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process establishes the criteria for developing adequate data with acceptable quality to support the
treatability variance.

WTP is conducting an extensive research and technology R&T program to support the development of
optimal glass formulations for the various waste forms. Data collection activities implemented under this
DQO will be conducted under the appropriate regulatory (e.g., SW-846) quality control (QC) procedures
to ensure that future results meet compliance needs. The following specific R&T activities are considered
important for the petitions:

e Demonstrating the relationsh  between glass composition and glass performance;
e Demonstrating the means for controlling glass composition;

e Scaling development activities from small scale, through pilot scale, to production scale.

Separate lists of COPCs were established for delisting and for LDR petitions (see Table A). The selection
of COPCs was conducted in a manner similar to that used for the Regulatory DQO (Wiemers, Lerchen,
Miller, Meier 1998). Logic for exclusion of COPCs is based primarily on identifying compot s that
were never used at Hanford, and those that are unstable in the oxidizing, caustic, and high radiation tank
environment. The COPC selection process was used to identify both inorganic and organic con tuents
of potential concern, however, given that organic compounds will be degraded by pyrolysis during the
vitrification process, there is no requirement for organics destruction testing. Evidence of organics
destruction and an accompanying discussion are presented in Appendix H of this DQO.

The action limits for delisting are based on the EPA required Delisting Risk Assessment

Software (DRAS). The action limits for LDR are based on minimizing threats to human health and the
environment posed by land disposal of the waste and allow the project to propose alternate treatment
standards. Data will be evaluated against the DRAS levels and the LDR Universal Treatment Standards
(UTS). However, should the results be above the UTS and below the DRAS, the delisting standards will
serve as the action level.

The sampling design is based on the two groups of COPCs:

e Metals with a low likelihood of leaching
Metals with a higher likelihood of leaching

A research program was designed in response to this DQO that incorporates three different but
increasingly complex statistical designs, depending on the TCLP response of the constituent of interest.
Sample design will be based on the need to compute a 90 % upper confidence limit for the mean TCLP
leachate concentration for comparison with action limit derived from the DRAS model.

In the first phase of glass testing, a small number of glasses will be spiked with all metal COPCs in order
to identify those metals that can affect glass quality from a regulatory perspective. The results from this
testing will support the further development of glass formulation models and determination of otential
feed limiting constituents and glass former requirements. Results of TCLP analysis will be compared to
the action limits, and those constituents whose leachate concentration approaches the limit wi  be further
evaluated in a second or third phase of testing.
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Table A COPC Summary Table

LDR Treatment
Delisting Level Standard (mg/kg
CAS Chemical (mg/L, TCLP) or mg/L, TCLP)
7723-14-0 Phosphorus NID
7782-49-2 Selenium 1.00E+00 HLVIT ©

(a) Total Cresol, CAS # 1319-77-3, represented by p-Cresol, CAS # 106-44-5 in DRAS (computed value is from p-Cresol).

(b) Tetrachlorodibenzo-p-dioxin, CAS # 41903-57-5, represented by 2,3,7,8-Tetrachlorodibenzo-p-dioxin, CAS #  146-01-6
in DRAS (computed value is from 2,3,7,8-Tetrachlorodibenzo-p-dioxin)

(c) HLVIT: High-level vitrification is the current LDR technology-based standard (40 CFR 268.40) for mixed high-level
radioactive waste with toxicity characteristic concentrations of the indicated constituent.

UHC - Underlying Hazardous Constituents (refer to 40 CFR 248.48)
NID - Not in DRAS
ID - Insufficient Data to calculate a DRAS Level

NA-Compound is a UHC but there is not non-waste water standard
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Foreword

Identifying and documenting the data needed to support the LDR and delisting petitions have been
lengthy and complex. Readers unfamiliar with the field of glass chemistry, or the DQO process itself,
could easily be overwhelmed by the description and details provided in this document. There is,
however, an overarching logical flow and structure to this document that is based on the Data Quality
Objectives (DQO) guidance found in EPA QA/G-4. Figure A presents this logical structure, and is
intended to provide a roadmap to guide the reader through the document. It outlines the flow of the
document and highlights the main points to keep in mind while reading through the DQO. It may be
helpful for readers to review Figure A in order to gain a glimpse of the overall structure of the document
prior to tackling the details.

There are three columns in Figure A. The column on the left presents the seven steps of the DQO
process. These are the basic steps found in many problem-solving methodologies. They are critical to the
process of planning data collection because they require the investigator to think through the entire
decision making process before collecting any data. The middle column illustrates how the general DQO
steps apply to the LDR/Delisting DQO. Note that the flow chart presented in this middle column reflects
an iterative process of conducting and refining glass testing until there is sufficient data to support LDR
and delisting petitions. The right-hand column contains a list of bulleted items that are the key
considerations in thinking through the associated step. These bulleted items also refer to the sections of
the document that elaborate on the specific topics.
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The HLW feed is described below:

e Envelope D. HLW feed will be in the form of a slurry containing approximately 10 to 200 grams of
unwashed solids per liter. Most of the Envelope D radionuclides are in unwashed solid form. The
liquid fraction of the slurry will be composed of residues from Envelope A, B, or C waste; the solid
fraction will be Envelope D waste.

Numerous sources of information documenting tank waste composition are available. The most recent
version of TFCOUP (CHG 2000) should be consulted for a comprehensive description of tank waste
composition. Additional data is publicly available from the Tank Waste Information Network System
(TWINS) database at http://twins.pnl.gov:8001/twins.htm.

1.3.1.2 Pretreatment Overview

The SST and DST waste slurry will be received at the WTP Pretreatment Facility, and the LAW and
HLW will be separated for vitrification at two different vitrification facilities, a LAW Vitrification
Facility and a HLW Vitrification Facility. The primary function of the Pretreatment Facility is to remove
excess water from the waste, separate LAW from HLW, and remove selected radionuclides and
transuranics from the LAW for processing with the HLW. The WTP pretre:  ent process is designed to
separate cesium, technetium, strontium, and transuranics from the LAW feeds, segregate solids into the
HLW feed stream, and concentrate the waste fed to the melter systems. Separating LAW from HLW, and
processing precipitated radionuclides and transuranics with the HLW fraction of the tank waste will
ultimately reduce the volume of material requiring disposal at a geologic repository, as required by the
Nuclear Waste Policy Act. The offgas from the treatment processes will be treated to a level that protects
human health and the environment. Secondary waste streams (e.g., radioactive and dangerous solid
waste, nonradioactive and nondangerous liquid effluents, and radioactive and dangerous liquid effluents)
will be characterized and recycled into the treatment process, transported to permitted TSD facilities
located on the Hanford Site, or transported offsite, as appropriate. After pretreatment, LAW and HLW
feeds are transferred to the LAW and the HLW vitrification systems, respectively.

1.3.1.3 Overview of Vitrification

Feed concentrate (LAW or HLW solids with pretreatment intermediate waste products added) will be
transferred from the pretreatment building to a concentrate receipt vessel (CRV). Batches of feed
conce: € the CRVs' [th IS dtotheme - __ rationves (MFPV). -
feed concentrate will be blended with glass formers to ensure a uniform mixture. The melter ed slurry
will then be transferred to the melter feed vessel (MFV), from which it will be fed to the melter.

The WTP will incorporate two similarly designed vitrification systems: one system will immobilize the
pretreated LAW feed; the second will immobilize the pretreated HLW feed. Melters are required to
convert a blended slurry of waste and glass former additives into molten glass. Figure 1-1 provides a very
simplified view of a melter. Note that the partial cold cap and configuration of the melter shown in
Figure 1-1 is for illustrative purposes only. Actual melter conditions will vary from those shown and are
described in greater detail in WTP system descriptions and permits.

During melter operation, a mixture of glass formers and waste is added to the melter through the feed
nozzles. The slurry is delivered from the MFV tank with a low-volume pump. As the slurry is fed,
molten glass is formed that accumulates in the melter. When the melt level rises to a predetermined upper
limit, it is discharged to a container so that a relatively constant glass pool depth is maintaine throughout
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confirming the model for preparation of glass to meet the PCT requirements. Limited work has also been
completed on a similar model for TCLP metals and other leachable inorganic constituents. R&T work
has also been performed to assess organic destruction across the melter system. These data will be further
developed through crucible, bench, and pilot scale process testing that will be conducted using the
outcome from this DQO.

The strategy for historical analyses of the waste composition has been to perform tests of glass
compositions that mimic the pretreated waste from expected feed envelopes specified in the list below.

Feed Envelopes
Envelope A Envelope B @ Envelope C Envelope D ®
Tank AN-105 | AP-101 AN-104 | AZ-101 | AZ-102 AN-107 | AN-102 | AZ-101 AZ-102
gaste o |18 awaon e D AY-101/
AP-104/ C-104
SY-101

@ Supenatant fraction of AZ-101 and AZ-102 tank waste.
® Solids fraction of AZ-101 and AZ-102 tank waste.
© from Tank Farm Contractor Operations and Utilization Plan (HNF-SD-WM-SP-012)

Formulations have been created to evaluate glass performance for these various target feed sources.
Ongoing tests are being performed on simulants at the LAW pilot melter facility in Columbia, Maryland,
and the HLW pilot melter at the Vitreous State Laboratory of the Catholic University of America (VSL).
The results of initial testing show that spike factors of up to 500 times the UTS limits can be added before
TCLP testing of the glass product results in leachate concentrations that exceed the LDR treatment
standards. For example, simulated ILAW glass containing 1260 mg/kg of cadmium oxide yielded an
average TCLP leachate concentration of 0.10 mg/L cadmium in duplicate TCLP analyses (see

Appendix B, Table B-23). All other toxic metals tested leached at lower levels relative to UTS limits.
These results are discussed in Appendix B of this document. Some non-RCRA metals, such as sodium,
aluminum, boron, and iron, can drastically affect glass durability and resistance to leaching. These metals
are, therefore, measured along with RCRA metals, and their affect on the glass is accounted for. This is
discussed in greater detail in Appendix C, and subsequent discussions of TCLP response-model
development. Additional testing will continue, and results will be used to demonstrate the performance of
tl glass z_ nstrisk-based delisting criteria and LDR stand ;.

Selection of new glass formulations is guided by extensive past experience, as well as the glass-property
models and database, which have been developed and are continuously updated. The development of
viable glass formulations for each of the waste envelopes is an iterative process. Prospective glasses are
formulated, melted in small crucible melts, and characterized to obtain the required property-composition
information. The empirical data generated through each test run are used to update the glass models and
formulation/property correlation, which provide the basis for the proposed approach.

Tank waste characterization data and glass product data are summarized in Appendix B. Much of the
data generated through the research and technology (R&T) program was not intended to support
compliance needs. Although much of the data are not supported by the necessary quality control (QC)
records required for regulatory purposes, the data do, however, demonstrate the concept that vitrification
is an appropriate technology for LDR treatment and waste delisting. Ongoing data collection, which will
be defined through this DQO process, will be performed with the proper QC protocols developed through
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Appendix H provides additional data demonstrating the destruction of organics in the vitrification
process. The data show that even when added to the melter feed and substantially high levels, organics,
and organics compound decomposition products are not retained in the glass product. With two minor
exceptions (toluene and carbon disulfide), all detected organics compounds were identified as laboratory
contaminants. All detected compounds were below reporting limits, and the results reflect the limits of
the analytical technology. Although toluene and carbon disulfide were detected in the glass, the levels are
so low that there is a clear demonstration that vitrification does destroy organics. The data presented are
from analyses performed by a commercial environmental laboratory, and comply with SW-846 protocols
and quality control.

The glass that is discharged from the melter is resident in the glass pool at a temperature of ~1150 °C for
an average time of several hours; the residence time will be even longer for the actual WTP melters.
Since the experimental glass with a shorter residence time did not contain measurable VOCs (excluding
common laboratory contaminants), it is extremely unlikely that the discharged glass product would
contain VOCs at concentrations that approach regulatory criteria. None of the glass analyses showed
organics in amounts above the reporting level based on either TCLP or total analysis. Some common lab
contaminants were found, but even these are below LDR limits and proposed delisting limits presented in
Section 3. Toxicity Characteristic inorganics’ concentrations were significantly below UTS limits and
proposed delisting limits presented in Section 3. Refer to Appendix B, Tables B-16 through 19.

1.54  Glass Formulation Testing

VSL performed additional testing of LAW glass formulations developed around specific tank wastes or
blends of tank wastes in order to optimize the properties of the glass for compliance with contract
specifications and process requirements (Muller, Buechele, and Pegg 2001). For each RCRA metal
analyte, formulations were spiked with from 100 to 10,000 times the corresponding threshold
concentration listed in the UTS. Spike factors of 100 and 1,000 were used for elements for which the
UTS limit is above 0.5 ppm, while factors of 1,000 and 10,000 were used for elements with a UTS limit
below 0.5 ppm. TCLP analysis was used to determine the leach resistance of glass produced from these
formulations. In all cases, the concentrations of the TCLP metals in the LAW glass leachate did not
exceed the UTS limits.

Additional testing was conducted to evaluate the leachability of TC metals from HLW glass formulations
(Gan and Pegg 2002). These formulations were not spiked, but were based primarily on best estimates of
feed compositions from candidate waste tanks and . AW pretreatment products. All of the HLW glasses
performed satisfactorily when compared against the TCLP limits. When compari  against the UTS
limits, however, the results indicate that cadmium can exceed the UTS criteria of 0.11 mg/L, especially
for glass with much more than 0.5 wt% of CdO.

These types of observations have been integral to understanding the leach behavior of metals and building
the TCLP leachate models. The data collected to date show that cadmium has a high intrinsic release rate
from the glass. This fact, combined with the relative abundance of cadmium in some candidate feeds to
the WTP, has prompted the WTP to pay close attention to cadmium to be sure the eventual glass
formulations will meet the delisting criteria. A statistical model will be used to ensure an adequate
margin of error is built into the QGCR.

