50E+01 3.85E-02 100.00
Chromium VI 3.90E+00 2.73E-03 100.00
Sulfate 1.60E+00 1.12E-03 100.00
Nickel 8.80E-03 6.15E-06 100.00
Silver 5.80E-05 4.06E-08 100.00
Chloride 5.00E-07 3.50E-10 100.00.
Iron 4 .40E-07 3.08E-10 100.00
Cumulative Risk 1.43E+05 100.00

EDTA 1.60E+04 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Risk % Risk

Tarc 1.4E+01 84.87 84.87
lég 1.3E+400 7.88 92.75
242% 1.1E+00 6.67 99.42
537 An, 9.2E-02 5.58E-01 99.97
240Np 2.0E-03 1.21E-02 99.99
239Pu 1.0E-03 6.06E-03 99.99
238Pu 6.3E-04 3.82E-03 100.00
242Pu 4.2c 04 2.55E-03 100.00
241Cm 1.4E-04 8.49E-04 100.00
241Am 1.2E-04 7.27E-04 100.00
g3mPu 4.0E-06 2.42E-05 100.00
244Nb 5.1E-07 3.09E-06 100.00

Cm 1.7E-07 1.03E-06 100.00
Cumulative Risk 1.6E+01 100.00
gggu 3.6E4+00 (not included in cumulative risk)
234U 1.7E-01 (not included in cumulative risk)
233U 8.6E-04 (not included in cumulative risk)

U 9.1E-05 (not included in cumulative risk)
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TABLE A.3. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group C

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative
Name Index Risk % Risk
Fluoride 1.60E+03 58.18 58.18
Nitrite 5.00E+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+00 3.53E-01 99.98
Sulfate 3.10E-01 1.13E-02 100.00
Chromium VI 1.10E-01 4.00E-03 100.00
Nickel 1.50E-04 5.45E-06 100.00
Silver 3.00E-06 1.09€E-07 100.00
Iron 6.60E-09 2.40E-10 100.00
Chloride 1.90E-09 6.91E-11 100.00
- Cumulative Risk 2.75E+03 100.00
EDTA 3.30E+03 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Risk % Risk
‘i‘zTc 1 2E+00 78.72 78.72
12 1.9€-01 12.46 91.18
242% 1.2E-01 7.87 99.06
240 Am 1.1E-02 7.22E-01 99.78
q,gPu 1.7E-03 1.12E-01 99.89
§§8Pu 9.4E-04 6.17E-02 99.95
241Pu 4 .6E-04 3.02E-02 99.98
242Am 1.4E-04 9.18E-03 99.99
237Cm 1.2E-04 7.87E-03 100.00
241Np 1.7E-05 1.12E-03 100.00
244Pu 5.5E-06 3.61E-04 100.00
93mCm 2.3E-07 1.51E-05 100.00
Nb 3.7E-08 2.43E-06 100.00
Cumulative Risk 1.5E+00 100.00
gggu 1.6E+00 (not included in cumulative risk)
234U 6.4E-0Z (not included in cumulative risk)
233U 7.0E-04 (not included in cumulative risk)
u 1.9E-05 (not included in cumulative risk)
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TABLE A.4. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group §

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative

Name Index Risk % Risk
Nitrite 3.20E+05 95.66 95.66
Chromium VI 1.20E+04 3.59 99.25
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-46 5.08E-10 100.00
Cumulative Risk 3.35£+05 100.00

EDTA 3.80E+04 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Risk % Risk

133¢ 1.9E+01 88. 24 88.24
14 I 1.2E+00 5.57 93.81
93% 1.3E400 6.04 99.85
242mb 2.1E-02 9.75E-02 99.95
240 Am 8.3E-03 3.85E-02 99.98
239Pu 1.1E-03 5.11E-03 99.99
238Pu 7.9€-04 3.67E-03 99.99
237Pu 6.8E-04 3.16E-03 100.00
241Np 5.4E-04 2.51E-03 100.00
242Am 1.3E-04 6.04E-04 100.00
241Cm 1.2E-04 5.57E-04 100.00
244Pu 2.6E-06 1.21E-05 100.00

Cm 8.0E-08 3.72E-07 100.00
Cumulative Risk 2.2E+01 100.00
gggu 1.9E+00 (not included in cumulative risk)
234U 9.9E-02 (not included in cumulative risk)
233U 2.3E-03 (not included in cumulative risk)

U 8.0E-05 (not included in cumulative risk)
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TABLE A.5. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group T

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative
Name Index Risk % Risk
Nitrite 3.50E+05 98.65 98.65
Fluoride 3.80E+03 1.07 99.72
Nitrate 4 .90E+02 1.38E-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
Nickel 7.00E+00 1.97E-03 100.00
Sulfate 4 . 30E+00 1.21E-03 100.00
Iron 5.90E-01 1.66E-04 100.00
Silver 3.80E-05 1.07E-08 100.00
“ Chloride 5.10E-06 1.44E-09 100.00
Cumulative Risk 3.55E+05 100.00
EDTA 3.80E+04 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Risk % Risk
?ZTC 2.3E401 86.45 86.45
12 2.1E+00 7.89 94.34
2421 1.5E+00 5.64 99.98
93mmAm 1.3E-03 4.89E-03 99.99
240Nb 1.1E-03 4.13E-03 99.99
239Pu 5.8E-04 2.18E-03 99.99
238Pu 4.9E-04 1.84E-03 100.00
237Pu 4.6E-04 1.73E-03 100.00
242Np 4 4E-04 1.65E-03 100.00
241Cm 2.3E-04 8.65E-04 100.00
241Am 3.0E-05 1.13E-04 100.00
244Pu 1.8E-06 6.77E-06 100.00
Cm 1.1E-08 4.13E-08 100.00
Cumulative Risk 2.7E+01 100.00
gggu 2.7E+01 (not included in cumulative risk)
234U 1.1E+00 (not included in cumulative risk)
233U 6.3E-03 (not included in cumulative risk)
U 1.7E-04 (not included in cumulative risk)
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TABLE A.6. Long-Term Release Risk Method Risk Indexes for
Noncarcinogen and Carcinogens in Tank Farm Group U

Non-Carcinogenic Analytes

Constituent Risk % Total Cumulative
Name Index Risk % Risk
Nitrite 1.10E+04 90.09 90.09
Nitrate 4.90E+02 4.01 94.10
Chromium VI 4.10E+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 1.40E-01 1.15E-03 100.00
Sulfate 5.20E-01 4.26E-03 100.00
Cyanide Ion 1.40E -u3 1.15E-05 100.00
Silver 2.50E-06 2.05E-08 100.00
Chloride 5.10E-08 4.18E-10 100.00
Cumulative Risk 1.22E+04 100.00
EDTA 3.80E+04 (not included in cumulative risk)
Carcinogenic Analytes
Constituent Risk % Total Cumulative
Name Index Risk % Risk
?ggc 1.6E+00 88.86 88.86
14 I 1.1E-01 6.11 94.97
93% 9.0E-02 5.00 99.97
242mb 1.9E-04 1.06E-02 99.98
238 Am 1.7E-04 9.44E-03 99.99
240Pu 9.7E-05 5.39E-03 99.99
239Pu 5.5E-05 3.05E-03 100.00
237Pu 3.9E-05 2.17E-03 100.00
241Np 3.8E-05 2.11E-03 100.00
242Am 4.2E-06 2.33E-04 100.00
2416m 3.0E-06 1.67E-04 100.00
244Pu 1.2€E-07 6.66E-06 100.00
Cm 1.3E-09 7.22E-08 100.00
Cumulative Risk 1.8E+00 100.00
gggu 5.1E4+00 (not included in cumulative risk)
234U 1.8E-01 (not included in cumulative risk)
233U 1.2E-03 (not included in cumulative risk)
U 2.5E-05 (not included in cumulative risk)
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risk (i.e., high risk). The large uncertainties associated with EDTA and the
uranium isotopes caused them to be ranked high, but these risk indexes were
not included in the cumulative risk index, providing further conservation in
selecting important analytes.
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APPENDIX B

RADIOACTIVE WASTE AND NIOSH TOXICITY CLASSIFICATION FOR
SINGLE-SHELL TANK ANALYTE ANALYSIS

This analysis was concerned with radioactive waste classification.
Table B.1 provides a reproduction of the long- and short-lived radionuclide
waste classification for near-surface disposal from the U.S. NRC’s 10 CFR 61
document. The units of the radionuclide waste classifications have been con-
verted to curies per gram (Ci/g) to match the values computed in this ana-
lysis. These waste classification tables for radicactive waste were used to
define the Waste Classification (WC) method for ranking radionuclides and
computed concentration threshold (CT) values for single- shell tank (SST)
wastes.

For the waste classification of chemicals, Regulation WAC 173-303-084 of
the Washington State Department of Ecology was used. Unfortunately, this reg-
ulation was not designed to apply to ionic species that cons.itute texic
analytes in the SSTs. To adapt this regulation to the prioritization of SST
analy*-<, a method of calculating toxicity equivalent concentration values was
developed to classify SST analyte toxicity. This equivalent method is used to
define National Institute of Occupational Safety and Health (NIOSH) toxicity
values for each of the SST analyte: analyzed in the ranking study.