This series of tests also included evaluations of various physical parameters of the glass. A summary of
these reports is included in Appendix B.
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1.6  Glass Chemistry and Leachate Modeling

Vitrification is a viable treatment technology for the tank waste because it volatilizes and destroys organic
constituents, and incorporates the inorganic waste constituents directly into the final waste form through
covalent and ionic chemical bonding, forming a leach resistant solid. Understanding glass structure and
its resulting properties is fundamental to understanding the advantages of vitrification as a treatment
technology. This section provides an summary of glass properties and describes “how” glass is used to
immobilize hazardous constituents. The discussion that follows provides a general background on glass
chemistry and leach behavior. A more detailed description can be found in Appendix C.

1.6.1  Basic Glass Structure and Principles

Glass is a rigid, noncrystalline material of relatively low porosity, often composed primarily of silica,
alumina, and oxides of alkali and alkaline earth elements. Glasses are produced by melting previously
formed glasses called frit or raw glass forming materials to produce molten glass. The molten glass is
subsequently cooled to a rigid condition without crystallization, that is, without long-range molecular
order (Doremus 1994). Glasses are composed of three-dimensional networks consisting primarily of
tetrahedrally coordinated orthosilicate monomers (SiO,4*), each silicon atom bonded to four oxygen atoms
(see Figure 1-5).

Most inorganic oxides can be incorporated into silicate glasses. Elements that can replace silicon are
called network formers. Most monovalent and divalent cations, such as sodium, do not enter the network,
form ionic bonds, and are called network modifiers. Boron is a valuable additive (primarily as a network
former) that improves durability and is thus commonly used in waste glass.

Hazardous inorganic constituents can be immobilized in vitrification processes by two main interactions
with the glass matrix: chemical bonding and encapsulation. In most waste glass, the waste constituents
are chemically bonded. Certain inorganic species can be immobilized by chemically bonding covalently
with oxygen or silica as network formers. Additionally, ionic bonding also incorporates inorganic
constituents into the glass matrix (network modifiers); however, it changes the glass properties.

Section 7.5 provides a discussion of how testing data will be collected to demonstrate that the glass
complies with LDR and delisting criteria. Appendix C provides additional information of the
incorporation of network modifiers and formers into the glass matrix.

1.6.2 Glass Composition R~~‘on of Interest

There are a large number of composition variables that are relevant for waste glasses. In order to simplify
this discussion, a reduced set of composition variables can be selected based on the structural roles of the
underlying components in the glass matrix. The glass-melt properties will vary with the structural
indicators that are employed. These variations can be illustrated graphically. Gross boundaries of glass
stability or durability can be rationalized using structural information at the microscopic scale. Once
these boundaries are established, the range of acceptable glass former and waste constituent
concentrations are used to define a specific glass composition region of interest for glass formulation,
production, and testing.
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This approach has been very successful in defining the compositional constraints that are appropriate for
development of composition models and glass formulations (DOE/CH9601). Testing is used to further
refine the specific glass composition region of interest down to a QGCR that meets test criteria after
accounting for applicable variations and uncertainties.

1.6.3  Glass Reactivity

Vitreous materials are relatively inert due to their high resistance to corrosion; however, they are subject
to some chemical breakdown under severe conditions. There are two major forms of chemical attack on
vitrified material: matrix dissolution and interdiffusion.

Matrix dissolution is generally caused by caustic attack (exposure to a high pH). It begins with the
hydration of the silica network and liberation of water soluble alkali silicate (Na,Si05), and may proceed
to dissolution of the vitreous material (EPA 1992). Matrix dissolution occurs at the surface of the
vitrified material.

Interdiffusion involves the ionic exchange of hydronium ions in solution for ionically bonded network
modifiers in the glass. Interdiffusion generally leaves the silica structure almost intact (EPA 1992). Since
the process is controlled predominantly by diffusion, the rate of leaching decreases as the thickness of the
diffusion layer increases.

The effect of interdiffusion can be limited if the diffusion layer also begins to dissolve, for example, by
matrix dissolution. In this case, the overall leach rate would be governed by the matrix dissolution. In
other words, if there is dissolution of the outer surface of the diffusion layer; the layer will not be as thick;
there will be less resistance to mass transfer by diffusion; and therefore, somewhat higher leach rates will
result than without dissolution. If the rate of matrix dissolution were fast compared to interdiffusion, then
a diffusion layer would never form. However, interdiffusion is generally the predominant mechanism and
matrix dissolution rates are slow by comparison. This has been evident by the phenomena observed in
actual tests.

The leach rates of individual constituents depend on their chemical properties and behavior under
leaching conditions. However, actual leach test conditions represent a complex set of interdependent
mechanisms such that they are better represented by a combination of general thermodynamic principles
and data on observed behavior. These phenomena are the basis for development of leach response

1s like the prelimin _ ~ __P modeldi s !|insubseq se of s . A tional
discussion of these processes is provided in Appendix C. Section 7.5 provides a discussion of how testing
data will be collected to demonstrate that the glass complies with LDR and delisting criteria.

1.6.4 Normalization of Data

In order to permit comparison of constituents on a common basis, data are typically normalized to glass
composition. This comparison enables data users to quickly assess glass performance with regard to the
degree of constituent immobilization attained for any particular waste loading and glass formulation. It
also enables data users to compare the constituent release rate for glass formers, as well as constituents of
concern. This approach to data reporting also makes sense as, generally, the release of element i depends
on the amount of i in the glass. Normalized data are reported as a ratio of the concentration in the
leachate versus that in the waste, or mass in leachate versus that in the waste. Data are presented in either
a mass:mass or concentration:concentration ratio. Mass:mass is often presented as ppm in leachate versus
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the weight percent in the waste. If one desires the mass:mass ratio to be in ppm, the weight percent is
converted to ppm, by multiplying the weight percent by 10,000.

1.6.5 Intrinsic Release Rates

Resistance of a glass to leaching can be thought of as an intrinsic glass property. The glass inherently
retards leaching because the waste constituents are covalently and ionically bonded within the matrix.
The leach rate of each constituent is primarily a function of the coordination number and amount (percent
oxide) of the constituent in the glass. Coordination number, for the purposes of this document, is defined
as the number of neighboring atoms in the glass structure to which a given element is bonded. For
simplicity, the release rate for each hazardous constituent can be compared to that of boron, e most
abundant and mobile of the glass formers used in WTP glass. The following categorization of metals can
be deduced from the experimental data to date (Gan and Pegg 2002).

e Group 1: Advanced Elements [Release=1, relative to boron release]
Barium Manganese
Cadmium Nickel
Calcium Potassium
Cobalt Silver
Copper Strontium
Lithium Uranium
Magnesium Zinc
e Group 2: Retarded Elements [Release ~ 1/4, relative to boron release]
Antimony Silicon
Lead Thallium
Selenium

e Group 3: Slow nd Irregular El  nts  [Release~1/10,rel :tob release)

Aluminum Iron
Arsenic Zirconium
Chromium

The relevance of this categorization is that it helps to simplify overall glass response (constituent
leachability) to the TCLP. Glasses with a lower boron release are intrinsically more leach-resistant.
Boron leachability can be used to assess glass performance early in the testing program to determine if
additional development work is warranted. These characteristics are discussed in greater detail in later
sections and in Appendix C.
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through treatment to the specified level is technically inappropriate because of the human health risk
associated with sampling and analysis required to demonstrate waste compliance. Furthermore, a
treatment standard based on vitrificati  of Hanford tank waste meets the statutory requirem s to:

“...substantially diminish the toxicity or substantially reduce the likelihood of migration of
hazardous constituents from the waste so that short-term and long-term threats to human health
and the environment are minimized.” (42 U.S.C 6924(m))

Due to the nature of LDR legislation, the development of an exposure scenario is much more relevant in
the context of delisting, where the impacts of waste disposal activities are assessed as part of det 1ing
the health-based delisting levels. As such, data collected to support the health-based delisting dz reds
will be used to support the LDR treatability variance as well. These data will be evaluated to confirm
vitrification minimizes risk to human health and the environment.

1.9 Resources and Constraints

The EPA guidance document for DQOs (EPA 2000a) recommends that project resources and constraints
be considered prior to formulation of a problem statement. Such topics include project scope, budget, and
schedule, as well as relevant issues. These topics are discussed in great detail in the supporting
documents, Approach to Immobilized Hanford Tank Waste Land Disposal Restrictions Compliance,
(RPT-W375LV-EN00002) and Approach for Immobilized High Level Waste Delisting,
(RPT-W375HV-EN00001). For brevity, the reader is referred to the above referenced “approach
documents” for a discussion of project resources and constraints.

1.10 Problem Statement

Current data are insufficient to support a determination that e IHLW will be suitable for delisting and
the ILAW and IHLW comply with LDR criteria (that is, minimize threats to human health and the
environment posed by land disposal) for a treatability variance. The data are also insufficient to verify the
conceptual model, identified in Section 1.7.

The problem is to ensure that the R&T data collection approach will provide data that are adequate to
support decisions for future petitions to justify vitrification as an alternative technology-based treatment
standard under LDR for ILAW and IHLW, and for an upfront, conditional delisting for [HLW.

The following information provides context and support to the probl  statement:

e Sampling of the treated waste forms, as required through a traditional compliance verification
program, would require exposure of sampling and analytical personnel to dangerous levels of
radionuclides on a consistent and ongoing basis.

¢ Dilution of the waste to s that would result in acceptable exposure levels could also result in
detection levels for COCs that do not allow meaningful comparison to regulatory criteria.

¢ For delisting, the intent will be to prepare a petition for an upfront, conditional delisting based on a
technology demonstration showing that the vitrification process removes or stabilizes the COCs such
that the delisting levels as determined by use of the DRAS model are met. This demonstration will be
based on use of non-radioactive simulants. This approach is in contrast to the more traditional,
up-front delisting, which would include collection of pre-operational data to support the delisting,
followed by additional data collection from the treated glass form during operations to demonstrate
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ongoing compliance. Because of the ALARA concerns associated with the treated IHLW glass,
ongoing sampling of glass from operations is not practical.

The goal for achieving compliance with the land disposal regulations will be to receive approval of a
petition for a treatability variance that establishes vitrification as the specified method of treatment for
Hanford tank wastes for all waste codes and hazardous constituents. The intent of the DQO process
will be to identify the data needs to establish the suitability of vitrification for these wastes.

Data generated through R&T activities will be used to determine the necessary processing
requirements (e.g., QGCR, melter temperature) to ensure production of a compliant waste glass. The
balance of this DQO process will establish the optimal approach for data collection to meet these
needs.
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Figure 1-1 Simplified Generic Melter Diagram (Isometric Cut-Away)

(not to scale, for illustrative purposes only)
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Figure 1-2 Simpl ed Schematic of the Qualified Glass Composition Region
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Figure 1-3 3-Dimensional Representation of Qualified Glass Composition Region for a Simple
Hypothetical Glass
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Figure 1-5 Tetrahedral Ortho-Silicate Monomer
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Table 2-1 PSQs and Associated AAs
# PSQ # AA
1 Do the data support an upfront, conditional, la Yes - Proceed with an upfront, conditional,
technology-based petition for delisting technology-based petition for delisting the
treated [HLW? THLW.
1b No - Evaluate alternative strate

and gather additional data to support delisting
the THLW through an upfront, conditional,
technology-based approach or other means.

DS#1 | Determine whether the data generated through

2 Do the data support a treatability variance
based on application of vitrification as a
specified technology for the LDR-regulated
constituents in LAW and HLW?

the R&T program will support development of an
uofront. conditional, technology-based delisting petition for the IHLW.

2a ' Yes - Proceed with petition for a new treatment
standard.
f
2b No - Identify and gather additional data to
support an LDR treatability variance.
2c No - Do not proceed with petition and plan to

meet existing treatment standards (for example,
demonstrate compliance through WTP
operations and sampling of glass product).

DS#2 | Determine whether data from vitrified LAW and HLW support a treatability variance petition based on
vitrification for the LDR regulated constituents in ILAW and IHLW.,

PSQ = Principal Swway Question
AA = Alternative Action
DS = Decision Statement
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For many compounds, the regulatory lists present isomers or classes of compounds; an example is cresol.
Although isomers and total cresol are listed in the regulations, total cresol was substituted fo1 .ch isomer
in the COPC:s list. For general categories of dioxins that do not have a Chemical Abstracts Service (CAS)
number listed in the original regulatory list, 2, 3, 7, 8 tetrachlorodibenzo(p)dioxin (TCDD) was
substituted; 2, 3, 7, 8 TCDD is listed in risk databases as the most toxic of the dioxins. The Appendix
VIIT list presents a category of compound classes not otherwise specified (NOS). Since these classes
cannot be tested, a typical compound was substituted for the NOS. This approach is consistent with the
effluent treatment facility (ETF) delisting analyte selection logic (DOE-RL 1993b). For polychlorinated
biphenyls (PCBs), some Aroclors are listed in the Universal Treatment Standards (U ) list, and some
are not. In this case, total PCBs were substituted for all the Aroclors.

Appendix D, Table D-1 shows the compounds that were substituted for the various categories, along with
the origin of each compound in the consolidated starting list. This approach to substitutions for isomers is
consistent with the Regulatory DQO and the ETF delisting approaches. Table D-1 (Appendix ) also
shows the regulatory list from which each compound originated.

Following the above actions, all compound names and their CAS numbers we consolidated. This
consolidation was performed because each list may use differing names for the various organic
compounds and, in a few cases, incorrect CAS numbers are listed in the regulations. The compound
name was taken to be the correct reference, and the corresponding CAS number was taken from national
chemical databases. Table D-1 (Appendix D) lists the substitutions, the NOS compounds, and indicates
the origin of the compound versus the regulatory list. For instance, some compounds are both on the
Appendix VIII and the UTS lists, while others originate from only one regulatory list.