In a strict sense, the regulation can be applied if 1) equilibrium rela-
tionships between all the ionic species in solution can be established, ¢) the
pairs of ionic species can be sorted out, and 3) their in”’ividual concentra-
tion-forming compounds can be estimated. This proces<, however, would be
complicated, time-consuming, and impractical. An alternative method to assist
in prioritizing SST analytes is based on evaluating the possible combinations
of the ionic species forming 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 sources such as the NIOSH Registry, EPA’s IRIS database, and
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MEPAS chemical database for all the possible compounds that can be obtained
through the combinations of the ionic species.

"able B.2 was derived using this approach and assigns the toxicity cate-
gory for each ionic species found in the SST based on the most realistic com-
pounds in the SST. This table provides toxicity values to simple ion combina-
tions based on LD, values, 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 LD, (using the worst exposure route) values for rats, unless otherwise
noted, and references for the toxicity values.

Table B.2 provides an alternate means of calculating equivalent toxicity
concentrations for the waste mixtures in the SST waste quickly and economic-
ally without sacrificing accuracy. Even if models are developed for estab-
lishing equilibrium relationships, uncertainty will still exist because of
1) the uncertainty associated with the models, 2) the unavailability of the
equilibrium constants for all the ionic species found in the SSTs, and 3) the
unavailability of the toxicity values for the compounds derived from the pos-
sible combinations of the ionic species. The reason for using an alternate
equivalent toxicity concentration method is to assist in prioritizing SST
analytes, not to propose a new equivalent toxicity concentration calculation
for regulatory waste classification.
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I B.1. Long- and Short-Lived Radionuclide Waste
Classification Concentration

Long-Lived Radionuclides

Concentration
for Class C Waste in SST(®
Radionuclide Name (uCi/q)
Carbon-14 4.44E+00
Carbon-14 in activated metal 4.44E+01
Nickel-59 in activated metal 1.22E+02
Niobium-94 in activated metal 1.11E-01
Technetium-99 1.67E+00
Iodine-129 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-Lived Radionuclides

Concentration
for Class A, B, or C Waste in SST
(uCi/qg)
Radionuclide Name Class A Class B Class C
Total of all radionuclides with
half-1ife less than 5 years .89E+02 (a) (a)

Tritium-3 .225+01 (a) (a)
Cobalt-60 .89E+02 (a) (a)
Nickel-63 .94E+00 3.89E+01 3.89E+02

Nickel-63 in activated metal
Strontium-90
Cesium-137

.94E+01 3.89E+02 3.89E+03
.22E-02 8.33E+01 3.89E+03
.56E-01 2.44E+01 2.56E+03

IR == W W

(a) No limits established for these radionuclides for Class B or C
waste.
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TABLE B.2.

Analyte

RfD
(mg[kg(d;x)
3.0x10°

1.0x10'3
5.1x10"

5.0x1o§
5.0x10°
6.0x1072

5.1x10°

2.2x107!

%'8 102
.UX

2x10“9

1.4x10°

2.x107!

7.1x10}

7.0x10°3

RTECS
HEAST

Ref.

IRIS
RTECS
HEAST
EPA
RTECS

RTECS
RTECS
RTECS
RTECS
RTECS
EPA
HEAST
MEPAS
IRIS
RTECS
RTECS
MEPAS
MEPAS
RTECS
EPA
RTECS
IRIS
MEPAS
IRIS
MEPAS
RTECS
RTECS
RTECS
MEPAS
RTECS
MEPAS
MEPAS
HEAST
RTECS
RTECS

This was interpolated.
Indicates that was not computed or available.
stry of toxic effects of chemical substances.

LD,

(na/ka)
75
3654
25
1275
82
22

2300
1000
88
2111
1000
125
125
397(6)
1500
428
500
337(2)
50 ;
1.3x10
4184
5500
85
25000 6
7.5x10
500
365
1050
3613
525
1.6
5000
700 5
1.8x10
2250
175
1190
2290

Toxicity
Category

wlelolevlvlv]lob -ITolvloleleolevlolplvivlel. Jelelglelvlelaleleleololglelolwlo-JalelesJu e

s Health Effects Assessment Summary Tables.
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Equivalent Toxicity Category for Analytes and Other Compounds

Reference Compound
A? NO3
A (N03)3

Ba(NO,)
Be§043 ¢
BiCl,

e 0,

CaCl2

CdC12

CeCl3

CaCl

Chrofic Acid
Cu(CN)2
Eé;rous Sulfate

Mercuric Nitrate

o,
NiCT,
KOH
Pb(NO. )
Sb 133 2
Na,>€0,

Vanadium
NaZWO4
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APPENDIX C

RISK INDEX CALCULATIONS FOR AMALYTES WITH DECAY PRODUCTS

As discussed in Section 3.1.2, an (a) next to an analyte in Table 3.1
indicates that its risk index was computed from the risk from a daughter prod-
uct. These daughter product risk indexes were not computed from the MEPAS
code, but were estimated from the parent concentration and the decay chain
over a 10,000-year period (time period of the groundwater model). The MEPAS
groundwater model has a Timitation so that the daughter products have the same
chemical properties (solubility limit and adsorption coefficient [K;1) 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 Kys (Tow mobility) and daughter
products with Tow K;s (high mobility) do not reach the receptor with the
10,000-year time limit of the groundwater model. An example of this is 2Py
that has a half-life of 86 years and a Ky of 10.0 mL/g (retardation factor
varies from 35.8 to 183.0). 238py decays to~234U, which has a half-life of
2.47E+05 years and a Ky of 0.0 mL/g (retardation factor of 1.0 or 2% flows at
the same speed as the groundwater).

To account for this, all the daughter analytes were run for the MEPAS
groundwater model as parents (concentrations used from the TRAC database and
their own solubilities and Kys) and then a risk index was computed. Assuming
that these risk indexes were not solubility-limited in the groundwater (i.e.,
the groundwater is saturated with the analyte and changes in concentration
will not affect the risk index), the risk index is linear with the tank
concentration. The original parent ana]}te concentrations from the TRAC
database were decayed (multiple daughter products were considered) for a
10,000-year period. Ratios were then calculated for the resulting daughter
concentration from the decay calculation to the daughter run as a parent
concentration and its risk index. This produced a new risk index for the
parent (e.g., °Pu) from the daughter analyte (e.g., 2*U). The result is a
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conservative but realistic estimate of the daughter analyte’s risk index.
Table C.1 shows the parent-daughter product relationships and associated
chemical properties. A modification to the MEPAS groundwater model is being
considered to eliminate this Timitation.
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TABLE C.1. Parent-Daughter Relationships and Chemical Properties

Analyte Name Daughter Product(s)
241
Am | =237
P I »-233p
3 l =233

24ZCm
238P I > 234U_L>
230Th
242
Cm——1
238P | ol
l s 230Th
244
C 4DPU__-1 235
i
237N
I | > 233P
l > 233U
238P
| o34
L sy,
239P I . 235U
240P 236U
241
pu,_l
41A l l237N
I o33
P

C.3
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Chemical Properties

Half-Life K
(years) (mng)
4 .58E+02 8.20
2.14E+06 3.00
3.00E-02 24.30
1.62E+05 0.00
1.52E+02 8.20
4 .5E-01 8.20
8.60E+01 10.00
2.47E+05 0.00
8.00E+04 40.00
4 .5E-01 8.20
8.60E+01 10.00
2.47E+05 0.00
8.00E+04 40.00
1.76E+401 8.20
6.58E+03 40.00
2.36E+07 0.00
2.14E+06 3.00
3.00E-02 24.30
1.62E+05 0.00
8.60E+01 10.00
2.47E+05 0.00
8.00E+04 40.00
2.44E+04 40.00
7.10E+08 0.00
6.58E+03 40.00
2.36E+07 0.00
.32E+01 40.00
.58E+02 8.20
.14E+06 3.00
.00E-02 24.30
.62E+05 0.00
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APPENDIX D

COMPARISON OF CONCENTRATION THRESHOLD YALUES TO STANDARD HEALTH IMPACT LEVELS

The concentration threshold (CT) concept is presented in this volume as
an important indicator of the health impacts from single-shell tank (SST)
analytes. The CT refers to the concentration below which an analyte concen-
tration is considered insignificant in terms of human health impacts. The
current analysis defines insignificant health impacts as less than 1% of the
cumulative health impacts for a tank farm group. To estimate if 1% of the
cumulative health impacts for a tank farm group is a reasonable criterion for
determining the significance of 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 assumed to have no safe threshold; therefore, even a very low
dose has some level of risk. The revised National Contingency Plan
(40 CFR 300) identifies the range of acceptable risk as 10™* to 10°®, 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 1ikely to be without an appreciable risk of deleterious
effects during a lTifetime (EPA 1989). The acceptable risk of 10™ and 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 represent the 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 groundwater concentrations at a hypothetical well 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. Environmental Protection
Agency (EPA) standard 40 CFR 191. Table D.1 shows LTRR-CT values for Tank
Farm Group B analytes, the peak groundwater concentration corresponding to the
CT values at a well 5000 m downgradient, the groundwater concentration at a
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TABLE B.1. Comparison of Concentration Threshold to Standard Risk Levels

Peak Groundwater Groundwater Ratio of Peak Groundwater

Tank Farm Concentration Concentration CT value to Grourndwater
Group B Corresponding to Corresponding Concentration Corresponding

Analyte LTRR-CT Value CT value at 5000 m to the RfD to RfD Level

Name #9/9) (eg/ml) (ug/mt) (dimensionless)

Be 2.30E+01 1.62E-02 1.47€-02 1.10E+00

cN, 5.8254»00::; 1.34E-03 7.44E-03 1.80E-01

cr 2.98E+05 9.14E-05 3.81E-04 2.40E-01

EDTA 7.45E-01 8.70E-04 7.25E-04 1.20E+00

F 9.78E+02 1.06E+00 9.64E-01 1.10E+00

Hg 2.44E+01 1.16E-03 8.92E-03 1.30E-01

Ma No CT .-- - -

NO, 7.7ZE+02( ) 8.16E-02 ¢.60E-02 8.50E-01

NO3 2.126+04(2 3.37E+01 2.81E+01 1.20E+00

sb 2.79E+01 1.33e-03 1.02E-02 1.30E-01

SOA No CT - == .-

v 7.61E+02 6.02E-01 . 5.47E-01 1.10E+00

(a) Indicates that the CT value for this analyte is based on its solubility limit.
--- Indicates that was not computed or available.

Groundwater Ratio of Peak Groundwater
Tank Farm Concentration Concentration CT Value to Groundwater
Group B Corresponding to Correggonding Cmcentrations-zhat
Analyte LTRR-CT Value CT Value at 5000 m to 10 ~ Risk Correspond to 10 ~ Risk
Name wci/g) (uCi/mt) (uCi/ml) (dimensionless)
gz;gn 1.556+02 1.15€-08 8.50€-09 1.35€+00
14 Am 3.69€-03 2.74E-08 2.04E-08 1.34E+00
245 6.12€-03 2.91e-05 2.91E-06 1.00E+01
129Cm 1.99€-01 2.77E-08 2.05E-08 1.35€+00
1 2.08E-05 9.486-08 1.01E-08 9.40E+00
93 b No CT --- --- ==
27 s
238Np 3.28e-02 1.15€-08 8.55E-09 1.35€+00
2:WPu 7.54E-01 2.75e-08 2.04E-08 : 1.356+00
240Pu 9.63€+00 2.79E-08 2.06E-08 1.35€+00
% Pu 1.43E+00 2.99E-08 2.22E-08 1.35€+00
Ic 9.82E-04 5.90€E-05 4.92E-07 1.20E+02
gsu No CT --- ---
U 6.65€E-05 2.91E-08 2.08E-08 1.40E+00
4.67E-05 6.64E-07 2.21E-08 3.00E+01
As(®) 4.63E+00 1.94E-03 1.39-03 1.39+00

(a) Indicates that the As values are in pg/g and ug/ml.
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well that represents the standard health impact levels, and the ratio of the
peak groundwater CT value to a groundwater concentration that represents the
standard health impact level.

The ratio of the CT value and tank concentration that represents the
standard health impact level at a well 5000 m downgradient indicates that for
noncarcinogens, the CT vai 'es (based on 1% of cumulative health impact from
the tank farm group) zpproximate the RfD value closely. For carcinogens, the
CT values were within an order-of-magnitude of the tank concentrations that
represent 10™* risk, with the exception of *Tc, which has a CT value two
orders-of-magnitude above the 10™* level.

The uncertainty associated with 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 individual SST (for an individual tank the CT value would be
about one order-of-magnitude less than for a tank farm group), making the CT
values conservative. This suggests that the CT values are at least at the RfD
concentration for noncarcinogens and are within an order-cf-magnitude of the
10™* health impact level for carcinogens. It is suggested that better phys-
ical properties for transuranics (K, and solubility values) be obtained and
the transport modeling be modified to better represent decay product risks.
With the uncertainty and conservative nature of the CT calculation, the CT
values computed for SST analytes compare well with standard health impact
level concentrations.
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TJABLE E.1. Long-Term Release Risk Ranking Scenario Concentration
Thresholds (CTs) for Carcinogenic Analytes

CTs for Tank Farms
Analyte Group A Group B Group C Group S Group T Group U

Name (uCi/q) (MCi/q) (uci/q) (UCi/q) (UCi/q) (UCi/q)

Ac -- --- --- --- ---

;:;Am 1.75E+01 1.55E+@2 6.087E+01 .93E+02 2.61E+82 6.69E+81

g:gmAm 4.10E+82 3.69€-83 1.46E-83 4.56€-03 6.04E-03 1.59E-83

Ai(éT .72E-81 .63E+00 .16E+00 .47E+00 1.33€+00 .69E-81
245 .29E-03 .12E-83 .50E-03 .24E-03 2.255-83 .25E-04

Cm .17E-82 .99E-21 L41E-82 .37E-81 3.24E-81 .34E-02
244 .13E+01 .38E+82 .09E+82 . 74E+82 9.33E+82 .38E+82

—

[« I V-]
(S 0N i < I
NN W
NN - -
N OOy

Po --- -—-- --- --- -—- ---

.41E-82 .54E-91 .98E-81 .25E-01 .27E+88 .21€-81
.B8E+00 .63E+88 .75E+08 .18E+01 .61E+81 .20E+00
.60E-01 -43E+00 .43e-01 .78E+00 .44E+00 .B7£-01
.93e+02 .32E+83 .88E+03 .61E+03 .94E+83 .21E+0@3

W -
(4, B 7 BN ]
NOYWw N
N = - W0
00 N = s
N oY & W

Ra --- --- --- --- --- ---

236
238
9@
93

] .67E-85 1.57E-85 4.49E-06
U .92E-06 1.60E-@5 1.83E-85

Y ——— -——— - ——— -——— -

NN
o o
w
il
1)

[
oo,
b
N W
~N N
mm
it
[
[0
w N
o W
——~y
T
[~
oo
@™ w

zr - --- --- - .- -

(a) Arsenic 1% concentration thresholds are in (lg/g).
--- Indicates that was not computed or available.
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TABLE E.2. Long-Term Release Risk Concentrations Thresholds (CTs)
for Noncarcinogenic Analytes

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group—fj-
Name {a/q) (Ug/a) {La/q) (Lg/q) (a/q) (Mg/q) N
Ag -— - - --- ——- -
Al - .- -— -—- -—- ---
As -—- - -~ --- --- - a
Ba ——— - -—— - T e -~
Be 3.31E-01 2.30E+81 1.77e+08 7.63E+88 6.61E-01 5.83E-81
Bi - -—- -— -— -—- -—
(‘.204 --- - --- --- -=- ---
C2H303 --- -—- === -== -—= ---
CGH5°7 --- il --- --- -~ ---
Ca --= --- - --- --- =
Cd -—- - --- -—- - ---
Ce --- - - --- -=- ---
cl 1.14E+82 1.97E+84 1.86E+083 8.27E+22 1.36E+83 3.16E+82
CN 3.78E-01 -—- --- --- -—- ---
Co --- -—- --- - -—- -—-
CO3 -—- - —— - --- --

+6 :

Cr -— -—- - 8.38E+82 1.87€+083 4.95E+02
Cu -=- -—- - --- --- -
EDTA 8.81E-82 7.45E-81 2.61E-01 4.57e-81 1.25e+80 2.46E-81
F 1.13E+02 9.78E+@82 1.97€+02 5.86E+02 1.36E+03 1.37E+@2
Fe - --- -——— --- --- -=-
Fe(CN)"'6 --- -—- - --- -—- ——-
HEDTA - -—- ~—- - -—- -
Hg 1.82€+00 2.44E+01 1.39€+08 4.49E+08 4.22E+09 7.78E-81
NH3 - -—- ——— --- --- -
K -——— -—— —— - ——- ———
La --- --- --- --- - ---
Mn --- --- --- --- --- ---
Na --- -—- -—- --- --- -=-
Ni -— - -—— -—- -—-- -—-
NO2 7.28E+01 7.72E+02 4.26E+88 7.37E+01 1.68E+082 2.55E+081
N03 7.00E+02 --- 9.40E+81 6.87€+82 9.59E+@2 2.64E+82
OH --- --- --- --- --- ---
Pb - - -— ——- -—- -—
PO, --- -—- - e --- -—-
Sb 2.38E+00 2.79E+81 1.52E+00 6.54E+08 8.02E+00 8.96£-01
SeO4 - -— --- - ——- -
$i0, -— --- - ——— -—- ——
Sn --- -—- -—- --- - -—-
S0 - -—- -—- --- --- -—-
Sr4 ——— —-——— ——— - -—— ——
T1 - -—- - --- --- ——
U - -— -——— -——— —_—— -
wo, ——- —-—- --- - -—- -—-
v 1.30E+@2 7.61E+82 6.44£+81 2.81E+82 2.59E+@2 4,85£+01
In --- -—-- -—- -—- --- -—-
Ir --- - --- --- --- ---

--- Indicates that was not computed or avaiiaole.
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TABLE E.3.