During the Regulatory DQO, extensive work was performed to remove compounds from consideration
that were from industries not related to Hanford (Wiemers, Lerchen, Miller, and Meier 1998). The same
approach was used for the ETF delisting petition (DOE-RL 1993b). Table B.16 from the Regulatory
DQO process report listed these compounds. Compounds excluded from the Regulatory DQO that were
determined not to have been used at Hanford are removed from further consideration here. The
Regulatory DQO Process Industry Use Excluded Compounds are shown in Appendix D (Table D-2)
(124 compounds). The decision to remove the compounds not related to Hanford was made at D4 in
Figure 3-2.

T °~ ~:Re latoryl ), extensive work was performed to remove compounds that were unstable in
the mghly alkaline, oxidizing, and high-radiation environment of the tanks. The list to be excluded was
agreed upon by regulators and DOE-ORP during the Regulatory DQO Process. The 45 compounds listed
in the Regulatory DQO (Table B.21) as unstable in the single-shell and double-shell tank mat1  :s were
excluded from consideration, and are listed in Appendix D, Table D-3. The decision to remove the
unstable compounds was made at D-5 in Figure 3-3.

The Regulatory DQO (Table B.1) reviewed historical data from the Tank Waste Information Network
System (TWINS) database and identified the detected compounds in Hanford Tank Waste. While not all
the underlying hazardous constituents (UHCs) and DST Part A compounds have been quantified, the goal
is to ensure that regulated compounds that have been detected in either the vapor, sludge, or liquid of
Hanford tank waste are not deleted from consideration. The detected list of regulated compounds was
checked against the list of TWINS compounds for further evaluation, and it was verified that these
detected compounds remain on the list. No compounds were deleted from consideration based on this
evaluation. Table B.1 from the Regulatory DQO is not included here.
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During the development of the testing approach after the Regulatory DQO meetings, three compounds
were removed from further consideration; this agreement is documented in meeting minutes (Dahl 2001).
Of the three compounds, only methyl isocyanate was on the COPCs list at that point in time. Based on
the agreement, methyl isocyanate was removed from further consideration (Figure 3-3, Q7b). Since this
is a single compound, no table lists the compound.

During the Regulatory DQO, regulators and DOE-Office of River Protection left the chlorinated
pesticides and herbicides on the list for consideration. It was agreed that these compounds would be
evaluated for stability in the tank waste matrix. Other pesticides were removed based on industry usage,
as previously discussed. Only the chlorinated pesticides and herbicides that are stable in tank waste and
are on the applicable starting list were retained in the final compound list.

The last decision in the selection logic, D-6, evaluated the list of compounds remaining for consideration
using the same stability assessment as in the Regulatory DQO. The question considered in D-6 is
whether the compound is stable in the highly alkaline, oxidizing, and high-radiation environment of the
tanks. Of the original 315 compounds, 138 were removed for instability (Appendix D, Table D-4).
Table D-4 outlines the logic for the removal of each compound, including a summary of the reactive
functional group and how it reacts (for example, amines readily oxidize), and a basis for the instability
assessment. The term “organic text” refers to any standard text normally used in college-level chemistry.
When the basis for removal is found on a web site, the table lists the web site that provided the
information used in the instability assessment.

Table 3-5 lists the 177 organic, metals, and organometallic compounds that remain on the delisting
COPCs list. Of the 177 compounds and metals, there are 46 metals and inorganic compounds,

6 organometallics, and 125 organics on the list. The organometallic compounds in Table 3-5 were
evaluated as to the cation (metal) that is in the compound. Current EPA methods analyze for the cation
and/or anion that is part of the molecule, as opposed to the organic portion. The list of metals proposed
for delisting is presented in Table 3-1.

Table 3-2 lists the metals and anions removed as COPCs from Delisting and LDR. Osmium is a very
toxic, rarely used metal that was eliminated from consideration based on its removal during the
Regulatory DQO process, based on the high toxicity of the metal and the fact that there is no reason to
believe it is present in the tanks based on the Klem and Agnew publications cited in the Regulatory DQO.

In the glass, the anions will not be closely bonded to any single element, as they will associate with
various alkali or alkaline earth metals. This means that the inorganic compound will not exist in the form
listed in the regulations. In the glass, the cations will normally be in the oxide or silica form and will be
in the tetrahedral bond system. Therefore, the cations will not be in the compound form listed in the
regulations. This logic is similar to that used for organometallic compounds. The inorganic compound
will not be stable and exist in the form listed in  : regulations. Additional discussion pertair 3 to the
remaining metals and anions that are the components of the inorganic and organometallic compounds are
presented below.

Vanadium and zinc remain as delisting COPCs. Nitrogen is volatile and non-toxic and a major
component of air, and is removed as a COPC. Sulfur will oxidize to sulfate, which is discussed
subsequently. The following presents the logic used for the evaluation of whether analytical «

needed for ammonia, bromide, chloride, fluoride, nitrate and sulfate anions. Ammonia is exti ely
volatile and at the melter temperatures will not be present in the glass. A thorough search of 4 sources of
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the information required by Delisting Risk Assessment Software (DRAS) discussed in Section 3.2 of this
document was performed. The sources are listed below:

e Region 6 RCRA Delisting Technical Support Document (DTSD)
e Region 9 Preliminary Remediation Goals (PRGs)
e Appendix A of EPA Integrated Risk Information System (IRIS)

e LC50 toxiciological data from the NIOSH Registry of Toxic Effects of Chemical Substances
(RTECS) and Hazardous Substance Data Bank (HSDB) databases

The above sources did not provide sufficient human health risk information coupled with the added
properties to allow calculations of the DRAS limits. In addition, the amount of risk presented by these
anions is likely to be low as compared to the other metals and organics that remain as COPCs. A paper
will be written to provide additional details regarding the risk evaluation. Based on this approach no
additional analytical data will be gathered for the bromide, chloride, fluoride, nitrate and sulfate anions.

Cyanide is the only anion that has a delisting level applicable to this project in the DRAS model. Cyanide
has been reported in the tanks, and is identified as a COPC in a variety of inorganic compounds. While
the EPA Vitrification Handbook (EPA 1992) indicates that “compounds such as cyanide...decompose to
their constituent molecules and atoms, and then follow the path typical of inorganics...,” meaning that
cyanide decomposes to carbon and nitrogen, it was felt that data showing the decomposition will be
needed for the cyanide. Evaluation of LDRs with respect to cyanide, and cyanide complex compounds,
can be done by evaluating total and amenable cyanide levels. Total cyanide analysis will also be used to
represent cyanide and complex cyanide compounds for evaluation against DRAS limits for total cyanide.
It is envisioned that spiking the simulant with KCN or NaCN and evaluating the result per the DRAS
limit will provide the data to support its destruction.

Decision D-7 in Figure 3-3 represents the logic that will be applied to ev  1ate additional R&T data once
they have been generated. All text inside the dotted line describes activities that will be performed after
the initial R&T data are obtained.

3.1.2 COPCs Selection for LDR

Figure 34 provides a summary of the LDR COPC selection logic. The COPCs selection for LDR has

b conductedu ;thelogic F 3 and 3-6. Tablesof« _ junds tha theb ifor
the logic steps in these figures can be found in Appendix D, except for the final lists of COPCs that are
shown in Table 3-1 and Table 3-3. All tables and queries are linked to a database and des dbya
“Q” (listed in the table captions). ...e text, figures, and tables provide the number of compounds that
remain after each step illustrated in the flow chart. Decisions designated by “D” are numbere for ease of
discussion.

The input list included the universal treatment standard (UTS) constituents, minus fluoride, sulfides,
vanadium, and zinc; the resulting compounds represent the underlying hazardous constituents (UHC) list,
based on 40 CFR 268.2(i). The constituents from the DST Part A were also added. Compounds that
solely relate to FO39 have not been considered because F039 coded waste has not been placed in the
tanks. Therefore, should FO39 waste codes be placed in the tanks, the LDR/Delisting DQO would need to
be revisited.
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The same process described for delisting was used with respect to the substitutions for isomers. For many
compounds, the regulatory lists present isomers or classes of compounds. An example is xylene; all
isomers and total xylene are listed, and total xylene was substituted for each isomer. Where dioxinsyv e
listed, 2, 3, 7, 8 tetrachlorodibenzo(p)dioxin (TCDD) was used; 2, 3, 7, 8 TCDD is listed in risk databases
as the most toxic of the dioxins. For polychlorinated biphenyls (PCBs), some Aroclors are listed in the
UHC list, and some are not. In this case, total PCBs were substituted for all the Aroclors. Table -1
(Appendix D), previously mentioned, lists the compounds and their substitutions.  ible D-1 also shows
the compounds that originate from the UTS list and DST Part A, along with their substitutions; these
compounds form the LDR COPCs starting list of 240 constituents.

Following the above actions, all compound names and CAS numbers were consolidated. This
consolidation was performed because each list may use differing names for the various organic
compounds and, in a few cases, incorrect CAS numbers are listed in the regulations. The compound
name was taken to be the correct reference, and the correct CAS number was taken from national
chemical databases. Table D-1 (Appendix D) lists the compounds used, as verified by the check mark for
the UTS and the DST, Part A.

During the Regulatory DQO process, extensive work was conducted to remove compounds that were
from industries unrelated to Hanford (Wiemers, Lerchen, Miller, Meier 1998). The same approach was
used for the ETF delisting petition (DOE 1993b). Table B.16 from the Regulatory DQO lists these
compounds. The same compounds are excluded from further consideration here. The decision was made
at D-1 in Figure 3-5. Table D-5 (Appendix D) identifies the 71 compounds that were removed on the
basis of not being used at Hanford.

During the Regi  tory DQO process, extensive work was done to remove compounds that were unstable
in the highly alkaline, oxidizing, and high-radiation environment of the tanks. The list to be excluded was
agreed upon by regulators and DOE-Office of River Protection during the Regulatory DQO Process. The
compounds listed in the Regulatory DQO (Wiemers, Lerchen, Miller, and Meier 1998, Table B.21) as
unstable in the Hanford tank waste matrix were excluded from consideration (Appendix D, Table D-6).
The decision was made at D-2 in Figure 3-6.

During the Regulatory DQO process, regulators and DOE-ORP left the chlorinated pesticides and
herbicides on the list for consideration. During this DQO process, it was agreed that these compounds
would be evaluated for stability in the tank waste matrix. Other pesticides were removed based on
industry usage as previously discussed. Only the chlorinated pesticides and herbicides that are stable in
tank waste and are on the applicable starting list were retained in the final compound list.

The Regulatory DQO (Wiemers, Lerchen, Miller, and Meier 1998, Table B.1) reviewed historical data
from the TWINS database, and identified the detected compounds in the Hanford tank waste systems.
While not a the UHCs and DST Part A compounds had been quantified, the go: was to assure regulated
compounds detected in the vapor, sludge, or liquid of Hanford tank wastes were not deleted from
consideration. The detected list of regulated compounds was checked against the list of compounds for
further evaluation, and it was verified that these compounds remain on the list. No compounds were
deleted from consideration based on this evaluation.

A similar process to evaluate the organometallics was performed for LDR COPCs as was performed for
delisting, and a list of metals remaining as COPCs are shown in Table 3-1. Table 3-2 lists the metals and
anions removed from consideration for LDR. Fluoride, vanadium, and zinc are removed from
consideration under the UTS per footnote #5 in the UTS tables in 40 CFR 248.48. Footnote 5in  : UTS
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and cumulative risk and hazard estimates are calculated using modeled, medium-specific, chemical
concentrations, and standard EPA exposure assessment and risk characterization algorithms.

In addition to calculating the most limiting and most sensitive combination of exposure pathway and
receptor, the DRAS provides the calculated chemical-specific delisting level for that combination. A
delisting level is the maximum allowable concentration for each constituent of a waste petitioned for a
multiyear delisting. For each waste constituent, the DRAS computes a total delisting level (mg/kg), based
on a surface exposure pathway, and a TCLP delisting level (mg/L), based on a groundwater exposure
pathway. The TCLP delisting levels for the groundwater exposure pathways are calculated with standard
risk assessment algorithms, and with groundwater chemical concentrations at the point of exposure
derived from waste volume-specific dilution/attenuation factors (DAFs) using the EPA Composite Model
for Leachate Migration and Transformation Products (EPACMTP) fate and transport model. The
chemical-specific total delisting levels for the surface exposure pathways are not expected to be
significant factors in any decision relating to delisting of vitrified Hanford tank waste. The DRAS
derived chemical specific concentration outputs for surface routes are higher than the groundwater
pathway for all of the inorganic constituents of concemn, except mercury. Mercury is a metal that tends to
volatilize in the melter and very little retention of mercury in the glass is expected. The expectation that
organic constituents of concern will not be detectable in the glass further supports the position that surface
exposure pathways will not be significant to decision-making.

The analysis identifies the pathway-receptor combination that is the limiting combination or, in the case
of multiple pathway-receptor combinations that fail the screening analysis, the most sensitive
combination of pathway and receptor. The program also provides the calculated delisting levels for all
pathway-receptor combinations.

Computing the cumulative risk for a petitioned waste provides the user with detailed analysis of the
petitioned waste. The DRAS indicates which chemicals and which pathways or receptors are driving the
risk for a particular waste. The DRAS computes the cumulative carcinogenic risk by summing the
carcinogenic risks for all waste constituents for a given exposure pathway, and then summing the
carcinogenic risks for each pathway analyzed in the delisting risk assessment. The DRAS computes the
cumulative non-carcinogenic risk by summing the non-carcinogenic hazard quotients (HQs) for all waste
constituents for a given exposure pathway, and then summing the non-carcinogenic hazards associated
with each exposure pathway analyzed.

3.21.2 DRAS Model Inputs

Chemicals for which delisting levels are to be calculated must be specified. The )del allows the user to
select from a list of chemicals for which the DRAS has data. The COPCs (organic compounds, anions,
and metals) that resulted from the delisting COPCs selection logic were entered into DRAS. Table 3-6
provides the results from DRAS for each compound. Note that because certain compounds, anions, or
elements are not listed in DRAS, no delisting levels are calculated for these constituents. For select
compounds, 1 or more isomers were input instead of the total (for example, dinitrotoluene was input to
DRAS as 1,3-dinitrotoluene). When the sum of all isomers was listed in the selected COPCs, the isomers
that provided the most conservative delisting levels were input to the model.