Analyte
Name

Ag

Al

As

Od

Be

Bi
C204
C2H303
C6H507
Ca

Cd

Ce

1

CN

Sn
SO
Sr
T1
U

v

w0
Zn
ir

4

Short-Term Intruder Risk Concentration Thresholds (CTs)

for Inhalation of Chemicals

CTs for Tank Farms

E-

N ;N

& w

w

B NOWOMN -~ = WL WOE — W

A 00— W

~

Group A

.86E+02
.66E+01

.66E+00

.45E+01
.46E+02

.48E+33
.39E+01
L23E+27
.18E+82

.62E+82
.63E+83

.10E+00
.G4E+@1
L71E+83
.32E+82
.24E+03
.34E+02
.16E+00
.81E+03
.16E+087
.D4E+04
.86E+81
.86E+87
.S51E+@2
.16E+02
.19E+84
.B3E+02
.66E+81
.33E+02
.96E+08
.24E+04
.66E+82
.33E+03
.B5E+04
.79E+081
.26E+01
.37E+83
.92E+84
.67E+83

Group B

2.69E+83

—

W N ;YW

N o

L 00W RN N - B o SN ~

— W s O) = N

1
9
8

.25E+03

.25E+82

.88E+@2
.45E+83

. 58E+04
.31E+00
.57E+04
.15E+83

.79E+@3
. 79E+84

.90E-B1
. 16E+03
.38E+04
JJIE+62
.79E+04
.21E+84
.57E+01
.B9E+@5
.57E+08
.50E+@5
.69E+82
.69E+88
.86E+81
.B5E+03
.96E+85
.31E+04
.85E+@2
.27E+83
.73E+01
.79E+@5
.25E+84
.27E+04
.52E+85
.35E+82
.17E+83
.@7E+05
£2E+85
.21E+04

(7

— W U

Group C

.23E+83
.T4E+02

.74E+81
.61E+82
.95E+083

.B4E+04
.35E+00
.46E+04
.44E+03

3.17E+@3

~N W

N NHERPWH~ONUTNNOO WM,

=Moo N

.B7E+04
.95E-21

.33E+82
.46E+04
.53E+83
.20E+83
.53E+83
.@9E+81
.B8E+24
.B9E+A8
.86E+D4
L2L2+02
.23E+08
.88E+01
.39€+83
.18E+85
.99E+@3
.76E+@2
.87E+83
.62E+01
.20E+B4
.74E+03
L875+04
.97E+04
.56E+02
.47E+02
.88E+0¢4
.30E+@5
.76E+84

--- Indicates that was not computed or available.
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o N -

- N

o

= WNWWSNNR =W WO W

W AW

Group S

.S1E+82
.50E+@2

. 50E+61

.20E+82
.80E+03

. BOE+04
.46E+082
.11E+04
.61E+82

.11E+83
.87E+84

.64E+01

.25E+82
.508E+04
.15E+03
. 08E+03
.37E+03
. 28E+@1
.38E+@4
.28E+@8
.19E+04
.51E+P1
.51E+87
.24E+03
.51E+A2
.50E+05
.65E+03
. @8E+82
.75E+83

.60E+01
.00E+84
.50E+@83
.75E+84
.25E+@4
.B4E+@2
.64E+@2

2.98E+84

~N

.86E+@5
29E+04

2

~

W W -

o oo

n

NAEARPHRWFHFWWFREOEOENOO -

W re N NN

WO -

Group T

.¢E+@3
.50E+83

.50E+@2

.A5E+@2
.73E+83

L29E+24
.97E+81
.B7E+84
.78E+83

.B2E+@3
.B3E+04

.92E+00
.40E+03
.44E+04
.23E+83
.15E+04
LA5E+04
.48E+81
.29E+@5
.48E+08
.80E+@5
.22E+@2
.22E+08
.43E+02
.65E+83
.Y7E+86
LS7E+04
.62E+02
.5CE+83

.87E+01

.15E+85

.50E+84
.52E+04
.83E+05
.96E+82
.39E+83
.28E+@5
.B9E+06
.84E+04

Group U

.49E+02
. 16E+82

.16E+81

.29E+01

5.97E+02

N N W

(=2}

.31E+83
.59€E+81
.BOE+23
.92E+02

.58E+p2

6.20E+83

DT W OMN NN B PNy w

— W = U e O

~N 0o W

.80E+00
. B8E+0B2
.97E+03
.13E+82
.66E+83
L12E+83
.23E+80
. J6E+04
.23E+87
.39E+84
L49E+91
.49E+@7
.78E+@2
.82E+@2
.29E+@4
.21E+@3
.56E+01
.80E+@2
.30E+00
.66E+A4
.16E+83
.80E+03
L41E+04
.26E+81
. 14E+82
.87E+83
.95E+04
.59E+83
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JABLE E.4. Short-Term Release Risk Concentration Thresholds (CTs)
for Ingestion of Chemicals

CTs for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name {a/q) (g/q) (La/q) (La/a) (Ma/q) (la/q)
Ag 1.34E+02 2.51E+83 1.17€+83 7.80E+02 2.97E+83 2.484E+02
Al 6.26E+81 1.17E+@3 5.48E+82 3.64E+@2 1.39E+@3 1.14E+@2
As -—- — -—- -—- -—- ---
Ba 2.28E+83 4.27E+84 2.0dE+04 1.33E+04 5.085E+64 4.15E+83
Be - --- -—- ~—- —— -
Bi 3.94E+01 7.38E+02 3.44E+02 2.29c+82 8.71E+82 7.16E+@]
2204 3.22E+92 6.03E+83 2.82E+03 1.87e+@3 7.13E+83 5.86E+02
C,H,0 -—- - -— -— --- ne-
CzHgog -—- -— - - -— -
Cg 1.79E+03 3.35E+54 1.57€+04 1.04E+84 3.96E+84 3.26E+83
Cd 2.28E+@1 4.27E+82 2.080E+82 1.33E+82 5.856+82 4.15E+01
Ce 3.78E+83 7.08E+84 3.30E+@4 2.19E+04 8.36E+04 6.87E+03
C1 1.57E+82 2.95E+83 1.38E+@3 9.15E+@2 3.49€+03 2.87E+82
CN - - -— -—- ——— -—-
Co 2.17E+81 3.14E+82 1.44E+02 8.75€+81 3.75€+82 2.98E+01
CO3 3.34E+83 6.27E+04 2.93E+94 1.94E+04 7.41E+04 6.089E+03
Cr+6 2.24E+82 4.19E+03 1.96E+03 1.30E+03 4 _95E+03 4.07E+82
Cu -—— - - -—- --- ---
EDTA 5.81E+81 1.89€+83 5.89E+82 3.38E+02 1.29E+@3 1.06E+82
F 2.68E+@3 5.83E+04 2.35E+84 1.56E+04 5.94E+04 4 .88E+@3
Fe 5.81E+04 1.89E+@6 5.89E+85 3.38E+85 1.29E+86 1.06E+05
Fe(CN)6 1.68E+04 7.83E+83 5.28E+83 1.98E+04 1.63E+083
HEATA 6.83E+82 1.13E+04 5.27¢+83 3.50E+083 1.33E+94 1.10E+83
Hg 8.94E+01 1.68E+03 7.83E+@82 5.208E+82 1.98E+083 1.63E+82
NH3 8.05E+03 1.16E+@5 5.33E+04 3.25e+04 1.39€E+05 1.08E+84
K 2.28E+87 4.27E+88 2.00E+@8 1.33E+08 5.@85E+88 4 .15€+87
La 7.48E+83 1.40€E+05 6.55E+84 4 .35E+@4 1.66E+85 1.36E+84
Mn 9.84€+03 1.34E+05 8.61E+04 5.72E+84 2.18E+85 1.79E+84
Na 1.34E+07 2.51E+@8 1.17€+@8 7.80E+@7 2.97€+88 2.44E+07
Ni 8.94E+02 1.68E+84 7.83E£+83 5.20E+83 1.98E+84 1.63E+03
NO2 1.52€+82 2.85€+83 1.33£+83 8.84E+02 3.37E+03 2.77€+82
NO3 4 47E+84 8.38E+@5 3.91E+085 2.60E+@5 9.98E+85 8.14E+04
04 6.53E+02 1.22E+04 5.71E+83 3.79E+03 1.45E+04 1.19€+83
Pb 6.26E+81 1.17€+83 5.48E+82 3.64E+02 1.39E+03 1.14E+82
PO 2.06E+94 3.86E+085 1.88E+05 1.20E+@5 4. 55E+@5 3.74E+04
Sea4 2.56E+00 5.36E+081 2.50E+81 1.66E+@1 6.34E+01 5.21E+00
SiO3 8.94E+83 1.68E+05 7.83E+84 5.208E+04 1.98E+85 1.63E+04
Sn 4 .47E+02 8.38E+083 3.91E+03 2.60E+83 9.90E+03 8.14E+02
SO4 3.17E+06 5.95E+87 2.78E+87 1.85E+87 7.03E+07 5.78E+06
Sr 7.60E+83 1.42E+85 6.65E+84 4.42E+04 1.68E+85 1.38E+84
T 2.48E+81 3.58E+02 ° 1.64E+82 1.09E+@2 4.28E+82 3.32E+81
U 8.67E+01 1.25E+83 5.47E+82 3.50E+02 1.50E+@3 1.16E+82
] - - _— —— — ———
wo4 2.13E+83 3.99E+04 1.86E+04 1.24E+04 4.71E+04 3.87E+83
In 2.17€+83 3.14E+04 1.44E+04 8.75E+83 3.75E+0842 2.90E+@3
Ir 4.10E+83 7.68E+84 3.58E+04 2.38E+04 9.097E+04 7.46E+03

--- Indicates that was not computed or available.
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TABLE E.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 (uCi/q) (LUCi/q) _{uCi/g) (UCi/q) (LLi/fq) (UCi/q)
:ggAc 4.136+00 2.89E-01 7.28€-81 2.74€-81 5.50E-082 4.08€-02
Ac - - - - - -
241, 8.73E-82 4.43€-03 1.54E-82 5.80E-03 1.16E-083 8.63E-04
242, 7.57E+02 3.84E+01 1.33£+82 5.83E+01 1.01E+81 7.48E+00
242my g 9pE-2 4.52E-83 1.57€-22 5.91E-83 1.19-83 8.80€-04
230 8.73E-82 4.436-03 1.546-82 5.80€-83 1.16€-03 8.63E-04
;:% 2.16E+04 1.10€+83 3.81E+83 1.44E+93 2.88E+82 2.146+02
Cm 2.526+88 1.28E-81 4.45€-01 1.68E-01 3.36E-82 2.49€-82
2440, 1.62E-81 8.23E-83 2.86E-82 1.88E-02 2.16E-83 1.60E-03
f;:Cm 8.25E-82 4.19€-03 1.46€-82 5.48E-93 1.10E-83 8.16E-04
Cs - --- - - --- -
137¢¢ 4.99E+83 2.53E+02 8.80E+82 3.31E+82 6.656+81 4.93£+01
68¢, 2.86E+82 1.25E+81 3.64E+81 1.376+01 2.75E+00 2.04E+00
3y 7.21E+85 3.65E+04 1.27€+85 4.79E+84 9.60E+03 7.136+03
;gzx 2.676+82 1.36E+01 4.71E+01 1.776+81 3.56E+00 2 .G4E+00
Nb - - - - - -
Ny, 1.01E+82 5.56E+80 1.93E+81 7.29E+08 1.46E+20 1.08E+00
By 1.68E+24 8.52E+82 2.97€+83 1.126+83 2.24E+82 1.66E+82
83y 7.21€+03 3.66E+02 1.27€+83 4.79E+82 9.61E+01 7.126+81
;g:ﬁp 9.88E-082 4.61E-083 1.60E-82 6.93E-03 1.21E-83 8.976-84
Pa - —- - - - -
gi:Pa 4.78E+83 2.426+02 8.43E+82 3.176+82 6.37E+81 4.72E+01
Pb - --- - - - -
218, 4.836+00 2.45E-01 8.52E-81 3.21E-81 6.44E-82 4.77€-02
238, 9.87E-82 5.01E-03 1.74E-82 6.556-03 1.326-83 9.75E-04
239, 8.73€-02 4.43€-03 1.54€-82 5.80E-03 1.16E-03 8.63E-84
248, 8.73E-02 4.43E-03 1.54€-82 5.80E-23 1.16E-83 8.63E-04
241y, 4.54E+08 2.30E-01 8.81E-01 3.026-01 6. 85E-82 4.49E-82
242, 1.616-81 5.60E-03 1.95€-82 7.35€-03 1.476-01 1.09€-83
223q, 5.82E+00 2.95€-01 1.83E+00 3.87E-01 7.76€-82 5.75E-02
;;:Ra 5.82E+80 2.95€-81 1.03E+00 3.87€-01 7.76E-62 5.75E-82
Ra - —-- - - - -
;gsRu 1.83E+82 5.24E+00 1.82€+81 6.85E+00 1.386+00 1.026+00
Se - - - - - -
15l - o - - - -
1265, 4.59E-82 2.32E+81 8.09E+81 3.05E+01 6.116+20 4.54€+00
90 3.49E+01 1.77€+08 6. 16E+00 2.32E+00 4.66€-01 3.45€-01
gggc 5.47E+83 2.78E+82 9.65E+82 3.63E+02 7.29E+01 5.41E+01
Th - - - - - -
230y, 1.426-01 7.20€-03 2.50E-82 9.42£-83 1.89E-83 1.406-03
232y, 2.84E-82 1.44E-93 5.81E-83 1.89E-83 3.78E-04 2.81E-04
2344, 1.30E+83 6.58E+01 2.29E+82 8.61E+01 1.736+81 1.28E+01
233, 3.49€-01 1.776-02 6.166-02 2.32€-82 4.66E-03 3.45(-03
234, 3.49E-01 1.776-82 6.16E-82 2.326-02 4.66E-03 3.456-03
235, 3.78E-01 1.926-82 6.67E-82 2.516-02 5.04E-03 3.74£-03
236, 3.49E-01 1.77€-02 6. 16E-82 2.326-82 4.656-03 3.456-03
238 3.78€-01 1.92E-02 6.67E-82 2.51E-82 5. 04E-03 3.74E-03
98y 5.40E+03 2.74E+82 9.53E+82 3.59E+02 7.20E+81 5.34E+01
937, 1.426+02 7.19E+80 2.50E+81 9.44E+80 1.86€+00 1.40E+00
—

--- Indicates that was not computed or available.
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TABLE E.6. Concentration Thresholds (CTs) for Ingestion of Radionuclides

CTs for Tank Farms

Analyte Group A Group B Group C Group § Group T Group U
Name (UCi/q) (UCi/g) (uci/q) dMLi/a) uCi/q) {Ci/a)
gggAc 3.98E+81 1.58E+00 3.90E+00 2.31E+00 2.97€-01 3.26E-01
Ac ——— —— - ——— -—— ———
241y 9.726-81 3.86€-82 9.54E-02 5.64E-082 7.26E-03 7.96E-03
242, 3.36E+83 1.34E+02 3.30E+02 1.956+82 2.51E+81 2.76E+01
282may 2 pBE+e8 8.27E-82 2.94E-81 1.21E-01 1.56E-82 1.71E-82
2435, 9.72E-01 3.86E-82 9.54E-82 5.64E-02 7.26€-03 7.96E-03
;:5 2.08E+83 8.27E+01 2.04E+82 1.21E+82 1.56E+81 1.71E+81

cm 6.34E+01 2.52E+80 6.226+00 3.68E+00 4.73E-81 5.19E-01
2440 3.64E+08 1.45€-01 3.58E-01 2.126-81 2.72E-82 2.99€-02
f;§Cm 1.90€+00 7.55€-82 1.87€-81 1.18€-01 1.42€-02 1.56E-82
Cs -——— -—— ——— ——— -—— -
137¢4 3.64€+03 1.45€+82 3.58E+82 2.126+82 2.726+01 2.99E+81
60c, 1.626+82 6.44E+00 1.59E+81 9.41£+00 1.21E+08 1.33E+00
3y 6.04E+84 2.76E+83 6.81E+83 4.03E+03 5.19E+82 5. 6BE+B2
123, 1.56E+81 6.20€-01 1.53E+00 9.07€-01 1.17€-81 1.28E-01
93myy — — — — — —
4y, 6.12E+82 2.44E+81 6.81E+81 3.56E+01 4.58E+88 5.01E+00
395 2.08E+94 8.29E+82 2.04E+03 1.21E+83 1.56E+82 1.70E+82
83y; 7.54€+83 2.99€+82 7.40E+02 4.38E+82 5.63€+01 6.18E+01
ggin 1.89E-01 4.34€-03 1.87E-82 6.356-03 8.17E-4 8.96E-04
Pa — - - --- —- -
gi:Pa 1.21E+83 4.82E+01 1.19E+82 7.06E+01 9.088E+00 9.95E+00
Pb .- - —-- - - -
210, 2.306+00 9.14E-62 2.26E-81 1.34E-01 1.726-82 1.89E-02
238; 1.15E+80 4.57€-02 1.13€-81 6.68E-82 8.60E-03 9.43€-03
239, 1.02E+00 4.04E-02 9.98€-82 5.91E-82 7.60E-83 8.33E-03
240, | 1.82E+00 4.84E-82 9.98€-082 5.91E-02 7.606-83 8.33€-83
241 5. 08E+81 2.02E+00 4.99E+80 2.95£+80 3.80E-01 4.17€-01
242, 1.30E+00 5.18E-82 1.28€-01 7.56E-0 9.73E-83 1.07€-82
2230, 6.63E+08 2.63E-01 6.58E-81 3.85€-01 4.95£-82 5.43E-02
;;:Ra 1.15E+01 4.57€-01 1.13E+00 6.68E-81 8.60E-02 9.43€-82
Ra --- --- -—-- --- - ---
;gGRu 1.526+02 6.43E+00 1.50E+01 3.41E+00 1.21E+80 1.33£+80
1sig, o - o o o -
1265, 2.38E+02 9.16E+08 2. 26E+01 1.34E+00 1.726+08 1.88E+20
9. 3.126+901 1.24E+80 3.87E+00 1.81E+00 2.33€-01 2.56E-01
gggc 2.926+83 1.16E+02 2.86E+02 1.60E+82 2.186+81 2.39E+01
Th - - - - - ---
238y, 7.95€+00 3.16€-01 7.80€-01 4.62€-01 5.94€-82 6.51E-02
232y, 1.56E+80 6.21E-82 1.53E-81 9.07E-82 1.176-02 1.28E-02
234y, 3.12E+02 1.24E+01 3.07E+81 1.81E+01 2.33E+00 2.56E+00
233, 1.51€+01 5.99€-01 1.48E+08 8.76E-81 1.13€-01 1.24E-01
234 1.56€+01 6.20E-81 1.53E+00 9.07E-01 1.17€-01 1.28E-01
235 1.62E+81 6.43E-01 1.59E+08 9.41E-81 1.21E-61 1.33€-01
236, 1.62E+01 6.44E-01 1.59E+08 9.41€-01 1.21€-81 1.33€-61
238, 1.68E+01 6.68E-01 1.65E+00 9.77¢-01 1.26E-81 1.38€-01
90, 3.98E+02 1.58€+01 3.90E+81 2.31E+01 2.97E+00 3.26E+00
93;, 2.57E+83 1.02E+82 2 .52£+82 1.49E+02 1.92E+01 2.11€+01