Other inputs to the DRAS include the volume to be disposed of in the landfill, the target HQ, the target
cancer risk level, and whether the disposal unit is a landfill or a surface impoun  ent. For this project,
1000 m’/yr was used for the volume, a HQ of 0.25, a cancer risk of 10E-05, and a landfill were input.
The HQ and cancer risk levels were selected based on DOE and regulator discussions in DQO Meetings.
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The volume is based on disposal of the estimated inventory of IHLW. Note that, if ILAW is delisted, the
volume will change and the model must be rerun due to the different disposal pathways. If ILAW were
delisted 2 sets of delisting limits would be required, 1 for LAW and 1 for IHLW.

Volume is input in 2 parts: the annual volume, and the landfill lifetime, or duration of disposal in the
landfill. Multiplied together, these give a total volume for disposal. The DRAS results are dependent on
the total volume, and not the individual input factors. For example, the same delisting level is calculated
for a specific chemical, regardless of whether 20,000 yd’ are generated in only 1 year, if the generation is
1,000 yd*/yr for 20 years, or 5,000 yd*/y for 4 years.

The model also requires that maximum TCLP and total concentrations for each constituent be entered.
These numbers are not used in the calculation of delisting levels, but are used in the development of the
output tables described below. Because the information is required to get the program to run,

place-holders were used for TCLP and total concentrations in lieu of actual data (which is not available)
so that DRAS subroutines would run properly.

3.2.1.3  DRAS Outputs
The DRAS results are displayed on 4 screens, which are described below:

Chemicals Exceeding ™listing Levels

The model output includes a screen showing each chemical that exceeds the DRAS calculated delisting
level. The maximum TCLP and total concentrations, which are required input data, are the basis for the
comparison. In the case of a waste that has not been generated, this output screen is not useful. After
more R&T data are generated from IHLW testing, the results from the leach tests can be compared to the
DRAS delisting level to assess whether the delisting levels are exceeded.

~Yemical Specific Results

The model calculates delisting levels for each of the following exposure scenarios:

e Groundwater ingestion pathway

e Groundwater adult dermal pathway
e Groundwater child dermal pathway
e Groundwater inhalation pathway

e Surface water ingestion pathway

e  Air particulate pathway

e Fish ingestion pathway

e Soil ingestion pathway

e Air volatile inhalation pathway

For each chemical, the DRAS provides a pathway-allowable TCLP concentration (for the groundwater
pathways) or total concentration, and a HQ or cancer risk level. In a few cases, the model will provide
both hazard quotients and cancer risk levels for the same chemical.
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Cumulative Results ar * “-mr—--y of Results

The DRAS provides cumulative results on a screen that lists each chemical and the risk, and then sums
the risks to provide a total risk for the waste. The DRAS also provides a summary screen showing the
total cancer risk and hazard index. Because the cumulative results are related to one-time disposals, this
output was not used.

Printad R -
Printed results include 6 separate reports. The user can select individual reports to print.

The first report, the program report, contains basic information on the petition, including the site, petition
identification, person running the program, batch identification, and the date of waste sample analysis.
Not all of this information needs to be entered in order to run the model.

The second report is a compilation of input information.
The third report gives limiting pathways and concentrations.

The fourth report contains a risk and hazard index for each chemical via the groundwater pathway and
surface pathway, and cumulative risk. In most cases, one pathway dominates.

The fifth report shows chemicals that exceed toxicity characteristic (TC), soil saturation, and ecological
benchmark values. The report contains information on all input chemicals, and contains colu1 s for TC,
soil saturation, and ecological toxicity reference value, and indicates yes or nc 1 each column for each
chemical. The comparisons to soil saturation and ecological benchmark values were not used. The soil
saturation is for surface dispersal, which all parties to this DQO process have agreed is not important.
The ecological toxicity reference value is: aquatic toxicity value, and related to surface pathways,
which do not apply to this delisting. The TC limits are listed and used.

The sixth report shows the waste concentrations exceeding allowable concentrations. This report is based
on the information from TCLP and total results based on analytical data. Because waste has not yet been
generated, this report is not useful at this time. This report may be used to evaluate the results of R&T
analyses to assure that the treated waste will meet delisting levels.

Table 3-61 sthe CAS er,ch caln : the TC leve RCRA regulations, and the M(™  as
applicable, the vol  :adjusted DAF frr  the DRAS model, the back-calcule | TCLP™ it, d various
other back-calculated TCLP limits, based on various risk scenarios. The table also lists which compounds
are carcinogens. The column entitled “DRAS TCLP Path Limit” lists the exposure pathway that is the
limiting factor (lowest limit); for this analysis, the groundwater pathway was determined to be the most
limiting. The MCL is adjusted for the volume and DAF. The final two columns provide delisting levels
based on which limit presents the lowest concentration (MCL, DRAS, old CML model), along with the
basis for the selection of the appropriate delisting level. The DRAS software contains the various
potential action levels such as MCL, old CML, TC levels. The model calculates risk pathway based
concentrations, compares these calculated concentrations to the various other potential action levels and
selects the most limiting level as the delisting level. The column titled “Delisting Level Using Rule:
MCL or DRAS, but TC Limited” in Table 3-6 provides the proposed delisting levels. Unless alteration of
a model input is needed, these levels will be the ALs for the delisting petition.
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The last column in Table 3-6 simply provides the lowest of the MCL, DRAS or TC limit. This data is
useful for establishing target analytical detection limits in case the proposed delisting levels are rejected
in favor of the most restrictive of the MCL, DRAS or TC derived action level.

3.2.2  State-only Criteria

Before waste can be shipped to the proposed federal repository, it must also be shown that it is not a
dangerous waste (DW) or extremely hazardous waste (EHW) under Washington state-only r¢  lirements
contained in WAC 173-303-070 and WAC 173-303-080 through 173-303-100. The Waste Treatment
Plant Waste Analysis Plan (WAP) (24590-WTP-RPT-ENV-01-003) identifies the listed and characteristic
waste numbers that the WTP will be permitted to receive. The listed waste numbers and contaminant
specific characteristic waste numbers will be addressed individually, by demonstrating that the IHLW
meets the proposed delisting action levels shown in the last column of Table 3-6. Note that in cases
where the DRAS derived limit is greater than the toxicity characteristic concentration, the TC
concentration has been identified as the proposed delisting action level. The waste feed to the WTP will
carry the numbers for ignitable (D001) and reactive (D003) waste. The W AP states that:

However, based on past process knowledge, which includes the age, temperature, history, and
chemical composition of the waste feed stored in the DST system unit, it is not expected to exhibit
the characteristics of ignitability or reactivity found in WAC 173-303-090. After the waste feed
has been received into the WTP, this process knowledge will be used to remove the dangerous
waste number for ignitability and reactivity.

Additional information and process knowledge pertaining to the removal of the ignitable and reactive
waste numbers are discussed in Section 3.6 of the WAP (Sipkowski 2001). Si :ignitable or reactive
materials are not added in the WTP process, the IHLW will not exhibit either of the D001 or D003
characteristic. Likewise, glass waste forms produced by the vitrification process will no longer be
corrosive. This is consistent with EPA’s determination under the Land Disposal Restrictions that
vitrification of high level mixed radioactive wastes (HLVIT) was the specified treatment standard for
mixed waste carrying the corrosivity waste number. Based upon this information, the D002 waste
number will not apply to the IHLW or ILAW.

The state-only waste numbers carrie by the waste feed to the WTP include WTO1 (toxic dan  ous waste
- EHW), WTO02 (toxic dangerous waste - DW), WP01 (persistent dangerous waste - EHW) and WP02

_ rsis it 1gerous waste DW). The WAC regulations allow a person to det  ine if a was meets the
toxicity criteria by following book designation instructions or bioassay designation instructions. If the
designation acquired from book designation and bioassay data do not agree, then

WAC 173-303-100 (5)(d) specifies that bioassay data will be used to designate a waste. In 1997, samples
of tank waste were vitrified and subjected to the biological testing. A report on the testing was submitted
to the State of Washington Department of Ecology on January 5, 1998 (Smith 1998). The results of this
testing are summarized in Appendix B, Section 4 of this DQO. The tests, which were performed on
active immobilized low activity wastes, show that the vitrified product does not qualify for even the
lowest toxicity category (category D) and is, therefore, not a dangerous waste or EHW based upon the
State of Washington’s criteria for toxic dangerous wastes. Similar testing for ILW has not been done to
date. Differing results for IHLW would not be expected given the insolubility of the immobilized waste
and the requirement to meet similar TCLP leachate standards. Based upon the existing bioassay test data,
the WT01 and WT02 waste numbers do not apply to the ILAW or IHLW.
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from other methods because many of the criteria are the same from method to method. Table 3-8 and
Table 3-9 provide the details of the method-specific QC criteria.

3.4 Method Detection Limits

Method detection limits (MDLs) will be determined in accordance with the MDL definition in Chapter 1,
SW-846. This approach is the basis for the Regulatory DQO MDL determination. For laboratories that
handle radioactive waste, the MDLs will either be determined in water/sand, or determined per the
approach that is negotiated as part of the Regulatory DQO. For laboratories that are not handling
radioactive waste, MDLs will be determined using water or sand. For glass compositional analysis
(active or inactive), establishing detection limits using a standard glass matrix such as the NIST standard
for glass analysis is preferred alternative to sand/water derived MDLs. For all laboratories, the MDLs
will be documented by the laboratory and supplied as part of the quality system documents before
analysis begins on the LDR/Delisting matrices.

3.5 Estimated Quantitation Limits
Section 5.4 addresses the comparison of action limits versus estimated quantitation limits (EQL). The

goal is to establish EQLs that are below the action limits. Section 5.4 lists the analytes for which the EQL
may be above the action limits and describes how this situation will be managed.
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Table 3-3 Organic Compounds Remaining for LDR
CAS# Cc tituent

95-95-4 2, 4, 5-Trichlorophenol
98-86-2 Acetophenone

98-95-3 Nitrobenzene

age 3-19































































Figure 3-2
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% 8?,:22,'48' EPA Delisting
Treatment Guidance Manual DST Part A
Standards (EPA/R-93/007)
Table E*
Table C* Table D

Regulated
compounds used by industries
that are potentially unrelated to
Hanford. Recommended for
removal from consideration
per Reg. DQO logic

124 Compounds

* Table name from database used
to track COPC selection logic
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Assign representative
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isomers or classes of
compounds

57 Compounds
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Assign total PCBs to
represent all
individual Aroclors
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Consolidated CAS # .
to generate list of Table H-3
485 Compounds
regulated compounds
" Table D-1 |
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compounds be
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Delisting LwO?
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Q15, Table B.16)
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Summary of Approach to Establish Regulated List for COPC Selection for LDR

40 CFR 268.48, Underlying Hazardous Constituents
(Universal Treatment Standards minus fluoride, selenium,

vanadium, and zinc)
DST Part A

Rgulated compounds used by industries that are potentially
unrelated to Hanford. Recommended for removal from
consideration per Reg. DQO logic.

Compounds possibly used at Hanford

Regulated compounds considered unstable in SST/DST matrix.
Recommended for removal from consideration.

Compound is stable in caustic, oxidizing and hiy radiation
environment and possibly used at Hanford.

Compounds are considered unstable in tank waste.

Remaining compounds are considered stable in tank waste and
should be considered in evaluation.
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DR Evaluation of THLW : 1

DST Part A |

Table E* .~ Table D-1 (46)

Assign representative
constituent to isomers or
classes of compounds

4

Assign total PCBs to
represent all individual
Aroclors

Consolidated CAS # to
generate list of regulated
compounds

~ Table H-2(240) |

- Table D5 |

Regulated
compounds used by industries
that are potentially unrelated to
Hanford based on the Reg. DQO.
Recommended for removal from
consideration
per Reg. DQO logic

* Table name from database used
to track COPC selection logic

Can
compounds be
removed based on industry
use unrelated to Hanford?
(Reg. DQO, Figure 4.3,
Q15, Table B.16)
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4.5 Scale of Decision

The scale of the decision is the extent of decision applicability with regards to an “exposure unit”, and is
whatever serves to bound the decision with respect to a physical or time boundary. An exposure unit is a
segment of the population corresponding to the conceptual site model, such that the data collected can be
applied to make a decision regarding that exposure unit.

There are two scales of decision for the entire project. The first is the scale that: plies to R&T, and that
is the subject of this DQO; the second sc: : is that ultimately used once the R&1 work is completed, and
delisting and LDR petitions are generated.

For the R&T process, the scale is the set of concentration boundaries that represent each envelope of
waste based on the COPCs, glass formers, and modifiers.

The ultimate boundary for both d sting and LDR is the QGCR, which wi  : generated based on the
results from the modeling and data collection from the R&T work described in this DQO.
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Table 5-1 Decision Rule (DR)

4 Decision Rule (DR) ]

DR #1 If the data generated through the R&T process show that IHLW meets health-based delisting criteria,
then an upfront, technology-based conditional delisting petition will be submitted, or else additional
data to reduce uncertainty or explore alternative methods to achieve disposition of ITHLW will be
developed.

DR #2 If the data from vitrified LAW are adequate to support a petition to designate vitrification as an
alternate treatment standard, then a petition will be submitted, or else additional data to reduce
uncertainty or comolv with LDR regulations will be developed.
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o Ifthe 90 % UCL estimate of the true mean TCLP leachate concentration is less than the AL, then
there is sufficient evidence to reject the initial assumption and conclude with high confide: :that e
true mean TCLP leachate concentration is below the AL.

Required sample sizes for achieving these combined a and B error probabilities are discussed in step 7 of
this DQO.
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diffusion mechanisms of glass differ from the breakdown of buffering capacity in stabilized
(cementitious) waste forms.