--- Indicates that was not computed or available.
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TABLE E.7.

Concentration Thresholds (CTs) for Ground
Exposure of Radionuclides

CTs for Tank Farms

Analyte Group A
_Name _{Lifa)
2¢Sy. 1.95€+82

227, >
ZZ;Am 1.06E+82
242 1.37E+82
g43mAm 1.09E+83
Am 4.88E+01
14S =t
::4Cm 3.09E+83
Zscn 3.71E+83
Cm 3.75E+81
137,
1373 o
ecs 2.18E+81
0o 1.43E+00
4, 1.76E-81
I 1.43E+82
93mNb e
gng 2.91E+00
Ni 7.75E+83
639i =
23/, 9.77€+81
231, el
2332
Pa 1.376+81
210
opb —-
210, 3.71E+85
g:gPu 3.37E+03
2o 8.07E+03
2 b 3.71€+03
4 Pu 1.00E+@5
gngu 4.81E+83
2% 2. 86E+81
Ra 2.06E+82
226p. o
186, 8.84E+08
79, -
15?Sm -
ISSSn 5.23€+81
395r 5.54E+82
Te 5.16€+86
229
oTh -
ig Th 3.37E+03
zsiTh 4.58E+83
Th 3.09E+82
g:iu 6.19€+83
oo 3.75E+83
2% 1.86E+81
3 4.126+03
:ﬂ U 4.64E+83
By 3.09€+01
93,, ot
--- Indicates

Q1

w ww

——w - N

NN~ WO Ww [ad ~N

w

vy

W dH & Wwdw

Group B
i

.B5E+81
.11E+81
.44E+01
. 14E+02
. 12E+08
. 24E+02
.89E+82
.93E+08
.29E+20
.5PE-81
.27E-81
. 5PE+A1
.01E-21
. 12E+82

. B2E+81

.44E+00
.89E+04
. 54E+02
.46E+82
.89E+02
LBL+04
. B5.+82
. 16E+008
.16E+81
.27€-81

.48E+00
.B1E+81
.41E+05
.54E+82
.BAE+@2
.24E+01
.49E+02
.93e+82
.95E+80
.32E+@2
.87E+82
.24E+00

& = e

w W w

= N

—

w [s] NN O WNWW

(3, BT, ]

W a oW Waea Ww

Group C
i

.94E+01
.B5E+01
.36E+81
.B8E+02
.84E+80
.06E+@2
.68E+02
.71E+08
.16E+08
.42E-01
.86E-02
.41E+01
.99E-01
.68E+82

.68E+08

.36E+@0
.68E+84
.34E+82
.99E+02
.68E+02
.94E+@3
.77E+82
.B4E+00
.B4E+81
.76E-81
.18E+0

.49E+01
.11E+85
.34E+02
.54E+@2
.06E+01
.13E+02
L11E+82
.84E+00
.B9E+@2
.60E+@2
.06E+00

that was not computed or available.
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{uCi/q)

Ul s o s

& bW

N - N

@ N

—

NN - A O WwaH -

(7]

oo w;

WUEeENE&EOOWULW

Group S

L21E+81
.20E+B1
.55E+081
.23E+082
.52E+08
.S0E+@2
. 20E+02
.24E+@0
.47E+08
.B61E-0
.P4E-02
.61E+81
.26E-01
.75E+82
.10E+81
.55E+00
.20E+04
.B2E+82
.12E+02
.20E+82
.13E+04
.43E+@2
.33E+80
.33E+081
.99E-81

.90E+00
.26E+01
.83E+@5
.82E+02
176402
.SPE+@1
.99E+02
.24E+92
.18E+00
.66E+82
.25E+@2
.50E+08

- N WN

oo,

[Z N A A

—

»n

— b= -~ w

—

M - O H OO - O~

.34E+083
.58E+81
.81E+02
.34E+81
.25E+03
.@8E+02
.64E-01
.64E+@0

.17e+00
.25E+01
.16E+85

Group T
uci/a)