As previc  ly discussed, although this DQO provides a list of organic COPCs, the destruction and
volatilization of organics compounds has been demonstrated in previous experiments conducted by the
WTP. The EPA publication, Vitrification Technologies for Treatment of Hazardous and Radioactive
Waste (EPA 1992), states that “the destruction of organic constituents occurs primarily via pyrolysis in
the melt and combustion in the plenum” (Section 4.2.3, 2™ paragraph, p. 4-9). The EPA handbook
explains how organics degrade to form mainly combustion products such as CO,, H,O, and HCI1. The
handbook also provides data  licating 1t organics destruction in excess of 99.99 % is common. This is
further substantiated by test results presented in Appendices B and H of this DQO.
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Figure 7-1 Example of Case 2 Statistical Approach
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pressure to the operating areas. The melters will be refractory-lined rectangular tanks with an outer steel
casing. A water-cooled jacket will surround the exterior of the refractory to maintain a thermal gradient
in the refractory material for corrosion control, to suppress outward migration of glass, and to reduce the
heat load in the process cell.

The feed will be heated by passing an electrical current between two electrodes in the glass pool, through
joule-heating. Feed will be introduced to the melter as a slurry. The water and volatile feed constituents
will evaporate from the slurry to leave behind a layer of material known as the cold cap. New slurry will
be added at about the same rate as the cold cap dissolves, maintaining a steady quantity of cold cap
material. Waste feed components that remain in the cold cap will undergo a chemical reaction, be
converted to their respective oxides, and dissolve in the melt. Air injectors may be used to mix and
agitate the molten glass.

Steam, entrained particulates, decomposition products, and volatile feed constituents will be released as
offgas during the vitrification process. The offgas, along with air from in-leakage, purges, and injections,
will be routed to the HLW melter offgas treatment system.

It is anticipated that the design will incorporate an interface between the melter process, monitoring
system, and integrated control system, to ensure consistency in the process of wastes, and that each batch

of glass is processed to meet the needs for its specific constituent load. The details of this interface are
being refined as part of the design process.

3 References

BNL 2001. WTP Dangerous Waste Permit Application, 24590-WTP-DWPA-ENV-01-001, Revision 1,
November 2001. Bechtel National, Inc., Richland, Washington, USA.

HNF. 1998. Hanford Site Solid Waste Acceptance Criteria, HNF-EP-0063, Revision 5, June 1998. Fluor
Daniel Hanford, Inc., Richland, Washington, USA.

WMES. 1998. Hanford Site Liquid Waste Acceptance Criteria, HNF-3172, Revision 0, September 1998.
Waste Management Federal Services of Hanford, Inc., Richland, Washington, USA.
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No cyanide was detected in the AW-101 process blank, yet a small quantity of cyanide was detected in
the AW-101 glass sample. The quantity detected in the glass is near the DL, however, and the actual
presence of cyanide in the glass is questionable (Table B-2).

The AW-101 glass sample was leached and the TCLP leachate was analyzed for TC metals (As, Ba, Cd,
Cr, Pb, Se, Ag). None of the TC metals analytical results exceeded TC limits.

Reference:

Urie MW et al. 2001. Regulatory Analysis on Glass Product from AW-101 and AN-107 LAW Pretreated
Wastes, WTP-RPT-005, Rev. 0. Pacific Northwest National Laboratory, Richland, Washington, USA,
February 2001.

Co~--"-1sions

Overall, the results indicate that the glass produced by the vitrification method is resistant to leaching and
does not contain volat : or extractable organic compounds above target levels for this waste form. The
AW-101 glass product contained no substantial levels of target analytes, although some analytes were
detected above the analytical DL.

2.1.2 Tank 241-AP-101

2.1.2.1 Waste Characterization

Summary: WTP transmitted five supernate samples from Hanford waste Tank 241-AP-101 to Battelle
for analysis. The samples were collected at five different depths withir 1e tank, and mixed together to
provide a single composite sample. The composite was homogenized, and representative sub-samples
were collected for inorganic, radioisotopic, and organic analyses. Nos led solids were visible in the
samples; therefore, solids were not characterized. All samples were clear, yellow liquid with no visible
settled or suspended solids. All analyses were run in triplicate, and the average results fromthe -ee runs
are summarized in Table B-3. No analytical results were available for ; ss product from 241-AP-101.

Purpose: The waste in Tank 241-AP-101 has been identified as a potential candidate for LAW
Envelope A feed. Samples were provided to PNNL for analysis and testing to evaluate the waste
composition and ability to process the waste. The results of the analyses will be used to assess the waste
composition relative to the contract limits defined in contract Specification 7 for Envelope A.

Analyses: The characterization of the 241-AP-101 composite feed samples included the following
analyses: total metals by inductively coupled plasma (ICP), radioisotonic analyses, ion chromatography
(IC) for inorganic and organic anions, density, total inorganic carbon ( . ».0), total organic carbon (TOC),
toxicity characteristic (TC), mercury, free hydroxide, ammonia, cyanide, and polychlorinated biphenyls
(PCBs).

Discussion of Analytical Results: Detected analytes (excluding radioisotopes) are summarized in Table
B-3.

Inductively Coupled Plasma (ICP) Metals: Boron was present in the eparation blank at 40 %, and

arsenic at 10 %, of the sample concentration, indicating the sample boron and arsenic concentrations
could be biased high by the digestion method. Matrix spike recoveries were low for silver (35 %), barium

Page B-6



24590-WTP-RPT IV-01-012, Rev. 2
Data Quality Objectives Process in Support
of LDR/Delisting at the WTP

(30 %), and lead (65 %). Low recoveries are attributed to the presence of sulfate or carbonate in the
sample. Low silver recoveries are attributed to the small amount of hydrochloric acid used in sample
preparation, causing some silver chloride precipitation. The phosphorous concentration is virtually
identical to the phosphate concentration, indicating the phosphorous is primarily present as hosphate.

Anions by IC: The reported acetate concentration represents the summation of acetate and glycolate, as
both ions co-elute under the sample analysis conditions. The reported fluoride result (average

2900 pg/ml) represents the maximum concentration due to overlap of the IC peak with acetate and
formate. The acetate and formate were quantified on the organic IC system, the sum of these two analytes
is 2840 pg/ml. This result indicates that very little fluoride is present in 241-AP-101.

Organics: No PCBs (detection limit of 1.4 pg/L) were detected in the samples. No other organics
characterization work was performed.

Conclusion: The 241-AP-101 composite sample met all contract limits (molar ratio of analyte to sodium
or ratio of becquerels of analyte to moles of sodium) defined in Specification 7 for Envelope A, as
provided in tank waste remediation system privatization contract DE-AC27-96-RL133008. No glass
product analyses were received for Tank 241-AP-101.

Reference:

Fiskum, S. K. 2000. Inorganic and Radioisotopic, and Organic Analysis of 241-AP-101 Tank Waste.
PNWD-3046, BNFL-RPT-046, Rev. 1. Battelle, Pacific Northwest Division, Richland, Washington.

2.1.3 Tank 241-AN-103

2.1.3.1 Waste Characterization

Summary: The Savannah River Technology Center (SRTC) received and chemically characterized a
whole tank composite sample from Hanford waste Tank 241-AN-103. Prior to characterization, the
sample was diluted to approximately 5 molar (M) sodium concentration. The SRTC analyzed the filtered
supernatant liquid, the total dried solids of the sample, and the washed insoluble solids obtained from
filtration of the sample.

P1 , ose: The SRTC was cor  :ted to provide pretreatment development and testing services tc¢  pp
the vitrification of Hanford tank waste. The tank samples allow for testing of the pretreatment processes
with actual waste samples. The characterization data provide a basis for developing pretreatment
processes, determining reagent requirements, and developing physical design parameters for the
pretreatment plant.

Analyses: Analyses conducted on tank sample 241-AN-103 included anions by IC (also fluoride and
chloride by ion selective electrode [ISE]), total metals by ICP, potassium and mercury by cold vapor
atomic absorption (CVAA), and radioisotopic analyses by gamma energy analysis (GEA), inductively
coupled plasma-mass spectroscopy (ICP-MS), and alpha counting spectroscopy.

Discussion of Analytical Results: The composite sample from AN-103 was derived by combining

12 extruded samples. The composite sample was thoroughly mixed and split into two samples; « : was
diluted to approximately 5 M sodium concentration and analyzed. The second sample was set aside.
After completing the first set of tests, the second sample was diluted to approximately 5 M sodium
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concentration, combined with the balance of the diluted first sample, and the analyses were repeated.
Table B-4 includes a summary of analytes of interest that were detected in these samples. The report
contains no discussion of quality control (QC) samples.

Reference:

Hay, M. S., et al. 2000. Chemical Characterization of an Envelope A Sample from Hanford Tank
241-AN-103, BNF-003-98-0248, Rev. 0. Savannah River Technology Center, Aiken, South Carolina.

2.1.3.2 Glass Product Analyses

Summary: A sample of waste from Hanford Tank 241-AN-103 was shipped to the Savannah River Site,
where it was pretreated to remove the majority of radionuclides, and then vitrified. Pretreatment and
vitrification were conducted using laboratory-scale methods of the approach that is planned for the WTP,
Results of analysis indicate that the glass was close to target composition.

The report contains no discussion of QC samples.

TCLP analysis, performed on a supemnate sample from AN-103 that was pretreated and vitrified, showed
that the waste would not designate as characteristic waste.

Purpose: SRTC was asked to perform demonstrations of the proposed vitrification process using both

yradioactive samples in the form of waste simulants, and radioactive samples from the Hanford Tank
Farms. A regulatory analysis was performed of the glass waste form that was produced from the
pretreatment and vitrification of a supemate sample from Tank 241-AN-103. The results in the
referenced report are from analysis of a glass waste form that was produced through six vitrification tests.
Three tests were performed with a non-radioactive simulant, and three were performed with pretreated
samples of supernate from 241-AN-103.

Analysis: For VOA, samples were broken with a mortar and pestle to fit into a 40 ml vial. For other
analyses, the material was ground into particles smaller than 0.9 cm in diameter. Samples were analyzed
for volatile organics, IC organics, methanol, semi-volatiles, pesticides and PCBs, dioxin and furan, TC]
miscellaneous physical properties, and radionuclides. It must noted, however, that because the sample
was broken using a mortar and pestle, any volatiles that may have been in the sample may no longer be
there.

Discussion of Analytical Results: Although some of the results from TCLP analysis were higher than
expected, the results indicate that the glass waste form did not possess the characteristics of dangerous
waste. The waste form was not ignitable, reactive, or toxic and did not contain cyanide above regulated
levels.

Cyanide was not detected in the samples or the blanks. Although the detection limits used in the analysis
were limited due to the quantity of sample available, the values used are well below the LDR criteria for
total (590 mg/kg) or amenable (30 mg/kg) cyanide.

The results of TCLP analysis were at least an order of magnitude below Universal Treatment Standards

(UTS) for all constituents except barium. Even barium, however, was less than one-eighth of the UTS
value.
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Although four volatile organic constituents (toluene, acetone, tert-butanol, and octamethyl
cyclotetrasiloxane) were found in the samples using Method 8260B, the concentrations at whic  they
were detected (between 3 and 7 pg/kg) are below what is typically considered quantitative (less than ten
times the detection limit). With the exception of acetone, all of these compounds were also found in the
field blank. The presence of these compounds is believed to be due to sample contamination.

Method 8015 analysis showed methanol concentrations below the detection limit (0.1 mg/kg) for all
samples and blanks, except for one process blank. This result is expected to have been due to
contamination, although the source is not known. Semi-volatile organic compounds (SVOCs) were
looked for using Method 8270 °C. Target compounds were not detected at concentrations above
approximately 500 pg/kg for the group.

PCB analysis was conduced using Method 8082; none of the Aroclors were detected in the samples at
concentrations above 150 pg/kg.

Two dioxins and one furan were reported as present in concentrations above method detection limits. All
of these compounds, however, were found at similar or higher concentrations in all process and field
blanks.

Reference:

Ferrara, D., Ray, R., Kubilius, W., and Crawford, C. 2001. Results from Analyses of a Hanford Envelope
A Radioactive Glass Waste Form. SRT-]  P-2-001-000266, WSRC-TR-2001-00109, Rev. 1. Savannah
River Technology Center, Aiken, South Carolina.

2.2  LAW Envelope B Results

Tank wastes evaluated for Envelope B included materials from Tank 241-AZ-102. Envelope B
supernatant contained low levels of metals, such as aluminum and phosphorus, but a relatively high
concentration of chromium. The supemnatant from these feed materials also contained relatively high
concentrations of sulfate. Potassium, iron, aluminum, chromium, and silicon also were present at
significant concentrations in the total dried solids. In contrast, iron and aluminum dominate the
composition of the dried insoluble sludge solids. The insoluble solids also consist of lesser amounts of
ca um,zirce mm ckel, sodinm, and silicon. (Note the insoluble solids associated with Envelope B
are actually Envelope D feed.) 1 = limits for Envelope B (AZ-102 supernatant, see Table B-5) were
exceeded for chromium. It is uncertain if TC limits for lead or mercury were exceeded because the
analytical quantitation limit is above the TC limit. Cadmium was not detected above TC limits.

The TOC value in Envelope B exceeds the organic carbon derived from the sum of the formate and
oxalate by nearly an order of magnitude. These results indicate the potential presence of a significant
organic carbon source besides the formate and oxalate, however, organic analysis only included formate,
oxalate, and TOC.

No glass product sample results are available for treated Envelope B materials (Brooks et al. 2000; Hay
and Bronikowski 2000). Details are provided below.
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2.2.1 Tank 241-AZ-102
2.2.11 Waste Characterization

Summary: The SRTC received and chemically characterized a sample from Hanford waste Tank
241-AZ-102. The sample, containing supernate (designated Envelope B), and a small amount of sludge
solids (designated Envelope D), was analyzed as received. The filtered supematant liquid, the total dried
solids of the sample, and the washed insoluble solids obtained from filtration of the sample were
analyzed. No glass product was sampled from this waste form.

Purpose: The SRTC was contracted to provide pretreatment development and testing services to support
the vitrification of Hanford tank waste. The tank samples allow for testing of the pretreatment processes
with actual waste samples. The characterization data provide a basis for developing pretreatment
processes, determining reagent requirements, and developing physical design parameters for the
pretreatment plant.

Analyses: Analyses conducted on tank sample 241-AZ-102 included anions by IC (also fluoride and
chloride by ISE), total metals by ICP, potassium and mercury by CVAA, and radioisotopic analyses
GEA, ICP-MS, and alpha-counting spectroscopy.

Discussion of Analytical Results: Data from selected analytes of interest found in the waste are
summarized in Table B-5. The analytical results for the filtered supernatant indicate the sample is a
relatively dilute salt solution with a sodium concentration of 2.77 M. ICP analysis indicates the
supernatant contains low levels of other metals, such as aluminum and phosphorus, but a relatively high
concentration of chromium. The supematant also contains a relativelv high concentration of sulfate. A
high sodium content is also evident in the solids samples. Other met ; with significant concentrations in
the total dried solids include potassium, iron, aluminum, chromium, and silicon. In contrast, iron and
aluminum dominate the composition of the dried insoluble sludge solids. The insoluble solids also
consist of lesser amounts of cadmium, zirconium, nickel, sodium, and silicon.

The TOC value exceeds the organic carbon derived from the sum of the formate and oxalate by nearly an
order of magnitude. The TOC results indicate the potential presence of a significant organic carbon
source besides the formate and oxalate. The report does not include a discussion of QC samples.

T B includest data = ht su e and solidsp onsol est lest 1-4.. 102,
although these fractions correspond to different waste envelopes (B and D, respectivel, ,. ..ils
information is repeated in the summary of results for Envelope D, which is presented later in this
Appendix.

Reference:
Hay, M. S., and Bronikowski, M. G. 2000. Chemical Characterization of an Envelope B/D Sample from

Hanford Tank 241-AZ-102, BNF-003-98-0249, Rev. 0. Savannah River Technology Center, Aiken, South
Carolina.

2.3 LAW Envelope C Results

Envelope C analyses were performed for feed wastes from Tanks AN-107 and AN-102. Calculated
concentrations for TCLP metals indicate that the AN-107 waste feed materials may contain TC metals
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concentrations that exceed the regulatory threshold, specifically chromium, cadmium, arsenic, and lead.
Due to the dilutions required to support ALARA concerns and the low regulatory threshold for selenium,
it could not be determined if selenium exceeds the regulatory criteria in the feed.

Organic anion analysis resulted in detectable concentrations for oxalate, formate, and acetate. Although
acetate is reported, acetate co-elutes with glycolate, and requires the use of an alternate column for
separation from glycolate; therefore, the analytical results may indicate primarily glycolate, primarily
acetate, or a combination of both anions.

Headspace analyses were performed on supernatant samples from AN-107. Methanol and triethylamine
were detected in the sample at concentrations below the DL. Ethanol was detected in the blank and
samples at approximately the same concentrations, and is likely due to contamination.

Analysis also was performed on a glass sample of treated waste from AN-107. Although a limited
number of volatiles, semi-volatiles, PCBs, pesticides, dioxins, and furans were present at detectable
concentrations in the feed materials, analysis of glass product showed only the presence of 2-butanone
(MEK) in the product from the AN-107, at a concentration below the DL, and well below the UTS for
that compound. The presence of MEK is likely the result of laboratory contamination.

None of the samples from the Envelope C glass product were found to have TC metals at concentrations
that exceed regulatory criteria (Urie et al. 1999; Urie et al. 2001; Hay, Bronikowski, Hsu, and
White 2000; Klinger, et al. 2000). Details are provided below.

2.3.1 Tank 241-AN-102
2.3.1.1 Waste Characterization

Summary: The SRTC received and chemically characterized an approximately 14.25 L sample from
Hanford waste Tank 241-AN-102. Prior to characterization, the sam; : was diluted to approximately 6 M
sodium concentration. The filtered supernatant liquid, the total dried solids of the sample, and the washed
insoluble solids obtained from filtration of the sample were analyzed. No analysis was performed on a
glass sample from this waste.

Purpose: The SRTC was contracted to provide pretreatment development and testing services to support
the v tior '} ford tank waste. The ik ing the €s
with actual waste samples. The charact  :ation data provide a basis for develop

processes, determining reagent requirements, and developing physical design parameters for the
pretreatment plant.

Analyses: Analyses conducted on tank sample 241-AN-102 included anions by IC (also fluoride and
chloride by ISE), total metals by ICP, potassium by atomic absorption and mercury by CVAA, and
radioisotopic analyses by GEA, ICP-MS, and alpha-counting spectroscopy. Organic analyses consisted
of EDTA and HEDTA by ion-pair chromatography; organic acids (citrate, glycolate, formate, and acetate)
were analyzed with ion-exclusion chromatography.

Discussion of Analytical Results: A sample designated as “Small C” was obtained from the composite
of the first shipment. Approximately 1.5 L of the first shipment composite was diluted with
approximately 750 ml of 0.01 M NaOH, producing 2.25 L of an approximately 6 M sodium solution. The
resulting Small C sample was then filtered. Samples of the total dried solids of the diluted Small C
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sample, the filtered supematant liquid, and the insoluble solids were collected during filtration and
analyzed. Table B-6 provides results for selected analytes of interest.

Reference:

Hay, M. S., Bronikowski, M. G., Hsu, C. W., and White, T. L. 2000. Chemical Characterization of an
Envelope C Sample from Hanford Tank AN-102, BNF-003-98-0250, Rev. 0. Savannah River Technology
Center, Aiken, South Carolina.

2.3.2 Tank 241-AN-107

2.3.2.1 Waste Characterization

Summary: PNNL analytical staff mixed 17 jars of LAW Envelope C waste material from Tank
241-AN-107 to provide a single composite sample. The composite was homogenized and sub-sampled
for inorganic, radiochemical, and organic analyses. Results were reported for the “supernatant” fraction
and the “wet centrifuged solids” fraction.

Purpose: The results of organic analysis obtained from the “as received” tank waste materials will be
used to support permitting activities, and provide limited characterization information for subsequent
process testing.

Analyses: Organic analyses consisted of VOA, SVOA, PCBs and pesticides, dioxins and furans, oxalate,
formate, acetate, and acrylate by IC, ethanol, methanol, 2-propanol, 1-propanol, n-butanol, triethylamine,

tert-butanol, and 2-butanol by headspace analysis.

Discussion of Anal*+*~al Results

TCLP Metals Analysis: The TCLP, SW-846 Method 1311, was not performed on 241-AN-107 waste
materials for toxic metals. The estimated TCLP metals concentrations (Table B-7) were calculated from
the following information:

e The total analysis concentrations of the TC metals in supernatant

o The total analysis concentrations of TC metals from acid d* :stion the solids (assuming all metals
would be leached 100 % using Method 1311)

e The density of the supernatant
e The centrifuged wet weight % solids

The calculations assumed a 100 g initial sample size for processing. The acid digestion results, found in
Table B-8, are considered to be conservative, because the nitric-hydrochloric acid digestion is
significantly more rigorous than the TCLP acetic acid leach. The EPA published memos in 1993 and
1994 allowing the use of total analysis versus analysis of the leachate (EPA 1993). The results indicate
that the 241-AN-107 waste materials may contain TC metals concentrations that exceed the regulatory
threshold, specifically chromium, cadmium, arsenic, and lead. Due to the dilutions required to support
ALARA concerns, and the low regulatory threshold for selenium, it could not be determined if selenium
exceeded the threshold for this analysis.
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Hay, M. S., and Bronikowski, M. G. 2000. Chemical Characterization of an Envelope B/D Sample from
Hanford Tank 241-AZ-102, BNF-003-98-0249, Rev. 0. Savannah River Technology Center, Aiken, South
Carolina.

3 Simulant Testing

Vitreous State Laboratory (VSL) has conducted a series of tests on glass formulations created to mimic
the performance of tank wastes. The first series of these tests were performed to evaluate the destruction
of organics in LAW and HLW wastes. An additional series of tests were performed to evaluate the
overall performance of the glass and the leaching of metals from the glass form. These various test are
summarized below. It must be noted that VSL did not perform all of the QA/QC procedures required by
SW 846. The following QC was not performed by VSL on a routine basis:

e MDLs have not been established.
e Calibration checks are not analyzed every 10 samples.

e MS and MSDs are not analyzed. However, using the matrix matching logic accepted by EPA, MS
and MSDs are not needed.

e No interference check standards are analyzed. If the emission profiles of the NIST and LCS were
available, Method 6010B QC criteria would be met because the method allows for the use of emission
profiles.

e No preparation blank is prepared and digested with the samples.
e Duplicates are analyzed but not reported.

3.1 Organics Evaluation

3 1 Summary

The VSL performed a small-scale melter-testing program to obtain data to demonstrate that the WTP
treatment process will meet the Resource Conservation and Recovery Act of 1976 (RCRA) criteria for
disp. 1 (Muller, Buechele, and P I01). The te: were performed on a small-scale vitril  :1on
system (DM 10, 1/300" scale I~ "V meiter) with WTP waste simulants (LAW-A, LAW-C, and HLW-D)
that were spiked with selected hazardous organic compounds. LAW-A simulant contains low sulfur and
low organics, and is representative of Tanks AW-101, AN-103, AN-104, and AN-105. LAW-C simulant
contains the highest organics levels and is representative of Tank AN-107. [LW-D simulant is
representative of Tanks AZ-101, AZ-102, AY-102, and C-106. Organic spikes were selected from a list
provided by BNFL Inc., developed during the tank characterization DQO process. The analytes selected
were examined with respect to destruction difficulty based on thermal stability and heats of combustion.
As aresult, benzene, phenol, and 1, 1, 2-trichloroethene were selected as organic spikes in the feed
simulant.

The testing process involved the manipulation of a series of controllable variables (feed type, added

reductants, plenum gas residence time, plenum gas temperature, bubbling rate, and cold cap coverage) to
create worst-case scenarios for organic destruction and metal emissions.
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Three additional tests were included to separate the effects of gas bubbling, plenum temperature, plenum
gas residence time, and reductants.

The extent to which organic by-products are generated from organic compounds in the feeds as well as
the additive sucrose was evaluated with a test in which no hazardous organic spike was used for both the
LAW-A and LAW-C waste compositions.

3.1.2  Purpose

WTP waste streams have been designated as containing a variety of hazardous organic compounds. The
proposed WTP treatment processes must be demonstrated to meet the regulatory requirements for
disposal before a petition for delisting or LDR compliance can be submitted. The testing was performed
in order to generate data to determine the extent of hazardous organics removal in the melters.

The purpose of the tests was to determine the extent to which hazardous organic constituents are
destroyed in the melter itself; no account was taken of destruction or removal in offgas components. The
tests were to obtain the following types of performance data:

e D7 data under “worst-case” conditions with respect to de: iction of organics

e Effects of key operating parameters (glass bubbling, plenum temperature, plenum gas residence time,
addition of reductants)

e Hazardous constituents in the offgas stream and emission of particulates

e Material mass balance
Four types of samples taken:

e Impinger samples for air sampling
e Continuous Air Monitoring

e Ground glass samples

e Feed samples

Only the latter two tvpes of samples have bearing on the discussion for this Data Quality Objectives.
..lese samples are s ed se; 1itely in the following sections.

3.1.3 . .ed Sampling and Analysis Procedures
Three waste simulants were used to evaluate the performance of the vitrification process:

e LAW-A -representative of tanks 241-AW-101, 241-AN-103, 241-AN-104, and 241-AN-105
o LAW-C -representative of tank 241-AN-107
e HLW-D - composite of tanks 241-AZ-101, 241-AZ-102, 241-AY-102, and 241-C-106

Actual chemical composition can be found in the final report - Determination of the Fate of Hazardous
Organics During Vitrification of RPP-WTP LAW and HLW Simulants, (Matlack anc egg, 1999). For
each test a sample of the feed was analyzed to confirm the organic spike concentration, total inorganic
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content, chloride, nitrate, nitrite, sulfate and fluoride concentration. Table B-13 and Table B-14 ide: fy
the feed envelopes and resulting glasses that specific samples were developed to represent.

3.1.4 Organic Spike Concentration for Waste Feed Samples

The analytes used to spike the feed samples were chosen because they are difficult to destroy and are
compatible with SW-846 analytical methods. The following analytes were selected:

e Benzene
e Trichloroethylene
o Hexachlorobutadiene

Subsequent analysis showed that hexachlorobutadiene formed a separate organic layer in the spiking
mixture; therefore, it was replaced with phenol. Because phenol was not compatible with the rapid GC
analysis required to support the R&T program, it was replaced with the following constituents:

e Chlorobenzene

e Toluene

Destruction and Removal Efficiencies (DREs) in the glass were found to be greater than 99.9996 % for
benzene and greater than 99.9999 % for total carbon (Table B-15).

The following quality assurance (QA) problems were found with the data:

e Matrix spike results for Bromofluorobenzene, Dibromofluoromethane, and Toluene 3 were below
acceptable limits.

e One of the duplicates for 1, 1-dichloroethylene was outside of acceptable limits.

e Trichloroethylene spike was outside of acceptable limits.

3.1.5 Ground Glass Sampling and Analysis Procedures

M als Analysis

Ground glass samples from the vitrified waste product were subjected to a microwave digestion ar
analyzed by direct coupled plasma atomic emission spectroscopy (DCP-AES) for all constituents except
for sulfur, which was analyzed by IC. The analytical results for the metals analysis were not included in
the report; consequently, they are not included here.