.39E+08

.38E+00
.09E+00
.45E+01
.10€+90

.95E+01
.34E+01
.43E-81

.91E-81
.21E-02
.99E-03
L21E+00

.51E-02
.74E+82

.20E+00

.B9E-01

.99E-01

.58E+01
.B3E+@2
.95E+00
.39€+@2
.43E+01
.17€-01
L27E+01
.BAE+@2
.95€-91

QNN e

o w»n

N W S

.67E+01
.80E+01
.87€-01

Group U

i

.58E+00

.94E+00
.52E+88
.B0E+01]
.95E-81

.gee-o1
.61E-02
.33E-03
.62E+00

3.66E-02

— —

W w o - e— o ~n

—

.42E+82

.79E+09

.52E-01

.80E+83
.19E+81
.48E+82
.88E+@1
.BAE+83
.79E+01
.78E-01
.78E+00

.62E-01

9.55E-081

0 =

NV O ~NWOOH— U,

.02E+01
.45E+04

.19E+01
.37e-01
.67e+0@
.13E+02
.B7E+81
.40E-@1
.53E+01
.50E+81
.67E-01



TABLE E.8. Concentration Thresholds (CTs) for Waste Classification

CTs ‘for Tank Farms

Analyte Group A Group B Group C Group S Group T Group U
Name
Ag 5.18E+82 6.17E+03 1.61E+@3 1.30£+03 8.26E+083 4.38E+@2 \
Al 5.18E+83 6.17E+04 1.61E+04 1.30E+04 8.26E+04 4.38E+83
As - --- --- --- -— -
Ba 5.18E+82 6.17E+83 1.61E+83 1.30E+@3 8.26E+03 4.38E+02
Be .- -— --- -—- -— -—
Bi 5.18E+41 6.17E+082 1.61E+82 1.30E+02 8.26E+82 4.38E+01
C2H303 5.18E+83 6.17€+24 1.61E+04 1.30E+84 8.26E+04 4.38E+83
CZO4 5.18E+82 6.17E+@3 1.61E+8, 1.30E+83 8.26E+03 4,38E+82
c6H507 5.18E+83 6.17E+04 1.61E+04 1.30E+84 8.26E+04 4.38E+83
Ca 5.18€+83 6.17E+04 1.61E+84 1.30€E+04 8.26E+04 4.38E+83
Cd 5.18E+82 6.17E+03 1.61E+@3 1.38E+03 8.26E+83 4.38E+02
Ce 5.18E+83 6.17E+04 1.61E+04 1.30E+04 8.26E+04 4.38E+83
Cl 5.18€+83 6.17E+04 1.61E+24 1.30E+04 8.26E+04 4.38E+03
CN - -—- -—- -— - -—-
Co 5.18E+082 6.17E+@3 1.61E+83 1.30€+83 8.26E+03 4.38E+02
CO3 5.18E+83 6.17E+24 1.61E+84 1.30E+84 8.26E+04 4.38E+83
Cr+6 5.18E+02 6.17E+03 1.61E+03 1.30E+03 8.26E+83 4.38E+02
Cu -—- --- -—- --- - -
ELTA 5.18E+83 6.17E+04 1.61E+04 1.30€+04 8.26E+04 4.38E+83
F 5.18E+83 6.17E+04 1.61E+04 1.38E+04 8.26E+04 4.38E+03
Fe 5.18E+82 6.17E+03 1.61E+83 1.38E+03 8.26E+03 4.38E+02
Fe(Cn)6 5.18E+83 6.17E+04 1.61E+84 1.30E+64 8.26E+04 4.38E+@3
HEDTA 5.18E+82 6.17€+03 1.61E+03 1.30E+03 8.26E+@3 4.38E+02
Hg 5.18E+81 6.17E+02 1.61E+82 1.30E+82 8.26E+82 4.38E+81
NH3 5.18E+81 6.17E+@2 1.61E+82 1.30E+82 8.26E+@82 4.38E+01
K 5.18E+83 6.17E+04 1.61E+04 1.38E+04 8.26E+04 4 _38E+03
La 5.18€+83 6.17E+04 1.61E+04 1.308E+04 8.26E+04 4.38E+0@3
Mn 5.18E+83 6.17E+84 1.61E+04 1.30E+04 8.26E+04 4.38E+03
Na 5.18E+83 6.17E+34 1.61E+04 1.38E+04 8.26E+04 4.38E+83
Ni 5.18E+82 6.17E+03 1.61E+03 1.30E+83 8.26E+83 4.38E+02
NO3 5.18E+83 6.17E+04 1.61E+04 1.30E+04 8.26E+04 4,38E+83
NO2 5.18E+82 6.17E+03 1.61E+83 1.30€E+03 8.26E+03 4.38E+02
OH 5.18E+82 6.17€E+@3 1.61E+@3 1.30E+83 8.26E+03 4.38E+02
Pb 5.18E+83 6.17E+04 1.61E+04 1.30E+04 8.26E+04 4.38E+83
PO4 5.18E+83 6.17E+04 1.61E+84 1.30E+084 8.26E+04 4.38E+83
Sh - -—- - --- - -
SeO4 5.18E+88 6.17E+81 1.61E+01 1.38E+01 8.26E+81 4.38E+00
5103 5.18€+83 6.17C+04 1.61E+04 1.30E+04 8.26E+04 4.38E+8@3
Sn 5.18E+03 6.17E+04 1.61E+04 1.30€+84 8.26E+04 4.38E+03
SO4 5.18E+83 6.17E+@4 1.61E+84 1.30E+84 8.26E+04 4.38E+@3
Sr 5.18£+83 6.17E+04 1.61E+04 1.30E+04 8.26E+04 4.38E+03
m 5.18E+88 6.17E+081 1.61E+01 1.30E+01 8.26E+01 4.38E+80
U 5.18E+82 6.17E+03 1.61E+83 1.30E+83 8.26E+03 4.38€+82 -
v - -—— - ——— —— -
U04 5.18E+03 6.17E+84 1.61E+84 1.30E+04 8.26E+04 4.38E+83
In 5.18€+82 6.17E+03 1.61E+83 1.30E+03 8.26E+03 4.38E+02
Ir 5.18E+83 6.17E+04 1.61E+04 1.38E+04 8.26E+04 4.38E+03

--- Indicates that was not computed or available.
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TABLE E.9.

CTs for Tank Farms

Concentration Thresholds (CTs) for
Waste Classification Radionuclides

Group A

1.58E~-82
.58E-02
.58E-82
.B6E-81
17E+08
.58E-@2
.58E-82
Cs —-—

Cs 2.03E+81
o] 3.09E+09

[ o 7V I I o)

I 7.96E-83
.76E-02
.93E+01
.B9E+89
.58E-02

-
— W

el
c
(3, I
(%4
©
m
1
=
~N

r 3.09E+01

c 2.64E-01

~N e D OO bt p

- W NN

O +s e s

Group B

.82E-83
.82E-83
.82€E-03
.11E-@82
.65E-81
.82€-03
.82E-03
. 15E+89
.87E+00

.11E-84
.82€-03
. 22E+00
.28E-01
.82E-83

. 28E+00
.B4E-82

Group C
Aucife)  _(€i/g)  _(UCi/q)

9.

9.

9.
4
1.
9
9

O W re

w ww w

03e-083
#3E-03
B3E-83

.@2€E-01

81E+00

.B3E-03
.03E-83

.14E+020
.25E-81

.92€E-03

.B0E-082
.10E+01
.25E-61
.83E-083

.25E+00
.51E-081

Indicates that was not computed or available.
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D = =
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Group S

i

.76E-83

.76E-83
.76E-83
.83E-02
.53e-01
.76E-03
.76E-03

.34E+08
.56E-01

.83E-04

.96E-03
.15E+00
.57e-01
.76E-83

.57E+88
.94€-92

NN~
e e

N NN~

Group T
Li/q)

0w

[3))

4.
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APPENDIX F

COMPARISON OF DETECTION LIMIT GOALS. ANALYTICAL DETECTION LIMITS,
AND 241-B-110 TRAC AND MEASURED CONCENTRATIONS




APPENDIX F

COMPARISON OF DETECTION LIMIT G NALYTIC TION ITS
A -B-11 AN U ONCENT ON

JABLE F.1. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRAC and Neasured Concentrations for
Type I Carcinogens(®

Measured TRAC

Detection Analytical . 241-B-110 241-B-110
Carcinogen Limit Goal Detection Limit Concentration® Concentration

_{(uCi/q) (uCi/q) (uCi/q) (uCi/q)

241am 3.0E-05 4.0E-04 7.3E-02 3.6E-01
242mam 3.0E-05 1.0E-04 NA(c) 1.4E-03
14¢ 6.4E-06 5.0E-05(¢ 4.0£-04(¢ 3.4E-02
187¢g 3.8E-02 1.0E-03 1.4E+01 2.0E+01
1291 2.1E-08 - 7.0E-06' 3.0E-05(¢ 1.7E-04
83N 5.8E-03 18D") NA(c) 7.0E-01
238py, 3.0E-05 7.0E-05 2.9£-03¢) 3.5E-03
239py 3.0E-05 7.0E-05 1.1E-01(® 6.8E-02
248p,, 3.0E-05 7.0E-05 1.3€-02(¢’(9) 1.7E-02
241py 1.0E-03 1.0E-05 1.4€-01(®)(M) 2.4E-01
985 2.3E-02 4.0E-03 9.2E+01(® 2.2E+01
971¢ 1.4E-06 9.0E-04 1.8E-02(¢ 1.0E-01
-2y 4.4E-08 3.0E-08 4.9E-05 1.2E-04
238 6.8E-08 2.0E-07 7.2E-05® 2.3€-03
98y 5.7€-02 18D(F) NA(c) 2.2E+01

(a) ADLs based fusion for radionuclides unless noted otherwise.

(b) A1l measured data are based on dry weight data unless noted otherwise.

(c) NA indicates data or method is not available.

(d) ADL is based on water leach method.

(e) Measurement based on wet weight data.

(f) TBD indicates detection 1imit to be determined.

(g) Calculated from 2*?Pu/?**Pu mass ratio and agsumes that the specific
activity of the mass ratio is the same as 2>°Pu.

(h) Assumes all activity in measured 2%pyu/?9Py mass ratjg is the same as
23%py and then calculated “*!'Pu from mass ratio 281py, /e3%py
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JABLE F.2. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRAC 3nd Measured Concentrations for Type I

Noncarc1nogens
Measured TRAC
Detection Analytical 241-B-110 241-8-110
Noncarcinogen Limit Goal Detection Limit Concentration®) Concentration
—Analyte (ug/q) (ua/q) (ug/a) (ug/q)

Al 6.3E+00 1.3E+01 2.7E+03 2.7E+03
Ba 8.7€-01 9.2E-01 9.7E+00 4.7E+00
Bi 3.9E+00 1.3E+00 5.9E+01 7.1E+05
cd 5.3E-01 1.6E+00 4.1 ﬂl 0.0E+00
CH.0, 4.4E+02 TBD' 3.2E+04
cﬁ 3.8E-03 78D () NA“" 0.0E+00
3.3E+02 T8D(¢! 4.5E+03® 0.0E+00

Cr*“ 7.9E-02 5.7E+00 2.3E+03 5.3E+02
EDTA 8.8E-04 5.0€+01 ") 9.5£+029) 0.0E+00
F 1.1E+00 2.0£+01(") 1.95+03" 5.8E-40
Fe 4.4E+01 2.0E+00 4.4E+04 1.1E+04
HEDTA 4.4E+01 5.064+01(7) - NA(d) 0.0E+00
Mn 1.9E+00 3.7€-01 2.4E+02 1.9E+01
Na 4.8E+02 3.3E+01 2.3E+05 4.1E+04
Ni - 3.9E+00 5.0E+00 1.2E+04 1.5E402
NO, 4.3E-02 4.0€+01!") 1.0E+04") 0.0E+00
NO, 9.4€-01 4.0€+01 ") 1.8£+05(" 1.1E405
OH 4.4E+01 NA(9) NA() 5.8E+03
Pb 2.7E+00 5.0E-01 1.6E+03 3.5E-01
PO, 4.3E+01 4.0e+01(") 1.2E405 3.2E+05
$i0, 1.3E+01 1.5E+01 6.0E+04 5.2E-40
50, 4.3£+02 4.0e+01f 1.1€+04(") 1.5€-09
Zr 4.1E+02 2.5E+00 1.4E+03 3.3E-01

(a) ADLs based on acid leach for chemicals unless noted otherwise.