CLP

General Engineering Laboratories of Charleston, South Carolina, was contracted by VSL to perform
TCLP analysis and total organic analyses on all of the glass samples produced in this test, following
SW-846 procedures. The ground glass samples were analyzed by EPA Methods 1. | and 1310A and
then analyzed for metals by DCP-AES. All organics analyses were done per applicable SW-846
protocols, as described below. Results are provided in Table B-16 and Table B-17 for LAW and HLW
glass, respectively.
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3.1.8 Con« 1sions

Based on the results of the analyses, the following conclusions can be made:

e All glass samples contained TCLP organics at concentrations below the relevant UTS.

e It is unlikely that the discharged glass product would contain volatile organic compounds.

e None of the glass s ples showed organics above the reporting levels for TCLP ort 1 analysis.
e Plenum temperature had the greatest effect on the DREs.

All of the QC and MDL determinations requirements as cited in SW-846 must be rformed, however,
before any tect cally defensible conclusions can be drawn. The data, however, are appropriate for
demonstrating the concept that vitrification is a viable immobilization process. Defensible environmental
measures will be needed to better substantiate the conclusions that have been drawn from the research
data. Note that to support the petition submittal, an evaluation of the data provided by commercial
laboratories contracted by VSL will be done to determine if the data are appropriate for regulatory use, as
opposed to research grade, demonstration of concept data.

3.2  Glass Formulation Testing

The VSL of the Catholic University of America performed additional testing on the LAW and HLW glass
formulations (Muller, Buechele, and Pegg, 2001; Kot and Pegg, 2001). The formulations used in this
testing were developed around specific tank wastes or blends of tank wastes with tot.  waste oxide
loadings ranging from 6 to 31 weight %. The s :ction of new glass formulations was guided by past
experience of VSL, the glass-property models and the database developed and continuously updated by
VSL. The development of viable glass formi tions for each of the waste envelopes is an iterative
process in that prospective glasses were formulated, melted in small crucible melts, and characterized to
obtain the required property composition information. The results were an: 7zed and revised
compositions were generated in order to optimize the properties of the glass.

32.1 TCLPfor LAW& . .W

The EPAs TCLP, as defined in SW-846, Method 1311, was used to determine the leach resistance of
crushed glass (<3/8-inch) in a sodium acetate buffer solution after 18 hours at 22 °C with constant end
over end agitation. A mass of 100 g« glass was leached in 2 L of TCLP extract, using the non-volatiles
extraction solution.

For each RCRA metal analyte, LAW glasses were spiked with 100 to 10,000 times the corresponding
concentration listed in the UTS (40 CFR 268.48). Spike factors of 100 and 1000 were used for elements
for which the UTS is above 0.5 mg/L, while factors of 1000 and 10,000 were used for elements for which
the UTS limtt is below 0.5 mg/L. Since the TCLP introduces a 20 fold dilution of the matrix tested

(100 g of the sample is leached with 2 L of the leaching solution), this corresponds to TCLP factors of

5 times and 50 times for arsenic, barium, chromium, nickel, lead, selenium, antimony. and vanadium and
for 50 to 500 times for silver, cadmium, mercury, and thallium (i.e., the factor by whi the U 5 TCLP
limit would be exc led if all the glass dissolved). The spike levels used on this basis are shownin T. le
B-20. In all cases, even the highest spike levels, the concentrations of the TCLP metals in the LAW glass
leachate did not exceed the UTS limits.
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NBOT = Average number of non-bridging oxygens per network forming tetrahedral site. The
number of total non-bridging oxygens is defined as being equal to the number of charges
carried by the alkali, alkaline earth, and selected other metal cations (e.g., Zn2+) that are
not used to charge-balance tetrahedrally coordinated Al, B, and Fe**.

M3T = M3T indicates the fraction, on average, of network tetrahedral sites occupied by trivalent
cations. It is assumed that, with sufficient charge-balancing cations (if M3T < 0.5), all of
the Al, B, and Fe** will reside as network formers (DOE/CH9601). Since the majority of
the glasses have either sufficient or excess M'" and M** to charge-balance the
tetrahedrally coordinated M’ species, the total number of non-bridging oxygens can
often be simply calculated as the sum of the charges of M'* and M** less the sum of M**
cations.

BM3 = Molar ratio of B** in network-forming tetrahedral sites to all trivalent cations in
network-forming tetrahedral sites, or simply the fraction of trivalent cations that are B**.

MIM12 Ratio of charge contribution from alkali cations to the total charges from monovalent and

divalent cations.

NBOT is an indicator of the degree of polymerization in silicate melts because the number of the
non-bridging oxygens associated with a network-forming cation (such as Si** or AI**) controls, on
average, the connectivity to other network forming cations surrounding it as next-nearest neighbors. The
occupancy fraction of M** cations (MT3) in networking tetrahedra influences the intermediate range
structure and the overall stability (for example, phase separation usually occurs when the ratio is too
high). BM3 differentiates B from Al and Fe, which have significantly different effects on properties h
as viscosity and leachability. Similarly, the proportion of charge compensation provided by alkalis versus
alkaline earths (M1M12) has strong effects on the melt viscosity, conductivity, and glass leach resistance.
In addition, from a structural point of view, M1M12 influences the bond strengths in the glass network
and controls the Q" species distribution at a given degree of polymerization (in this notation, Q refers to a
tetrahedral site and (4-n) is the number of non-bridging oxygens associated with one SiO, tetrahedron).

All four parameters have reasonably well-defined structural significance for silicate melts and glasses.
These parameters enable simplified visualization of the ; ss composition region of interest, and
reasonable approximation of the essential characteristics of the prevailing glass structure. These four
parameters have been used by the WTP svaluating a databa  of possible glass formulat (such as
glass composition region of interest). Figure C-2 shows a plot of the M3T (fraction of sites occupied by
trivalent cations) versus the NBOT (average number of non-bridging oxygens per network of tetrahedral
sites). The upper and lower dotted lines show the M3T of two naturally occurring crystalline minerals:
Albite (Ab), with a formula of NaAlSi;Og and Anorthite (An), with a formula of CaAl,Si,Os. Since each
tetrahedron can have a maximum of four bridg ; oxygens, Q" is expressed as n=4-NBOT. Q° has the
most bridged oxygens and is highly polymerized. Q’ has three bridged oxygens per tetrahedron and is
slightly less polymerized. As demonstrated, the majority of the various HLW glasses fall within the
boundaries of the naturally occurring minerals and the highly bridged oxygens (Ab to An, Q*to Q*). " is
shows the potential boundaries of the glasses with respect to stability and polymerization. This approach
has! 1 very successful in defining the compositional constraints that are appropriate for development of
composition models and glass formulations.

Page 3



24590-WTP-RPT-ENV  1-012, Rev. 2
Data Quality Objectives Process in Support
of LDR/Delisting at the WTP

3  slass weactivity

Vitreous materials are relatively inert due to their high resistance to corrosion; however, they are subject
to some chemical breakdown under severe conditions. There are two major forms of chemical attack on
vitrified material: matrix dissolution and interdiffusion.

Matrix dissolution is characterized by alkali attack (exposure to a high pH). It begins with the hydration
of the silica network, and may proceed to dissolution of the vitreous material (EPA 1992). The following
reaction illustrates this process.

2 NaOH + Si10; — Na,Si0; + H,O

The alkali silicate (Na,SiOs) is water soluble, so as the silica network is attacked, it is broken down and
other constituents are released. Matrix dissolution occurs at the surface of the vitrified material. The
presence of insoluble constituents in the material can retard the reaction rate.

Interdiffusion involves the ionic exchange of hydronium ions in solution for ionically bonded network
modifiers in the glass. Interdiffusion generally leaves the silica structure almost intact (EPA 1992).
Although pH plays an important role in the interdiffusion rate, pH change has a stronger impact on matrix
dissolution rates. Since the process is controlled predominantly by diffusion, the rate of leaching
decreases as the thickness of the diffusion layer increases. However, this effect can be limited if the
diffusion layer is dissolved, for example, by matrix dissolution.

Layer formation is favored in static or near-static conditions, and where silica is present, such as
groundwater. Water can exhibit both acidic and alkaline reaction mechanisms because of readily formed
hydronium and hydroxyl ions. The leaching of many glasses appears to be modified by the formation of
surface layers. As matrix dissolution occurs, a surface layer composed of insoluble glass components
forms. Initially, decomposition is dominated by interdiffusion (ionic exchange of alkali ions, such as
sodium) as the network modifiers diffuse out of the glass and into solution, and the water diffuses into the
surface of the glass. The concentration of alkali in the bulk of the glass is unaffected (Doremus 1994).
During this process, the pH at the glass surface gradually increases (becomes more alkaline) due to the
formation of alkali hydroxides in the solution. The result of the increase in pH is the onset of matrix
dissolution and, eventually, the fo:  tion of a surface layer around the glass matrix.- Within that surface
layer, precipitation and adsorption of insoluble compounds oc s at the surface of the glass. These
compounds are the more insoluble compounds, (such as iron and manganese oxides), thatrer n as the
m soll e constituents ssolve and move into solution. ~ : surface layer can exert a strong limiti:
effect on the leaching of the glass underneath. Under static or near-static conditions, leaching may be
reduced further, as silica concentrations build up in the leachate and approach saturation, which reduces
the tendency of more silica in the glass to move into solution (E1 ~ 1992). The primary reactions are
summarized below:

e Interdiffusion:
~Si—-OR"+H,0 > ~Si—-OH+R"+OH

e Hydroxyl-Catalyzed Network Hydrolysis:

~8i-0-S8i+OH — ~Si-OH+ O -Si~
~8i-0+H,0 —» ~Si—-0OH+OH
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e  Which, under higher pH, releases:

H,Si0, — H.Si0, +H" — H,Si0” +2H"
¢ Simultaneous with condensation:

~8§i-OH HO-Si~ ~8i-0-Si~+H,0

Ultimately, solubility depends upon pH. Diffusion gives rise to an increase in pH until saturation occurs,
eventually resulting in the formation of a secondary phase of crystalline and amorphous precipitants at the
glass surface.

Glass leaching is controlled by the following conditions:

e Moderation of the rise in pH
e Incorporation of low-solubility species, such as aluminum and iron

e Contro ng the secondary phase formations

In formulating waste glasses, there is generally a trade-off between leachability and processability.
Addition of sodium and other modifiers decreases viscosity and alters other process variables, thus
improving processability; however, this addition increases leachability.

4 Normalization of Data

In order to permit comparison of constituents on a common basis, data are typically normalized to glass
composition. This enables data users to quickly assess glass performance with regards to the degree of
constituent immobilization attained for any particular waste loading and glass formulation. Italsoen s
data users to compare the constituent release rate for glass formers, as well as RCRA constituents. This
approach to data reporting also makes sense as, generally, the release of element i depends on the amount
of i in the glass. Normalized data are reported as a ratio of the concentration in the leachate versus that in
the waste, or mass in leachate versus that in the waste. Data are presented in either a mass:mass or

m: 1 t ion Io. isoftenpre ited. p n e verst thew zht

1e waste. ~ one desires the mass:mass ratio to be in ppm, the w ercent is converted to
ppm, by multiplying the weight percent by 10,000.

5 Intrinsic Release Rates

From glass chemistry, it can be shown that immobilization of hazardous constituents is rimarily through
element bonding as network modifiers (ionic bonding with non-bridging oxygen) or as network formers
(covalent bonding with bridging oxygen). The atomic structure of the glass makes no differentiation
between regulated and non-regulated constituents. Additionally, glass theory has suggested a strong
relationship between constituent-oxygen bond strength and coordination number, and resistance to
leachability. Resistance of a glass to leaching can therefore be thought of as an intrinsic glass property
with the leach rate of each constituent being primarily a function of the coordination number and amount
(percent oxide) of the constituent in the glass. For simplicity, the release rate for each hazardous
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of the rate on the leachate concentration, whereas the former relates to the dependence of the rate constant
on the glass composition.) Consequently, the function f(X;, X,,...X;) is expressed as:

f(Xy, X3,...X, ) = B + d; MPS + d, MPS?

and
B=""biXi

where a linear composition dependence 1s assumed for variable B to account for the variation in the TCLP
release/percent weight oxide correlation that is not accounted for by the MPS parameter. For each
constituent, a coefficient (b) is determined by linear regression, and is multiplied by the percent oxide (by
v ght, X) of the corresponding constituent. The quantity b;X; is summed for all constituents to
determine B. Note that B is a variable in this equation, and is not the amount of boron. The final form of
the model is then:

InACi =M + N 5iXi+ dMPS+d:M  §2

1

where M, b;, and d; are parameters to be determined by multiple linear regression, since this equation is
linear in its parameters. This model is described in full detail in Proceedings of the International
Symposium on Environmental Issues and Waste Management Technologies in the Ceramic and Nuclear
Industries VII, “Effect of Glass Composition on the Leaching Behavior of HLW Glasses Under TCLP
Conditions,” (Gan and Pegg 2002). The final WTP models may differ slightly in form from this mo
Modeling efforts are still underway.

In order to meet d'  sting limits, the above can be summarized. sentially, for each constituent, the
estimated release, plus the allowance for uncertainties, must be less than the delisting limit. The
uncertainties are discussed in sections 6 and 7 of this document. For evaluation of the TCLP leach
versus the delisting levels, the :aching can be summarized as the:

» Release =% in glass x Normalized release

while

= % in glass = % in waste X waste loading x retention.

Waste loading is the amount of waste versus the total glass formers and composition. T ition
includes a factor for the likelihood of the material to be retained in the glass, versus moving into the gas
phase. Volatile compounds or elements, such as mercury, that may be lost due to their volatility, will

have less retention, and will result in the appearance of release; however, the release is not into the
leachate, but into the air above the melter.

As previously discussed, the release rate can be assessed relative to the release of boron. Table 1-3 of is

DQO shows the waste tank or envelope, glass formulation, and the normalized release rate based on
boron.
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General “tatistical Model for Sample Size Computations

age E-i















24590-1 . '-RPT NV-01 L2, Rev.2
Data Quality Objectives Process in Support
of LDR/Delisting at the WTP

Y=XB+E
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Y2 1 25
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Nx1 Nx1 1x1 Nx1
4.1 Case 1 - Upper Confidence Limit

When estimating the population mean of the TCLP leachate values from sam; :data in Case 1 with no
predictors, N = n (the actual sample size), p = 1 with B = p (the mean of the Ys),and X =[1,1,...,1].
Then (X’X)" in Expression E1 is equal tol/n, and the estimate of p is the sample mean y . Then for

Xo= 1, Expression E1 reduces to the usual (1-0)% UCL for the mean where S, the RMSE, is the usual
sample standard deviation:

Y +tapi s/m'? (E2)

Given the presentation of the general linear model above, it may seem unusual that the predicted TCLP
leachate mean in Case 1 is expressed as y, and is not expressed in terms of independent or predictor
variables X. Recall that in Case 1, no predictor variables were used. In other words, CLP leachate
scores are not predicted on the basis of knowing anything about glass composition parameters.
Reviewing the matrix form of the equation for Case 1, it can be seen that there are no values of X (glass
parameter values) in this equation. The X matrix is simply a column of 1’s. The 1’s in the X matrix e

weighted by p, which is the mean of the Y scores. And the error scores are independent of the predictors.
So, no  uesoftl - it Xinthis f of the equation. Gi tk m,
the decision was made to write ion for the UCL for Case 1 using y . In Cases 2 and 3,

however, the predicted TCLP leachate mean is expressed in terms of independent or predictor X values.
The reason for this is that the TCLP leachate scores are being predicted on the basis of knowing the
values for glass composition parameters in these two cases. Therefore, for instance, the predicted TCLP

leachate mean in Case 2 is expressed as (B ot B 1 Xo)-

Note that increasing the number of samples tested can reduce the uncertainty associated with sample
mean.

4.2 Case 1- efinition Of o

Recall that a is the probability of rejecting the null hypothesis when it is in fact true. For this DQO, :
null hypothesis is that the population mean is equal to or greater than the AL. In other words, the null
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Additionally, all the simulants used will be constrained by the following requir¢ :nts:

Simulants used will be characterized prior to use, using the sum of there individual co ionents
(traceable to simulant batch sheets) or by the appropriate analytical method identified in this DQO.
The analytical QA/QC will be that required by the thod. Concentration levels will be reported in
mg/L or mg/kg where necessary, in addition tc 1% or wt% oxide.

Simi int documentation will include simulant formulation and justification (or intended simulant
use) along with a description of what the simulant is intended to represent. Spike levels will be
identified.

2 References

Peterson, R. A. and P. S. Townson. 2001. Simulant Definition and Verification Methodology,
24590-WTP-RPT-TE-01-003, Rev. 0. :chtel National Inc., Richland, Washi: on.
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e Theoretical Residence Time:
..lis section presents the theoretical melter residence s (and s Horting comput  ns).

e Precedents for Organics Destruction:
This section summarizes the findings of organics decomposition studies by other vitrification
operations currently operating at DOE’s Savannah River Site, and the West Valley Demonstration
Project, and addresses the recent Savannah River Site delisting.

e  WTP Glass Testing Results:

This section summarizes the relevant test data from WTP research efforts, includii  recent data not
discussed in previous documents.

1 jel-2



24590-WTP-RPT-RT-02-005, Rev 0
Organic Compound Destruction as a
Byproduct of Vitrification

Approved

2  WTP Process Overview

The WTP waste treatment process consists of three major process areas: pretreatment, HLW vitrification,
and LAW vitrification. The Hanford tank waste slurry will be received at the WTP Pretreatment Facility
via pipeline from the Hanford tank farm. The pretreatment facility consists of filtration and ion exchange
processes used to separate the waste into LAW and HLW fractions. The LAW fraction is transported to
the LAW vitrification facility and the HLW fraction to the HLW vitrification facility. The primary
function of the Pretreatment Facility is to remove excess water from the waste, separate LAW from HLW,
and remove selected radionuclides and transuranics from the LAW. The removed radionuclides are
blended with the HLW feed for processing at the HLW Vitrification Facility.

At the vitrification facilities, feed concentrate (LAW or HLW solids with pretreatment intermediate waste
products added) will be transferred from the pretreatment building to a concentrate receipt vessel (CRV).
Batches of feed concentrate from the CRVs will then be transferred to the melter feed preparation vessel
(MFPV) to be blended with glass formers and sucrose (as a reductant) to ensure a uniform mixture. The
melter feed slurry will then be transferred to the melter feed vessel (MFV), from which it will be fed to
the melter.

The LAW and HLW melters are functionally similar but vary in geometry, melter pool volume, and
surface area. These differences are based on differing production rate requirements and waste
compositions that affect melt rate. Both melters have a nominal operating temperature of 1150 °C,
include a refractory-lined melt chamber, and an air-lift riser and pour spout.

The pretreated tank waste is mixed with glass forming chemicals and sucrose (if necessary) in the MFV
and pumped at a specified feed rate to the melter. Because the hazardous organics constituents of
Hanford tank waste are in minor quantities relative to the inorganic waste components, the sucrose
addition during melter feed preparation is the primary source of organics in the melter feed. As the fee
slurry is fed to the melter, a cold cap forms, which gradually dissolves into the molten glass pool.

...2 tank waste and glass formers first undergo partial denitration as the first major chemical reaction to
occur in the melter. The sucrose reduces nitrates under boiling conditions yielding several gaseous
species. Loss of chemically bound water is the second reaction. This water loss is initiated
endothermically, but as the dried salts are hea | above their melting points, exothermic: tions
dominate, which include oxidation of sucrose by nitrates. Such redox reactions are commeon and rapidly
occur at t¢  reratures above the melting point of the organics and the nitrate salts, which are typically
below 350 °C. Fused nitrate that reacts with carbohydrates rarely reduce the nitrate past nitrite,
accounting for excess pyrolytic graphite after the elimination of nitrates (Bickford and others 1990b).
the temperature of the reacting material increases further, other salts, such as carbonates and hydroxides,
are decomposed to the corresponding oxides and are incorporated into the fused mixture that forms the
molten glass, which becomes part of the underlying glass pool.

The glass pool contains about 18.7 MT (41,150 1bs) of glass for the LAW melter and about 10 MT
(22,100 ibs) of glass for the HLW melter. As a result of these large inventories, on average, the fresh
glass formed in the cold cap is resident in the melt pool for many hours before exiting the melter, as is
discussed below. The cold cap aids in melter operation by trapping heat within the melt pool. As the
cold-cap heats and dissolves away, more feed is added to maintain cold-cap balance. During operation,
feed rate, cold-cap coverage, and discharge rate are balanced to achieve the desired throughput.
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LAW Mean Residence Time = Melt Pool Weight +~ Pour Rate
=227MT +3.0MT/h
=75h

3.2 Melt Pool Residence Time Distribution

As previously discussed, melter technologies can be described as a combination of a well-stirred reactor
(melt pool) and plug-flow reactor (discharge spout). For the melt pool, theoretically, a minimum
residence time of zero is possible, and a residence time distribution can be approximated by knowing t
mean residence time (t ). This approximation is useful in that it can be used to predict, using
conservative assumptions, a residence time that corresponds with the lower 99" percentile. That is, the
shortest time increment for which 99 % of the feed material is in the melter, can be approximated.

. Cooper and Jeffreys show that for a single well-stirred reactor, the proportion of mass exiting the reactor
at time “t” can be approximated as follows:

(o4
=]l-e
0

-V
(¥

Where:
c, is the concentration exiting the melter at time t
Co 1s the concentration exiting the melter at time t = oo, or the final concentration
Q is the volumetric flowrate

V is the melter volume

Recognizing that ¢,/c, is also the proportion of mol 1 glass exiting the system, and the relationst * of
V/Q=t (the mean residence time) for a constant density fluid, the equation above can be simplified to:

Solving for “t” at ¢,/co = 0.01, the time at which only 1 % of the molten glass ha:  ssed into the pour
spout under maximum continuous pour e (assumed condition), the following results:

t=-1In (1‘C|/Co) X E

For HLW, t = 20 hours, after 12 minutes only 1 % of the molten glass has passed into the pour spout.
The remaining 99 % of the molten glass has a residence time distribution greater than 12 nutes.

For LAW, t = 7.5 hours, after 4.5 minutes only 1 % of the molten glass has passed into the pour spout.
The remaining 99 % of the molten glass has a residence time distribution greater than 4.5 minutes.

From these theoretical computations, it is clear that essentially all glass exiting @ :lter has sufficient
residence time at the nominal melter temperature, and for purposes for evaluating organics destruction
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LAW Pour Spout Residence Time = Total Pour Spout Length + Pour Rate Velocity
Pour Throat/Riser Diameter =0.102 m

Pour Throat Length =0.4602 m

Airlift Riser Length =0.6429 m

Pour Trough Length =1.429m

Total Pour Spout Length =2.532m

Maximum Pour Rate =3.0MT/

Glass Density =3.0 MT/m’

Pour Rate Velocity =3 +(3.0xmx (0,102+2)2) =122 m/h

Glass Residence Time =2.532+130 =0.021h
= 1.2 min
=74s

The HLW residence time in the pour spout is approximately 158 seconds; the LAW residence time in the
pour spout is approximately 74 seconds. These residence times represent the minimum resi.  ice times
(the pour rate is assumed to be at the maximum and continuous), and don’t take into account the residence
time for the melt pool. In actuality, melter dis irge will not be continuous ause the glass canisters
must be allowed time for thermal expansion, and each canister must be cycled (replaced with an empty
canister) after being filled. Additionally, the melter discharge rate will most likely be held at nominal
flow rates. The melter holdup time (melt pool weight divided by the nominal production.  fer to

Section 2.1) is a more representative value for melter residence time.
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quantities of any organic compounds in the SRS glass (Pickett 2000). The only organic compound
identified as a constituent of concern by EPA was acetonitrile. Although acetonitrile was not a
component of the SRS waste streams, it is a known offgas component that is a byproduct of the
vitrification process. Acetonitrile was not: zcted in any of the glass samples analyzed by SRS.
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Table 5-4. DM1200 Al Glass Organic Test QC Summary

Lot Number and
Associ~+~4 Samples

Method

QC Results

H2C080241:
12T-G-95E,
12U-G-62C,
12U-G-94B,
12U-G-86A, and
12U-G-101B

SW-846
8260B

»  All surrogate recoveries within limits.

e LCS recoveries within limits.

e AllMS & MSD recovenes within limits.

AllMS & MSD RPDs within limits.

Acetone and methylene chloride detected in the blank.
Methylene chloride -~ Jetected above the reporting limit

SW-846
8270C

All surrogate recoveries within limits.
LCS recoveries within limits.

All MS & MSD recoveries within limits.
All MS & MSD RPDs within limits.
N-#hiz= A-imntad i the blank.

SW-846
8290

All 1nternal stanaard recoveries within limits.

LCS recoveries within limits, with the exception of 1.2,3,7,8,9-HxCDD
and 1,2,3,4,6,7,8-HpCDF, which were just below (w  n 3%) of the
recovery limits. The lab reports overall recov s were low and
thought to be caused by dilution of the native stock solution.

e Al MS & MSD recoveries within limits.

o  All MS & MSD RPDs within limits.

*  Multiple compounc« *'=-= A=ta~t=d in the lab blank

Lo — Lavuratory Control Sample

MS = Matrix Spike

MSD = Matrix Spike Duplicate

RPD = Refative Percent Difference
HpCDF = Heptachlorodibenzofuran
HxCDD = Hexachlorodibenzo-p-dioxin
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DM1200 C1 Glass Organic Test QC Summary

Lot Number and Associated
| S~—nles

Method

QC Results

H2A160117:
12R-G-116B,1258-G-20A,
12S-G-37A, and
12S5-G-74A

SW-846
8260B

e All surrogate recoveries within limits.

* LCS recoveries within limits.

e All MS & MSD recoveries within limits.

MS & MSD RPDs for benzene, 1,1-dichloroethene,

trichloroethene were beyond control limits.

e Acetone and methylene chloride detected in the blank, but below
RL.

SW-846
8270C

All surrogate recoveries within limits.
LCS recoveries within limits.

All MS & MSD recoveries within limits.
All MS & MSD RPDs within limits.
Nothing d~*~~*ed in the blank.

H2A170254 / H2A170126:
12R-G-116B,1258-G-20A,
12S-G-37A, 125-G-85C,
and 125-G-74A

SW-846
8290

All internai standard recoveries within limits.

LCS recoveries within limits.

All MS & MSD recoveries within limits.

All MS & MSD RPDs within limits.
1,2,3,4,6,7,8-HpCDD, OCDD, 1,2,3,4,7,8-HpCDF, OCDF
detected in the biank, but below reporting fimit.

H2A170254: 125-G-85C

SW-846
8260B

All surrogate recoveries within limits.

LCS recoveries within limits.

All MS & MSD recoveries within limits.

Al MS & MSD RPDs within limits.

Bromomethane, chloromethane, and methylene chloride detected
in the blank, but below reporting limit.

SW-846
8270C

e  All surrogate recoveries within limits.

o LCSrecoveries within limits.
All MS & MSD recoveries within limits.
AllMS & MSD RPDs within limits.
Nothing detected in the blank.

Lot #H2A 170254 (sample 128-G-85C) was combmed with Lot #H2A 170126 to make a single batch for analysis by method 8290.

LCS = Laboratory Control Sample

M¢  Matrix Spi
MSD = Matrix Spike Duplicate

RPD = Relative Percent Difference

HpCDD = Heptachlorodibenzo-p-dioxin

HpCDF = Heptachlorodibenzofuran
OCDD = Octachlorodibenzodioxin

OCDF = Octachlorodibenzofuran
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Figure 5-1 Simplified Schematic of VSL Research Melter and Feed System.
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