(b) A1l measured data are based on dry weight data unless noted otherwise.

(c) TBD indicates detection limit to be determined.

(d) NA indicates data or method is not available.

(e) ADL is based on water leach method for total inorganic content (TIC)
data converted to CO,.

(f) ADL is based on water leach method.

(g) ADL is based on water leach method for tota] organic content (TOC).

(h) Measurement based on wet weight data.
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TA F.3. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRAC and M%asured Concentrations for
Type II Carcinogens‘®

Measured TRAC
Detection Analytical 241-B-110 241-B-110
Carcinogen Limit Goal Detection Limit Concentration‘® Concentration
Analyte (uCi/q) (uCi/q) (uCi/q) ‘uCi/q)

243pm 3.0E-05 7.0E-03 NAc) 6.8E-04
2420m 2.2E-04 5.0E-05 NA ) 1.0E-03
244cm 3.0E-05 4.0E-04 8.6E-04(% 3.4E-03
S3mNby NA(c) TBD(®) NA(c) 1.4E-02
27Np 3.0E-05 1.6E+00(" 1.2€-04(9 1.0E-05
234y 3.5E-04 1.0E-11 8.4E+01 8.5E-07
233y 3.5E-04 7.0E-12 NA(c). 1.4E-09

(a) ADLs based fusion for radionuclides unless noted otherwise.

(b) A11 measured data are based on dry weight data unless noted otherwise.
(c) NA indicates data or method is not available.

(d) Measurement based on wet weight data.

(e) TBD indicates detection 1imit to be determined.

(f) ADL is based on water leach method. ‘

TABLE F.4. Detection Limit Goals, Analytical Detection Limits, and
24]1-B-110 TRAC(ind Measured Concentrations for Type II

Noncarcinogens'?

Measured TRAC

Detection Analytical 241-B-110 241-B-110
Noncarcinogen Limit Goal Detection Limit Concentration®’ Concentration

Analyte (ug/q) (ug/q) (ug/q) (ua/q)
Ag 1.9E+01 3.9E+00 8.6E+01 1.1E-06
Ca 1.8E+02 3.6E-01 5.85ﬂ1‘°’ 5.5E+00
C,H,0 4.4E+02 TBD NA'® 0.0E+00
Fe(tN), 8.9€+01 T8D(¢! NA(®) 0.0E+00
K 4.4E+02 1.3E+02 9.0E+02 0.0E+00

(a) ADLs based on acid leach for chemicals unless noted otherwise.

(b) A1l measured data are based on dry weight data unless noted otherwise.
(c) Measurement based on wet weight data.

(d) TBD iniicates detection 1imit to be determined.

(e) NA indicates data or method is not available.
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TA F.5. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRAC and Measured Concentrations for Type III

Carcinogens
Measured TRAC
Detection Analytical 241-B-110 241-B-110
Carcinoge. Limit Goal Detection Limit Concentration Concentration
Analyte (uCi/q) (uCi/q) (uCi/q) (uCi/q)

225p¢ 4.1E-03 TBD(®) NA(b) 1.7E-12
227p¢ NA(B) TBD‘?) NA(®) 6.4E-08
282pm 4.1E-05 7.0E-07(¢) NA(D) 1.0E-03
245¢ 3.0E-05 2.0€-01(¢) NA(D) 3.4E-07
135¢¢ NA(®) 18D NA(b) 6.8E-05
21py NA(D) TBD!?) NA(D) 1.4E-07
233p, 2.5E-02 TBD(?) NA(D) 1.0E-05
26pp, NA(P) TBD(?) NA(b) 1.7E-12
218p, 1.7€-03 TBD(?) NA(b) 1.7E-12
223pa 5.0E-03 18D NA(P) 6.4E-08
225pa 5.8E-03 - 18D NA(b) 1.7E-13
226pa NA(P) TBD(? NA(P) 5.4E-13
228pa NA(®) TBD' NA(D) NA(®)
1%6py 1.6E-02 TBD(?) NA(b) 3.4E-06
8ge NA(®) TBD 2 NA(®) 2.7E-03
15lgm NA(D) TBD(2) NA(P) 3.4E+00
2291y, NA(D) 7BD(?) NA(b) 1.7E-12
2301 1.4E-04 TBD(?) NA(D) 8.8E-12
2341 2.3E-01 TBG ) NA(P) 2.3E-03

(a) TBD indicates detection 1imit to be determined.
(b) NA indicates data or method is not available.
(c) ADLs based fusion for radionuclides.
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JABLE F.6. Detection Limit Goals, Analytical Detection Limits, and
241-B-110 TRAt(ﬁnd Measured Concentrations for Type III

Noncarcinogens

Measured TRAC

Detection Analytical 241-B-110 241-B-110
Noncarcinogen Limit Goal Detection Limit Concentration!® Concentration

Analyte (ug /q) (ua/q) (ua/q) (na/q)
Ce 3.8E+02 5.4E+01 1.3E+02 0.0E+00
C1 1.1E+00 2. 0E+pdl,‘°’ 1.2E403 0.0E+00
c,0, 3.2E+01 TBD NA'® 0.0E+00
La 4.4E+02 4.8E+00 2.0E402 0.0E+00
Se0, 2.9E-01 5.0E-Q1 NA'® 0.0E+00
Sn 4.5E+01 NA(® NAle) 0.0E+00
WO, 2.1E+02 NA(®) NA'®) 0.0E+00

(a) ADLs based cn acid leach for chemicals unless noted otherwise.

(b) A11 measured data are based on dry weight data unless noted otherwise.
(c) ADL is based on water leach method.

(d) TBD indicates detection 1imit to be determined.

(e) NA indicates data or method is not available.
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TABLE F.7.

Detection Limit Goals, Analytical Detection Limits, and

241-B-110 quc and Measured Concentrations for Unranked
Carcinogens'?
Measured TRAC
Detection Analytical 241-B-110 241-B-110
Carcinogen Limit Goal Detection Limit Concentration® Concentration
Analyte (uCi/q) i (uCi/g) (uCi/qg)
As 1.7€-03(°) 7.0€-03(c)(d) 5.6E+01) Nale)
88co 18D(f) T18D!f) 4.4E-04 NA(e)
*H T80 8.0E-05 2.2€-039) NA(e)
%Nb 18D!f) 18D!f) NA(®) NAle)
9N 18D 18D NAle) Nale)
242p,, 18D'f) 3.0E-01 2.4€-06" NA(e)
126 18D 18D(f) NA(®) NA(e)
2321, 1BD(f) 18D(f) NA(®) Nale)
238y 2.6E-08 1.0E-09 1.5€+00(") NAle)
B7r 18D!f) T8D!f) NA(e) NA(e)

(a) ADLs based fusion for radionuclides unless noted otherwise.
(b) A1l measured data are based on dry weight data unless noted otherwise.
(c) Units for As are in ug/g.
(d) ADL for As is based on water leach method with units of 4g/9g.
(e) NA indicates data or method is not available.
(f) TBD indicates detection 1imit to be determined.
(g) Measurement based on wet weight data.
(h) Calculated from ***Pu/?°Pu mass ratig assuming the specific activity
of this mass ratjo is the same as 239py.
(i) Calculated from 23‘SU/ U mass ratio and total 2y mass in fusion sample.
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TABLE F.8.

rcinogen
alyte

Detection Limit Goals, Analytical Detection Limits, and

241-B-110 TRAC

(ﬁnd Measured Cuncentrations for Unranked

Noncarcinogens
Measured TRAC
Detection Analytical 241-B-110 241-B-110
Limit Goal Detection Limit Concentration(“ Concentration
. (ug/q) (ug/g) {ug/q) (ua/q)
3.3E-03 4.0E-02 NAlc) NA(e)
TBD'¢ 1.0E+02 9.0E+02(¢) NA(e)
18D(¢) 4 .1E+00 4.6E402 NA(e)
7.8E-03 2.0E-01 NAlc 0.0E4Q0
TBD 3.0E+00'F) NA(c) NA'C
9.0E-03 2.7E+01 1.8E+02 NA )
4.4E+ 3.4E- 5.1E+Q2 5.9E-Q2
TBD% TBD% NAtg NA(C
TBD(¢) 4.1E+01 5.3E+02¢) NAlc)
TBD(¢ 7.8E+02 3.5E+03 NA(c)
18D{¢) 3.0E+00 7.8E+01 Nalc)
TBD(¥) 3.3E+02 2.1E+02 NA(e)
4.9E-01 2.7E+00 3.5E+02 NA(e)
TBD 1.2E+00 5.8E+02 NAlc)

(a) ADLs based on acid leach for chemicals unless noted otherwise.
(b) A1l measured data are based on dry weight data uniess noted otherwise.

(c) NA indicates data or method is not available.

(d) TBD indicates detection limit to be determined.
(e) Measurement based on wet weight data.
(f) ADL is based on water leach method.
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